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Genetic diversity, candidate genes and gene expression in relation to 
drought tolerance in Ghanaian cowpeas (Vigna unguiculata)

By

Emmanuel Plas Otwe

Abstract

Cowpea (Vigna unguiculata) is grown mainly for its protein-rich grains, which is 
consumed in various forms in sub-Saharan Africa. Average grain yield in farmers’ 
fields is generally low due to a number of biotic and abiotic stresses. A 
phenotype to gene approach aimed at identifying DNA polymorphisms linked to 
drought stress responses that could be adopted for drought tolerance breeding 
programmes in cowpea was used for this study. One hundred and six cowpea 
accessions from Ghana were evaluated for seedling drought tolerance on an 
individual plant basis under greenhouse conditions using the pot screening 
method. The results suggested that there were more drought tolerant accessions 
in the germplasm than the susceptible ones. The cluster results from the 
morphological analysis were informative but inadequate to effectively determine 
variability of germplasm. Three multi-locus PCR based molecular markers; SSR 
(simple sequence repeat), I RAP (inter-retrotransposon amplified polymorphism) 
and REMAP (retrotransposon -  microsatellite amplified polymorphisms) were 
used for the diversity analysis. The results indicated the highly polymorphic 
nature of the DNA markers used as small groups could be used to identify each 
of the accessions and the diversity recorded by each marker showed good 
correlation coefficient values. The fragment candidate gene cloning and 
sequencing analysis indicated the enormous diversity amongst the accessions. 
Numerous single nucleotide polymorphisms (SNPs) were identified in both 
exonic and intronic regions as well as some deletions and insertions. The SNPs 
were largely nucleotide transitional in character and comparative analysis with 
other plant species indicated that some correlated with previously identified 
genes and polymorphisms related to drought stress. Some abiotic or drought 
inducible genes in cowpea from the differential display PCR (DD-PCR) analysis 
may have been identified, but needs Northern hybridization analysis for 
confirmation. The thesis gives a broad insight into genetic diversity, fragment 
candidate genes and gene expression in relation to drought tolerance in cowpeas 
from Ghana, for future progress towards gene discovery and exploitation for plant 
breeding.
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Chapter One

Chapter One

1.0. General introduction and literature review

1.1. Legumes and the changing face of agriculture

It is anticipated that the population of the earth will approach 10 billion by 2040 

(Khush, 1999). The demographics of this rise are not encouraging. Based on this 

population projections, food production will need to increase by as much as 

400% in Africa and Asia and 200% in Latin America (Khush, 1999). In sub- 

Saharan Africa, the population may reach 1.2 billion by 2025 and be combined 

with a demographic shift from about 30% of the population (in 1990) in urban 

areas to at least 50% (Winrock, 1992). Without an increase in food production, 

starvation and malnutrition especially among women and children of the 

developing countries will become more and more prevalent. Currently, according 

to Borlaug (1997), more than one billion people are living in hunger, mainly in 

Africa and Asia, which adds more credence to the need for increased food 

production.

Even as the earth’s human population continues to grow, global warming has the 

potential to dramatically alter earth’s climate and to have negative impacts on 

world food production. New ways to grow more and better food on a limited 

amount of land with limited water must be vigorously pursued. A tremendous 

variety of production systems and environmental constraints are found between 

different developing countries and even within individual countries. Four broad 

agro-ecological zones namely, humid and peri-humid, hill and mountain areas, 

irrigated and naturally flooded areas, dry lands and areas of uncertain rainfall, 

account for 90% of agricultural production in developing countries (FAO, 2000). 

Within each of the zones, a range of farming systems is found as well as a 

mixture of traditional and modern production systems. The increase in food
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Chapter One

production needed to cover the increased population size projected cannot come 

from recruiting new land for agricultural purposes as most land suitable for 

agriculture is already in use. Degradation of land already in use, due to 

overgrazing, deforestation, erosion and salinity, associated with poor (non- 

sustainable) farming practices, has been a global concern for ages. Where will 

the needed food supply increase come from?

Feeding the world’s population will require that research is focussed on food 

sources that provide sufficient protein and nutrients. Although it is believed that 

cereals, particularly wheat, rice and maize, will continue to be the major source 

for the supply of increased food, throughout history, all major civilizations have 

depended upon the co-cultivation of a cereal and a legume as a food source. In 

many places of the world, legumes complement cereals or root crops, the 

primary source of carbohydrates, in terms of amino acid composition. Whereas 

cereal seed proteins are deficient in lysine, legume seed proteins are deficient in 

sulphur-containing amino acids (methionine and cysteine) and tryptophan (Wang 

et al., 2003). However, combined with cereals they result in a balanced diet of 

energy and protein.

Legumes constitute a large plant family that presents humans with a treasure 

trove of resources for a variety of uses. They are a diverse and important family 

of angiosperms. With more than 650 genera and 18,000 species, legumes are 

the third largest family of higher plants and are second only to grasses in 

agricultural importance (Singh et al, 2002). All over the world, legumes provide 

important sources of protein, oil, mineral nutrients, and nutritionally important 

natural products (Graham and Vance, 2003). Grain legume species, including 

cowpea (Vigna unguiculata), account for over 33% of human dietary protein as 

seeds of this class of legumes contain at least 20% to 40% protein, while other 

legumes, like clovers (Trifolium spp.) are widely used as animal fodder. In some 

developing countries, especially in sub-Saharan Africa, where people do not 

have access to animal protein and nitrogen fertilizer, legumes may provide up to
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two-thirds of the nutritional requirements. Refined oils, such as soybean (Glycine 

max) oil, have industrial applications in paint, diesel fuel, electrical insulation, and 

solvents. Legumes also accumulate phytochemicals, including isoflavonoids, 

which impact human health through pharmaceutical use and as dietary 

supplements (Dixon and Sumner, 2003).

An important feature of legumes is their ability to obtain nutrients via symbioses 

with soil microbes. Approximately 80% of the atmosphere is nitrogen gas (N2). 

Unfortunately, N2 is unusable by most living organisms. Biological nitrogen 

fixation is the process that changes inert N2to biologically useful ammonia (NH3). 

Legume nitrogen fixation starts with the formation of a nodule. A common soil 

bacterium, Rhizobium, invades the root and multiplies within the cortex cells. The 

nitrogen fixation process between the legume plant and rhizobia bacteria is a 

symbiotic or mutually beneficial relationship. Rhizobia bacteria provide the 

legume plant with nitrogen in the form of ammonia whilst the legume plant 

provides the bacteria with carbohydrates as an energy source. Drought is one of 

a range of environmental stresses, which can cause considerable reductions in 

N2 fixation (Lodeiro et al., 2000). However, it is not obvious which particular 

physiological process of the stressed plant actually affect nodule growth and 

metabolism (Gonzalez et al., 1998). The relationship between plant water status, 

photosynthesis and N2 fixation, under water stress and the changes in nodule 

morphology have been studied for some temperate legumes (Venkateswarlu et 

al., 1990). However, tropical legumes grown in arid regions, have not received 

such adequate attention.

1.2. Botany of Cowpea

1.2.1. Centre of origin, domestication and distribution
Cowpea (Vigna unguiculata [L.] Walp.) (Vercourt, 1970; Marechal et al., 1978;

Pasquet, 1993b) is one of the most ancient human food sources which have 

probably been used as a crop plant since Neolithic times (Summerfield et al.
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1974). Determination of the exact location of the centre of origin of any given 

species is difficult and is usually a source of debate and contradictions. Botanical 

and cytological proofs, information on geographical distribution and cultural 

practices, historical records and presence of wild relatives have been used to 

speculate on the origin, evolution, dissemination and domestication of the crop 

(Ng and Marechal, 1985; Ng, 1995). A lack of archaeological evidence has 

resulted in contradicting views supporting Africa, Asia, and South America as the 

origin (Johnson, 1970; Summerfield et al. 1974; Coetzee, 1995). According to 

Allen (1983), Ethiopia and India are primary centres of origin for cowpeas, and 

China is considered as a secondary centre. Despite the fact that cowpea was 

known in India during the first millennium B.C. (Steele and Mehra 1980) and 

despite its wide distribution in Asia, all evidence points to its origin in Africa, 

although where the crop was first domesticated is uncertain. Ethiopia (Steele 

1976; Allen, 1983), West Africa (Marechal et al. 1978; Vaillancourt and Weeden 

1992; Ng 1995) and Eastern and Southern Africa (Baudoin and Marechal 1985) 

have all been considered probable centers of domestication, while a “diffuse” 

domestication in the savanna after the dispersal of cereals has also been 

hypothesized (Steele, 1976). The species includes cultivated forms, i.e. V. 

unguiculata ssp. unguiculata var. unguiculata, wild annual forms, i.e. ssp 

unguiculata var. spontanea (Pasquet, 1993b), and ten wild perennial subspecies 

(Pasquet 1993a, 1993b, 1997). This classification is based on results from 

morphological (Pasquet 1993a; Padulosi, 1993), allozyme (Panella and Gepts 

1992; Vaillancourt et al. 1993; Pasquet 1993b, 1999) and cpDNA studies 

(Vaillancourt and Weeden, 1992).V. unguiculata ssp. unguiculata var. spontanea 

is the likely progenitor of the cultivated cowpea (Pasquet 1999). Although 

cultivated cowpea classification was based on three groups for a long time 

(Pasque, 1996), it is now based on five cultivar-groups (cv.-gr.) (Pasquet 1999):

1. cv.-gr. Textilis (long inflorescence peduncle, usually 40 cm-1 m) in West 

Africa;
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2. cv.-gr. Sesquipedalis (fleshy pod, wrinkled when ripe, longer than 30 cm, 

kidney-shaped seeds spaced within the pod, more than 17 ovules), chiefly in 

East Asia;

3. cv.-gr. Melanophthalmus (seed testa thin and often wrinkled, flower and seed 

partly white, fewer than 17 ovules, plant able to flower quickly from the first nodes 

under inductive conditions), originally in West Africa;

4. cv.-gr. Biflora (seed testa thick and shiny, flower and seed most often 

coloured, fewer than 17 ovules, plant able to flower quickly from the first nodes 

under inductive conditions);

5. cv.-gr. Unguiculata (seed testa thick and shiny, flower and seed most often 

coloured, more than 16 ovules, plant flowering late, even under inductive 

conditions).

Two main groups can be separated on the basis of their physiology and their 

number of ovules: cv.-gr. Biflora and cv.-gr. Melanophthalmus display a low 

number of ovules and can flower quickly under inductive conditions, while cv.-gr. 

Unguiculata and cv.-gr. Sesquipedalis display a high number of ovules and 

cannot flower quickly under inductive conditions. Each main group is subdivided 

into a primitive subgroup and an evolved subgroup. The primitive cultivars (from 

cv.-gr. Unguiculata and especially cv.-gr. Biflora) are characterized by pods more 

or less dehiscent and small seeds with thick testa and wild colours (tan, gray, 

mottled and speckled), and their morphological diversity is low. In contrast, cv.- 

gr. Melanophthalmus and cv.-gr. Sesquipedalis look like the outcome of two 

divergent lineages and are characterized by the expression of several recessive 

genes (Pasquet 1999). However, these hypotheses inferred from morphological 

data, have never been examined using molecular data. Singh and Matsui (2002) 

also agree that cowpea may have originated from Africa, although they were not 

certain about where the crop was first domesticated. Ng and Marechal (1985) 

have also reported that southern Africa could be the centre of genetic diversity 

because the most primitive of the wild cowpea species occurs in Namibia from 

the west, across Botswana, Zambia, Zimbabwe and Mozambique to the east, 

and the Republic of South Africa and Swaziland to the south. The former
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Transvaal (Northern Province) in South Africa is depicted as the most probable 

centre of speciation of cowpea due to the presence of wild varieties such as var. 

rhomboidea, var. protracta, var. tenuis, and var. stenophylla (Singh et al. 1997). 

Presently cowpea is grown throughout the tropic and sub-tropic areas around the 

whole world.

During the process of evolution of V. unguiculata according to Ng (1995), there 

was a change of growth habit from perennial to annual breeding and from 

predominantly outbreeding to inbreeding, while cultivated cowpea (sub-sp. 

unguiculata) evolved through domestication and selection of the annual wild 

cowpea (var. dekindtiana). Then also during the process of domestication, and 

after the species were brought under cultivation through selection, there was loss 

in seed dormancy and pod dehiscence, corresponding with an increase in seed 

and pod size. The precise location of origin of where cowpea was first 

domesticated is also still under speculation. The wide geographical distribution of 

var. dekindtiana throughout sub-Sahara Africa suggests that the species could 

have been brought under cultivation in any part of the region. However, 

maximum diversity of cultivated cowpea is found in West Africa (Ng and 

Marechal, 1985). Carbon dating of wild cowpea remains, found from the 

Kintampo rock shelter, a town in the Brong-Ahafo region in Ghana, has been 

carried out by Flight (1976). The results have proved that the remains are the 

oldest archaeological evidence of cowpea found in Africa. This could show that 

there was existence of gathering, if not cultivation, of cowpea by African hunters 

or food gatherers as early as 1500 BC. It is likely that cowpeas were dispersed 

from Africa to Asia around 1500 BC or about 200 BC to India (Flight, 1976). The 

crop was also brought to Europe probably through north-eastern Africa around 

300 BC and was introduced to the tropical Americas in the 17th century by the 

Spanish through slave trade. In the southern USA, cowpeas or black-eye peas 

have been grown since the early 18th century (Padulosi and Ng, 1997).
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1.2.2. Taxonomy and cytogenetics
Cowpea is a Dycotyledonea according to Marechal et al. (1978), belonging to the 

order Fabales, Family Fabaceae, subfamily Faboideae, tribe Phaseoleae, sub

tribe Phaseolinae, genus Vigna and section Catiang. The genus Vigna is pan- 

tropical which comprises several species whose exact number varies according 

to authors from 84 to 184 (Padulosi and Ng, 1997).Vigna unguiculata (L.) 

Walp.,(syn. Vigna sinensis (L.) Savi ex Hassk) as already indicated has five 

cultigroups: biflora, Sesquipedalis, Melanophthalmus, textilis and unguiculata 

(Baudoin and Marechal, 1985). Earlier studies by Rawal (1975) had indicated 

that subspecies of Vigna are easy to hybridize and transfer of genes occurs in 

nature between weed forms and cultivars with a continuous variation among 

them in several traits. Despite these observations, recent evaluations of genetic 

diversity based on chloroplast DNA (Vaillancourt and Weeden, 1992), on 

isozymes (Panella and Gepts, 1992) and on seed protein (D’Urzo et al. 1990; 

Panella and Gepts, 1992) revealed that there is a high degree of relationship 

among several cultivated cowpea genotypes. This high level of genome 

homology may be partly due to the low level or non-exploitation of the crop’s wild 

relatives and also to its self-pollination habit (Fatokun et al. 1997). Investigation 

based on isozyme markers and their relationships within and among Vigna spp., 

by Sonnante et al. (1996) showed low levels of similarity among species, 

whereas variability among accessions differed within each species. Flavonoid 

HLPC fingerprints have been used to study the intra- and interspecific 

relationships among Vigna species. A greater variability in flavonoid aglycone 

class (quercetin, kaemferol, and isorhamnetin) and glycosylation pattern has 

been observed in cultivars of V. unguiculata (L.) Walp., as compared to their wild 

relatives (Cardinali et al. 1996; Lattanzio et al. 1997).

Cowpea is a diploid and possesses 2n = 2x = 22 chromosomes. Pachytene 

bivalents, cells in mitotic pro-metaphase and metaphase, were used in the 

development of the karyotype (Barone and Saccardo, 1990; Pignone et al. 1990). 

The karyotype of cowpea as described by Barone and Saccardo (1990), is
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composed of one very long and a very short chromosome, with the remaining 

nine chromosomes being allocated to three size groups of four long, four medium 

and one short. There is a great deal of confusion on the proper classification of 

the cowpea, because of the large number of distinct forms which exist and the 

fact that hybridization is readily achieved, so that it is probable that some, if not 

all, of the cultivated forms are in fact hybrids. Numerous specific names have 

been given to the cowpea and its various forms. However, it is now widely 

accepted that there should be no distinction between these so called species and 

that there should be one species Vigna unguiculata, with V. sesquipedalis and V. 

sinensis as synonyms (Lattanzio et al. 1997).

1.2.3. Vegetative and reproductive morphology
Cowpea (Vigna unguiculata (L) Walp) is an annual legume of various 

morphological characters. Its diverse growth habits vary from erect, semi-erect, 

shrubby, trailing, prostrate, to climbing. These attributes of growth are generally 

due to genetic factors but may be also influenced by crop density, soil fertility, 

water stress, and the interaction of genotypes with day length and night 

temperatures (Steele and Mehra, 1980). The strong taproot has laterals near the 

soil surface with clusters of spherical nodules. Germination is epigeal, but 

cotyledons do not persist and may lose as much as 90% of their dry matter by 

the time seedlings emerge (Steele and Mehra, 1980). At the seedling stage, the 

first leaves above the cotyledons are simple, entire and opposite. Subsequent 

leaves are alternate and trifoliate with the terminal leaflet often bigger and longer 

than the two asymmetrical laterals. Leaflets are 5-18 cm long, 3-16 cm wide and 

are described as linear, lanceolate, or broadly or narrowly ovate, entire or 

obscurely toothed, broadly cuneate or rounded at the base and gradually 

tapering to a pointed tip. The petiole is stout, grooved, and 5-25 cm long (Duke, 

1981). The stems are striate, smooth or slightly hairy and sometimes tinged with 

purple. The flowers are arranged in racemose or intermediate inflorescence at 

the distal ends of 5-60 cm long peduncles.
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Flowers are borne in alternate pairs, with usually only two flowers per 

inflorescence. They are conspicuous, self-pollinating, borne on short pedicels 

and the corollas may be white, yellow, mauve, pink, pale blue or purple in colour. 

Flowers open in the early day and close at approximately midday. After blooming 

(opening once) they wilt and collapse. Fruit are pods that vary in size, shape, 

colour and texture. They may be erect, crescent-shaped or coiled. They are 

usually yellow when ripe, but may also be brown or purple in colour. There are 

accessions with determinate and others with indeterminate growth habit. Pod 

length ranges from 4 cm in the wild subspecies to more than 1 m in subsp. 

sesquipedalis. Most cultivated species produce usually non-dehiscent, brittle or 

soft, curved, straight or coiled, and pendant, often constricted and distinctly 

beaked pods 12-20 cm long with about 10-15 seeds per pod. Colour varies from 

brown, red or black to variously mottled with anthocyanic pigment which may be 

confined to the sutures and beak (Steele and Mehra, 1980). Pods of wild species 

are straight, scabrous, slightly pubescent, black, erect, dehiscent and in some 

subsp. like cylindrica never constricted between the seeds. Cowpea seeds have 

a diverse shapes, texture and colours. They are 2-12 mm long, kidney-shaped, 

oblong or cylindrical. Cowpea seeds may be smooth or wrinkled, red, black, 

brown, green, buff or white as dominant full coloured, spotted, marbled, 

speckled, eyed, or blotched (Duke, 1981). The weight of 100 seeds varies from 1 

g in some wild species to 34 g in rare cultivars (Steele and Mehra, 1980). 

Cowpea is highly self-pollinated crop in most production environments (Williams 

and Chambliss, 1980) although significant out-crossing associated with insect 

activities can occur in some environments (Ehlers and Hall, 1997).

1.2.4. Ecology
Cowpeas are adapted to a wide range of soils, especially those with adequate 

drainage, from sandy to heavy, well drained clays. The lighter soils allow for good 

rooting. Cowpeas also tolerate a pH condition within the acidic range of pH 4.0 to

6.5 (Davis et al. 1991). Cowpea is used as a silage crop and a green manure for 

soil improvement (Hall et al. 1997; Terao et al. 1997; Singh et al. 2002). Cowpea
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also tolerates moderate drought conditions but excessive soil moisture leading to 

flooding is harmful, reducing growth and favouring fungal diseases. 

Nevertheless, the crop is well adapted to a wide precipitation range (650-2000 

mm). It also tolerates moderate shading.

Cowpeas have been reported to have greater adaptation to high temperatures 

than any other crop species. Germination greater than or equal to 80% has been 

observed in cowpea at temperatures ranging from 10°C to 40°C (Wolk and 

Herner, 1982; Ismail et al. 1997; Ismail et al. 1999). Temperatures outside this 

range adversely affect germination of cowpea. Variation in germination 

percentage and rate of germination under stress temperatures have been 

observed among cowpea cultivars (Marsh, 1993; Craufurd et al. 1996a,b and c).

1.2.5. Areas of cowpea production
Cowpea (Vigna unguiculata) is an important food and fodder legume cultivated in 

the tropics and sub-tropics covering 65 countries in Africa, Asia and Oceania, the 

Middle East, Southern Europe, southern USA and Central and South America 

(Singh et al., 1997). Based on the available information from FAO it is estimated 

that globally cowpea is cultivated on about 14.5 million hectares with an annual 

production of over 4.5 million tons (Singh et al., 2002). World cowpea production 

was estimated at 3 319 375 MT and 75% of that production (Fig. 1) is from Africa 

(FAOSTAT 2000).

South America 

Eu rope _  

Asia — 

North America
CITfc)

Africa
(7’5'X.)

Figure 1. Share of Africa in world cowpea production.
Source: Adapted from FAOSTAT (2000).
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West Africa is the key cowpea producing zone, mainly in the dry savannah and 

semi-arid agroecological zones. The principal cowpea producing countries are 

Nigeria, Niger, Senegal, Ghana, Mali, and Burkina Faso (FAOSTAT 2000). It is 

difficult to obtain the reliable statistics on cowpea area and production because 

most countries do not maintain separate records on cowpea. Probably because 

of these difficulties, that the Food and Agricultural Organisation (FAO) 

suspended formal publication of cowpea production data several years ago. In 

1981, the world cowpea production area was estimated at 7.7 million hectares 

with an annual grain production of 2.27 million tonnes (Aveling and Adandonon, 

1999) as indicated by Table 1.1. The other important cowpea growing countries 

in Africa are Togo, Benin, Cameroon, Chad, Sudan, Somalia, Kenya, Malawi,

Uganda, Tanzania, Zambia, Zimbabwe, Botswana, Mozambique and Republic of

South Africa. Additionally cowpea is produced in other parts of the world like 

India, Bangladesh, Nepal, Sri Lanka, Indonesia, China, Philippines, Brazil, Cuba, 

Haiti, USA, and West Indies.

Table1.1: Major cowpea producing countries and estimated production 

Country Production (t)

Nigeria 850,000
Brazil 600,000
Niger
Burkina Faso
USA
Ghana
Kenya
Uganda
Malawi
Source Aveling and Adandonon, 1999

271.000
95.000
60.000
57.000
48.000
42.000
42.000
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1.2.6. General cowpea production systems
In West Africa, cowpea is grown mostly in subsistence farming systems and on a 

small scale in the lowland dry savannah and Sahelian regions. Traditionally, 

cowpea is grown in association or in relay cropping with cereals such as 

sorghum, millet, and maize (Ajeigbe et al. 2006). However, cowpea cropping 

systems are moving towards monocropping as the crop’s economic importance 

increases. The increase in cowpea production is linked to the use of improved 

crop protection and production practices. Fertilizers and pesticides are generally 

not used due to the fact that they are too expensive or not accessible to the small 

scale farmers. In Europe both fodder and grain type varieties are grown mostly 

as a pure crop. The production of cowpea in USA is highly mechanised and is on 

purely commercial basis. Of the developed countries, only the United States is a 

substantial producer and exporter of cowpea (Imrie, 2000).

1.2.7. Cowpea production in Ghana

1.2.7.1. Geography, climate and population of Ghana
Ghana is situated on the west coast of Africa with a total area of 238 540 km2.

The country has a north-south extent of about 670 km and a maximum east-west 

extent of about 560 km. It shares borders with Cote d’Ivoire (Ivory Coast) to the 

west, Burkina Faso to the north, and Togo to the east. To the south are the Gulf 

of Guinea and the Atlantic Ocean. The country is divided into 10 administrative 

regions. The topography is predominantly undulating and of low relief with slopes 

of less than 1 percent. Despite the gentle slopes, about 70 percent of the country 

is subject to moderate to severe sheet and gully erosion. There are five distinct 

geographical regions:

• The low plains, stretching across the southern part of the country.

• The Ashanti Uplands, stretching from the Cote d’Ivoire border in the west to 

the elevated edge of the Volta Basin in the east.

• The Akwapim-Togo Ranges in the eastern part of the country consist of a 

generally rugged complex of folded strata, with many prominent heights
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composed of volcanic rocks. The ranges begin west of Accra and continue in 

a northeasterly direction, finally crossing the border into Togo.

• The Volta Basin occupies the central part of Ghana and covers about 45 

percent of the nation’s total area. The basin is characterized by poor soil, 

generally of Voltaian sandstone.

• The high plains in the northern and northwestern part of Ghana, outside the 

Volta Basin, consist of a dissected plateau. Soils in the high plains are 

considered to be more arable than those in the Volta Basin.

Ghana has a warm, humid climate. Mean annual rainfall of the country is 

estimated at 1187 mm. Mean annual temperatures range from 26.1 °C near the 

coast to 28.9 °C in the extreme north. Annual potential open water evaporation 

has been estimated as ranging between 1350 mm in the south to about 2000 mm 

in the north (FAO, 1998). The actual amount of evaporation depends on a 

number of factors including water availability, vegetation cover and prevailing 

weather conditions among others. There are six agro-ecological zones defined 

on the basis of climate, reflected by the natural vegetation and influenced by the 

soils (Table 1.2). Rainfall distribution is bimodal in the forest, transitional and 

coastal zones, giving rise to a major and a minor growing season. In the 

remaining two agro-ecological zones, the unimodal rainfall distribution gives rise 

to only one growing season. Irrigation is mostly applied for agricultural purposes 

and only in some minor parts of the country is the climate favourable for non

irrigated agriculture (GIDA, 2001). Rainfall exceeds potential evaporation during 

relatively short periods. Even in the southern forest zone where rainfall is at its 

highest, irrigation is essential for short season crops during the dry period. The 

unreliability of rainfall is a cause of concern (Akagbor, 2002). Complete crop 

failures can be expected in most northern areas in about one in every five years. 

This risk can rise to one in every three years during low rainfall periods. The 

cultivable area is estimated to be 10 million ha, which is 42 percent of the total 

area of the country and this (the sum of arable land and permanent crops) was 

about 6.33 million ha in 2002 (Table 1.3).

14 University of Leicester



Chapter One

Table 1.2: Characteristics of agro-ecological zones in Ghana

Characteristics of agro-ecological zones in Ghana
Zone Rainfall

(mm/yr)

Portion of 
total area

(%)

Length of growing season 

(days)

Dominant land 
use systems

Main food crops

Rain forest 2200 3 Major season: 150-160 

Minor season: 100

forest, plantations roots, plantain

Deciduous forest 1500 3 Major season: 150-160 

Minor season: 90

forest, plantations roots, plantain

Transition zone 1300 28 annual food and cash crops maize, roots, 
plantain

Guinea savannah 1100 63 180-200 annual food and cash 
crops, livestock

sorghum, maize

Sudan savannah 1000 1 150-160 annual food crops, 
livestock

millet, sorghum, 
cowpea

Coastal savannah 800 2 Major season: 100-110 

Minor season: 50

annual food crops roots, maize

Source: Ministry of Food and Agriculture (MoFA), Ghana (2002).

Table 1.3: Basic statistics and population of Ghana

Basic statistics and  population

Physical area

Area of the country 2002 23 854 000 ha

Cultivated area (arable land and area under permanent crops) 2002 6 331 000 ha

• as % of the total area of the country 2002 27 %

• arable land (annual crops + temp, fallow + temp, meadows) 2002 4 181 000 ha

• area under permanent crops 2002 2 150 000 ha

Population

Total population 2004 21 377000 inhabitants

• of which rural 2004 54 %

Population density 2004 90 inhabitants/km3

Economically active population 2004 10 773 000 Inhabitants

• as % of total population 2004 50 %

• female 2004 50 %

• male 2004 50 %

Population economically active In agriculture 2004 6 021 000 Inhabitants

• as % of total economically active population 2004 56 %

• female 2004 46 %

• male 2004 54 %

Source: Ghana statistical service (2006)
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The country’s population as surveyed by the Ghana statistical service in 2004 

was about 21.4 million (GSS, 2006), of which 54 percent leave in rural 

environment (Table 1.3). The annual population growth rate is 1.7 percent. 

Population density is 90 inhabitants per km2 in Ghana, but varies from 26 

inhabitants per km2 in the Northern region to 896 inhabitants per km2 in the 

Greater Accra region.

1.2.7.2. Cowpea production systems in Ghana
Cowpea is cultivated throughout Ghana. In general the farming practices vary 

from one agro-ecological zone to the other. The cowpea planting season is 

variable and depends on the areas, the objectives of the farmers and the 

varieties to be sown (MoFA, 2002). In the agro-ecological savanna zones 

especially the Sudan savanna zone where the bulk of the Ghanaian cowpea is 

produced, the crop is sown in June-July. If the objectives of the farmers are to 

produce cowpea as a fodder for their livestock, then the crop is sown anytime 

during the rainy season, even between some cereal crop rows regardless of the 

age of the cereal plant (MoFA, 2002). In other parts of Ghana where the farmers 

enjoy two rainy seasons, the crop is sown in May (major rainy season) and in 

August (minor season). Cowpea is sown at 2-4 seeds per drill. Spacing between 

plants varies and depends on the area and other crops being inter-cropped with 

the cowpea. In Ghana the most common agricultural practice is subsistence 

farming. Cereals and legumes are cultivated in less populated areas where 

access to irrigation is difficult. Cowpea production is more important in the three 

northern regions of Ghana and is generally grown as a sole crop but can be 

mixed or in rotation with maize or millet. In the central and forest zones cowpea 

is grown in the early development stage of oil palm plantations where the soil is 

poor and the land is constrained with little or no fallow period (Marfo and Hall, 

1992). Farmers rarely fertilize a cowpea field. Soil preparations only consist of 

cutting weeds and making holes in the soil where the seeds are directly sown.
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1.2.8. Importance of cowpea
Cowpea is the most important food legume in the West and Central African 

region, particularly in the dry savannas. Estimates of world hectarage of cowpea 

is in the range of 12.5 million, with about 8 million in West Africa, the majority of 

these being in Nigeria and Niger (Singh et al. 1997). Current FAO estimates for 

1998 are lower than these figures, although the proportions are similar (FAO,

2000). Cowpea contains about 25% protein and so is a cheap source of protein 

in the daily diet of the rural and urban populations and is widely considered as 

the “poor man’s meat” in Africa. Its haulms are also an important source of 

nutritious fodder for the livestock in the dry savannas (Bressani 1985; Singh et al. 

1997; Tarawali et al. 1997a, b). The dry savannas consist of the drier part of the 

northern Guinea savannah, plus the Sudan savannah representing more than 

50% of the total land area of the sub-Saharan Africa, with a significant proportion 

located in West Africa. Annual rainfall is less than 1000 mm with a growing 

period of 180 days or less meaning that much of the region experiences a long 

(7-9 months) harsh dry season. The growing period shortens on a south-north 

axis. The sandy soils are generally poor, with low organic carbon, and cation 

exchange capacity, and are deficient in nutrients, especially nitrogen and 

phosphorus. As a legume, cowpea can contribute to soil fertility, mainly through 

its nitrogen fixing abilities. Part of the nitrogen fixed will remain in the soil in the 

roots, and thereby contribute to the soil fertility for subsequent crops. Some fixed 

nitrogen will eventually return to the soil as manure after residues are fed to 

livestock. Thus cowpea plays a very important role in promoting food and feed 

production as well as sustainable agriculture in the West African sub-region 

especially in Ghana as summarized in Fig.2 below.
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Figure 2: Schematic representation of the important contributions by 

cowpea
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1.2.9. Uses of cowpea in Ghana
Cowpea has a wide variety of uses namely as a nutritious component in the diet 

of humans as well as nutritious livestock feed (MoFA, 2002). The crop can be 

used at all stages of growth as a vegetable. The tender green leaves are used in 

the preparation of pot herb like spinach by some tribes in Ghana. The immature 

snapped pods are also used in the same way as snap beans, often mixed with 

other foods. In southern Ghana, the green cowpea seeds are boiled as a fresh 

vegetable and eaten as snack. Mostly the dry mature seeds are suitable for 

cooking and have various usages depending upon the cultural practices of that 

particular area in Ghana. In the urban areas consumers of cowpea are prepared 

to pay a premium for black-eye varieties (Langyintou et al. 2003). They are also 

ground into flour and fried with lots of spices and considered a delicacy in most 

Ghanaian homes.
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In many areas especially in the three northern regions of Ghana, cowpea is used 

as legume hay for livestock feed. It is either used as a green fodder or dry fodder. 

It is also used as green manure crop, a nitrogen-fixing crop or for erosion control 

(MoFA, 2002). It is very good for quick growth and establishment and for 

increasing organic matter and improving soil structure and fertility. In some 

communities the crop is considered to be sacred. The Dagara tribesmen in 

northern Ghana prescribe the crop for sacrifices to abate evil and to pacify the 

spirits for all calamities (Marfo and Hall, 1992). Cowpea production also serves 

as a source of income for the subsistence farmer to support the upkeep of the 

house-hold before the main crops are harvested. There are adaptations in 

cowpeas for northern and southern regions of Ghana. In the West African 

varieties, one can find traits that are inclusive of primitive wild color or the more 

derived white recessive character. In Ghana, cowpeas are typically uniform in 

their morphology, with white and black-eyed most commonly used. These are the 

same varieties as those used in the U.S.A. In Ghana about 80% of the red ones 

are consumed at the local level where the grains were produced. These have 

slightly smaller sized seeds than the white ones.

1.3. Constraints to cowpea production
Cowpea production is affected by a wide range of biotic and abiotic constraints, 

some of which are discussed below.

1.3.1. Biotic factors
Important biotic constraints to cowpea production include insect pests, (Thrips, 

Maruca, pod bugs, Aphids and Bruchid), diseases and parasitic weeds. In 

general the pest spectrum on legumes is large and extremely diverse. Several 

probable reasons have been given for the large number of major and minor pests 

on legumes. These could be the fact that legume crops are grown world wide, 

both as large monocultures and as important components of traditional multiple- 

cropping systems. Secondly, leguminous plants offer a wide range of feeding
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niches for insects and mites, particularly in their reproductive structures. Among 

the biotic constraints of cowpea production, insect pests rank first and can cause 

total yield failure in cases of severe attack (Singh, 1999a). In general the pest 

problem is more severe in Africa than the other areas of cowpea production 

(Singh et al. 1997). Probable reasons for this are that (a) many insects are 

considered indigenous to the continent and/or have had ample time to co-evolve 

with the crop in its centre of origin and domestication (Ng and Marechal, 1985) or 

(b) different views from the origin of cowpea pests, that is the interactions 

between the prevailing environmental conditions and the state of the crop (Tamo’ 

et al. 1997). Insects attack all parts of cowpea plants from seedling emergence to 

storage (Singh et al. 1997; Jackai and Adalla, 1997). It is very common to find 

four or more pests on the crop at the same time.

Cowpea diseases induced by various pathogenic groups (fungi, bacteria, viruses, 

and nematodes) constitute one of the most important constraints to cowpea 

production in all agroecological zones where the crop is grown. The common 

diseases associated with cowpea production are anthracnose, cercospora, smut, 

rust, septoria, scab, ascochyta and bacterial blight. Most of these diseases cause 

yield losses which can be as high as 90% (IITA, 2000). These diseases can be 

very destructive and attack the crop from the seedling stage to the reproductive 

stage (Hall et al. 1997).

Striga gesnerioides also known as witch weed is a parasitic plant that attacks 

cowpea fields. Striga spp. is widely distributed (Singh et al. 1997) throughout the 

cowpea production areas and a major contributing factor to low cowpea 

production in the sub-Saharan Africa and India (Singh et al. 1997). Yield losses 

from damage by Striga range from 10% to 70% depending on the cultivar and the 

degree of infestation (Hall et al. 1997). The damage is particularly severe when 

the crop is under drought and nutrient stress (Omanya et al. 2004). The control of 

weeds, like Striga, involves the use of chemicals, and mechanical removal using
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hoes or cutlasses. Improper use or careless handling of chemicals might result in 

degradation or pollution of the land and water supplies.

Improving disease and insect pest resistance through breeding and selection can 

reduce the use of pesticides with accompanying cost and environmental benefits. 

Even though the effects of biotic factors on cowpea production are very 

important, they are outside the scope of this study.

1.3.2. Abiotic factors
The effects of the environment on plant growth may be divided into enforced 

damage effects (stress), caused by the environment, and adaptive responses, 

controlled by the plant (resistance) (Gowda et al. 2003). Damage which may 

manifest as death of all or part of the plant, or merely as reduced growth rate due 

to physiological malfunction, is a common phenomenon and the agents are 

various; temperature, water availability, soil chemistry, physical properties and 

others such as air pollution, and wind. However, the most important 

environmental agents affecting plant growth in the semi-arid tropical zone is 

drought (Ashley, 1993; Singh et al. 1997).

Cowpea is mostly grown under rain-fed conditions in semi-arid areas. Although 

cowpea has an impressive ability to survive drought, low rainfall, high irradiance, 

excessive temperatures and periodic drought make cultivation of the crop 

challenging (Singh, 1999b). These factors are largely due to the climate, weather 

and soil of the region where it is grown and the plant must adapt to these 

conditions to produce good yield. The cowpea growing areas in Africa and Asia 

are characterised by low and erratic rainfall with dry spells occurring at any time 

during the growing season (Singh, 1999b). Conversely, excessive rain near to 

harvest can be particularly damaging causing grain rot and fungal diseases.

In an attempt to reduce the effects of drought stress there is a temptation for the 

subsistence farmers to adopt inappropriate production practices, such as digging

21 University of Leicester



Chapter One

of well for irrigation when drought sets in, which may degrade the environment in 

the long term and cause a decline in production and productivity. Irrigation 

requires large supplies of water to replace evapotranspiration (Akagbor, 2002) 

and thus is not an option for much of the developing world. When even it is 

considered as an option, salinisation would lead to degradation of the land and 

reclamation would be too expensive for any subsistence farmer. There is 

therefore the need to improve efficiency of water use in agricultural systems by 

breeding for drought tolerant plants with greater water use efficiency. Recent 

reviews (Ashley, 1993; Subbarao et al. 1995; Boyer, 1996) have brought together 

the available knowledge on different aspects of drought tolerance in crop plants 

and options to minimize yield losses due to drought.

1.4. Drought stress
Since agriculture began, drought has been one of the major plagues limiting crop 

production worldwide. Although it reaches front pages of the media only when it 

causes famine and death, drought is a permanent constraint to agricultural 

production in many areas of the world. Drought stress is especially important in 

countries where crop agriculture is essentially rain-fed. In sub-Saharan Africa, 

drought years have a devastating effect on regional food security. It causes 

marginalization and poverty, and its negative effects are likely to increase as 

water resources decline globally. While irrigation is the method of choice in 

averting drought stress in many areas of the world, alternative low-input 

approaches are being explored, and molecular biology offers a promising array of 

tools that may be useful in achieving drought tolerance in plants.

Drought can be defined as the absence or deficit of rainfall for a period of time 

long enough to result in the depletion of soil water and consequent plant water 

deficit (Munne-Bosch and Alegre, 2004). Katz and Glantz (1997) have earlier 

indicated that there are two types of drought by definition, meteorological and 

agricultural drought. A meteorological drought could be defined as that time 

period when the amount of precipitation is less than some designated percentage
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of the long term mean. An agricultural drought, on the other hand, could be 

defined in terms of seasonal vegetation development. It occurs when there is not 

enough moisture available at the right time for the growth and development of 

crops and as a result, yields and/or absolute production decline. In this study 

drought stress refers to water limiting conditions. Drought reduces the amount of 

water available for plant growth and leads to water deficit. Plant water deficit 

starts as soon as the demand exceeds the supply, that is, a situation in which the 

rate of transpiration exceeds the rate of water uptake. The subsequent cellular 

water loss is referred to as dehydration.

Water is a fundamentally important component of the metabolism of all living 

organisms, facilitating many vital biological reactions by being a solvent, a 

transport medium and evaporative coolant (Bohnert et al., 1995). In plants and 

other photoautotroph, water plays the additional role of providing the energy 

necessary to drive photosynthesis. Water molecules are split, in a process 

termed photolysis, to yield the electrons that are used to drive the energy yielding 

photosystem II reaction centre (Salisbury and Ross, 1992a). One of the major 

consequences of drought stress is the loss of protoplasmic water leading to the

increasing concentration of ions such as [Cl*] and [N03 ]. At high concentrations 

these ions effectively inhibit metabolic functions (Hartung et al., 1998). 

Additionally, the concentration of protoplasmic constituents and the loss of water 

from the cell lead to the formation of what is termed a glassy state. In this state 

whatever liquid is left in the cell has a very high viscosity, increasing the chances 

of molecular interactions that can cause protein denaturation and membrane 

fusion (Hartung et al., 1998; Hoekstra et al., 2001). Plants thus require the 

genetically encoded ability to ensure the maintenance of cellular turgor and 

metabolic functions.

Drought stress is exacerbated by high irradiance, excessive temperatures and 

high vapour pressure deficits (Jagtap et al. 2001a). Secondary components of 

drought include high temperatures caused when leaves have low transpiration in
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bright light. High temperatures result in high respiration, which uses up sugar 

reserves and can kill sensitive tissues (Thomas et al. 1992). In Ghana, where 

cowpea cultivation is largely rain-fed, as is typical of many cowpea growing 

areas, these conditions affect crop growth and yield. The frequency and severity 

of drought may increase in future as global warming intensifies.

Furthermore drought stress is highly variable in time (over seasons and years) 

and space (between and within sites), and is extremely unpredictable. This 

makes it difficult to identify a representative drought stress condition (Visser, 

1994). The unpredictable and variable forms in which drought stress will manifest 

itself, makes selection of promising individual plants and breeding for drought 

tolerance extremely difficult.

1.4.1. Effects of drought on plant growth and development
At the whole plant level drought primarily affects phenology, phasic development,

carbon assimilation, assimilate partitioning and reproductive processes (Blum, 

2004). Growth depends on cell division and expansion. Cell expansion is known 

to be more sensitive to drought than cell division. It is dependent on turgor, cell 

wall extensibility, and other factors pertaining to ABA signalling. Reduced cell 

expansion allows the plant to reduce its water use; however it leads to a 

reduction in plant productivity. If the reduction in total plant water use is not 

sufficient to sustain turgor, then transpiration is further reduced by stomatal 

closure. Stomatal closure initially reduces transpiration more than it reduces CO2 

assimilation, but as the stress becomes more pronounced both are drastically 

reduced. Turgor loss leads to wilting and eventual demise of the plant. Reduced 

cell expansion also impacts on meristematic development of yield components, 

such as inflorescence in legumes resulting in small reproductive organs and 

reduced yields. This condition unfortunately is an irreversible effect which is 

difficult to alleviate even by re-watering. Drought stress can also cause both 

advanced and delayed flowering. A delay of up to 50 days has been observed in 

rice subjected to pre-flowering drought (Blum, 2002).
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1.4.2. Consequences of drought on grain yield
Drought stress conditions cause extensive losses to agricultural production 

worldwide (Bruce et al. 2002; Rubio et al. 2002; Salvi and Tuberosa, 2005). The 

amount of the reduction in grain yield depends on the stage of plant development 

at which drought occurs, its severity and duration and the drought susceptibility 

of the cultivar (Lorens et al. 1987). Its effects can be particularly severe during 

flowering in plants like rice where it causes sterility (Lafitte, 2002) and reduced 

embryo fertilization and growth in maize (Bruce et al. 2002; Earl and Davis, 

2003). Drought stress during the vegetative phase can also adversely affect 

yield. The reduction in yield as a result of drought stress at the vegetative stage 

is caused by reduced leaf area, reduced intercepted photosynthetically active 

radiation (PAR), reduced radiation use efficiency and reduced harvest index (Earl 

and Davis, 2003). Yield losses in crops due to drought result, primarily, from its 

adverse effects on photosynthetic activity. Drought causes a reduction in 

photosynthesis thus reducing the availability of photosynthates for grain-filling. 

Leaf photosynthesis declines during grain-filling due to the onset of senescence, 

which leads to the breakdown of the photosynthetic apparatus. This situation can 

be made worse by stress factors like drought, high temperatures and excessive 

irradiance (Martinez et al. 2003). Drought, for example during grain-filling, 

reduces the photosynthetic activity of leaves by causing stomatal closure and 

enhancing the rate of senescence (De Souza et al., 1997). Both morphological 

and physiological adaptations that enhance water uptake reduce water loss and 

stimulate photosynthesis under drought stress, combine to maintain yields in 

resistant crop cultivars.

1.5. Drought stress resistance mechanisms
Drought is a major production constraint, reducing crop yields in water-limited 

areas where many of the world’s poorest farmers live. Development of drought 

tolerant crops will enhance food production and the livelihoods of farmers in
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these areas. Moreover, as the world population continues to grow and water 

resources for crop production decline, development of drought tolerant cultivars 

and water-use efficient crops is a global concern. Breeding for drought tolerance 

has produced improved cultivars for drought-prone environments, but progress 

has been slow due to the complex physiological responses to drought, various 

environmental factors, and their interactions.

1.5.1. Drought escape and dehydration avoidance mechanisms
Whole-plant and cellular mechanisms can contribute to avoidance of drought

stress and responses expressed depend on the length and severity of drought, 

the age and development stage of the plant, and the organ, cell type and sub- 

cellular compartment considered (Bray, 1997).

Plants that escape drought exhibit a high degree of developmental plasticity, 

being able to complete their life cycle before physiological water deficits occur. 

Escape strategies rely on successful reproduction before the onset of severe 

stress. This is important in arid regions, where native annuals may combine short 

life cycles with high rates of growth and gas exchange, using maximum available 

resources while moisture in the soil lasts (Maroco et al. 2000a). Improved 

reproductive success also includes better partitioning of assimilates to 

developing fruits. This is associated with the plant’s ability to store reserves in 

some organs (stems and roots) and to mobilise them for fruit production, a 

response well documented in crop plants, such as cereals (Gebbing and 

Schnyder, 1999; Bruce et al. 2002) and some legumes (Rodrigues et al. 1995; 

Chaves et al. 2002). This ability to mobilise reserves is increased in draughted 

plants (Yang et al. 1994). However, longer growth duration is often associated 

with a high yield potential, so using drought escape as a solution may involve a 

cost in terms of reduced yield potential. This is particularly a problem if the 

severity and timing of drought varies from year to year. Then again, some yield is 

always better than no yield, particularly in subsistence agriculture. Nevertheless, 

drought escape mechanisms are outside the scope of the current study.
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Dehydration avoidance is defined as the plant capacity to sustain high plant 

water status or cellular hydration under the effect of drought. Hence, by this 

mechanism the plant avoids being stressed because plant functions are relatively 

unexposed to tissue dehydration. Crop plants avoid dehydration by enhanced 

capture of soil moisture, by limited crop water loss, and by retaining cellular 

hydration despite the reduction in plant water potential.

Much has been written and debated about roots and soil moisture uptake (Price 

et al. 2002a). All said and done, the essence of the matter is that where deep soil 

moisture is available a long root to reach this moisture is as effective as a long 

rope in a deep well. Genetic variation exists in potential root length. However, 

when plants are exposed to a drying soil, root morphology and growth can 

change to the extent that the potential root length, whether it is short or long, 

becomes irrelevant. In cereals, drying hard topsoil resists the penetration and 

establishment of adventitious roots while existing roots receive all transient 

assimilates and grow deeper (Blum and Ritchie, 1984; Asseng et al. 1998). It is 

not clear whether the capacity for developing longer roots under stress is 

compatible with a high yield potential phenotype. According to Price et al. 

(2002b), the possession of deep and thick root system allows access to water at 

deep soil layers and is potentially one of the most promising traits for improving 

drought avoidance. The ability to extract water from deeper soil layers by plants 

possessing such traits enable them to maintain their tissue water potential under 

drought conditions thereby avoiding drought stress. When all their requirements 

are effectively supplied, plants do not need a large root. However, under 

conditions of unsecured soil resources, a potentially large root is required to 

ensure capture of resources under erratic conditions. This form of insurance may 

pose a load on yield potential if a large root is expressed in large root mass.

Plants are developmentally and physiologically designed by evolution to reduce 

water use (WU) under drought stress (Ramanjulu and Bartels, 2002). Since plant
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production is a function of WU the issue for the breeder is how to reduce WU 

under stress while minimising the associated reduction in production. Drought 

has the ability to delay developmental events due to the inhibition of growth by 

water. As drought progresses, growth is retarded in inverse proportion to the 

degree of avoidance by tissues or the whole plant (Blum, 2005). Morphological 

adaptations in the leaf and root contribute to efficient water use and avoidance of 

drought. For example, the development of hairy, waxy and shiny leaf surfaces 

decrease transpiration, while the reduction of leaf area and development of 

sunken stomata allow for efficient use of water per plant (Ramanjulu and Bartels, 

2002; Blum, 2004). Physiological acclimations and adaptations like cell turgor 

and cell volume maintenance also lead to dehydration avoidance. This is through 

an increased water uptake by an extensive root system or reduced stomatal 

cuticular transpiration (Sanchez et al. 2002). In addition, shedding of older leaves 

that contribute to water saving can be viewed as a recycling programme within 

the plant, allowing the reallocation of nutrients stored in older leaves to the stem 

or younger leaves.

An increasing number of reports provides evidence on the association between 

high rate of osmotic adjustment (OA) and sustained yield or biomass under 

water-limited conditions across different crop plants, birdseed millet (Karyudi and 

Fletcher, 2003); chickpea (Moinuddin and Khanna-Chopra, 2004); pigeonpea 

(Subbarao et al. 2000) and wheat (Blum et al. 1999; Morgan, 2000). Since OA 

helps to maintain higher leaf relative water content (RWC) at low leaf water 

potential (LWP), it is evident that OA helps to sustain growth while the plant is 

meeting transpirational demand by reducing its LWP. Thus, OA sustains turgor 

maintenance and hence the yield-forming processes during moderate and severe 

water stress as indicated by Ali et al. (1999). Increased deep-soil moisture 

extraction has been found to be a major contribution of OA in sorghum (Blum,

1999). Beyond the effect on cellular hydration, other putative roles of OA have 

been assembled under the term osmoprotection (Rontein et al. 2002). This 

indicates a possible role for cell compatible osmolytes in protecting enzymes
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against intensive heat inactivation. Associations between OA and cellular 

membrane stability under drought stress have been suggested recently by 

Rontein and his group (2002).

1.5.2. Drought (dehydration) tolerance mechanisms
Whereas drought avoidance is the ability to maintain relatively high tissue water

potential despite a shortage of soil moisture, drought tolerance is the ability to 

withstand water deficit. Dehydration tolerance results from the coordination of 

both physiological and biochemical changes at the cellular and molecular levels. 

Cellular water deficit can result in the build up or concentration of solutes, 

changes in cell volume and membrane shape, disruption of water potential 

gradients, loss of turgor, disruption of membrane integrity and denaturation of 

protein (Bray, 1997). Drought tolerance mechanisms are controlled by the 

expression of many drought-induced genes (Bray, 1997). The products of these 

genes function in stress tolerance as well as in the regulation of other gene 

expression and signal transduction pathways involved in stress responses 

(Shinozaki and Yamaguchi-Shinozaki, 1996). Drought tolerance involves 

maintaining metabolism even at low tissue water potential and is influenced by 

osmotic adjustment and antioxidant capacity (Shinozaki and Yamaguchi- 

Shinozaki, 1996; Sanchez et al. 2002).

Osmotic adjustment (OA) has been considered as one of the crucial processes in 

plant adaptation to drought, because it sustains tissue metabolic activity and 

enables regrowth upon rehydration but varies greatly among genotypes (e.g. it is 

more important in rice or wheat than in maize; Morgan, 1984). However, in terms 

of crop yield there are not many field studies showing a consistent benefit from 

OA (Quarrie et al. 1999), presumably because turgor maintenance in cells is 

often associated with slow growth (Serraj and Sinclair, 2002). Nevertheless, OA 

is important in roots, enabling its sustained growth under decreasing water 

availability in the soil. It is normally a slow process and is triggered above a
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certain threshold of cell water deficit. The osmotic compounds synthesised 

include proteins and amino acids (like proline, aspartic acid and glutamic acid) 

(Samuel et al. 2000; Hamilton and Heckathorn, 2001), methylated quaternary 

ammonium compounds (glycine betaine and alanine betaine) (Rathinasabapathi 

et al. 2001; Sakamoto and Murata, 2000), hydrophilic proteins (late 

embryogenesis abundant, LEA), carbohydrates (fructans and sucrose) 

(Anderson and Kohorn, 2001) and cyclitols (D-pinitol, mannitol) (Anderson and 

Kohorn, 2001). In addition to decreasing cell osmotic potential, thus allowing the 

maintenance of water absorption and cell turgor under water deficit, these 

solutes may protect the cell membrane and the metabolic machinery under 

dehydration. Compatible solutes exert their protective activity by interacting with 

water molecules, rather than by interacting with proteins. Osmoprotection 

mechanisms are probably not functional until severe dehydration occurs, which 

implies that OA may be critical to survival rather than to increase plant growth 

and crop yield under drought.

Oxidative stress is a general term used to describe a state of damage caused by 

reactive oxygen species (ROS), which are free radicals and peroxides derived 

from metabolism of oxygen (Blum, 2004). A common aspect of most adverse 

environmental conditions is the increased production of reactive oxygen species 

within several subcellular compartments of the plant cell (Van Breusegem et al.,

2001). Drought stress leads to the disruption of electron transport systems and 

thus under water deficit conditions the main sites of ROS production in the plant 

cell are organelles with highly oxidizing metabolic activities or with sustained 

electron flows: chloroplasts, mitochondria and micro-bodies. Within the 

photosynthetic apparatus, photosystem II (PS II) is affected most by drought 

stress, particularly within the oxygen-evolving complex and the reaction centers 

(Price et al., 1994). In general, ROS (particularly superoxide and hydroxyl 

radicals) are damaging to essential cellular components such as DNA, proteins 

and lipids. Lipid peroxidation disrupts the membrane integrity of the plant cell. As 

a result, essential solutes leak out of organelles and from the cell, causing

30 University of Leicester



Chapter One

disruption in membrane function and metabolic imbalances. DNA is the blueprint 

for both future form and function. Any damage to its integrity could mean that 

proteins that would have been essential for optimal function of the plant will not 

be synthesized. Similarly, denaturation of important proteins essential for 

biochemical reactions leads to the whole plant being negatively affected and 

unable to cope. Plants have evolved complex protective mechanisms to prevent 

the damage initiated by free radicals. The primary constituents include 

antioxidant enzymes such as superoxide dismutase, catalases and peroxidases, 

and free radical scavengers such as carotenoids, ascorbate, tocopherols and 

oxidized and reduced glutathione (GSSG and GSH, respectively) (Price et al.,

1994). Superoxide dismutase regulates the cellular concentration of 0 2 and 

H20 2. The latter is broken down by catalases and peroxidases. Under moderate 

stress conditions, the radicals are efficiently scavenged by this antioxidant 

defense system. However, in periods of more severe stress in desiccation- 

sensitive plants, the scavenging system becomes saturated by the increased rate 

of radical production, and damage is inevitable.

1.6. Adaptations to drought by cowpea in the Sahelian region.
Rain-fed crops growing in the semiarid tropical Sahelian zone of Africa are

subjected to extremely dry and hot conditions. Droughts have occurred for many 

years in the drier part of this zone, and have been so severe that local landraces 

and modern cultivars of drought hardy crops like pearl millet, sorghum and 

peanut have generally failed to produce significant quantities of grain. Also, 

virtually all cowpea landraces that had evolved in the Sahel have not produced 

significant quantities of grain in the years and locations with the most severe 

droughts due to the likely climate change. However, a number of cultivars and 

crop management practices have been developed by researchers that have 

enabled cowpeas to produce significant grain in most recent years in the Sahel 

(Singh et al., 2002).
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1.6.1. Cowpea phenology and adaptation.
The initial attempt was to select plants with optimal numbers of days from sowing 

to first flowering and maturity, and appropriate plant habit. However, rainfall in the 

Sahel was so variable and droughts have been so extreme that this approach 

only was partially successful (Cisse et al., 1995). Consequently, cultivars that 

flower early and mature faster were considered. This was achieved by selecting 

plants that began flowering early and had synchronous flower production. They 

have an erect habit and produce their first floral buds on low main stem nodes 

and subsequent floral buds on the main stem and the first nodes on branches 

(Elawad and Hall, 2002). Cisse et al., (1995) also cultivated lines that were erect; 

begin flowering 30-35 days from sowing, and reach maturity within 55-64 days 

from sowing with the shortest cycles occurring with late-season drought. These 

erect plants exhibit less ground coverage than traditional Sahelian landraces that 

have a better spreading habit (Elawad and Hall, 2002). Another type of cultivar 

developed, begins flowering quite late and has a more spreading plant habit that 

provides it with more sequential rather than synchronous flowering and a medium 

cycle from sowing to maturity. According to Cisse et al., (1995), it begins 

flowering in about 38 days and reaches maturity 70 days from sowing. Cultivars 

that are more spreading and reach maturity about 75 days from sowing have 

been shown to be effective in the Sahel. In Ghana, a type of cultivar called 

‘Asontem^matures early) exhibits greater resistance to midseason drought but 

has less ability to escape late-season drought and also has greater yield 

potential, presumably due to its longer reproductive period than the early erect 

cultivars (Akagbor, 2002). In years when late-season drought occurs, the early 

erect cultivar produces abundant grain, while the medium cycle spreading 

cultivar produces abundant hay but little grain. Farmers in the Sahel appreciate 

both the grain and the hay of cowpea, and are beginning to grow different types 

of cultivars (Hall et al., 2003), but, the concept of varietal intercropping has not 

yet been embraced by them.
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1.6.2. Drought, pest and disease resistance in cowpea

There are cowpea cultivars that have substantial resistance to vegetative stage 

drought, like the ‘California Black-eye No. 5’ (‘CB5’) (Elawad and Hall, 2002). 

This cultivar is known to exhibit the ability to survive a vegetative stage drought 

that would have killed most other annual crop species and to recover when re

watered and produce very high grain yields of about 4000 kg/ha that were similar 

to a weekly irrigated control treatment (Turk et al., 1980). The vegetative-stage 

drought is imposed by sowing seed into a dry soil profile, providing a small 

amount of water with sprinklers to permit the seedlings to emerge, and then 

growing plants under hot sunny conditions for 43 days with no further irrigation or 

rain. In the Sahel where severe vegetative-stage drought occurs, cowpea plants 

are observed to survive, while pearl millet and peanut plants that are being grown 

in the same fields and had emerged at about the same time die (Singh and 

Matsui, 2002). The mechanisms for the resistance to vegetative-stage drought of 

cowpea compared with the other species have been studied. When the species 

were subjected to drought, using the simple box method, cowpeas survived 8-12 

days longer than either pearl millet or sorghum or peanut (Singh and Matsui,

2002). The authors hypothesized that the resistance mechanism may reside in 

the plant shoot. Under severe droughts, cowpea exhibits greater dehydration 

avoidance and maintains leaf water potentials above -1.8MPa, while pearl millet, 

sorghum and peanut can develop leaf water potentials as negative as -4  to 

-9MPa under these conditions. Petrie and Hall (1992) found that pearl millet 

developed more negative leaf water potentials than cowpea, even at predawn 

with plants of the two species growing in the same pot. Petrie et al. (1992) also 

hypothesized that these species differences in leaf water potential may be due to 

pearl millet having a root system that is less effective on a micro-scale in taking 

up water during soil drying, even though it has more roots than cowpea. They 

argued that the numerous high-density clumps of roots in pearl millet would 

develop internal dry soil layers, such that they would only take up water at the 

ends of the roots. In contrast, cowpea has a more uniform root system and was 

hypothesized as using more of the root surface and thus being more effective in
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taking up water from drying soil than pearl millet. These hypotheses were 

consistent with results from simulation modeling, but have not been adequately 

tested. Apparently, the reasons for the high level of vegetative-stage drought 

resistance in some cowpea cultivars are largely unknown. This indicates that 

many cowpeas may have substantial resistance to vegetative stage drought. A 

simple screening technique has been developed that uses visual observations of 

young plants subjected to drought and recovery while growing in shallow soil in 

boxes, which may be useful for selecting cowpea genotypes with the ability to 

survive vegetative-stage drought (Singh et al., 1999; Singh and Matsui, 2002). 

The research on improving drought resistance by Singh and Matsui (2002) 

provides a promising avenue for approaching this difficult problem; however, 

additional information is needed on the extent of genetic variation, mechanisms 

and types of resistance to vegetative-stage drought present in cowpea cultivars 

and accessions. In general, cowpeas are very sensitive to drought during pod set 

and pod filling (Turk et al., 1980). A delayed-leaf-senescence (DLS) trait has 

been discovered in cowpea that confers some resistance to reproductive-stage 

drought in erect cowpea cultivars. It begins flowering in about 35 days and 

produces about 2000 kg/ha of grain by 60 days, followed by a second flush of 

pods with the potential to produce an additional 1000 kg/ha by 100 days from 

sowing (Hall et al., 2003). Farm families in Africa and especially in Ghana 

typically harvest cowpea pods by hand and do not uproot plants such that they 

can make multiple harvests with individual crops. An early erect DLS cultivar 

might be adapted to locations in the wetter boundary of the Sahelian zone or the 

wetter Savanna zone where there is sufficient rainfall in most years to support a 

cropping season of at least 100 days but a tendency for mid-season droughts to 

occur.

Farmers are not likely to adopt a new cultivar simply because it has improved 

adaptation to drought. They are also concerned about the damage readily seen 

that is caused to cowpea by several pests and diseases that are prevalent in the 

Sahelian zone (Hall et al., 1997). Ideally one should breed cultivars that are
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adapted to drought and resistant to ail of the major pests and diseases that can 

occur in the target production zone, but this is not easy and will take several 

more years to accomplish for the Sahel and is beyond the scope of this study.

1.7. Genetic diversity and challenges in drought tolerance 
selection
The development of cultivated species and the breeding of new varieties have 

always relied on the availability of biological diversity, issuing from the long-term 

evolution of species. Modern plant breeding methods focusing on wide 

adaptation and high crop yield and intensive selection on crop species have 

raised the question of the amount of genetic variation still available in breeding 

pools for sustainable improvement (Baranger et al. 2004). Genetic diversity 

refers to the variation of genes within species, that is, the heritable variation 

within and between populations of organisms. Thus all variation resides in the 

sequence of the four base pairs that compose the DNA molecule and, as such, 

constitute the genetic code (Chen et al. 2002). The generation of new genetic 

variation occurs continuously in individuals through chromosomal and gene 

mutations and is also influenced by selection. These phenomena lead to 

changes in gene and allele frequencies that account for the evolution of 

populations and similar situations can occur through artificial selection such as 

breeding. Together with the need for biodiversity conservation, the need for an 

assessment of crop diversity and a better understanding of impact of breeding on 

this diversity has emerged. Traditionally, diversity within and between 

populations have been determined by assessing differences in morphology. 

These measures have the advantage of being readily available, do not require 

sophisticated equipment and are the most direct measure of phenotype and are 

therefore available for immediate use. However, morphological dimensions are 

subject to changes due to environmental factors which may vary at different 

developmental stages and their number is also limited.
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In order to overcome the limitations of morphological traits, other markers have 

been developed at both the protein level (phenotype) and the DNA level 

(genotype). Molecular markers have allowed the study of diversity through DNA 

sequence variation, thus facilitating;

The understanding of crop species domestication (White and Doebley, 
1998)

The deciphering of elite cultivar breeding history (Narvel et al. 2000; 
Russell et al. 2000)

The assessment of genetic diversity within germplasm and/or cultivated 

types for various species (Prasad et al. 1999; Liu et al. 2001; Metais et al. 

2002; Steiger et al. 2002), and,

The identification of cultivars (Russell et al. 1997)

Recently, molecular markers have been used to examine the effect of modern 

plant breeding methods on genetic diversity in cereals (Russell et al. 2000; Lu 

and Bernardo, 2001; Chen et al. 2002; Soleimani et al. 2002; Koebner et al.

2003) and the general conclusion was that the level of genetic variability within 

the cultivated pools had been maintained during modern selection, either through 

the differentiation of heterotic groups or through the maintenance of independent 

breeding programmes. Cowpea breeding is facing new challenges to increase its 

acreage and to develop diversified products like drought tolerant varieties, 

disease resistant varieties and enhanced seed quality varieties. Drought, salinity 

and phosphorus deficiency illustrate the range of abiotic stresses that are faced 

by farmers in developing countries. Most crop species show considerable genetic 

variation in tolerance to the major climatic and chemical stresses. Plant breeding 

is therefore a viable option for improving productivity, reducing farmers’ risks and 

bringing marginal land into use.

Breeding for drought tolerance is difficult because of its unpredictable nature. In 

drought prone areas, crop production may be stabilized and enhanced through 

the development of genotypes that avoid or tolerate water deficit (Grover et al.
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2001). Selection for drought tolerance while maintaining overall productivity has 

also proved difficult due, primarily, to the lack of a simple and effective screening 

procedure for the required genotypes (Betran et al. 2003). Grain yield has been 

used to quantify drought tolerance, but according to Singh et al. (1999), this 

cannot be a very efficient method. This is because grain yield results from 

responses over the entire crop season and may not effectively discriminate 

between drought tolerant and susceptible genotypes. Measurement of yield 

stability or other traits across drought and non-drought environments has also 

been proposed by Blum et al. (2001). However, selection for yield stability can 

lead to stable but poor yielding lines under optimal conditions. Results of field 

tests under dry-land conditions are also difficult to interpret due to variation in 

drought conditions between years, while genotypes selected for one environment 

may show poor adaptation in another dry environment (Khanna-Chopra and 

Sinha, 1998; Grover et al. 1999; Khush and Baenziger, 1998). This shows that 

drought tolerance is influenced by both environmental and genetic variation, as 

well as the genetic by environment interactions. Selection for drought tolerance 

should therefore integrate high yield potential in good environments and the 

highest possible yield under drought conditions (Blum et al. 2001).

The difficulty of quantifying drought tolerance has led physiologists and plant 

breeders to search for specific mechanisms that are associated with tolerance or 

susceptibility to drought (Betran et al. 2003). If components for drought tolerance 

can be identified and selected independently of yield, the progress would be 

more rapid. Use of contrasting selections based on analyses of likely characters 

is inherent in this approach. However, many traits proposed as indicators of 

drought tolerance have little direct evidence supporting their value for drought 

tolerance (Blum et al. 2001). For example, high proline accumulation has been 

advocated as a drought resistance trait in cereals because water-stressed plants 

with high proline contents have high yields (Stewart and Hanson, 1980). 

Subsequent studies, however, have shown that the accumulation is mainly in
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dead leaves, which make no contribution to plant survival or yield (Ludlow and 

Muchow, 1990).

Deep and dense rooting systems with high osmotic adjustment, which maximize 

water extraction from the soil, may not be useful under terminal drought stress 

under subsistence agriculture since soil moisture could be exhausted before 

completion of grain-filling. Maintenance of green leaf area may also lead to 

reduced yields under terminal drought stress, because it could promote water 

loss thereby increasing the probability of the crop depleting the soil water before 

grain-filling is completed (Singh and Matsui, 2002). It was further argued that 

traits which promote water uptake, like deep and early rooting, OA, early vigour, 

and those which increase water loss, such as large leaf-air temperature 

difference and green leaf area maintenance, may be useful under intermittent 

rather than terminal drought stress since they tend to exhaust soil moisture 

before completion of grain-filling.

The complex expression of drought tolerance thus makes its study difficult using 

traditional genetic and physiological methods alone. There is therefore the need 

to explore and have a better understanding of drought tolerance responses at 

whole-plant, physiological, biochemical, cellular and molecular levels. Plant 

molecular biology is a fast-expanding research frontier of our times. This 

important branch of science has given several clues in understanding how plants 

respond under stressful regimes.

1.8. Use of molecular genomics in crop improvement
Drought resistance has been established as a complex phenomenon involving

drought escape, drought (dehydration) avoidance and drought (dehydration) 

tolerance, and desiccation tolerance mechanisms (Blum 1988 and 2002; Zhang 

et al. 1999; and Chaves et al. 2002). Drought resistance has also been defined 

based on the relative yield or survival of a genotype, compared with other 

genotypes subjected to the same drought where drought escape is not a major 

factor (Singh et al. 2002). This definition of drought resistance involves genotypic
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comparisons and is, therefore, useful in the context of plant breeding in which 

plant productivity is the primary aim. Conventional breeding methods have 

depended mainly on plant performance such as yield or secondary traits highly 

associated with yield (e.g., anthesis-silking interval in maize or stay green in 

sorghum) under stress environments as a selection criterion. This approach has 

produced crop cultivars with improved adaptation and performance under stress

In the past, breeding efforts to improve drought tolerance were hindered by its 

quantitative genetic basis and the poor understanding of the physiological basis 

of yield in water-limited conditions (Blum, 1988; Passioura, 2002). Further 

complexity derived from the occurrence of other abiotic stresses that often 

amplify the negative impact of drought on growth and metabolism (Mittler, 2005). 

From an application point of view, it is crucially important to select genotypes 

able to optimize water harvest and water-use efficiency while maximizing yield in 

relation to the dynamics of the drought episodes prevailing in each target 

environment (Mittler, 2005). Compared to conventional approaches, genomics 

offers unprecedented opportunities for dissecting quantitative traits into their 

single genetic determinants, that is, quantitative trait loci (QTL), thus paving the 

way for other manipulations.

Genomics is the applications involved in the determination of a DNA sequence 

and the identification of the location and function of all the genes contained in the 

genome of an organism. The advent of large scale sequencing of entire genomes 

of organisms as diverse as bacteria, fungi, plants, and animals, has led to the 

identification of the complete complement of genes found in many different 

organisms. The discipline of functional genomics emerged largely in response to 

the challenge posed by complete genome sequences. This challenge is to 

understand the biochemical and physiological function of every gene product, 

and the complex interplay between them all. Global analyses of various levels of 

molecular organization have been facilitated by remarkable developments in high 

throughput technologies. These methods and recent developments in this area
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have recently been reviewed by Colebatch and his collaborators (2002). Large 

scale expressed sequence tags (EST) and genome sequencing projects in 

different legumes have provided huge datasets for the study of genome 

organization and transcription in these plants. Until a few years ago, gene 

expression analysis was confined to one or a few genes at a time, and it was 

virtually impossible to identify entire sets of genes involved in a common process 

that are coordinately regulated. Increased numbers of publicly available 

nucleotide sequences together with development of technologies for high- 

throughput measurement of gene transcript levels have profoundly changed the 

way in which molecular biologists approach biological questions. Now it is 

possible to survey the expression level of thousands of genes in parallel, which 

not only enables the identification of ‘candidate’ genes involved in a given 

biological phenomenon, but also reveals sets of genes and the corresponding 

biochemical processes that act in concert to achieve a specific biological 

outcome.

1.8.1. Drought-related traits
Some of the most difficult tasks of plant breeders relate to the improvement of 

traits that show a continuous range of values. Among such quantitative traits are 

important traits like yield, plant length and days to flowering (speed of plant 

development). Selection for quantitative traits is difficult, because the relationship 

between observed trait values in the field and the underlying genetic constitution 

is not straightforward. These traits are typically controlled by many genes that 

each contributes only a small part to the observed variation. Given that the 

morpho-physiological traits that affect the tolerance of crops to drought are 

quantitatively inherited (Blum, 1988), the discovery of QTLs plays a central role in 

their improvement through marker assisted selection (MAS). One major 

approach to understand and simplifying the genetics of drought tolerance 

focuses on mapping QTL that condition drought-related physiological traits. Many 

of the drought-related traits studied at the level of QTL analysis relate to root 

behaviour. Key QTL have been mapped for root morphology, root distribution
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and drought avoidance (Champoux et al. 1995; Price and Tomos, 1997; Yadav et 

al. 1997; AN et al. 1999; Courtois et al. 2000; Kamoshita et al. 2000), root 

penetrating ability (Ray et al. 1974; Price et al. 2000; Zheng et al. 1999a), 

osmotic adjustment and dehydration tolerance (Lilley et al. 1996; Zheng et al. 

1999b), cell-membrane stability (Tripathy et al. 2000) and ABA accumulation 

(Quarrie et al. 1997).

QTL for drought-related traits have also been reported for other crops, especially 

cereals. These traits include osmotic adjustment in wheat and barley (Thompson 

et al. 1998), and the stay-green trait in sorghum (Xu, K. et al. 1998). In spite of 

changes in the chromosome number, the genomes of the cereals display a high 

degree of synteny, or conservation of gene order, along homologous 

chromosomes (Gale et al. 2001). As a result it is sometimes possible to predict 

the genomic location of gene in one cereal from its known location in another 

cereal. Orthologous genes for osmotic adjustment in barley, rice and wheat have 

been located in syntenic regions of the respective genomes by QTL mapping 

(Zhang et al. 1999).

1.8.2. Candidate genes for drought tolerance
Candidate gene analysis starts with selection of some target genes based on 

biological pathway or genome location relative to a known QTL identified for the 

target trait (Byrne and McMullen 1996; Rothschild and Soller 1997). A drought- 

related EST database, microarray analysis, and the mutagenesis approach will 

yield a large number of valuable candidates for verification of their association 

with the drought tolerance traits. Alternatively, searches can be conducted for 

orthologs in existing literature and databases for information on drought and 

related abiotic stress genes. In recent years many drought-responsive genes 

have been identified in plants, especially in Arabidopsis thaliana. These genes 

have been identified using approaches like;
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• Studies on the anabolic and catabolic pathways for metabolites that 

accumulate in drought-stressed plants (e.g. proline, glycine, betaine, 
trehalose, ABA).

• Analysis of other mechanisms of drought tolerance, such as water use 

efficiency.

• Analysis of protein or mRNA changes in response to drought.

• Analysis of signal-transduction pathways.

• Mapping of QTL for drought tolerance, using segregation populations.

All accessions of a particular crop species are expected to contain essentially the 

same genes (Mullet et al. 2001), although evidence from maize may suggest 

some locational hyper variability exist. Differences in agricultural performance 

between accessions are thought to be due to allelic differences within the same 

gene set. Thus, achieving a high level of drought tolerance depends on finding 

the most appropriate alleles of key genes and combining or pyramiding them 

together.

1.8.3. Molecular markers for genome analysis
Since the advent of molecular markers, a new generation of markers has been 

introduced over the last two decades, which has revolutionized the entire 

scenario of molecular biology. Due to the limitations associated with the use of 

morphological traits as pointed out before, other markers have been developed 

at both the protein level (phenotype) and the DNA level (genotype). Protein 

markers are usually referred to as biochemical markers but, more and more, they 

are mistakenly considered as a common class under molecular markers. Protein 

markers like seed storage proteins and isozymes are generated through 

electrophoresis, taking advantage of the migrational properties of proteins and 

enzymes, and revealed by histochemical stains specific to the enzymes being 

assayed. Detecting polymorphisms in protein markers is a technique that shares 

some of the advantages of using morphological traits. However, protein markers
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are also limited by being influenced by the environment and changes in different 

developmental stages (Piepho and Koch, 2000). DNA polymorphisms can be 

detected in nuclear and organellar DNA, which is found in mitochondria and 

chloroplasts. Molecular markers concern the DNA molecule itself and as such, 

are considered to be objective measures of variation. They are not subject to 

environmental influences and tests can be carried out at any time during plant 

development, although if they involve restriction enzymes, they can be subject to 

methylation variation and epigenetic change. Most importantly, they have the 

potential of existing in unlimited numbers, covering the entire genome.

Various types of molecular markers are utilized to evaluate DNA polymorphism 

and are generally classified as hybridization-based markers and polymerase 

chain reaction (PCR)-based markers. In the former, DNA profiles are visualized 

by hybridizing the restriction enzyme-digested DNA, to a labeled probe, which is 

a DNA fragment of known origin or sequence. PCR-based markers involve in 

vitro amplification of particular DNA sequence or loci, with the help of specifically 

or arbitrarily chosen oligonucleotide sequences (primers) and a thermostable 

DNA polymerase enzyme. Ideally markers should be economical, independent of 

each other, robust, frequently occurring and polymorphic. The experimental 

requirements are such that they should be easy to assay, rapid, show high 

reproducibility, be exchangeable between laboratories and have the potential to 

be automated. Co-dominant inheritance is preferable to dominant, since it allows 

the heterozygous to be identified from the homozygous state (Piepho and Koch, 

2000).

Restriction fragment length polymorphisms (RFLP) are generally simply inherited 

naturally occurring Mendelian characters. They have their origin in the DNA 

rearrangements that occur due to evolutionary processes, point mutations within 

the restriction enzyme recognition site sequences, insertions or deletions within 

the fragments, and unequal crossing over (Schlotterer and Tautz, 1992). RFLP 

markers were used for the first time in the construction of genetic maps by
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Botstein et al. (1980). Being co-dominant markers, they can detect coupling 

phase of DNA molecules, as DNA fragments from all homologous and 

orthologous chromosomes are detected. They are very reliable markers in 

breeding, linkage analysis and can also easily determine whether a linked trait is 

present in a homozygous or heterozygous state in an individual (Winter and Kahl,

1995). However the use of RFLPs has been hampered due to the large amount 

of DNA required for restriction digestion and Southern blotting. The usual 

requirement of radioactive isotope makes the analysis relatively expensive and 

hazardous. The inability of RFLPs to detect every single base changes also 

restricts their use in detecting point mutations within the regions at which they are 

detecting polymorphism. To overcome some of these challenges in genome 

analysis RFLP markers have been converted into PCR-based markers like 

sequence-tagged sites (STS), which are useful for studying the relationship 

between various species (Bruce et al. 2002), allele-specific associated primers 

(ASAP) which tag specific alleles in the genome and are more or less similar to 

sequence characterized amplified region (SCAR) markers (Guo et al. 1995), and 

expressed sequence tag (EST) based markers obtained by partial sequencing of 

random cDNA clones (Akkaya and Buyukunal-Bal, 2004). Once generated, they 

are useful in cloning specific genes of interest and synteny mapping of functional 

genes in various related organisms.

A major step forward in genetic identification is the discovery that about 30-90% 

of the genome of virtually all the species is constituted by regions of repetitive 

DNA, which can be highly polymorphic in nature (Kidwell, 2002). These regions 

contain genetic loci comprising several to hundred of thousands alleles, differing 

from each other with respect to length, sequence or both and they are 

interspersed in tandem arrays ubiquitously. The markers belonging to this class 

are both hybridization-based and PCR-based. Microsatellite based genetic 

markers, which are distributed across genomes of most of the eukaryotes, fit into 

this category of molecular markers. Microsatellites also known as simple 

sequence repeats (SSRs) are short stretches of DNA which consist of an array of
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simple tandemly repeated mono, di-, tri-, tetra-, penta or hexanucleotide repeats 

such as (A)n, (CA)n, (GA)n, (GTA)ni (ATT)n, (GATA)n, (ATTTT)n, (ACGTCG)n. The 

term microsatellites was coined by Litt and Lutty (1989) and are multi-locus 

probes creating complex banding patterns. They are ubiquitous in prokaryotic 

and eukaryotic genomes and are randomly distributed, both in protein coding and 

non-coding regions. A unique oligonucleotide on each side of the repeat region is 

chosen for the production of a primer pair for each of the microsatellite loci. PCR 

products of different lengths can be amplified using primers flanking the variable 

microsatellite region. Allelic variation among individuals is based mostly on 

differences in the number of tandem repeats in a microsatellite array providing a 

ready source of polymorphism. Thus, the only way in which alleles can be 

distinguished is by measuring the total length of the microsatellite allele. This is 

most readily accomplished through PCR amplification of the microsatellite itself 

along with a short stretch of defined flanking sequences on both sides with 

designed primer pairs for each locus.

A large number of transposable repeat elements have also been studied as part 

of the repetitive DNA type markers in plants. The major repetitive DNA 

sequences are divided into two classes -  tandem repeat non-coding sequences 

and dispersed sequences. The former include telomeric repeats, satellites, 

minisatellites and microsatellites, whereas the latter are primarily composed of 

transposable elements (TEs) (Kumar and Bennetzen, 1999; Heslop-Harrison,

2000). However, only a few have been exploited as molecular markers. In 

evolutionary terms, they have contributed to genetic differences between species 

and individuals by playing a role in retrotransposition events promoting unequal 

crossing over. Of the various techniques available, inter-retrotransposon 

amplified polymorphism (IRAP) and REMAP (Kalender et al. 1999) detect high 

levels of polymorphism without the need of DNA digestion, ligations or probe 

hybridization to generate marker data, thus increasing the reliability and 

robustness of the assay. More recently, markers based on PCR have been 

developed, including random amplified polymorphic DNA (RAPD) (Williams et al.

45 University of Leicester



Chapter One

1990), inter simple sequence repeat (ISSR) (Zietkiewicz et al. 1999), amplified 

fragment length polymorphism (AFLP) (Vos et al. 1995), single nucleotide 

polymorphism (SNP) and cleaved amplified polymorphic sequences (CAPs). The 

genetic similarity in cultivated cowpea has been assessed on the basis of 

morphological and physiological traits (Ehlers and Hall, 1997), allozymes 

(Panella and Gepts, 1992; Pasquet, 1993, 1999; Vaillancourt et al., 1993), RFLP 

(Fatokun et al., 1993), AFLP (Fatokun et al., 1997), and RAPD (Mignouna et al., 

1998).

1.8.4. Applications of molecular markers for selection and breeding
Molecular markers have been looked upon as tools for a large number of

applications ranging from localization of a gene to improvement of plant varieties 

by marker-assisted selection. They have also become extremely popular markers 

for phylogenetic analysis adding new dimensions to the evolutionary theories. 

Plant improvement, either by natural selection or through the efforts of breeders, 

has always relied on creating or combining, evaluating and selecting the right 

combination of alleles. The manipulation of a large number of genes is often 

required for improvement of even the simplest of characteristics (Flavell, 1998). 

With the use of molecular markers it is now easy to trace valuable alleles in a 

segregating population and mapping them. These markers once mapped enable 

dissection of the complex traits into component genetic units more precisely, as 

indicated by Hayes (1995), thus providing breeders with new tools to manage 

these complex units more efficiently in breeding programme. Similar to specific 

markers like RFLPs, arbitrary markers like RAPDs have also played an important 

role in saturation of the genetic linkage maps and gene tagging. Apart from 

mapping and tagging of genes, an important utility of RFLP markers has been 

observed in detecting gene introgression in a backcross breeding programme 

(Jena and Kush, 1990), and synteny mapping among closely related species 

(Ribaut et al. 1997).
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Most of the early theories of evolution were based on morphological and 

geographical variations between organisms. However, it is now evident that the 

techniques from molecular biology hold a promise of providing detailed 

information about the genetic structure of natural populations. Various molecular 

markers like RFLPs, SSRs, IRAPs, and REMAPs have proved to be extremely 

valuable in the analysis of gene pool variation of crops during the process of 

cultivar development, and classification of germplasm (Yang et al. 1994). 

Following domestication, genetic variation in crop plants has continued to narrow 

due to continuous selection pressure for specific traits like yield, thus rendering 

them more vulnerable to disease and insect epidemics and jeopardizing the 

potential for sustained genetic improvement over a long term (Mignouna et al., 

1998). It is therefore extremely important to study the genetic composition of the 

germplasm using molecular markers and such studies are necessary to 

understand the genetic variations between the existing cultivars, for effective 

planning of crosses and breeding for the trait of interest.

1.8.5. Current advances in cowpea genomics
The development and use of biochemical-based analytical techniques and 

molecular technologies, such as analysis of RFLPs, RAPDs, AFLPs, SSRs,

I RAP and many others have greatly facilitated the analysis of the structure of 

plant genomes and their evolution and have contributed significantly to the 

understanding of cowpea genome organization. Using RFLP analysis, Fatokun 

et al. (1993) analyzed 18 Vigna species including five of the subgenus 

Ceratotropis to determine the taxonomic relationship between the subgenus 

Ceratotropis and other subgenera. The results indicated that a high level of 

genetic variation exists within the genus, with a remarkably higher amount of 

variation associated with Vigna species from Africa relative to those from Asia. 

Genetic variation in the subgenus Ceratotropis was reinvestigated by Kaga et 

al. (1996a) using RAPD analysis. They examined 23 accessions of five species 

within the subgenus to determine possible polymorphisms, and identified 

approximately 404 amplified fragments capable of providing comparative
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information. Based on the degree of polymorphism at these informative loci, 

they were able to separate the accessions into two main groups differing by 

about 70% at the molecular level. Statistical analysis was carried out using 

NTSYS-pc software and a dendrogram was generated using Dice’s similarity 

coefficients.

Sonnante et al. (1996) examined isozyme (a biochemical marker) variation 

between V. unguiculata and other species in the subgenus Vigna and showed 

that V. unguiculata was more closely related to V. vexillata, a member of the 

subgenus Plectotropis, than to any other species belonging to the section Vigna. 

Polymorphisms in 21 different enzyme systems were used by Pasquet (1999) to 

evaluate the relationship among 199 accessions of wild and cultivated cowpea 

differing in breeding system and growth characteristics (annual versus perennial 

growth habit). Based on these allozymes data, perennial subspecies of cowpea 

(spp. unguiculata var. unguiculata) were shown to form a coherent group closely 

related to annual forms (spp. unguiculata var. spontaea). Among the 10 

subspecies studied, V. unguiculata var. spontanea and ssp. pubescens were the 

closest taxa to be cultivated into cowpea.

Repetitive DNA sequences have been shown to represent a substantial fraction 

of the nuclear genome of all higher plant species and to account for much of the 

variation in genomic DNA content observed among species (Flavell et al. 1998). 

Many of the repeat sequences found in plant genomes appear to have originated 

through the activity of transposable elements (transposons), that move either by 

first forming an RNA intermediate ( i.e., retrotransposons [Boeke et al. 1985]) or 

by direct DNA transposition intermediates (i.e., transposons [Federoff 1989]). To 

gain insight into the genomic organization and evolution of species within Vigna, 

Galasso et al. (1997) examined the genomic organization and distribution of Ty1- 

copia type retrotransposons in seven different species and subspecies of Vigna 

and several related leguminous plants. Gel blot analysis of genomic DNA from V.
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unguiculata, V. luteola, V. oblongifolia, V. ambacensis, and V. vexillata probed 

with radioactively-labelled probes to the reverse transcriptase gene amplified 

from V. unguiculata subsp. unguiculata, V. unguiculata subsp. dekindtiana, V. 

luteola, and V. vexillata, showed variable hybridization patterns and intensities 

generally correlating with their previously defined taxonomic position. Fluorescent 

in situ hybridization (FISH) analysis of the distribution of the Ty1-copia type 

sequences showed that these elements represented a major fraction of the 

cowpea genome and were dispersed relatively uniformly over all the 

chromosomes. Comparisons of retrotransposon structural similarity between 

Vigna and other genera of legumes generally supported the subdivision of the 

tribes Phaseoleae and Vicieae, with greater homology seen between members of 

the Cicereae and Phaseoleae than Cicer species and those from the Vicieae 

(Galasso et al. 1997).

In addition to providing insight into phylogenetic relationships, molecular marker 

technologies have also been used in the construction of genetic maps for most of 

the important crop species, including cowpea. The first attempt to generate a 

comprehensive linkage map for cowpea was by Fatokun et al. (1993) who used 

polymorphisms detected by 87 random genomic DNA fragments, five cDNAs, 

and RAPDs to generate a map consisting of ten linkage groups spanning 680 

cM. Menacio-Hautea et al. (1993a, b), Kaga et al. (1996b), Menendez et al. 

(1997), and many other researchers have contributed in the construction of the 

genetic map of cowpea using different approaches. Among the most recent 

developments in understanding cowpea genome organization is the report by Li 

et al. (1999) who used DNA amplification fingerprinting (DAF) and AFLP analysis 

to identify additional molecular markers segregating in the F& recombinant inbred 

population derived from a cross between two related species. The considerable 

progress made in recent years on the development of genomic maps for cowpea 

and related species is reflected in the ever increasing number of growth, yield, 

and resistance trait loci that have now been located within the various genomes
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(Fatokun et al. 1992, 1997; Menendez et al. 1997; Myers et al. 1998; Ouedraogo 

et al. 2001; Gowda et al. 2003).

Significant progress has been made at the International Institute of Tropical 

Agriculture (IITA), based in Nigeria, in an attempt to develop cowpea drought 

tolerant genotypes. For example early-maturing cowpea varieties that escape 

terminal drought have been developed (Singh, 1999b). Two major different 

drought tolerant lines have also been identified. Those that cease growing as 

soon as drought stress is imposed, probably to conserve moisture and survive for 

2-3 weeks and those that mobilize moisture from lower leaves and remain alive 

for a longer time (Singh et al. 1999). Consequently, these varieties have a better 

regeneration potential than others do. A simple technique, using wooden boxes, 

has been developed to screen germplasm lines at seedling stage, and test their 

field performance at mature stages under conditions of water deficit. This 

technique has been found to be more appropriate for breeding programmes in 

developing countries. Efforts are also being made to combine deep root systems 

with drought tolerance, to enhance adaptation of cowpeas to low rainfall areas 

(Watanabe, 1993).

1.9. Objectives and general outline of the study
Cowpea (Vigna unguiculata) is an important tropical legume with a high protein

content of about 25%, a cheap source of protein for the poor in the West African 

region, where more than 70% of the total production is grown. However, 

production is constrained by low and variable grain yields, grain quality and 

susceptibility to diseases and pests, drought and temperature stresses. Although 

yields of 2500 kg/ha are achievable, farmer’s yields are consistently low at levels 

between 350 kg/ha and 700 kg/ha. Progress with genetic improvement, 

particularly for drought tolerance traits, is limited by the lack of knowledge on 

genetic diversity of the indigenous and cultivated germplasm. Moreover, cowpea 

is a single crop species, but the varietal requirements in terms of plant type, 

maturity date, seed type (colour preference), and use pattern are extremely
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diverse from region to region, making breeding programmes for cowpea more 

complex than for other crops. From the review thus far, it is clear that drought 

stress is a major cause of yield losses in many crops including cowpeas in rain- 

fed agricultural ecosystems world-wide. There is competition for the limited 

sources of fresh water for domestic, industrial and agricultural uses, which 

requires the development of crops with improved productivity for small amounts 

of water used.

It was therefore hypothesized that the solutions to these problems could be found 

in the gene pool of the cowpea plant due to the fact that genes for tolerance to 

most stresses are present in some cowpea accessions or in other species, and 

also only plant adaptation through the gene pool can meet the challenges in 

breeding for drought tolerance. The problem was to find and exploit the genetic 

variation in the cowpea varieties sampled from Ghana. Molecular biology plays a 

major role in finding, measuring and using genetic variation in speeding up 

screening processes for breeding of traits of interest and also allows the genes of 

interest to be transferred. Therefore, both physiological and molecular 

technological approaches were employed in this study.

The principal objective of the study was to identify DNA polymorphisms linked to 

drought stress that could be used in breeding programmes for drought tolerance 

(avoidance and escape) in cowpea. The specific objectives were to:

• screen and identify drought tolerant cowpea varieties from accessions 

obtained from Ghana,

• establish the pattern of diversity and phylogenetic relationship amongst 

the cowpea varieties using microsatellite and other PCR-based molecular 

markers,

• identify and evaluate candidate abiotic-stress related genes targeted at 

drought tolerance in cowpea,

• determine gene expression under drought that would confer some 

degree of drought tolerance in cowpea.
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Thus emphasis for this study has been on four areas of research as:

• Screening of the cowpea varieties from Ghana for drought tolerance using 

the wooden box technique and other morphological sampling methods.

• Application of multi locus PCR-based DNA molecular markers to 

determine genetic diversity and phylogenetic relationships in the 

accessions from Ghana and other areas.

• Identification and evaluation of candidate abiotic stress-related genes 

targeted at drought tolerance in cowpea varieties using genes from 

established drought resistance crops.

• Identification of genes that are differentially expressed in draughted 

cowpea and non-stressed counterparts for comparative analysis.

If poorly resourced farmers in Ghana have access to cultivars with enhanced 

tolerance of abiotic stresses, they would reduce their economic risks, improve the 

livelihood and nutrition of their families, put their marginal land to work, and 

protect the environment by providing good farming practices. This is what the 

current study hopes to achieve in the long term.

In chapter two the materials used for the study were thoroughly described and 

discussed. The methods used for the collection of physiological and molecular 

data for all the experiments in this study have also been described here. In 

chapter three a greenhouse experiment using cowpea accessions is described, 

aimed at screening for drought tolerant and susceptible variants within the 

accessions using the wooden box technique. Various physiological and 

morphological parameters were measured and the results used in the 

determination of the tolerant and susceptible variants. Chapter four involved the 

molecular study to determine the molecular genetic diversity within and among 

the Ghanaian accessions of cowpea and those from Nigeria and United 

Kingdom. In this chapter multi locus PCR-based DNA molecular markers were 

used to determine polymorphisms and the results were compared with the results
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in chapter three to determine any linkages and associations to drought tolerance. 

In chapter five the identification and evaluation of candidate abiotic stress-related 

genes targeted at drought tolerance in cowpea varieties using genes from 

established drought resistance crops was pursued. Specific primer pairs were 

designed from the sequences of these selected genes for cloning and 

characterisation. The aim was to ascertain whether these genes were expressed 

constitutively or otherwise. Chapter six involved the comparative analysis of gene 

expression in drought stressed and unstressed cowpea plants. The aim was to 

use the differential display technique to identify and characterise the various 

genes expressed in these conditions for comparative analysis. In chapter seven 

an attempt has been made to correlate all the results from physiology, 

geographical origin, polymorphisms from molecular markers, candidate genes 

and novel genes from differential display experiments of the cowpea accessions 

from Ghana to ascertain any linkages in terms of drought tolerance and other 

biotic stresses. Finally, chapter eight has been devoted for the general 

discussions of the study, conclusions and recommendations for further research 

work.
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Chapter Two

2.0 General materials and methods
The materials and methods used for the collection of the physiological and 

molecular data for all the experiments in the study are described in this chapter.

2.1 Seed Material
Cowpea seeds were obtained from the germplasm collections of the Plant 

genetic resources centre (PGRC), which is under the Centre for scientific and 

industrial research (CSIR), at Bunso, in Ghana, as well as from the open markets 

and farmers across the length and breadth of Ghana, to reflect farmer and 

consumer preference of the crop. The seed material obtained from the PGRC is 

part of the core collection being held for conservation and breeding purposes. All 

the seed materials obtained from the open market and from farm holdings were 

properly identified at the PGRC as being part of the collection available to the 

institute.

In chapter three, experiment one was conducted where 106 cowpea cultivars all 

from Ghana, were screened for drought tolerance, whilst a total of 121 samples 

comprising 106 cultivars from Ghana, 10 DNA samples of cowpea cultivars 

obtained from the International institute for tropical agriculture (IITA) in Nigeria 

and 5 cowpea accessions bought from the open market in Leicester, United 

Kingdom, were used for the microsatellite, I RAP and REMAP analysis for 

polymorphisms and diversity analysis in experiment two, chapter four. For 

experiment three in chapter five, 30 samples of which 24 were from Ghana, 4 

from Nigeria and 2 from Leicester, UK, were selected randomly for the candidate 

genes and known drought gene structure analysis. For chapter six where 

experiment four was discussed, 6 samples from Ghana were also selected 

randomly for the differential display and gene expression experimentations.
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Table 2.1 Cowpea accessions used for the study from Ghana
Accession No. collection No. Locality Accession No. collection No. Locality

GH 3665 GJ 93/015 Srekpo GH 5345 OAA 96/135 Tanfeano
GH 6048 KD 98/010 Kumasi GH 5049 AMO 96/164 Okumaning
GH 4767 GA 96/023 Wa GH 2313 87/91 Wa
GH 2289 87/41 Tuwuwa GH 4778 GA 96/137 Siriyiri
GH 4026 SO 96/003 Owusukrom GH 2342 87/157 Abene
GH 3701 GJ 93/244 Kpong GH 5045 AMO 96/107 Sutapong
GH 2328 87/135 Akora Darko GH 4526 BTB 96/042 Kasseh
GH 2314 87/94 Kampaha GH 4530 BTB 96/055 Kasseh
GH 4773 GA 96/063 Lawra GH 3685 GJ 93/163 Fukuokrom
GH 2326 87/133 Akora Darko GH 4083 SO 96/060 Pimpimso
GH 4537 BTB 96/150 Ziope GH 2302 87/66 Navrongo
GH 2312 87/90 Sombo GH 2329 87/136 Akora Darko
GH 2291 87/49 Ziong GH 3671 GJ 93/031 Tedafenu
GH 3678 GJ 93/105 Takunya GH 3675 GJ 93/087 Sench-Ferry
GH 5048 AMO 96/131 Suminakese GH 6230 AOA 96/061 Gyankoma
GH 5346 OAA 96/150 Ayakomaso GH 4024 SO 96/001 Owusukrom
GH 5046 AMO 96/128 Suminakese GH 3667 GJ 93/026 Juapong
GH 4527 BTB 96/043 Kasseh GH 2334 87/142 Akora Darko
GH 4772 GA 96/052 Serekpere GH 5042 AMO 96/062 Ahabasu Gyaesu
GH 4532 BTB 96/091 Dabala GH 3683 GJ 93/116 Govinakrom
GH 3674 GJ 93/075 tame Anyinawas GH 5038 AMO 96/030 Akuni No.2
GH 4770 GA 96/046 Wa GH 4025 SO 96/002A Owusukrom
GH 5040 AMO 96/060 Ahabaso Gyaesi GH 3706 GJ 93/294 Tanina
GH 4529 BTB 96/054 Kasseh GH 2316 87/103 Ga
GH 4542 BTB 96/213 Kpando GH 3668 GJ 93/027 Juapong
GH 2338 87/150 Bepong Kwahu GH 3687 GJ 93/219 Babato
GH 3673 GJ 93/074 feme Anyinawas GH 6047 KD 98/009 Fumesua
GH 3710 GJ 93/311 Nabori GH 4528 BTB 96/048 Kassah
GH 4534 BTB 96/106 Nyinguto GH 4548 BTB 96/261 Agormanya
GH 3689 GJ 93/243 Defaa GH 3679 GJ 93/105 Takunya
GH 2284 87/34 Tua GH 4546 BTB 96/238 Sanga
GH4028 SO 96/005 Owusukrom GH 3703 GJ 93/250 Loagri
GH 4769 GA 96/045 Wa GH 2285 87/35 Sanga
GH 2279 87/24 Tianjeni GH 5043 AMO 96/084 NewTafo
GH 2306 87/73 Tumu GH 3669 GJ 93/030 Juapong
GH 2332 87/139 Akora Darko GH 2315 87/96 Manweh
GH 6045 KD 98/007 Fumesua GH 4774 GA 96/074 Lwara
GH 2347 87/220 Nkurakan GH 5039 AMO 96/038 Abonse
GH 5044 AMO 96/105 Sutapong GH 2310 87/83 Nandom
GH 2337 87/147 Ahomahomaso GH 1608 82/163 Abene
GH 3666 GJ 93/023 Juapong GH 2321 87/121 Sawla
GH 5344 OAA 96/046 Juaben GH 3670 GJ 93/031 Tedafenu
GH 2318 87/113 Nasoyiri GH 6046 KD 98/008 Fumesua
GH 3711 GJ 93/315 Kunkunde GH 6061 BAG 96/008 Nsawam
GH 4027 SO 96/004 Owusukrom GH 4765 GA 96/001 Siriyiri
GH 5041 AMO 96/061 Ahabaso Gyaesi GH 3704 GJ 93/266 Kandiga
GH 4549 BTB 96/262 Agormenya GH 4535 BTB 96/129 Vidadakope
GH 4541 BTB 96/154 Ziope GH 1001 EP 05/120 Takoradi
GH 2281 87/27 Labaraga GH 1002 EP 05/121 Mankesim
GH 3708 GJ 93/303 Grupe GH 1003 EP 05/122 Obuasi
GH 2336 87/145 Ahomahomaso GH 1004 EP 05/123 Sunyani
GH 2275 87/08 Kintampo GH 1005 EP 05/124 Bechem
GH 5050 AMO 96/204 Kokoben GH 1006 EP 05/125 Cape Coast
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Table 2.2 Cowpea samples from Nigeria-IITA and United Kingdom

Accession No. Country of Collection
IT91K-118 IITA-Niger a
IT86D -716 IITA-Niger a

IT89KD-374 IITA-Niger a
IT85F-1380 IITA-Niger a
IT93K-699 IITA-Niger a
IT93K-596 IITA-Niger a

IT92KD-267 IITA-Niger a
IT93K-2309 IITA-Niger a
IT88D-643 IITA-Niger a
IT810-1228 IITA-Niger a

Leicester-001 United Kingdom
Leicester-002 United Kingdom
Leicester-003 United Kingdom
Leicester-004 United Kingdom
Leicester-005 United Kingdom

2.2 Plant culture and treatment
All plants were raised from seeds. Three seeds were sown in a 3.0 litre pot filled 

to the rim with a mixture of enriched Levington seed and modular compost, 

produced and supplied by Scotts UK Professionals, peat and perlite in a ratio of 

7:2:1 respectively. The pots had perforations underneath them for effective 

drainage. The plants for each genotype were grouped but randomly positioned in 

the glasshouse.

For experiment one, each genotype had two sets of three replications, with one 

set serving as a control for the drought treatment. Seedlings were exposed to a 

night temperature of 15°C increasing to a maximum of 35°C during the day with a 

10-hour supplementary light to stabilise the temperature regimes. The plants 

were kept well watered until the first trifoliate leaves were fully established after 

which watering was terminated in the drought treated plants whilst the controls 

were watered throughout the experimental period for genotype variability 

analysis. Trays holding the pots were rotated daily to minimize variation caused
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by microclimates in the greenhouse. Days taken to permanent wilting (DPW) 

were recorded at 7 days interval for each genotype by observing the shoot for 

any phenotypic changes until 35 days after the drought treatment has began, 

then watering was resumed and data on percent recovery for each line recorded 

seven days after re-irrigation. Based on the days taken to permanent wilting and 

percent recovery the lines were classified into drought tolerant and drought 

susceptible whilst the International Board for Plant Genetic Resources (IBPGR) 

descriptors for cowpea was used for the qualitative and quantitative trait 

evaluation.

In experiments two (chapter four) and three (chapter five), the plants were raised 

from seeds as earlier described and after the plants were well established, fresh 

young leaves were harvested, wrapped in aluminium foil and flash-frozen in liquid 

nitrogen and the genomic DNA extracted from these young leaves following a 

modified cetyltrimethylammonium bromide (CTAB) method (Gawel et al., 1991).

For experiment four (chapter six) the plants were raised as before, but in this 

case two sets were used with one set serving as a control. The plants were 

watered until the seedlings were well established, then watering was stopped in 

the experimental set. Leaves were then harvested at 5 days interval, wrapped in 

aluminium foil, flash-frozen in liquid nitrogen and kept in -80°C freezer. The 

harvesting of leaves continued until the plants were almost dying, then watering 

was resumed though the harvesting of leaves continued as scheduled. Total 

RNA was extracted from the harvested leaves and kept at -80°C for the 

differential display gene expression analysis.

2.3 DNA extraction
Total genomic DNA was extracted from fresh leaves of cowpea using the 

following cetyltrimethylammonium bromide procedure (Gawel et al., 1991) with 

minor modifications.
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1. Grind frozen leaf material (1 g) to fine powder in a mortar and pestle under 

liquid nitrogen to prevent enzymatic degradation and the release of 

phenolic compounds from wounded tissue. Transfer into a 50 ml Falcon 

tube

2. Add 20 ml preheated CTAB extraction buffer (Table 2.2) and 20 //I 

mercaptoethanol, then incubate at 60°C for two hours with continuous 

gentle shaking in a water-bath.

3. Add equal volume of Chloroform/ iso-amyl alcohol (24:1) to the mixture 

and mix thoroughly for five minutes by gentle inversion of tubes at room 

temperature.

4. Centrifuge at 5000 rpm for ten minutes. Transfer the supernatant into a 

new 50 ml Falcon tube.

5. Repeat steps 3 and 4.

6. Precipitate DNA with 0.6 volume of cold (-20°C) isopropanol. Allow the 

precipitation stage to stand for thirty minutes on ice after mixing thoroughly 

by inverting the tubes gently for three minutes. Then centrifuge at 4090 

rpm for five minutes.

7. Transfer the DNA pellets from step six into 5 ml wash buffer and allow it to 

stand on ice for twenty minutes before centrifuging at 5000 rpm for five 

minutes.

8. Dry the precipitate thoroughly in 37°C incubator and re-suspend in about 

50-100//I of T.E. buffer.

9. Add 1 /yl (10 ng/ml) RNase to each 1 ml T.E/DNA mixture and incubate for 

thirty minutes at 37°C.

10. Re-precipitate the DNA by adding 2 volumes of T.E. buffer, 0.1 volume of 

3 M sodium acetate (pH 8), and 2 volumes of cold (-20°C) 100% ethanol.

11. Centrifuge at 14000 rpm at 4°C for twenty minutes.
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12. Discard supernatant and add 70% ethanol. Allow it to stand for ten 

minutes on ice and centrifuge at 14000 rpm at 4°C for ten minutes.

13. Discard the ethanol and dry the DNA pellets thoroughly before adding 50 

-100 //I of T. E buffer and store at -20°C.

Table 2.2 CTAB Buffer (1 Litre) pH 7.5-8.5

Material I Reagent Weight I Volume

2% CTAB 20 g CTAB

100 mM Tris-CI (pH 8.0) 100 ml Tris-CI stock (1M)

20 mM EDTA 40 ml EDTA stock (0.5 M)

1.4 M NaCI 280 ml NaCI stock (5 M)

2.3.1. DNA quantification
The stored DNA samples were thawed; mixed thoroughly and 5 jj\ added to 995 

fj\ of sterile distilled water (SDW) in a 1.5 ml micro-centrifuge tube and mixed well 

before reading the absorbance at 260 and 280 nm using a diode array scanning 

spectrophotometer, Hewlett Packard model. DNA quantity was calculated as;

[DNA] /jg I a/I = [A26o x 50], where A26o is the absorbance at 260 nm.

Thus, the concentration of DNA in /jg / ml was calculated as;

[DNA] /jg I ml = [A26oX 50] x DF, where DF is the dilution factor.

From the quantities of DNA calculated, the appropriate volume was pipetted into 

sample tubes and topped up with SDW to make concentrations of 20-50 ng / //I 

used for polymerase chain reaction (PCR) amplifications. The ratios of the 

absorbance at 260 nm to that at 280 nm were used to determine the purity of the 

DNA. Samples with ratios of 1.8 or greater were used for PCR amplification.
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The DNA samples were also run on 1.5% agarose gels stained with 0.5 pg / ml 

ethidium bromide to assess their integrity. A mixture of 5 pi DNA, 10 pi of SDW  

and 2 pi of loading buffer were made and loaded into each well. The gels were 

run with 1x TAE buffer from the cathode to the anode with a constant voltage of 

100 V for 1 hour. After the electrophoresis, the gels were visualized with 

GeneFlash gel documentation system (Syngene, UK) (Plate2.1) and 

photomicrographs taken. The samples with no visible shearing were selected for 

subsequent PCR amplification.

Plate 2.1 Gene Flash gel documentation system (Syngene, UK)

2.3.2 Primer design
Specific oligonucleotide primers were designed for the conserved ortholog set 

and candidate gene experiments in chapters 5 and 6 using Primer3 software 

(Rozen and Skaletsky, 1998, http://www-genome.wi.mit.edu/cgi-bin/primer) 

aiming to generate the longest possible amplicons. DNA and mRNA 

sequences for the regions of interest used for the design of the primers were 

obtained from GenBank and EMBL database and have been described in 

chapters 5 and 6. The specific primers were designed considering certain 

important factors as the melting temperature, significant product length
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relative to the particular region of interest, GC content, 3’ stability, predicted 

secondary structure, primer-dimer formation between primers and primer 

length. All the primers were ordered and synthesized from Sigma.

2.4 Polymerase Chain Reaction (PCR)

2.4.1 PCR optimization
Since PCR is very sensitive and require only a few DNA molecules for 

amplification across several orders of magnitude, adequate measures were 

taken to avoid any contamination from any DNA present in the laboratory 

environment. Thus the DNA sample preparation, reaction mixture assemblage 

and the PCR process as well as the subsequent reaction product analysis for all 

the reactions performed in all the experiments were done in separate areas. The 

amount of genomic DNA or complimentary DNA (cDNA) and primer pairs used 

for the all PCR in the study are described in their respective chapters.

2.4.2 PCR reaction
Generally the PCR amplification was carried out using 20-50 ng///l of template 

genomic DNA in 15 j j \ reaction volume containing 10x (Bioline/York Bio) PCR 

buffer, 2.5 mM Mgch, 0.25 //M dNTPs (Bioline), 0.4 //M of each primer and 0.5 U 

of Taq polymerase (Bioline) in a T-Gradient Thermocycler (Biometra, Goettingen) 

96-well plate as shown below in Plate 2.2.

2.4.3 PCR for DNAI gene amplification
The amplification or cycling conditions were: 94°C for 5 minutes (initial 

denaturation), followed by 30-35 cycles of denaturation for 30 seconds at 94°C, 

the annealing temperature (50-65°C) dependent on the primer combinations for 

30-50 seconds, elongation by heating 72°C for 60 seconds and a final elongation
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step by heating 72°C for 5 minutes. The PCR products were electrophoresed on 

a mixture of 1% high resolution agarose gel and 1.5% high gel strength agarose 

in 1x TAE buffer with 0.5 pg/ml of ethidium bromide

Plate 2.2 T-Gradient Thermocycler (Biometra)

2.4.4 PCR for inter retroelement amplified polymorphism (IRAP)
The inter retroelement amplified polymorphism (IRAP) PCR was performed in a 

25 pi reaction mixture containing 50 ng DNA, 10X PCR buffer (Promega cat. No. 

M1861), 2 mM MgCI2) 5 pmol of each primer, 200 pM dNTP mix, 1 U Taq 

polymerase (Promega, cat. No. 1861). Amplification was performed using a T 

gradient thermocycler (Biometra, Goettingen). The PCR programme was as 

follows; 95°C for 2 minutes for initial denaturation followed by 30 cycles of 95°C 

for 1 minute, annealing at a specified Ta depending on the specific primer
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combination used for 1 minute, extension at 72°C for 2 minutes and a final 

extension at 72°C for 10 minutes. The PCR products were then electrophoresed 

on 2% agarose gel and the bands detected by 0.5 /jg / ml ethidium bromide 

staining.

2.5 Polyacrylamide gel electrophoresis (PAGE)

2.5.1 Reagents and equipment used
Polyacrylamide gel electrophoresis (PAGE) apparatus for 20 cm x 20 cm gels; 

accessories (glass plates, spacers, shark tooth or saw tooth combs); and power 

supply.

40% acrylamide/bis-acrylamide (29:1) solution 

10% ammonium persulphate (APS)

N, N, N \ N’-Tetramethylethylenediamine (TEMED)

Urea

10x TBE buffer

1.25x formamide loading buffer 

Hyperladder

Preparation of reagents

• 40% acrylamide/bis-acrylamide (29:1) solution

Ready-to-use solution of acrylamide/bis-acrylamide commercially available was 

procured to avoid handling of harmful acrylamide powder.

• 10% ammonium persulfate (APS)

Dissolve 0.1 g of ammonium persulfate (also known as ammonium 

peroxodisulfate) in 1 ml of SDW. Aliquots were stored at -20°C.

• 10x TBE buffer

64 University of Leicester



Chapter Two

1 liter of 10x TBE stock was prepared by dissolving 108g of Tris base, 55 g of 

boric acid and 40 ml of 0.5 M EDTA (pH 8.0) in SDW up to the 1 liter mark. 1x 

TBE concentration prepared from the stock solution was used for the PAGE by 

taking 100 ml of 10x TBE and topping it up with 900 ml of SDW.

• 1.25x formamide loading buffer

1 ml of the formamide loading buffer was prepared by mixing 900 jj\ of 

formamide, 22.2 //I of 0.5 M EDTA (pH 8.0), 26.5 jj\ of 7.5% orange G and 51.3 jj\ 
of SDW.

2.5.2 Denaturing 6% polyacrylamide gels

2.5.2.1 Preparation of the plates
The upper surface of the square plate was cleaned with a laboratory detergent 

and rinsed with warm water. Then it was thoroughly cleaned again with 100% 

ethanol using blue rolls of tissue paper, polishing until a squeaky sound was 

heard. A few drops of repel-silane were applied to the cleaned top surface of the 

plate and spread evenly using a fresh blue roll tissue paper. The top surface was 

wiped once more with warm water and 100% ethanol to remove excess repel- 

silane and allowed to dry.

In the same manner the eared shaped plate, was washed cleaned and polished 

with laboratory detergent, warm water and 100% ethanol. Then about 20 //I of 

bind-silane was applied to the upper surface, spread evenly with blue roll tissue 

paper and the excess bind-silane removed with warm water and 100% ethanol 

and allowed to dry.

Clean and dried 1.5 mm spacers were aligned and sandwiched between the 

square plate and the eared plate and firmly secured with a tape and bulldog clips.
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2.5.2.2 Preparation of 6% polyacrylamide gel
For the preparation of 30 ml of the denaturing polyacrylamide gel, 14.4 g of Urea 

was weighed into a 100 ml beaker, 4.5 ml of the acrylamide solution added and

3.0 ml of 10x TBE buffer also added to the mixture. Then deionized water was 

added to make up to the 30 ml mark. The mixture was de-gassed in a vacuum 

desiccator. Then after, 15 //I of TEMED was added to the de-gassed acrylamide 

solution and also 150 / j \ of freshly prepared APS was added and mixed 

thoroughly by swirling the beaker gently.

The de-gassed acrylamide solution was quickly transferred into the prepared 

plates using a 50 ml syringe in a gentle manner to avoid introduction of bubbles. 

Then the comb was inserted with the flat side against the top of the gel and more 

of the mixture added to avoid any breaks on the upper surface of the gel. The 

plate was allowed to stand for one hour to allow for effective polymerization of 

the gel. After the polymerization of the gel, the comb was removed, washed well 

to remove unpolymerised acrylamide and crystallized urea with distilled water, 

and the tapes removed, and the bottom of the gel plate thoroughly washed to 

remove any unpolymerised acrylamide. Then the comb was re-inserted with the 

toothed end just touching the surface of the polymerized gel.

2.5.2.3 Running of the polyacrylamide gel
1x TBE buffer was poured into the top and lower reservoir of the gel apparatus 

and pre-run at 25W for 30 minutes to help clean and pre-heat the gel. As the pre

heating was in progress, the SSR PCR products were prepared taking 5 j j \ and 

adding 5 j j \ of formamide loading buffer to it. The samples were then heated at 

95°C for 5 minutes and immediately chilled by transferring samples onto ice. The 

wells of the gel were rinsed by gently aspirating buffer in the wells using a 

syringe until all bubbles and unpolymerised material have been removed. Then 6 

j j \ of the samples were loaded onto the gel, and also a separate well was loaded 

with 6 j j \ of a mixture of hyperladder and formamide loading buffer which has
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been denatured as the samples. The gel was allowed to run 85W for two hours 

or until the dark blue dye just run off the bottom of the gel, then the plates were 

removed ready for the silver staining.

2.5.2.4 Detection of Alleles by silver staining
The oligonucleotide products were visualized by silver staining using a modified 

version of the method described by Bassam et al. (1991). The gel attached to the 

plate with the bind-silane was fixed in 10% acetic acid for 30 minutes agitating 

the solution gently on a shaker. The fixer was poured off and saved for later use. 

Then the plate was washed in water kept on the shaker for 15 minutes. The plate 

was rinsed once again with water before being impregnated with AgN03 (1 g/l) 

and left for 30 minutes on the shaker. After this step, the gel was rinsed 

thoroughly in water and developed in a pre-chilled aqueous solution containing 

30g/l of NaC03, sodium thiosulphate (0.1N) and 37% formamide (1.5 ml/l). The 

gel was agitated in the developing solution until the band development 

progressed sufficiently and then the reaction was stopped by adding the fixer 

saved initially. The gel plate was left standing vertically until it was well dried 

before scanning with a computer flatbed scanner and photographed for further 

analysis.

2.6 Total RNA extraction and Differential display
Due to the sensitive nature of RNA extraction with regard to contamination, 

additional care was taken in its extraction and storage. Gloves were worn all the 

time and only freshly prepared and autoclaved materials as well as sterile plastic 

pipettes were used. DEPC (diethylpyrocarbonate) was considered to be highly 

carcinogenic, thus materials were not DEPC- treated, instead corex glass tubes, 

pestle and mortar had to be pretreated with H2O2 for 1 minute, rinsed several 

times with water and baked for 6 hours at 180°C in an oven.
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2.6.1. RNA Extraction Procedure 
Solutions

RNA extraction buffer

4 M Guanidine thiocyanate 

20 mM EDTA

20 mM MES

Add RNase-free water to a final volume of 400 ml and adjust the pH to 7.0, 

filtrate and autoclave

Add 1.7 ml (the final concentration being 50 mM) of 2-mercaptoethanol to the 

400 ml stock solution and store at 4°C

RNA re-suspension buffer

2 M Lithium Chloride (LiCI)

10 mM Sodium Acetate (NaOAc)

Add RNase-free water to a final volume of 250 ml, pH 5.2, filter, autoclave 

and store at 4°C

Procedure

RNA was extracted from the leaves of irrigated and non-irrigated cowpea plant 

as described:

5 g of frozen leaves were ground in liquid nitrogen, transferred into a 50 ml falcon 

tube containing 10 ml of the RNA extraction buffer for homogenization, and then 

RNA was purified by phenol:chloroform:lsoamyl alcohol (12:12:1) and acid 

phenol: chloroform (2:1) extractions, followed by one chloroform extraction. An 

equal volume of isopropanol was added and preparations stored at -20°C for 2 

hours. The RNA was precipitated by centrifugation, and the pellets dissolved in 

the RNA re-suspension buffer and stored overnight at 20°C. Again, an equal 

volume of isopropanol was added, allowed to stand for 2 hours at -20°C and
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RNA precipitated by centrifugation. Pellets were re-suspended in a freshly 

prepared 75% ethanol solution, centrifuged and air dried for 15 minutes. Then 

the RNA pellets were dissolved in 150 jj\ of RNase-free distilled water. The RNA 

samples were finally treated with RNase free DNase and stored at -80°C.

2.6.2 Differential display
Differential display of cDNA was performed (Liang and Pardee, 1992) using Delta 

Differential Display Kit following the manufacturer’s protocol (Clontech, UK). The 

first-strand cDNA was generated by using Superscript™ III CellsDirect cDNA 

synthesis system according to the manufacturer’s instructions (invitrogen, 

Catalog Nos. 18080-200 and 18080-300). This was performed in a total volume 

of 20 //I. The reaction mixture consisted of 2 jjg DNA-free total RNA, 2 //I of 

Oligo(dT)20 (50 j j I A )  primer, 1 //I of 10 mM dNTP mix, 6 jvl of 5X RT buffer, 1 //I of 

RNaseOUT (40 U//yl), 1 * j \  of Superscript ™ III RT (200 U///I) and 1 //I of 0.1 M 

DTT.

Differential display PCR (DD-PCR) was performed in a 20 jj\ reaction mixture, 

using two dilutions of the first strand cDNA (dilution A-consisted of 4 ng, and 

dilution B-consisted of 1 ng cDNA). Each reaction mixture contained 2 fj\ of 10X 

buffer, 0.5 j j \ of MgCI2 (50 mM), 0.5 j j \ of dNTP mix, 1 fj\ of each anchored oligo- 

dT and arbitrary primers (20 //M), 2 j j \ of cDNA, and 0.4 j j \ of Taq polymerase. 

The reaction was performed using a T-Gradient Thermocycler (Biometra, 

Goettingen) 96-well plate, programmed to 94°C for 5 min, followed by annealing 

at 42°C for 5 min, extension at 68°C for 5 min, then 94°C for 2 min, 42°C for 5 

min and 68°C for 5 min and finally, 25 cycles of 94°C denaturing step for 1 min, 

annealing at 60°C for 1 min, extension at 68°C for 2 min, then a further extension 

at 68°C for 7 min. DD-PCR products were electrophoresed on a mixture of 2% 

high resolution agarose gel in 1x TAE buffer with 0.5 //g/ml of ethidium bromide. 

Differentially expressed cDNAs were excised from the gel, recovered and re

amplified using the same primer set that produced it. The annealing temperature
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was dropped from 60°C to 50°C and the dNTP final concentration increased to 

0.2 //M. The PCR products were excised again and purified using Qiagen gel 

extraction kit following the manufacturer’s protocol. The purified cDNA fragments 

were ligated in pGEM-T Easy vector prior to transformation into competent 

bacterial cells.

2.7 Cloning of genomic DNA PCR products and cDNA fragments

2.7.1 Competent cells 

Solutions and Buffers

• 2M MgCI2(MW:203.31)
Dissolve 10.17g MgCh in 20 ml dh^O, and top up to 50 ml

. 50 mM CaCI2 (MW:203.31)
Dissolve 1.1g CaC^in 80 ml dhhO, and top up to 100 ml

. 250 mM KCI (MW:74.56)
Dissolve 1.86g KCI in 80 ml dHaO, and top up to 100 ml

• 50% Glycerol (100 ml)
Dilute 50 ml Glycerol in 50 ml dH20, mix well and autoclave

• SOB Medium
Dissolve in 80 ml dh^O:
2.0 g Tryptone 

0.5 g Yeast extract 

0.05 g NaCI
Add 1 ml 250 mM KCI; adjust to pH 7.0 with NaOH, top up to 100 ml and 

aliquot in 50 ml portions into 250 ml flask. Add 0.5 ml sterile 2M MgCfe to 

each flask before use

• LB Medium
Dissolve in 80 ml dH20:
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2.0 g Tryptone 

0.5 g Yeast extract 
0.05 g NaCI

Adjust to pH 7.0 with NaOH, top up to 100 ml, aliquot into 10 ml portions in 30 

ml vial and autoclave. For plate preparation, add 1.5 g agar, autoclave in 250 

ml Schott Bottle

Procedure

Competent cells (DH5a) were cultured by overnight incubation at 37°C in 10 ml 

antibiotic free LB medium. Then the cultured cells were plated out and single 

colonies isolated by picking them and being inoculated in a fresh 10 ml antibiotic 

free LB medium and re-cultured overnight at 37°C in an orbital incubator (shaking 

at 220 rpm/min). The overnight culture was then divided into two 5 ml portions. 

Each 5 ml portion of the overnight culture was then inoculated in a 250 ml conical 

flask containing 50 ml antibiotic free SOB medium supplemented with 10 mM 

MgS04.7H20 and 0.2% glucose and incubated again in a 37°C orbital incubator 

(shaking at 220 rpm/min) for about 90-100 minutes until the ODeoo reached 0.6. 

The culture was then centrifuged at 3000 rpm for 10 minutes at room 

temperature (RT) to pellet the bacteria cells, the supernatant was carefully 

discarded and the pellets gently re-suspended in 25 ml cold (-20°C) 50 mM 

CaCb in a 50 ml Falcon tube. The cells were left standing on ice for 30 minutes 

before precipitating by centrifuging at 3000 rpm for 10 minutes at 4°C. The cells 

were again suspended in 2.1 ml ice-cold (-20°C) 50 mM CaChon ice and 900//I 

ice cold 50% glycerol was added. Aliquots of 100 //I of cells were pipetted into a 

250 //I micro centrifuge tube on ice, flash-frozen in liquid nitrogen and stored at 

-80°C.
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2.7.2 Ligation and Transformation
Purified PCR fragments were always used for ligation purposes. Ligation was 

performed in a 15 //I volume using the pGEM-T Easy Vector system 1 kit 

(Promega), consisting of 7.5 / j \ of 2X Rapid ligation buffer (60 mM Tris-HCI, pH 

7.8; 20 mM MgCI2; 20 mM DTT; 2 mM ATP; 10% PEG), 0.9 / j \ pGEM-T Easy 

vector, 1.2 jj\ T4 DNA ligase, 5.4 //I DNA or cDNA and the mixture incubated at 
4°C overnight.

Figure 2.1: pGEM®-T Easy Vector circle map.
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Transformation process was accomplished by first adding the 15 //I ligation 

mixture to 100 jj\ thawed competent cells (DH5a) in a 1.5 ml micro centrifuge 

tube. Then the mixture was allowed to stand on ice for 30 minutes, and heat- 

shocked in a water-bath incubator at exactly 42°C for 60 seconds. The 

transformed cells were then allowed to stand on ice for 10 minutes immediately 

after the heat-shocking procedure. 500 j j \ of pre-warmed antibiotic-free SOB
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medium was added to the transformed cells and incubated in an orbital incubator 

at 37°C for 90 minutes shaking at 220 rpm/min. After the incubation, the cells 

were centrifuged briefly, 400 j j \ of the supernatant pipetted and discarded, whilst 

the cells were gently mixed in the remaining supernatant and 100 jj\ each of the 

cells cultured on duplicate plates of LB agar medium supplemented with 

ampicillin antibiotic (100 //g/ml), X-gal (5-bromo-4-chloro-3-indolyl-p-D-

galactosidase; 40 //g/ml) and IPTG (isopropyl-p-D-thiogalacto-pyranoside; 0.5 

mM) and incubated overnight at 37°C.

2.7.3 Clone screening and storage
Recombinant clone selection was based on screening for white colonies which 

were indicative that they contain a pGEM-T Easy vector with an insert. A single 

white colony was picked and grown in a 10 ml LB medium with 10 //I ampicillin 

added to it. The culture was incubated overnight at 37°C in an orbital incubator 

(shaking at 250 rpm/min). PCR was used to confirm the recombinant status of 

the clone by the use of the universal M13 forward and reverse primer pair which 

anneal at either side of the multiple cloning regions. A 15 //I PCR mixture 

generally contains PCR buffer, 5 //M of M13 primer pair, 0.1 U Taq DNA 

polymerase, 5 //M dNTP, 5 //M MgCI2, and 0.5 j j \ of the overnight culture 

containing a putative recombinant clone. The PCR amplification programme was 

94°C for 5 minutes; then 30 cycles of [94°C for 30 seconds, 55°C for 30 seconds, 

and 72°C for 30 seconds] and finally one cycle of 72°C for 7 minutes. The PCR 

product was assessed by electrophoresis on a mixture of 1.5% high resolution 

agarose gel in 1x TAE buffer with 0.5 //g/ml of ethidium bromide.

Recombinant plasmid DNA isolation was performed from minipreps of the 

positive clones using the Qiagen miniprep-kit, according to the manufacturer’s 

protocol. The quality of the DNA was ascertained on 1% agarose gel 

electrophoresis in 1X TAE buffer. Then the selected clones were characterized 

by restriction enzyme analysis in a 15//I mixture containing 0.1 U EcoRI enzyme, 

100 ng/ jj\ plasmid and 1X EcoRI reaction buffer, which allowed the size of the
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insert to be confirmed. For long term storage, 500 j j \ of the overnight selected 

and confirmed cultures were mixed with 500 j j \ of sterilized 50% glycerol and 

kept in -80°C.

2.7.4 Clone sequencing and analysis
Clones which have been verified to have the DNA insert of interest as described 

above were sequenced commercially at John Innes centre (JIC), at Norwich, 

U.K., using M13 forward and reverse primers according to the requirements of 

the ABI 3700 capillary sequencing system.

The sequenced data were received in the ABI format and were imported for 

analysis by Chromas software. DNA and the deduced amino acid sequences 

were aligned and phylogenetic trees were constructed in CLC Free Workbench

2.2.5 edition and with BioEdit software. Default settings were applied to both 

multiple alignments (full alignment, gap open- 10, gap extension-1, ends gap-as 

any other) and sequence trees, based on pairwise distances of the UPGMA 

(unweighted pair group method using arithmetic averages) clustering algorithm 

(Michenerand Sokal, 1957; Sneath and Sokal, 1973).

Bootstrap was used to evaluate the reliability of the constructed phylogenetic tree 

(Felsenstein, 1985). Estimates were made by allocating and positioning a non

member sequence at the lowest average dissimilarity for clustering. The reliability 

of the tree was evaluated and supported with 1000 bootstrap replicates. Low 

bootstrap values correspond to a significant grouping of samples and branch 

lengths are proportional to the average amino acid substitution per site.

2.8 Southern hybridization

2.8.1 Restriction enzyme digestion
Genomic DNA samples were digested with the restriction enzymes Haelll, 

BamHI, H/ndlll, EcoRI and Sau3A. Optimization test on pilot was carried out to
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finalize the DNA and enzyme concentrations. Each digestion required 6-8 //g of 

genomic DNA per 25 //I reaction, and restrictions were obtained from an 

overnight incubation at 37°C. Digested products were separated by 1% agarose 

gel electrophoresis in 1X TAE buffer for 2-3 hours at 5 V/cm.

2.8.2 Southern blotting
To transfer the separated DNA fragments from the agarose gel to a nylon 

membrane, the gel was initially depurinated in 0.25 N HCI for 20 minutes, 

denatured in 0.5 M NaOH, 1.5 M NaCI for 20-30 minutes and neutralized in 0.5 M 

Tris-HCI (pH 7.5), and 1.5 M NaCI for 30 minutes. The gel was then rinsed twice 

with SDW.

The transfer apparatus consisted of a tray filled with 10X SSC, and a platform to 

support the gel and the filter paper (Whatman 3 mm) wicks. The gel was placed 

up-side-down on the platform, followed by; a soaked nylon membrane (Hybond 

N+, Amersham), a further three pieces of filter paper soaked with 10X SSC, and 

a stack of paper towels. The whole set-up was stabilized with a weighted glass 

plate. The edges of the gel and the tray were sealed with cling film. The transfer 

was carried out for about 15-20 hours to complete the process. After the transfer, 

the membranes were rinsed in 2X SSC, air dried and exposed to ultra violet (UV) 

light to promote DNA cross-linking and stored at room temperature (RT) before 

use.

Buffers:

• Buffer I: Depurination (1000 ml)

Measure 21.6 ml of 11.6 M HCI [0.25 N]. Make up to 1000 ml, autoclave and 

store at RT.

• Buffer II: Denaturation (500 ml)

Weigh 43.9 g NaCI [1.5 M] and 10 g NaOH [0.5 M]. Dissolve in 100 ml of 

SDW and make up to 500 ml, autoclave and store at RT.
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• Buffer III: Neutralization (1000 ml)

Weigh 87.7 g NaCI [1.5 M], dissolve in 500 ml of 1 M Tris-HCI, pH 7.4 [0.5 M]. 

Make up to 1000 ml, autoclave and store at RT.

2.8.3 Membrane hybridization
Pre-hybridization of the prepared membrane was carried out by 3-4 hour rotation 

in a Hybaid hybridization tube at 60°C in a Hybaid hybridization oven. The pre

hybridization mixture was made up of 50% formamide (v/v), 5X SSC, 2% 

blocking reagent (Roche) (w/v), denatured salmon sperm DNA (1 jjg/jj\), 100 mM 

EDTA and 0.02% SDS (sodium dodecyl sulphate; w/v). The volume of the 

hybridization solution required was 5 ml per 100 cm2 membrane. Overnight 

hybridization with a labeled probe was performed in the same tube at 60°C with 

the same formulation as in the pre-hybridization plus 50% dextran sulphate (w/v).

After hybridization, the solution was stored at - 20°C for possible re-use. The 

membranes were rinsed at RT and washed twice each with 12.5 ml 2X SSC and 

1% SDS at 60°C for 30 minutes in a rotating hybridization oven and then washed 

twice with SDW. After the final rinse, the membranes were dried with tissue 

paper, wrapped in Saran-wrap and placed in an auto-radiographic cassette, 

along with sheet of X-ray film (FUJI Medical X-ray film) on each side of the 

membrane.

The cassette was stored at -20°C and the exposure time required depended on 

the signal strength, varying from overnight (> 500 counts/second) to a week or 

more (< 100 counts/second). The exposed X-ray film was processed in a 

photographic developing machine, scanned with an EPSON 1600 Pro scanner 

and the image imported into Adobe Photoshop.
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Chapter Three

3.0. Screening of Ghanaian Cowpeas for Drought 
Tolerance

3.1. Introduction
Water is the most important factor limiting crop productivity. The demand for 

drought tolerant genotypes has become a matter of great concern as water 

resources and the funds to access them have become more limited. The 

difficulties include the identification of physiological characteristics that are 

correlated with drought stress that could be used as indicators of drought 

tolerance. Physiologists are able to measure various plant characteristics that 

correlate with drought tolerance, such as water use efficiency (Quisenberry et al., 

1981; Wright and Dobrenz, 1970; Ray et al., 1974), root characteristics (Pace et 

al., 1999; Basal et al., 2003; Ball et al., 1994; Cook and El-Zik, 1992), detached 

leaf water toss (Basal et al., 2005; Roark et al., 1975), leaf water potential 

(Quisenberry et al., 1985; Kaul, 1969), stomatal characteristics (Quisenberry et 

al., 1982; McDaniel, 2000), and osmotic adjustment (Nepomuceno et al., 1998; 

Oosterhuis and Wullschleger, 1987).

Water use efficiency (WUE) is defined as the ratio of dry matter production to 

water use (Hubick et al. 1986). It has also been observed that WUE might not 

provide much information about the competitive or yield advantage of one 

particular variety over another because improved WUE may actually restrict 

growth (Hubick et al. 1986). However, it is one trait that has been studied a great 

deal because it can give an idea of the variation amongst genotypes in ability 

where water is limiting. The use of the WUE trait in crop improvement 

programmes is limited by the volume of work involved with its direct 

measurement, especially on large numbers of lines under field conditions (Hall et 

al., 1997). Most research has, therefore, been directed to seeking surrogate traits
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that can provide a cheap and rapid measure of WUE. Measuring drought 

tolerance of individual plants or established genotypes under field conditions is 

difficult due to variation in weather conditions and between and within field soil 

type variation. This has led to efforts of drought simulation studies in 

greenhouses and growth chambers.

Cowpea (Vigna unguiculata) is widely grown in the semiarid tropics where 

drought is a major production constraint (Ashley 1993; Singh 1999b; Singh et al. 

1997). Due to the erratic rainfall in the beginning and towards the end of the rainy 

season, crops are often subjected to drought stress in both seedling and terminal 

growth stages, which causes a substantial reduction in grain yield as well as 

biomass production. Early-maturing varieties escape terminal drought (Singh, 

1999b) but if exposed to intermittent moisture stress during the vegetative or 

reproductive stages, they perform very poorly. Cowpea is inherently more 

drought tolerant than other crops but it still suffers considerable damage due to 

frequent drought in the Sahelian region where rainfall is scanty and irregular 

(Singh et al. 1999a). Therefore, there is the need to breed cowpea varieties with 

enhanced drought tolerance.

Reviews in the past by Ashley 1993, Subbarao et al. 1995 and Boyer 1996 have 

brought together the available knowledge on different aspects of drought 

tolerance in crop plants and options to minimize yield losses due to drought. 

Major differences among and within crop species have been reported and 

different strategies to breed drought-tolerant varieties have been suggested 

(Blum 1988; Walker and Miller 1986; Arraudeau 1989; Acevedo and Ceccarelli 

1989). However, the success in breeding for drought tolerance has not been as 

pronounced as for other traits. This is partly due to lack of simple, cheap, and 

reliable screening methods to select drought-tolerant plants and progenies from 

the segregating populations, and partly due to the complexity of factors involved 

in drought tolerance.
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Several methods have been used to estimate drought tolerance and WUE as I 

have already indicated. These involve the measurement of water potential, 

relative turgidity, diffusion pressure deficit, chlorophyll stability index, and carbon 

isotope discrimination (Turk and Hall 1980; Morgan 1984; Yadav et al, 1997; Hall 

et al. 1997, 2003). However, most of these methods are expensive and time 

consuming and are therefore not very efficient or practical for screening large 

numbers of plants in segregating populations. Also, screening for drought 

tolerance in the off-season using controlled watering is often not relevant to the 

environment of the real growing season, particularly when temperature and 

photosensitivity play important roles in crop growth and productivity. Most studies 

in the past have dealt with screening for drought tolerance as a whole and not 

individual components involved in drought tolerance (Lawan 1983, Watanabe et 

al. 1997). This could also contribute to variable results, depending on which 

factors were operational during screening.

Traditionally, drought tolerance is defined as the ability of the plant to live, to 

grow, and produce satisfactorily yield with limited soil water supply or under 

periodic water deficiencies (Ashley 1993). Since several factors and mechanisms 

(in shoots and roots) operate independently or jointly to enable plants to cope 

with drought stress, drought tolerance appears as a complex trait (Krishnamurthy 

et al. 1996). However, if the factors and mechanisms contributing to drought 

tolerance can be separated and studied individually, the components leading to 

drought tolerance will appear less complex and may be easier to manipulate by 

breeders. Breeding for early maturity, photosensitivity, indeterminacy, 

epicuticular wax, pubescence, and awns, which indirectly affect the ability of 

plants to cope with drought is easy because these traits are inherited and can 

easily be screened and incorporated in improved varieties as indicated above. 

For other traits such as osmotic adjustment and stomatal regulations, which 

directly control the drought tolerance of plants, the ideal approach would be to 

study the shoot drought tolerance and root characteristics separately and identify 

gene(s) responsible for stomatal behavior, osmotic adjustment, and root
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architecture, and combine them in improved varieties. Depending on timing and 

the magnitude of the water deficit, cowpea responds by stomatal regulation of 

water loss, leaf area reduction, hastening or delaying its reproductive cycle or by 

developing a deep root system (Gwathmey and Hall, 1992).

Only a few studies have been reported, in the selection of cowpea varieties, on 

the basis of their tolerance to water stress. The first strategy developed to screen 

cowpea varieties according to their tolerance to water stress was based on the 

assessment of shoot dry matter and leaf area under well-watered and drought 

treatments in field conditions. These studies allowed the identification of cowpea 

varieties showing tolerance to water stress (Hall and Grantz, 1981; Gwathmey 

and Hall, 1992). The second strategy was based on the intrinsic water-use 

efficiency, which should be associated with differences in the extent to which C3 

plants discriminate against 13C (carbon isotope) compared with 12C during CO2 

fixation. Measurements of plant composition of stable isotopes (13C/12C) in field 

conditions suggest a correlation between 12C and genotype in cowpea (Hall et 

al., 1997; Hall et al., 2003). These strategies developed in order to screen 

cowpea varieties tolerant to water stress are very difficult to apply in field 

conditions and they are time consuming, whilst the easier methods like carbon 

isotope discrimination analysis is expensive.

Screening techniques to determine whether a crop species is tolerant or 

susceptible to drought should be rapid and capable of evaluating plant 

performance at a critical developmental stage in both small and large 

populations. However, the available selection methods/criteria are not very 

suitable to adopt on a single plant basis in a segregating generation. 

Furthermore, field screening is difficult due to uncertain rainfall. A simple method 

of screening germplasm lines using seedling survivability, which accurately 

discriminates between drought tolerance and susceptibility under artificial 

moisture stress conditions (Singh et al. 1999b), was adopted as a selection
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criterion in wheat. Such screening methods must be incorporated into plant 

breeding programs to facilitate meaningful genetic improvement.

The key to an efficient screening method is the ability to balance the accuracy of 

screening with the need to screen large amounts of plant material in the shortest 

time possible. Though drought tolerance is always considered to be a complex 

trait, a recent wooden box screening method for characterizing cowpea and other 

crops has been described by Singh et al. (1999a; 1999b) and Singh and Matsui 

(2002). This simple method eliminates the effect of roots and measures only the 

shoot dehydration tolerance indicated by the number of days it survives after 

watering has been stopped. This trait is highly reproducible and simply inherited 

in cowpea (Mai-Kodomi et al., 1999a,b).

The pot screening or wooden box method of varieties at seedling and flowering 

stages is a reliable method to identify drought tolerance. It is practical because of 

the ease with which the screening is carried out under a controlled environment 

and the possibility of a large number of varieties being screened. Watanabe et al. 

(1997) confirmed the suitability of pot screening techniques for drought tolerance 

and indicated a variety of differences in plant response to drought stress in 

cowpea. They also indicated that the phenomenon responsible for drought 

tolerance in the seedling stage is also manifested at the reproductive stage.

In this study, a pot evaluation method for one hundred and six cowpea 

accessions from Ghana at the seedling stage was carried out. The main aim of 

the study was to evaluate the drought tolerance of Ghanaian cowpeas grown in 

environments where the productivity of the crop is influenced by limited water 

supply.

The objectives of this study were to:

• screen and discriminate among the cowpea accessions for drought 

tolerance at the seedling stage;
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• identify physiological traits that are correlated with drought stress and 

could be used as indicators of drought tolerance;

• determine the relationship between the cowpea accessions using 

qualitative and quantitative morphological traits.

3.2. M aterials and m ethods  

3.2.1. Materials
Plant materials used in this study were obtained from the germplasm collections 

of the Plant genetic resources centre (PGRC), which is under the Centre for 

scientific and industrial research (CSIR), at Bunso, in Ghana, as well as from the 

open markets and farmers across the length and breadth of Ghana. A total of 

one hundred and six cowpea accessions were used as shown in Table 2.1.

3.2.2. Methods
An adopted method of Watanabe et al. (1997) was used to conduct this study. 

The accessions were screened for survivability which indicates drought tolerance 

at the seedling stage. The general methods used in the sowing, management 

and collection of data have been described in chapter two. The experiments were 

performed in the greenhouse of the Norman Borlaug Institute for Plant Science 

Research, De Montfort University. The screening experiment was began on 25th 

March 2004, and lasted for 64 days. I initially performed a preliminary 

investigation to determine the best parameters to be adopted for the actual study 

of which the planting was done in January 2004 and lasted for eight weeks. The 

preliminary data obtained (not shown) indicated that the optimum temperature 

extremes for maximum germination of the cowpea seeds could be from 15°C to 

35°C, which was subsequently adopted for the study as described in chapter two. 

Phenotypic observations of the leaves were used as the basis for data collection 

and percent wilting at various intervals and days taken to permanent wilting were 

recorded for each line until the genotypes were wilted, many beyond recovery,
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before re-irrigation. The data on percent recovery for each line was recorded 

seven days after re-irrigation. Then based on the days taken to permanent wilting 

and percent recovery, the lines were classified into drought tolerant and 

susceptible groups.

3.2.3. Qualitative and quantitative traits evaluation.
The qualitative and quantitative traits were evaluated using different scoring

scales.

1. Growth pattern
1 = Determinate (apical bud of main stem reproductive)

2 = Indeterminate

2. Plant pigmentation (recorded for stem, branches and petioles in the 4th week 

after planting).

0 = None

1 = Very slight

3 = Moderate at the base and tips of petioles 

5 = Intermediate

7 = Extensive 

9 = Solid
3. Terminal leaflet shape (recorded for the terminal leaflet of a young, mature 

leaf in the 4th week after planting).

1 = Globose

2 = Sub-globose

3 = Hastate

4 = Sub-hastate

4. Twining tendency 

0 = None

3 = Slight

5 = Intermediate 

7 = Pronounced

5. Plant hairiness (of stems and leaves)
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3 = Glabrescent

5 = Short hairs

7 = Pubescent to hirsute

6. Seed shape
1 = Kidney

2 = Ovoid

3 = Crowder

4 = Globose

5 = Rhomboid

7. Testa texture 

1 = Smooth

3 = Smooth to rough 

5 = Rough (fine reticulation)

7 = Rough to wrinkled 

9 = Wrinkled (coarse folds on the testa)

8. Leaf colour (intensity of green colour)

3 = Pale green

5 = Intermediate green 

7 = Dark green

9. Plant height (cm)
Mean of 3 randomly selected plants recorded in the 6th week after sowing.

10. Seed weight (g)
Weight (g) of 100 seeds

3.2.4 Data analysis
The PowerMarker software package version 3.25 (Liu and Muse, 2005) was 

used to analysis the data obtained and to calculate similarity coefficients among 

the genotypes. A Dendrogram and phylogenetic tree were constructed from the 

similarity coefficient matrix using the UPGMA method of cluster analysis.
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3.3. Results

3.3.1. Physiological Screening of Cowpeas
The seed germination and initial growth of most of the 106 cowpea varieties were 

normal. About 12 of the cowpea varieties used for the study did not germinate at 

all. These plants were therefore excluded in the determination of the drought 

status of the varieties used. In subsequent evaluations these plants were grown 

using a temperature range of 20°C to 35°C leading to all of them germinating for 

further use. In Table 3.1 their readings have been designated as (-). In some of 

the varieties too, since the experiment was performed in triplicate, not all the 

seeds germinated and emerged leading to the percentage emergence ranging 

from 33% to 100%. Generally all the seeds that germinated did so within a range 

3 to 6 days (DAP) with the mean of 4.56 days as shown in Table 3.1. When the 

plants were well established the experimental ones were subjected to drought 

stress by terminating watering and visual observations of the shoot were made at 

7 days interval for any signs of wilting (DT) as compared to their respective 

controls. Those looking normal visually with no signs of wilting have been 

recorded as N and the wilted ones as W (Table 3.1).

About 15 days after the commencement of drought treatment, stress effects 

started appearing in the seedlings of the susceptible varieties, and differences 

among varieties became visible and progressively more pronounced with 

advancing days of moisture stress. The effect of the stress manifested on the 

plants in different ways. In some varieties the unifoliate leaves were the first to 

become wilted, followed by the emerging trifoliates, and finally the growing tip 

dried. Some accessions like GH 2289, GH 5046, GH 2338, GH 3673, GH 6045, 

GH 5041, GH 5050, GH 4526, GH 4530, GH 3675, GH 3706, GH 2316, GH 

2285, GH 3669, GH 2315, GH 6046, GH 1002, and GH 1003, were the first to 

show signs of wilting, though some of them were able to recover after rewatering 

as shown in Table 3.1. Interestingly, the unifoliate leaves of GH 5346, GH 3685, 

GH 3667, GH 3687, GH 5050 and GH 2316 turned deep yellow in response to
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moisture stress and then dried, whereas other varieties showed different shades 

of yellow, brown, and green.

The data on days taken to permanent wilting (DPW) and percentage recovery 

(%R), where the surviving plants were defined as having at least one turgid 

trifoliate leaves and a live apical growing tip, indicated that some varieties could 

be considered as susceptible to drought (Table 3.1) whilst others have different 

levels of drought tolerance. Based on DPW the cowpea varieties were put into 

three categories. In the first category, the plants started showing signs of wilting 

20-23 days after drought treatment began, and then the second category started 

showing signs of wilting 24-27 days after drought treatment and the third 

category 28-35 days after drought treatment. In all situations those plants that 

scored 50% and above in percent recovery (%R) were considered to be drought 

tolerant and those that scored below 50% were deemed to be susceptible to 

drought as shown in Table 3.2. The observed (%R) scores of 0%, 33%, 66%, 

and 100% and in some cases 50% (Table 3.2) were based on the fact that the 

seeds were sown in triplicates. Thus when none of the three germinated 

seedlings survived after rewatering, the %R value was scored as 0%, 1 as 33%, 

2 as 66% and 3 as 100%. In certain accessions only two seeds germinated out of 

the three sown and therefore if 1 out of the 2 seedlings that germinated 

recovered after rewatering, then the %R was scored as 50%. It was also 

observed that most of the plants that showed signs of wilting 20-23 days after the 

drought treatment were considered to be drought susceptible whilst the members 

of categories two and three formed the drought tolerant group. The wilting 

process began from the lower leaves and progressively to the upper leaves, 

though the loss of the lower leaves was common for all accessions.
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Figure3.1: Pot valuation of cowpea accessions for drought tolerance.

Fig.3.1 (1): Showing both the control and the experimental pots 7 days after the 

imposition of the drought stress.

Fig.3.1 (2): Showing the control and experimental pots 15 days after drought 

stress had been imposed. The experimental pot had then started showing some 

level of leaf discoloration.

Fig.3.1 (3): 21 days after watering of the experimental plants had ceased and 

there were clear signs of wilting.

Fig.3.1 (4): This was 28 days after the imposition of drought stress and the 

experimental plants were showing advanced state of wilting.
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3.3.2. Morphological traits evaluation.
Scores of ten qualitative and quantitative characters of one hundred and six 

accessions of cowpea are presented in Table 3.3.

1. Plant pigmentation: The pigmentation generally observed varied as 40%  

of the accessions had no pigmentation. The accessions with very slight 

pigmentation on the stem, branches, peduncles, and petioles as well as 

those with moderate pigmentation at the base and tips of the petiole were 

24% each. The rest of the accessions forming 12% had either extensive or 

solid pigmentation on their branches and stem.

2. Growth pattern: Most of the accessions used for the study exhibited an 

indeterminate growth pattern forming 80% with the rest of the accessions 

being considered to exhibit determinate growth pattern.

3. Terminal leaflet shape: Four different leaflet shapes was observed in the 

accessions used for the study. 20% had globose shape, 46% had sub- 

globose shape and those having either hastate or sub-hastate together 

were 34%.

4. Twining tendency: 34% of all the accessions used for the study had no 

twining tendency with 42% of the accessions exhibiting slight twining 

tendency. The rest of the accessions forming about 24% of the population 

showed either intermediate or pronounced twining tendency.

5. Plant hairiness: Two types of hairiness were observed with 70% of the 

accessions showing glabrescent plant hairiness and 30% having short 

appressed hairs.

6. Seed shape: The various seed shapes exhibited by the accessions used 

for the study ranged from Kidney shape, Ovoid, Crowder and Rhomboid 

with their respective percentages being 49%, 13%, 7% and 31%.

Testa texture: 38% of the accessions had a smooth testa texture, whilst 

33% had their testa being smooth to rough in texture. 29% of the
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accessions had either rough or rough to wrinkle testa texture. None of the 

accessions showed exclusively wrinkle testa texture.

7. Leaf colour: The leaf colours observed during the study were pale green, 

intermediate green and dark green. Those accessions that had pale green 

leaf coloration were 44%, whilst 40% of the accessions showed 

intermediate green colour and 16% having dark green coloration.

8. Seed weight: The size of the individual seeds used for the study varied 

extensively with the seed weight of the accessions having a range of 12.7- 

26.1 g. GH 6048 had the highest seed weight of 26.1 g, whilst GH 2275 

had the lowest weight of 12.7 g and the mean weight being 20.03 g.

9. Plant height: According to the values of the plant height recorded GH 

2326 had the highest plant height of 34.6 cm, whilst GH 4769 had the 

least plant height of 17.5 cm. The mean plant height was 26.8 cm.
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Table3.1. A ccession num ber, Source, Days after planting (DAP) to em ergence, percent 

em ergence (E), Days after com m encem ent of drought treatm ent (DT), days for permanent

wilting to occur (DPW ), percent recovery of w ilted plants.

Code Accession Source DAP % E 7DT 15DT 21 DT 28DT 35DT DPW % R
1 GH 3665 SE 4 100 N N N W W 21-35 66
2 GH 6048 MB 5 100 N N N N W 29-35 66
3 GH 4767 NW 4 100 N W N W w 25-35 100
4 GH 2289 NE 4 66 N N W W w 21-35 100
5 GH 4026 MB 5 100 N N N N w 29-35 100
6 GH 3701 SE 4 100 N N N N w 28-35 100
7 GH 2328 MB 6 100 N N N N w 30-35 66
8 GH 2314 NE 5 100 N N N W w 26-35 100
9 GH 4773 NW 4 100 N N N N w 30-35 66
10 GH 2326 MB 3 100 N N N W w 27-35 66
11 GH 4537 NW - - - - - - - - -

12 GH 2312 NE - - - - - - - - -

13 GH 2291 NW 4 66 N N N w w 26-35 100
14 GH 3678 MB - - - - - - - - -

15 GH 5048 MB 4 100 N N N N w 30-35 100
16 GH 5346 SW 5 100 N N N W w 27-35 0
17 GH 5046 SW 4 100 N N W W w 21-35 0
18 GH 4527 NE 4 100 N N N W w 25-35 100
19 GH 4772 SE - - - - - - - - -

20 GH 4532 SE 4 100 N N N N w 30-35 66
21 GH 3674 SW - - - - - - - - -

22 GH 4770 NW 4 100 N N N W w 28-35 100
23 GH 5040 SE - - - - - - - - -

24 GH 4529 SW - - - - - - - - -

25 GH 4542 SE 4 100 N N N w w 27-35 100
26 GH 2338 SE 5 66 N N W w w 20-35 100
27 GH 3673 SE 5 66 N N W w w 21-35 33
28 GH 3710 NE 4 100 N N N w w 27-35 0
29 GH 4534 SW 4 100 N N N w w 28-35 0
30 GH 3689 NE 4 100 N N N w w 25-35 66
31 GH 2284 NW 3 100 N N N N w 30-35 100
32 GH4028 MB 3 100 N N N N w 30-35 66
33 GH 4769 SE 4 100 N N W W w 21-35 33
34 GH 2279 NE - - - - - - - - -

35 GH 2306 NW - - - - - - - - -

36 GH 2332 MB - - - - - - - - -

37 GH 6045 MB 4 66 N N W w w 20-35 0
38 GH 2347 SE 3 100 N N N N w 30-35 66
39 GH 5044 SE 4 100 N N N N w 30-35 100
40 GH 2337 MB 4 100 N N N W w 28-35 100
41 GH 3666 SE 4 66 N N N W w 26-35 50
42 GH 5344 MB 5 100 N N N N w 30-35 100
43 GH 2318 NW 5 100 N N N W w 28-35 66
44 GH 3711 NW 4 100 N N N W w 25-35 66
45 GH 4027 MB 4 100 N W N W w 28-35 66
46 GH 5041 SE 4 100 N N W W w 21-35 0
47 GH 4549 SW 4 66 N N N W w 28-35 100
48 GH 4541 SE 5 100 N N N N w 30-35 33
49 GH 2281 NE 5 100 N N N W w 27-35 100
50 GH 3708 NW 4 100 N N N W w 26-35 66
51 GH 2336 SW 3 100 N N N N w 30-35 100
52 GH 2275 NW 3 100 N N N W w 28-35 100
53 GH 5050 MB 4 100 N N W W w 21-35 33
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Table3.1. (C ontinued)

Code Accession Source DAP % E 7DT 15DT 21 DT 28DT 35DT DPW % R
54 GH 5345 MB - - - - . . . . .

55 GH 5049 MB 4 100 N N N W W 28-35 100
56 GH 2313 NW 4 66 N N N W W 26-35 100
57 GH 4778 SW 4 66 N N N w w 26-35 0
58 GH 2342 NE 5 100 N N N N w 30-35 100
59 GH 5045 NE 3 100 N N N W w 27-35 66
60 GH 4526 NE 3 100 N N W W w 20-35 66
61 GH 4530 MB 4 100 N N N W w 27-35 0
62 GH 3685 MB 4 66 N N W W w 21-35 0
63 GH 4083 SE 3 66 N N N W w 28-35 100
64 GH 2302 SE 4 100 N N N N w 30-35 66
65 GH 2329 SW 5 66 N N N W w 28-35 100
66 GH 3671 NE 3 66 N N N W w 28-35 0
67 GH 3675 NW 4 100 N N W W w 20-35 0
68 GH 6230 NW 4 100 N N N W w 27-35 100
69 GH 4024 MB 5 100 N N N W w 26-35 66
70 GH 3667 MB 5 100 N N N N w 30-35 66
71 GH 2334 NE 5 100 N N N W w 28-35 66
72 GH 5042 MB 3 100 N N N W w 26-35 100
73 GH 3683 NW - - - - - - - - -

74 GH 5038 MB 4 66 N N N w w 27-35 50
75 GH 4025 MB 4 100 N N N N w 30-35 100
76 GH 3706 MB 5 100 N N W W w 22-35 66
77 GH 2316 SE 3 33 N N W W w 21-35 0
78 GH 3668 MB 4 100 N N N N w 30-35 100
79 GH 3687 SE 3 100 N N N W w 28-35 66
80 GH 6047 SW 4 100 N N N W w 27-35 33
81 GH 4528 NW 4 100 N N N N w 30-35 66
82 GH 4548 MB 5 66 N N N W w 28-35 50
83 GH 3679 NE 5 66 N N N W w 25-35 100
84 GH 4546 SW 3 100 N N N W w 28-35 66
85 GH 3703 SE 4 66 N N N W w 27-35 50
86 GH 2285 SW 3 100 N N W W w 21-35 33
87 GH 5043 MB 4 100 N N N W w 27-35 0
88 GH 3669 SE 4 100 N N W W w 21-35 0
89 GH 2315 SE 3 100 N N N N w 30-35 66
90 GH 4774 SE 4 33 N N W W w 21-35 0
91 GH 5039 SW 3 100 N N N W w 28-35 100
92 GH 2310 NE 4 100 N N N W w 27-35 100
93 GH 1608 NW 4 100 N N N W w 28-35 66
94 GH 2321 NE 4 100 N N N W w 26-35 100
95 GH 3670 NW 3 66 N N N W w 27-35 100
96 GH 6046 MB 4 100 N N N N w 30-35 100
97 GH 6061 SW 3 100 N N W W w 21-35 33
98 GH 4765 NW 4 100 N N N W w 26-35 66
99 GH 3704 NW 5 100 N N N N w 30-35 100
100 GH 4535 MB 4 100 N N N W w 28-35 66
101 GH 1001 MB 5 100 N N N N w 30-35 100
102 GH 1002 NW 4 100 N N W W w 21-35 33
103 GH 1003 NW 4 100 N N N W w 28-35 33
104 GH 1004 NE 5 100 N N N W w 28-35 66
105 GH 1005 NE 6 100 N N N N w 30-35 100
106 GH 1006 MB 5 100 N N N N w 30-35 100

N = Normal; W  = W ilting; - = Non-emergence and no score; MB = M iddle Belt; NE = North East; NW -  North 

West; SE = South East; SW  = South West; GH = Accessions collected from Ghana.
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Table3.2: S um m ary of physiological screening experim ent for the determ ination of 

drought to lerance in Ghanaian cowpea accessions.

Drought Tolerant Varieties

GH 3665, GH 6048, G H  4767, G H 2289, GH 4026, GH 3701, GH 2328, GH 2314, GH4773, GH2326, G t 

2219, G H 5048, G H 4527, G H 4532, G H 4770, G H 4542, G H 2338, G H 3689, GH 2284, GH 4028, G f

2347, GH 5044, G H 2337, G H 3666, GH 5344, GH 2318, GH 3711, G H 4027, GH 4549, GH 2281, G1

3708, GH 2336, G H 2275, GH 5049, GH 2313, GH 5045, GH 4526, GH 4083, GH 2302, GH 6230, G I

4024, GH 3667, G H 2334, G H 5042, GH 5038, GH 4025, GH 3706, GH 3668, GH 3687, GH 4528, G I

4548, GH 3679, GH 4546, G H  3703, GH 2315, G H 5039, GH 2310, GH 1608, G H  2321, GH 3670, G I

6046, GH4765, G H 3704, G H 4535, G H 1001, G H 1004, GH 1005, GH 1006.

Drought Susceptible Varieties

G H 5346, GH 5046, G H 3673, G H  3710, GH 4534, GH 4769, GH 6045, G H 5041, GH 4541, GH 5050, G I 

4778, G H 4530, G H 3685, G H 3671, GH 3675, GH 2316, GH 6047, GH 2285, G H 5043, GH 3669, G I 

4774, GH 6061, G H 1002, G H 1003.

Non- Emergence

GH 4537, GH 2312, G H  3678, GH 4772, G H 3674, GH 5040, GH 4529, GH 2279, G H 2306, GH2332, G l 

5345, GH 3683.
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T a b le 3 .3 : M e a n  s c o re s  o f te n  q u a lita tiv e  an d  q u a n tita tiv e  tra its  o f c o w p e a

Accession # PP GP TLS TwT Ph SS TT LC PH (cm) SW (g)
GH 3665 3 2 2 3 3 5 3 5 32.5 24.7
GH 6048 3 2 2 0 3 1 1 5 27.9 26.1
GH 4767 3 2 3 3 5 1 1 5 24.1 17.8
GH 2289 0 2 2 3 3 1 1 5 33.7 15.7
GH 4026 1 2 3 7 5 5 3 3 25.3 23.6
GH 3701 3 2 4 7 3 5 5 3 28.9 19.4
GH 2328 0 2 1 3 3 3 7 5 28.2 18.5
GH 2314 0 2 1 3 3 1 7 5 26.7 23.7
GH 4773 0 2 2 0 3 3 7 5 25.5 15.9
GH 2326 9 2 2 0 5 5 3 3 34.6 18.9
GH 4537 9 2 2 3 3 1 5 7 31.3 19.7
GH 2312 3 2 2 3 3 1 5 7 26.8 18.1
GH 2291 1 2 1 3 3 1 3 3 25.2 25.7
GH 3678 1 2 3 0 3 5 3 3 24.9 22.9
GH 5048 3 2 2 7 5 3 3 3 25.6 23.8
GH 5346 7 2 4 7 3 1 1 5 27.5 22.6
GH 5046 7 2 2 3 3 1 1 5 28.1 15.5
GH 4527 0 2 2 7 3 1 7 5 27.1 23.1
GH 4772 0 2 2 0 5 5 5 5 26.5 24.8
GH 4532 0 2 4 0 5 2 3 5 28.4 22.9
GH 3674 0 2 2 3 5 2 7 5 19.5 17.5
GH 4770 3 2 3 3 3 1 1 5 31.2 21.9
GH 5040 3 2 1 3 3 2 1 3 27.5 22.7
GH 4529 0 2 1 0 3 2 1 3 18.9 23.7
GH 4542 0 1 3 5 3 2 7 3 25.7 18.9
GH 2338 0 1 1 3 3 2 7 3 27.3 23.4
GH 3673 7 2 2 3 3 1 1 5 26.9 17.3
GH 3710 9 2 2 5 5 1 1 3 26.1 15.8
GH 4534 9 2 1 0 5 5 1 5 31.4 25.7
GH 3689 3 2 2 7 3 2 3 5 29.7 23.2
GH 2284 0 2 2 3 5 3 3 5 28.8 13.5
GH4028 0 2 1 0 3 1 3 7 23.8 16.7
GH 4769 1 2 4 3 5 1 1 7 17.5 13.9
GH 2279 0 2 4 3 3 1 3 3 27.9 23.8
GH 2306 0 2 4 7 3 5 3 7 26.1 17.8
GH 2332 1 2 2 5 3 5 3 7 31.7 22.7
GH 6045 3 2 3 0 3 1 5 3 26.2 24.9
GH 2347 3 2 1 0 5 1 5 3 19.9 21.8
GH 5044 3 2 3 3 3 1 5 3 23.4 23.7
GH 2337 7 2 2 0 3 1 7 3 33.4 24.1
GH 3666 7 2 2 3 3 5 7 5 25.3 19.7
GH 5344 3 1 2 3 3 1 7 5 25.9 24.1
GH 2318 0 1 2 3 3 1 1 5 21.5 15.6
GH 3711 0 1 3 7 3 1 3 5 26.3 14.7
GH 4027 0 2 4 7 3 5 3 5 27.5 23.7
GH 5041 3 2 1 5 3 5 1 3 30 22.8
GH 4549 1 2 2 7 5 1 3 3 30.5 21.9
GH 4541 1 2 1 3 5 5 3 3 27.3 14.5
GH 2281 1 2 4 0 3 1 1 3 26.4 21.1
GH 3708 1 2 4 0 5 2 1 7 27.6 19.6
GH 2336 0 2 2 0 3 2 1 7 28.1 22.9
GH 2275 0 2 3 3 3 2 1 7 29.5 12.7
GH 5050 0 2 2 3 3 5 1 3 19.6 20.7
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Table3.3. (continued)

A ccession # PP G P TLS Tw T Ph SS T T LC PH (cm) SW  (g)
GH 5345 1 2 2 3 3 1 1 3 23.2 23.5
GH 5049 1 2 2 3 3 1 1 3 23.4 20.7
GH 2313 0 2 2 3 3 5 3 3 23.4 15.7
GH 4778 0 2 1 0 3 5 3 5 33.7 19.8
GH 2342 0 1 2 3 3 1 1 5 30.5 16.4
GH 5045 1 2 1 0 3 1 1 5 30.8 17.9
GH 4526 3 1 2 0 3 1 1 3 27.6 15.3
GH 4530 3 2 3 0 5 1 5 3 24.7 21.8
GH 3685 3 2 1 0 5 1 3 3 18.9 20.9
GH 4083 0 1 3 0 3 5 1 3 30.6 23.7
GH 2302 0 2 2 0 5 5 1 5 21.8 19.6
GH 2329 7 2 2 3 3 5 3 5 31.5 21.7
GH 3671 7 1 2 7 3 1 5 7 30.7 17.8
GH 3675 3 2 3 7 3 1 5 7 21.7 23.5
GH 6230 0 2 4 0 5 3 5 3 21.3 20.7
GH 4024 0 2 4 0 5 1 1 7 18.9 19.8
GH 3667 0 2 1 0 3 1 3 7 27.8 22.4
GH 2334 1 2 4 0 3 1 3 3 31.9 17.5
GH 5042 1 2 1 3 5 3 3 5 18.5 21.6
GH 3683 3 1 2 3 5 5 1 5 27.7 23.3
GH 5038 1 1 2 5 5 1 1 3 26.2 18.7
GH 4025 3 2 1 5 5 1 1 5 25.7 19.7
GH 3706 0 1 2 0 3 1 1 5 28.4 17.5
GH 2316 0 1 2 3 3 1 1 3 23.2 20.5
GH 3668 0 2 2 3 3 3 3 5 24.6 23.7
GH 3687 9 2 2 3 3 3 7 5 25.1 24.1
GH 6047 7 2 2 5 5 5 7 7 23.9 18.7
GH 4528 7 2 1 7 3 5 7 7 25.7 13.5
GH 4548 3 2 2 3 3 1 7 7 28.4 16.9
GH 3679 1 2 3 3 3 1 1 5 25.1 16.9
GH 4546 1 2 3 0 3 1 1 5 28.4 17.1

GH 3703 1 2 4 0 3 1 1 3 33.2 15.6
GH 2285 0 2 3 0 3 1 3 3 33.1 15.3
GH 5043 0 1 4 3 3 1 3 3 27.1 14.7

GH 3669 0 1 4 3 3 5 3 3 23.6 17.8

GH 2315 0 2 2 3 3 5 3 3 26.8 17.1
GH 4774 1 2 1 0 5 2 3 3 29.4 24.3

GH 5039 1 1 1 0 3 5 1 3 28.5 15.9

GH 2310 1 2 2 0 5 2 1 3 25.4 21.3

GH 1608 0 2 2 3 5 2 1 5 26.7 17.5

GH 2321 0 1 4 3 3 2 3 5 29.5 16.9

GH 3670 0 2 2 3 3 1 3 5 30.1 17.2
GH 6046 1 1 2 0 3 5 3 5 24.3 22.7

GH 6061 0 1 2 0 5 5 3 3 24.3 18.3

GH 4765 0 2 2 0 5 5 1 3 21.8 24.5
GH 3704 1 1 1 3 5 5 3 3 22.7 23.7

GH 4535 3 2 2 7 5 1 1 5 27.8 16.5

GH 1001 3 2 1 7 3 1 5 3 31.8 15.9

GH 1002 3 2 3 5 3 1 7 3 32.7 21.3

GH 1003 0 2 3 5 3 5 7 5 26.2 17.9

GH 1004 1 1 4 7 3 1 5 3 30.5 22.8

GH 1005 1 2 4 3 5 5 5 5 25 .2 23.6

GH 1006 1 2 2 3 3 5 5 3 31.7 21.4

PP= Plant p igm entation, GP= Growth pattern, TLS= Term inal leaflet shape, TW T= Twinning  

tendency, Ph= Plant hairiness, SS= Seed shape, TT= Testa texture, LC= Leaf colour, PH= 

Plant height (cm ), SW = Seed weight (g).
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3.3.3. Cluster analysis of morphological traits

The PowerMarker software was used to analyze the data in Table 3.3. The 

Dendrogram constructed on the basis of the data generated from the 10 

qualitative and quantitative traits on 106 accessions (Table 3.3) divided them into 

numerous clusters (Fig. 3.2). It was observed that out of the 69 accessions that 

are drought tolerant, 29 of them were collected from the northern part of Ghana, 

22 from the middle belt and 18 from the southern parts of the country. Those that 

were determined to be susceptible to drought were 25 accessions of which 5 

were from the north, 5 from the middle belt and 15 from the south. Interestingly, 

the clusters obtained did not give any clear pattern purely on geographical 

grounds or source of the accessions and their determined drought status. The 

susceptible lines could not group together as a clade and could be found both at 

the top and the bottom part of the phylogenetic tree indicating that the drought 

status of the accessions could not be easily scored as being present for drought 

tolerant and absent for susceptibility.

The statistical analysis on the morphological quantitative traits, plant height (cm) 

and seed weight (g), of the 106 accessions indicated a negative correlation 

between the two traits with a correlation coefficient value (r) of 0.0605 and R2 

value of 0.25. The Covariance between the parameters was 0.7705 and a 

standard deviation value of 4.9436. The line plot analysis of the quantitative traits 

did not show any clear pattern (Fig. 3.3) but confirmed the fact that the two traits 

were variably correlated.
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■  GH2342

■  OH4542

■  GH2337

■  GH4532

■  OH2336

■  GH37O0

Figure 3.2 UPGMA Dendrogram of 106 cowpea accessions using 10 qualitative and 

quantitative m orphological traits. | =  Drought tolerant; A =  Drought susceptible. The scale 

ranges from  0.00 to 0.30 from right to left, ( 0.00; 0.05; 0.10; 0.15; 0.20; 0.25; 0.30 ).
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Fig.3.3. Analysis o f Plant Height (cm) and Seed W eight (g) Measurem ents of 106 Cowpea 

accessions from  Ghana:

Quantitative Trait Analysis

PH (cm) 

•SW(g)

Accessions

3.4. Discussion of results
The wooden box screening method as already stated is a simple technique 

developed by Singh et al. (1999b) to select drought tolerant plants from the 

susceptible ones. This technique has been used to screen cowpea germplasm 

for drought tolerance at the seedling stage with the more tolerant lines being 

evaluated in the field at a matured stage. Watanabe et al. (1997) have used this 

technique to evaluate drought tolerance in cowpea germplasm, but in their case 

they used pots rather than wooden boxes as soil containers for the planting of 

seeds. They observed that the use of pots was simple and labour saving. They 

could evaluate about 1000 accessions at a time and found it adequate to 

correctly evaluate drought tolerance provided germination was good and uniform.
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They also found a significant correlation (r=0.89) between the pot evaluation 

results and field evaluation results. These findings suggested that the pot 

evaluation technique might be effectively used for screening for drought 

tolerance or for selecting segregating materials for breeding purposes as results 

showed no significant difference between the obtained field values and the pot 

screening values.

In this study, significant variation was found between materials tested for drought 

tolerance in a water limiting environment. The results obtained showed that the 

accessions used for the study responded variably to the water limiting treatments 

they were subjected to (Table 3.1). The effect of the moisture stress, which 

manifested in the form of wilting of leaves, was observed in some of the 

accessions barely 16 days after drought treatment began. The different degrees 

of wilting observed among the accessions were significant and fairly uniform. 

According to Watanabe et al. (1997), the materials could be classified as highly 

susceptible where the plants were dead and dry after some few days (10-16 

days) of the onset of the stress; highly tolerant where most of the lines were still 

growing with green trifoliate leaves after long spells of drought, and intermediate 

tolerance where the plants had different degrees of defoliation, and 

discolouration of their leaves after long period of drought.

Following the same set of criteria, GH 5346, GH 5046, GH3710, GH 4534, GH 

6045, GH 5041, GH 4778, GH 4530, GH 3685, GH 3671, GH 3675, GH 2316, 

GH 5043, GH 3669, and GH 4774 were the most susceptible to drought stress. 

They showed the highest level of wilted plants 15 days after watering had 

ceased, and most of the plants were dead and dry 28 days after the 

commencement of drought stress. They were therefore classified as highly 

susceptible. About 80% of these lines also happened to have been collected 

mainly from the southern and the Middle belt regions of Ghana where the rainfall 

pattern is more reliable. There were other accessions like GH 3673, GH 4769,

99 University of Leicester



Chapter Three

GH 4541, GH 5050, GH 6047, GH 2285, GH 6061, GH 1002, and GH 1003, 

which were classified as susceptible varieties but about a third of their replicates 

in the experiment were able to recover after re-watering. Some of them did not 

show signs of wilting until about 28 days after the drought stress has been 

imposed but very few of the plants in this category were able to recover after 
watering.

Some of the accessions like GH 3701, GH 5048, GH 2284, GH 5044, GH 2336, 

GH 2342, GH 3668, GH 6046, GH 3704, GH 1001, GH 1005, and GH 1006, 

showed very little signs of wilting about 28 days after drought stress had been 

imposed. They started exhibiting signs of wilting around 29-35 days after drought 

treatment. When irrigation was introduced after 35 days of drought stress all of 

them recorded 100% recovery. They were therefore considered as the most 

tolerant amongst the accessions. The other accessions which showed signs of 

wilting earlier, from 21-35 days after imposition of drought stress but had a 

percentage recovery of 50-100% were considered to be drought tolerant. 

Considering the source of collection of the lines and their deduced drought 

status, it is clear that most of the drought tolerant varieties originated from the 

Middle belt region of Ghana right upwards to the dry Northern regions. This 

pattern is not surprising due to the fact that these areas experience annual 

rainfall range of about 250-400mm, although the analysis by clustering (fig. 3.2) 

failed to differentiate the accessions based on their geographical origin. These 

accessions may have some genetic mechanisms that enable them to withstand 

drought stress for longer periods than others. The cluster analysis also gave a 

clear indication that tolerance to drought stress is not a simple trait that could be 

scored as present or absent (1 or 0), as the tolerant and susceptible accessions 

identified were interspersed and did not cluster into clade as shown in fig. 3.2.

Morphological traits are known to be influenced by the external environment, 

resulting in varying relationship patterns (Smith and Smith, 1989). The genetic
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diversity analysed using morphological traits showed that there was a high 

amount of variation for the quantitative traits. In cowpea, seed weight is one of 

the three most important yield components and large seeds usually command 

consumer preference. Hence, breeders have endeavoured to develop varieties 

characterised by larger seeds coupled with other desirable traits. Polygenes 

controlling important metric traits are usually distributed among several 

quantitative trait loci (QTLs), which may not be linked to one another. It is 

therefore likely that tagging useful agricultural genes, such as those for seed 

weight and plant height, with tightly linked molecular markers could enhance 

efforts aimed at their improvement. The cluster analysis (fig. 3.2), could not give 

any meaningful groupings of the accessions, whilst line plot analysis of the two 

quantitative morphological parameters, seed weight and plant height (Fig. 3.3), 

was also not very informative thus indicating that in cowpea seed weight and 

plant height may be governed by several genes as in drought tolerance. For the 

qualitative traits, the level of variation among accessions observed was very low 

and most of the traits showed a similar pattern of phenotypic expression. From 

this study, it has been ascertained that genetic diversity and phylogenetic 

relationship in the cowpea accessions based on morphological traits could not 

reflect the real genetic variation and taxonomical relationship among them due to 

the small number of morphological parameters used for the study as well as the 

low level of variability amongst the accessions used.

The study also found that qualitative and quantitative morphological traits are 

valuable tools for cowpea characterisation. Many researchers have carried out 

studies on cowpea using morphological traits like plant pigmentation, plant 

growth habit, root traits, grain quality, and yield. These traits were all found to be 

of great importance to distinguish genetic variability, leading to a better 

classification of cowpea genotypes (Apte et al., 1987; Emebiri and Obisesan, 

1991; Fery et al, 1994; Karkannavar et al., 1991; Drabo et al., 1985, Hall et al., 

1997). Emebiri (1989) also characterised cowpea cultivars using their flower size 

and style length, and reported that both characters were highly heritable. Some
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of the morphological traits used in this study like, seed weight, plant length, seed 

shape and twinning tendency were found to be efficient in discrimination of 

accessions. The results obtained for a trait like growth pattern indicated that most 

of the accessions exhibited an indeterminate growth pattern, which means that 

most of them could have the ability to produce new leaves even after flowering 

and therefore could lose all its leaves, which may enable the plant even during 

the harsh environmental conditions to protect its photosynthetic apparatus from 

destruction, and then produce fresh leaves when conditions are favourable.

A close observation of cowpea plants and its inheritance in boxes by Mai-Kodomi 

et al (1999a) had shown two types of drought tolerance mechanisms. The type 1 

drought-tolerant lines stopped growing and conserved moisture in all plant 

tissues, stayed alive for over two weeks, and gradually the entire plant parts 

dried. In the type 2 drought-tolerant lines the trifoliates continued to grow slowly 

after the introduction of the stress. However, with continued moisture stress, the 

unifoliates showed early senescence and dropped off but the growing tips 

remained turgid and alive even longer, suggesting that the moisture was being 

mobilized from the unifoliates to the growing tips. In this study the type 2 

mechanism was largely observed in most of the accessions used. The unifoliates 

dried and dropped off, whilst it was also observed that the general growth rate of 

the experimental lines was lower than their respective controls, suggesting that 

metabolic activities might have been slowed down to compensate for the lack of 

moisture.

The simplicity of the pot method in this study may be due to its focus on only 

shoot drought tolerance without involving the contribution of roots and other 

factors. Most of the earlier studies on drought tolerance have been conducted in 

the field where different mechanisms contribute to the overall drought tolerance 

of the plants and make it appear to be a complex trait. Screening for dehydration 

tolerance of the shoots only in the seedling stage using the pot method should be
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related primarily to the stomatal behaviour or osmotic adjustments as other 

mechanisms would not be operative. Therefore, once the plants sense stress, it 

is likely that the genes controlling stomatal behaviour or osmotic adjustments 

would be activated. The opening and closing of stomata, permitting solutes to 

accumulate in the cells may be simple phenomena, and may be under major 

gene control.

Difficulties experienced include situations where tolerance scores in the 

replicates were not consistent. In some accessions some plants grew better than 

others, indicating that residual soil moisture sometimes differed. It also indicated 

that the degree of competition for water between plants may have affected plant 

growth. It is therefore recommended that for further analysis in the future, after 

germination of plants, only one plant should be kept in each pot to avoid 

competition.

3.5. Conclusions
• The pot evaluation screening method used in this study, though yet to be 

confirmed by field tests, has been able to discriminate between drought 

tolerant and susceptible accessions of the cowpeas used. Although the 

screening technique used has been successful in a controlled 

environment, further work on field evaluation basis is necessary to ensure 

its reliability for large scale screening. The study has also indicated that it 

is possible to simplify the screening process by separating the shoot 

drought tolerance from the influence of roots and may lead to faster 

progress in breeding for drought tolerant cowpeas and other crops based 

on this mechanism.

• The one hundred and six cowpea accessions are genetically variable and 

clustered into groups not necessarily based on the source of collection or 

the drought status of the line as determined by the results of the study.
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The study also showed that qualitative and quantitative morphological 

traits are valuable tools for cowpea characterisation but a clear cut 

relationship between these traits and the screening method used could not 

be ascertained and therefore molecular markers should be used for further 

analysis.
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CHAPTER FOUR

4.0. Molecular diversity and phylogenetic studies on 
Ghanaian cowpea accessions.

4.1. Introduction
Diversity can provide one means of sustaining and improving the livelihoods of 

farmers where or when environmental conditions are unfavorable in production 

systems. Much of the world’s agricultural biodiversity is found in environments 

marginal for agricultural production. It is in such environments where 

management of high levels of diversity can become a central part of the 

livelihood management strategies of farmers and the survival of their 

communities. Loss of such diversity or genetic choices diminishes farmers’ 

capacities to cope with extreme temperatures, drought and salinity. Thus, in the 

face of constant vulnerability to loss of key stress-resistant types, the 

management of appropriate diversity of a specific crop constitutes a significant 

component of livelihood strategies of farmers in highly stressed production 

environments.

In this chapter I have considered the genetic relationships between 121 cowpea 

lines using multi-locus DNA markers. Cowpea (Vigna unguiculata) is of major 

importance in the livelihoods of millions of relatively poor people in less 

developed countries. From the production of this crop, rural families derive food, 

animal feed and cash. Due to the high protein content (20-25%), cowpea has 

been referred to as “poor man’s meat” by Nielsen and colleagues (1997). 

However, cowpea is extensively grown in the Sub-Saharan region of Africa, and 

in other semi-arid and arid regions of the world, where drought stress is often a 

major problem, leading to poor cowpea quality and major yield loss. Expanding 

the genetic resource base of drought tolerant material might improve the 

development of progenies with high genetic variability for further selection as well
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as prevent any future problems associated with selections based on one or few 

sources.

4.1.1. Importance of genetic diversity studies
Analysis of genetic diversity in crops is important for crop improvement and 

provides essential information to enable more efficient use of available genetic 

resources (Vaughan et al. 2007; Mohammadi and Prasanna, 2003). Additionally, 

it is a platform for stratified sampling of breeding populations (Mohammadi and 

Prasanna, 2003) by putting them into subgroups with similar genetic 

characteristics. Even before modern molecular marker methods were available, it 

was recognized that accurate assessment of the levels and patterns of diversity 

would be invaluable in the analysis of genetic variability in cultivars (Smith et al. 

1997; Sharp et al., 2000; Gale et al. 2001; Menz et al. 2002), identification of 

diverse parental combinations to create segregating progenies with maximum 

genetic variability for further selection (Barrett and Kidwell, 1998; Bruce et al. 

2002) and in introgressing desirable genes from diverse germplasm into the 

available genetic base (Thompson et al., 1998). Genetic diversity can be 

estimated using morphological, biochemical and DNA-based markers. 

Morphological markers, as observed in chapter three, are influenced by 

prevailing environmental conditions. DNA-based markers offer consistent results 

regardless of cropping conditions, type, and age of sampled tissue (Sakiyama, 

2000). These characteristics of DNA-based markers make it suitable for cowpea 

research.

4.1.2. Application of SSRs and LTR retrotransposons as molecular 
markers

4.1.2.1. SSR markers
Simple sequence repeat (SSR) is a relatively new class of plant DNA marker. It 

has many advantages including being rapid, reliable (Diwan and Cregan, 1997), 

abundant, co-dominant (Sanchez et al., 2002), highly heterozygous (Powell et
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al., 1996), highly polymorphic, evenly dispersed along the genome, highly 

reproducible, somatically stable (Rovelli et al., 2000; Hormaza, 2002) and easy to 

assay using polymerase chain reaction (PCR) (Kuleung et al., 2004). It has been 

used for construction of genetic linkage maps of maize (Taramino and Tingey, 

1996) sorghum (Tarawali et al., 1997b), soybean (Cregan et al., 1999) and rice 

(Temnykh et al., 2000). It has been used for cultivar identification of potato 

(Meagher, 2002), peach (Aranzana et al., 2003) and in genetic diversity analysis 

of different plant species including cowpea (Diwan et al., 1997; Courtois et al., 

2000; Li et al., 2000; Rovelli et al., 2000; Smith et al., 1997; Kubik et al., 2001; Li 

et al., 2001; Manninen et al., 2000; Aasamaa et al., 2001; Hormaza, 2002; Pinto 

et al., 2003; Akkaya and Buyukunal-Bal, 2004; Bandelj et al., 2004; Li et al., 

2004; Vaz Patto et al., 2001).

The primary disadvantage of SSR as a molecular marker is the cost and 

research effort required for development, since the technique usually demands 

specific primers for every species of interest (Kuleung et al., 2004). However, 

transferability, the application of SSR markers developed for one species on 

another related species, has been proposed but not successfully demonstrated 

to date. Comparative studies using RFLP, RAPD, AFLP and SSR indicated that 

SSR markers detected higher levels of polymorphism compared to other markers 

(Powelll et al., 1996; Pejic et al., 1998; Maguire et al., 2002; Bandelj et al., 2004). 

The highly polymorphic nature of SSR markers make them particularly useful for 

genetic diversity analysis in species with a narrow genetic base (Akkaya et al., 

1995; Basu et al., 2007).

4.1.2.2. Retrotransposons as molecular markers
The ubiquitous nature of retrotransposons and their activity in creating genomic 

diversity by stably integrating large DNA segments into dispersed chromosomal 

loci make these elements ideal for development as molecular markers (Heslop- 

Harrison et al., 1997). Integration sites shared between germplasm accessions 

are highly likely to have been present in their last common ancestor. Therefore,
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retrotransposon insertional polymorphisms can help establish pedigrees and 

phylogenies (Shimamura et al., 1997; Roveili et al., 2000,) as well as serve as 

biodiversity indicators. In recent years, several molecular marker methods based 

on retrotransposons have been developed (Kumar and Hirochika, 2001). All rely 

on the principle that a joint is formed, during retrotransposon integration, between 

genomic DNA and the retrotransposon. These joints may be detected by 

amplification between a primer corresponding to the retrotransposon and a 

primer matching a nearby motif in the genome. The methods have been named 

according to the particular motif that provides the second priming site. The 

Sequence-Specific Amplified Polymorphism (SSAP) method, the first 

retrotransposon-based method to be described, amplifies products between a 

retrotransposon integration site and a restriction site to which an adapter has 

been ligated. In Inter-Retrotransposon Amplified Polymorphism (IRAP) (Fig.4.1), 

segments between two nearby retrotransposons or long terminal repeats (LTRs) 

are amplified. The Retrotransposon-Microsatellite Amplified Polymorphism 

(REMAP) technique detects retrotransposons integrated near a microsatellite or 

stretch of SSRs (Fig.4.1). The Retrotransposon-Based Insertional Polymorphism 

(RBIP) marker system, in contrast to the others, detects a given locus in both 

alternative states, namely, empty and occupied by a retrotransposon, by using 

both flanking primers and a retrotransposon primer. Although these methods are 

examples with primers specific to a particular family of retrotransposons, it should 

be noted that retrotransposon marker methods are generic. Any organism in 

which retrotransposons are dispersed components of the genome, and in which 

they have been active over a timescale relevant to the question being asked, can 

be examined with retrotransposon markers. A couple of direct comparisons of 

retrotransposon marker methods with AFLP indicate that the retrotransposon 

markers are some 25% more polymorphic (Waugh et al., 1997; Yu and Wise, 

2000).

IRAP (Fig.4.1) detects two retrotransposons or LTRs sufficiently close to one 

another in the genome to permit PCR amplification of the intervening region.
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Unlike AFLP or SSAP, the method requires only intact genomic DNA as the 

template and PCR reagents and apparatus for amplification. There are no 

restriction enzyme digestion or adapter ligation steps. The amplification products 

are generally resolved by electrophoresis in wide-resolution agarose gels, but if 

labeled primers are used, sequencing gel systems may be employed. The 

amplified fragments range from under 100 bp to over several kilobase pairs, with 

the minimum size depending on the placement of the PCR priming sites with 

respect to the ends of the retrotransposon. The IRAP method (Kalendar et al., 

1999j has found applications in gene mapping in barley (IVIanninen et al., 2000J 

and wheat (Boyko et al., 2005,) and in studies of genome evolution in the grasses 

(Vicient et al., 2001). Even given a large genome and a highly prevalent 

retrotransposon family, one would not expect the IRAP method to produce very 

many resolvable PCR products. The method, however, does produce a range of 

sub-kilobase fragments, in part because the genomes are organized into gene- 

rich islands surrounded by seas of repetitive DNA. The retrotransposons, which 

comprise large portions of the repeat seas, tend to be nested, one inserted into 

another, in barley, maize, and other grasses (Kumar et al., 2006; Heslop- 

Harrison et al., 1997J. The IRAP amplification products can derive, therefore, 

variously both from nearby solo LTRs and full-length elements interspersed with 

non-retrotransposon DNA and from nested retrotransposons.

REMAP is conceptually similar to IRAP, but it differs in that it detects 

polymorphisms in the presence of retrotransposons or LTR derivatives 

sufficiently near simple sequence repeats (SSRs), often referred to as 

microsatellites, to allow PCR amplification. Microsatellites are ubiquitous features 

of eukaryotic genomes, and they have served directly to generate molecular 

markers in many plants (Saghai Maroof et al., 1994; McCouch et al., 1997J. For 

this reason, researchers became interested in whether retrotransposons were 

associated with microsatellites in the genome, and to what extent such 

associational polymorphism could serve as molecular markers. Kalendar and 

colleagues (1999) reported that for BARE-1 in barley, retrotransposon insertions
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near microsatellites were considerably polymorphic and this finding was later 

confirmed by Ramsay et al (2000).

Fig.4.1: Marker methods for studying diversity based on SSR and LTR 

Retrotransposons

M HM H

The REMAP method combines outward-facing LTR primers of the sort used in 

IRAP with SSR primers containing a set of repeats and one or more non-repeat 

nucleotides at the 3' end to serve as an anchor. The anchor is necessary to 

provide specificity to the PCR amplification; otherwise, the repetitive structure of 

the primer might cause it to anneal in multiple positions in any given 

microsatellite. Both IRAP and REMAP consist of PCR carried out on undigested
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template DNA and resolve the products on agarose gels. Following the initial 

publication of the technique by Kalendar et al (1999), and almost simultaneously 

by Provan et al (1999) under the guise "copia-SSR," REMAP has been used to 

examine genome evolution in wild barley (Kalendar et al., 2000), to map a major 

resistance gene in barley (IVIanninen et al., 2000), and as a sensitive method for 

detecting genomic copies of retrotransposons amidst retrotransposon cDNAs 

(Jaaskelainen et al., 1999J.

It has been demonstrated that the cultivated cowpea have lower genetic diversity 

than many other crops (Doebley, 1989), especially legume crops (Pasquet, 1993, 

1999, 2000). Cowpea is believed to have been domesticated only once (Pasquet, 

1999), unlike bean (Phaseolus vulgaris) (Singh et al., 1991) or rice (Oryza sativa) 

(Second, 1985). Currently, most characterization data on cowpea accessions in 

genebanks are based on morphological characters. Knowledge of genetic 

distance and diversity at the molecular level among landrace materials is 

important for a more profound characterization and to identify gene flow among 

populations. While numerous studies have evaluated molecular diversity of 

common bean, recent reports related to cowpea genetics have focused on 

linkage map and genome analysis (Menendez et al., 1997). Information on 

molecular diversity of cowpea is still limited and data on molecular variation at 

the DNA level of Ghanaian cowpea is lacking.

Genetic diversity represented in the genepool underpins the improvement and 

adaptation of crops. After characterization of diversity, plant breeders can 

produce new crop varieties to resist new disease threats (biotic stress), to adapt 

to changing environments and abiotic stresses, and breeding can increase the 

sustainability of crop populations. Loss of genetic diversity may affect population 

viability and reduce the potential to adapt to environmental changes like drought. 

DNA-based techniques are essential to assay the variation present in wild and 

cultivated populations of crops both to ensure that breeders have full range of 

diversity for assessment and application, and to prevent loss of diversity for
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future farmers. In this study, 106 cowpea (Vigna unguiculata) accessions from 

Ghana have been characterized with 10 other cultivars from IITA, Nigeria and 5 

cultivars purchased from food stores in the United Kingdom. The aim of the study 

was to assess the genetic variability of the 121 accessions of cowpeas used in 

order to evaluate the potential application of SSR, IRAP and REMAP marker 

techniques in cowpea breeding programmes.

The objectives of the study were to:

• identify the polymorphisms generated by SSR, IRAP and REMAP 

techniques;

• determine the pattern and the extent of SSR, IRAP and REMAP marker 

variations within and among the Ghanaian cowpea accessions used;

• examine the population structure of the cowpea accessions used and 

determine the degree of genetic relatedness among the accessions used;

• determine whether the results obtained could be related to the drought 

status and the source of collection of the accessions used for the study.

4.2. Materials and methods

4.2.1. Genetic material and DNA extraction protocol
Seeds of one hundred and six cowpea (Vigna unguiculata) accessions collected

from across the length and breadth of Ghana and fifteen other genotypes from 

Nigeria and United Kingdom were used for the study. Their description, collection 

source and accession number are given in section 2.1 and Tables 2.1 and 2.2. 

Genomic DNA was extracted from fresh leaves using the CTAB method as 

described in section 2.3.

4.2.2. SSR primers and analysis protocol
Thirty SSR primer pairs which previously showed clear polymorphisms in cowpea 

(Li et al., 2001) were used in this study (Table 4.1). SSR assays were performed
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according to Colebatch et al. (2002) with minor modifications. Reaction mixtures 

for PCR amplifications of SSR loci have been described in section 2.4.2. The 

reactions were performed using a Touchdown amplification procedure depending 

upon the annealing temperature™ of the primers used. The general amplification 

cycle consisted of 18 cycles of 94°C for 1 min (denaturing) and 72°C for 1 min 

(extension). The annealing temperatures (30 s) were progressively decreased by 

0.5°C every cycle from 64 to 55°C. The PCR reaction then continued for 30 

additional cycles at 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min. The 

reaction ended with a 10 min extension at 72°C. Amplification products were 

initially separated on 2% agarose gel in 1x TAE buffer stained with 0.5 //g/ml 

ethidium bromide and those found to be polymorphic were subsequently 

separated on 6% denaturing Polyacrylamide gels as described in section 2.5. 

The oligonucleotide products were visualized by silver staining as described 

under section 2.5.2.4.

4.2.3 SSR data analysis
DNA fragments were scored visually both from the agarose gel as well as from 

the scanned images. For each gel, the distance travelled by each marker size of 

the DNA ladder was measured using a ruler in Adobe Photoshop Elements 2.0. 

The PowerMarker software package version 3.25 (Liu and Muse, 2005) was 

used to analysis the data obtained and to calculate similarity coefficients among 

the genotypes. A dendrogram and phylogenetic tree were constructed from the 

similarity coefficient distance matrix using the UPGMA method of cluster 

analysis.
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Table 4.1 Summary of cowpea microsatellite primer pairs used in the study 
(mostly obtained from Li et al., 2001)

Prim er Prim er Seauence Repeat P roduct Sizetbn)

VM 3
5’GAG CCG GGT TCA ATA GGT A 
5’GAG CCA GGG CAC AGG TAG T (AG)27 171

VM 4
5’AGT AAA TCA CCC GCA CGA TCG 
5’AGG GGA AAT GGA GAG GAG GAT (CT)m 248

VM 5
5’AGC GAC GGC AAC AAC GAT 
5’TTC CCT GCA ACA AAA ATA CA (a g )32 188

VM 6
5’GAG GAG CCA TAT GAA GTG AAA AT 
5’TCG GCC AGC AAC AG A TGC (AG)26 248

VM 8
5’TGG GAT GCT GCA AAG ACA C 
5’GAA AAC CGA TGC CAA ATA G (AG),6 285

VM 11
5’CGG GAA TTA ACG GAG TCA CC 
5’CCC AGA GGC CGC TAT TAC AC (TA)4..(AC),2 195

VM 12
5’TTG TCA GCG AAA TAA GCA GAG A 
5’CAA CAG ACG CAG CCC AAC T (AG)27 157

VM 13
5’CAC CCG TGA TTG CTT GTT G 
5’GTC CCC TCC CTC CCA CTG (CT)2I 135

VM 14
5’AAT TCG TGG CAT AGT CAC AAG AGA 
5’ATA AAG GAG GGC ATA GGG AGG TAT (AG)24 144

VM 17
5’GGC CTA TAA ATT AAC CCA GTC T 
5’TGT GTC TTT GAG TTT TTG TTC TAC (CT),2 152

VM 19
5’TAT TCA TGC GCC GTG ACA CTA 
5’TCG TGG CAC CCC CTA TC (AC)7..(AC)s 241

VM 22
5’GCGGGT AGT GTA TAC AAT TTG 
5’GTA CTG TTC CAT GGA AGA TCT (AG)I2 217

VM 23
5’AGA CAT GTG GGC GCA TCT G 
5’AGA CGC GTG GTA CCC ATG TT (CT)16 174

VM 25
5’CCA CAA TCA CCG ATG TCC AA 
5’CAA TTC CAC TGC GGG ACA TAA (TC)18 240

VM 26
5’GCC ATC AGA CAC ATA TCA CTG 
5’TGT GGC ATT GAG GGT AGC (TC)„ 294

VM 27
5’GTC CAA AGC AAA TGA GTC AA 
5’TGA ATG ACA ATG AGG GTG C (AAT)s (TC) m.(AC) 3 207

VM 28
5’GAA TGA GAG AAG TTA CGG TG 
5’GAG CAC GAT AAT ATT TGG AG (TC)*, 250

VM 30
5’CTC TTT CGC GTT CCA CAC TT 
5’GCA ATG GGT TGT GGT CTG TG (TC)io 140

VM 31
5’CGC TCT TCG TTG ATG GTT ATG 
5’GTG TTC TAG AGG GTG TGA TGG TA (CT)i« 200

VM 33
5’GCA CGA GAT CTG GTG CTC CTT 
5’CAC CGA GCG CGA ACC (AG),*.(AC)8 270

VM 34
5’AGC TCC CCT AAC CTG AAT 
5’TAA CCC AAT AAT AAG ACA CAT A (CT)m 216

VM 35
5’GGT CAA TAG AAT AAT GGA AAG TGT 
5’ATG GCT GAA ATA GGT GTC TGA (AG)„.(T), 127

VM 36
5’ACT TTC TGT TTT ACT CGA CAA CTC 
5’GTC GCT GGG GGT GGC TTA TT (CT),3 160

VM 37
5’TGT CCG CGT TCT ATA AAT CAG C 
5’CGA GGA TGA AGT AAC AGA TGA TC (AG)5.(CCT)3.(CT),3 289

VM 38
5’AAT GGG AAA AGA AAG GGA AGC 
5’TCG TGG CAT GCA GTG TCA G | O B 135

VM 39
5’GAT GGT TGT AAT GGG AGA GTC 
5’AAA AGG ATG AAA TTA GGA GAG CA (AC),3.(AT)5.(TACA)4 212

VM 40
5’TAT TAC GAG AGG CTA TTT ATT GCA 
5’CTC TAA CAC CTC AAG TTA GTG ATC (AQji 200

VM 68
5'CAA GGC ATG GAA AGA AGT AAG AT 
5’TCG AAG CAA CAA ATG GTC ACA C (GA)u 254

VM 70
5’AAA ATC GGG GAA GGA AAC C 
5’GAA GGC AAA ATA CAT GGA GTC AC (AG)20 186

VM 71
5’TCG TGG CAG AGA ATC AAA GAC AC 
5’TGG GTG GAG GCA AAA ACA AAA C (AG)12.(AAAG)3 225
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To investigate the discriminatory power of each SSR primer, the polymorphic 

information content (PIC) was calculated. The observed heterozygosity (Ho) for 

each primer set was also obtained.

4.2.4 IRAP and REMAP primers and analysis protocol
The IRAP amplification reaction was performed according to the protocol

described by Kalendar et al. (1999). The primer sequences, retrotransposon 

source, and orientation are shown in Table 4.2. An additional degenerate IRAP 

primer, designed from a multiple sequence alignment of chickpea (Cicer) 

retrotransposon sources, was also used and is shown in Table 4.2. PCR for 

IRAP was performed as described in section 2.4.4. The PCR products were 

analysed by electrophoresis on 2 % (w/v) agarose gel and detected by ethidium 

bromide staining.

The primers used for the IRAP amplification were combined with SSR primers 

(BT-GAC, BT-CTG, and Musa Ty2R) performing 8 LTR-SSR primer 

combinations as shown in Table 4.2. REMAP amplifications were performed in a 

final volume of 25 j j \, containing 50 ng DNA, 10x (Bioline/York Bio) PCR buffer, 

2.5 mM Mgcl2 , 0.25 jjM  dNTPs (Bioline), 0.4 /yM of each primer and 0.5 U of Taq 

polymerase (Bioline/York Bio) in a T-Gradient Thermocycler (Biometra, 

Goettingen) 96-well plate. The amplification programme consisted of an initial 

denaturation cycle at 94°C for 2 min, followed by 30 cycles at 94°C for 30 s, 52°C 

for 2 min, and 72°C for 2 min for denaturation, annealing and extension, 

respectively. A final extension step was performed at 72°C for 10 min. The 

amplification products were separated on 2 % agarose gel stained with ethidium 

bromide.

4.2.5. IRAP and REMAP data analysis
The amplification products were scored independently as 1 and 0 for presence 

and absence of bands, respectively, and the obtained binary data were used for 

the analysis. Phylogenetic trees were constructed by a distance-based method
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and the genetic similarity between individual pairs of genotypes analysed by 

using neighbour-joining method (Nei et al., 1985;1998) and the MEGA version 4 

(Tamura, Dudley, Nei, and Kumar 2007).

Table 4.2 Summary of primers used for IRAP and REMAP analysis (from

Kalender et al. 1999; Teo et al. 2004)

R etrotransooson Accession
Name Source and Seauence position

orientation
LTR 6149 BARE-1 (Forward) CTC GCT CGC CCA CTA CAT Z17327

CAA CCG CGT TTA  TT 1993-2012
LTR 6150 BARE-1 (Reverse) CTG GTT CGG CCC ATG TCT ATC Z 17327

TA T CCA CAC ATG TA 418-439
3’ LTR BARE-1 (Forward) TGT TTC CCA TGC GAC GTT CCC Z 17327

CAA CA 2112-2138
5’ LTR1 BARE-1 (Reverse) TTG CCT CTA GGG CAT A TT TCC Z 17327

AAC A 1-26
5’ LTR2 BARE-1 (Reverse) ATC ATT GCC TCT AGG GCA Z17327

TAA TTC 314-338
7417-7441

SUKKULA SUKKULA GAT AGG GTC GCA TCT TGG AY054376
(Forward) GCG TGA C 4301-4326

N IK IT A Nikita (Forward) CGC ATT TGT TCA AGC CTA AY078073
AAC C AY078074

AY078075
1-22

CICER IRAP CICER ACT TTG GCW W A A AAG Y C T 14715228
CCG AGC C 14715227

AJ411814.1
16-41, 58-83

BT-GAC SSR-GAC [RICH] GAG AGA GAG AG A GAG Randomly
AGA C designed

BT-CTG SSR-CTG [RICH] CTC TCT CTC TCT CTC TCT G Randomly
designed

MUSA Ty2R SSR-MUSA GCA TGT CGT CAN CAT A N A  RC Randomly
designed

Nucleotide degeneracy: R=A+G; Y=C+T; W=A+T; N=A+G+C+T
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Table 4.3 Polymorphic band scorings of 16 SSR primers, source, and drought status 
of the accessions.

ccession # Source Drought Status VM 35 VM 36 VM 31 VM 39 VM 70 VM 17 VM 26 VM 19
GH 3665 SE DT 120/120 160/160 200/200 210/210 280/280 150/150 290/290 250/250
GH 6048 MB DT 130/130 160/160 200/200 210/210 290/290 160/160 290/290 260/260
GH 4767 NW DT 130/130 150/150 200/200 210/210 300/300 150/150 300/300 240/240
GH 2289 NE DT 120/120 150/150 190/190 210/210 290/290 140/140 290/290 240/240
GH 4026 MB DT 120/120 150/150 200/200 190/190 290/290 150/150 290/290 250/250
GH 3701 SE DT 120/120 150/150 200/200 200/200 280/280 150/150 290/290 270/270
GH 2328 MB DT 120/120 150/150 200/200 200/200 290/290 160/160 290/290 250/250
GH 2314 NE DT 120/120 150/150 210/210 210/210 290/290 160/160 310/310 250/250
GH 4773 NW DT 120/140 150/170 180/210 220/220 280/280 120/150 300/300 250/250
GH 2326 MB DT 140/140 150/150 190/190 210/210 280/280 150/150 300/300 240/240
GH 4537 NW DT 140/140 170/170 200/200 210/210 270/270 160/160 300/300 250/250
GH 2312 NE DT 120/140 140/160 200/210 210/230 280/290 130/130 290/290 250/250
GH 2291 NW DT 120/120 160/160 220/220 200/200 290/290 160/160 310/310 240/240
GH 3678 MB DS 140/140 170/170 190/190 210/210 290/290 150/150 290/300 240/260
GH 5048 MB DT 150/150 170/170 210/210 220/220 310/310 150/150 290/310 250/250
GH 5346 SW DS 120/120 160/160 200/200 220/220 280/280 150/150 300/300 250/250
GH 5046 SW DS 120/150 160/180 200/220 190/220 280/280 150/150 290/290 260/260
GH 4527 NE DT 120/120 150/150 220/220 210/210 300/300 160/160 290/290 250/250
GH 4772 SE DT 150/150 160/160 200/200 210/210 290/290 140/140 290/290 250/250
GH 4532 SE DT 130/130 150/160 200/200 210/210 290/290 150/150 290/290 240/240
GH 3674 SW DS 120/130 150/160 200/210 180/210 290/290 140/160 290/310 240/260
GH 4770 NW DT 140/140 140/150 200/210 220/220 290/290 160/160 300/300 240/240
GH 5040 SE DT 120/120 140/150 200/220 220/220 280/280 170/170 310/310 250/250
GH 4529 SW DS 120/120 150/150 200/200 210/210 260/260 160/160 310/310 250/250
GH 4542 SE DT 130/130 160/160 210/210 210/210 280/280 160/160 310/310 240/240
GH 2338 SE DT 120/160 160/160 200/200 210/210 280/280 150/150 290/290 250/250
GH 3673 SE DS 140/140 150/150 200/200 210/210 290/290 130/130 290/290 250/250
GH 3710 NE DS 120/120 150/150 210/210 220/220 290/290 150/150 290/290 240/240
GH 4534 SW DS 130/130 160/160 170/170 210/210 290/290 140/140 290/290 240/240
GH 3689 NE DT 120/120 170/170 200/200 210/210 290/290 155/155 300/300 250/250
GH 2284 NW DT 130/130 170/170 200/200 200/200 290/290 150/150 300/300 240/240
GH 4028 MB DT 120/120 140/170 190/190 210/210 280/280 155/155 310/310 250/250
GH 4769 SE DS 120/120 150/150 200/200 210/210 280/280 160/160 290/290 250/250
GH 2279 NE DT 120/120 160/160 190/190 210/210 290/290 160/160 300/300 260/260
GH 2306 NW DT 150/150 160/160 180/180 220/220 290/290 160/160 310/310 250/250
GH 2332 MB DS 130/130 160/160 180/180 210/210 290/290 155/155 290/290 240/250
GH 4065 MB DS 130/130 150/150 190/190 210/210 290/290 150/150 290/290 250/250
GH 2347 SE DT 130/130 150/150 210/210 210/210 290/290 140/140 300/300 250/250
GH 5044 SE DT 130/130 150/150 200/200 210/210 290/290 150/150 290/290 240/240
GH 2337 MB DT 120/120 160/160 200/210 210/210 280/280 150/150 300/300 240/240
GH 3666 SE DT 130/150 160/180 200/220 170/210 270/300 130/160 300/300 240/250
GH 5344 MB DT 120/120 150/150 200/200 220/220 280/280 160/160 300/300 250/250
GH 2318 NW DT 120/120 160/160 210/210 220/220 290/290 170/170 290/290 250/250
GH 3711 NW DT 120/120 150/150 200/200 210/210 290/290 155/155 300/300 240/240
GH 4027 MB DT 120/120 160/160 220/220 210/210 290/290 155/155 300/310 240/240
GH 5041 SE DS 120/120 160/160 190/190 200/200 290/290 150/150 290/290 250/250
GH 4549 SW DS 120/120 150/150 190/190 210/210 280/280 150/150 290/290 240/240
GH 4541 SE DT 120/120 170/170 200/200 210/210 280/280 150/150 310/310 240/240
GH 2281 NE DT 120/120 130/130 210/210 210/210 290/290 150/150 300/300 250/250
GH 3708 NW DT 130/130 130/130 190/190 210/210 280/280 155/160 300/300 255/255
GH 2336 SW DT 120/120 140/140 210/210 220/220 290/290 150/150 290/290 240/240
GH 2275 NW DT 120/140 150/170 170/210 210/210 290/310 140/140 290/300 240/240
GH 5050 MB DS 150/150 160/160 200/200 210/210 290/290 160/160 290/300 250/250
GH 5345 MB DT 140/140 150/150 200/200 210/210 290/290 150/150 300/300 250/250
GH 5049 MB DT 140/140 150/150 200/200 220/220 280/280 150/155 300/300 250/250
GH 2313 NW DT 120/120 160/160 190/190 210/210 270/270 160/160 300/300 250/250
GH 4778 SW DS 120/120 150/150 200/200 210/210 300/300 155/155 300/300 250/250
GH 2342 NE DT 120/120 150/150 200/200 210/210 290/290 155/155 290/290 250/250
GH 5045 NE DT 140/140 160/160 220/220 230/230 280/280 155/155 290/290 255/255
GH 4526 NE DT 120/150 140/160 200/210 210/230 290/300 150/150 290/290 250/260
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Table 4.3 Continued
Accession # Source Drought Status VM 35 VM 36 VM 31 VM 39 VM 70 VM 17 VM 26 VM 19

GH 4530 MB DS 140/140 170/170 200/200 210/210 300/300 150/150 310/310 240/240
GH 3685 MB DS 120/120 160/160 210/210 210/210 290/290 155/155 300/300 250/250
GH 4083 SE DT 130/130 150/150 230/230 210/210 300/300 160/160 300/300 250/250
GH 5043 SE DT 120/120 150/150 210/210 220/220 290/290 150/150 290/290 240/240
GH 3669 SW DT 150/150 170/170 200/200 220/220 280/280 150/155 290/290 250/250
GH 2315 NE DS 130/130 160/160 200/200 210/210 280/280 155/155 300/300 255/255
GH 4774 NW DS 120/120 160/160 200/200 210/210 270/270 155/155 300/300 240/240
GH 5039 NW DT 130/130 150/150 200/200 210/210 290/290 160/160 300/300 250/250
GH 2310 MB DT 140/140 160/160 200/200 220/220 280/280 150/150 310/310 250/250
GH 1608 MB DT 120/120 150/150 210/210 220/220 290/290 150/150 310/310 230/230
GH 2302 NE DT 120/120 150/150 210/210 220/220 280/280 155/155 290/290 240/240
GH 2329 MB DT 130/130 150/150 200/200 190/190 280/280 155/155 290/290 250/250
GH 3671 NW DT 120/120 160/160 230/230 190/190 290/290 180/180 300/300 250/250
GH 3675 MB DT 120/120 160/160 220/220 180/180 280/280 155/155 290/290 250/250
GH 6230 MB DT 130/130 150/150 190/190 190/190 290/290 160/160 300/300 240/240
GH 4024 MB DT 150/150 160/160 210/210 200/200 280/280 150/160 310/310 250/250
GH 3667 SE DS 120/120 150/150 200/200 220/220 300/300 150/150 300/300 245/245
GH 2334 MB DT 120/140 160/170 200/210 210/230 280/290 150/170 290/290 240/240
GH 5042 SE DT 130/130 160/160 200/200 190/190 290/290 150/160 290/290 250/250
GH 3683 SW DS 120/120 150/150 200/200 210/210 260/260 160/160 290/290 250/250
GH 5038 NW DT 140/140 150/150 190/190 210/210 280/280 155/155 300/300 250/250
GH 4025 MB DT 140/140 150/150 210/210 220/220 290/290 155/155 300/300 250/250
GH 3706 NE DT 120/120 150/150 200/200 220/220 290/290 150/150 290/290 250/250
GH 2316 SW DT 120/130 160/170 200/210 200/220 290/310 150/170 290/310 230/260
GH 3668 SE DT 120/120 160/160 200/200 210/210 280/280 155/155 300/300 250/250
GH 3687 SW DS 120/120 150/150 200/200 210/210 290/290 155/155 300/310 250/250
GH 6047 MB DS 130/130 160/160 190/190 210/210 280/280 150/150 310/310 260/260
GH 4528 SE DS 120/120 150/150 200/200 200/200 290/290 150/150 310/310 250/250
GH 4548 SE DT 130/130 160/160 180/180 220/220 280/280 155/155 310/310 250/250
GH 3679 SE DS 120/120 170/170 200/200 210/210 290/290 150/160 300/300 240/260
GH 4546 SW DT 120/120 160/160 210/210 210/210 290/290 150/150 290/290 250/250
GH 3703 NE DT 120/130 170/180 200/220 210/230 290/290 160/160 290/290 250/250
GH 2285 NW DT 120/140 160/180 200/210 210/220 270/290 160/160 290/290 250/250
GH 2321 NE DT 120/120 170/170 210/210 220/220 290/290 155/155 290/290 250/250
GH 3670 NW DT 120/120 150/150 200/200 220/220 280/280 150/150 300/300 240/240
GH 6046 MB DT 120/120 150/150 220/220 210/210 300/300 155/155 290/290 250/250
GH 6061 SW DS 120/120 150/150 200/200 190/190 290/290 155/155 290/290 240/240
GH 4765 NW DT 120/120 160/160 200/200 180/180 290/290 150/150 300/300 250/250
GH 3704 NW DT 140/140 170/170 190/190 200/200 280/280 160/160 300/300 250/250
GH 4535 MB DT 140/140 150/150 210/210 210/210 300/300 150/150 290/310 250/250

IT91K-118 IT NK 140/140 160/160 210/210 210/210 290/290 150/150 300/300 240/240
IT86D-716 IT NK 120/120 160/160 210/210 200/200 290/290 155/155 290/290 250/250

IT89KD-374 IT NK 120/120 160/160 200/200 190/190 290/290 155/155 290/290 240/240
IT85F-1380 IT NK 130/130 170/170 200/200 210/210 310/310 140/140 290/290 250/250
IT93K-699 IT NK 120/120 160/160 210/210 210/210 300/300 150/150 300/300 260/260
IT93K-596 IT NK 120/120 170/170 210/210 220/220 310/310 160/160 300/300 260/260

IT92KD-267 IT NK 140/140 150/150 200/200 210/210 290/290 140/140 310/310 250/250
IT93K-2309 IT NK 140/140 150/150 200/200 210/210 280/280 155/155 290/290 250/260
IT88D-643 IT NK 130/130 150/150 190/190 210/210 290/290 155/155 310/310 250/250
IT810-1228 IT NK 120/120 160/160 210/210 220/220 290/290 160/160 290/290 250/250

LE 001 UK NK 130/130 150/150 230/230 220/220 310/310 140/140 320/320 260/260
LE 002 UK NK 150/150 180/190 210/210 170/170 310/310 140/140 310/310 250/250
LE 003 UK NK 160/160 170/170 230/230 180/180 290/290 140/150 290/290 250/250
LE 004 UK NK 180/180 190/190 240/240 210/210 270/270 140/140 320/320 250/250
LE 005 UK NK 150/150 200/200 220/220 210/210 290/290 155/155 290/290 260/260

GH 1001 MB DT 120/120 160/160 200/200 220/220 290/290 160/160 300/300 240/240
GH 1002 NW DT 130/130 160/160 210/210 220/220 310/310 160/160 290/290 240/240
GH 1003 NW DT 130/130 170/170 210/210 180/180 290/290 155/155 310/310 260/260
GH 1004 NE DT 130/130 160/160 220/220 210/210 280/280 150/150 290/290 250/250
GH 1005 NE DT 120/120 160/160 210/210 210/210 300/300 160/160 290/290 240/260
GH 1006 MB DT 150/190 140/170 230/230 210/210 290/290 150/170 300/300 250/250
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Table 4.3 Continued
Accession # Source Drought Status VM 22 VM 27 VM 28 VM 30 VM 37 VM 38 VM 40 VM 68

GH 3665 SE DT 220/220 190/190 260/280 140/140 270/270 130/130 190/190 300/300
GH 6048 MB DT 220/220 210/210 260/260 140/140 280/280 140/140 190/190 300/300
GH 4767 NW DT 220/220 210/210 260/260 150/150 290/290 140/140 200/200 290/290
GH 2289 NE DT 220/220 200/200 260/260 130/130 290/290 130/130 210/210 300/300
GH 4026 MB DT 220/220 210/210 240/260 140/140 280/280 140/140 190/190 300/300
GH 3701 SE DT 210/210 210/210 240/240 140/140 290/290 140/140 210/210 270/270
GH 2328 MB DT 220/220 210/210 230/230 150/150 300/300 140/140 190/200 290/290
GH 2314 NE DT 220/220 200/200 260/260 150/150 280/280 150/150 190/190 300/300
GH 4773 NW DT 230/230 200/200 260/260 150/160 290/290 140/140 180/180 280/280
GH 2326 MB DT 230/230 210/210 250/250 160/160 290/300 130/140 190/200 290/290
GH 4537 NW DT 230/230 210/210 250/250 140/140 300/300 130/140 210/210 300/300
GH 2312 NE DT 220/220 210/210 250/250 140/140 290/290 150/150 200/200 270/300
GH 2291 NW DT 220/220 210/210 250/260 160/160 280/280 130/130 200/200 290/290
GH 3678 MB DS 220/220 200/200 260/300 150/150 290/290 140/140 200/200 290/290
GH 5048 MB DT 220/220 210/220 260/260 150/150 290/290 140/140 190/190 300/300
GH 5346 SW DS 220/230 220/220 300/300 140/140 280/280 140/140 200/200 290/290
GH 5046 SW DS 210/210 210/210 300/300 160/160 280/280 130/130 200/200 290/290
GH 4527 NE DT 210/210 190/190 250/250 150/150 280/280 140/140 190/190 290/290
GH 4772 SE DT 220/220 210/210 260/260 160/160 290/290 140/140 200/200 300/300
GH 4532 SE DT 220/220 210/210 270/270 160/160 280/280 130/130 210/210 300/300
GH 3674 SW DS 230/230 220/220 300/300 150/150 280/280 130/130 180/180 290/290
GH 4770 NW DT 230/230 220/220 260/260 140/140 290/290 130/130 190/190 290/290
GH 5040 SE DT 210/210 210/210 250/250 140/160 280/290 130/130 190/190 290/290
GH 4529 SW DS 220/220 230/230 260/260 160/160 270/270 150/150 200/200 290/290
GH 4542 SE DT 220/220 210/210 250/250 140/140 280/280 140/140 200/200 280/300
GH 2338 SE DT 230/230 200/210 250/300 140/140 290/290 150/150 190/190 300/300
GH 3673 SE DS 210/210 190/190 280/280 150/150 280/280 130/130 190/190 300/300
GH 3710 NE DS 210/210 220/220 260/260 160/160 300/300 130/130 190/190 300/300
GH 4534 SW DS 210/210 220/220 250/260 160/160 290/290 130/130 200/200 290/290
GH 3689 NE DT 210/210 220/220 260/260 150/150 300/300 140/140 200/200 290/290
GH 2284 NW DT 220/220 210/210 260/260 130/130 290/290 150/150 190/190 280/280
GH 4028 MB DT 220/220 210/220 280/300 140/140 300/300 150/150 190/190 290/290
GH 4769 SE DS 210/210 210/210 280/280 150/150 300/300 140/140 200/200 290/290
GH 2279 NE DT 210/210 220/220 260/260 160/160 280/280 130/130 200/200 290/290
GH 2306 NW DT 210/210 200/200 260/260 140/140 290/290 130/130 200/200 300/300
GH 2332 MB DS 210/210 200/200 250/250 140/140 300/300 130/130 200/200 290/290
GH4065 MB DS 210/210 190/190 250/250 140/140 290/290 140/140 200/200 280/280
GH 2347 SE DT 220/220 210/210 260/260 130/130 300/300 130/130 200/200 290/290
GH 5044 SE DT 220/230 200/200 290/290 150/150 280/280 160/160 190/190 290/290
GH 2337 MB DT 220/220 200/210 280/280 150/150 280/280 140/140 190/190 280/300
GH 3666 SE DT 220/220 200/200 280/280 160/160 290/290 140/160 210/210 290/300
GH 5344 MB DT 220/220 200/200 250/250 150/150 300/300 130/130 200/200 290/290
GH2318 NW DT 220/220 210/210 250/250 150/160 280/280 140/140 200/200 300/300
GH 3711 NW DT 210/210 220/220 260/260 140/140 290/290 150/150 200/200 290/290
GH 4027 MB DT 230/230 210/210 280/280 150/150 290/290 130/130 190/190 300/300
GH 5041 SE DS 210/210 220/220 250/260 160/160 290/290 130/130 190/190 300/300
GH 4549 SW DS 230/230 210/210 250/250 140/140 290/290 140/140 200/200 300/300
GH 4541 SE DT 210/230 210/210 280/280 140/140 300/300 130/130 200/200 290/290
GH 2281 NE DT 220/220 200/200 260/260 150/150 280/280 140/140 190/190 280/280
GH 3708 NW DT 220/230 200/210 260/260 150/150 290/290 140/140 190/190 290/290
GH 2336 SW DT 220/230 200/210 280/300 150/150 290/290 130/130 200/200 290/290
GH 2275 NW DT 210/210 210/210 300/300 160/160 290/290 130/130 190/190 280/280
GH 5050 MB DS 210/210 190/190 260/260 140/140 280/280 140/140 200/200 290/290
GH 5345 MB DT 210/210 210/210 260/260 140/140 290/290 150/150 200/200 290/290
GH 5049 MB DT 220/220 210/210 280/280 150/150 290/290 140/140 200/200 280/280
GH 2313 NW DT 210/210 200/200 280/280 150/150 290/290 140/140 190/190 290/290
GH 4778 SW DS 210/210 200/200 260/260 140/140 300/300 150/150 200/200 290/290
GH 2342 NE DT 210/210 180/180 210/210 140/140 280/280 130/130 190/190 270/300
GH 5045 NE DT 210/210 220/220 230/230 150/150 290/290 130/130 190/190 280/280
GH 4526 NE DT 220/230 210/230 250/250 150/160 290/290 130/130 200/200 290/290
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Table 4.3 Continued
Accession# Source Drought Status VM22 VM 27

GH 4530 MB DS 210/210 207/210
GH 3685 MB DS 220/220 210/210
GH 4083 SE DT 220/220 210/210
GH 5043 SE DT 200/200 210/210
GH 3669 SW DT 210/210 220/220
GH 2315 NE DS 210/210 200/200
GH 4774 NW DS 200/200 210/210
GH 5039 NW DT 210/210 220/220
GH 2310 MB DT 210/210 220/220
GH 1608 MB DT 210/210 200/200
GH 2302 NE DT 190/190 210/210
GH 2329 MB DT 230/230 200/210
GH 3671 NW DT 230/230 210/210
GH 3675 MB DT 220/220 200/200
GH 6230 MB DT 220/220 210/210
GH 4024 MB DT 220/220 210/210
GH 3667 SE DS 210/210 210/210
GH 2334 MB DT 2201230 210/210
GH 5042 SE DT 230/230 210/210
GH 3683 SW DS 230/230 200/200
GH 5038 NW DT 210/210 200/200
GH 4025 MB DT 210/210 210/210
GH 3706 NE DT 220/220 210/210
GH 2316 SW DT 220/220 200/200
GH 3668 SE DT 220/220 210/210
GH 3687 SW DS 210/210 220/220
GH 6047 MB DS 220/220 210/210
GH 4528 SE DS 220/220 210/210
GH 4548 SE DT 230/230 210/210
GH 3679 SE DS 220/230 190/220
GH 4546 SW DT 220/220 210/210
GH 3703 NE DT 220/220 210/210
GH 2285 NW DT 220/220 210/210
GH 2321 NE DT 230/230 200/200
GH 3670 NW DT 220/220 200/200
GH 6046 MB DT 220/220 210/210
GH 6061 SW DS 220/220 210/220
GH 4765 NW DT 230/230 210/210
GH 3704 NW DT 220/220 190/190
GH 4535 MB DT 210/230 210/210
IT91K-118 IT NK 220/220 200/200
IT86D-716 IT NK 220/220 210/210

IT89KD-374 IT NK 220/220 210/210
IT85F-1380 IT NK 220/220 220/220
IT93K-699 IT NK 220/220 200/200
IT93K-596 IT NK 230/230 210/210

IT92KD-267 IT NK 220/220 210/210
IT93K-2309 IT NK 220/220 210/210
IT88D-643 IT NK 210/210 200/200
IT810-1228 IT NK 210/210 200/200

LE001 UK NK 230/230 180/180
LE 002 UK NK 240/240 210/210
LE003 UK NK 210/210 220/220
LE 004 UK NK 230/230 220/220
LE 005 UK NK 220/220 190/190

GH 1001 MB DT 220/220 230/230
GH 1002 NW DT 210/210 220/220
GH 1003 NW DT 230/230 210/210
GH 1004 NE DT 220/220 200/200
GH 1005 NE DT 220/220 210/210
GH 1006 MB DT 210/210 200/200

VM 28 VM 30 VM 37 VM 38 VM 40 VM 68
260/260 140/140 290/290 150/150 200/200 290/290
260/260 130/130 300/300 140/140 200/200 300/300
240/240 150/150 300/300 140/140 190/190 300/300
280/280 150/150 290/290 140/140 190/190 280/280
250/250 160/160 290/290 130/130 200/200 280/280
250/250 150/150 280/280 130/130 200/200 290/290
250/250 150/150 280/280 130/130 200/200 290/290
280/280 140/140 290/290 130/130 200/200 280/280
260/260 160/160 280/280 140/140 200/200 280/280
250/250 140/140 290/290 140/140 180/200 290/290
260/260 150/150 300/300 130/130 180/180 290/290
280/280 150/150 290/300 130/130 190/190 290/290
290/290 140/140 290/290 130/130 190/190 290/290
270/270 150/150 290/290 140/150 190/190 290/290
260/260 140/140 290/290 130/130 180/180 290/290
260/300 160/160 290/290 140/140 190/190 280/280
250/250 140/140 300/300 130/160 200/200 290/290
250/260 140/150 290/290 130/130 200/200 300/300
260/260 160/160 290/290 130/130 200/200 290/290
260/260 140/140 290/290 140/140 190/190 290/290
250/250 150/150 300/300 140/140 190/190 300/300
270/270 160/160 290/290 130/130 180/180 290/290
280/280 150/150 280/280 140/140 180/180 300/300
260/260 140/140 300/300 140/140 200/200 280/280
250/250 150/150 290/290 130/130 190/190 290/290
240/240 160/160 280/280 130/130 190/190 290/290
250/250 140/140 300/300 140/140 200/200 300/300
280/280 150/150 290/290 140/140 200/200 290/290
260/260 150/150 290/290 130/150 200/200 290/290
250/250 160/160 290/300 150/150 200/200 280/280
280/280 150/150 290/290 140/140 190/190 290/290
280/280 160/160 300/300 140/140 190/190 280/300
260/280 150/160 280/300 150/150 180/190 300/300
260/260 160/160 300/300 130/130 200/200 300/300
300/300 160/160 290/290 130/130 190/190 300/300
280/280 150/150 300/300 130/130 190/190 290/290
260/260 160/160 290/290 140/140 190/190 290/290
280/280 150/150 280/280 140/140 180/180 290/290
250/250 150/150 290/290 130/130 190/190 300/300
280/280 140/140 290/290 140/140 190/190 300/300
250/250 140/140 290/290 140/140 200/200 290/290
260/260 150/150 300/300 150/150 190/190 290/290
280/280 160/160 280/280 150/150 190/190 300/300
280/280 140/140 290/290 160/160 200/200 290/310
280/280 160/160 290/290 130/130 190/190 290/300
280/280 150/150 280/280 130/130 200/200 290/290
300/300 150/150 300/300 140/140 200/200 290/290
250/250 160/160 290/290 140/140 190/190 300/300
260/260 160/160 280/280 140/140 190/190 300/300
250/250 150/150 280/280 150/150 200/200 290/290
220/220 150/150 290/290 140/140 200/200 280/280
280/280 140/140 300/300 130/130 200/200 290/290
210/210 120/120 280/280 140/140 210/210 290/290
310/310 130/130 290/290 140/140 190/190 300/300
310/310 160/160 280/280 130/130 200/200 300/300
300/300 150/150 280/300 130/130 200/200 280/300
250/260 150/150 280/280 140/140 190/190 300/300
280/280 140/140 290/290 150/150 180/180 290/290
260/260 140/140 290/290 140/140 200/200 290/290
250/250 150/150 300/300 130/130 200/200 300/300
260/260 140/160 280/280 140/140 200/200 290/290

MB = Middle Belt; NE = North East; NW = North West; SE = South East; SW = South West; 
DT = Drought Tolerant; DS = Drought Susceptible; NK = Not Known; IT = I IT A, Nigeria; UK 
■ United Kingdom
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4.3. Results

The SSR, IRAP and REMAP protocols amplified DNA sequences from cowpea 

accessions with high reliability. Many primer pairs identified extensive 

polymorphisms between the accessions analyzed. Table 4.3 above shows the 

results of the polymorphic band scorings of 16 primers used for the study. The 

Ghanaian cowpea accessions were divided into five groups according to their 

location of collection or sampling, North-east (NE), North-west (NW), Middle-belt 

(MB), South-east (SE), and South-west (SW) (Table4.3). Analysis of the data 

generated from the scoring of the polymorphic bands as shown in Table 4.3 

indicated that a total of 101 alleles were amplified among 121 cowpea genotypes 

from sixteen SSR primers out of a total of thirty SSR primers. However, VM 

(3,4,5,6,8,11,12,13,14,23,25,33,34, and 71) were either monomorphic or failed to 

amplify any products and were therefore not considered for further analysis.

4.3.1 Polymorphisms of SSRs in cowpea accessions

Table 4.4 Summary of genetic information generated by sixteen SSR primers on 
121 accessions of cowpeas from Ghana, Nigeria and United Kingdom__________

SSR Allele Size No. of Allele Gene
Marker Range (bp) Alleles Freauencv Diversity PIC

VM 17 130-170 8 0.35 0.74 0.11 0.70
VM 19 240-260 7 0.57 0.59 0.07 0.53
VM 22 210-240 6 0.46 0.65 0.07 0.59
VM 26 290-320 4 0.45 0.64 0.07 0.57
VM 27 240-310 7 0.50 0.67 0.09 0.62
VM 28 210-310 11 0.34 0.77 0.11 0.74
VM 30 130-160 5 0.38 0.69 0.06 0.63
VM 31 170-240 8 0.45 0.71 0.12 0.67
VM 35 120-190 7 0.51 0.66 0.11 0.61
VM 36 130-200 8 0.39 0.69 0.14 0.63
VM 37 270-300 4 0.48 0.64 0.05 0.57
VM 38 130-160 4 0.43 0.63 0.05 0.56
VM 39 170-230 7 0.55 0.63 0.07 0.59
VM 40 180-210 4 0.47 0.60 0.03 0.53
VM 68 270-310 5 0.52 0.61 0.07 0.54
VM 70 260-310 6 0.51 0.64 0.06 0.59
MEAN 6.31 0.46 0.66 0.08 0.60

PIC = Polymorphic information content; H0= Observed Heterozygosity.
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The number of amplified alleles per primer varied from 4 for VM 26,37 and 38 to 

11 for VM 28, with a mean allele number per primer being 6.31 (Table 4.4). The 

allele frequencies for all the primers were generally below 0.95 indicating that 

they were all polymorphic in character. Gene diversity was high ranging from 

0.59 in VM 19 to 0.77 in VM 28. The discriminative power of each SSR primer 

was assessed by calculating polymorphic information contents. The PIC per 

primer ranged from 0.53 for VM 19 and 40 to 0.74 for VM 28, with an average of 

0.60. PIC values positively correlated (r = 0.65) with the number of amplified 

alleles per primer. The observed heterozygosity (Ho) calculated for each primer 

ranged from 0.03 to 0.14 with the mean being 0.08 (Table 4.2). The lowest H0 

value was recorded for VM 40 while the highest value was for VM 36. These low 

observed heterozygosity values were significant, since they tend to substantiate 

the homozygote nature of most of the accessions and the fact that cowpea is 

largely self pollinated. The sizes of amplified alleles ranged from 110 to 310 bp 

depending upon their respective expected product sizes as shown in Table 4.2 

and Figures 4.1 (A,B, and C), and except, for VM68 and VM70, was different from 

the reference (Table 4.4).

Figure 4.1 A, B and C: PCR am plification products of m icrosatellite prim ers, VM 36, VM 31 
and VM 35 respectively, on genom ic DNA of cowpea accessions.
Fig.4.1A: Polym orphism  patterns for VM 36
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L-Hyperladderl;1 -GH3665; 2-GH6048; 3-GH4767; 4-GH2289; 5GH4026; 6-GH3701; 7-GH2328; 8-GH2314; 9GH-
4773; 10-GH2326; 11-GH4532; 12-GH4770; 13-GH2338; 14-GH-3673; 15-GH2347; 16-GH2281;17-GH5046;18-
GH4527;19-GH4772;20-GH4532;21-GH3674;22-GH4770;23-GH5040;24-GH4529;25-GH4542;26-GH2338;27-
GH3673;28-GH3710;29-GH4534;30-GH3689;31-GH2284;32-GH4028;33-GH4769;34-GH2279;35-GH2306;36-
GH2332;37-GH6045;38-GH2347;39-GH5044;40-GH2337;41-GH3666;42-GH5344;43-GH2318;44-GH3711;45-
GH4027;46-GH5041;47-GH4549;48-GH2281;50-GH3708;51-GH2336;52-GH2275;53-GH58050;54-GH5345;IITA(1-10);
55-GH5049; 56-GH2313; 57-GH4778; 58-GH2342; 59-GH5045; 60-GH4526; 61-GH6230; 62-GH3685; 63-GH4083; 64-
GH5043; 65-GH3669; 66-GH2315; 67-GH4774; 68-GH5039;69-GH2310;70-GH1608;71-GH2302;72-GH2329;74-
GH3675;75-GH6230;76-GH4024;77-GH3667;78-GH2334;79-GH5042;80-GH3683;81-GH5038;82-GH4025;83-
GH3706;84-GH2316;85-GH3668;86-GH3687;87-GH6047;88-GH4528;89-GH4548;90-GH3679;91-GH4546;92-
GH3703;93-GH2285;94-GH2321;95-GH3670;96-6046;97-GH6061;98-GH4765;99-GH3704;100-
GH4535;T1;T2;T3;T4;T5.
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Fig4.1B: Polym orphism  patterns for VM 31

L-Hyperladder1 ;1 -GH3665;2-GH6048;3-GH4767;4-GH2289;5GH4026;6-GH3701 ;7-GH2328; 8-GH2314;
9GH-4773; 10-GH2326; 11-GH4532; 12-GH4770; 13-GH2338; 14-GH-3673; 15-GH2347;16-GH2281;17-
GH5046;18-GH4527;19-GH4772;20-GH4532;21-GH3674;22-GH4770;23-GH5040;24-GH4529;25-
GH4542;26-GH2338;27-GH3673;28-GH3710;29-GH4534;30-GH3689;31-GH2284;32-GH4028;33-
GH4769;34-GH2279;35-GH2306;36-GH2332;37-GH6045;38-GH2347;39-GH5044;40-GH2337;41-
GH3666;42-GH5344;43-GH2318;44-GH3711 ;45-GH4027;46-GH5041;47-GH4549;48-GH2281 ;50-
GH3708;51-GH2336;52-GH2275;53-GH58050;54-GH5345;IITA(1-10)

Fig4.1B: Polym orphism  patterns for VM 31

L-Hyperladderl;55-GH5049;56-GH2313;57-GH4778;58-GH2342;59-GH5045;60-GH4526;61GH6230; 62- 
GH3685; 63-GH4083; 64-GH5043; 65-GH3669; 66-GH2315; 67-GH4774; 68-GH5039; 69-GH2310; 70- 
GH1608;71-GH2302;72-GH2329;74-GH3675;75-GH6230;76-GH4024;77-GH3667;78-GH2334;79- 
GH5042;80-GH3683;81-GH5038;82-GH4025;83-GH3706;84-GH2316;85-GH3668;86-GH3687;87- 
GH6047;88-GH4528;89-GH4548;90-GH3679;91-GH4546;92-GH3703;93-GH2285;94-GH2321 ;95- 
GH3670;96-6046;97-GH6061 ;98-GH4765;99-GH3704;100-GH4535;T1 ;T2;T3;T4;T5
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Fig4.1C: Polym orphism  patterns for VM 35
L-Hyperladderl;1-GH3665; 2-GH6048; 3-GH4767; 4-GH2289; 5GH4026; 6-GH3701; 7-GH2328; 8-GH2314; 9GH-4773;
10-GH2326;11-GH4532; 12-GH4770; 13-GH2338; 14-GH-3673; 15-GH2347; 16-GH2281;17-GH5046;18-GH4527;19-
GH4772;20-GH4532;21-GH3674;22-GH4770;23-GH5040;24-GH4529;25-GH4542;26-GH2338;27-GH3673;28-
GH3710;29-GH4534;30-GH3689;31-GH2284;32-GH4028;33-GH4769;34-GH2279;35-GH2306;36-GH2332;37-
GH6045;38-GH2347;39-GH5044;40-GH2337;41-GH3666;42-GH5344;43-GH2318;44-GH3711;45-GH4027;46-
GH5041;47-GH4549;48-GH2281;50-GH3708;51-GH2336;52-GH2275;53-GH58050;54-GH5345;IITA(1-10); 55-GH5049;
56-GH2313; 57-GH4778; 58-GH2342; 59-GH5045; 60-GH4526; 61-GH6230; 62-GH3685; 63-GH4083; 64-GH5043; 65-
GH3669; 66-GH2315; 67-GH4774; 68-GH5039;69-GH2310;70-GH1608;71-GH2302;72-GH2329;74-GH3675;75-
GH6230;76-GH4024;77-GH3667;78-GH2334;79-GH5042;80-GH3683;81-GH5038;82-GH4025;83-GH3706;84-
GH2316;85-GH3668;86-GH3687;87-GH6047;88-GH4528;89-GH4548;90-GH3679;91-GH4546;92-GH3703;93-
GH2285;94-GH2321;95-GH3670;96-6046;97-GH6061;98-GH4765;99-GH3704;100-GH4535;T1;T2;T3;T4;T5

The SSR primers were able to distinguish all the 121 accessions used for the 

study. In fact, the four most polymorphic primer pairs (VM17, VM31, VM35 and 

VM36) could distinguish all lines. The scores of microsatellite alleles and 

calculated genetic distances were used to generate a dendrogram showing 

relationships between the accessions used for the study. Using PowerMarker 

software and frequency based distances after Nei and colleagues (1998), a 

UPGMA tree based on number of differences was obtained (Figure 4.3). The 

dendrogram generated generally agreed with the nature of the lines used for the 

study. The cowpea varieties acquired from Leicester, United Kingdom, were 

found to serve as out group together with other accessions from IITA, Nigeria. 

Within the 121 accessions used, there were no strongly significant groupings, 

indicating that the diversity represented by these SSR marker alleles was widely 

distributed both geographically and widely across the taxa. However, broad 

groupings, mostly with similarities in both locality and taxon, were evident in the 

trees, although these had low bootstrap support (data not shown).

125 University o f Leicester



Chapter Four

Figure 4.2 Polyacrylamide gel images of cowpea accessions using 
products of microsatellite primers, VM 35, VM 39, VM 28 and VM 40.

Polyacrylamide gel photographs of a cross-section of cowpea 
accessions used for the study amplified with VM35, VM39, VM28, 
and VM40 primer pairs.
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Fig.4.3. Phylogenetic relationship among 61 cowpea lines revealed by cluster analysis 
(UPGMA) based on genetic sim ilarity (Nei et al., 1998) using 16 m icrosatellite polym orphic  
prim ers.

♦ =  Drought Tolerant; A =  Drought Susceptible; ■  = Leicester Out group; ■  = IITA .

4.3.2. Polymorphisms in IRAP and REMAP in cowpea accessions.

Retrotransposons can potentially integrate in either orientation, enabling the 

finding of members of a retrotransposon family as head-to-head, head-to-tail and 

tail-to-tail. To increase the probability of finding bands, one can combine primers 

from both 5’ and 3’ LTR ends or combine LTR primers with SSR primers to 

amplify intervening genomic DNA. As expected, the IRAP analysis produced a 

high level of polymorphism. All the six IRAP primer combinations (Table 4.5a) 

generated multiple fragments of defined sizes from the genomic DNA of all the 

cowpea accessions (Fig.4.4A-D). On average, single Cicer and LTR primer

127 University of Leicester



Chapter Four

cowpea accessions (Fig.4.4A-D). On average, single Cicer and LTR primer 

yielded 8-14 polymorphic bands, with the highest and the smallest numbers of 

bands obtained with the combinations Cicer/Cicer (14 bands) and 3’ LTR/3’ LTR 

(8 bands), respectively (Table 4.5). The product sizes ranged from 100bp to 

about 2.5Kb as shown in Fig.4.3 (A-D).

Figure4.4A-D:

Polymorphism patterns from sixteen cowpea accessions generated by IRAP.
A. Primer combination Cicer ♦ Geer, B Primer combination Nikita ♦ LTR 6149;
C. Primer combination Nikita *  3*LTR; and D Primer combination Nikita *  Nikita

Table 4.5: Degree of polymorphism of the IRAP amplified PCR products 
within the Cowpea accessions______________________________________
Primer Combination Polymorphic Bands

Cicer + Cicer 14
Nikita + 3’ LTR 10
Nikita + LTR 6149 12
3’ LTR + 3’ LTR 8
Nikita + Nikita 12
3’ LTR + LTR 6149 10
Total No. of Polymorphic bands 66

Mean 11.0
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The REMAP analysis was performed with 8 primer combinations, generating 

multiple fragments of defined sizes from the genomic DNA of all cowpea 

accessions. A total of 114 highly polymorphic bands were obtained (Table 4.6) 

which were highly reproducible. The primer combinations that amplified the 

highest and lowest number of bands were Cicer/BT-CTG (18 bands) and TY- 

2R/BT-CTG (10 bands), respectively. The product sizes ranged from 100bp to 

about 3.5kb as shown in Fig.4.5 (A-D).
Figures 4.4A-D: Polymorphism patterns from slxtoon cowpea accessions generated by REMAP.

A. Primer combination Cicer + BT-GAC; B. Primer combination Cicer + BT-CTG; C. Primer combination TY-2R + 

BT- GAC; and D. Primer combination TY-2R + BT-CTG. The arrowed represents the unique bands identified for 

future analysis.

Table 4.6: Degree of polymorphism of the REMAP amplified PCR products 
within the Cowpea accessions__________________________________

Primer Combination Polymorphic Bands

Cicer + BT-GAC 16
Cicer + BT-CTG 18
Cicer + Musa Ty2R 14
Nikita + BT-GAC 14
Nikita + BT-CTG 16
Musa Ty2R + BT-GAC 10
Nikita + Musa Ty2R 12
Cicer + VM 35 14
Total No. of Polymorphic bands 114

Mean 14.25
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Amplification products for both IRAP and REMAP were scored independently as 

1 and 0 for presence and absence of bands, respectively, and the obtained 

binary data were used for the analysis. The genetic similarity between individual 

pairs of genotypes was analysed by using the MEGA version 4 (Tamura, Dudley, 

Nei, and Kumar 2007). The average similarity for all genotype pairs was used as 

a cut-off value for defining the clusters. The statistical stability of the clusters was 

also estimated by a bootstrap analysis with 1000 replications, using the MEGA 

version 4 (Tamura, Dudley, Nei, and Kumar 2007). The phylogenetic analyses of 

IRAP and REMAP techniques separated the Leicester cowpea out-group from 

the accessions from Ghana and Nigeria generally. However not all the 121 

cowpea germplasm accessions used for the study were included in the 

phylogenetic tree, but the results obtained reflected the trend and diversity 

patterns in the SSR analysis.

■  GH2310
♦  ITT93K
■  GH2329
■  GH4526
▲ GH5345
■  GH2275
▲ GH4778
▲ GH3675
■  GH2334
■  GH3706
♦  ITT91K
♦  ITT86D

- ■  GH2336 
i ♦  ITT88D 
' ♦  LEI004

— ♦  LEI005

—I 
0.0

Figure 4.6: Phylogenetic model of the IRAP data based on six prim er com binations for 16

cowpea accessions using UPGMA clustering method. |  = Drought Tolerant; A  = Drought

Susceptible; ♦  = IITA and Leicester out-groups. The percentage values for groups 
represent 1000 bootstrap cycles.
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99
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4.4. Discussion
Microsatellite markers have shown high level of polymorphism in many important 

crops including rice (Oryza sativa L., Chen et al., 1997), wheat (Triticum 

aesfivum L., Devos et al., 1995; Roder et al., 1995), barley (Hordeum vulgare L., 

Liu et al., 1996), oat (Avena sativa L., Li et al., 2000), maize (Zea mays L., Senior 

et al., 1998), sorghum [Sorghum bicolor (L.) Moench, Brown et al., 1996], 

soybean [Glycine max (L.) Merr., Akkaya et al., 1992], beans (Phaseolus and 

Vigna, Yu et al., 1999), Brassica (Szewc-McFadden et al., 1996), alfalfa 

(Medicago spp., Diwan et al., 1997), sun-flower (Helianthus annuus L., Brunei, 

1994), and tomato (Lycopersicon esculentum Mill., Smulders et al., 1997). The 

study in this chapter showed that microsatellite markers were also highly 

polymorphic in cowpea. They could distinguish cowpea accessions used in the 

study to a large extent. Twenty two out of the thirty microsatellite primer pairs of 

cowpea used in the study could successfully amplify DNA from all the cowpea 

accessions and 16 of these primer pairs were polymorphic. Therefore, 

microsatellite markers of cowpea can be used in germplasm conservation and 

analysis, not only for breeding lines and cultivars but also for the wild cowpea 

species and other Vigna species. In addition, these microsatellite primers could 

be used for comparative genome analysis between the different Vigna species.

SSRs are highly polymorphic and useful genetic markers that have been used in 

genetic similarity studies in crops like maize (Smith et al., 1997), sorghum 

(Uptmoor et al., 2003; Menz et al., 2002) and bambara groundnut (Basu et al., 

2007). The results of these studies showed that SSRs have great potential for 

discriminating among different cultivars of the crops. Polymorphic information 

content (PIC), a measure of the discriminatory ability of a locus, has been found 

to be comparable between SSRs and RFLPs (Smith et al., 1997) or AFLPs 

(Menz et al., 2002). The mean PIC and mean number of alleles per locus for this 

study were 0.60 and 6.3 respectively, which compares favorably with results 

obtained from another studies by Tams and colleagues (2004), where a study of 

128 accessions of Triticale with 28 SSR markers gave a PIC of 0.54 and
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identified an average of 6.8 alleles per primer pair. Saeidi et al (2006), in a study 

of 57 Iranian Aegilops tauschii accessions with 9 SSRs found a PIC average of 

0.66, and an average of 7.3 alleles per primer pair. The observed heterozygosity 

(Ho) calculated for the 16 primer pairs ranged from 0.03 to 0.14 with the mean 

being 0.08. The cowpea crop is known to be generally a self pollinated plant and 

therefore these results are indicative of this fact. It also indicates that the 

accessions used were mostly homozygote in nature.

Microsatellite markers have been used to investigate genetic diversity of a large 

number of cultivars in rice (Yang et al., 1994), soybean (Rongwen et al., 1995), 

wheat (Plaschke et al., 1995), and maize (Senior et al., 1998).The number of 

alleles amplified per primer pair was from 3 to 25 for rice, 11 to 26 for soybean, 3 

to 16 for wheat, and 2 to 23 for maize. In the present study, only 4 to 11 alleles 

per primer pair were amplified from the 121 cowpea lines. Thus the level of 

microsatellite polymorphism in cowpea, although relatively high, is much lower 

than other crops. One possible reason is that the materials used in the present 

study were mostly from the Ghanaian open market and farmers and thus had a 

relatively narrow genetic base. Another possible reason for the low level of 

microsatellite polymorphism is that the cultivated cowpea is relatively low in 

genetic diversity compared with other crops. Genetic diversity of cultivated 

cowpea and its wild species have been extensively investigated by means of 

isozyme markers (Panella and Gepts, 1992; Pasquet, 1993, 1999; Vaillancourt et 

(Doebley, 1989), especially legume crops (Pasquet, al., 1999). It has been 

suggested that cowpea was only domesticated once (Pasquet, 1999), unlike P. 

vulgaris (Singh et al., 1997) or rice (Sweeney and McCouch, 2007). The low 

genetic diversity in cultivated cowpea may be a result of this narrow genetic 

base. The low level of genetic diversity at the DNA level among cowpea breeding 

lines and cultivars could be increased by using its wild relatives to broaden the 

genetic base. Studies by Xu et al., 1998 in Azuki bean had demonstrated that 

genetic diversity was low and less within the cultigens as compared to their wild 

relatives, where the genetic diversity was high. The current SSR study has
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demonstrated that microsatellite markers are conserved among Vigna species. 

Hence microsatellite markers can provide a simple approach to assaying the 

introduction of such genetic material.

The results of this study clearly support the fact that I RAP and REMAP 

techniques have the ability to detect high levels of polymorphism without the 

need of DNA digestion, ligations, or probe hybridization to generate marker data. 

The degree of polymorphism of the I RAP and REMAP products in cowpea was 

high (Table 4.5 and Table 4.6) which are similar to that observed in sixteen 

species of barley (Kalender et al., 1999), and rice (Boyko et al., 2005). 

Retrotransposons can potentially integrate in either orientation, enabling the 

finding of members of a retrotransposon family as head-to-head, head-to-tail and 

tail-to-tail (Fig.4.1). Table 4.5 shows that all the primer combinations gave quite a 

high degree of polymorphism with the least from the 3’ LTR/3’ LTR combination 

whose orientation was tail-to-tail. This may probably suggest that the integration 

level of copia-retrotrasposons in tail-to-tail orientation in cowpea is lower than the 

other two orientations (head-to-tail and head-to-head), but needs further analysis 

using other combinations of primers. Although retrotransposon markers have 

previously been applied in the study of cereals and grasses (Boyko et al., 2005; 

Kalender et al., 1999; Kalender et al., 2000; Manninen et al., 2000) as well as in 

monocots like banana (Teo et al., 2005), the work reported here is the first 

application of both the I RAP and REMAP techniques on the Ghanaian cowpeas 

which are dicots.

The results of the cluster analysis of cowpea accessions in both the SSR and 

IRAP techniques (Fig. 4.3 and Fig. 4.6) indicated that the marker selection used 

was efficient in identifying the genetic variability within the collection. In the 

microsatellite phylogenetic tree (Fig. 4.3), sixteen Ghanaian accessions were 

observed to have clustered below a branch point at the lower part of the tree and 

all these accessions have been determined to be drought tolerant. Above this 

group of clusters are eleven drought susceptible and eighteen drought tolerant 

Ghanaian accessions. Although the bootstrap values for these branch points
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were low and not conventionally significant (results not shown), the results of the 

cluster analysis is notable in showing that a group of accessions defined by 

several branch points are all drought tolerant, while other accessions include a 

mixture of susceptible and tolerant genotypes. Within the top half of the tree both 

tolerant and susceptible lines were observed but there was little structure evident 

as some of the most closely related pairs of accessions included both susceptible 

and drought tolerant lines.

Similarly, the phylogenetic model of the IRAP data based on six primer 

combinations for 16 cowpea accessions (Fig. 4.6) showed interesting clustering 

results, indicating very low genetic distances between the groups and non 

significant bootstrap values. Both the SSR phylogenetic tree and the IRAP tree 

could cluster most of the Leicester lines as the out-group and therefore were 

different from the African lines, however, the Leicester lines in both situations did 

not represent much diversity. The question that arises from the results of this 

study is “Can parental material for breeding for drought tolerance, selected based 

on the results of the analysis?” Ideally, if the susceptible lines had clustered 

together at the bottom part of the trees, the answer to the question would have 

been a definitive ‘yes’. The results obtained with the use of IRAP and REMAP 

techniques has proven to be as reliable molecular markers as AFLPs, but they 

have also shown additional information indicating their great potential use in 

genome assessments for fingerprinting, mapping and diversity studies.

4.5 Conclusions
• The use of microsatellite markers (SSRs) and retrotransposon-based

markers like IRAP and REMAP were found to be highly polymorphic and 

informative, suggesting that genomic fingerprinting has a major role in 

characterizing populations. The ubiquitous presence of LTR 

retrotransposons in plant genomes further suggests their usefulness either 

isolated or in combination.
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Diversity in the 106 Ghanaian cowpea accessions, which spanned the 

country from the dry sub-Saharan north to the wet central and coastal 

areas, were unique, substantially different from the UK sources and some 

of the Nigerian lines. The results indicated that there is much unexplored 

diversity for future varietal improvement.

No significant correlation was observed in the results between the 

geographic origin of the accessions generally and their drought status, 

though markers used were able to classify lines and showed diversity not 

previously reported.

The multi-locus PCR-based markers have potential to be effective tool for 

diversity analysis in cowpea, which may be useful in identifying promising 

candidates for interspecific hybridization programmes and marker assisted 

selection (MAS).
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CHAPTER FIVE 

5.0. Cloning and characterization of candidate gene 
fragments for drought tolerance in cowpea.

5.1. Introduction
Research into the plant responses to water stress is becoming increasingly 

important, as most climate-change scenarios suggest aridity in many areas of the 

globe (Phelps et al., 2002), and irrigation is recognized as a non-sustainable 

solution to plant water needs. On a global basis, drought in conjunction with 

coincident high temperature and radiation, poses the most important 

environmental constraints to plant survival and to crop productivity or range 

where a crop can be grown. Agriculture is a major user of water resources in 

many regions of the world. With increasing aridity and a growing population, 

water will become an even scarcer commodity in the near future. Even though in 

viable agriculture severe water deficits will be rare but catastrophic event 

(Passioura, 2002), a better understanding of the effects of drought on plants is 

vital for improved management practices and breeding efforts in agriculture and 

for predicting the fate of natural vegetation under climate change. Rainfed or 

sustainable agriculture, marginal land where irrigation is impossible due to other 

demands on limited water availability, as well as salinitization of irrigated lands 

are major problems to be addressed.

Plants respond to environmental stresses by initiating a number of physiological 

and developmental changes. Drought is one of the most severe environmental 

stresses that plants encounter and it affects almost all plant functions, including 

photosynthesis, growth, and development. Several genes have been described 

that respond to dehydration at the transcriptional level in a variety of plant 

species (Shinozaki et al., 2003). Analysis of these genes has indicated that their 

products might function cooperatively to protect cells from dehydration (Bray
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1993, Bartels and Nelson 1994, Bohnert et al. 1995, Shinozaki and Yamaguchi- 

Shinozaki 1996). The gene products are thought to function in the control of 

water potential; the accumulation of osmoprotectants, such as sugars, proline 

and betaine; protein turnover; the protection of macromolecules; signaling 

pathways; transcriptional control, and so on (Bray 1993, Bohnert et al. 1995, 

Shinozaki and Yamaguchi- Shinozaki 1996). The existence of complicated 

mechanisms of drought tolerance in plants is indicated from the results of 

analysis of the functions of the various gene products.

Abscisic acid (ABA) plays an important role in the responses of plants to drought 

stress. Many drought-inducible genes are also induced by the application of 

exogenous ABA (Qin and Zeevaart, 1999; Bray, 1997). It appears that drought 

stress triggers the production of endogenous ABA, which, in turn, induces the 

transcription of several genes. Many genes that respond to ABA are also 

expressed at the late stages of embryogenesis during the development of seeds, 

and that are thought to function in the protection of cells from dehydration 

(Aasamaa et al., 2001). The expression of ABA-inducible genes has been 

analyzed extensively, and c/s- and trans-acting factors involved in ABA-inducible 

gene expression have been reported (Bray, 2002a; Luchi et al., 2001). There are, 

however, several genes that are induced by dehydration but not by exogenous 

ABA (Bray, 1997; Shinozaki and Yamaguchi-Shinozaki 1996). Analysis of these 

genes has revealed that ABA-independent, as well as ABA-dependent; signal- 

transduction cascades operate between the initial signal of drought stress and 

the expression of specific genes. The ABA-independent expression of drought- 

inducible genes has been analyzed extensively and multiple signal-transduction 

cascades have been proposed between the initial signal of drought stress and 

the expression of the genes (Bray 1997; Shinozaki and Yamaguchi-Shinozaki, 

1996; Shinozaki et al., 2003).

Drought-inducible genes have also been analyzed in the past in the resurrection 

plant Craterostigma plantagineum (Bartels and Nelson 1994) and in the model
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plant Arabidopsis thaliana (Shinozaki et al., 2003). By contrast, drought-inducible 

genes in drought tolerant crops have not been studied. It is obviously important 

to analyze drought-inducible genes and their expression in drought-tolerant crops 

if we are to understand the molecular mechanisms of drought tolerance for 

development of technologies for the molecular breeding of drought-tolerant 

crops. Outside maize (Xia et al., 2004), compared to disease resistances and 

yield characteristics, there has been rather less work on germplasm diversity with 

respect to drought responses, not least because the experiments are hard to 

control, replicate, evaluate and analyze.

At present, hundreds of genes that are induced under drought have been 

identified, and a range of tools (gene expression patterns, transgenic plants, and 

so on) is being used to study their specific function and role in plant acclimation 

or adaptation to water deficits, particularly in the model species including rice and 

Arabidopsis. However, because plant responses to stress are complex, the 

functions of many of these genes are still unknown (Cushman and Bohnert, 

2000; Bray, 2002b). Not all stress-responsive genes are involved in cellular 

adaptive processes; some of them are simply involved in short-term deleterious 

responses. Many of the traits that explain plant adaptation to drought are those 

determining plant development and shape, such as phenology, the size and 

depth of root system, xylem properties or storage reserves. Responses may 

differ depending on whether drought is chronic (present throughout the life of the 

plant), acute (starting suddenly), and whether a normal or exceptional climatic 

characteristic (e.g. end of rainy season) is encountered. The question being 

asked in this study is “are these traits constitutive or stress-induced?”

Cowpea is a leguminous crop that is widely grown in semi-arid regions of the 

tropics because of its tolerance to drought and its superiority as a source of 

protein (Singh et al. 2002). Cowpea is also well adapted to a wide range of 
growth conditions. Moreover, many cultivars have been selected by farmers and 

plant breeders for specific environments with different levels of tolerance to
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drought. The ability of cowpea to tolerate severe drought conditions makes it 

ideal for the study of molecular mechanisms of drought tolerance in crops. 

However, the reports on drought-inducible genes in cowpea are limited. In order 

to analyze the responses to dehydration stress of such a drought-tolerant plant at 

the molecular level, Luchi et al (1996) isolated 24 cDNA clones that 

corresponded to dehydration-induced genes from cowpea by a differential 

screening method. The cDNA clones were classified into ten groups and 

collectively named CPRD (Cowpea clones Responsive to Dehydration). The 

cloning and initial characterization of these 10 CPRD cDNAs and the expression 

of the 10 corresponding CPRD genes in response to dehydration and rehydration 

were subsequently reported.

My main aim of the study in this chapter is to gain a better insight of the 

molecular mechanisms of drought tolerance in certain Ghanaian cowpea 

accessions using the drought inducible CPRD family of genes as a basis for 

cloning, sequencing and comparative analysis of the genomic DNA of these 

lines.

The objectives of the study were to:

• Ascertain whether primers designed from sequences of drought inducible 

CPRD genes would amplify genomic DNA of unstressed cowpeas using 

simple PCR technique.

• Determine the genomic organization of CPRD gene fragments, allelic 

differences and how they correlate with drought tolerance.

• Find out whether the genes and their linked QTLs to drought tolerance are 

constitutive or adaptive in nature.
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5.2. Materials and methods 

5.2.1. Genetic material and DNA extraction protocol
Ten cowpea (Vigna unguiculata) accessions (six were drought tolerant lines and

two were drought susceptible lines from Ghana, the drought status of the other 

two lines from Nigeria and UK not determined) selected randomly from the one 

hundred and twenty one cowpea lines were used for the study. Eight of the lines 

were from Ghana and one line each from Nigeria and United Kingdom. Genomic 

DNA was extracted from fresh leaves using the CTAB method as described in 

chapter two, section 2.3.

5.2.2. Primers designed from candidate genes
The list of candidate genes published by Luchi et al. (1996) for novel drought- 

inducible genes in drought-tolerant cowpea was used as the core in selecting 

potential candidate genes for amplification from genomic DNA. Specific primers 

were designed to facilitate the cloning and characterization of the candidate gene 

sequences and introns using Primer3 software programme aiming to generate 

the appropriate lengths of amplicons (http://www.frodo.wi. mit.edu/cqi- 

bin/primer3.html). Sequences of mRNA for the CPRD family were obtained from 

the GenBank and EMBL database. Specific primer sets were designed 

considering certain important factors enumerated in chapter 2 (section 2.3.2). 

Table 5.1 gives the source, type of gene and the size of the mRNA sequences 

used for the primer design for the study. From the sources of the sequences for 

the candidate genes (Table 5.1), 11 primer pairs were designed depending on 

the size of the coding sites of the gene. The primer sets designed are shown in 

Table 5.2, and the full length of the sequences with their respective primers has 

been displayed in Table 5.3.
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Table5.1. Candidate Genes for Drought Tolerance from CPRD family

Accession Gene Size CDS

D83970 CPRD 8 1515 bp 16...1170

AB030295 CpABA 2349 bp 185..2023

D88122 CPRD 46 4015 bp 71...2770

AF159804 Dhn 1 1149 bp 31...810

D88121 CPRD 12 1064 bp 76... 879

D83971 CPRD 14 1227 bp 42...1019

D83972 CPRD 22 1129 bp 46...816

AB030294 CPRD 86 515 bp 1 ....246

5.2.3. PCR reaction, cloning and sequencing
The general PCR amplification reactions for the genomic DNA of the selected 

cowpea lines, using the primers designed and their respective annealing 

temperatures as shown in Table 5.2 were performed as already stated in chapter 

two, section 2.4.3. The PCR products confirming the expected product size of the 

primer being used were excised from the agarose gel and the DNA eluted using 

MinElute gel extraction kit (Cat. No. 28606; QIAGEN).

The eluted PCR product was ligated using the Promega pGEM-T easy vector 

and transformed into competent bacterial cells as described in section 2.7.3 of 

chapter two. The clones which were verified to have the DNA insert of interest as 

described in section 2.7.4 were sequenced commercially at John Innes Centre 

(JIC), at Norwich, United Kingdom, using M13 forward and reverse primers 

according to the requirements of the ABI 3700 capillary sequencing system.
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Table5.2. List of Primer sets with their sequences and their respective 
expected product sizes and annealing temperature.___________________

PRIMER SEQUENCE ANNEALING TEMP. & 
Product Size

CPRD22(a) 5’ TCGCAAGATCGACGAGTATG 3’ 
5’ TGAAGCACCCTGCTCTACAA 3’

55°C
Exp. Prod. Size -997bp

CPRD22(b) 5’ GCAGACACCCGTAGACAACA 3’ 
5’ ACAACTGAAGCACCCTGCTC 3’

55°C
Exp. Prod. Size -851 bp

CPRD86 5’ AGCATCATGGTGAGCACAAG 3’ 
5’ CACACCAACCAAACCACAGA 3’

57°C
Exp. Prod. Size -508bp

CPRD14 5’ TTGCTTCCTGGGTCGTTAAG 3’ 
5’ ATTCAAGCCCCAAGCTCTTT 3’

55°C
Exp. Prod. Size -855bp

CPRD12 5’ TCACTCATGGCAAATGGTTC 3’ 
5’ GTCGGAAGCTACGGTTTCTG 3’

55°C
Exp. Prod. Size -889bp

Dhn1 5’ GTGGTCTTGGGGATGACACT 3’ 
5’ ACAACTGAAGCACCCTGCTC 3’

60°C
Exp. Prod. Size -909bp

CPRD46(a) 5’ GCTGAGCTTGATCCCAAGAC 3’ 
5’ CCAAATTCTTCGTCCCTCAA 3’

55°C
Exp. Prod. Size -881 bp

CPRD46(b) 5’ AGCGGGTCTTAACCCTTGTT 3’ 
5’ ACGGTTCATCCTTTTTGTCG 3’

57°C
Exp. Prod. Size -947bp

CpABA(a) 5’ GCAGAGGAGGAAAGTGATGC 3’ 
5’ ATCCCCAAGCAAAGTCACAC 3’

55°C
Exp. Prod. Size -982bp

CpABA(b) 5’ AGAACCTCCTGGTGGTGTTG 3’ 
5’ TGCCATGTTCACTCCGTAAA 3’

55°C
Exp. Prod. Size -884bp

CPRD8 5’ GACGAAAGAGCAGGTGGAAG 3’ 
5’ GGATGCTACACCGTTCGATT 3’

60°C
Exp. Prod. Size -915bp
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Table5.3. Nucleotide sequences of the candidate genes used for the analysis showing the
various prim er pairs (in colour and underlined) designed from  the sequences._________________
>CPRD8
CCTAACACCACCACAATGGTCACCGCCACCGCCACCGCCGCCGCCACCGCTCCTTCTCACCAGGCAATTCCTCTTCTCACTCCCTACAAGAT
GGGCAAATTCAATCTCTCTCACAGAGTTGTCTTGGCACCGCTCTCCAGAGAGAGGTCCTACAACAACGTTCCGCAACCCCACGCCGTCGTCT
ATTATTCTCAGCGAACCTCCAACGGTGGCCTTCTCATCGCCGAAGCTACCGGAGTTTCCGACACCGCTCAAGGGTACCCCAACACGCCTGG
CATATGGACGAAAGAGCAGGTGGAAGCATGGAAACCCATCGTCGATGCCGTTCATGCCAAAGGCGGTATCTTCTTTTGCCAGATTTGGCAT
GTAGGAAGGGTTTCAGATTCAAGTTATCAGCCGAATGGGCAAGCACCCATTTCTTCTACCGACAAGCCACTGCCACCAACGCCTCGAGCTAA
CGGCCTTGGATATATCGAACACACGCCACCACGGCGCCTAACGACCGAAGAACTTCCTGGTATCGTCAATGACTTCAGAATTGCTGCAAGGA
ATGCC AT CG AAGCT GGTTTT GAT GGGGTT GAGGT CC AT GGGGC AC AT GGGT ACCT ACTT GAT C AATTTTT GAAAGACCAGGCT AAT G AC AGA
ACAGATCAATACGGTGGATCCCTCGAGAACCGGTGCAGACTTCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCTGATAGAG
TT GGAATT AGGTTAT C ACCTTTT GC AGACTTT AACG ATT GT GGT G ACT C AAAT CCCCT GC AACT GGGGCTTT AC AT GGT CAAT GC ACT C AAT AA
GTATAACATTCTCTACTGTCACATGGTGGAACCCAGAATGGGAAGTGTTGGAGGTCCAGATGAAAACCTGACGCCAATGAGAAAGGTCTTCA
ATGGCACTTTTATAGTTGCCGGAGGTTATGACCGGGAAGATGGGATCAAAGCCATTGCTGAAGACAGGGCTGATCTTGTTGCCTATGGCCGT
TTGTTCTTGGCCAATCCAGATTTGCCAAAGAGATTTGCTCTCAATGCTCCTCTCAACCAGTATAATCGCAAGACATTCTACCACGAGGATCCT
GATCCGCTTGTTGGGTACATCGATTATCCGTTTCTTGATGAAGAATCGAACGGTGTAGCATCC

>CPRD22 (Two primer pairs, CPRD22(a); CPRD22(b))
CAAAAGTTCTTAAAATCACAACCTATCACAACAACAAGAACAACCATGGCAAGTTACCAGAAGCAGTACGAGGATCAGGGTCGCAAGATCGA
CGAGTATGGCAACGTTGTACAGGAAACTGATGAATATGGCAACCCGGTTCATGCAGCAAGTGTCACCTACATAACCTCCACCACCGGTGGTC
TTGGGGATGACTCTAACAAGCAACATGATACCAGTAATGTCTACGGTGCAGACACCCGTAGACAACACGGAACTATAGGTGACACCGGTAGA
CAGCACGGAACTACCGGTGGTTTTACTGGTGACACCGGTAGACAATATGGCACTACCGGAGGTTTTACCGGTGACACCGGGAGACAACATG
GGACTACCGGTGGGTTTACCGGTGACACCGGGAGACAACATGGGACTACCGGTGGTTTTACCGGTGACACTGGGAGACAACATGGGACTA
CCGGTGGGTTTACCGGTGACACTGGGAGACAACATGGGACTACCGGCGGCTTTACTGGTGGTGACACTGGTCTGGGAGGCCCTTACGTTG
GAGCCAACACCGCTGATACAGGGACTGGTCCTAGAAGTGGAACCACAGGTGGCAGCGCCTATGGATCGGGTGGCGCTGGTGGTGGTTATG
GAAGTGGAGCTGGAGCTGGTGGAGCTGGGTATGGTATGAACACAGGGGGAGCACACAGTGATGAAAGGTATGGAAGGGAGTATCGTGAGC
ATGATCAGTCTCGTGGAGATCATGACAAGAAAGGGATAGTGGACAAGATTAAGGAGAAGCTTCCCGGAGGACACAGTGACAACAAGTAGAG
ACATCATGGGTGTGCATGCATGCGTATATATACATAGTATAATTAAAGATGTTATATTGTTGTGTTTTTGAATAAGTTTGCTGCATATATACGTA
CTCGTACAGTACTGTCTTGTCGTGTAAATGTGGTGGATCTTGTATATGGTTATAGTGTATGCAAGAGGAATAAAAGGTGCATGCATGCAAGGG
AAACAAAGAAGGCATAGATGTTCTGCCAATGGATATGTAAAACCTACCCTGTTGTAGAGCAGGGTGCTTCAGTTGTGTGTTTTGAATTTTTCA
AT G AAGC AACTTTTT CTTT CAAAAAAAAAA

>CPRD86
GGCACGAGCCAT GGTGAACACAGT GAGT ACAAAGGAGAGC ATC ATGGTG AGC AC AAGGGT GAAT ACAAAGGGGAGCACAAACCCGAGCAC 
CATGGAGAAGAGCACAAAGAAGGGTTCGTAGAGAAGATCAAGGACAAGCTCCACGGTGAAGGTGGTGAGGGCGAGAAGAAGAAGAAGAAG 
GAGAAGAAGAAGAAACATGAAGATGGCCATGGCCATGACAGCAGCAGCAGCAGTGACAGTGATTAGATATCACTGCTGCATCACCTATATAT 
ATTT ATATATGTT AAGCT AAGGT GTATGT GACC AG AGTAGT GAGGGCT GT G ACTT CTTTT CTT GCTTTCTT GT GAT CT GAATTT AT GAGT G AAA 
AAAAAAGTGAGAGAAAATTGTGGTTGGTCATTTCTGTGGTTTGGTTGGTGTGTAATTAACCCCACTGCTTTGGTTGTATATTATCATTATGAAA 
T AAAAATTTT AATT AT C AGTTTTAGT ATT AAAAAAAAAAAAAAAAAAAAAAAAAA

>CPRD14
CAGAGTATCAGCTCAAAGCAGAACAAACAACATAATCCAGAATGAGCACCGGCGCCGGACAAGTAGTGTGTGTTACCGGAGCTTCCGGTTA
CATTGCTTCCTGGGTCGTTAAGTTTCTTCTCGAACGCGGCTACACCGTGAAGGCCACCGTTCGCGACACAAGTGATCCCAAAAAGGTAGATC
ACTT GCTTAGCCTCG AT GGTGCT AAGG AAAGGCT GC ATCT CGT C AAGGCGAAT CTT CT AG AAG AAGGTTCCTTT GACT CTGCC GTT G AAGGT
TGTCACGCTGTGTTCCACACTGCTTCTCCCTTTTTCGACGATGCCAAGGACCCGCAGACTGAGTTGTTGGATCCAGCTTTGAAGGGGACTCT
GAATGTTCTGAAATCGTGCGTGAACTCGCCCACGCTGAAGCGCGTGGTTGTCACTTCTTCTATTGCTGCAGTTTCGTTCAACGACAGGCCCA
AAAACCCTGATGTAGTGGTTGACGAGACTTGGTATTCCGACCCAGAATACTGTAAGAGAAATGGGATATGGTATAACCTCTCAAAGACTTTGG
CCGAAGATGCTGCCTGGAAATTTGCGAAAGAAAACAATATTGACTTGGTTACAGCCAACCCTGCATTGGTTGTTGGACCTCTCTTGCAACCAG
TTCTTAACACTAGTTCTGCAGCAGTTTTAAATTTAATTAATGGTTCGCCAACATTTAAAAATGTGACTTTGGGATGGGTGGACGTGAGAGATGT
T GC AATT GCCC AT GTTCTGGC ATAT GAG AAT GCTT CAGCT AAT GG AAG AT ATTTACTAGTT G AG AGAGTGGC AC ACTT CGG AGACGTT GT G AA
GATTTTGCATGATTTGTACCCAACATTGCAACTTCCACAGAAGTGTGTAGATGATAGGCCATATGATCCAATATTCCAGGTTTCCAAGGAAAAA
GCAAAGAGCTTGGGGCTTGAATTTACTCCTTTGGAAGTGAGCATCAAGGATACTGTTGAAAGCTTGAAGGAAAAGGGTTTTATCAAATTTTAA
GTTGTTACCCTTTCTTGAAAGAAACCTTCTTTAGTTCTACACTTGGTTTCTTATGTTCATGCTTATGTACAATAAGACTTATATCAGAACTGCTA
AGTACTGAAATAAGTTACTCTTATTGTGTGGTTTGTAAGAGTTTGCATTAAAGACTGTATCCTTGTTATATTATTATGGATTGTTATATTATTATG
GATTAAAAAAAAAAAAA

>CPRD46b
TT AAGGAC AG AGG AG AAG AC ATT CTCCGTTT CG AG ATT CCCGC AAC AATGG AC AAGG ATAG ATT CTT CT G GTTG  AG G G  ACG  A A G  AA TTTG G  A
AGACAAACTCTAGCGGGTCTTAACCCTTGTTGCATCCAGTTGGTCACGGAATGGCCATTGAAAAGCAATCTTGACCCTGCAATTTATGGCCC
TGCGGAATCAGCCATCACCACTGAACTTGTTGAGCAGGAAATCAGAGGATTCCTTACAGTCGAAGAGGCCATAAAACAGAAGAGACTGTTCG
TCTTGGACTACCACGATTTGTTATTGCCATTAGTGGAGGAGGTGAGAAAAATAGAAGGCACAACGCTATACGGATCGAGGGCATTGTTCTTC
CTAACCCGCGACGGCACTTTGAGACCACTGGCCATTGAGCTGGTTCGGCCACCAATCGACGGAAAGCCTCAGTGGAAGAAAGTCTTCGCAC
CCACCTGGCACTCAACCGGTGTCTGGCTATGGCGGCTCGCCAAAATCCATGTCCTCGCTCACGACACCGGTTACCACCAACTCGTGAGTCA
CTGGCTAAGAACTCATTGTGCAACAGAGCCATACATTATAGCAGCAAACCGGCAACTGAGTGCAATGCACCCGATCTACAGATTACTGCATC
CGCATTTCCGTTACACGATGGAGATCAACGCGCTTGCTCGAGAGTCTTTGATAAACGCCGGCGGAATAATAGAGCAGTGTTTTACTCCGCAG
AAACACTCCGTTCTGCTAAGCTCAATCGCCTATGACAAACACTGGCGATTTGATCTCCAATCCCTCCCCAAGGACCTCATCCACAGGGGCTT
GGCCGTGGAGGACCCCACCGCCCCTCACGGCCTCAAACTCACCATCGAAGACTACCCTTACGCCAACGACGGCCTCGACCTCTGGGCGGC
TTTCAAATCGTGGTTCACCGAATACATCGACCACTACTACGCCGACTCCAACGCTGTTCAATCAGACACAGAGCTCCAAGCCTGGTGGGATG
AGGTCATAAACGTTGGACACGCCGACAAAAAGGATGAACCGTGGTGGCCGGCGCTGAAAACCAAAGAGGACCTCGTTGAAGTCGTGACGA
CCATTGCGTGGACAACTTCGGG
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Table5.3. (cont’d). Nucleotide sequences of the candidate genes used for the analysis  
show ing the various prim er pairs (in colour and underlined) designed from  the sequences.
>Dhn1
AAAGTTCTTATAATCACAACAACAACAACCATGGCAAGTTACCAGAAGCAGTACGAGGATCAGGGTTGCAAGATCGACGAGTATGGCAACGT
TGTACAGGAAACTGATGAATATGGCAACCCGGTTCATGCAGCAAGTGTCACCTACATAACCTCCACCACCGGTGGTCTTGGGGATGACACTA
ACAAGCAACATGATACCAGTAATGTCTACGGTGCAGACACCCGTAGACAGCACGGAACTATAGGTGACACCGGTAGACAGCACGGAACTAC
CGGTGGTTTTACTGGTGACACCGGTAGACAATATGGCACTACCGGAGGCTTTACCGGTGACACCGGGAGACAACATGGGACTACCGGTGGT
TTTACCGGTGACACTGGGAAACAACATGGGACTACCGGTGGTTTTACCGGTGACACTGGGAGACAACATGGGACTACTGGTGGTTTTACCG
GTGACACTGGGAGACAACATGGGACTACCGGTGACACTGGGAGACAACATGGGACTACCGGCGGCTTTACTGGTGGTGACACTGGTCTGG
GAGGCCCTTACGTTGGAGCCAACACCGCTGACACAGGGACTGGTCCTAGAAGTGGAACCACAGGTGGCAGCGCCTATGGATCGGGTGGTT
ATGGAAGTGGAGCTGGAGCTGGGTATGGTATGAACACGGGGGGAGCACACAGTGATGAAAGGTATGGAAGGGAGTATCGTGAGCATGATC
AGT CT CGT GGAG AT CAT G ACAAG AAAGGG AT AGT GG AC AAGATT AAGG AGAAGCTT CCCGG AGG AC ACAGT G AC AAC AAGT AG AG AC AT CA
T GGGT GTGC AT GCATGCGT ATAT AT ACGT AGT ATAATT AAAG AT GTTATATT GTT GT GTTTTTGAAT AAGTTT GCTGC AT ATATACGT ACTCGTA
C AGTACT GTCTTGTCGT GTAAAT GT GGT GG AT CTT GT AT AT GGTTAT AGT ATAT GCAAGAGG AATAAAAGGTGC AT GC AT GC AAG AG AAAGAA
GGCATAGATGTTCTGCCAATGGAAAAGTAAAACCTACCCTGATGTAGAGCAGGGTGCTTCAGTTGTGTGTTTTTGAATTTTCCAATGAAGCAA
GTTTTTCTTTC

>CPRD12
GCT CAGAAG AAC AATTAAGTT G AAC ACTTCAAAAACCCTTTTT CC AGGTTTTAT AT ATAT CCCAAACGCT C ACT CAT GGC AAAT GGTT CTGTTC 
TCTCACCTGTTGTTAAAAGGCTTGAGGGGAAAGTGGCGATTATCACCGGCGGTGCCAGCGGCATAGGTGAGGCCACTGCAAGACTCTTCTC 
AC AGC AT GG AGCT C ACGTGGT GGT GGCT GAT ATT C AAG ACG AT GT GGG ACTTT CTCTCT GC AAT G AGTT GAAAT C AGCC AT AT AT GTTC ATT G 
CGATGTGACAAAGGAAGAAGACATCGAAAAGTGCGTGGACACAGCAGTTTCCAAGTTCGGGAAGCTAGACATCATGTTTAATAACGCCGGTA 
CAGGTGATGAGTTCAAAAAAAGCATACTCGACAACACAAAATCTGATTTTGAGAGAGTGATAAGTGTGAACCTGGTTGGTCCATTTCTGGGAA 
CAAAGCACGCTGCAAGAGTCATGATTCCTGCTAGAAGAGGGTGCATAATTAACACAGCGAGTGTTGCAGGATGCATAGGTGGAGGAGCTAC 
ACATGCCTACACCAGTTCAAAGCATGCCCTAGTGGGACTCACCAAAAACACTGCGGTGGAGCTTGGACAATTCGGTATTCGTGTGAACTGTG 
T GT CCCCTTTT GCC ATT GT G ACACCGTT GTT GAACAAAT ATTTCAAT CTT GAT G AAGAAGG AGTT CGCAAGACTTATAT GAACCT AAAAGGTT G 
GTATCCTGTGCCTAACGATGTGGCAGAAGCTGCTCTTTACTTAGCAAGTGATGAGTCTAAGTTTGTTAGTTCTCATAATCTTGTCATAGACGG 
AGGTTT GAT C AATT C AAACGT AGG ATTTCCT ATGTTT GAGAT GT AAAT ATGTTCT GGTTCCTT AAAT AGTT ATATT GTT GGT GTT ATTT GGCTTT 
GAGGACAGTTCAGAAACCGTAGCTTCCGACATATGTGAAGAAAGAAGGCAATAGATTTGGTGGATATTACAATCCTCACTCAAATCTAGCCA 
TTTT GCTC ATT CTTGT G AAAAAAAAT AAAC AT GT GTTACG ATGG

>CpABA (Two primer pairs, CpABA(a); CpABA(b))
AATTCGGCACGAGGATTTTCCTACGTGGGCGAGCTTACAACATACACACCACTCCCATCCATGACCACAATTAAGAACCCACTTTTCAGTTCC
CTTGAATAAAGAACTTCCATTGGATGCTTCACTTCTTGTTGGCTATAACTGTCCCCTGGGATGCAGAACCAGGAAGCAGAGGAGGAAAGTGA
TGCTTGTGAAAGGTGCGGTGGTAGAGGCTCCACCAAGTGTTTCACCCTCGTCACAAGGTGGAAGTGGGGCCGCTTCAAAGAAGCAGCTTCG
GGTACTT GTTGCTGGT GG AGGGATT GG AGGGTT GGT CTTT GCGTT GGCT GCG AAGAAAAAGGGGTTT GAT GT GGTGGT GTTT GAG AAGGAC
CTGAGTGCTATAAGAGGGGAGGGACAGTATAGGGGTCCAATTCAGATTCAGAGCAATGCTTTGGCTGCTTTGGAAGCTATAGATTCAGAGGT
TGCAGAGGAAGTTATGAGAGTTGGTTGCATCACCGGTGATAGAATCAATGGACTTGTAGATGGGGTTTCTGGTTCTTGGTACGTCAAGTTTG
ATACATTCACTCCAGCTGTGGAACGTGGGCTTCCAGTCACAAGGGTTATTAGTCGAATGGTTTTACAAGAGATCCTTGCCCGCGCAGTTGGG
G AAGAT AT C ATTAT G AATGCT AGT AAT GTT GTT AATTTT GT GGAT GAT GG AAAC AAGGTAAC AGT AG AACTT G AGAAT GGTC AG AAAT AT GAAG
GAGATATATTGGTTGGAGCGGATGGTATATGGTCGAGGTGAGGAAGCAATTATTTGGGCACAAAGAAGCTGTTTACTCTGGCTACACTTGTT
ACACTGGCATTGCAGATTTTGGCCTGCTGACATTGAAACTGTTGGATACCGGGTATTCTTGGGACACAAACAATACTTTGTATCTTCAGATGT

]̂ AJjfGA(Ŝ TGGTĜ lTŜ CTĜ Ĝ TCTĜ %̂̂ ^̂ &GÂ M:G<?/SaJCĴ AGMKGf<GACATATAJGACAGGAJACCG
ACATTGACATGGGGAAAGGGTCGTGTGACTTTGCTTGGGGATTCCGTCCATGCCATGCAGCCAAACATGGGCCAAGGAGGGTGCATGGCTA
TTGAGGACAGTTATCAACTTGCATTGGAGTTGGACAATGCATGGGAACAAAGTGTTAAATCAGGGAGTCCAATTGACATTGATTCTTCCCTAA
GGAGCTACGAGAGAGAAAGAAAACTACGAGTTGCCATCATTCATGGAATGGCTAGAATGGCCGCTCTCATGGCTTCAACTTACAAGGCATAT
CTGGGTGTTGGTCTTGGCCCTTTAGAATTTTTGACCAAGTTTCGCATACCACATCCTGGAAGAGTTGGAGGAAGGTTTTTCGTTGACATCATG
ATGCCTTCTATGTTGAGCTGGGTCTTAGGTGGCAATAGCTCCAAACTTGAGGGTAGACCACTAAGTTGCAGGCTCTCAGACAAAGCTAATGA
TCAGTTACGCCAATGGTTTGAAGACGATGAAGCCCTTGAGCGTGCTATTAATGGAGAGTGGATTTTAATACCGCATGGAGATGGAACAAGTC
TTTCAAAGCCTATAGTTTTAAGTCGAAATGAGATGAAACCCTTTATAATCGGGAGTGCACCAGCGGAAGATCATCCTGGCACTTCAGTTACAA
TACCTTCTCCTCAGGTTTCTCCAAGGCATGCTCGAATTAACTATAAGGATGGTGCCTTCTTCTTGATTGATTTACGGAGTGAACATGGCACCT
ggatcattgacaatgaaggaaagcagtaccgggtaccccctaattatcctgctcgcattcgcccatctgaggctattcagtttggttctgag

AAGGTTTCATTTCGTGTTAAGGTGACAAGATCTGTTCCAAGAATCTCAGAGAATGAAAGGCCTCTAACGTTGCAGGAAGCGTGAGTGGTTCT
GTTCAGTTGCAGTTTGTAAGTAATGGAAAAGTTATACAAAGCAAATTTACATTTGTAGAGCACTATCTGCGTTACTTTAGGGTGGGATATTAAA
CAACGATCCAGTTATCTTAATGTTTATATGGACCTTTAAGAGGGATTGTTGGTTATAAATTCGTTACCCCACTAAAAAACTTTTTGTGTAATAAC
ATTT GTTAGTTAGAT AG ATTT GT AAAAT G ACT GAAACTTGC ACC AC ATTAAT GTT GAAT GG AGTAAGC AAT GCTAAGCT GAG AATTTTTTTCACT
TTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

The resulting genomic sequences were received in the ABI format and imported 

into workable forms using Chromas software package. The nucleotide and the 

deduced amino acid sequences were aligned using ClustalW and DNASTAR 

software programmes.
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5.3. Results

5.3.1. PCR amplification
There were 11 candidate gene primer pairs designed from eight candidate genes 

selected for this study. The primer pairs were designed from mRNA sources and 

therefore were not designed from less conserved non-coding regions of the 

genome, but they may have spanned introns present in the genomic DNA but not 

present in mRNA. The primers were used to amplify genomic DNA of the cowpea 

lines which resulted in PCR amplification with a characteristic product size. The 

primer pairs amplified PCR products that ranged from 550 bp to 1200 bp, 

compared to the range of 508 bp to 997 bp in the mRNA.

Figure5.1: PCR am plification products of CPRD46b (A), CPRD22b (B) and CPRD86 (C) 
using genom ic DNA of 10 selected cowpea accessions for the cloning and sequencing.
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5.3.2. Sequence analysis of selected clones

Out of the 11 primer pairs designed for the study, seven of them, CPRD8, 

CPRD12, CPRD14, CPRD22b, CPRD46b, CPRD86, and Dhn1 amplified desired 

PCR products. The four primer pairs which failed to amplify single PCR products 

were cpABA(a), cpABA(b), CPRD22a, and CPRD46a. The successful amplified 

products were extracted from the gel, purified, cloned into pGEM-T Easy vector 

and sequenced. The sequenced genomic DNA fragments were different in size 

from the original mRNA fragments used to design the primer pairs but mostly 

identical in homology outside the introns regions, although some had larger 

inserts or deletions within coding regions. Some of the sequenced fragments with 

their original sequence and their respective aligned products have been shown 

below in Tables (5.4 to 5.8) and figures (5.2 to 5.6).

Table5.4: Sequences obtained from genom ic DNA of cowpeas using Dhn1 prim er pair. The 
forw ard and reverse primers in the sequences have been shown in red colour._____________
>Dhnl-Ori
TCCACCACCGGTGGTCTTGGGGATGACACTAACAAGCAACATGATACCAGTAATGTCTACGGTGCAGACACCCGTAGACAGCACGGAA 
CTAT AGGTGAC ACCGGTAGAC AGC ACGGAACT ACCGGTGGTTTT ACTGGTGAC ACCGGT AGAC AAT ATGGCACT ACCGGAGGCTTT ACCG 
GTGAC ACCGGG AGAC AAC ATGGGACT ACCGGTGGTTTTACCGGTGACACTGGG AAAC AAC ATGGGACT ACCGGTGGTTTT ACCGGTGAC 
ACTGGGAGAC AAC ATGGGACT ACTGGTGGTTTTACCGGTGACACTGGG AGAC AACATGGGACTACCGGTGACACTGGGAGACAACATGG 
GACTACCGGCGGCTTTACTGGTGGTGACACTGGTCTGGGAGGCCCTTACGTTGGAGCCAACACCGCTGACACAGGGACTGGTCCTAGAAG 
TGGAACCACAGGTGGCAGCGCCTATGGATCGGGTGGTTATGGAAGTGGAGCTGGAGCTGGGTATGGTATGAACACGGGGGGAGCACACA 
GTGATGAAAGGTATGGAAGGGAGTATCGTGAGCATGATCAGTCTCGTGGAGATCATGACAAGAAAGGGATAGTGGACAAGATTAAGGA 
GAAGCTTCCCGG AGG AC AC AGTGAC AAC AAGT AG AGAC ATC ATGGGTGTGC ATGCATGCGTAT AT AT ACGT AGT AT AATT AAAGATGTT 
AT ATTGTTGTGTTTTTGAATAAGTTTGCTGCAT AT AT ACGTACTCGTAC AGT ACTGTCTTGTCGTGTAAATGTGGTGGATCTTGT AT ATGGT 
T AT AGT AT ATGC AAG AGGAATAAAAGGTGCATGC ATGC AAG AGAAAG AAGGC AT AGATGTTCTGCC AATGGAAAAGTAA AACCT ACCCT 
GATGTAGAGCAGGGTGCTTCAGTTGTGTGTTTTTGAATTTTCCAATGAAGCAAGTTnTCTTTC

>Dhn-GH4767
GTGGTCTTGGGG ATG ACACT AAC AAGC AAC ATGAT ACC AGT AATGTCTACGGTGCAG AC ACCCGT AG AC AGC ACGGAACT AT AGGTGA 
CACCGGTAGACAGC ACGGAACTACCGGTGGTTTTACTGGTGACACCGGT AGAC AATATGGCACTACCGGAGGCTTT ACCGGTGACACCG 
GGAG AC AAC ATGGGACT ACCGGTGGTTTT ACCGGTGAC ACTGGG AAAC AAC ATGGGACT ACCGGTGGTTTT ACCGGTGAC ACTGGGAG A 
C AAC ATGGGACT ACCGGTGGTTTT ACCAGTGAC ACTGGGAGAC AAC ATGGGACT ACCGGTGGGTTT ACCGGTGAC ACTGGGAGAC AAC A 
TGGGACTACCGGTGGGTTTACCGGTGACACTGGGAGACAACATGGGACTACCGGCGGCTTTACTGGTGGTGACACTGGTCTGGGAGGCC 
CTTACGTTGGAGCCAACACCGCTGACACAGGGACTGGTCCTAGAAGTGGAACCACAGGTGGCAGCGCCTATGGATCGGGTGGTTATGGA 
AGTGGAGCTGGAGCTGGGTATGGT ATGAAC AC AGGGGGAGCACACAGTGATGAAAGGTATGGAAGGGAGTATCGTGAGCATGATCAGT 
CTCGTGGAGATCATGACAAGAAAGGGATAGTGGACAAGATTAAGGAGAAGCTTCCCGGAGGACACAGTGACAACAAGTAGAGACATCA 
TGGGTGTGC ATGCATGCGT AT AT AT ACGT AGT AT AATT A AAG ATGTT AT ATTGTTGTGTTTTTGAAT AAGTTTGCTGCAT AT AT ACGT ACTC 
GTAC AGT ACTGTCTTGTCGTGT A AATGTGGTGGATCTTGT AT ATGGTT AT AGT AT ATGC AAG AGGAAT AAAAGGTGCATGC ATGC AAG AG 
AAAGAAGGCATAGATGTTCTGCCAATGGATATGTAAAACCTACCCTGATGTAGAGCAGGGTGCTTCAGTTGT

>Dhn-GH4773
GTGGTCTTGGGG ATGACACT AAC AAGC AAC ATGAT ACC AGTAATGTCT ACGGTGCAG AC ACCCGT AG AC AGC ACGGAACT AT AGGTGA 
CACCGGT AG AC AGC ACGGAACT ACCGGTGGTTTT ACTGGTGAC ACCGGT AGAC AAT ATGGCACTACCGGAGGCTTT ACCGGTGACACCG 
GGAG ACAAC ATGGGACTACCGGTGGTTTT ACCGGTGACACCGGG AAAC AACATGGGACTACCGGTGGTTTTACCGGTGAC ACTGGGAGA 
CAACATGGGACT ACCGGTGGTTTT ACCAGTGACACTGGGAGACAACATGGGACTACCGGTGGGTTTACCGGTGACACTGGGAGACAACA 
TGGGACTACCGGTGGGTTTACCGGTGAC ACTGGGAGAC AACATGGGACTACCGGCGGCTTTACTGGTGGTGACACTGGTCTGGGAGGCC 
CTTACGTTGGAGCCAACACCGCTGACACAGGGACCTGGTCCTAGAAGTGGAACCACAGGTGGCAGCGCCCTATGGATCGGGTGGTTATG 
GAAGTGGAGCTGGAGCTGGGTATGGTATGAACACAGGGGGAGCACACAGTGATGAAAGGTATGGAAGGGAGTATCGTGAGCATGATCA 
GTCTCGTGGAGATCATGACAAGAAAGGGATAGTGGACAAGATTAAGGAGAAGCTTCCCGGAGGACACAGTGACAACAAGTAGAGACAT 
CATGGGTGTGCATGCATGCGTAT AT AT ACGT AGT AT AATT AAAGATGTT AT ATTGTTGTGTTTTTGAAT AAGTTTGCTGCAT AT ATACGTA 
CTCGTAC AGT ACTGTCTTGTCGTGT AAATGTGGTGGATCTTGTAT ATGGTTAT AGT AT ATGC AAG AGGAAT AAAAGGTGCATGC ATGC AA 
GAG AAAG AAGGC AT AG ATGTTCTGCC AATGGAT ATGT AAAACCT ACCCCTG ATGTAGAGCAGGGTGCTTCAGTTGT

>Dhn-GH2275
GTGGTCTTGGGGATGACACTAACAAGCAACATGATACCAGTAATGTCTACGGTGCAGACACCCGTAGACAGCACGGAACTATAGGTGA 
CACCGGT AG AC AGC ACGGAACT ACCGGTGGTTTT ACTGGTGACACCGGT AGAC AAT ATGGCACT ACCGGAGGCTTT ACCGGTGACACCG
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GGAGAC AAC ATGGGACTACCGGTGGTTTTACCGGTGAC ACTGGG AAACAACACGGGACTACCGGTGGTTTTACCGGTGACACTGGGAGA 
C AACATGGGACT ACCGGTGGTTTT ACC AGTGAC ACTGGGAGAC AAC ATGGGACT ACCGGTGGGTTT ACCGGTGAC ACTGGGAGAC AAC A 
TGGGACTACCGGTGGGTTTACCGGTGACACTGGGAGAC AACATGGGACTACCGGCGGCTTTACTGGTGGTGACACTGGTCTGGGAGGCC 
CTTACGTTGGAGCCAACACCGCTGACACAGGGACTGGTCCTAGAAGTGGAACCACAGGTGGCAGCGCCTATGGATCGGGTGGTTATGGA 
AGTGGAGCTGGAGCTGGGTATGGTATGAACACAGGGGGAGCAC ACAGTGATGAAAGGTATGGAAGGGAGTATCGTGAGCATGATCAGT 
CTCGTGGAGATCATGACAAGAAAGGGATAGTGGACAAGATTAAGGAGAAGCTTCCCGGAGGACACAGTGACAACAAGTAGAGACATCA 
TGGGTGTGC ATGC ATGCGT AT AT AT ACGT AGT AT AATT AAAGATGTTAT ATTGTTGTGTTTTTGAAT AAGTTTGCTGCAT AT AT ACGT ACTC 
GTACAGT ACTGTCTTGTCGTGT AAATGTGGTGGATCTTGT AT ATGGTTAT AGT AT ATGC AAGAGGAATAAAAGGTGCATGCATGCAAGAG 
AAAGAAGGCATAGATGTTCTGCCAATGGATATGTAAAACCTACCCTGATGTAGAGCAGGGTGCTTCAGTTGT

>Dhn-GH1003
GTGGTCTTGGGGATGACACTAACAAGCAACATGATACCAGTAATGTCTACGGTGCAGACACCCGTAGACAGCACGGAACT ATAGGTGA 
CACCGGT AGACAGCACGGAACT ACCGGTGGTTTT ACTGGTGACACCGGT AGACAAT ATGGCACT ACCGGAGGCTTT ACCGGTGACACCG 
GGAG AC AAC ATGGGACT ACCGGTGGTTTT ACCGGTGAC ACTGGG AAAC AAC ATGGGACT ACCGGTGGTTTT ACCGGTGACACTGGGAGA 
CAACATGGGACTACCGGTGGTTTTACCAGTGACACTGGGAGACAACATGGGACT ACCGGTGGGTTT ACCGGTGACACTGGGAGACAACA 
TGGGACT ACCGGTGGGTTTACCGGTGAC ACTGGGAGAC AACATGGGACTACCGGCGGCTTTACTGGTGGTGACACTGGTCTGGGAGGCC 
CTT ACGTTGGAGCC AAC ACCGCTGACAC AGGGACTGGTCCT AG AAGTGGAACC AC AGGTGGCAGCGCCT ATGG ATCGGGTGGTT ATGG A 
AGTGGAGCTGGAGCTGGGT ATGGT ATGAACACAGGGGGAGCACACAGTGATGAAAGGTATGGAAGGGAGTATCGTGAGCATGATCAGT 
CTCGTGGAG ATC ATGACAAG AAAGGGAT AGTGGAC AAG ATT AAGGAG AAGCTTCCCGGAGG AC AC AGTG AC A AC AAGT AG AGAC ATC A 
TGGGTGTGCATGCATGCGTAT AT AT ACGT AGT AT AATT AAAGATGTT AT ATTGTTGTGTmTGAAT AAGTTTGCTGCAT AT ATACGT ACTC 
GTACAGT ACTGTCTTGTCGTGT AAATGTGGTGGATCTTGT AT ATGGTTAT AGT AT ATGC AAGAGG AAT AAAAGGTGC ATGCATGCAAG AG 
AAAG AAGGC AT AG ATGTTCTGCCAATGGATATGT AAAACCT ACCCTGATGTAGAGCAGGGTGCTTCAGTTGT

>Dhn-GH4774
GTGGTCTTGGGG ATGACACTAACAAGCAACATGATACCAGTAATGTCTACGGTGCAGACACCCGTAGACAGCACGGAACTATAGGTGA 
CACCGGT AG AC AGC ACGGAACT ACCGGTGGTTTT ACTGGTGACACCGGT AGACAAT ATGGCACT ACCGGAGGCTTT ACCGGTGACACCG 
GGAGACAACATGGGACTACCGGTGGTTTTACCGGTGACACTGGGAAACAACATGGGACT ACCGGTGGTTTT ACCGGTGACACTGGGAGA 
CAACATGGGACTACTGGTGGTTTTACCGGTGACACTGGGAGACAACATGGGACTACCGGTGACACTGGGAGACAACATGGGACTACCGG 
CGGCTTT ACTGGTGGTGAC ACTGGTCTGGGAGGCCCTT ACGTTGGAGCC AAC ACCGCTGACAC AGGGACTGGTCCT AGAAGTGGAATC AC 
AGGTGGCAGCGCCT ATGGATCGGGTGGTT ATGGAAGTGGAGCTGGAGCTGGGT ATGGT ATG AAC ACGGGGGG AGC AC AC AGTGATGAA 
AGGTATGGAAGGGAGTATCGTGAGCATGATCAGTCTCGTGGAGATCATGACAAGAAAGGGATAGTGGACAAGATTAAGGAGAAGCTTCC 
CGGAGGACACAGTGACAACAAGTAGAGACATCATGGGTGTGCATGCATGCGTAT AT ATACGTAGT AT AATT AAAGATGTT AT ATTGTTGT 
GTTTTTGAAT AAGTTTGCTGCAT AT ATACGTACTCGTACAGTACTGTCTTGTCGTGT AAATGTGGTGGATCTTGT AT ATGGTT AT AGT AT AT 
GCAAG AGG AAT AAAAGGTGCATGC ATGC AAG AG AAAG AAGGC AT AGATGTTCTGCC AATGGAAAAGT AAAACCT ACCCTGATGT AG AG 
CAGGGTGCTTCCAGTTGT

>Dhn-GH1004
GTGGTCTTGGGG ATG ACACTAAC AAGC AAC ATG AT ACC AGT AATGTCT ACGGTGC AG AC ACCCGT AGAC AGC ACGGAACTAT AGGTGA 
CACCGGT AGACAGCACGGAACT ACCGGTGGTTTT ACTGGTGACACCGGT AGAC AAT ATGGCACT ACCGGAGGCTTT ACCGGTGACACCG 
GGAG AC AACATGGGACT ACCGGTGGTTTTACCGGTGACACTGGG AAACAACATGGGACTACCGGTGGTTTTACCGGTGACACTGGGAGA 
CAACATGGGACTACCGGTGGTTTTACCAGTGACACTGGGAGACAACATGGGACT ACCGGTGGGTTT ACCGGTGACACTGGGAGACAACA 
TGGGACTACCGGTGGGTTTACCGGTGACACTGGGAGACAAC ATGGGACTACCGGCGGCTTTACTGGTGGTGACACTGGTCTGGGAGGCC 
CTTACGTTGGAGCC AACACCGCTGACACAGGGACTGGTCCTAGAAGTGGAACCACAGGTGGCAGCGCCTATGGATCGGGTGGTTATGGA 
AGTGGAGCTGGAGCTGGGT ATGGT ATGAACACAGGGGGAGCACACAGTGATGAAAGGTATGGAAGGGAGTATCGTGAGCATGATCAGT 
CTCGTGGAGATCATGAC AAGAAAGGGATAGTGGAC AAGATTAAGGAGAAGCTTCCCGGAGGAC ACAGTGAC AAC AAGTAGAGACATCA 
TGGGTGTGCATGCATGCGTAT AT ATACGTAGT AT AATT AAAGATGTTAT ATTGTTGTGTTTTTGAATAAGTTTGCTGCAT AT AT ACGTACTC 
GTACAGT ACTGTCTTGTCGTGT AAATGTGGTGGATCTTGT AT ATGGTT AT AGTATATGCAAGAGGAATAAAAGGTGCATGCATGCAAGAG 
AAAG AAGGC AT AGATGTTCTGCC AATGG AT ATGT AAAACCT ACCCTGATGT AGAGCAGGGTGCTTCAGTTGT

>Dhn-GH2334
GTGGTCTTGGGG ATG ACACT AAC AAGC AAC ATG AT ACC AGT AATGTCT ACGGTGC AG AC ACCCGT AG AC AAC ACGGAACT AT AGGTGA 
CACCGGT AGACAGCACGGAACT ACCGGTGGTTTT ACTGGTGACACCGGT AGACAAT ATGGCACT ACCGG AGGTTTT ACCGGTGACACCG 
GGAG AC A AC ATGGGACT ACCGGTGGGTTT ACCGGTGAC ACCGGGAGAC AACATGGGACT ACCGGTGGTTTT ACCGGTGACACTGGGAGA 
C AACATGGGACT ACCGGTGGGTTTACCGGTGACACTGGGAGACAACATGGGACT ACCGGCGGCTTTACTGGTGGTGAC ACTGGTCTGGG 
AGGCCCTT ACGTTGGAGCC AAC ACCGCTGAT AC AGGGACTGGTCCT AG AAGTGGAACC AC AGGTGGCAGCGCCT ATGG ATCGGGTGGCG 
CTGGTGGTGGTTATGG AAGTGGAGCTGGAGCTGGTGGAGCTGGGT ATGGTATGAACACAGGGGGAGCACACAGTGATGAAAGGTATGGA 
AGGGAGTATCGTGAGCATGATCAGTCTCGTGGAGATCATGACAAGAAAGGGATAGTGGACAAGATT AAGGAGAAGCTTCCCGGAGGAC 
AC AGTG AC AAC AAGT AGAG AC ATCATGGGTGTGC ATGC ATGCGT AT AT AT AC AT AGT AT AATT AAAGATGTT AT ATTGTTGTGTTTTTG A 
AT AAGTTTGCTGCAT AT ATACGT ACTCGT AC AGT ACTGTCTTGTCGTGTAAATGTGGTGGATCTTGT AT ATGGTT AT AGTGTATGC AAGAG 
G A AT AAAAGGTGC ATGC ATGC AAGGGAT ATCT AAAACCT ACCCTGTTGTAGAGC AGGGTGCTTTC AGTTGT

>Dhn-GH2313
GTGGTCTTGGGG ATG ACACTAACAAGC AAC ATGATACC AGTAATGTCTACGGTGCAGACACCCGTAGACAGCACGGAACT AT AGGTGA 
CACCGGTAGACAGCACGGAACTACCGGTGGTTTT ACTGGTGACACCGGT AGACAAT ATGGCACT ACCGGAGGCTTTACCGGTGACACCG 
GGAGACAACATGGGACTACCGGTGGTTTTACCGGTGACACTGGGAAACAACATGGGACTACCGGTGGTTTT ACCGGTGACACTGGGAGA 
CAACATGGGACTACTGGTGGTTTT ACCGGTGACACTGGGAGACAACATGGGACT ACCGGTGACACTGGGAGACAACATGGGACT ACCGG 
CGGCTTT ACTGGTGGTGAC ACTGGTCTGGGAGGCCCTTACGTTGGAGCC AACACCGCTGACACAGGGACTGGTCCTAGAAGTGGAACC AC 
AGGTGGCAGCGCCT ATGGATCGGGTGGTT ATGGAAGTGGAGCTGGAGCTGGGT ATGGT ATGAACACGGGGGGAGCACACAGTGATGAA 
AGGT ATGG AAGGG AGT ATCGTGAGCATGATCAGTCTCGTGGAGATCATGAC AAGAAAGGG ATAGTGGAC AAG ATTAAGGAGAAGCTTCC 
CGGAGGACACAGTGACAACAAGTAGAGACATCATGGGTGTGCATGCATGCGT AT ATAT ACGT AGT AT AATT AAAGATGTT AT ATTGTTGT 
GTTTTTGAAT AAGTTTGCTGCAT AT AT ACGT ACTCGT AC AGT ACTGTCTTGTCGTGT AAATGTGGTGGATCTTGT AT ATGGTT AT AGT AT AT 
GCAAG AGG A AT AAAAGGTGC ATGC ATGC AAG AG AAAG AAGGC AT AGATGTTCTGCC AATGGAAAAGT AAAACCT ACCCTGATGT AGAG 
C AGGGT GCTTCAGTTGT

>Dhn-IT93-K
GTGGTCTTGGGG ATG ACACT AAC AAGC AAC ATGAT ACC AGT AATGTCTACGGTGCAG AC ACCCGT AGACAGCACGGAACT AT AGGTGA 
CACCGGTAGACAGCACGGAACTACCGGTGGTTTTACTGGTGACACCGGTAGACAATATGGCACT ACCGGAGGCTTTACCGGTGACACCG 
GGAG AC AAC ATGGGACT ACCGGTGGTTTT ACCGGTGAC ACTGGG AAAC AACATGGGACT ACCGGTGGTTTT ACCGGTGACACTGGGAGA
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CAACAT(XJGACTACCGGTGGTTTTACCAGTGACACT(XKjAGAC AACATGGGACTACCGGTGGGTTTACCGGTGACACTGGGAGACAACA 
TGGGACTACCGGTGGGTTT ACCGGTGACACTGGGAGACAACATGGGACT ACCGGCGGCTTTACTGGTGGTGACACTGGTCTGGGAGGCC 
CTTACGTTGGAGCCAACACCGCTGACACAGGGACTGGTCCTAGAAGTGG AACCACAGGTGGCAGCGCCTATGGATCGGGTGGTT ATGGA 
AGTGGAGCTGGAGCTGGGTATGGTATGAACACAGGGGGAGC AC AC AGTGATGAAAGGTATGG AAGGGAGCATCGTGAGCATGATCAGT 
CTCGTGGAG ATC ATGAC AAG AAAGGGAT AGTGGAC AAG ATT AAGG AG AAGCTTCCCGGAGGAC AC AGTGAC AAC AAGT AG AG AC ATC A 
TGGGTGTGC ATGCATGCGT AT AT AT ACGT AGT AT A ATTAAAGATGTT AT ATTGTTGTGTTTTTGAAT AAGTTTGCTGCAT AT AT ACGT ACTC 
GT ACAGTACTGTCTTGTCGTGT AAATGTGGTGGATCTTGT ATATGGTT AT AGTAT ATGC AAGAGG AATAAAAGGTGCATGCATGCAAGAG 
AAAGAAGGC ATAGATGTTCTGCCAATGGAT ATGTAAAACCT ACCCCTGCATGTAGAGCCAGGGTGCTTC

>Dhn-LEI-003
GTGGTCTTGGGGATGACACTAAC AAGC AACATGATACCAGTAATGTCTACGGTGCAGACACCCGT AGACAACACGGAACT AT AGGTGA 
CACCGGTAGAC AGCACGG AACTACCGGTGGTTTT ACTGGTGACACCGGT AGAC AATATGGCACTACCGGAGGTTTT ACCGGTGACACCG 
GGAGACAACATGGGACTACCGGTGGGTTTACCGGTGACACCGGGAGAC AACATGGGACTACCGGTGGTTTTACCGGTGACACTGGGAGA 
CAACATGGGACT ACCGGTGGGTTTACCGGTGACACTGGGAGACAACATGGGACTACCGGCGGCTTT ACTGGTGGTGAC ACTGGTCTGGG 
AGGCCCTTACGTTGGAGCC AACACCGCTGATACAGGGACTGGTCCT AGAAGTGG AACCACAGGTGGCAGCGCCTATGGATCGGGTGGCG 
CTGGTGGTGGTT ATGGAAGTGG AGCTGG AGCTGGTGGAGCTGGGT ATGGTATGAAC AC AGGGGGAGC AC AC AGTGATGAAAGGT ATGGA 
AGGGAGTATCGTGAGCATGATCAGTCTCGTGGAGATCATGACAAGAAAGGGATAGTGGACAAGATT AAGGAGAAGCTTCCCGGAGGAC 
AC AGTGAC AAC AAGTAG AG AC ATC ATGGGTGTGC ATGC ATGCGT AT AT AT AC ATAGTAT AATT AAAGATGTT AT ATTGTTGTGTTTTTG A 
AT AAGTTTGCTGCAT ATAT ACGT ACTCGT ACAGT ACTGTCTTGTCGTGT AAATGTGGTGGATCTTGT AT ATGGTTAT AGTGTATGC AAGAG 
GAATAAAAGGTGCATGCATGC AAGGG AAACAAAGAAGGC ATAGATGTTCTGCCAATGGAT ATGT AAAACCT ACCCTGTTGTAGAGCAG 
GGTGCTTCAGTTGT

Figure5.2: Dot-plot analysis and m ultiple alignm ents of nucleotide sequences of the 
cowpea accessions using Dhn1 prim er pair with the original Dhn1 sequence as reference. 
Each nucleotide is coloured in a different colour in the alignm ent (low er panel)

Some of the Dhn-GH2334 sequences had sub-repeat of 
TACCGGTGACACCGGGAGACAACATGGGACTACCGGTGGTT

>Dhn GH2AW
GTGGTCTTGGGGATGACACTAACAAGCAACATGATACCAGTA 
ATGTCT ACGGTGCA GAC ACCCGTA GAC AAC ACGG AAC

TATAGGTGACACCGGTAGACAGCACGGAACTACCGGTQflnBHr 
TACTGGTGACACCGGT AGACAATATGGCACTACCG GAOGTTT

TACCGGTGACACCGGGAGACAACATGGGACTACCGGT*M| 
TACCGGTGACACCGG GAG AC AAC ATGGGACT ACCGGTQjjTTT 
TACCGGTGACACTGGGAGACAACATGGGACTACCGGTODGTT 
TACCGGTGACACTGGGAGACAACATGGGACTA:CG-3gOCJCTr

TACTGGTG

D ot-p lo t show ing short Insert sin Dhn "1 (G H 2 3 3 4 )  vs. D h n l-O r i  in the  coding
sequence  reg ion

The short inserts were about three to six base pair long.
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5 8 0 8 8 0 6 0 0  810 6 2 0 6 3 0 6 4 0 0 6 0 6 6 0

O m -G H 477 y i-9 66  640 C T O G  G T A T G G T A T G A A C A C A G O O G G A O C A C A C A O T O A T G A A A O O T A T O O A A O O O A G T A T C O T O A O C A T G A T C A O T C T C G T G O A O A
O rn-m 4-K /1 -960 847 C T O G ............................G T A TO 0  T A TO A AC AC AG OG G G AG C AC AC AG TO A T G  A A AGG T A T  GO A AO OG AO C A T  CG TO AO C A T G  A T C AO T C T C G TO O AG A
Om -GH4 76 7/1-963 847 C T OG  O T A T G G  T A T O  A A C  AC AO OO O O AO C AC AC AO TO A T O  A AA OO  T A T O O  AA GG G AO T A T CG TO AO C A T G  A T  C AO T C T CG TOG AO A
Om-G/41004/1-963 847 C T O G  O T A T O O  T A T O  A A C  AC AO OO O O A GC  AC  AC  AO TO A T O A A A O O  T A T O O  A A OO O AO T A T  C O T O  AO C A T O  A T C  AO T C T CO TOO AO A
O m -G H 100 y i-9 63  547 C T OG  O T A T O O  T A T O  A A C A C  A O OO O O AO C AC  AC  AO TO A T O A A  AG O T A T O O  A A OO O AO T A T  CO T O AO C A T O  A T  C AO T C T C O  T O O A O  A
Om-GH2276/1-963  547 C T O G  0  T A T O O  T A T O  A A C  AC  AO OO O O AO C AC  AC  AO TO A T O  A A A O O  T A T O O A A O O O  AO T A T C O  TO AO C A T O  A T  C AO T C T CO T OO AO A
Om -GH2334/1-673 475 C TOO T 0 0  AO C T O O O T A T O O  T A T O  A A C  AC  AO OO O O AO C AC  AC  AO TO A T O  A A A O O  T A T O O  A A OO O AO T A T C O  TO AO C A T O  A T C  AO T C T C O  T O O  AO A 
O m -L&-O O y 1-904 475 C TOO T 0 0  AO C T 0 0 0  T A T O O  T A T O  A A C  AC  AO OO O O AO C AC  AC  AO TO A T O A A A O O  T A T O O  A A OO O AO T A T  CO TO AO C A T O  A T  C AO T C T CO TOO AO A 
O tn V I - 967 503 C T O G  0  T A T O O  T A T O  A A C A C O O O O O O  AO C AC  AC  AO TO A T O  A A A O O  T A T O O  A A OO O AO T A T  CO TO AO C A T O  A T C  AO T C T CO T OO AO  A
O m -G H 2 3 iy i-9 0 9  403 C T OG  O T A T O O  T A T O  A A C A C O O O O O O  AO C AC AC  AG TO A T O  A A A O O  T A T O O  AA OO O A O T  A T  CO TO AO C A T O  A T C  AO TC T CO T OO AO A

403 c l o o  O T A T O O T A T G A A C A C G O O G O G A O C A C A C A O T o A t G A A A O O T A T O O A A O G O A o i A T C O T G A O C A T O A t e A O T C T C O  TOG AO A

C T O O T O O A O C T O G O T A T O O T A T O A A C A C A O O O O O A O C A C A C A O T O A T O A A A O O T A T O O A A O O O A O T A T C O T O A O C A T O A T C A O T C T C O T O O A O A  

670 680 880 700 710 720 730 740 780

O m -G H 477 y i-9 66  638 C A T O  AC AA O A A A O O O  A T  AO TOO AC A A G A T  T A A O O  AO AA O C T T C  C COO AGO AC  A C A O  TO AC A A C  AA O T AO AO AC  A T  C A T O O O  T O T O  C A T O  C A T O  C 
O m -/T644V1-960 833 C A T O  A C  AA O A A A O O O  A T  AO TO O AC AAO A T  T A A O O  AO AA O C T T C  CC OO  AGO AC  AC  AO TO AC  A A C  AA O TA O AO AC A T  C A T O O O  TO TO C A TO C A T O  C
Om-GH4 767/1-963 633 C A T O  AC  A A O A A A O O O  A T  AO TOO AC AA O A T  T A A O O  AO AAO C T T C C COO AGO AC  AC  AO TO AC A A C  A A O TA O AO AC  A T C  A T O O O  TO TG C A TO C A T O  C 
Om -GH1004/1-963 633 C A T O  AC  A A O A A A O O O  A T  AO TOO AC AA O A T  T A A O O  AO AA O C T T C C COO AGO AC AC  AO T O A C  A A C  A A O TA O AO AC A T C  A T O O O  TO TO C A T O  C A T O  C 
O m -G H 100 y i-9 63  833 C A T O  AC  A A O A A A O O O  A T  AO TOO AC AA O A T  T A A OO  AO AA O C T T C CC OO  AGO AC AC AO TO AC  A A C  A A O TA O AO AC A T  C A T O O O  TO T O C A  TO C  A T O  C 
0 " i-G H 2 2 ? y i-9 6 3  633 C A T O  A C  AA O A A A O O O  A T  AO TOO AC AA O A T  T A A OO  AO AA O C T T  C C COO AGO AC  AC  AO TO AC  A A C  A A O TA O A O A C  A T  C A T O O O  TO TO C A T O  C A T O  C 
Om -GH2334/1-973 570 C A T O  AC  A A O A A A O O O  A T  AO TOO AC  A A O A T  T A A O O  AO AA O C T  TC C COO AGO AC AC  AO T O A C  A A C  A A O T A O  AO AC  A T C  A T O O O  TO TO C A TO C A T O C  
Om-LEJ-OOyi-904 570 C A T O  AC A A O A A A O O O  A T  AO TO O AC  A A O A T  T A A OO  AO AA O C T  TC C COO AGO AC  AC  AO TO AC  A A C  A A O T A O  AO AC  A T  C A T O O O  TO TO C A TO C A T O  C 
O m V I- 967  580 C A T O A C A A O A A A O O O A T A O T O O A C A A O A T T A A O O A O A A O C T T C C C O O A G O A C A C A O T O A C A A C A A O T A O A O A C A T C A T O O O T O T O C A T O C A t O C
O m -G H 2 3 iy  1-909 870 C A T O  AC  AA O A A A O O O  A T  AO TO O AC  AA G A T T  A A OO  AO A A G C  T T C  CC OO AGO AC AC  AO T O AC A A C  A A O T A O  AO AC A T C  A T O O O  TO T O C A T O C  A T O  C 

570 C A f O A C A A O A A A O O O A t A O T O O A C A A O A ^ A A O O A O A A O C f t C C C O O A O O A C A C A o l i O A C A A C A A O i A O A O A C A i C A f O O O t A ^ C A T O e A f O C

C A T O A C A A O A A A O O O A T A O T O O A C A A O A T T A A O O A O A A O C T T C C C O O A G O A C A C A O T O A C A A C A A O T A O A O A C A T C A T O O O T O T O C A T O C A T O C

O m -G H 477 y i-9 66  730 t  A T A T  A T  A C O T AO T A T  A A  T T A A A G  A T O  T T A T  A T  TO T TO TO T T T T T O  A A T  AA O T T TO C TO C A T  A T  A T  A C O T AC  T C O  T AC  AO T AC  TO T C T TO T CO T 
am -IT94-K/1-960 728 T A T A T A T A C O T A O T A T A A T T A A A O A T O T T A T A T T O T T O T O T T T T T G A A T A A G T T T O C T O C A T A T A T A C G T A C T C O T A C A O T A C T O T C T T O T C O T
Om-GH4767/1-963 728 T A T A T  A T  AC O TA O T A T  A A T  T A A A O  A T O  T T A T  A T  TG T TO TO T T T T TO A A T  AA O T T TO C  TO C A T  A T  A T  AC O T AC T C O  T  AC AO T  AC  TO T C T TO TC O T 
Om-GH1004/1-963 728 T  A T  A T  A T  A C O T AO T A T AA  T T A A A O  A T O  T  T A T  A T  TO T TO TO T T  T T TO A A T  AA O T T TO C TO C A T  A T  A T  AC O T A C  TC O T A C  AO T AC  TO T C T TO T CO T 
O m -G H 100 y i-9 63  728 T A T  A T  A T  A CO T A O  T A T  A A T T  A A A O  A T O  T  T A T  A T  TO T TO TO T T T T TO A A T  AA O T T TO C TO C A T  A T  A T  A C O T  AC  T C O  T A C  AO T A C T O  T C T TO T CO T 
O m -G W 276/1-963  728 T A T  A T  A T  AC O TA O T A T  A A T T  A A A O  A T O  T  T A T A T  TO T TO TO T T T  T TO A A T  A A O T T TO C TO C A T  A T  A T  AC O T A C  T C O  T A C  AO T A C  TO TC T  TO TC O T 
Dhn-GH2334/1-673 665 T A T  A T  A T  AC  A TA O T A T  A A T T  A A A O  A T O  T T  A T  A T  TO T T O  TO T T T T TO A A T  AA O T T TO C TO C A T  A T  A T A C O  T A C  T CO T A C  AO T A C  TO T C T  TO TC O T 
Om -L£/-OOy 1-904 668 T  A T A T  A T  AC A T  AO T A T  A A T T  A A A O  A T O  T  T A T  A T  TG T TO TO T T T T TO A A T  A A O T T T O  C TO C A T  A T  A T  A C O T  AC  T C O  T A C  AO T A C  TO T C T TO TC O T 
O m  V I-9 6 7  684 T A T  A T  A T  AC O TA O T A T  A A T  T A A A G  A T O  T T A T  A T  TG T TG TO T T T T TO A A T  AA O T T TO C TO C A T  A T  A T  A C O T A C  T CG T A C  AO T A C  TO T C T TO TC O T
O m -G H 2 3 iy  1-909 674  T  A T  A T  A T  A C O TA O T A T  A A T  T A A A O  A TO T T A T  A T  TO T TO TO T T T T  TO A A T  AA O T T TO C TO C A T A  T A T  A C O T A C T  CO T A C  AO T A C  TO T C T  TO T C O  T 

674 T A T A T A T A C G T A O T A T A A T T A A A O A T O T T A T A T T O T T O T O T T . T T T O A A T A A G T T T O C T O C A T A T A T A C O T A C T C G T A C A O T A C T O T C T T O T C O T

T A T A T A T A C O T A O T A T A A T T A A A O A T O T T A T A T T O T T O T O T T T T T O A A T A A O T T T O C T O C A T A T A T A C O T A C T C O T A C A O T A C T O T C T T O T C O T

860 870 880 880 800 810 820 830 840

D hn-G H 47?yi-966  828 T A A A T O  TOO TOO A T  C T TG T A T  A T O O  T T  A T  AO T A T  A T O  C AA O AGO  A A T  A A A A O O  TO C A T O  C A T O  C A A O AO A A A  - • ■ O A A O O  C A T  AO A TO T TC TO
Om-IT64-K/1-960 823 T A A A  TO TOG TOO A T  C T  TO T A T  A T O O  T T A T  AO T A T  A T O  C A A O AG O A A T A A A A O O  TO C A T O  C A T O C  A A O A O  A A A  - - ■ O A A O O  C A T AO A TO T T C TO
Dhn-GH4767/1-963 823 T A A A T O  TOO TOO A T  C T TO T A T  A T O O  T T A T  AO T A T  A T O  C A A O AGO A A T  A A A A O O  TO C A T O  C A T O  C A A O AO A A A  O A A O O C A T A O A T O T T C T O
Om -GH1004/1-963 823 T A A A T O  TOO T OO A T  C T TO T A T  A T O O  T T A T  AO T A T  A T O  C AA O AGO A A T  A A A A O O  TO C A T O  C A T O  C A A O AO A A A  O A A O O C A T A O A T O T T C T O
O m -G H 100 y i-9 63  823 T A A A T O  T O O T O O  A T C T TO T A T  A T O O  T T A T  AO T A T  A T O  C AA O AGO A A T  A A A A O O  TO C A T O  C A T O  C A A O AO A A A  O A A O O C A T A O A T O T T C T O
Otn-GH2276/1-963  823 T A A A T O  TOO T OO A T C  T TO T A T  A T O O  T T A T  A O T  A T  A T O  C AA O AGO A A T  A A A A O O  TO C A T O  C A T O  C A A O AO A A A  • O A A O O C A T A O A T O T T C T O
Om-GH2334/1-673  760 I A A A T O T O O T O O A T C T T O T A T A T O O T T A T A O T O T A T O C A A O A G O A A T A A A A O O T O C A T O C A T O C A A O O O A ........................................................ ........................
Om-LEt-OOy1-904 780 f A A A T O T O O  T O G A T C T T O T A T A T O O T T A T A O T O T A T O C A A O A G O A A T A A A A O O T O C A T O C A T O C A A O O O A A A C A A A O A A O O C A T A O A T O T T C T O  
O m V I- 967 778 y A A A T O  TOO T O O A T C  T T O T  A T  A T O O  T T A T A O  T A T A T O C A A O A G O A A T A A A A O O  TO C A T O C A T O C A A O A O A A A • O A A O O C A T A O A T O T T C T O
O m -G H 2 3 iy 1-909 768 T A A A T O  TOO TOO A T C T T O  T A T  A T O O  T T A T  AO T A T  A T O  C AA O AGO A A T  A A A A O O  TOC  A T O  C A T O C  AA O AO A A A  • O A A O O C A T A O A T O T T C T O

760 T A A A T O T O O T O O A T C T i r O X A t A t « O t j L A X A O « A T A l M C A A O A O O A A T A A A A O O T « C A ? « C A T O C A A O A O A A A  O A A O O C A T A O A T O T T C T O

T A A A T O  T O O T O O A T C T T O T A T A T O O T T A T A O T A T A T O C A A O A G O A A T A A A A O O T O C A T O C A T O C A A O A O A A A -  - • - O A A O O C A T A O A T O T T C T O

060 870 080 800 1000 1010 1020 1030 1040

7hn-G H 477yi-966  816 C A A T G O  A T  A T O  T A A A A C  C T AC  C C C TO A  TO T A O AO C A O O G T O C T T  C A O f l S S ..................................................................................................................................
4m-n04-X/1-96O  81 4  j j |A AT GG  A T  A T O T A A A A C C T A C C C C $ 0 C A T G  T A G A O C C A O O O T O C T  T - C
4m-GH476?/1-963 814  S A A t G O A T A T G T A A A A C C T A C C C  - 1 *  • A f O T A O A O C  AGOG TO C S  - C AO T T O  T 
HM1-GH1004/1-963 814  | a A T O O  A T  A T O  T  A A A A C C  T AC  C C TG A TO TA O AO C A O O G T O C T T  C A O T T O T
»*-<3W1003'1-9«3 81 4  i | A A T 0 G  A T  A T O  T A A A A C C T  A C C  C TO A T G T A G A O C  A O O G T O C T T  C A O T T O T
7tm-GH2279/1-963 814  C A A f  0 0  A t A j T O t  A A A A C C T A C C C  - J O  • A g O T A O A O C - A G G G T O c H -  C A O j T T O l ..................................................................................................................................
7htt-GH2334/1-673 830 ......................B P c % A A A A C C T A C C C  - T O • T T O  T A O A O C  - AOO O TO C T T  T C A O T T O f ...................................................................................................................................
Xm -L£t-00yi-9O 4  886 © A A T G O A T A T O T A A A A C C T A C C  C TG T T G T A O A O C  A O O G T O C T T  C A O T T O T
Urn 1/1-967 870 C A A T O O A A A A O f A A A A C  C T AC C C TO A T G  T A O  A OC A O O O T O C T T C  AG T TOji fO T O T  T T T  T O A A T  T T T  C C A A T O A A O C A A O T  T T T T C T T T C
V m -G H 2 3 iy1-909 860 i f  A A T G O  A A A A G  T A A A A C  C T A C  CC ' TO - A T G T A G A O C  • A O O O T O C T T C  - A G T T O T

860  C A A i o O A A A A O l A A A A J C C i A C C C  - TO - A T G  T A G  AG C - A O G G T O C  j i T C C A O t f O l t i .................................................................................................................................

C A A T O G A T A T G T A A A A C C T A C C C C T O - A T G T A G A O C  A G O G T O C T T C C A O T T O T -

Gaps within the sequences indicate deletion and gaps at the end of reference sequences  
with the other sam ples showing sequences indicate either intron region or no information  
available. Som e of the dashes also indicate gaps introduced to m axim ize alignm ent.
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Chapter Five

Table5.5: Sequences obtained from genom ic DNA of cowpeas using CPRD46b prim er pair. 
The forward and reverse primers in the sequences have been shown in red colour. 
>CPRD46-Ori
TTAAGGACAGAGGAGAAGACATTCTCCGTTTCGAGATTCCCGCAACAATGGACAAGGATAGATTCTTCTGGTTGAGGGACGAAGAATTT
GGAAGACAAACTCTAGCGGGTCTTAACCCTTGTTGCATCCAGTTGGTCACGGAATGGCCATTGAAAAGCAATCTTGACCCTGCAATTTAT
GGCCCTGCGGAATCAGCCATCACCACTGAACTTGTTGAGCAGGAAATCAGAGGATTCCTTACAGTCGAAGAGGCCATAAAACAGAAGAG
ACTGTTCGTCTTGGACTACCACGATTTGTTATTGCCATTAGTGGAGGAGGTGAGAAAAATAGAAGGCACAACGCTATACGGATCGAGGGC
ATTGTTCTTCCTAACCCGCGACGGCACTTTGAGACCACTGGCCATTGAGCTGGTTCGGCCACCAATCGACGGAAAGCCTCAGTGGAAGAA
AGTCTTCGCACCCACCTGGCACTCAACCGGTGTCTGGCTATGGCGGCTCGCCAAAATCCATGTCCTCGCTCACGACACCGGTTACCACCA
ACTCGTGAGTCACTGGCTAAGAACTCATTGTGCAACAGAGCCATACATTATAGCAGCAAACCGGCAACTGAGTGCAATGCACCCGATCTA
CAGATTACTGCATCCGCATTTCCGTTACACGATGGAGATCAACGCGCTTGCTCGAGAGTCTTTGATAAACGCCGGCGGAATAATAGAGCA
GTGTTTTACTCCGCAGAAACACTCCGTTCTGCTAAGCTCAATCGCCTATGACAAACACTGGCGATTTGATCTCCAATCCCTCCCCAAGGAC
CTCATCCACAGGGGCTTGGCCGTGGAGGACCCCACCGCCCCTCACGGCCTCAAACTCACCATCGAAGACTACCCTTACGCCAACGACGGC
CTCGACCTCTGGGCGGCTTTCAAATCGTGGTTCACCGAATACATCGACCACTACTACGCCGACTCCAACGCTGTTCAATCAGACACAGAG
CTCCAAGCCTGGTGGGATGAGGTCATAAACGTTGGACACGCCGACAAAAAGGATGAACCGTG

>GH4767
AGCGGGTCTTAACCCTTGTTGCATCCAGTTGGTCACGGTAAATTTCCTCCCTTCTCGAGTACTAACTTTTTAATCACAGTTTTACACCGACA
CGAATTTTCTGTCACGTAGGAATGGCCATTGAAAAGCAATCTTGACCCTGCAATTTATGGCCCTGCGGAATCAGCCATCACCACTGAACT
TGTTGAGCAGGAAATCAGAGGATTCCTTACAGTCGAAGAGGTATGTTTTTGGTGCAAGAATTAATGAATAACACAGAACATGAAAACGT
GAAAATTAATGTGAGAATGTGCGATTAATGCAGGCCATAAAACAGAAGAGACTGTTCGTCTTGGACTACCACGATTTGTTATTGCCATTA
GTGGAGG AGGTG AGAAAAAT AG AAGGC AC AACGCT AT ACGGATCGAGGGC ATTGTTCTTCCTAACCCGCGACGGC ACTTTGAG ACC ACT
GGCCATTGAGCTGGTTCGGCCACCAATCGGCGGAAAGCCTCAGTGGAAGAAAGTCTTCGCACCCACCTGGCACTCAACCGGTGTCTGGCT
ATGGCGGCTCGCCAAAATCCATGTCCTCGCTCACGACACCGGTTACCACCAACTCGTGAGTCACTGGCTAAGAACTCATTGTGCAACAGA
GCCATACATTATAGCAGCAAACCGGCAACTGAGTGCATTGCACCCGATCTACAGATTACTGCATCCGCATTTCCGTTACACGATGGAGAT
CAACGCGCTTGCTCGAGAGTCTTTGATAAACGCCGGCGGAATAATAGAGCAGTGTTTTACTCCGCAGAAACACTCCGTTCTGCTAAGCTC
AATCGCCTATGACAAACACTGGCGATTTGATCTCCAATCCCTCCCCAAGGACCTCATCCACAGGGGCTTGGCCGTGGAGGACCCCACCGC
CCCTCACGGCCTCAAACTCACCATCGAAGACTACCCTTACGCCAACGACGGCCTCGACCTCTGGGCGGCTTTCAAATCGTGGTTCACCGA
ATACATCGACCACTACTACGCCGACTCCAACGCTGTTCAATCAGACAC.AGAGCTCCAAGCCTGGTGGGATGAGGTCATAAACGTTGGACA
CGCCGACAAAAAGGATGAACCGT

>GH4773
AGCGGGTCTTAACCCTTGTTGCATCCAGTTGGTCACGGTAAATTTCCTCCCTTCTCGAGTACTAACTTTTTAATCACAGTTTTACACCGACA 
CGAATTTTCTGTCACGTAGGAATGGCCATTGAAAAGCAATCTTGACCCTGCAATTTATGGCCCTGCGGAATCAGCCATCACCACTGAACT 
TGTTGAGC AGG AAATC AGAGG ATTCCTT AC AGTCGAAG AGGTATGTTTTTGGTGC AAG AATT AATGAAT AAC AC AG AAC ATGAAAACGT 
GAAGATTAATGTGAGAATGTGCGATT AATGCAGGCC ATAAAAC AGAAGAGACTGTTCGTCTTGGACTACCACGATTTGTTATTGCCATTA 
GTGGAGGAGGTGAGAAAAATAGAAGGCAC AACGCTATACGGATCGAGGGCATTGTTCTTCCTAACCCGCGACGGCACTTTGAGACCACT 
GGCCATTGAGCTGGTTCGGCCACCAATCGACGGAAAGCCTCAGTGGAAGAAAGTCTTCGCACCCACCTGGCACTCAACCGGTGTCTGGCT 
ATGGCGGCTCGCCAAAATCCATGTCCTCGCTCACGACACCGGTTACCACCAACTCGTGAGTCACTGGCTAAGAACTCATTGTGCAACAGA 
GCC AT AC ATT ATAGC AGC AAACCGGCAACTGAGTGC AATGCACCCGATCT AC AGATTACTGC ATCCGCATTTCCGTT ACACG ATGGAGAT 
CAACGCGCTTGCTCGAG AGTCTTTGAT AAACGCCGGCGGAAT AAT AGAGC AGTGTTTT ACTCCGC AGAAAC ACTCCGTTCTGCT AAGCTC 
AATCGCCTATGACAAACACTGGCGATTTGATCTCCAATCCCTCCCCAAGGACCTCATCCACAGGGGCTTGGCCGTGGAGGACCCCACCGC 
CCCTCACGGCCTCAAACTCACCATCGAAGACTACCCTTACGCCAACGACGGCCTCGACCTCTGGGCGGCTTTCAAATCGTGGTTCACCGA 
ATACATCGACCACTACTACGCCGACTCCAACGCTGTTCAATCAGACACAGAGCTCCAAGCCTGGTGGGATGAGGTCATAAACGTTGGACA 
CGCCGACAAAAAGGATGAACCGT

>GH2275
AGCGGGTCTT AACCCTTGTTGCATCCAGTTGGTC ACGGT AAATTTCCTCCCTTCTCGAGT ACT AACTTTTTAATC AC AGTTTT ACACCG AC A
CGAATTTTCTGTCACGTAGGAATGGCCATTGAAAAGCAATCTTGACCCTGCAATTTATGGCCCTGCGGAATCAGCCATCACCACTGAACT
TGTTGAGC AGG AAATCAGAGG ATTCCTTACAGTCGAAG AGGTATGTTTTTGGTGCAAGAATT AATGAATAAC ACAGAACATGAAAACGT
GAAAATT AATGTGAGAATGTGCGATT AATGCAGGCC AT AAAAC AG AAGAGACTGTTCGTCTTGGACT ACC ACG ATTTGTT ATTGCC ATT A
GTGGAGGAGGTGAGAAAAATAGAAGGCACAACGCTATACGGATCGAGGGCATTGTTCTTCCTAACCCGCGACGGCACTTTGAGACCACT
GGCCATTGAGCTGGTTCGGCCACCAATCGACGGAAAGCCTCAGTGGAAGAAAGTCTTCGCACCCACCTGGCACTCAACCGGTGTCTGGCT
ATGGCGGCTCGCCAAAATCCATGTCCTCGCTCACGACACCGGTTACCACCAACTCGTGAGTCACTGGCTAAGAACTCATTGTGCAACAGA
GCCAT AC ATT AT AGC AGC AAACCGGCAACTGAGTGC AATGCACCCGATCT AC AG ATT ACTGC ATCCGCATTTCCGTT AC ACGATGGAG AT
CAACGCGCTTGCTCGAGGGTCTTTGATAAACGCCGGCGGAATAATAGAGCAGTGTTTTACTCCGCAGAAACACTCCGTTCTGCTAAGCTC
AATCGCCTATGACAAACACTGGCGATTTGATCTCCAATCCCTCCCCAAGGACCTCATCCACAGGGGCTTGGCCGTGGAGGACCCCACCGC
CCCTCACGGCCTCAAACTCACCATCGAAGACTACCCTTACGCCAACGACGGCCTCGACCTCTGGGCGGCTTTCAAATCGTGGTTCACCGA
ATACATCGACCACTACTACGCCGACTCCAACGCTGTTCAATCAGACACAGAGCTCCAAGCCTGGTGGGATGAGGTCATAAACGTTGGACA
CGCCGACAAAAAGGATGAACCGT

>GH2310
AGCGGGT CTT AACCCTTGTTGCATCCAGTTGGTC ACGGT AAATTTCCTCCCTTCTCGAGT ACT AACTTTTT AATC AC AGTTTT AC ACCG AC A
CGAATTTTCTGTCACGTAGGAATGGCCATTGAAAAGCAATCTTGACCCTGCAATTTATGGCCCTGCGGAATCAGCCATCACCACTGAACT
TGTTGAGCAGGAAATCAGAGGATTCCTTACAGTCGAAGAGGTATGTTTTTGGTGCAAGAATT AATGAAT AACACAGAACATGAAAACGT
GAAAATT AATGTGAGAATGTGCGATT AATGCAGGCCATAAAACAGAAGAGACTGTTCGTCTTGGACTACCACGATTTGTTATTGCCATTA
GTGGAGGAGGTGAGAAAAATAGAAGGCACAACGCTATACGGATCGAGGGCATTGTTCTTCCTAACCCGCGACGGCACTTTGAGACCACT
GGCCATTGAGCTGGTTCGGCCACCAATCGACGGAAAGCCTCAGTGGAAGAAAGTCTTCGCATCCACCTGGCACTCAACCGGTGTCTGGCT
ATGGCGGCTCGCCAAAATCCATGTCCTCGCTCACGACACCGGTTACCACCAACTCGTGAGTCACTGGCTAAGAACTCATTGTGCAACAGA
GCCAT AC ATT ATAGC AGC AAACCGGCAACTGAGTGCAATGCACCCGATCT AC AGATT ACTGC ATCCGCATTTCCGTT ACACG ATGGAGAT
CAACGCGCTTGCTCGAGAGTCTTTGATAAACGCCGGCGGAAT AATAGAGCAGTGTTTT ACTCCGCAGAAACACTCCGTTCTGCTAAGCTC
AATCGCCTATGACAAACACTGGCGATTTGATCTCCAATCCCTCCCCAAGGACCTCATCCACAGGGGCTTGGCCGTGGAGGACCCCACCGC
CCCTCACGGCCTCAAACTCACCATCGAAGACTACCCTTACGCCAACGACGGCCTCGACCTCTGGGCGGCTTTCAAATCGTGGTTCACCGA
ATACATCGACCACTACTACGCCGACTCCAACGCTGTTCAATCAGACACAGAGCTCCAAGCCTGGTGGGATGAGGTCATAAACGTTGGACA
CGCCGACAAAAAGGATGAACCGT
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>GH1003
AGC GGGTCTTAACCCTTGTTGCATCCAGTTGGTCACGGTAAATTTCCTCCCTTCTCGAGTACTAACTTTTTAATCACAGTTTTACACCGACA
CGAATTTTCTGTCACGTAGGAATGGCCATTGAAAAGCAATCTTGACCCTGCAATTTATGGCCCTGCGGAATCAGCCATCACCACTGAACT
TGTTGAGC AGG AAATCAGAGGATTCCTT ACAGTCGAAG AGGT ATGTTTTTGGTGCAAGAATT AATGAAT AAC AC AG AAC ATGAAAACGT
GAAAATT AATGTGAGAATGTGCGATT AATGCAGGCCATAAAACAGAAGAGACTGTTCGTCTTGGACTACCACGATTTGTTATTGCCATTA
GTGGAGGAGGTGAGAAAAATAGAAGGCACAACGCTATACGGATCGAGGGCATTGTTCTTCCTAACCCGCGACGGCACTTTGAGACCACT
GGCCATTGAGCTGGTTCGGCCACCAATCGACGGAAAGCCTCAGTGGAAGAAAGTCTTCGCACCCACCTGGCACTCAACCGGTGTCTGGCT
ATGGCGGCTCGCCAAAATCCATGTCCTCGCTCACGACACCGGTTACCACCAACTCGTGAGTCACTGGCTAAGAACTCATTGTGCAACAGA
GCCAT ACATT AT AGCAGC AAACCGGCAACTGAGTGC AATGCACCCGATCT ACAGATTACTGCATCCGCATTTCCGTTACACGATGGAGAT
CAACGC GCTTGCTCGAGAGTCTTTGATAAACGCCGGCGGAATAAT AGAGCAGTGTTTTACTCCGCAGAAACACTCCGTTCTGCT AAGCTC
AATCGCCTATGACAAACACTGGCGATTTGATCTCCAATCCCTCCCCAAGGACCTCATCCACAGGGGCTTGGCCGTGGAGGACCCCACCGC
CCCTCACGGCCTCAAACTCACCATCGAAGACTACCCTTACGCCAACGACGGCCTCGACCTCTGGGCGGCTTTCAAATCGTGGTTCACCGA
ATACATCGACCACTACTACGCCGACTCCAACGCTGTTCAATCAGACACAGAGCTCCAAGCCTGGTGGGATGAGGTCATAAACGTTGGACA
CGCCGACAAAAAGGATGAACCGT

>GH1005
AGCGGGTCTTAACCCTTGTTGCATCCAGTTGGTCACGGTAAATTTCCTCCCTTCTCGAGTACT AACTTTTTAATCACAGTTTTACACCGACA
CGAATTTTCTGTCACGTAGGAATGGCCATTGAAAAGCAATCTTGACCCTGCAATTTATGGCCCTGCGGAATCAGCCATCACCACTGAACT
TGTTGAGC AGG AAATCAGAGGATTCCTTACAGTCGAAGAGGTATGTTTTTGGTGCAAGAATTAATGAATAACACAGAACATGAAAACGT
GAAAATT AATGTGAG AATGTGCGATTAATGCAGGCCAT AAAAC AGAAG AG ACTGTTCGTCTTGGACT ACC ACG ATTTGTT ATTGCC ATT A
GTGGAGGAGGTGAGAAAAATAGAAGGCACAACGCTATACGGATCGAGGGCATTGTTCTTCCTAACCCGCGACGGCACTTTGAGACCACT
GGCCATTGAGCTGGTTCGGCCACCAATCGACGGAAAGCCTCAGTGGAAGAAAGTCTTCGCACCCACCTGGCACTCAACCGGTGTCTGGCT
ATGGCGGCTCGCCAAAATCCATGTCCTCGCTCACGACACCGGTTACCACCAACTCGTGAGTCACTGGCTAAGAACTCATTGTGCAACAGA
GCCAT ACATT AT AGCAGC AAACCGGCAACTGAGTGC AATGCACCCGATCTACAGATTACTGCATCCGCATTTCCGTTACACGATGGAGAT
CAACGCGCTTGCTCGAGAGTCTTTGATAAACGCCGGCGG AAT AAT AGAGCAGTGTTTTACTCCGCAGAAACACTCCGTTCTGCT AAGCTC
AATCGCCTATGACAAACACTGGCGATTTGATCTCCAATCCCTCCCCAAGGACCTCATCCACAGGGGCTTGGCCGTGGAGGACCCCACCGC
CCCTCACGGCCTCAAACTCACCATCGAAGACTACCCTTACGCCAACGACGGCCTCGACCTCTGGGCGGCTTTCAAATCGTGGTTCACCGA
ATACATCGACCACTACTACGCCGACTCCAACGCTGTTCAATCAGACACAGAGCTCCAAGCCTGGTGGGATGAGGTCATAAACGTTGGACA
CGCCGACAAAAAGGATGAACCGT

>GH4770
AGCGGGTCTTAACCCTTGTTGCATCCAGTTGGTCACGGTAAATTTCCTCCCTTCTCGAGTACT AACTTTTTAATCACAGTTTTACACCGACA
CGAATTTTCTGTCACGTAGGAATGGCCATTGAAAAGCAATCTTGACCCTGCAATTTATGGCCCTGCGGAATCAGCCATCACCACTGAACT
TGTTGAGCAGG AAATCAGAGGATTCCTTACAGTCGAAGAGGTATGTTTTTGGTGCAAGAATTAATGAAT AACACAGAACATGAAAACGT
GAAAATT AATGTGAGAATGTGCGATT AATGCAGGCCATAAAACAGAAGAGACTGTTCGTCTTGGACTACCACGATTTGTTATTGCCATTA
GTGGAGGAGGTGAGAAAAATAGAAGGCACAACGCTATACGGATCGAGGGCATTGTTCTTCCTAACCCGCGACGGCACTTTGAGACCACT
GGCCATTGAGCTGGTTCGGCCACCAATCGACGGAAAGCCTCAGTGGAAGAAAGTCTTCGCACCCACCTGGCACTCAACCGGTGTCTGGCT
ATGGCGGCTCGCCAAAATCCATGTCCTCGCTCACGACACCGGTTACCACCAACTCGTGAGTCACTGGCTAAGAACTCATTGTGCAACAGA
GCCATAC ATTATAGC AGC AAACCGGCAACTGAGTGC AATGCACCCGATCTAC AGATTACTGCATCCGCATTTCCGTTACACGATGGAGAT
CAACGCGCTTGCTCGAG AGTCTTTGAT AAACGCCGGCGGAAT AAT AG AGC AGTGTTTTACTCCGCAGAAAC ACTCCGTTCTGCT AAGCTC
AATCGCCTATGACAAACACTGGCGATTTGATCTCCAATCCCTCCCCAAGGACCTCATCCACAGGGGCTTGGCCGTGGAGGACCCCACCGC
CCCTCACGGCCTCAAACTCACCATCGAAGACTACCCTTACGCCAACGACGGCCTCGACCTCTGGGCGGCTTTCAAATCGTGGTTCACCGA
ATACATCGACCACTACTACGCCGACTCCAACGCTGTTCAATCAGACACAGAGCTCCAAGCCTGGTGGGATGAGGTCATAAACGTTGGACA
CGCCGACAAAAAGGATGAACCGT

>GH2302
AGCGGGTCTTAACCCTTGTTGCATCCAGTTGGTCACGGT AAATTTCCTCCCTTCTCGAGTACTAACTTTTTAATCACAGTTTTACACCGACA 
CAAATTTTCTGTCACGTAGGAATGGCCATTGAAAAGCAATCTTGACCCTGCAATTTATGGCCCTGCGGAATCAGCCATCACCACTGAACT 
TGTTGAGC AGG AAATCAGAGGATTCCTT ACAGTCGAAGAGGT ATGTTTTTGGTGCAAGAATT AATGAAT AACACAGAACATGAAAACGT 
GAAAATT AATGTGAGAATGTGCGATT AATGCAGGCCAT AAAACAGAAGAGACTGTTCGTCTTGGACTACCACGATTTGTTATTGCCATTA 
GTGGAGGAGGTG AGAAA AATAG AAGGCAC AACGCTATACGGATCGAGGGCATTGTTCTTCCTAACCCGCGACGGCACTTTGAGACC ACT 
GGCCATTGAGCTGGTTCGGCCACCAATCGACGGAAAGCCTCAGTGGAAGAAAGTCTTCGCACCCACCTGGCACTCAACCGGTGTCTGGCT 
ATGGCGGCTCGCCAAAATCCATGTCCTCGCTCACGACACCGGTTACCACCAACTCGTGAGTCACTGGCTAAGAACTCATTGTGCAACAGA 
GCCAT ACATT AT AGCAGC AAACCGGCAACTGAGTGC AATGCACCCGATCT ACAGATTACTGCATCCGCATTTCCGTTACACGATGGAGAT 
CAACGC GCTTGCTCGAGAGTCTTTGATAAACGCCGGCGGAATAATAGAGC AGTGTTTTACTCCGCAGAAAC ACTCCGTTCTGCTAAGCTC 
AATCGCCTATGACAAACACTGGCGATTTGATCTCCAATCCCTCCCCAAGGACCTCATCCACAGGGGCTTGGCCGTGGAGGACCCCACCGC 
CCCTCACGGCCTCAAACTCACCATCGAAGACTACCCTTACGCCAACGACGGCCTCGACCTCTGGGCGGCTTTCAAATCGTGGTTCACCGA 
AT AC ATCGACC ACT ACT ACGCCGACTCC AACGCTGTTC AATC AGAC AC AG AGCTCC AAGCCTGGTGGGATGAGGTC AT AAACGTTGGAC A 
CGCCGACAAAAAGGATGAACCGT

>IT85F
AGCGGGTCTTAACCCTTGTTGCATCCAGTTGGTCACGGTAAATTTCCTCCCTTCTCGAGTACT AACTTTTTAATCACAGTTTTACACCGACA 
CAAATTTTCTGTCACGTAGGAATGGCCATTGAAAAGCAATCTTGACCCTGCAATTTATGGCCCTGCGGAATCAGCCATCACCACTGAACT 
TGTTGAGCAGGAAATCAGAGGATTCCTT ACAGTCGAAGAGGT ATGTTTTTGGTGCAAGAATT AATGAAT AACACAGAAGATGAAAACGT 
GAAAATT AATGTGAGAATGTGCGATT AATGCAGGCCATAAAACAGAAGAGACTGTTCGTCTTGGACTACCACGATTTGTTATTGCCATTA 
GTGGAGGAGGTGAGAAAAATAGAAGGCACAACGCTATACGGATCGAGGGCATTGTTCTTCCTAACCCGCGACGGCACTTTGAGACCACT 
GGCCATTGAGCTGGTTCGGCCACCAATCGATGGAAAGCCTCAGTGGAAGAAAGTCTTCGCACCCACCTGGCACTCAACCGGTGTCTGGCT 
ATGGAGGCTCGCCAAAATCCATGTCCTCGCTCACGACACCGGTTACCACCAACTCGTGAGTCACTGGCTAAGAACTCATTGTGCAACAGA 
GCCAT ACATT AT AGCAGC AAACCGGCAACTGAGTGC AATGCACCCGATCT ACAGATTACTGCATCCGCATTTCCGTT ACACGATGGAGAT 
CAACGCGCTTGCTCGAGAGTCTTTGAT AAACGCCGGCGGAAT AAT AGAGCAGTGTTTTACTCCGCAGAAACACTCCGTTCTGCT AAGCTC 
AATCGCCTATGACAAACACTGGCGATTTGATCTCCAATCCCTCCCCAAGGACCTCATCCACAGGGGCTTGGCCGTGGAGGACCCCACCGC 
CCCTCACGGCCTCAAACTCACCATCGAAGACTACCCTTACGCCAACGACGGCCTCGACCTCTGGGCGGCTTTCAAATCGTGGTTCACCGA 
ATAC ATCGACC ACT ACTACGCCGACTCC AACGCTGTTCAATCAGACACAGAGCTCCAAGCCTGGTGGGATGAGGTCATAAACGTTGGACA 

CGCCGACAAAAAGGATGAACCGT
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>LEI003
AGCGGOTCTTAACCCTTGTTGCATCCAGTTGGTCACGGTAAATTTCCTCCCTTCTCGAGTACT AACTTTTTAATCACAGTTTTACACCGACA 
CGAATTTTCTGTCACGTAGGAATGGCCATTGAAAAGCAATCTTGACCCTGCAATTTATGGCCCTGCGGAATCAGCCATCACCACTGAACT 
TGTTGAGC AGG AAATCAGAGGATTCCTT ACAGTCGAAGAGGT ATGTTTTTGGTGCAAGAATT AATGAAT AACACAGAACATGAAAACGT 
GAAAATT AATGTGAGAATGTGCGATT AATGCAGGCCATAAAACAGAAGAGACTGTTCGTCTTGGACTACCACGATTTGTTATTGCCATTA 
GTGGAGGAGGTGAGAAAAATAGAAGGCACAACGCTATACGGATCGAGGGCATTGTTCTTCCTAACCCGCGACGGCACTTTGAGACCACT 
GGCCATTGAGCTGGTTCGGCCACCAATCGACGGAAAGCCTCAGTGGAAGAAAGTCTTCGCACCCACCTGGCACTCAACCGGTGTCTGGCT 
ATGGCGGCTCGCCAAAATCCATGTCCTCGCTCACGACACCGGTTACCACCAACTCGTGAGTCACTGGCTAAGAACTCATTGTGCAACAGA 
GCCAT AC ATT AT AGC AGCAAACCGGCAACTGAGTGC AATGCACCCGATCT AC AG ATT ACTGCATCCGC ATTTCCGTT ACACGATGGAGAT 
CAACGCGCTTGCTCGAGAGTCTTTGAT AAACGCCGGCGGAATAATAG AGC AGTGTTTTACTCCGCAGAAAC ACTCCGTTCTGCTAAGCTC 
AATCGCCTATGACAAACACTGGCGATTTGATCTCCAATCCCTCCCCAAGGACCTCATCCACAGGGGCTTGGCCGTGGAGGACCCCACCGC 
CCCTCACGGCCTCAAACTCACCATCGAAGACTACCCTTACGCCAACGACGGCCTCGACCTCTGGGCGGCTTTCAAATCGTGGTTCACCGA 
ATAC ATCGACCACT ACTACGCCGACTCC AACGCTGTTCAATCAGACAC AGAGCTCCAAGCCTGGTGGGATGAGGTCATAAACGTTGGACA 
CGCCGACAAAAAGGATGAACCGT

>LEI004
AGCGGGTCTTAACCCTTGTTGCATCCAGTTGGTCACGGTAAATTTCCTCCCTTCTCGAGTACT AACTTTTTAATCACAGTTTTACACCGACA
CGAATTTTCTGTCACGTAGGAATGGCCATTGAAAAGCAATCTTGACCCTGCAATTTATGGCCCTGCGGAATCAGCCATCACCACTGAACT
TGTTGAGCAGG AAATCAGAGGATTCCTTACAGTCGAAGAGGT ATGTTTTTGGTGCAAGAATTAATGAAT AACACAGAACATGAAAACGT
GAAAATT AATGTGAGAATGTGCGATTAATGCAGGCCATAAAAC AGAAGAGACTGTTCGTCTTGGACTACC ACGATTTGTTATTGCCATTA
GTGGAGGAGGTGAGAAAAATAGAAGGCACAACGCTATCCGGATCGAGGGCATTGTTCTTCCTAACCCGCGACGGCACTTTGAGACCACT
GGCCATTGAGCTGGTTCGGCCACCAATCGACGGAAAGCCTCAGTGGAAGAAAGTCTTCGCACCCACCTGGCACTCAACCGGTGTCTGGCT
ATGGCGGCTCGCCAAAATCCATGTCCTCGCTCACGACACCGGTTACCACCAACTCGTGAGTCACTGGCTAAGAACTCATTGTGCAACAGA
GCCATACATTAT AGCAGC AAACCGGCAACTGAGTGC AATGCACCCGATCTACAGATTACTGCATCCGCATTTCCGTTACACGATGGAGAT
CAACGCGCTTGCTCGAGAGTCTTTGATAAACGCCGGCGGAATAATAGAGCAGTGTTTTACTCCGCAGAAACACTCCGTTCTGCTAAGCTC
AATCGCCTATGACAAACACTGGCGATTTGATCTCCAATCCCTCCCCAAGGACCTCATCCACAGGGGCTTGGCCGTGGAGGACCCCACCGC
CCCTCACGGCCTCAAACTCACCATCGAAGACTACCCTTACGCCAACGACGGCCTCGACCTCTGGGCGGCTTTCAAATCGTGGTTCACCGA
ATAC ATCGACC ACT ACT ACGCCGACTCC AACGCTGTTCAATCAGACACAGAGCTCCAAGCCTGGTGGGATGAGGTCATAAACGTTGGAC A
CGCCGACAAAAAGGATGAACCGT

Figure5.3: Dot-plot and multiple alignm ents of nucleotide sequences of the cowpea  
accessions using CPRD46b prim er pair and the original CPRD46b sequence as reference. 
The coding sequences show high homology, and an intron of 84bp is evident in dot plot 
and alignm ent. Each nucleotide is coloured in a different colour in the alignm ent (lower 
panel)

CPRD46b Dot-plot analysis showing alignment of the introns region of

the genomic DNA of cowpeas as compared to CPRD46b-original CDNA
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D46l>-GW77<V1-1103
D46b-GH1004/1-1103
D46b-GH227&1-1103
D46b-LE00371-1103
D46b-GH100371-1103
D46H-GH1OO&1-1102
D4&-GH1774/1-1103
D46b-/T85F/1-1103

Consensus

10 20 30 40 50 60

1 AG CGGGTCTT AAC CCTTGTTGCATC CAG TTGGTCACGGT AAAT T TCCTCCCTTCT COAO TACT AAC66 

1 AGCGGGTCTT AAC CCTTOTTGCATC CAG TTGGTCACGGTAAATTTCCTCCCTTCT CGAG T AC T AAC66 

1 AG CGGGTCTT AAC CCTTGTTGCATC CAG TTGGTCACGGT AAAT T TCCTCCCTTCT CGAG TACT AAC66 

1 AG CGGGTCTT AAC C CTTGTTGCAT C CAG TTGGTCACGGT AAAT TTCCTCCCTTCT CGAG TACT AAC66 

1 AGCGGGTCTT AAC C CTTGTTGCAT C CAG TTGGTCACGGT AAAT T T C C T C C C T T C T CGAG TACT AAC66 

1 AG CGGG TCTTAACCCTTGTTGCAT C CAG TTGGTCACGGT AAAT T TCCTCCCTTCT CGAG TACT AAC66 

1 AG CGGGTCTT AAC CCTTGTTGCAT C CAG TTGGTCACGGT AAAT TTCCTCCCTTCT TGAG TACT AAC66 

1 AGCGGGTCTTAACCCTTGTTGCATCCAGTTGGTCACGGTAAATTTCCTCCCTTCTCGAGTACTAAC 66 

1 AGCGGGTCTTAACCCTTGTTGCATCCAGTTGGTCACGGTAAATTTCCTCCCTTCTCdAOTACTAAC 66

AG CGGG T C T T AAC CCTTGTTGCATC CAG TTGGTCACGGT AAAT TTCCTCCCTTCT CGAG TACT AAC

D4&-GH177<V1-1103 
D46b-GH1004/1-1103 
D46b-GH2276'1-1103 
D4Gb-L£003/1-1103 
D46h-GH100yi-1103 
D46b-GH100&1-1102 
D46b-GH4774/1-1103 
D46b~tT35F/1-1103

Consensus

70

67 A ^ T T A A T

80 90 100' 110 120 130

TTTTTAAT

TTTTTAAT

TTTTTAAT

67 TTTTTAAT 

TTTTTAAT 

TTTTTAAT 

TTTTTAAT 

TTTTTAAT

CACAO 

CACAO 

CACAO 

CACAO 

CACAO 

CACAO 

CACAO 

C AC AG 

CACAO

TTT

TTT

TTT

TTT

TTT

TTT

TTT

TTT

TTT

TACAC

TACAC

TACAC

TACAC

TACAC

TACAC

TACAC

TACAC

TACAC

CGACACGAAT 

CGACACGAAT 

CGACACGAAT 

CGACACGAAT 

CGACACGAAT 

CGACACGAAT 

CGACAC AAAT 

CGACACAAAT 

CGACACAAAT

TTTCTG

TTTCTG

TTTCTG

TTTCTG

TTTCTG

TTTCTG

TTTCTG

TTTCTG

T T T C T G

T CACG T AGGAAT GG 

T CACG T AGGAAT GG 

TCACG T AGGAAT GG 

T CACG T AGGAAT GG 

T CACG T AGGAATOG 

T CACG T AGGAAT GG 

T CACG T AGGAAT GG 

T CACG T AGGAATOG 

TCACGTAGGAATGG

132

132

132

132

CCATTGAAAAGCAAT 

CCATTGAAAAGCAAT 

CCAT TGAAAAG CAAT 

CCATTGAAAAGCAAT 

CCATTGAAAAGCAAT 132 

CCATTGAAAAGCAAT 132 

CCATTGAAAAGCAAT 132 

CCATTGAAAAGCAAT 132 

CCATTGAAAAGCAAT 132

T T T T T AAT CACAO T T T T ACAC CGACACGAAT T TTCTGTCACGT AGGAAT GG C CAT TGAAAAG CAAT

140 150 160 170 180

SB
D46b-GH477<yi-1103
D4&-G H 1004/1-im
MU-6H227&1-1103
p4& U £00yi-1103
04&»-GH1003/1-1103

D46b-GH100&1-1102
D4&H3H4774/1-1103
D4&-iT95F/1-1103

Consensus

D46b-GH477<yi-1103
D4&-GM004/1-U03
W 6b-GH227V1-1103
046b-L£(X)yi-1103
D46b-GH1003/1-M03
D46b-GH100&1-1102
04&>-GH4774/1-m3
04&>-ITd5F/1-m3

Consensus

100
'

133 C T T G A C C  CT G  C A A T  T T  A T G G  C C C T G C G G  A A T  C A G C C A T C A C C A C T G  A A C  T T G T T G A G C  A GG  A A A T  C 198 

133 CT T G A C C  C TG C A A T  T T A T G G C C C T G C G G  A A T  C A GC C A T C  AC C A C T G A G C T T G T T G  A G C  A GG  A A A T  C 198 

133 C T T G A C C C T G C A A T T T A T O G C C C T G C G G A A T C A G C C A T C A C C A C T G A A C T T G T T G A G C A G G A A A T C  198 

133 C T T G A C C  CT G  C A A T T T A T G G C C C T G C G G A A T C A G C  C A T  C A C C A C T G A A C T T G T T G  AG C A G G A A A T C  198 

133 CT T G A C C  C TG C A A T  T T A T G G C C C T G C G G  A A T  C A G C C A T C A C C A C T G  A A C  T T G T T G A G C A G G  A  A A T C  198 

133 C T T G A C C  C TGC A A T  T T A T G G C C C T G C G G A A T  C A G C C A T C A C C A C T G  A A C  T T G T T G A G  C A G G A A A T C  198 

133 C T T G A C C C T G C A A T T T A T G G C C C T G C G G A A T C A G C C A T C A C C A C T G A A C T A G T T G A G C A G G A A A T C  198 

133 C T T G A C C C T G C A A T T T A T G G C C C T G C G G A A T C A G C C A T C A C C A C T G A A C T A G T T G A G C A G G A A A T C  198 

1 3 3 a T G A C C C T 0 C A A T T T A T G G C C C T G C 0 0 A A T C A G C C A T C A C C A C T G A A C T A G T T G A G C A G G A A A t C  198

C T T G A C C C T G C A A T T T A T G G C C C T G C G G A A T C A G C C A T C A C C A C T G A A C T T G T T G A G C A G G A A A T C

200 210 220 230 240 250 260

199 A G A G G A T T C C T T A C A G T C G A A G A G G T A T G T T T T T G G T G C A A G A A T T A A T G A A T A A C A C A G A A C A T G  264 

199 A G A G G A T T C C T T A C A G T C G A A G A G G T A T G T T T T T G G T G C A A G A A T T A A T G A A T A A C A C A G A A C A T G  264 

199 A G A G G A T T C C T T A C A G T C G A A G A G G T A T G T T T T T G G T G C A A G A A T C A A T G A A T A A C A C A G A A C A T G  264 

199 AG A G  G A T T C C T T  A C  A G T  CG A A G  A G G T A T G T T T T T G G T G C A A G A A T T  A A T G A A T  A A C A C  A G  A A  C A T  G 264 

199 A G A G G A T T C C T T A C A G T C G A A G A G G T A T G T T T T T G G T G C A A G A A T T A A T G A A T A A C A C A G A A C A T G  264 

199 A G A G G A T T C C T T A C A G T C G A A G A G G T A T G T T T T T G G T G C A A G A A T T A A T G A A T A A C A C A G A A C A T G  264 

199 A G A G G A T T C C T T A C A G T C G A A G A G G T A T G T T T T T G G T G C A A G A A T T A A T G A A T A A C A C A G A A C A T G  264 

199 A G A G G A T T C C T T A C A G T C G A A G A G G T A T G T T T T T G G T G C A A G A A T T A A T G A A T A A C A C A G A A G A T G  264 

199 A G A G G A T T C C T T A C A G T C G A A G A G G T A T G T T T T T G G T G C A A G A A T T A A T G A A T A A C A C A G A A G A T G  264
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D4&-GH477<yi-1103
D46b-GM1004/1-1103
D46b-GH227yi-1103
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D46i>-GH4774/1-1103 850 G O A  C C T C A T  C C A C  A O O O O  C T TOO C CO T 0 0  A OO A C  C C C A C CO C C C C T C A C O O  C C T C A A  A C  T C A C C A T  024 
D4&>4T9&/1-1103  850 0  0  A C  C f C A T C  C A C A O O O O C  TTOO C C O T O O A O O A C  C CC A C C O C C C  C t C  A C O O  C C t C A A A C T C  A C  C A T  024

Consensus

O O A C C T C A T C  C A C A O O O O  C T T O O C C O T  0 0 A O O A C  C C C A C C O C C C C T C A C O O C C T  C A A A C  T CA C  C A T

030 040 050 000 070

O4GM-GH17<>7/1-1103 
O4£k-GH477071-1103 
046M-GH1004/1-1103 
Q40b-GH227& 1-1103 
04e*-L£003 '1 -1103 
04&>-GH1003/1-1103 
O46k-GH10OG'1-1102 
O40k-GH4774/1-1103 
04e*-iTBBF/1-1103

925 C O A A O A C  T A C C C T T A C O C C A A C O A C O O C C T C O A C C T C T O O O C O O C T T  
025 C O A A O A C T A C C C T T A C O C C  A A C O A C O O  C C T C O A C C T C T O O O C O O C T T  
025 CO A A O A C  T A C C C T T A C O C C A A C O A C O O C C T C O A C C T C T O O O C O O C T T  
925 C O A A O A C T A C C C T T A C O C C A A C O A C O O C C T C O A C C T C T O O O C O O C T T  
025 CO A A O  A C  T A C C C T T A C O C C A A C O A C O O C C T C O A C C T C T O G O C O O C T T  
025 C O A A O A C  T A C C C T T A C O C C A A C O A C O O C C T C O A C C T C T O O O C O O C T T
824 C O A A O A C  T A C C C T T A C O C C  A A C O A C O O  C C T C O A C C T C T O O O C O O C T T  
025 C O A A O A C  T A C C C T T A C O C C  A A C O A C O O  C C T C O A C C T C T O O O C O O C T T
825 C O A A O A C T A C C C T T A C O C C A A C O A C O O C C T C O A C C T C T O O O C O O C T T

080

T C A A A  T C O T O O T T C A C C O A  000 
T C A A A T C O T O O T T C A C C O A  000 
T C A A A T C O T O O T T C A C C O A  000 
T C A A A T C O T O O T T C A C C O A  900 
T C A A A T C O T G G T T C A C C O A  000 
T C A A A T C O T O O T T C A C C O A  900 
T C A A A T C O T O O T T C A C C O A  080 
T C A A A T C O T O O T T C A C C O A  000 
TC A A A T  CO TO O  T TC A C  CO A  880

O4Gb-GH4767/1-1103 
04Gt-G fM77<yi-1103  
04GJb-GHI004/1-1103 
O4&t-GH227&1-1103  
04Gb-LE003/1-1103 
040M-GH100371-1103 
O46b-GH10O&1-1102 
O46M-GH4774/1-1103 
0 4G h JT W /1 -1 103

C O A A O A C T A C C C T T A C O C C A A C O A C O O C C T C O A C C T C T O O O C O O C T T T C A A A T C O T O O T T C A C C O A

1000 1010 1020 1030 1040 1050

001 A T A C A T C O A C C A C T A C T A C O C C O A C T C C A A C O C T O T T C A A C C A O A C A C A O A O C T C C A A O C C T O O T O  1056 
001 A T A C A T C O A C C A C T A C T A C O C C O A C T C C A A C O C T O T T C A A T C A O A C A C A O A O C T C C A A O C C T O O T O  1056 
001 A T A C A T C O A C C A C T A C T A C O C C O A C T C C A A C O C T O T T C A A T C A O A C A C A O A O C T C C A A O C C T O O T O  1056 
881 A T A C A T C O A C C A C T A C T A C O C C O A C T C C A A C O C T O T T C A A T C A O A C A C A O A O C T C C A A O C C T O O T O  1056 
001 A T A C A T C O A C C A C T A C T A C O C C O A C T C C A A C G C T O T T C A A T C A O A C A C A O A O C T C C A A O C C T O O T O  1056 
001 A T A C A T C O A C C A C T A C T A C O C C O A C T C C A A C O C T O T T C A A T C A O A C A C A O A O C T C C A A O C C T O O T O  1056
000 A T A C A T C O A C C A C T A C T A C O C C O A C T C C A A C O C T O T T C A A T C A O A C A C A O A O C T C C A A O C C T O O T O  1055
001 A T A C A T C O A C C A C T A C T A C O C C O A C T C C A A C O C T G T T C A A T C A O A C A C A O A O C T C C A A O C C T G O T O  1056 
001 A T A C A T C O A C C A C T A C T A C G C C O A C T C C A A C O C T O T I C A A T C A O A C A C A O A O  C T C C A A O C C T O O T O  1055

A T A C A T C O A C C A C T A C T A C O C C O A C T C C A A C O C T O T T C A A T C A O A C A C A O A O C T C C A A O C C T O O T O

1050 1070 1080 1090 1100

O4&-GH4767/1-1103  
O46k-QH477<yi-1103  
D4&-GH1004/1-1103  
D4&-G H227&1-1103  
D46k-l£00371-1103 
D46A-GH1003/1-1103 
0466-GH1OO671-1102 
O46*-<3H4774/1-1103 
O4QkJTWF/1-1103

1057 0  0 A T 0 A 0 0 T C A T  A A A C O  T TOO A C  A C O  C CO A C  A A A A A O O  A T O  A A C  CO T 
1057 OO A T O  A OO  T C A T  A A A C O  T TOO A C  A C O  C CO A C  A A A A A O O  A T O  A A C  COT 
1057 0  0  A T O  A OO  T C A T  A A A C O  T T O O  A C  A C O  C CO A C  A A A A A O O  A T O  A A C  COT 
1057 OO A T O  A OO  T C A T  A A A C O  T T O O  A C  A C O  C CO A C  A A A A A O O  A T O  A A C  COT 
1057 0  0  A T O  A OO  T C A T  A A A C O  T T O O  A C A C O  C CO A C  A A A A A O O  A T O  A A C  COT 
1057 0  0  A T O  A OO  T C A T  A A A C O  T T O O  A C  A C O  C CO A C  A A A A A O O  A TO A A C  CO T
1056 0 0  A T ©  A OO  T C A T  A A A C ©  T TOO A C  A C O  C CO A C  A A A A A G O  A T O  A A C  CO T
1057 0 0  A T O  A OO  T C A T  A A A C O  T T O O  A C A C O  C CO A C  A A A A A O O  A T O  A A C  CO T  
1067 O O A T O A O O T C A T A A A C O T T O O A C A C O C C O A C A A A A A O O A T O A A C C O T

0 0 A T O A O O T C A T A A A C O T T O O A C A C O C C O A C A A A A A O O A T O A A C C O T

1103
1103
1103
1103
1103
1103
1102
1103
1103

Gaps within the sequences indicate deletion and gaps at the end of reference sequences
indicate either intron region or no information available. Some of the dashes also indicate
gaps introduced to maximize alignment.
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Table5.6: Sequences obtained from genomic DNA of cowpeas using CPRD86 primer pair. 
The forward and reverse primers in the sequences have been shown in red colour.________
> C P R D 8 6 - ( O r i )
GGCACGAGCCATGGTGAACACAGTGAGTACAAAGGAGAGCATCATGGTGAGCACAAfiGGTGAATACAAAGGGGAGCACAAACCCGAGCACCATGGAGAAGAG
CACAAAGAAGGGTTCGTAGAGAAGATCAAGGACAAGCTCCACGGTGAAGGTGGTGAGGGCGAGAAGAAGAAGAAGAAGGAGAAGAAGAAGAAACATGAAGAT
G GCCATGGCCATGACAGCAGCAGCAGCAGTGACAGTGATTAGATATCACTGCTGCATCACCTATATATATTTATATATGTTAAGCTAAGGTGTATGTGACCA
GAGTAGTGAGGGCTGTGACTTCTTTTCTTGCTTTCTTGTGATCTGAATTTATGAGTGAAAAAAAAAGTGAGAGAAAATTGTGGTTGGTCATTTCTGTGGTTT
GGTTGGTGTG

>GH4773
AGCATCATGGTGAGCACAAGGGTGAATACAAAGGGGAGCACAAACCCGAGCACCATGGAGAAGAGCACAAAGAAGGGTTCGTAGAGA
AGATCAAGGACAAGCTCCACGGTGAAGGTGGTGAGGGCGAGAAGAAGAAGAAGAAGGAGAAGAAGAAGAAACATGAAGATGGCCATG
GCC ATGAC AGC AGC AGC AGC AGTG ACAGTGATTAG AT ATCACTGCTGC ATCACCT AT AT AT ATTT ATATATGTT AAGCT AAGGT AAATTT
TTCCTTTTCTTATATTGTGTATGTTCTCTCAACATTCTCCATGAGGATGAACTAGGAAATTTCTGATCTTGTTTTCTTCTGTTACTTTGATCA
ATGCACAGAACATAATGACTAAGGTTTGTTCTGATTTTGTTTTTCTCCTTTTTGTCTGATGCAGGTGTATGTGACCAGAGTAGTGAGGGCT
GTGACTTCTTTTCTTGCTTTCTTGTGATCTGAATTTATGAGTGAAAAAAAAAGTGAGAGAAAATTGTGGTTGGTCATTTCTGTGGTTTGG
TTGGTGTG

>GH2275
AGCATCATGGTGAGCACAAGGGTGAATACAAAGGGGAGCACAAACCCGAGCACCATGGAGAAGAGCACAAAGAAGGGTTCGTAGAGA
AGATCAAGGACAAGCTCCACGGTGAAGGTGGTGAGGGCGAGAAGAAGAAGAAGAAGGAGAAGAAGAAGAAACATGAAGATGGCCATG
GCC ATGAC AGC AGCAGC AGC AGTGACAGTGATT AG AT ATCACTGCTGC ATCACCT AT AT AT ATTT AT ATATGTT AAGCTAAGGTAAATTT
TTCCTTTTCTTAT ATTGTGT ATGTTCTCTC AAC ATTCTCCATGAGGATGAACT AGGAAATTTCTGATCTTGTTTTCTTCTGTT ACTTTGATCA
ATGCACAGAACATAATGACTAAGGTTTGTTCTGATTTTGTTTTTCTCCTnTTGTCTGATGCAGGTGTATGTGACCAGAGTAGTGAGGGCT
GTGACTTCTTTTCTTGCTTTCTTGTGATCTGAATTTATGAGTGAAAAAAAAAGTGAGAGAAAATTGTGGTTGGTCATTTCTGTGGTTTGG
TTGGTGTG

> GH2313
AGCATCATGGTGAGCACAAGGGTGAATACAAAGGGGAGCACAAACCCGAGCACCATGGAGAAGAGCACAAAGAAGGGTTCGTAGAGA 
AGATCAAGGACAAGCTCCACGGTGAAGGTGGTGAGGGCGAGAAGAAGAAGAAGAAGGAGAAGAAGAAGAAACATGAAGATGGCCATG 
GCCATGACAGCAGCAGCAGCAGTGACAGTGATTAGATATCACTGCTGCATCACCT ATATATATTT ATATATGTTAAGCTAAGGT AAATTT 
TTCCTTTTCTTAT ATTGTGTATGTTCTCTC AAC ATTCTCCATGAGGATGAACTAGG AAATTTCTGATCTTGTTTTCTTCTGTTACTTTGATCA 
ATGC AC AG AAC AT AATGACT AAGGTTTGTTCTG ATTTTGTTTTTCTCCTnTTGTCTGATGC AGGTGT ATGTGACC AGAGT AGTGAGGGCT 
GTGACTTCTTTTCTTGCTTTCTTGTGATCTGAATTTATGAGTGAAAAAAAAAGTGAGAGAAAATTGTGGTTGGTCATTTCTGTGGTTTGG 
TTGGTGTG

> GH4774
AGCATCATGGTGAGCACAAGGGTGAATACAAAGGGGAGCACAAACCCGAGCACCATGGAGAAGAGCACAAAGAAGGGTTCGTAGAGA 
AGATCAAGGACAAGCTCCACGGTGAAGGTGGTGAGGGCGAGAAGAAGAAGAAGAAGGAGAAGAAGAAGAAACATGAAGATGGCCATG 
GCC ATGAC AGC AGC AGC AGC AGTG ACAGTGATT AGAT ATCACTGCTGC ATCACCT AT AT AT ATTT ATAT ATGTT AAGCT AAGGTAAATTT 
TTCCTTTTCTT AT ATTGTGTATGTTCTCTC AAC ATTCTCCATGAGGATGAACT AGGAAATTTCTGATCTTGTTTTCTTCTGTT ACTTTGATCA 
ATGCACAGAACAT AATGACT AAGGTTTGTTCTGATTTTGTTnTCTCCTTTTTGTCTGATGCAGGTGTATGTGACCAGAGTAGTGAGGGCT 
GTGACTTCTnTCTTGCTTTCTTGTGATCTGAATTTATGAGTGAAAAAAAAAGTGAGAGAAAATTGTGGTTGGTCATTTCTGTGGTTTGG 
TTGGTGTG

> GH1004
AGCATCATGGTGAGCACAAGGGTGAATACAAAGGGGAGCACAAACCCGAGCACCATGGAGAAGAGCACAAAGAAGGGTTCGTAGAGA 
AGATCAAGGACAAGCTCCACGGTGAAGGTGGTGAGGGCGAGAAGAAGAAGAAGAAGGAGAAGAAGAAGAAACATGAAGATGGCCATG 
GCCATGACAGCAGCAGCAGCAGTGACAGTGATTAGATATCACTGCTGCATCACCTATATATATTTAT AT ATGTT AAGCTAAGGTAAATTT 
TTCCTTTTCTTAT ATTGTGTATGTTCTCTCAACATTCTCCATGAGGATGAACT AGGAAATTTCTGATCTTGTTTTCTTCTGTTACTTTGATCA 
ATGCACAGAACATAATGACTAAGGTTTGTTCTGATTTTGTTTTTCTCCTTTTTGTCTGATGCAGGTGTATGTGACC AGAGTAGTGAGGGCT 
GTGACTTCTTTTCTTGCTCTCTTGTGATCTGAATTTATGAGTGAAAAAAAAAGTGAGAGAAAATTGTGGTTGGTCATTTCTGTGGTTTGG 
TTGGTGTG

> GH1005
AGCATCATGGTGAGCACAAGGGTGAATACAAAGGGGAGCACAAACCCGAGCACCATGGAGAAGAGCACAAAGAAGGGTTCGTAGAGA 
AGATCAAGGACAAGCTCCACGGTGAAGGTGGTGAGGGCGAGAAGAAGAAGAAGAAGGAGAAGAAGAAGAAACATGAAGATGGCCATG 
GCC ATGAC AGC AGC AGC AGC AGTGACAGTGATT AGAT ATCACTGCTGC ATCACCT AT AT AT ATTT ATTT ATGTT AAGCTAAGGT A A  ATTTT 
TCCTTTTCTT ATATTGTGTATGTTCTCTC AAC ATTCTCCATGAGGATGAACTAGG AAATTTCTGATCTTGTTTTCTTCTGTTACTTTGATCAA 
TGCACAGAAC AC AATGACTAAGGTTTGTTCTGATTTTGTnTTCTCCTTTTTGTCTGATGCAGGTGTATGTGACCAGAGTAGTGAGGGCTG 
TGACTTCTTTTCTTGCTTTCTTGTGATCTGAATTTATGAGTGAAAAAAAAAGTGAGAGAAAATTGTGGTTGGTCATTTCTGTGGTTTGGT 
TGGTGTG

> GH1006
AGCATCATGGTGAGCACAAGGGTGAATACAAAGGGGAGCACAAACCCGAGCACCATGGAGAAGAGCACAAAGAAGGGTTCGTAGAGA 
AGATCAAGGACAAGCTCCACGGTGAAGGTGGTGAGGGCGAGAAGAAGAAGAAGAAGGAGAAGAAGAAGAAACATGAAGATGGCCATG 
GCC ATGAC AGC AGC AGC AGC AGTG ACAGTGATT AGAT ATCACTGCTGC ATCACCT AT AT ATATTT AT AT ATGTT AAGCT AAGGT AAATTT 
TTCCTTTTCTTATATTGTGTATGTTCTCTC AAC ATTCTCCATGAGGATGAACTAGG AAATTTCTGATCTTGTTTTCTTCTGTT ACTTTGATCA 
ATGCACAGAACAT AATGACT AAGGTTTGTTCTGATTTTGTTTTTCTCCTTTTTGTCTGATGCAGGTGT ATGTGACCAGAGT AGTGAGGGCT 
GTGACTTCTTTTCTTGCTTTCTTGTGATCTGAATTTATGAGTGAAAAAAAAAGTGAGAGAAAATTGTGGTTGGTCATTTCTGTGGTTTGG 
TTGGTGTG

> IT85F
AGCATCATGGTGAGCACAAGGGTGAATACAAAGGGGAGCACAAACCCGAGCACCATGGAGAAGAGCACAAAGAAGGGTTCGTAGAGA 
AGATCAAGGACAAGCTCCACGGTGAAGGTGGTGAGGGCGAGAAGAAGAAGATGAAGGAGAAGAAGAAGAAACATGAAGATGGCCATG 
GCCATGACAGCAGCAGCAGCAGTGACAGTGATTAGATATCACTGCTGCATCACCTATATATATTTATAT ATGTTAAGCTAAGGTAAATTT 
TTCCTTTTCTTATATTGTGTATGTTCTCTCAACATTCTCCATGAGGATGAACTAGG AAATTTCTGATCTTGTTTTCTTCTGTT ACTTTGATCA 
ATGCACAGAACATAATGACTAAGGTTTGTTCTGATTTTGTTnTCTCCTTTTTGTCTGATGCAGGTGTATGTGACCAGAGTAGTGAGGGCT
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I GTGACTTCTTTTCTTGCTTTCTTGTGATCTGAATTTATGAGTGAAAAAAAAAGTGAGAGAAAATTGTGGTTGGTCATTTCTGTGGTTTGG 
1 TTGGTGTG______________________________________________________________________________________________________________

Figure5.4: Multiple alignments of nucleotide sequences of the cowpea accessions using 
CPRD86 primer pair and the original CPRD86 sequence as reference. The coding 
sequences show high homology, and an intron of 164bp is evident in the alignment. Each 
nucleotide is coloured in a different colour in the alignmenty a o a o T O  eo ao too 110 120
G H 1004/1-646 ■ - - A ©  C A  T C A  T O O  T O  AO C A C  A A O  OO  T O  A A T  A  C A A A O O O O  A O  C A C  A A A C  C C O  A O  C A C  C A T O ©  A O  A A O  A ©  C A C  A A A ©  A  A O  OO T T CO T AO
T B V /1 -6 4 6  A O C A T C A T O O T O A O C A C  A A O O O  T O A A T A C A A A O O O O A O C A C A A A C C C O A O C A C C A T O O A O A A O A O C  A C  A A A O  A  A O  O O T T C O T A O
G H 47 7& 1-64 6  A O  C A T  C A  T O O  T O  A O  C A C  A  A O  O O  T O  A  A  T  A  C A  A A O  O OO  A O  C A C  A A  A  C C C O A O  C A C C A T O  O A O  A  A O  A O  C A C A  A A O  A  A O O  O T T C O T  A O
G H 2276 /1 -646  AO C A T C A T O O  TO  A O  C A C  A A O O O  T O A A T  A C  A A A O O O O  A O  C A C  A A A C  C CO AO C A C  C A T O O  A O  A A O  A O  C A C  A A A O  A A O O O  T T  CO T AO
G H 23 1& 1-64 6  A O  C A T  C A T O O  T O  A O  C A C  A A O O O  T O  A A T  A C  A A A O O O O  A O  C A C  A A A C  C C O A O  C A C  C A T O O  A O  A A O  A O  C A C  A A A O  A A O O O  T T CO T  A O
G H 4774/1-646 ■ A O  C A T  C A T O O  T O  A O  C A C  A A O O O  T O  A A T  A C  A A A O O O O  A O  C A C  A A A C  C CO AO C A C  C A T O O  A O  A A O  A O  C A C  A  A A O  A  A O O O  T T  C O  T  AO
G H 1006/1-646 A O C A T C A T O O T O A O C A C A A O O O T O A A T A C A A A O O O O A O C A C A A A C C C O A O C A C C A T O O A O A A O A O C A C A A A O A A O O O T T C O T A O
G H 1006 /1 -646  A O  C A T  C A T O O T O A O C A C A A O O O T  O A A T A C  A A A O O O O  A O  C A C  A A A C  C CO A O  C A C  C A T O O  A O  A A O  A O  C A C  A A A O  A A O O O  T T  C O T  AO
C P R D 84 > -_ O n1-4 ̂  8 0  A O A O C A T C A T O O T O A O C A C A A O O O  T O  A  A T  A  C A  A  A O  O O O  A O  C A C A A A C C C O A O C A C  C A X © ©  A O A A ©  A O  C A C  A A A O  A A O O O  I T C O  T A O  

130 140 180 180 170 100 100 200 210

3H1004/1-646
T W /1 -6 4 6
3H477371-646
3H 227V1-646
3H 231&1-646
3H4774/1-646
3H10O6/1-646
3H100C/1-646

A O A O A A O A  T C A A O O A C A A O  C T C C A C O O T O A A O O  T O O T O A O O O C O A O A A O A A O A A O A A O A A O O A O A A O A A O A A O A A A C A T O A A O A T O O  C C A T O O  
A O A O A A O A T C A A O O A C A A O C T C C A C O O T O A A O O T O O T O A O O O C O A O A A O A A O A A O A T O A A O O A O A A O A A O A A O A A A C A T O A A O A T O O C C A T O O  
A O A O A A O A T C A A O O A C A A O C T C C A C O O T O A A O O T O O T O A O O O C O A O A A O A A O A A O A A O A A O O A O A A O A A O A A O A A A C A T O A A O A T O O C C A T O O  
A O A O A A O A T C A A O O A C A A O C T C C A C O O T O A A O O T O O T O A O O O C O A O A A O A A O A A O A A O A A O O A O A A O A A O A A O A A A C A T O A A O A T O O C C A T O O  
A O A O A A O A T C A A O O A C A A O C T C C A C O O T O A A O O T O O T O A O O O C O A O A A O A A O A A O A A O A A O O A O A A O A A O A A O A A A C A T O A A O A T O O C C A T O O  
A O A O A A O A T C A A O O A C A A O C T C C A C O O T O A A O O T O O T O A O O O C O A O A A O A A O A A O A A O A A O O A O A A O A A O A A O A A A C A T O A A O A T O O C C A T O O  
A O A O A A O A T C A A O O A C A A O C T C C A C O O T O A A O O T O O T O A O O O C O A O A A O A A O A A O A A O A A O O A O A A O A A O A A O A A A C A T O A A O A T O O C C A T O O  
A O A O A A O A T C A A O O A C A A O C T C C A C O O T O A A O O T O O T O A O O O C O A O A A O A A O A A O A A O A A O O A O A A O A A O A A O A A A C A T O A A O A T O O C C A T O O

ZPFDB6-_ O h J I-4  ( 8 A O A O A A O  A T C A A O O  A C A A O  C T C C A C O O T ©  A A O O T O O T O A O O O C O  AO A A O A A O  A A O A A O  A A O O  A O  A A O  A A O  A A O  A A A C  A , f « A A « A f O O C C A I O O

220 230  240

GH1004/1-646 C C A T O  AC  AC  AO C AO C AO C AO C AO T 0  A C  AO T 0  A T
V96F/1-646 C C A T O A C A C A O C A O C A O C A O C A O T O A C A O T O A T
GH4773/1-646 C C A T O  AC  A C  A ©  C AO  C A O  C A O C  AO T O A C  AO TO A  T
GH2276/1-646 C C A T O  A C A C A O  C AO C AO C AO C AO T O A C  AO TO  A T
Q H 2 3 iy i-6 4 6  C C A T O  AC  A C  AO C AO  C AO  C AO  C AO T O A C  AO T O A T
GH4774/1-646 CC A T O  A C A C  AO  C AO C A O  C AO C AO TO AC  AO  TO  A T
GH100671-646 CC A T O  A C  A C  AO  C A O C  AO C A O C  A O  TO A C  AO TO A T
GH100&1-646 C C A T O  AC  A C  AO  C A O C  A O  C A O C  AO TO A C  AO TO A T
CPfWe&-_ OHJ1-41BC  C A  * ©  A  C A C  A O  C A O  C A O  C AO  C A O  T O A  C A O  TO /

280 200 270
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T A O A T A T C A C T O C T O C A T C A C C T A T A T A T A T  
T A O A T A T C A C T O C T O C A T C A C C T A T A T A T A T  
T A O A T A T C A C T O C T O C A T C A C C T A T A T A T A T  
T A O A T A T C A C T O C T O C A T C A C C T A T A T A T A T  
T A O A T A T C A C T O C T O C A T C A C C T A T A T A T A T  
T A O A T A T C A C T O C T O C A T C A C C T A T A T A T A T

280 290  300l

T T A T A T A T O T T A A O C T A A O O T A A A T T T T T  
T T A T A T A T O T T A A O C T A A O O T A A A T T T T T  
T T A T A T A T O T T A A O C T A A O O T A A A T T T T T  
T T A T A T A T O T T A A O C T A A O O T A A A T T T T T  
T T A T A T A T O T T A A O C T A A O O T A A A T T T T T  
T T A T A T A T O T T A A O C T A A O O T A A A T T T T T  
T T A T A T A T O T T A A O C T A A O O T A A A T T T T T  
T T A T T T A T O T T A A O C T A A O O T A A A T T T T

310 320 330 340 300 370 380 300

G H 1004/1-646 

/ 7 W / 1 - W 6  

BH477yi-546  
G H227& 1-646  

G H 2313/1-646 
GH4774/1-646 
G H1006/1-646 

GH1006/1-646 

C P K X 6-_< M J1-41 B -

C T T A T A T C T T A T A T T G T G T A T O T T C T C T C A A C A T T C T C C A T O A O O A T O A A C T A O G A A A T T  
C T T A T A T C T T A T A T T G T G T A T G T T C T C T C A A C A T T C T C C A T G A G G A T G A A C T A G O A A A T T  
C T T A T A T C T T A T A T T G T G T A T G T T C T C  T C A A C A T  T C T C C A T O A G O A T O A A C T A G G A A A T  T 
C T T A T A T C T T A T A T T G T G T A T G T T C T C  T C A A C A T  T CT C C A T O A G O A T O A A C  T A G G A A A T  T 
C T T A T A T C T T A T A T T O T O T A T O T T C T C T C A A C A T T C T C C A T O A O O A T O A A C T A G O A A A T T  
C T T A T A T C T T A T A T T G T G T A T G T T C T C T C  A A C A T T C T  C C A T O A G O A T O A A C T  A G O A A A T  T 
C T T A T A T C T T A T A T T O T G T A T O T T C T C T C A A C A T T C T C C A T O A G G A T G A A C T A G G A A A T T  
C T T A T A tC rrA tA T tO y«tA T «T fC IC *C A A C A T lc |cC A T «A O G A f«A A C T A O O A A A T £

T C T G A T C T T O T T T T C T T C T G T T A C T T T G A T C
t c t o a t c t t g t t t t c t t c t g t t a c t t t o a t c

T C T G A T C T T G T T T T C T T C T O T T A C T T T G A T C
t c t g a t c t t o t t t t c t t c t g t t a c t t t o a t c

T C T O A T C T T O T T T T C T T C T O T T A C T T T O A T C .  
T C T O A T C T T O T T T T C T T C T O T T A C T T T O A T C  
T C T G A T C T T G T T T T C T T C T O T T A C T T T G A T C .  
T CTGAt  C t  T O T T f T C  TTCTOTTACt TTOATC.

410 420 430 440 460 460 470 480

GH10W 1446 

IT W /1 -M 6  

6H477W-646 

QH227W-M 
GH23iyi-M6 
QH4771/1-546 

GH100&1-646 

GH10W1-546 

CPBCM-JMJUn-

AATGCACAGAACATAATGACTAAGGTTTGTTCTGATTTTGTTTTTCTCCTTTTTGTCTGATGCAGGTGTATGTGACCAGAGTAGTGAGGGCTG 
AATGCACAGAACATAATGACTAAGGTTTGTTCTGATTTTGTTTTTCTCCTTTTTGTCTGATGCAGGTGTATGTGACCAGAGTAGTGAGGGCTO 
AATGCACAGAACATAATGACTAAGGTTTGTTCTGATTTTGTTTTTCTCCTTTTTGTCTGATGCAGGTGTATGTGACCAGAGTAGTGAGGGCTG 
AATGCACAGAACATAATGACTAAGGTTTGTTCTGATTTTGTTTTTCTCCTTTTTOTCTOATGCAGGTGTATGTGACCAGAGTAGTOAGGGCTO 
AATGCACAGAACATAATGACTAAGGTTTGTTCTGATTTTGTTTTTCTCCTTTTTGTCTGATGCAGGTGTATGTGACCAGAGTAGTGAGGGCTG 
AATGCACAGAACATAATGACTAAGGTTTGTTCTGATTTTGTTTTTCTCCTTTTTGTCTGATGCAGGTGTATGTGACCAGAGTAGTGAGGGCTG 
AATGCACAGAACATAATGACTAAGGTTTGTTCTGATTTTGTTTTTCTCCTTTTTGTCTGATGCAGGTGTATGTGACCAGAGTAGTGAGGGCTGAACATj

H H c jAATGCACAGAACACAATGACTAAGGTTTGTTCTGATTTTGTTTTTCTCCTTTTTGTCTGATGCAGGTGTATGTGACCAGAGTAGTGAGGGCTG
h  ................................................................

460 600

TG-ACTTCTTTTCTTGCTCTCT 
TO.ACTTCTTTTCTTGCTTTCT 
TG-ACTTCTTTTCTTGCTTTCT 
T GAC TTCTTTTCTTGCTTTCT 
TGACTTCTTTTCTTGCTTTCT 
TGACT TCT TT TCT TGCTTTCT 
TGACTTCTTTTCTTGCTTTCT 
T GAC TTCTTTTCTTGCTTTCT 

CPKD86- 0?yM)8CTGTGACT TCT TT TCT TGCTTTCT

GH10W144&
/resF/j-»6
GWT773/1-646
GH227&'1-546
GH23W1446
GW77V)-M6
GWIOOfr'I-We
GH10W1-546

510 520 530 540
■

650 560

TGT O AT CT O AA T T T A T G A GT G A A . A A AA A A AG  TGAGAGAA AATTG TGG TTGOT CATTT CTG 

T G T G A T C T G A A T T T A T G A G T G A A A A A A A A A G T G A G A G A A A A T T O  TGGT T G GT C A T T T CT G  

T G T G A T C T G A A T T T A T G A G T G A A A A A A A A A G  T G A OA G A A A A T T G T G G T T G G T C A T T T C T G  

T G T G A T C T G A A T T T A T G A G T G A A A A A A A A A G  TG A GA G A A A A T T G T GG T T G G T  CATTTCTG 

T O T G A T C T G A A T T T A T G A G T G A A A A A A A A A G  TGAGA GA AA A TTG TGG T T G O T CA T T T CT G  

T G T G A T C T G A A T T T A T G A G T G A A A A A A A A A G  T G A GA G A A A A T T G T G G T T G G T C A T T T C T G  

T G T G A T C T G A A T T T A T G A G T G A A A A A A A A A G T G A O A G A A A A T T G T G G T T G G T C A T T T C T G  

T G T G A T C T O A A T T T A T G A G T G A A A A A A A A A G T G A G A G A A A A T T G T G G T T G G T C A T T T C T G  

TG TG A TC T© A A T T  T ATG AG T ^ A A A A  AAAAG TG AG AG A A A A T T G TGG TTGGT C A T T T  CTG

Gaps within the sequences indicate deletion and gaps at the end of reference sequences
indicate either intron region or no information available. Some of the dashes also indicate
gaps introduced to maximize alignment.
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Table5.7: Sequences obtained from genomic DNA of cowpeas using CPRD8 primer pair. 
The forward and reverse primers in the sequences have been shown in red colour.
>C P R D 8-O ri_____________________________________________________________________________________________________
GACGAAAGAGCAGGTGGAAGCATGGAAACCCATCGTCGATGCCGTTCATGCCAAAGGCGGTATCTTCTTTTGCCAGATTTGGCATGTAG 
GAAGGGTTTCAGATTCAAGTTATCAGCCGAATGGGCAAGCACCCATTTCTTCTACCGACAAGCCACTGCCACCAACGCCTCGAGCTAACG 
GCCTTGGATATATCGAACACACGCCACCACGGCGCCTAACGACCGAAGAACTTCCTGGTATCGTCAATGACTTCAGAATTGCTGCAAGGA 
ATGCCATCGAAGCTGGTTTTGATGGGGTTGAGGTCCATGGGGCACATGGGTACCTACTTGATCAATTTTTGAAAGACCAGGCTAATGACA 
GAACAGATCAATACGGTGGATCCCTCGAGAACCGGTGCAGACTTCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCTGATA 
GAGTTGGAATTAGGTTATCACCTTTTGCAGACTTTAACGATTGTGGTGACTCAAATCCCCTGCAACTGGGGCTTTACATGGTCAATGCACT 
CAATAAGTATAACATTCTCTACTGTCACATGGTGGAACCCAGAATGGGAAGTGTTGGAGGTCCAGATGAAAACCTGACGCCAATGAGAA 
AGGTCTTCAATGGCACTTTTATAGTTGCCGGAGGTTATGACCGGGAAGATGGGATCAAAGCCATTGCTGAAGACAGGGCTGATCTTGTTG 
CCT ATGGCCGTTTGTTCTTGGCCAATCCAG ATTTGCC AAAG AGATTTGCTCTCAATGCTCCTCTCAACC AGT AT AATCGCAAG AC ATTCT A 
CC ACGAGG ATCCTGATCCGCTTGTTGGGT AC ATCGATT ATCCGTTTCTTGATGAAGAATCGAACGGTGT AGCATCC

>GH2275-D8
GACGAAAGAGCAGGTGGAAGCATGGAAACCCATCGTCGATGCCGTTCATGCCAAAGGCGGTATCTTCTTTTGCCAGATTTGGCATGTAG

TTGATTACTGAGTGAGTGACTGCATTCTGATTTCTACAGGTTATCAGCCGAATGGGCAAGCACCCATTTCTTCTACCGACAAGCCACTGCC
ACCAACGCCTCGAGCTAACGGCCTTGGATATATCGAACACACGCCACCACGGCGCCTAACGACCGAAGAACTTCCTGGTATCGTCAATGA
CTTCAGAATTGCTGCAAGGAATGCCATCGAAGCTGGTATCTAACTTCATTCCATTTTGCTTCAACAGATGCTTTTATCATTGTTTCACAAA
CTGACTTCACTGATTGTAGGTTTTGATGGGGTTGAGGTCCATGGGGCACATGGGTACCTACTTGATCAATTTTTGAAAGACCAGGCTAATG
ACAGAACAGATCAATACGGTGGATCCCTCGAGAACCGGTGCAGACTTCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCTG
AT AGAGTTGG AATT AGGTT ATCACCTTTTGC AGACTTT AACGATTGTGGTGACTCAAATCCCCTGC AACTGGGGCTTTACATGGTCAATGC
ACTCAATAAGTATAACATTCTCTACTGTCACATGGTGGAACCCAGAATGGGAAGTGTTGGAGGTCCAGATGAAAACCTGACGCCAATGA
GAAAGGTCTTCAATGGCACTTTTATAGTTGCCGGAGGTTATGACCGGGAAGATGGGATCAAAGCCATTGCTGAAGACAGGGCTGATCTTG
TTGCCTATGGCCGTTTGTTCTTGGCCAATCCAGATTTGCCAAAGAGATTTGCTCTCAATGCTCCTCTCAGCCAGTATAATCGCAAGACATT
CTACCACGAGGATCCTGATCCGCTTGTTGGGTAC ATCGATT ATCCGTTTCTTGATGAAGAATCGAACGGTGTAGCATCC

>GH2310-D8
GACGAAAGAGCAGGTGGAAGCATGGAAACCCATCGTCGATGCCGTTCATGCCAAAGGCGGTATCTTCTTTTGCCAGATTTGGCATGTAG 
GAAGGGTTTCAGATTCAAGTAATTTTTTTCCCTATTCAGATTCTTTTATTTATATATTTTTTTTGTAATGAATCATTCTCCGTATTTGGATTC 
TTGATTACTGAGTGAGTGACTGCATTCTGATTTCTACAGGTTATCAGCCGAATGGGCAAGCACCCATTTCTTCTACCGACAAGCCACTGCC 
ACC AACGCCTCGAGCT AACGGCCTTGGATAT ATCGAAC AC ACGCC ACC ACGGCGCCT AACG ACCG AAGAACTTCCTGGT ATCGTC AATGA 
CTTCAGAATTGCTGCAAGGAATGCCATCGAAGCTGGTATCTAACTTCATTCCATTTTGCTTCAACAGATGCTTTTATCATTGTTTCACAAA 
CTGACTTCACTGATTGTAGGTTTTGATGGGGTTGAGGTCCATGGGGCACATGGGTACCTACTTGATCAATTTTTGAAAGACCAGGCTAATG 
ACAGAACAGATCAATACGGTGGATCCCTCGAGAACCGGTGCAGACTTCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCTG 
AT AGAGTTGG AATT AGGTT ATCACCTTTTGCAGACTTT AACGATTGTGGTGACTCAAATCCCCTGC AACTGGGGCTTTACATGGTCAATGC 
ACTCAATAAGTATAACATTCTCTACTGTCACATGGTGGAACCCAGAATGGGAAGTGTTGGAGGTCCAGATGAAAACCTGACGCC AATGA 
GAAAGGTCTTC AATGGC ACTTTT AT AGTTGCCGG AGGTT ATGACCGGGAAGATGGGATCAAAGCC ATTGCTGAAG AC AGGGCTGATCTTG 
TTGCCTATGGCCGTTTGTCCTTGGCCAATCCAGATTTGCCAAAGAGATTTGCTCTCAATGCTCCTCTCAACCAGTATAATCGCAAGACATT 
CTACC ACGAGGATCCTG ATCCGCTTGTTGGGT AC ATCGATTATCCGTTTCTTGATGAAGAATCGAACGGTGTAGCATCC

>GH4767-D8
GACGAAAGAGCAGGTGGAAGCATGGAAACCCATCGTCGATGCCGTTCATGCCAAAGGCGGTATCTTCTTTTGCCAGATTTGGCATGTAG

CTTGATT ACTGAGTG AGTG ACTGCATTCTGATTTCT AC AGGTTATCAGCCG AATGGGC AAGC ACCCATTTCTTCTACCG AC AAGCCACTGC 
CACC AACGCCTCGAGCT AACGGCCTTGGATAT ATCGAACACACGCCACCACGGCGCCTAACGACCGAAGAACTTCCTGGTATCGTCAATG 
ACTTCAGAATTGCTGCAAGGAATGCCATCGAAGCTGGTATCTAACTTCATTCCATTTTGCTTCAACAGATGCTTTTATCATTGTTTCACAA 
ACTGACTTCACTGATTGT AGGTTTTGATGGGGTTGAGGTCCATGGGGC AC ATGGGT ACCTACTTGATC AATTTTTGAAAG ATCAGGCT AAT 
GACAGAACAGATCAATACGGTGGATCCCTCGAGAACCGGTGCAGACTTCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCT 
GATAGAGTTGG AATT AGGTTATCACCTTTTGCAGACTTT AACGATTGTGGTGACTCAAATCCCCTGC AACTGGGGCTTTACATGGTCAATG 
C ACTCAAT AAGT AT AAC ATTCTCT ACTGTCAC ATGGTGGAACCC AG AATGGGAAGTGTTGGAGGTCC AGATGAAAACCTGACGCC AATG 
AG AAAGGTCTTC AATGGCACTTTT AT AGTTGCCGGAGGTT ATGACCGGG AAG ATGGG ATC AAAGCCATTGCTGAAGAC AGGGCTGATCTT 
GTTGCCTATGGCCGTTTGTTCTTGGCCAATCCAGATTTGCCAAAGAGATTTGCTCTCAATGCTCCTCTCAACCAGTATAATCGCAAGACAT 
TCTACC ACGAGG ATCCTGATCCGCTTGTTGGGTAC ATCGATTATCCGTTTCTTGATGAAGA ATCGAACGGTGTAGCATCC

>GH4770-D8
GACGAAAGAGCAGGTGGAAGCATGGAAACCCATCGTCGATGCCGTTCATGCCAAAGGCGGTATCTTCTTCTGCCAGATTTGGCATGTAG

CTTGATTACTGAGTGAGTGACTGCATTCTGATTTCTAC AGGTTATCAGCCGAATGGGCAAGCACCCATTTCTTCTACCGAC AAGCCACTGC 
CACCAACGCCTCGAGCT AACGGCCTTGGATATATCGAAC ACACGCCACC ACGGCGCCT AACGACCG AAGAACTTCCTGGTATCGTCAATG 
ACTTCAGAATTGCTGCAAGGAATGCCATCGAAGCTGGTATCTAACTTCATTCCATTTTGCTTCAACAGATGCTTTCATCATTGTTTCACAA 
ACTGACTTCACTGATTGT AGGTTTTGATGGGGTTGAGGTCCATGGGGC AC ATGGGT ACCT ACTTGATCAATTTTTGAAAGATC AGGCT AAT 
GACAGAACAGATCAATACGGTGGATCCCTCGAGAACCGGTGCAGACTTCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCT 
GAT AGAGTTGG AATT AGGTT ATCACCTTTTGCAGACTTT AACGATTGTGGTGACTCAAATCCCCTGC AACTGGGGCTTTACATGGTCAATG 
CACTC AAT AAGT AT AAC ATTCTCT ACTGTCAC ATGGTGGAACCCAGAATGGGAAGTGTTGGAGGTCCAGATGAAAACCTGACGCC AATG 
AGAAAGGTCTTC AATGGC ACTTTT AT AGTTGCCGGAGGTT ATGACCGGG AAG ATGGG ATC AAAGCCATTGCTGAAGAC AGGGCTGATCTT 
GTTGCCTATGGCCGTTTGTTCTTGGCCAATCCAGATTTGCCAAAGAGATTTGCTCTCAATGCTCCTCTCAACCAGTATAATCGCAAGACAT 
TCT ACCACGAGGATCCTGATCCGCTTGTTGGGTAC ATCGATTATCCGTTTCTTGATGAAGAATCGAACGGTGTAGCATCC

>GH4773-D8
GACGAAAGAGCAGGTGGAAGCATGGAAACCCATCGTCGATGCCGTTCATGCCAAAGGCGGTATCTTCTTTTGCCAGATTTGGCATGTAG 
GAAGGGTTTCAGATTCAAGTAATTTTTTTCCCTATTCAGATTCTTTTATTTATATATTTTTTTTTGTAATGAATCATTCTCCGTATTTGGATT 
CTTGATCACTGAGTGAGTGACTGC ATTCTGATTTCT AC AGGTT ATC AGCCGAATGGGCAAGC ACCCATTTCTTCT ACCGAC AAGCCACTGC 
CACCAACGCCTCGAGCT AACGGCCTTGGATATATCGAACACACGCCACCACGGCGCCTAACGACCGAAGAACTTCCTGGTATCGTCGATG 
ACTTCAGAATTGCTGCAAGGAATGCCATCGAAGCTGGTATCTAACTTCATTCCATTTTGCTTCAACAGATGCTTTTATCATTGTTTCACAA 
ACTGACTTCACTGATTGT AGGTTTTGATGGGGTTGAGGTCCATGGGGC AC ATGGGT ACCT ACTTGATCAATTTTTGAAAGATCAGGCTAAT
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GACAGAACAGATCAATACGGTGGATCCCTCGAGAACCGGTGCAGACTTCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCT 
GATAGAGTTGGAATTAGGTTATCACCTTTTGCAGACTTTAACGATTGTGGTGACTCAAATCCCCTGC AACTGGGGCTTTACATGGTCAATG 
CACTCAAT AAGTATAAC ATTCTCT ACTGTCACATGGTGGAACCCAGAATGGGAAGTGTTGGAGGTCCAGATGAAAACCTGACGCC AATG 
AGAAAGGTCTTCAATGGCACTTTTAT AGTTGCCGGAGGTTATGACCGGG AAGATGGGATCAAAGCCATTGCTGAAGACAGGGCTGATCTT 
GTTGCCTATGGCCGTTTGTTCTTGGCCAATCCAGATTTGCCAAAGAGATTTGCTCTCAATGCTCCTCTCAACCAGTATAATCGCAAGACAT 
TCTACCACGAGGATCCTGATCCGCTTGTTGGGTACATCGATTATCCGTTTCTTGATGAAGAATCGAACGGTGTAGCATCC

> G H 1 0 0 3 -D 8
GACGAAAGAGCAGGTGGAAGCATGGAAACCCATCGTCGATGCCGTTCATGCCAAAGGCGGTATCTTCTTTTGCCAGATTTGGCATGTAG
GAAGGGTTTCAGATTCAAGTAATTTTTTCCCTATTCAGATTCTTTTATTTATATATTTTTTTTGTAATGAATCATTCTCCGTATTTGGATTCT
TGATTACTGAGTGAGTGACTGCATTCTGATTTCTACAGGTTATCAGCCGAATGGGCAAGCACCCATTTCTTCTACCGACAAGCCACTGCCA
CCAACGCCTCGAGCT AACGGCCTTGGATAT ATCGAACACACGCCACCACGGCGCCTAACGACCGAAGAACTTCCTGGTATCGTCAATGAC
TTCAGAATTGCTGCAAGGAATGCCATCGAAGCTGGTATCTAACTTCATTCCATTTTGCTTCAACAGATGCTTTTATCATTGTTTCACAAACT
GACTTCACTGATTGTAGGTTTTGATGGGGTTGAGGTCCATGGGGCACATGGGTACCTACTTGATCAATTTTTGAAAGACCAGGCTAATGA
CAGAACAGATCAATACGGTGGATCCCTCGAGAACCGGTGCAGACTTCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCTGA
TAGAGTTGG AATT AGGTT ATCACCTTTTGCAGACTTT AACGATTGTGGTGACTCAAATCCCCTGC AACTGGGGCTTTACATGGTCAATGCA
CTCAATAAGTATAACATTCTCTACTGTCACATGGTGGAACCCAGAATGGGAAGTGTTGGAGGTCCAGATGAAAACCTGACGCCAATGAG
AAAGGTCTTCAATGGCACTTTTATAGTTGCCGGAGGTTATGACCGGGAAGATGGGATCAAAGCCATTGCTGAAGACAGGGCTGATCTTGT
TGCCTATGGCCGTTTGTTCTTGGCCAATCCAGATTTGCCAAAGAGATTTGCTCTCAATGCTCCTCTCAACCAGTATAATCGCAAGACATTC
TACCACGAGGATCCTGATCCGCTTGTTGGGTACATCGATTATCCGTTTCTTGATGAAGAATCGAACGGTGTAGCATCC

Figure5.5: Multiple alignments of nucleotide sequences of the cowpea accessions using 
CPRD8 primer pair and the original CPRD8 sequence as reference. The coding sequences 
show high homology, and two introns of 113bp and 74bp are evident in the alignment. 
Each nucleotide is coloured in a different colour in the alignment

10 20 30 40 50 80 70

GH4767-D&1-1076
GH4770W1-1076
GH2275W1-1075
GH2310&&1-1075
GH10030VM074
CPRD8Gn/1-m
GH4773WU1076

Consensus

GH4767-D&1-107G
GH477IXWUW76
GH227MW1-1075
GH231QW1-1075
GH100UW1-1074
CPRD&Ori/1-m

6H4773W1-1076

1 G A C G A A A G A G C A G G T G G A A G C A T G G A A A C C C A T C G T C G A T G C C G T T C A T G C C A A A G G C G G T A T C T T C T T T T G C C 7 4  

1 G A C G A A A G A G C A G G T G G A A G C A T G G A A A C C C A T C G T C G A T G C C G T T C A T G C C A A A G G C G G T A T C T T C T T C T G C C  74 

1 G A C G A A A G A G C A G G T G G A A G C A T G G A A A C C C A T C G T C G A T G C C G T T C A T G C C A A A G G C G G T A T C T T C T T T T G C C  74 

1 G A C G A A A G A G C A G G T G G A A G C A T G G A A A C C C A T C G T C G A T G C C G T T C A T G C C A A A G G C G G T A T C T T C T T T T G C C  74 

1 G A C G A A A G A G C A G G T G G A A G C A T G G A A A C C C A T C G T C G A T G C C G T T C A T G C C A A A G G C G G T A T C T T C T T T T G C C  74 

1 G A C G A A A G A G C A G G T G G A A G C A T G G A A A C C C A T C G T C G A T G C C G T T C A T G C C A A A G G C G G T A T C T T C T T T T G C C  74 

1 G A C G A A A G A G C A G G T G G A A G C A T G G A A A C C C A T C G T C G A T G C C G T T C A T G C C A A A G G C G G T A T C T T C T T T T G C C  74

G AC GA AA GA GC AG GT GG AA GC AT GG AA AC C CA TC GT C GA T GC C GT TC AT GC CA A AG GC GGT A TC TT C TT TT GC C

80 00 100 110 120 130 140

75 A G A T T T G G C A T G T A G G A A G G G T T T C A G A T T C A A G T A A T T T T T T T C C C T A T T C A G A T T C T T T T A T T T A T A T A T T T 148 

75 A G A T T T G G C A T G T A G G A A G G G T T T C A G A T T C A A G T A A T T T T T T T C C C T A T T C A G A T T C T T T T A T T T A T A T A T T T 148 

75 A G A T T T G G C A T G T A G G A A G G G T T T C A G A T T C A A G T A A T T T T T T T C C C T A T T C A G A T T C T T T T A T T T A T A T A T T T  148 

75 A G A T T T G G C A T G T A G G A A G G G T T T C A G A T T C A A G T A A T T T T T T T C C C T A T T C A G A T T C T T T T A T T T A T A T A T T T 148 

75 A G A T T T G G C A T G T A G G A A G G G T T T C A G A T T C A A G T A A T T T T T T  • C C C T A T T C A G A T T C T T T T A T T T A T A T A t H  147

75 A G A T T T G G C A T G T A G G A A G G G T T T C A G A T T C A A G T .................................................................................................................................100

75 A G A T T T G G C A T G T A G G A A G G G T T T C A G A T T C A A G T A A T T T T T T T C C C T A T T C A G A T T C T T T T A T T T A T A T A T T T 148

Consensus

A G A T T T G G C A T G T A G G A A G G G T T T C A G A T T C A A G T A A T T T T T T T C C C T A T T C A G A T T C T T T T A T T T A T A T A T T T  

150 160 170 180 100 200 210 220

GH4767-W1-1076 140 T T T T T

GH477MW1-1076 140 T T T T T

GH227&O&1-1075 140 T T T T T

GH2310&&1-1075 140 T T T T T

GH1003W1-1074 148 T T T T T

C P fm O i/1 -886

T G T A A T G A A T C A T T C T C C G T A T T T G G A T T C T T G A T T A C T G A G T G A G T G A C T G C A T T C T G A T T T C T A C A G  222 

T G T A A T G A A T C A T T C T C C G T A T T T G G A T T C T T G A T T A C T G A G T G A G T G A C T G C A T T C T G A T T T C T A C A G  222 

G T A A T G A A T C A T T C T C C G T A T T T G G A T T C T T G A T T A C T G A G T G A G T G A C T G C A T T C T G A T T T C T A C A G 221 

G T A A T G A A T C A T T C T C C G T A T T T G G A T T C T T G A T T A C T G A G T G A G T G A C T G C A T T C T G A T T T C T A C A G  221 

G T A A T G A A T C A T T C T C C G T A T T T G G A T T C T T G A T T A C T G A G T G A G T G A C T G C A T T C T G A T T T C T A C A 0  220

GH4773W1-1076 140 —  I l l M M i f t H l * — B W I l l « M l l  » M l * l  M l  III M lllll * II It'll H Mil I » M M l l  I I I  n i l  l » l  <11 222
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230 240 250 260 270 280 200

GH4767-DW1-1076 223 0  TT ATC AGCCG AAT GOGC AAO C AC C C A T T  T C T TC T AC CO ACAAO CCAC TOCC AC CAACGC C T CGAGC T AACGGC 206 
GH477O D&1-1076 223 G TT AT CAG CCGAAT GGGCAAG CAC C CAT T T C T T C T ACCG AC AAG C CA CT G CCAC CAACG CC T CG AO CT A ACGGC 296 
QH227&D671-1076 222 G T T AT  CAOC CGAAT GOGCAAG C ACC CAT TT  C T T C T ACCG ACAAO C CAC TG C C AC CAACOCC T CG AGC TAACGGC 296 

GH231O0&1-1O75 222 G T T  AT CAOC CGAAT GOGCAAG CACC CAT T T C TT  C TAC CG ACAAGCCACTGC CACCAACGC C T CG AG C TAACGG C 296 
GW10030& ' f - f 07 4  221 G T T AT C AG C CG AAT GGG C AAG C AC C C AT T T C T T C T AC CG AC AAG C C AC TG C C AC C AACO C C T CG AG C T AACGG C 294 
Q =W D8-O ryi-88€ 110 • - T AT  C AG C CG AAT GGG C AAG CAC C CAT T T C T T C T AC CG AC AAOC CAC TG C CACC AACG C C T CG AG C TAACGG C 181 

GH4773O871-1076 223 G TT AT CAOC CGAAT GOGCAAG CACC C A T T T  C T T C T A C C G A C A A O C  CAC TO C C A C C A A C G C C T  C® AG CT AACGG C 296

G T T A T  C A G  C C G A A T G G G  C A A G  C A C  C C A T  T T C T T C T A C  C G A C A A G  C C A C  TG C C A C  C A A C G  C C T C G A G  C T A A C G G  C 

300 310 320 330 340 350 300

GH4767-JXI71-1076 287

GH4770-D871-1076 297

GH2275&Q71-1076 206

GH231ODQ71-1076 206

G T/100308'1 -107# 295
CPRD8-Ori / 1-888 182
GW#773O871-1076 207

Consensus

T C G T C G A T G A C T T C A G  370

C T T G G A T  A T  A T  C G A A C A C A C G  C C A C  C A C G G C G  C C T A A C G A C  C G A A G A A C  T T C C T G G T A T C G T C A A T G A C T  T C A G  

380 390 400 410 420 430 440

G M 767-O & 1-107e

QH47704X71-1076

GH227&D671-107S
G M 231< W » 'M 075
<37/ 1003^ )871- 107#

CPRD8-Ori/1-886

S W #773£87f-10?6

GH4767-DVM076
GH477WW1-1076
GH2275W1-1075
GH2310&yi-1075
GH100UW1-1074
CPRDMI/1SB6
GH477UX71-1076

371 AAT TG C T G CAAGGAATG CCAT CGAAG C T G G T A T C T A A C T T C A T T C C A T T T T G  C T T C A A C A G A T G  C T T T T A T C A T  
371 A A T T G C T G C A A G G A A T G C C A T C G A A G C T G G T A T C T A A C T T C A T T C C A T T T T O C T T C A A C A G A T G C T T T  C A T C A T  
370 AAT  T G C T G C A A GG A A T GC  CAT CG AAG CT G G  T A T C T A A C T T C A T T C C A T T T T G C T  T C A A C A G A T G  C T T T T A T C A T
370 AAT  TG C T G CAAGGAATGC CAT CG AAG CT O G  T AT  C T A A C T T C A T T C C A T T T T G  C T T C A A C A G A T G  C T T T T A T C A T  
369 A A T T G C  TGC AAGG AATG CCATCG AAG C T G G T A T C T A A C  TTC AT T C C A T T T  TGC T T C  A A C A G A T G C T T T T A T C A T '
256 A A T T G  C T O CAA GG AA T GC CAT CGAAGC TGG T ..............................................................................................................................
371 A A T T G  CTG C AAGG A AT G  CC A W G  AAGC t O G t  A T C T A A C T T C A T T C C A T T f T G C T t C  AAC AG ATG C T T T T A T C A T  444

444
444

443

443

442
288

450 460 470 480 460 500 510

TGTTTCACAAACTGACTTCACTGATTGTAGGTTTTGATGGGGTTGAGGTCCATGGGGCACATGGGTACCTACTT 518 
TGTTTCACAAACTGACTTCACTGATTGTAGGTTTTGATGGGGTTGAGGTCCATGGGGCACATGGGTACCTACTT 518 
TGTTTCACAAACTGACTTCACTGATTGTAGGTTTTGATGGGGTTGAGGTCCATGGGGCACATGGGTACCTACTT 517 
TGTTTCACAAACTGACTTCACTGATTGTAGGTTTTGATGGGGTTGAGGTCCATGGGGCACATGGGTACCTACTT  
TGTTTCACAAACTGACTTCACTGATTGTAGGTTTTGATGGGGTTGAGGTCCATGGGGCACATGGGTACCTACTT

|287 ..............................................................................................TT TG ATGGGG TTGAGGTCCATGGGGCAC ATGGGT ACCT AC TT
445 TGTTTCACAAACTGACTTCACTGATTGTAGGTTTTGATGGGGTTGAGGTCCATGGGGCACATGGGTACCTACTT

517 
516 
328
518

Cons* nsus

T G T T T C A C A A A C T G A C T T C A C TG AT T G T A GG T T T T GA T GG G GT T G AG G TC CA T G GG G CA CA T GG G T AC CT A C TT  

540 550 560 570 580 500

GH4767-DW1-1076 510
GH477MW1-1076 510
GH227MW1-1075 518
GH23i<UXfU07i 518
GH10030&1-1074 517
CPPDSOri/1-m 320
GH477UW1-1076 510

Consensus

G AT C A AT T T TT GAA AG ACCAG GCT AAT GACAG AAC AG AT CAA TACG GT GG AT CCCT CG AG AACCG GT GC AG ACT

620 630 640 650 660
'

600 610

GH4767-O&1-1076 503
GH47704W1-1076 503
6H22750B71-1O75 502
GH231MW1-1075 502
GH1003W1-1074 591
CPRD&Ori/1-8B6 403
GH4773-D&1-1076 503

TCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCTGATAGAGTTGGAATTAGGTTATCACCTTTTG 666 
TCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCTGATAGAGTTGGAATTAGGTTATCACCTTTTG 666 
TCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCTGATAGAGTTGGAATTAGGTTATCACCTTTTG 665 
TCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCTGATAGAGTTGGAATTAGGTTATCACCTTTTG 665 
TCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCTGATAGAGTTGGAATTAGGTTATCACCTTTTG 664 

TCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCTGATAGAGTTGGAATTAGGTTATCACCTTTTG 476 
TCCTCTGGAGGTTGTTGAAGCTGTTGTGAATGAGGTTGGGGCTGATAGAGTTGGAATTAGGTTATCACCTTTTG666
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870 680 080 700 710 720 730

GH4767-OB71-1076 687 C A G A C T T T A A C G  AT  TO TOO TO A C T C A A A T  C CC C TO CAAC TOGGO C TT  T A C A T O O T C A A T O  CACT C AAT AAG T A *  740 
G H4770-D&1-1076 667 C AO AC T T T AACO A T TO TOO TO AC T C A A AT C C C C TO C AAC TOGGO C T T T AC ATOO T C AAT O C AC T C A AT AAO T AT  740 

GH227SCW 1-1075  868 C AO AC T T T AACO AT TO TOO TO AC T C A A A T  C C C C TO C AAC TOGOG C T T T AC ATOO T C AATO C AC T C AAT  AAO T AT  738 
GH231O08/1-1O75  666 C AO AC T T T AACO AT TO TOO TO AC T C A A A T  C C C C TO C AAC TOGGO C T T T AC ATOO T C AATO C AC T C A AT  AAO T AT  739 

G H 1003C & 1-1074  665 C AG AC T T T AACO AT TO TOO TO AC T C A A A T  C C C C TO C AAC TOOOG C T T T AC ATOO T C AATO C AC T C A AT  AAO T AT  738 
C A A 0 8 -0  71-886 477 C AO AC T T T A ACO AT TO TOO TO AC T C AAA T C C C C TO C AAC TOGOG C T T T AC A TOO T C AATO C AC T C AAT  AAO T AT  550
GH4773OW 1-1076  667 C A G A C T T T A A C O A T T O T O G T O A C T C A A A T C C C C T G C A A C T O G G G C T T T A C A T O O T C A A T O C A C T C A A T A A G T A T  740

C A G A C  T T T A A C O A T  T O  T O G  T 0 A C  T C A A A T  C C C C T G C A A C T O O O O C T T T A C A T O O T  C A A T  0  C A C  T C A A T  A A O  T A T  

760 760 770 780 780 800 810

G H 4767-0071-1076 741
GH477M3871-1076 741
G H227&G &1-1075 740
G M 23»< W » 'M 076 740
GH1OO30&1-1O74 738
CPRDS-Ori 71-888 561
GH47730W 1-1O76 741

Cons* nsus

GH4767-D&1-1076
GH4770O871-1076
G H227&O &1-1076
GH231O0B/1-1O75
GH1OO30&1-1O74

C PRDQ O i 21-886
GH4773C821-1076

A A C A T T C T C T A C

820

815 O A O A A A O O T C T T  
815 O A O A A A O O T C T T  
814 O A O A A A O O T C T T
814  O A O A A A O O T C T T  
813 O A O A A A O O T C T T  
625 O A O A A A O O T C T T
815  O A O A A A O O T C T T

T 0  T C A C A T O G  T O O A A C  C C A O A A T O O O A A O  T 0  T T O O A O O  T C C A O A T G A A A A C  C T O A C O  C C A A T  

830 840 850 880 870 880

CAATOO CAC T T T T AT AO T TO C COOAOO TT ATOAC C O O O AAO AT O O OA T CAAA O  CCAT T 0  C TO 888 
C A A T O O C A C T T T T A T A O T T O C C O O A O O T T A T O A C C O O O A A O A T O O O A T C A A A O C C A T T O C T O  888 
C A A T O O C A C T T T T A T A O T T O C C O O A O O T T A T O A C C O G G A A O A T O O O A T C A A A O C C A T T G C T O  887 
C A A T O O C A C T T T T A T A O T T O C C O O A O G T T A T O A C C O O O A A O A T O O O A T C A A A O C C A T T O C T O  887 
C A A T O O C A C T T T T A T A O T T O C C O O A O O T T A T O A C C O O O A A O A T O O O A T C A A A O C C A T T O C T O  886 
CAATOO CAC T T T T AT AO T TG C COOAOO T T A T O A C C O O O A A O A T O O O A T C A A A O  C C A T T O C T O 608 
C A A T O O C A C T T T T A T A O T T O C C O O A O O T T A T O A C C O O O A A O A T O O O A T C A A A O C C A T T O C T O  888

GH4767-CW1-1076 880
GH4770&871-1076 888
GH227&D871-1075 888
GH231MW1-1075 888
GH100808/1-1074 887
CPRD&Ori 21-886 600
GH4778O821-1076 880

Consensus

A A GA CA GO G C T OA T C T T G T T GC C T A T G OC C G T T T GT T C T T G GC C A A T C C A G A T T T G C C A AA G A G AT T T G C T C T C

1000 1010 1020 1030

GH4767-D821-1076 063
0/447704871-1076 063
GH227548/1-1075 962
GH23104871-1075 062
GH10034&1-1074 061
CPRD84ri 21-886 773
GH47784871-1076 063

Consensus

A A T G CT C CT C T C AA CC AG T A TA A T CG CA AG AC A T T CT A CC A CG A OG AT C CT G A TC C GC T T GT T G OG T A CA T C OA  

1040 1050 1060 1070

GH4767-D821-1076 1037 
GH477<yD&1-1076 1037 
GH227M8/1-1075 1038 
GH231QG871-1075 1038 
GH1808O821-1074 1035 
CPRD8Gri21-886 847
GH477UW1-1076 1037

T T A T C C O T T T C T T O A T G A A O A A T C G A A C G G T O T A G C A T C C  

T T A T C C G T T T C T T G A T O A A G A A T C G A A C O O T G T A O C A T C C  

T T A T C C G T T T C T T O A T O A A G A A T C G A A C G O T G T A G C A T C C  

T T A T C C O T T T C T T O A T G A A O A A T C G A A C O G T G T A O C A T C C  

T T A T C C 0 T T T C T T 0 A T 0 A A 0 A A T C 0 A A C 0 0 T 0 T A 0 C A T C C  

T T A T C C G T T T C T T G A T 0 A A 0 A A T C 6 A A C G G T 0 T A G C A T C C  

T T A T C C G T T T C T T G A T  0 A A O A A T  CGAACGG T G T A O C A T C C

1076
1076
1075
1075 
1074 
886
1076

Gaps within the sequences indicate deletion and gaps at the end of reference sequences
indicate either intron region or no information available. Some of the dashes also indicate
gaps introduced to maximize alignment.
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Table5.8: Sequences obtained from genomic DNA of cowpeas using CPRD14 primer pair. 
The forward and reverse primers in the sequences have been shown in red colour.
>CPRD14-Ori_______________________________________________________________________________________
TTGCTTCCTGGGTCGTTAAGTTTCTTCTCGAACGCGGCTACACCGTGAAGGCCACCGTTCGCGACACAAGTGATCCCAAAAAGGTAGAT 
CACTTGCTTAGCCTCGATGGTGCTAAGGAAAGGCTGCATCTCGTCAAGGCGAATCTTCTAGAAGAAGGTTCCTTTGACTCTGCCGTTGAA 
GGTTGTCACGCTGTGTTCCACACTGCTTCTCCCTTTTTCGACGATGCCAAGGACCCGCAGACTGAGTTGTTGGATCCAGCTTTGAAGGGGA 
CTCTGAATGTTCTGAAATCGTGCGTGAACTCGCCCACGCTGAAGCGCGTGGTTGTCACTTCTTCTATTGCTGCAGTTTCGTTCAACGACAG 
GCCCAAAAACCCTGATGT AGTGGTTGACG AG ACTTGGTATTCCGACCCAG AAT ACTGT AAG AG AAATGGG AT ATGGT ATAACCTCTC AAA 
GACTTTGGCCGAAGATGCTGCCTGGAAATTTGCGAAAGAAAACAATATTGACTTGGTTACAGCCAACCCTGCATTGGTTGTTGGACCTCT 
CTTGCAACCAGTTCTTAACACT AGTTCTGCAGCAGTTTTAAATTTAATT AATGGTTCGCCAACATTTAAAAATGTGACTTTGGGATGGGTG 
GACGTGAGAGATGTTGC AATTGCCCATGTTCTGGCAT ATGAGAATGCTTCAGCTAATGAAGAT ATTTACT AGTTGAGAGAGTGGCACACT 
TCGGAGACGTTGTGAAGATTTTGCATGATTTGTACCCAACATTGCAACTTCCACAGAAGTGTGTAGATGATAGGCCATATGATCCAATAT 
TCCAGGTTTCCAAGGAAAAAGCAAAGAGCTTGGGGCTTGAATTTACTCCTTTGGAAGTGAGCATCAAGGATACTGTTGAAAGCTTGAA 
GGAAAAGGGTTTTATCAAATTTTAAGTTGTTACCCTTTCTTGAAAGAAACCTTCTTTAGTTCTACACTTGGTTTCTTATGTTCATGCTTATG 
T AC A AT A AG ACTT AT ATC AG AACTGCT AAGT ACTG AAAT AAGTT ACTCTT ATTGTGTGGTTTGT AAG AGTTTGC ATT AAAG ACTGT ATCCT 
TGTT AT ATT ATT AT GG ATTGTT AT ATT ATT AT GG ATT A AAA AAA AAA AAA

>GH4767
TCTTCTATAATTTTTGTTTCCGTCGGTGATTATTGTGGTGATGCATTACTATTTGGAAGACTGAAGATTGGGTAATGTGTGATGTGCAGGTG 
ATCCC AAAAAGGT AGATC ACTTGCTTAGCCTCGATGGTGCTAAGG AAAGGCTGC ATCTCGTC AAGGCGAATCTTCT AG AAGAAGGTTCCT 
TTGACTCTGCCGTTGAAGGTTGTCACGCTGTGTTCCACACTGCTTCTCCCmTrCGACGATGCCAAGGACCCGCAGGTTTGTTTCGATTGT 
AGTTCGATTTATTCATTTGTTnTCTCTATGGCTGTTGAATAATTTGTTTTTACTTTTATGTATTTCAGACTGAGTTGTTGGATCCAGCTTTG 
AAGGGGACTCTGAATGTTCTGAAATCGTGCGTGAACTCGCCCACGCTGAAGCGCGTGGTTGTCACTTCTTCTATTGCTGCAGTTTCGTTCA 
ACGAC AGGCCCAAAAACCCTGATGT AGTGGTTGACGAGACTTGGTATTCCGACCC AGAAT ACTGT AAGAG AAATGGGGT ATGTTCTGTTT 
CCTCTCATAAACTTTCATTATATCTTAATCCTTTACTACTATACTATATTATATCACCTTGTTCTTCACATTTTTTGCTATTTCTGGTTTATGT 
T T T AGATATGGTA T AACCTCTCAAAGACTTTGGCCGAAGATGCTGCCTGG AAATTTGCGAAAGAAAACAATATTGACTTGGTTAC AGCCA 
ACCCTGC ATTGGTTGTTGG ACCTCTCTTGC AACC AGTTCTT AACACT AGTTCTGCAGCAGTTTT AAATTT AATT AATGGT AATTTT ACT ATT 
TATGC ATT ATGCTCT AAAATTTCT ATT ATTTGGTTTGC ATGCATCTTGATTAC AC AATGTT AATG ATTTTTCGAC AAACT ATGTT ATGATGT 
TTTGCTGAACAATTGAAGAAACTGTTTGATATATATACAGGTTCACCAACATTTAAAAATGTGACTTTGGGATGGGTGGACGTGAGAGAT 
GTTGC AATTGCCCATGTCCTGGCATATGAGAATGCTTCAGCTAATGGAAGATATTTACTAGTTGAGAGAGTGGCACACTTCGGAGACGTT 
GTGAAGATTTTGCATGATTTGTACCCAACATTGCAACTTCCACAGAAGTGTGTAGATGATAGGCCATATGATCCAATATTCCAGGTTTCCA 
AGGAAAAAGCAAAGAGCTTGGGGCTTGAAT

>GH4773

TCTTCTATAATTTTTGTTTCCGTCGGTGATTATTGTGGTGATGCATTACTATTTGGAAGACTGAAGATTGGGTAATGTGTGATGTGCAGGTG 
ATCCC AAAAAGGTAGATCACTTGCTTAGCCTCGATGGTGCTAAGG AAAGGCTGCATCTCGTC AAGGCGAATCTTCTAGAAGAAGGTTCCT 
TTGACTCTGCCGTTGAAGGTTGTCACGCTGTGTTCCACACTGCTTCTCCCTTTTTCGACGATGCCAAGGACCCGCAGGTTTGTTTCGATTGC 
AGTTCGATTTATTCATTTGTTTTTCTCTATGGCTGTGT AAT AATTTGTTTTT ACTTTT ATGTATTTCAGACTGAGTTGTTGGATCCAGCTTTG 
AAGGGGACTCTGAATGTTCTGAAATCGTGCGTGAACTCGCCCACGCTGAAGCGCGTGGTTGTCACTTCTTCTATTGCTGCAGTTTCGTTCA 
ACGAC AGGCCCAAAAACCCTGATGT AGTGGTTGACGAGACTTGGT ATTCCGACCC AG AAT ACTGT AAG AG AAATGGGGT ATGTTCTGTTT 
CCTCTCAT AAACTTTCATT AT ATCTTAATCCCT ACT ACT AT ACT AT ATT ATATCACCTTGTTCTTCAC ATTTTTTGCT ATTTCTTGTTT ATGTT 
TT AGAT ATGGT AT AACCTCTCAAAGACTTTGGCCGAAGATGCTGCCTGG AAATTTGCGAAAGAAAACAAT ATTGACTTGGTT ACAGCCAA 
CCCTGCATTGGTTGTTGGACCTCTCTTGC AACC AGTTCTT AACACT AGTTCTGCAGCAGTTTT AAATTT AATT AATGG AATTTT ACT ATTT A 
TGC ATT ATGCTCT AAAATTTCT ATT ATTTGGTTTGCATGC ATCTTGATT AC AC AATGTT AATG ATTTTTCGAC AAACT ATGTT ATGATGTTTT 
GCTG AAC AATTG AAG AAACTGTTTGAT AT AT ATAC AGGTTCGCCAAC ATTT AAAAATGTGACTTTGGGATGGGTGGACGTGAGAG ATGTT 
GC AATTCCC ATGTTCTGGC AT ATG AG AATGCTTC AGCT AATGG AAG AT ATTT ACT AGTTGAG AG AGTGGC AC ACTTCGGAG ACGTTGTG A 
AG ATTTTGCATGATTTGT ACCC AAC ATTGC AACTTCC AC AG AAGTGTGT AGATGATAGGCC AT ATGATCC AAT ATTCC AGGTTTCC AAGG 
AAAAAGCAAAGAGCTTGGGGCTTGAAT

>GH2275 _ _ _ _ _

TCTTCT AT AATTTTTGTTTCCGTCGGTGATT ATTGTGGTGATGCATT ACT ATTTGGAAGACTG A AG ATTGGGT A ATGTGTGATGTGC AGGTG 
ATCCC AAAAAGGTAGATCACTTGCTTAGCCTCGATGGTGCTAAGG AAAGGCTGCATCTCGTCAAGGCGAATCTTCTAGAAGAAGGTTCCT 
TTGACTCTGCCGTTGAAGGTTGTCACGCTGTGTTCCACACTGCTTCTCCCTTTTTCGACGATGCCAAGGACCCGCAGGTTTGTTTCGATTGC 
AGTTCGATTTATTCATTTGTTTTTCTCTATGGCTGTGTAATAATTTGTTTTTACTTTTATGTATTTCAGACTGAGTTGTTGGATCCAGCTTTG 
AAGGGGACTCTGAATGTTCTGAAATCGTGCGTGAACTCGCCCACGCTGAAGCGCGTGGTTGTCACTTCTTCTATTGCTGCAGTTTCGTTCA 
ACGAC AGGCCCAAAAACCCTGATGTAGTGGTTGACGAGACTTGGTATTCCGACCCAGAAT ACTGTAAGAGAAATGGGGTATGTTCTGTTT 
CCTCTCAT AAACTTTCATT AT ATCTT A ATCCTT ACT ACT AT ACT AT ATT AT ATC ACCTTGTTCTTC AC ATTTTTTTGCT ATTTCTTGTTT ATGT 
TTT AGAT ATGGT AT AACCTCTCAAAGACTTTGGCCGAAGATGCTGCCTGG AAATTTGCGAAAGAAAACAAT ATTGACTTGGTT ACAGCCA 
ACCCTGC ATTGGTTGTTGGACCTCTCTTGCAACCAGTTCTT AACACT AGTTCTGCAGCAGTTTT AAATTT AATT AATGGT AATTTT ACT ATT 
T ATGC ATT ATGCTCT AAAATTTCT ATT ATTTGGTTTGC ATGC ATCTTGATT AC AC AATGTT AATGATTTTTCGAC AAACT ATGTT ATGATGT 
TTTGCTGAACAATTGAAGAAACTGTTTGATATATATACAGGTTCGCCAACATTTAAAAATGTGACTTTGGGATGGGTGGACGTGAGAGAT 
GTTGC AATTGCCCATGTTCTGGCAT ATGAGAATGCTTCAGCTAATGGAAGATATTTACTAGTTGAGAGAGTGGCACACTTCGGAGACGTT 
GTGAAG ATTTTGCATGATTTGT ACCC AAC ATTGC AACTTCCAC AG AAGTGTGT AGATGAT AGGCC AT ATGATCCAATATTCC AGGTTTCCA 
AGGAAAAAGCAAAGAGCTTGGGGCTTGAAT

>GH2313
TTGCTTCCTGGGTCGTTAAGTTTCTTCTCGAACGCGGCTACACCGTGAAGGCCACCGTTCGCGACACAAGTATGTGTTTTTTTTTTCTTG 
TCTTCT AT AATTTTTGTTTCCGTCGGTGATT ATTGTGGTGATGCATT ACT ATTTGGAAGACTG AAGATTGGGT AATGTGTGATGTGC AGGTG 
ATCCC AAAAAGGTAGATCACTTGCTTAGCCTCGATGGTGCT AAGG AAAGGCTGCATCTCGTC AAGGCGAATCTTCTAGAAGAAGGTTCCT 
TTGACTCTGCCGTTGAAGGTTGTCACGCTGTGTTCCACACTGCTTCTCCCTTTTTCGACGATGCCAAGGACCCGCAGGTTTGTTTCGATTGC 
AGTTCGATTTATTCATTTGTTTTTCTCTATGGCTGTGTAATAATTTGTTTTT ACTTTTATGTATTTCAGACTGAGTTGTTGGATCCAGCTTTG 
AAGGGGACTCTGAATGTTCTGAAATCGTGCGTGAACTCGCCCACGCTGAAGCGCGTGGTTGTCACTTCTTCTATTGCTGCAGTTTCGTTCA 
ACGACAGGCCCAAAAACCCTGATGT AGTGGTTGACGAGACTTGGT ATTCCGACCCAGAAT ACTGT AAGAGAAATGGGGTATGTTCTGTTT 
CCTCTCAT AAACTTTCATT AT ATCTT AATCCTT ACT ACT AT ACT ATATTATATCACCTTGTTCTTCACATTTTTTGCT ATTTCTTGTTT ATGTT 
TT AG AT ATGGT AT AACCTCTC AAAGACTTTGGCCGAAGATGCTGCCTGGAAATTTGCGAAAG AAAAC AAT ATTGACTTGGTT ACAGCCAA
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CCCTGCATTGGTTGTTGGACCTCTCTTGC AACC AGTTCTTAACACTAGTTCTGCAGCAGTTTTAAATTTAATTAATGGT AATTTTACTATTT 
ATGC ATT ATGCTCT AAAATTTCT ATTATTTGGTTTGCATGCATCTTGATT ACAC AATGTT AATGATTTTTCGAC AAACT ATGTT ATGATGTT 
TTGCTGAAC AATTGAAG AAACTGTTTGATAT AT AT AC AGGTTCGCC AAC ATTT AAAAATGTGACTTTGGG ATGGGTGGACGTGAGAGATG 
TTGC AATTGCCCATGTTCTGGCAT ATGAGAATGCTTC AGCT AATGGAAGAT ATTTACT AGTTGAGAG AGTGGC AC ACTTCGGAG ACGTTG 
TGAAGATTTTGCATGATTTGT ACCC AAC ATTGC AACTTCCAC AG AAGTGTGT AGATGAT AGGCC AT ATGATCC AATATTCCAGGTTTCCAA 
GG AAA AAGC AAAGAGCTTGGGGCTTGAAT

>GH4774

TCTTCT AT AATTTTTGTTTCCGTCGGTGATT ATTGTGGTGATGCATT ACT ATTTGGAAGACTGAAGATTGGGTAATGTGTGATGTGCAGGTG 
ATCCCAAAAAGGTAGATCACTTGCTT AGCCTCGATGGTGCT AAGG AAAGGCTGCATCTCGTCAAGGCGAATCTTCTAGAAGAAGGTTCCT 
TTGACTCTGCCGTTGAAGGTTGTCACGCTGTGTTCCACACTGCTTCTCCCTTTTTCGACGATGCCAAGGACCCGCAGGTTTGTTTCGATTGC 
AGTTCGATTTATTCATTTGTTTTTCTCTATGGCTGTGT AAT AATTTGTTTTT ACTTTTATGTATTTCAGACTGAGTTGTTGGATCCAGCTTTG 
AAGGGGACTCTGAATGTTCTGAAATCGTGCGTGAACTCGCCCACGCTGAAGCGCGTGGTTGTCACTTCTTCTATTGCTGCAGGTTCGTTCA 
ACGAC AGGCCCAAAAACCCTGATGT AGTGGTTGACGAGACTTGGT ATTCCGACCCAGAATACTGT AAGAGAAATGGGGTATGTTCTGTTT 
CCTCTCAT AAACTTTCATT AT ATCTT AATCCTT ACT ACT AT ACT AT ATT AT ATC ACCTTGTTCTTC AC ATTTTTTGCT ATTTCTTGTTT ATGTT 
TT AGAT ATGGT AT AACCTCTCAAAGACTTTGGCCGAAGATGCTGCCTGGAAATTTGCGAAAG AAAAC AAT ATTGACTTGGTT ACAGCCAA 
CCCTGCATTGGTTGTTGGACCTCTCTTGC AACCAGTTCTTAACACTAGTTCTGCAGCAGTTTT AAATTT AATT AATGGT AATTTTACT ATTT 
ATGC ATT ATGCTCT AAAATTTCTATT ATTTGGTTTGCATGC ATCTTGATT AC AC AATGTTAATGATTTTTCGAC AAACTATGTT ATGATGTT 
TTGCTGAACAATTGAAGAAACTGTTTGATATATATACAGGTTCGCCAACATTTAAAAATGTGACTTTGGGATGGGTGGACGTGAGAGATG 
TTGC AATTGCCCATGTTCTGGCATATGAGAATGCTTCAGCTAATGG AAGAT ATTT ACTAGTTGAGAGAGTGGCACACTTCGGAGACGTTG 
TGAAGATTTTGCATGATTTGT ACCCAACATTGCAACTTCCACAGAAGTGTGT AGATGAT AGGCCATATGATCCAATATTCCAGGTTTCCAA 
GGAAAAAGC AAAGAGCTTGGGGCTTGAAT

>GH1004

TCTTCTAT AATTTTTGTTTCCGTCGGTGATT ATTGTGGTGATGCATT ACT ATTTGGAAGACTGAAGATTGGGT AATGTGTGATGTGCAGGTG 
ATCCC AAAAAGGTAGATCACTTGCTT AGCCTCGATGGTGCTAAGG AAAGGCTGCATCTCGTCAAGGCGAATCTTCTAGAAGAAGGTTCCT 
TTGACTCTGCCGTTGAAGGTTGTCACGCTGTGTTCCACACTGCTTCTCCCTTTTTCGACGATGCCAAGGACCCGCAGGTTTGTTTCGATTGC 
AGTTCGATTTATTCATTTGTTTTTCTCTATGACTGTGT AATAATTTGTTTTTACTTTT ATGTATTTCAGACTGAGTTGTTGGATCCAGCTTTG 
AAGGGGACTCTGAATGTTCTGAAATCGTGCGTGAACTCGCCCACGCTGAAGCGCGTGGTTGTCACTTCTTCTATTGCTGCAGTTTCGTTCA 
ACGAC AGGCCCAAA AACCCTGATGTAGTGGTTGACGAGACTTGGT ATTCCGACCCAGAATACTGTAAGAGAAATGGGGGTATGTTCTGTT 
TCCTCTCATAAACTTTCCATTATATCTTAATCCTTACTACTATACTATATTATATCACCTTGTTCTTCACATTTTTTGCTATTTCTTGTTTATG 
TTTT AGAT ATGGT AT AACCTCTCAAAGACTTTGGCCGAAGATGCTGCCTGG AAATTTGCGAAAGAAAACAAT ATTGACTTGGTT ACAGCC 
AACCCTGCATTGGTTGTTGGACCTCTCTTGCAACC AGTTCTTAAC ACTAGTTCTGCAGCAGTTTT AAATTT AATT AATGGT AATTTT ACT AT 
TT ATGC ATT ATGCTCT AAAATTTCTATT ATTTGGTTTGC ATGCATCTTGATT AC AC AATGTT AATG ATTTTTCGAC AAACT ATGTT ATGATG 
TTTTGCTGAACAATTGAAGAAACTGTTTGATATATATACAGGTTCGCCAACATTTAAAAATGTGACTTTGGGATGGGTGGACGTGAGAGA 
TGTTGC AATTGCCCATGTTCTGGCAT ATGAGAATGCTTCAGCT AATGGAAGAT ATTT ACT AGTTGAGAGAGTGGCACACTTCGGAGACGT 
TGTGAAG ATTTTGCATGATTTGT ACCCAAC ATTGGAACTTCC AC AGAAGTGTGT AGATGAT AGGCC AT ATGATCC AAT ATTCCAGGTTTCC 
AAGGAAAAAGC AAAGAGCTTGGGGCTTGAAT

>GH1005
TTGCTTCCTGGGTCGTTAAGTTTCTTCTCGAACGCGGCTACACCGTGAAGGCCACCGTTCGCGACACAAGTATGTGTmTTTTTTCTTG 
TCTTCTATAATTTTTGTTTCCGTCGGTGATTATTGTGGTGATGCATTACTATTTGGAAGACTGAAGATTGGGT AATGTGTGATGTGCAGGTG 
ATCCC A A A  AAGGT AGATCACTTGCTT AGCCTCGATGGTGCT AAGG AAAGGCTGCATCTCGTC AAGGCGAATCTTCT AGAAGAAGGTTCCT 
TTGACTCTGCCGTTGAAGGTTGTCACGCTGTGTTCCACACTGCTTCTCCCTTTTTCGACGATGCCAAGGACCCGCAGGTTTGTTTCGATTGC 
AGTTCG ATTT ATTC ATTTGTTTTTCTCT ATGGCTGTGT AAT AATTTGTTTTT ACTTTT ATGT ATTTC AG ACT GAGTTGTTGG ATCC AGCTTTG 
AAGGGGACTCTGAATGTTCTGAAATCGTGCGTGAACTCGCCCACGCTGAAGCGCGTGGTTGTCACTTCTTCTATTGCTGCAGTTTCGTTCA 
ACGAC AGGCCCAAA AACCCTGATGT AGTGGTGGACGAGACTTGGTATTCCGCCCCAGAATACTGTAAGAGAAATGGGGTATGTTCTGTTC 
CTCTC AT AAAACTTTC ATT AT ATCTT AATCCTT ACT ACT AT ACT AT ATT AT ATC ACCTTGTTCTTC AC ATTTTTTGCTnTCTTGTTT ATGTTT 
TAG AT ATGGT AT AACCTCTC AAAGACTTTGGCCGAAGATGCTGCCTGGAAATTTGCGAAAG AAAACAAT ATTGACTTGGTT AC AGCCAAC 
CCTGCATTGGTTGTTGGACCTCTCTTGCAACCAGTTCTT AACACT AGTTCTGCAGCAGTTTT AAATTT AATTAATGGTAATTTTACTATTTA 
TGC ATT ATGCTCT AAAATTTCT ATT ATTTGGTTTGC ATGC ATCTTGATT AC ACAATGTT AATGATTTTTCGAC AAACT ATGTT ATGATGTTTT 
GCTGAACAATTGAAGAAACTGTTTGATATATATACAGGTTCGCCAACATTTAAAAATGTGACTTTGGGATGGGTGGACGTGAGAGATGTT 
GCAATTGCCC ATGTTCTGGCATATGAGAATGCTTC AGCTAATGG AAGATATTTACT AGTTGAGAGAGTGGCACACTTCGGAGACGTTGTG 
AAGATTTTGCATGATTTGTACCCAACATTGCAACTTCCACAGAAGTGTGTAGATGATAGGCCATATGATCCAATATTCCAGGTTTCCAAG 
GAAAAAGC AAAGAGCTTGGGGCTTGAAT

>GH1006
TTGCTTCCTGGGTCGTTAAGTTTCTTCTCGAACGCGGCTACACCGTGAAGGCCACCGTTCGCGACACAAGTATGTGTTTTTTTTTTCTTG 
TCTTCTAT A ATmTGTTTCCGTCGGTGATT ATTGTGGTGATGCATT ACT ATTTGGAAGACTGAAGATTGGGT AATGTGTGATGTGCAGGTG 
ATCCC AAAAAGGT AGATCACTTGCTT AGCCTCGATGGTGCT AAGGAAAGGCTGCATCTCGTCAAGGCGAATCTTCT AGAAGAAGGTTCCT 
TTGACTCTGCCGTTGAAGGTTGTCACGCTGTGTTCCACACTGCTTCTCCCTTTTTCGACGATGCCAAGGACCCGCAGGTTTGTTTCGATTGC 
AGTTCGATTT ATTC ATTTGTTTTTCTCT ATGGCTGTGT AAT AATTTGTTTTT ACTTTT ATGT ATTTCAGACTGAGTTGTTGGATCC AGCTTTG 
AAGGGGACTCTGAATGTTCTGAAATCGTGCGTGAACTCGCCCACGCTGAAGCGCGTGGTTGTCACTTCTTCTATTGCTGCAGTTTCGTTCA 
ACGACAGGCCCAAAAACCCTGATGTAGTGGTTGACGAGACTTGGTATTCCGACCCCAGAATACTGTAAGAGAAATGGGGTATGTTCTGTT 
TCCTCTC AT AAACTTTCATT AT ATCTT AATCCTT ACT ACT AT ACT AT ATT AT ATCACCTTGTTCTTC AC ATTTTTTGC ATTTCTTGTTT ATGTT 
TTAGAT ATGGT ATAACCTCTCAAAGACTTTGGCCGAAGATGCTGCCTGGAAATTTGCGAAAG AAAAC AAT ATTGACTTGGTT ACAGCCAA 
CCCTGCATTGGTTGTTGGACCTCTCTTGC A ACC AGTTCTT AAC ACT AGTTCTGCAGCAGTTTT AAATTT AATT AATGGT AATTTTACT ATTT 
ATGC ATT ATGCTCT AAAATTTCT ATT ATTTGGTTTGCATGCATCTTGATTAC AC AATGTT AATGATTTTTCGAC AAACT ATGTT ATG ATGTT 
TTGCTGAAC AATTGAAGAAACTGTTTGAT AT AT AT AC AGGTTCGCCAAC ATTT AAAAATGTGACTTTGGG ATGGGTGGACGTGAGAGATG 
TTGC AATTGCCCATGTTCTGGCAT ATGAGAATGCTTCAGCT AATGGAAGAT ATTT ACT AGTTGAGAG AGTGGCAC ACTTCGGAG ACGTTG 
TGAAGATTTTGCATGATTTGTACCCAACATTGC AACTTCCAC AGAAGTGTGT AGATGATAGGCC AT ATGATCC AATATTCCAGGTTTCCAA 
GGAAAAAGCAAAGAGCTTGGGGCTTGAAT

166 University o f  Leicester



Chapter Five

>IT85F
TTGCTTCCTGGGTCGTTAAGTTTCTTCTCGAACGCGGCTACACCGTGAAGGCCACCGTTCGCGACACAAGTATGTGTTTmTTTTCTTG 
CCTTCT AT AATTTTTGTTTCCGTCGGTGATT ATTGTGGTGATGCATT ACT ATTTGGAAGACTGAAGATTGGGT AATGTGTGATGTGC AGGT 
GATCCCAAAAAGGT AGATCACTTGCTTAGCCTCGATGGTGCT AAGG AAAGGCTGCATCTCGTCAAGGCGAATCTTCTAGAAGAAGGTTCC 
TTTGACTCTGCCGTTGAAGGTTGTCACGCTGTGTTCCACACTGCTTCTCCCTTTTTCGACGATGCCAAGGACCCGCAGGTTTGTTTCGATTG 
CAGTTCGATTTATTCATTTGTTTTTCTCTATGGCTGTGT AAT AATTTGTTTTT ACTTTTATGTATTTCAGACTGAGTTGTTGGATCCAGCTTT 
GAAGGGGACTCTGAATGTTCTGAAATCGTGCGTGAACTCGCCCACGCTGAAGCGCGTGGTTGTCACTTCTTCTATTGCTGCAGTTTCGTTC 
AACGACAGGCCCAAAAACCCTGATGTAGTGGTTGACGAGACTTGGTATTCCGACCCAGAATACTGTAAGAGAAATGGGTATGTTCTGTTT 
CCTCTCAT AAACCTTTCATT AT ATCTT AATCCTTACTACT AT ACT AT ATT AT ATCACCTTGTTCTTCACATTTTTTGCTTCTTGTTTATGTTTT 
AGAT ATGGT AT AACCTCTCAAAGACTTTGGCCGAAGATGCTGCCTGG AAATTTGCGAAAGAAAACAAT ATTGACTTGGTT ACAGCCAACC 
CTGCATTGGTTGTTGGACCTCTCTTGCAACCAGTTCTT AACACT AGTTCTGCAGCAGTTTT AAATTT AATT AATGGT AATTTT ACTATTT AT 
GCATTATGCTCT AAAATTTCTATTATTTGGTTTGC ATGCATCTTGATT ACACAATGTTAATGATTTTTCGAC AAACTATGTT ATGATGTTTT 
GCTGAACAATTGAAGAAACTGTTTGATATATATACAGGTTCGCCAACATTTAAAAATGTGACTTTGGGATGGGTGGACGTGAGAGATGTT 
GC AATTGCCCATGTTCTGGCAT ATGAGAATGCTTCAGCT AATGG AAGAT ATTTACTAGTTGAGAGAGTGGCACACTTCGGAGACGTTGTG 
AAGATTTTGCATGATTTGTACCCAACATTGC AACTTCCAC AGAAGTGTGTAGATGATAGGCCATATGATCCAATATTCCAGGTTTCCAAG 
GAAAAAGC AAAGAGCTTGGGGCTTGAAT

>LEI003

TCTTCT AT AATTTTTGTTTCCGTCGGTGATTATTGTGGTGATGCATTACTATTTGGAAGACTGAAGATTGGGT AATGTGTGATGTGCAGGTG 
ATCCC AAAAAGGT AGATCACTTGCTT AGCCTCGATGGTGCT AAGG AAAGGCTGCATCTCGTCAAGGCGAATCTTCTAGAAGAAGGTTCCT 
TTGACTCTGCCGTTGAAGGTTGTCACGCTGTGTTCCACACTGCTTCTCCCTTTTTCGACGATGCCAAGGACCCGCAGGTTTGTTTCGATTGC 
AGTTCGATTTATTCATTTGTTTTTCTCT ATGGCTGTGT AATAATTTGTTTTT ACTTTTATGT ATTTCAGACTGAGTTGTTGGATCCAGCTTTG 
AAGGGGACTCTGAATGTTCTGAAATCGTGCGTGAACTCGCCCACGCTGAAGCGCGTGGTTGTCACTTCTTCTATTGCTGCAGTTTCGTTCA 
ACGACAGGCCCAAAAACCCTGATGT AGTGGTTGACGAGACTTGGT ATTCCGACCCAGAAT ACTGT AAGAGAAATGGGGTATGTTCTGTTT 
CCTCTCAT AAACTTTCATT AT ATCTT AATCCTT ACT ACT AT ACT AT ATT AT ATC ACCTTGTTCTTC AC ATTTTTTGCT ATTTCTTGTTT ATGTT 
TTAGATATGGT AT AACCTCTCAAAGACTTTGGCCGAAGATGCTGCCTGG AAATTTGCGAAAGAAAACAATATTGACTTGGTTACAGCCAA 
CCCTGCATTGGTTGTTGGACCTCTCTTGC AACCAGTTCTTAACACTAGTTCTGCAGCAGTTTT AAATTT AATT AATGGT AATTTT ACTATTT 
ATGC ATT ATGCTCT AAAATTTCT ATT ATTTGGTTTGC ATGC ATCTTGATT AC AC AATGTT AATGATTTTTCGAC AAACT ATGTT ATGATGTT 
TTGCTGAAC AATTGAAGAAACTGTTTGAT AT AT AT AC AGGTTCGCC AAC ATTTAAAAATGTGACTTTGGG ATGGGTGGACGTGAGAGATG 
TTGC AATTGCCCATGTTCTGGCAT ATGAGAATGCTTCAGCT AATGG AAGATATTT ACT AGTTGAGAGAGTGGCACACTTCGGAGACGTTG 
TGAAGATTTTGCATGATTTGTACCCAACATTGCAACTTCCACAGAAGTGTGTAGATGATAGGCCATATGATCCAATATTCCAGGTTTCCAA 
GGAAAAAGC AAAGAGCTTGGGGCTTGAAT

Figure5.6: A. Multiple alignments of nucleotide sequences of the cowpea accessions using CPRD14 
primer pair and the original CPRD14 sequence as reference, B. Deduced amino acid sequences of 
CPRD14 and C. Sequence base traces of part of CPRD14-clone. The coding sequences show 
high homology, and three introns of 83bp, 114bp and 149bp are evident in the alignment. 
Each nucleotide is coloured in a different colour in the alignment
A. Multiple alignments-ClustalW
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0TB8P
G H 10O 6
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T T C T
T T C T
T T C T
T T C T
T T C T
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T T C T
T T C T
T T C T
TTCT

T C T C G A A C G C G G  
T C T C G A A C G C G G  
T C T C G A A C G C G G  
T C T C G A A C G C G G  
T C T C G A A C G C G G  
T C T C G A A C G C G G  
T C T C G A A C G C G G  
T C T C G A A C G C G G  
T C T C G A A C G C G G  
t i C T - C G  A A C G  C O G

1°
C T A C A C C G T G A A G G C C A C C G T T C  0 0  
C T A C A C C G T G A A G G C C A C C G T T C  8 0  
C T A C A C C G T G A A G G C C A C C G T T C  0 0  
C T A C A C C G T G A A G G C C A C C G T T C  6 0  
C T A C A C C G T G A A G G C C A C C G T T C  0 0  
C T A C A C C G T G A A G G C C A C C G T T C  6 0  
C T A C A C C G T G A A G G C C A C C G T T C  6 0  
C T A C A C C G T G A A G G C C A C C G T T C  6 0  
C T A C A C C G T G A A G G C C A C C G T T C 60  
C . T A C A C C G  t O  A A O O C C A C C O T T C  6 0

Consensus

T T G C T T C C T G G G T C G T T A A G T T T C T T C T C G A A C G C G G C T A C A C C G T G A A G G C C A C C G T T C

7 0  8 0

G H 4 7 7 4  61 G C G A C  A C  A A G  T A T G  T G  T T T
'JHBOf 61 G C G A C A C A A G T A T G T G T T T
G H 1 00 S  61  G C G A C A C A A G T A T G T G T T T
G H 1 0 0 6  61 G C G A C A C A A G T A T G T G T T T
L B /0 0 3  61 G C G A C A C A A G T A T G T G T T T
G H 4 7 7 3  61 G C G A C A C A A G T A T G T G T T T
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G H 4 7 6 7  6 1 § j|
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T T T C T
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T C T A T
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T T T G T T T C C G T C G G T G A T  120  
T T T G T T T C C G T C G G T G A T  120  
T T T G T T T C C G T C G G T G A T  120  
T T T G T T T C C G T C G G T G A T  120  
T T T G T T T C C G T C G G T G A T  120 
T T T G T T T C C G T C G G T G A T  120 
T T T G T T T C C G T C G G T G A T  120 
T T T G T T T C C G T C G G T G A T  120 
T T T G T T T C C G T C G G T G A "  
T T T G T T T C C G T C G G T G A 'T T G T T T C C G T C G G T G A T  
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130 140 150

3H4774 121
'T35F 121

3H1005 121
3 H1006 121
E/003 121
3H4773 121

3H2275 121

3/42313 121

3H1004 121
3/44767 121
ZPRDM-Ori 17
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T G G G

T G G G

T G G G

T G G G

T G G G

T G G G

T G G G

T G G G
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T  A A T G  T 0  
C f t C C f t S T

170

T G  A T O  T G  C A G G  180 

T G  A T G  T G C A G G  180 
T O A T  0  T G C A G G  180 

T O  A T G  T O  C A O G  180 

T G  A T G  T O  C A G G  180 

T G  A T G  T G C A G G  180 

T G  A T G  T O  C A G G  180 

T G A T G T G C  A G  G 180 

T G  A T O  T G C A G G  180 

T G  A T G  T G  C A G G  180 

C G C G A C A t A A G  70

Consensus

T A T T G T G G T G A T G C A T T A C T A T T T G G A A G A C T G A A G A T T G G G T A A T G T G T G A T G T G C A G G  

180 2 0 0  2 1 0  2 2 0  2 3 0

3H4774 181

T 8 5 F 181

3/41005 181

3H1006 181

LE/003 181

3/44773 181

3/42275 181

3/42313 181
3/41004 181
3/44707 181
CPRD14-Ofi 71
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2 4 0
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2 4 0

2 4 0
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2 4 0

2 4 0
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2 5 0 2 60 2 7 0 2 80 2 9 0

GH4774 241

/TQ5F 241
GH1005 241

GH1006 241

LE/003 241

G/44773 241

G/42275 241

G/42313 241

GH1004 2 41

GH4767 241
CPRD14-Oh 131

T T G A C T C T G C C G T T G A A G O T T O T C A C G C  300  

T T G A C T C T G C C G T T  G A A G G  T T G T C A C G C 300 

T T G A C T C T G C C G T T  G A A G G  T T O T C A C G C  3 00  

T T G A C T C T G C C G T T  0 A A G G  T T O T C A C G C 300  

T T G A C T C T G C C G T T G A A G G T T G T C A C G C 300 

T T G A C T C T G C C G T T G A A G G T T G T C A C G C  3 00  
T T G A C T C T G C C G T T G A A G G T T O T C A C G C  3 00  

T T G A C T C T G C C G T T G A A G G T T O T C A C G C 300 
T T G A C T C T G C C G T T G A A G G T T G T C A C G C  300  

T T G A C T C T G C C G T T G A A G G T T O T C A C G C  300  

T  T G  A C  I  C T O  C C O T  T O  A  A O O  T  T O  T C A C O C  190
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GH1006
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CPRD 14-0(7
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3 01
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T G T G T T C C A C A C T O C T T C T C C C T T T T T C G A C O A T G C C A A G G A C C C G C A O G T T T O  

T 6 T 0 T T C C A C A C T G C T T C T C C C T T T T T C G A C 0 A T G  C C A A G G A C  C C G  C A O G  T T T G  

T T C C A C A C T G C T T C T C C C T T T T T C G A C G A T G  C C A A G G A C  C C G  C A G G  T T T G  

T T C C A C A C T G C T T C T C C C T T T T T C G A C O A T G  C C A A G G A C  C C G  C A G G  T T  T O  

T T C C A C A C T O C T T C T C C C T T T T T C G A C G A T G  C C A A G G A C  C C G  C A O G  T T  T G  

T T C C A C A C T G C T T C T C C C T T T T T C G A C G A T G  C C A A G G A C  C C G  C A G G  T T  T G  

T T C C A C A C T G C T T C T C C C T T T T T C G A C O A T O  C C A A G G A C  C C G  C A G G  T T  T G  
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8 9 7  A A T G G T A A T T T T A C

8 9 6  A A T O O  T A A T  T T T A C

8 9 7  A A T G G T A A T T T T A C  

8 9 6  A A T O O T A A T T T T A C
8 9 6  A A T O O  A A T  T T T  A C

8 9 7  A A T G G T A A T T T T A C

8 9 6  A A T G G T A A T T T T A C
8 9 8  A A T G G T A A T T T T A C

8 9 7  A A T O o f i A A t t t f A C  
591 A a S $ 6  - ■

9 2 0 930 0 4 0 9 50

T A T T T A T O C A T T A T O C T C T T C T A T

T T C T A T

T T C T A T

T T C T A T

T T C T A T

T T C T A T

T T C T A T

T T C T A T
T T C T A T

T T C T A T

T A A A A T T A T T T O O T
T A T T T A T O C A T TATOCTCT A A A A T T A T T T G G T
T A T T T A T O C A T T A T O C T C T A A A A T T A T T T O O T
T A T T T A T O C A T T A T O C T C T A A A A T T O O T
T A T T T A T O C A T T A T O C T C T A A A A T T A T T T O O T
T A T T T A T O C A T T A T O C T C T A A A A T T A T T T O O T
T A T T T A T O C A T T A T O C T C T A  A  A  A  T T O O T
T A T T T A T O C A T T A T G C T C T A  A  A  A  T T A T T T O O T
T A T T T A T O C A T T A T O C T C T A A A A T T O O TT A T T
T A T T T A T O C T CT A T G  C A T T O O T

T T O C A T O C  9 5 5  
T T O  C A T O C  9 5 6  

T T O C A T O C  9 5 5  

T T O C A T O C  9 5 6  

T T O C A T O C  9 5 5  
T T O C A T O C  9 5 4  

T  T G  C A T  O C 956  

T T O C A T O C  9 5 5  
T T O C A T O C  9 5 7  
T T O C A T O C  9 5 6  

................................ 5 9 5

9 6 6  A T C T T O A T  

9 5 7  A T C T T O A T

9 5 6  A T C T T G A T

9 5 7  A T C T T G A T

9 5 6  A T C T T O A T

9 5 5  A T C T T G A T

9 5 7  A T C T T O A T

9 5 6  A T C T T O A T

9 5 8  A T C T T O A T

9 5 7  A T C T T G A T

9 7 0I
T A C A C A A T O T  

T  A C A C A A T G  T 

T A C A C A A T O T  

T A C A C A A T O T  

T A C A C A A T O T  

T A C A C A A T O T  

T A C A C A A T O T  
T A C A C A A T O T  

T A C A C A A T O T  

T A C A C A A T O T

9 8 0 990 1000 1010

T A A T  O A T

T A A T  O A T

T A A  T O  A  T

T A A  T O  A  T

T A A T  O A T

T A A T  O A T

T A A T  O A T

T A A T  O A T
T A A T G A T

T A A T  O A T

T T T T C O A C A A A C T A T G T T A T O A T O T T T  

T T T T C © A C A A A C T A T G T T A T G A T G T T T  
T T T T C G A C A A A C T A T G T T A T O A T G T T T  
T T T T C © A C A A A C T A T G T T A T G A T G T T T  

T T T T C G A C A A A C T A T G T T A T O A T G T T T  

T T T T C G A C A A A C T A T O T T A T O A T O T T T  

T T T T C G A C A A A C T A T O T T A T O A T O T T T  

T T T T C G A C A A A C T A T G T T A T O A T G T T T  

T T T T C G A C A A A C T A T G T T A T O A T G T T T  

T T T  T C O A C A A A C T A T © T T A T O A T O T T T

T O C T O A A C  1015 

T O C T O A A C  1016 

T O C T G A A C  1 015  

T O C T G A A C  1016 

T O C T O A A C  1015 

T O C T O A A C  1 0 1 4  

T G C  T O  A A C  1016 

T O C T O A A C  1015 

T O C T O A A C  1017 

T O C T O A A C  1016

A T C T T O A T T A C A C A A T O T T A A T G A T T T T T C G A C A A A C T A T O T T A T O A T O T T T T O C T O A A C

1 03 0  1040  105 0  100 0  1070

1016 A A T  T O  A A G  A  A A C  T O  T T T O  A  T A T  A T  A  T A C  A G G  T T  C O  C C A A C  A T  T T A A A A  A T O  T O  A C T  T T O O  1075

1017 A A T  T O  A A O  A A A C  T O  T T  T O  A T  A T  A T  A T  A C  A G G  T T  C O  C C A A C  A T  T T A A A A  A T O  T G  A C T  T T O O  1076

1016 A A T T O A A G A A A C T O T T T O A T A T A T A T  A C  A G G  T T  C O  C C A A C  A T  T T A A A A A T O T G A C T T T O O  1075

1017 A A T  T G  A A O  A A A C  T O  T T  T O  A  T A T  A T  A T  A C  A G G  T T  C O  C C  A A C  A T  T T A A A A A T O T G A C T T T O O  1076

1016 A A T  T O  A A G  A A A C  T O T T T O A T A T A T A T  A C  A G G  T  T  C O  C C A A C  A T  T T  A A A A A T  O T O A C T T T O O  1075

1015 A A T  T G  A A G  A A A C  T O  T  T  T O  A T  A T  A T  A  T A C  A G O  T  T C O  C C  A A C  A T  T T A A A A  A T G  T O  A C T  T T O O  107 4

1017 A A T  T O  A A O  A A A C  T O  T T  T O  A T  A T  A T  A T  A C  A G G  T T  C O  C C  A A C  A T  T T A A A A A T O  T O  A C T  T T O O  1076
1016 A  A T  T O  A A O  A A A C  T G  T T T O  A T  A T  A T  A  T A C  A G G  T  T  C O  C C  A A C  A T  T T A A A A  A  T O  T O  A C T  T T O O  1075

1018 A A T  T G  A A O  A A A C  T O  T T  T G  A T  A T  A T  A T  A C  A G G  T T C G C C  A A C  A T  T T A A A A A T O T G A C T T T O O  1077

1017 A A T  T O  A A O  A A A C  T O  T T T G  A T  A T  A T  A T  A C  A G O  T T C  A C C  A A C  A T  T T A A A A A T O  T O  A C T  T T O O  1076  

5 96  ............................................................................................................................ T T C O C C A A C A T T T A A A A A T O T O A C T T T O O  6 2 4
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1090 1100 1110 1120 1130

3H 4774 1076
7 8 5 f 1077
3741005 1076
3741006 1077
'£7003 1076
3H 4773 1075
3742275 1077
3742313 1076
3741004 1078
3744767 1077
3PRD14-Ori 625

G A T G G G T G G A C G T  G A O A O A  T G T T G C A A T  T G C C C A T G T T C T G G C A T A T G A G A A T G C T T C A G  

G A T G G G T G G A C G T  G A G A G  A  T G  T T G  C A A T  T G C C C A T G T T C T G G C A T A T  G A G  A A T  G C T T  C A G  
G A T G G G T G G A C G T G  A G A G A  T G T T G C A A T T G C C C A T G T T C T G G C A T A T  G A G  A A T  G C T T  C A G  

G A T G G G T G G A C G T  G A G A G A  T G T T G C A A T T G C C C A T G T T C T G G C A T A T  G A G  A A T G C T T C A G  

G A T G G G T G G A C G T  G A G A G  A T G T T G C A A T T G C C C A T G T T C T G G C A T A T  G A G  A A T G C T T C A G  

G A T G G G T G G A C G T G A G A G A T G T T G C A A T T  C C C A T G T T C T G G C A T A T G A G A A T G C T T C A G  

G A T G G G T G G A C G T G A G A G A T G T T G C A A T T G C C C A T G T T C T G G C A T A T G A G A A T G C T T C A G  

G A T G G G T G G A C G T G A G A G A T G T T G C A A T T G C C C A T G T T C T G G C A T A T G A G A A T G C T T C A G  

G A T G G G T G G A C G T  G A G A G A T  G T T G C A A T T G C C C A T G T T C T G G C A T A T  G A G A A T  G C T T C A G  
G A T G G G T G G A C G T G A G A G A T G T T G C A A T T G C C C A T G T C C T G G C A T A T G A G A A T G C T T C A G  

G A T G G G T G G A C G T G A G A G A T G T T O C A A T T G C C C A T G T T C T O O C A T A T G A O A A T G C T T C A G

1135
1136 
1135 
1138 
1135 
1133 
1138 
1135
1137
1138 
684

Consensus

G A T G G G T G G A C G T G A G A G A T G T T G C A A T T G C C C A T G T T C T G G C A T A T G A G A A T G C T T C A G  

1160 1170 1180 11001150H
i i

3744774 1138 C T A A T G G A A G A T  A T  T T A C  T A G  T

T85A 1137 C T A A T G G A A G A T A T T T A C T  A G  T

3741005 1136 C T A A T G G A A G A T A T T T A C T  A G  T

3741006 1137 C T A A T G G A A G A T A T T T A C T  A G  T

£ 7 0 0 3  1136 C T A A T  G G  A A G  A T  A T  T T A C  T A G  T

3744773 1134 C T A A T G G  A A G  A T  A T  T T A C  T A G  T

3742275 1137 C T A A T G G  A A G  A T  A T  T T A C  T A G  T

3742313 1136 C T A A T G G  A A G  A T  A T  T T A C  T A G  T

3741004 1138 C T A A T  G G  A A G  A T  A T  T T A C  T A G  T

3744767 1137 C T A A T G G  A A G  A T  A  T T  T A C  T A G  T

ZPRD14-Ori 685 C T A A T G  ■

T G A G A G A G T G G C A C A C  

T G A G A G A G T G G C A C A C  

T G A G A G A G  T G G C A C A C  

T G A G A G A G  T G G C A C A C  

T G A G A G A G  T G G C A C A C  

T G A G A G A G T G G C A C A C  

T G A G A G A G T G G C A C A C  

T G A G A G A G T G G C A C A C  

T G A G A G A G  T G G C A C A C  

T G A G A G A G  T G G C A C A C

1180

T T C G G A G A C G  

T T C G G A G A C G  

T T C G G A G A C G  
T T C G G A G A C G  

T T C G G A G A C G  

T T C G G A G A C G  

T T C G G A G A C G  

T T C G G A G A C G  

T T C G G A G A C G  

T T C G G A G A C G  

C G

T T G T G A A G A T T '

T  T G  T G A A G A T  T

T T G T G A A G A T T

T T G T G A A G A T T

T T G T G A A G A T T

T T G T G A A G A T T

T T G T G A A G A T T

T T G T G A A G A T T

T T G T G A A G A T T

T T G T G A A G A T T

T  T  G T  G A A G  A T T T

1195

1196

1210 1220 1230 1240 1250

3744774 1196
78SA 1197
3H1006 1196
3741006 1197
£ 7003 1196
3744773 1194
3742275 1197
3742313 1196
3741004 1198
3774767 1197
3P74D14-Ori 744

T G C A T G A T T T G T A C C C A A C A T T G C A A C T T C  C A C A G A A G  T G T G T A G A T G A T  A G G  C C A T  A  T G  1255 
T G C A T G A T T T G T A C C C A A C A T T G C A A C T T C C A C A G A A G T G T G T A G A T G A T A G G C C A T A T G  1256 
T G C A T G A T T T G T A C C  C A A C A T  T G C A A C T T C  C A C A G A A G  T G  T G  T A G A T  G A T  A G G  C C A  T A T G  1255 
T G C A T G A T T T G T A C C C A A C A T T G C A A C T T C C A C A G A A G T G T G T A G A T G A T A G G C C A T A T G  1256 
T G C A T G A T T T G T A C C C A A C A T T G C A A C T T C C A C A G A A G T G T G T A G A T G A T A G G C C A T A T G  1255 
T G C A T G A T T T G T A C C C A A C A T T G C A A C T T C C A C A G A A G T G T G T A G A T G A T A G G C C A T A T G  1253 
T G C A T G A T T T G T A C C C A A C A T T G C A A C T T C C A C A G A A G T G T G T A G A T G A T A G G C C A T A T G  1256 
T G C A T G A T T T G T A C C C A A C A T T G C A A C T T C C A C A G A A G T G T G T A G A T G A T A G G C C A T A T G  1255 
T G C A T G A T T T G T A C C C A A C A T T  G G A A C  T T C  C A C A G A A G  T G  T G  T A G A T  G A T  A G G  C C A T  A T G  1257 
T G C A T G A T T T G T A C C C A A C A T T G C A A C T T C  C A C  A G A A G  T G  T G  T A G A T  G A T  A G G  C C A T  A  T G  1256 
T G C A T G A T T T G T A C C C A A C A T T G C A A C T T C C A C A G A A G T G T G T A G A T G A T A G G C C A T A T G  803

Consensus

T G C A T G A T T T G T A C C C A A C A T T G C A A C T T C C A C A G A A G T G T G T A G A T G A T A G G C C A T A T G  

1270 1280 1200 1300 1310

3744774 
TS5F
3741005
3741006 
£.1003 
3744773 
3H2275  
3742313 
3H1004  
3744767 
3PRD14-Ori

1256
1257
1256
1257
1256 
1254
1257
1256
1258
1257 
804

A T C C A A T A T

A T C C A A T A T

A T C C A A T A T

A T C C A A T A T

A T C C A A T A T

A T C C A A T A T

A T C C A A T A T

A T C C A A T A T

A T C C A A T A T

A T C C A A T A T

A T C C A A T A T

T C C A G G  T

T C C A G G  T

T C C A G G  T

T C C A G G  T

T C C A G G  T

T C C A G G  T

T C C A G G T

T C C A G G T

T C C A G G T

T C C A G G T

T C C A G G T

T T C  C A A G G  A  A A A  A G  C A A A G A G C T T G G G G C T T G A A T .................................... 1306
T T C  C A A G G  A A A A A G  C A A A G  A G  C T T G G G G C T T G A A T .................................1307
T T C  C A A G G  A A A A A G  C A A A G  A G  C T T G G G G C T T G A A T .................................... 1306
T T C C A A G G  A A A A A G  C A A A G  A G  C T T G G G G C T T G A A T .................................1307
T  T C C A A G G  A A A A A G  C A A A G  A G  C T T G G G G C T T G A A T .................................1306
T T C  C A A G G  A A A A A G  C A A A G  A G  C T T G G G G C T T G A A T .....................................1304
T  T C C A A G G  A A A A A G  C A A  A G  A G  C T T G G G G C T T G A A T .................................... 1307
T T C C A A G G  A A A A A G  C A A A G A G C T T G G G G C T T G A A T .................................1306
T T C C A A G G  A A A A A G  C A A A G  A G  C T T G G G G C T T G A A T .................................... 1308
T T C  C A A G G  A A A A A G  C A A A G  A G  C T T G G G G C T T G A A T .................................... 1307
T T C  C A A G G A A A A A G  C A A A G A G C T T O  OG G C  f t  G A A T  T T A C T C C T T  863
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B. Amino acid sequences-CPRD14
GH4770 --------------------- CAG----------------------------------------------------------DPKKVDHLLSLDGAKER 20
GH1005 --------------------- CAG------------ ---------------------------------------------D PKKVDHL LSLD GAKER 20
GH2310 --------------------- CAG----------------------------------------------------------DPKKVDHLLSLDGAKER 20
GH4773 --------------------- CAG------------ --------------------------------------------- D PKKVDHL LSLD GAKER. 20
GH1003 --------------------- CAG------------ --------------------------------------------- D PKKVDHL L S LD GAKER 20
GH4767 --------------------- CAG------------ --------------------------------------------- DPKKVDHLLSLDGAKER 20
GH2275 --------------------- CAG------------ --------------------------------------------- D PKKVDHL L S LD GAKER 20
C P R D 14-0ri SRHSTGAGQ W  C VTGAS GYI AS WWKFL LERGYTVKATVRDTSD PKKVDHL L S LD GAKER 60

GH4770 LHLVKANLLEEGSFDSAVEGCHAVFHTASP FFDDAKDPQVCFDCSSI YSFVFLYGCVII C 80
GH1005 LHLVKANL LEEGSFDSAVE GCHAVFHTAS P FFDDAKD P QVC FD C S SI YS FVFLYGCV I I C 80
GH2310 LHL VKANL LEE GS FD SAVE GCHAVFHTAS P FFDDAKD P Q VC FDC S SIYS FVFLYGCVII C 80
GH4773 LHL VKANL LEE GS FD SAVE GCHAVFHTAS P FFDDAKD P QVC FD C S S IYS FVFLYGCVI I C 80
GH1003 LHLVKANL LEE GS FD SAVE GCHAVFHTAS P FFDDAKD PQVCFDCSSIYS FVFLYD CV I I C 80
GH4767 LHL VKANL LEE GS FD SAVE GCHAVFHTAS P FFDDAKD P QVC FD C S S IYS FVFL YGC V I I C 80
GH2275 LHL VKANL LEE GS FD SAVE GCHAVFHTAS P FFDDAKD P QVC FD C S S IYS FVFLYGCVI I C 80
C P R D 14-0ri LHLVKANL LEE GSFD SAVE GCHAVFHTAS PFFDDAKDP------------------------------------------------98

GH4770 FYFYVFQTE L LD P ALKGTLNVLKS C VN S PTLKRVWTS SI AAG3 FNDRPKNPD VWDETW 140
GH1005 FYFYVFQTE L LD PALKGTLNVLP3CVNS PTLKRVWTS SI  AAVS FNDRPKNPD VWDETW 140
GH2310 FYFYVFQTE L LD P ALKGTLNVLKS CVNS PTLKRVWTS SIAAVS FNDRPKNPD VWDETW 140
GH4773 FYFYVFQTE L LD P ALKGTLNVLKS CVNS PTLKRVWTS SI  AAVS FNDRPKNPD VWDETW 140
GH1003 FYFYVFQTE L LD P ALKGTLNVLKS CVNS PTLKRVWTS SI  AAVS FNDRPKNPD VWDETW 140
GH4767 FYFYVFQTE L LD P ALKGTLNVLKS CVNS PTLKRVWTS SI  AAVS FNDRPKNPD VWDETW 140
GH2275 FYFYVFQTE L LD P ALKGTLNVLKS CVNS PTLKRVWTS SI  AAVS FNDRPKNPD VWDETW 140
C P R D 14-0ri  QTEL LDP ALKGTLNVLKS CVNS PTLKRVWTS S I AAVS FNDRPKNPD VWDETW 152

C. Sequence base traces of CPRD14-clone
■1» w. 'i>. i . u  a .v  « .v  i n  n>. Hi -u <!.« ii.o >i.u •!>. :u. ib. «.u ».u

1 T O O  T T O C O  O G T C O T  T A A O T  T T C  T T C  T C  G A  A C  S C O  O C  T A C A C  C S  T G A A O G C  C A C C  G  T  T C O C  G A C A C A  A O  T A T O  T O  T T  T  T  T T  

04 BO 96 100 106 110 110 130 125 130 1S4 140 140 140 144 ISO

2000 — 

1 BOO —

T T T T C T T Q T C T T C T A T A A T T T T T G T T T C C O T C G Q T G A T T A T T G T Q Q T S A T  a C A T  T A C T A T T  T G  Q A  A Q A C T G  A  A G A  T T O G O T A  

170 178 190 195 190 195 200 206 210  21 8  220 220 230 23 6  240  246

2000 —

AT Q T S T O A T  3 1 O C A O G  T 0 A T C O C A A A A A O O T A G A T C A C T ' O C T T A O C  C T C O A T O O T O C T A A O O A A A O O C T O C A T C T G O T C A  A O O

260 256  260 265 270  276  290 29S 200 296 300  306 310 31S 320 325

2000-

1500- 
1000-  

500 - V
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C G A A T C T  T C T  A G A A G A A G G T  T C C  T T T G A C  T C T G  C C G T T G A A G G T  ~ G T  C A C  OC T S T G T T C  C A C  A C T G C T T C T C C C T T T T T C G A C G A  

335 340 345 360 355 360 386 376 375 380 305 300 365 400 405 410

2000 -  

1500 —

" X i  " u i  “ or - i.ru  -ii'.-u -bru  4»v« '■*»: " . i r  -low -tow 4 . -v  • ‘or - w  -to t  m  -«vu

TOCCAAGB ACCC GOAGO TT GTT TCGAT TOTAOT TCOATT TAT TCAT T TOT TTTTCTCTATOOCTOTOTAAT AATT TGTTTTT 

420 425 430 43 5  44 0  445 450 454 40 0  40 6  47 0  4 7 5  4 t o  £95 45 0  496

2000 -

1600-

AC T T T T A T  GT A T  T T C A G A C T G A G T T  GT T G Q A T C  CA B C T T T O A  AG GG Q AC T C T O A A T G T T C T G A A  AT  C GT  G C Q T  G  A  A C T C Q C C  

500 50S 5I0 515 520 525 630 535 540 5W 550 555 SCO 960 570 575

2000 -

OTOi O'U) O'O- »4Tu »47U "»7U ?e.K o4UT O40T O/OT To’.-O “oTo “O-.-O «;TU O'O" OTUT OToT TtTu 'HIM

CACGCTG AAOCOCGT OOl TOTCAC TTCTTCTATTOCTGCAOTT' COTTCAACGACAGGCCCAAAAACCCTOATGTAGT G GT TGA 

585 £00 505 600 60S 810 #15 620 626 630 535 040 545 650 £55 660

The sizes of the sequences of Dhn1 clones (Table5.4) ranged from 873 bp

(GH2334) to 966 bp (GH4773). The reference fragment with the forward and

reverse primers inclusive was 909 bp long, indicating that there could be

deletions and insertions as well as the intron regions that are not accounted for 

from the mRNA source. Unique patterns were observed in all the clones as 

shown in Fig.5.2. Dhn-GH2334 had about six sub-repeat motifs of largely

(TACCGGTGACACCGGGA ). These repeats have been shown in fig.5.2

alongside the Dot-plot image confirming the repeats. Interestingly, in most of the 

other Dhn1 clones, the common sub-repeat observed was -  

TACCGGTGGTTTTACC. Figure5.2 also shows short insert within the region 

(between538-550) that seems to be a deletion point. The results from the 

sequences also indicate that there were about 10 SNPs identified. SNPs at 

positions 81, 171 and 228 in GH2334 and LEI003 involve transition of G—►A, 

C—►T and C->T respectively. Other SNP positions include 240 (T->C), 376 

(G—>C; transversion), 377 (G—A), 481 (C—T), 508 (C—►T), 599 (G->A) and 636 

(T—>C). From the position 320-374, which was not in the cDNA reference 

sequence, the sequence could be part of a continuous open reading frame, but it 

was not clear whether this is a coding region present in the Ghanaian accessions 

or a non-coding intron.
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With regards to CPRD46b, the sequence sizes for the entire experimental 
sample averaged 1103 bp. The reference CPRD46b was 942 bp long. One intron 

region was identified from position 224 to 308 for the experimental samples but 
its corresponding position in the reference fragment was from 92 bp to about 178 

bp. The intron region is rich in A/T nucleotides. Some SNPs were identified both 

in the coding and non-coding regions. In figure5.3, five SNPs could be observed 

in positions 245 (T-+C), 262 (C-+G), 276 (A->G), and 296 (A—G). Other 
positions where possible SNPs were observed are 56 (C—►T), 67 (T—►A), 94 

(G—►A), 180 (A—G), 183 (T—►A), 385 (G—'T), 712 and 738 (A—►G), 1031 (T— C). 
In GH1005, there was a deletion at position 472 and in the same clone, SNPs 

were observed at positions 479 (G—►T), 482 (G—»C) and 485 (A-*G). In total 
about 28 SNPs could be observed in all the sequences in CPRD46b.

The average length observed in CPRD86 sequences was 546 bp with the 

reference clone being 418 bp. One intron region was identified from position 296 

to 460. The intron region was also predominantly A/T rich in character. There 

was only one SNP observed within this region at position 407 (T—►C) for GH1005 

clone. Outside the intron region SNPs were observed at positions 176 (A—►T), 
279 (A—>T) and 504 (T->C).

The average sequence length of the CPRD8 clones was 1036 bp; however, the 

size of the reference was 847 bp. Two intron regions were observed spanning 

from positions 110 to 223 and from 402 to 476. Both regions were noted to be 

A/T rich and SNPs were also found at positions 189 and 439 (T-*C). Outside the 

two intron sites other SNPs were observed at positions 70 (T-+C), 360 (A->G), 
537 (C-*T), 925 (T-»C), and 976 (A->G). Deletion of T nucleotide was also 

observed at positions 118 and 154 all within the intron region.

The size of the CPRD 14 was 1306 bp long in the clones and 963 bp long in the 

reference. Three intron regions were observed from positions 350 to 433, 628 to 

742 and 903 to 1052 which were all A/T rich in character. SNPs were observed 

at positions 91 (T-»C), 364 (C-+T), 396 (G—A), 401 (G—►T), 402 (T—►G), 540
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(T—G), 580 (T—G), 627 (G—A), 673 (T—C), 728 (T—G), 1055 (G-*A), and 

1118 (T—►C). There were insertions of A at position 610, G at 628, C/A at 652, 
and T at 675, whilst deletions were also observed at position 640 and 901 of T 

nucleotide. The translated deduced amino acid sequences when analyzed with 

dot-plot also showed three intron sites. An intron region has been depicted in 

fig.5.6 (B), with a SNP of G->D at position 75 of GH1003. The base sequence 

traces (fig.5.6C) also show clean and clear traces of nucleotides and this was 

observed in all the various clones used for the study. In general, about 80% of all 
the SNPs observed within the clones from CPRD14 to Dhn1 were transitions in 

nature, with transversion SNPs forming about 20%, compared to a random 

expectation that 66% of changes would be transversions.

In other to determine the relationship of these cloned fragments with other 
closely related gene products from other sources as well as ascertain whether 
the various SNPs observed in the study caused functional shifts or were rather 
silent, Blastx of the sequences obtained for the CPRD fragments were 

performed. The results obtained are shown in table 5.9 below.

Table5.9: Results of blastx analysis of CPRD (22,46b, Dhn1, 8, and 14), their close 
homologues, and E values for five closely related sequences.
U R lO O iU n iR eflO O  P 9 3 7 0 1  C l u s t e r :  CPRD22 p r o t e i n ;  n = l ;  V ig n a  u n g u i c u l a t a |R e p :  CPRD22 
p r o t e i n

S c o r e  =  9 2 .4  b i t s  ( 2 2 8 ) ,  E x p e c t  =  3 e - 1 7
i
i
i

I d e n t i t i e s  = 4 1 / 4 1  (1 0 0 % ), P o s i t i v e s  = 4 1 / 4 1  (100% )
i

Q u e r y :  5 2 3  HSDERYGREYREHDQSRGDHDKKGIVDKIKEKLPGGHSDNK 6 4 5  I
HSDERYGREYREHDQSRGDHDKKGIVDKIKEKLPGGHSDNK i

S b j c t :  2 1 6  HSDERYGREYREHDQSRGDHDKKGIVDKIKEKLPGGHSDNK 2 5 6  j

> U R 1 0 0 :U n iR e f l0 0  Q9SPL8 C l u s t e r :  D e h y d r in ;  n = l ;  V ig n a  u n g u i c u l a t a |R e p :  D e h y d r in  -
V ig n a

u n g u i c u l a t a  (C ow pea)
L e n g th  = 2 5 9  

S c o r e  = 9 2 . 4  b i t s  ( 2 2 8 ) ,  E x p e c t  = 3 e - 1 7  
I d e n t i t i e s  = 4 1 / 4 1  (1 0 0 % ), P o s i t i v e s  = 4 1 / 4 1  (100% ) 
F ram e = +1

Q u e r y :  5 2 3  HSDERYGREYREHDQSRGDHDKKGIVDKIKEKLPGGHSDNK 6 4 5  
HSDERYGREYREHDQSRGDHDKKGIVDKIKEKLPGGHSDNK 

S b j c t : 2 1 9  HSDERYGREYREHDQSRGDHDKKGIVDKIKEKLPGGHSDNK 2 5 9
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I>CPRD46b: L i p o x y g e n a s e ; C i t r u s

1 Q u e r y : 1 1 2 EWPLKSNLDPAIYGPAESAITTELVEQEIRGFLTVEE 2 2 2  
EWPLKS LDP IYGP ESAITTEL+E+EI G ++VEE

j S b j c t : 4 1 7 EWPLKSTLDPEIYGPPESAITTELIEKEIGGMISVEE 4 5 3

>UR100 U n iR eflO O  Q6X5R6 C l u s t e r :  L ip o x y g e n a s e ;  n = l ;  N i c o t i a n a  a t t e n u a t a | R e p :
[ L ip o x y g e n a s e  -
|Q u e r y : 3 0 2 QAIKQKRLFVLDYHDLLLPLVEEVRKIEGTTLYGSRALFFLTRDGTLRPLAIELVRPPID 

+A+ KQK+LF+LDYHDLLLP V +V +++G LYGSR LFFLT DGTLRPLAIEL RPP+
4 8 1

; S b j c t : 4 5 8 EAVKQKKLFILDYHDLLLPYVNKVNELKGRVLYGSRTLFFLTPDGTLRPLAIELTRPPVH 5 1 7

[Q u e ry : 4 8 2 GKPQWKKVFAPTWHSTGVWLWRLAKIHVLAHDTGYHQLVSHWLRTHCATEPYIIAANRQL 
KPQWK+V+ PTWH+TG WLW+LAK HVLAHD+GYHQLVSHWLRTHCATEPYIIA NRQL

6 6 1

i S b j  c t :
i

5 1 8 DKPQWKEVYCPTWHATGSWLWKLAKAHVLAHDSGYHQLVSHWLRTHCATEPYIIATNRQL 5 7 7

|Q u e r y : 6 6 2 SAMHPIYRLLHPHFRYTVEINALARESLINAGGIIEQCFTPQKHSVLLSSIAYDKHWRFD 
SA+HPIYRLLHPHFRYT+EINALARE+LINA G IIE  F P K+++ LSS+AYD WRFD

8 4 1

j S b j c t : 5 7 8 SAIHPIYRLLHPHFRYTMEINALAREALINANGIIESSFFPGKYAMELSSVAYDLEWRFD 6 3 7

[Q u e ry : 8 4 2 LQSLPKDLIHRGLAVEDPTAPHGLKLTIEDYPYANDGLDLWAAFKSWFTEYIDHYYADSN 
++LP+DLI RG+AV+DP AP+GLKLTIEDYP+ANDGL LW W T+Y++HYY ++

1 0 2 1

( S b j c t : 63 8 REALPEDLISRGMAVKDPNAPYGLKLTIEDYPFANDGLVLWDILIQWVTDYVNHYYTETK 6 97

|

U R 100rU n iR e f 1 0 0  Q9SPL8 C l u s t e r :  D e h y d r in ;  n = l ;  V ig n a  u n g u i c u l a t a |R e p : D e h y d r in  -  
V ig n a - D h n l

Q u e r y :  3 GLGDDTNKQHDTSNVYGADTRRQHGTIGDTGRQHXXXXXXXXXXXRQYXXXXXXXXXXXR 1 8 2  
j GLGDDTNKQHDTSNVYGADTRRQHGTIGDTGRQH RQY R
I S b j c t :  4 6  GLGDDTNKQHDTSNVYGADTRRQHGTIGDTGRQHGTTGGFTGDTGRQYGTTGGFTGDTGR 1 0 5

|Q u e r y :  1 8 3  QHXXXXXXXXXXXKQHXXXXXXXXXXXRQHGTTGGFTSDTGRQHXXXXXXXXXXXRQHXX 3 6 2  
| QH KQH RQHGTTGGFT DTGRQH RQH
j S b j c t :  1 0 6  QHGTTGGFTGDTGKQHGTTGGFTGDTGRQHGTTGGFTGDTGRQH GTTGDTGRQH—  1 5 9

Q u e r y :  3 6 3  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXANTADXXXXXXXXXXXXXXXXXXXXXXXX 5 4 2
ANTAD

S b j c t :  1 6 0 ------------------------- GTTGGFTGGDTGLGGPYVGANTADTGTGPRSGTTGGSAYGSGGYGSGA 2 0 7

Q u e r y :  5 4 3  XXXXXXXXXXXHSDERYGREYREHDQSRGDHDKKGIVDKIKEKLPGGHSDNK 6 9 8
HSDERYGREYREHDQSRGDHDKKGIVDKIKEKLPGGHSDNK 

S b j c t :  2 0 8  GAGYGMNTGGAHSDERYGREYREHDQSRGDHDKKGIVDKIKEKLPGGHSDNK 2 5 9

l> U R 1 0 0 :U n iR e f l 0 0  P 9 3 6 9 9  C l u s t e r :  CPRD8 p r o t e i n ;  n = l ;  V ig n a  u n g u i c u l a t a |R e p : CPRD8 
j p r o t e i n  -
j V ig n a  u n g u i c u l a t a  (C ow pea)
I L e n g th  = 3 8 4

j S c o r e  = 7 4 9  b i t s  ( 1 9 3 5 ) ,  E x p e c t  = 0 . 0
j I d e n t i t i e s  = 3 6 2 / 3 7 2  (9 7 % ), P o s i t i v e s  =  3 6 2 / 3 7 2  (97%)
| Fram e = +1

j Q u e r y :  52  PSHQAIPLLTPYKMGKFNLSHRWLAPLSRERSYNNVPQPHAWYYSQRTSNGGLLIAEA 2 3 1  
j PSHQAIPLLTPYKMGKFNLSHRWLAPLSRERSYNNVPQPHAWYYSQRTSNGGLLIAEA
| S b j c t :  1 3  PSHQAIPLLTPYKMGKFNLSHRWLAPLSRERSYNNVPQPHAWYYSQRTSNGGLLIAEA 72
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|Q u e r y :  2 3 2  TGVSDTAQGYPNTPGIWTKEQVEAWKPIVDAVHAKGGIFFCQIWHVGRVSDSSYQPNGQA 4 1 1  
TGVSDTAQGYPNTPGIWTKEQVEAWKPIVDAVHAKGGIFFCQIWHVGRVSDSSYQPNGQA 

| S b j c t :  7 3  TGVSDTAQGYPNTPGIWTKEQVEAWKPIVDAVHAKGGIFFCQIWHVGRVSDSSYQPNGQA 1 3 2

j> U R 1 0 0 : U n iR e f 1 0 0  0 2 3 7 7 7  C l u s t e r :  O ld - y e l l o w - e n z y m e  h o m o lo g ;  n = l ;  C a t h a r a n t h u s  
j r o s e u s |R e p :
(Q u e ry : 70  PLLTPYKMGKFNLSHRWLAPLSRERSYNNVPQPHAWYYSQRTSNGGLLIAEATGVSDT 2 4 9  

PLLTPYK+GKF LSHR+VLAPL+R+RSY NVPQPHAV+YYSQRTS GGLLI+EA GVS+T 
j S b j c t :  19  PLLTPYKLGKFQLSHRIVLAPLTRQRSYGNVPQPHAVLYYSQRTSKGGLLISEAAGVSNT 78

|Q u e r y :  2 5 0  AQGYPNTPGIWTKEQVEAWKPIVDAVHAKGGIFFCQIWHVGRVSDSSYQPNGQAPISSTD 4 2 9  
AQGYP TPGIWTKEQVEAWKPIVDAVHAKGG+FFCQI HVGRVS+ SYQPNGQAPISSTD 

| S b j c t :  7 9  AQGYPMTPGIWTKEQVEAWKPIVDAVHAKGGVFFCQIGHVGRVSNYSYQPNGQAPISSTD 1 3 8

|Q u e r y :  4 3 0  KPLPPTPRANGLGYIEHTPPRRLTTEELPGIVNDFRIAARNAIEAGFDGVEVHGAHGYLL 6 0 9  
K L P RANG+GY+EHTPPRRLTT+ELPGIVNDFR AA NAIEAGFDGVE+HGAHGYL+ 

j S b j c t :  1 3 9  KGLTPLYRANGIGYVEHTPPRRLTTDELPGIVNDFR-AALNAIEAGFDGVEIHGAHGYLI 1 9 7

(Q u e ry : 6 1 0  DQFLKDQANDRTDQYGGSLENRCRLPLXXXXXXXXXXGADRVGIRLSPFADFNDCGDSNP 7 8 9  
j DQFLKDQ ND TD+YGGSLENRCR L GADRVGIRLSPFA + + GDSNP
j S b j c t :  1 9 8  DQFLKDQVNDSTDEYGGSLENRCRFALEIVEAVSNAIGADRVGIRLSPFAGYMESGDSNP 2 5 7

> U R 1 0 0 :U n iR e f 1 0 0  A0M0F0 C l u s t e r :  S e c r e t e d  p r o t e i n ;  n = l ;  G r a m e lla  f o r s e t i i  
K T 0 8 0 3 |R ep :C P R D 8 6

S e c r e t e d  p r o t e i n  -  G r a m e lla  f o r s e t i i  ( s t r a i n  K T 0803)
L e n g th  = 1 4 5

S c o r e  = 3 5 . 4  b i t s  ( 8 0 ) ,  E x p e c t  = 1 . 6  
I d e n t i t i e s  = 1 7 / 5 3  (32 % ), P o s i t i v e s  = 2 6 / 5 3  (49%)
Fram e = - 3

Q u e r y :  4 8 7  HKFRSQESKKRSHSPHYSGHIHLHQTKRRKTKSEQTLVIMFCALIKVTEENKI 3 2 9  
H + +K+ + H+SG H HQ K+ + KSE L +F T N+I

S b j c t :  27  HAHHEHQEEKKEIAHHHSGEDHHHQDKKEEGKSEGFLSFLFAMHSHTTTSNEI 7 9

M JR 100:U n iR e f 1 0 0  P 9 3 7 0 0  C l u s t e r :  CPRD14 p r o t e i n ;  n = l ;  V ig n a  u n g u i c u l a t a |R e p :  CPRD14 
p r o t e i n

Q u e r y :  1 8 2  DPKKVDHLLSLDGAKERLHLVKANLLEEGSFDSAVEGCHAVFHTASPFFDDAKDPQVCFD 3 6 1  
DPKKVDHLLSLDGAKERLHLVKANLLEEGSFDSAVEGCHAVFHTASPFFDDAKDPQ 

S b j c t :  42  DPKKVDHLLSLDGAKERLHLVKANLLEEGSFDSAVEGCHAVFHTASPFFDDAKDPQ  97

Q u e r y :  3 6 2  CSSIYSFVFLYGC*IICFYFYVFQTELLDPALKGTLNVLKSCVNSPTLKRVWTSSIAAV 5 4 1
TE LLDPALKGTLNVLKS CVN S PTLKRVWT S S I  AAV 

S b j c t :  98   TELLDPALKGTLNVLKSCVNSPTLKRVWTSSIAAV 1 3 3

Q u e r y :  5 4 2  SFNDRPKNPDVWDETWYSDPEYCKRNGV 6 2 8  
SFNDRPKNPDVWDETWYSDPEYCKRNG+

S b j c t :  1 3 4  SFNDRPKNPDVWDETWYSDPEYCKRNGI 1 6 2
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S c o r e  = 1 1 2  b i t s  ( 2 8 1 ) ,  E x p e c t  (3 )  = 4 e - 9 5
; I d e n t i t i e s  = 5 6 / 5 8  (9 6 % ), P o s i t i v e s  = 5 7 / 5 8  (98%)

Fram e = +3

j Q u e r y :  7 3 8  IW YNLS KT LAE DAAWKFAKENNIDLVT AN PALWGPLLQPVLNT S SAAVLNLI NGNFT 9 1 1  
IWYNLSKTLAEDAAWKFAKENNIDLVTANPALWGPLLQPVLNTSSAAVLNLING+ T 

i S b j c t :  1 6 2  IWYNLSKTLAEDAAWKFAKENNIDLVTANPALWGPLLQPVLNTSSAAVLNLINGSPT 2 1 9

; S c o r e  = 4 9 . 3  b i t s  ( 1 1 6 ) ,  E x p e c t (3 )  =  4 e - 9 5  
| I d e n t i t i e s  = 2 3 / 2 3  (1 0 0 % ), P o s i t i v e s  = 2 3 / 2 3  (100% ) 
! Fram e = +3

iQ u e r y :  3 ASWWKFLLERGYTVKATVRDTS 71  
! ASWWKFLLERGYTVKATVRDTS
! S b j c t :  1 9  ASWWKFLLERGYTVKATVRDTS 41

! S c o r e  =  1 8 1  b i t s  ( 4 5 8 ) ,  E x p e c t  = l e - 4 3  I
| I d e n t i t i e s  = 8 7 / 9 3  (9 3 % ), P o s i t i v e s  = 9 0 / 9 3  (96%) j
! F ram e =  +2 !
i ij !
|Q u e r y :  1 0 2 8  LFDIYTGSPTFKNVTLGWVDVRDVAIAHVLAYENASANGRYLLVERVAHFGDWKILHDL 1 2 0 7  !
| + ++ GS PT FKNVTLGWVDVRDVAIAHVLAYENASANGR YLLVERVAHFGDWKILHDL !
j  S b j c t :  2 1 0  VLNLINGSPTFKNVTLGWVDVRDVAIAHVLAYENASANGRYLLVERVAHFGDWKILHDL 2 6 9  |
| i
j  Q u e r y : 1 2 0 8  YPTLQLPQKCVDDRPYDPIFQVSKEKAKSLGLE 1 3 0 6  j
i  YPTLQLPQKCVDDRPYDPIFQVSKEKAKSLGLE j
!S b j c t :  2 7 0  YPTLQLPQKCVDDRPYDPIFQVSKEKAKSLGLE 3 0 2  ;

j> U R 1 0 0 :U n iR e f 1 0 0  Q9SQK0 C l u s t e r :  A ld e h y d e  r e d u c t a s e ;  n = l ;  V ig n a  r a d i a t a |R e p :  A ld e h y d e  ; 
| r e d u c t a s e  -  V ig n a  r a d i a t a  i
| L e n g th  = 3 2 5

| S c o r e  = 2 1 9  b i t s  ( 5 5 9 ) ,  E x p e c t (3 )  = 2 e - 8 7  *
j I d e n t i t i e s  = 1 1 3 / 1 4 9  (7 5 % ), P o s i t i v e s  = 1 1 9 / 1 4 9  (79%) I
j F ram e = +2

DPKKVDHLLSLDGAKERLHLVKANLLEEGSFDSAVEGCHAVFHTASPFFDDAKDPQVCFD 3 6 1  
DPKKVDHLLSLDGAKERLHLVKANLLEEGSFDSAVEG HAVFHTASPFF+DAKDPQ 1
DPKKVDHLLSLDGAKERLHLVKANLLEEGSFDSAVEGVHAVFHTASPFFNDAKDPQ  97

CSSIYSFVFLYGC*IICFYFYVFQTELLDPALKGTLNVLKSCVNSPTLKRVWTSSIAAV 5 4 1
TELLDPA+KGTLNVLKSCVNSPTLKRW+TSSIAAV 

  TELLDPAVKGTLNVLKSCVNSPTLKRWLTSSIAAV 1 3 3

SFNDRPKNPDVWDETWYSDPEYCKRNGV 6 2 8
+F+DRPKNPDVWDETWYSDPEYCKR G+ j

AFSDRPKNPDVWDETWYSDPEYCKRTGL 1 6 2

! S c o r e  = 1 0 3  b i t s  ( 2 5 7 ) ,  E x p e c t ( 3 )  = 2 e - 8 7
: I d e n t i t i e s  =  4 9 / 5 5  (8 9 % ), P o s i t i v e s  = 5 2 / 5 5  (94%)
! F ram e =  +3

j Q u e r y :  7 3 8  IWYNLSKTLAEDAAWKFAKENNIDLVTANPALWGPLLQPVLNTSSAAVLNLING 9 0 2  
| +WYNLSKTLAEDAAWKFAKENNIDLVT NPALWGPLLQPVLNTS+A VL L+NG

Q u e r y :  1 8 2  

| S b j c t :  42  

(Q u e r y :  3 6 2  

| S b j c t :  98  

jQ u e ry : 5 4 2  

I S b j c t :  1 3 4
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j  Sb j  c t : 1 6 2  LWYNLSKTLAEDAAWKFAKENNIDLVTMNPALWGPLLQPVLNTSAAIVLGLVNG 2 1 6

S c o r e  = 4 7 . 0  b i t s  ( 1 1 0 ) ,  E x p e c t (3 )  =  2 e - 8 7  
I d e n t i t i e s  = 2 1 / 2 3  (9 1 % ), P o s i t i v e s  = 2 3 / 2 3  (100% )
Fram e =  +3

|Q u e r y :  3 ASWWKFLLERGYTVKATVRDTS 71  
ASW+VKFLLERGYTVKATVRDT+

;S b j c t :  1 9  ASWLVKFLLERGYTVKATVRDTN 41

; S c o r e  = 1 5 1  b i t s  ( 3 8 2 ) ,  E x p e c t  = 8 e - 3 5
; I d e n t i t i e s  = 6 9 / 9 0  (7 6 % ), P o s i t i v e s  = 8 0 / 9 0  (88%)
; F ram e =  +2

I Q u e r y :  1 0 3 7  IYTGSPTFKNVTLGWVDVRDVAIAHVLAYENASANGRYLLVERVAHFGDWKILHDLYPT 1 2 1 6  
+ G+ TFKN +LGWVDV+DVA+AH+LAYENASANGRYLLVERVAHFGD KIL DLYPT 

;S b j c t :  2 1 3  LVNGAKTFKNASLGWVDVKDVALAHILAYENASANGRYLLVERVAHFGDAAKILRDLYPT 2 7 2

iQ u e r y :  1 2 1 7  LQLPQKCVDDRPYDPIFQVSKEKAKSLGLE 1 3 0 6  
LQ+P KC DD+P +PIFQVSKEKAKSLG++ 

j S b j c t :  2 7 3  LQIPDKCEDDKPLEPIFQVSKEKAKSLGID 3 0 2

5.4. Discussion
As a first step towards the understanding of the responses of drought-tolerant 
plants to dehydration stress at the molecular level and the diversity of genes 

involved, the CPRD family of candidate genes induced by dehydration stress was 

selected and primers designed from them to amplify genomic DNA regions of 
some cowpea accessions from Ghana. The genes from the CPRD family have 

been confirmed to be induced by drought stress and so the aim of this study was 

to determine whether primers designed from drought inducible genes could 

amplify genomic DNA from unstressed cowpea plants, and detect any 

polymorphisms within the gene pool of the germplasm used for the study.

The results from the PCR amplification reactions showed that all the primers 

designed for the study amplified products within the expected range of the 

anticipated product sizes with the exception of cpABA(a) and cpABA(b) primers 

which could not amplify any product. The results further indicated that 
polymorphisms abound within the Ghanaian cowpea in the form of SNPs, 
deletions and insertions of single or group of nucleotides. In some instances 

especially in CPRD86, SNPs detected were not as high as the others. These

180 University of Leicester



Chapter Five

SNPs are still discussed as they present potential candidates, but need to be 

verified by future analyses.

In this study I performed a blastx for sequences homologous to that of CPRD8 

protein and found the putative protein only to show weak similarities to bacterial 
and fungal proteins in contrast to the other sequences where many homologies 

were found in cowpea, legumes and other plants. The CPRD8 weak homologies 

were to morphinone reductase (morB) of Pseudomonas putida and old yellow 

enzyme of Saccharomyces cerevisiae with 47% and 30% homology, respectively 

(French and Bruce 1994, Stott et al. 1993) (Table5.9). The sequence of the 

putative CPRD8 protein was also similar to that of the estrogen-binding protein of 
Candida albicans (Madani et al. 1994) and bile acid-inducible protein C of 
Eubacterium sp. VPI 12708 (Mallonee et al. 1990). Notably and perhaps related 

to its function in plants, the putative CPRD8 protein contained conserved amino 

acids that are involved in the active site (His 191- Asnl94) and flavin 

mononucleotide-binding (FMN-binding) site (Thr37, Glnll4 and Arg243, but not 
Arg348) or old yellow enzyme (Fox and Karplus 1995).

The deduced nucleotide and amino acid sequences of Dhn1 and CPRD22 

protein revealed structural features homologous to those of group 2 LEA 

proteins. These proteins are thought to function in the maintenance of protein 

structure (Bray, 2002b). Recently, it was shown that two LEAs can prevent 
protein aggregation during water stress (Goyal et al., 2005b) and the ability of 
plant LEAs to confer increased tolerance to water deficit stress on yeast and 

other plants (Swire-Clark and Marcotte, 1999; Xu et al., 1998; Sivamani et al., 

2000) also suggests LEAs play an important role in protecting tissues from the 

effects of water loss. The CPRD22 protein might also function to protect cowpea 

cells from dehydration. Group 2 LEA proteins usually contain a conserved 

sequence, a lysine-rich conserved sequence, KIKEKLPG. The putative CPRD22 

protein contained the KIKEKLPG sequences as shown below with the conserved 

motif underlined and coloured red. The query is the fragment from the study;
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Query: 523 HSDERYGREYREHDQSRGDHDKKGIVDKIKEKLPGGHSDNK 645 
HSDERYGREYREHDQSRGDHDKKGIVDKIKEKLPGGHSDNK 

Sbjct: 219 HSDERYGREYREHDQSRGDHDKKGIVDKIKEKLPGGHSDNK 259

A stretch of 69 amino acids with five tandemly repeated Gly-rich sequences are 

found in the amino-terminal half of the polypeptide. The consensus sequence of 

these repeats is GTTGGFTGDTGRQ, and the function of such sequences 

remains to be elucidated. In the case of the CPRD22 fragment a SNP (G-+S) 

was identified between positions 181-261 in the fragment as compared to its 

corresponding position 123-149 within this consensus sequence as shown 

below. The query is the fragment from the study;

Query: 181 XXXXXXXXXXRQHGTTGGFTSDTGRQH 261
RQHGTTGGFT DTGRQH 

Sbjct: 123 TTGGFTGDTGRQHGTTGGFTGDTGRQH 14 9

The amino acid SNP observed G->S, which is Gly—>Ser is equivalent to a G—►A 

nucleotide SNP observed in the analysis of the nucleotide sequences already 

discussed in the results section.

Another notable motif was the RHQ- related sequence which was repeated up to 

eight times and showed polymorphisms is spacing between the accessions 

under analysis and the reference sequences.

Q u e r y :  3  GLGDDTNKQHDTSNVYGADTRRQHGTI GDTGRQHXXXXXXXXXXXRQYXXXXXXXXXXXR 1 8 2
GLGDDTNKQHDTSNVYGADTRRQHGTIGDTGRQH RQY R

S b j c t :  4 6 GLGDDTNKQHDTSNVYGADTRRQHGTIGDTGRQHGTTGGFTGDTGRQYGTTGGFTGDTGR 1 0 5

Q u e r y :  1 8 3  QHXXXXXXXXXXXKQHXXXXXXXXXXXRQHGTTGGFTSDTGRQHXXXXXXXXXXXRQHXX 3 6 2  
QH KQH RQHGTTGGFT DTGRQH RQH

S b j c t :  1 0 6  QHGTTGGFTGDTGKQHGTTGGFTGDTGRQHGTTGGFTGDTGRQH GTTGDTGRQH—  1 5 9

The amino acid sequence of the putative CPRD14 protein was similar to those 

of dihydroflavonol-4-reductase (DFR). DFR is involved in the biosynthesis of 

medicarpin, which is a major phytoalexin in alfalfa. The secondary metabolites 

produced by medicarpin are involved in protection of cells from UV light, defense 

against attack by pathogens, legume nodulation and pollen viability (Li et al.,
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2000). The CPRD 14 protein revealed homology to DFR from Vitis vinifera (39%; 
Sparvoli et al. 1994) and Gerbera hybrida (35%; Helariutta et al. 1993) and to 

vestitone reductase from alfalfa (36%; Guo and Paiva 1995). The product of the 

CPRD 14 gene might be involved in the synthesis of such compounds, which 

protect plant cells from stress conditions. The deduced sequences of all the other 
candidate genes used for the study were found to be involved in the protection of 
the plant cells from environmental stress and the maintenance of cell integrity as 

shown in detail analysis in Table5.9.

To address the main question of whether the genes for drought tolerance are 

constitutive or adapted to the imposed stress on a drought tolerant plant like 

cowpea, the comparative analysis of the drought induced gene products and the 

unstressed products were determined. The assumption was that if they are 

constitutive, then as and when the stress is imposed, the perception of the stress 

will be communicated through the signalling system for the plant to react to the 

stress by up-regulating or down-regulating certain genes to mitigate the effect 
imposed. The results of the multiple alignment of the sequenced products in 

comparison with the original drought induced gene sequences (fig.5.2-5.7), 
showed minimal discrepancies between the induced state and the unstressed 

state. This may probably suggest that these genes may be constitutive in nature, 
but their mode of operation as to when a particular inducible gene is up-regulated 

or down-regulated to combat the effect of an imposed stress need further 
analysis. According to Chaves and colleagues (2002), many of the traits that 
explain plant adaptation to drought like, phenology, root size and depth, hydraulic 

conductivity and storage of reserves, are associated with plant development and 

are constitutive rather than stress induced, which seems by and large to support 
the findings of this study.
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5.5. Conclusions
• Primers designed from drought inducible gene sequences were able to 

amplify genomic DNA extracted from unstressed cowpea plants using 

simple PCR technique.

• The deduced nucleotide and amino acid sequences obtained included the 

non-coding regions of the gene products, showing a depth of information 

within the entire region and the presence of some SNPs in both the coding 

and non-coding regions that need further analysis.

• Results showed that the observed genes in the drought tolerant plant like 

cowpea may be constitutive in nature which necessitates further analysis, 
possibly differential display analysis of the gene expression of both 

stressed and unstressed states for comparative analysis to further 
accelerate our understanding of the mechanisms of drought tolerance in 

cowpea.
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c h a p te r s i x  

6.0. Comparative analysis of gene expression in 
stressed and unstressed cowpea plants.

6.1. Introduction
Water deficit elicits a complex of responses beginning with stress perception, 

which initiates signal transduction pathway(s) and is manifested in changes at 

the cellular, physiological, and developmental levels. Physiological and in the last 

decade molecular studies have demonstrated that plants react to drought with a 

series of accurately controlled and well defined responses induced by detection 

of the onset of drought or environmental features indicating drought is likely. The 

set of responses observed depends upon nature, severity and duration of the 

stress, plant genotype, developmental stage, and environmental factors providing 

the stress. Cellular water deficit may result from stresses such as drought, salt, 

and low temperature. This complexity makes it difficult to uncover the responses 

to water deficit that enhance stress tolerance, particularly since some responses 

anticipate stress. In recent years efforts have turned toward isolation of genes 

that are induced during water deficit in order to study the function of drought- 

induced gene products, the pathways that lead to gene induction and the earliest 

events leading to drought tolerance. While some short-term changes -  stomatal 

closure for example -  are physiological, changes in gene expression are 

fundamental to the responses that occur during water deficit, and they control 

many of the medium, long and even short-term responses.

Studies on the molecular responses to water deficit have identified multiple 

changes in gene expression leading to different proteins using a two dimensional 

polyacrylamide gel electrophoresis (2D-PAGE), and many genes that are water- 

deficit-induced have been isolated by differential screening of cDNA libraries 

using either laboratory-based methods or informatics studies of EST collections.
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Functions for many of these gene products have been predicted from the 

deduced amino acid sequence of the genes and comparison with data from 

known genes characterized in model species. Genes expressed during stress 

are anticipated to promote cellular tolerance of dehydration through protective 

functions in the cytoplasm, alteration of cellular water potential to promote water 

uptake, control of ion accumulation, and further regulation of gene expression. 

Although these studies are promising, it continues to be difficult to ascertain the 

actual function of drought-induced gene products. Expression of a gene during 

stress does not guarantee that a gene product promotes the ability of the plant to 

survive stress. The expression of some genes may result from injury or damage 

that occurred during stress. Other genes may be induced, but their expression 

does not alter stress tolerance. Yet others are required for stress tolerance and 

the accumulation of these gene products is an adaptive response.

Complex regulatory and signaling processes control the expression of genes 

during water deficit; although they are not fully understood, systems biology 

approaches to investigate signalling networks are beginning to provide useful 

information, at least in simpler systems. Multiple stresses may connect into the 

same or a similar transduction pathway, which is evidenced by the involvement 

of ABA in the induction of genes induced by a number of different stresses. In 

addition to induction by stress, the expression of water-deficit-associated genes 

is controlled with respect to tissue, organ, and developmental stage and may be 

expressed independently of the stress conditions. For example, some genes 

expressed during drought stress are also expressed during the maturation and 

desiccation phases of seed development. The regulation of specific processes 

will also depend upon the experimental conditions of stress application. Stress 

conditions that are applied in the laboratory may not accurately represent those 

that occur in the field. Frequently, laboratory stresses are rapid and severe, 

whereas stress in the field often develops over an extended period of time 

(Chaves et al., 2002). Further more, plant root systems, even from relatively 

small plants in the field, may extend for many metres, while pot-grown plants are
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constrained to few centimeters. These differences must also be evaluated when 

studying the adaptive value of certain responses. The function of the gene 

products and the mechanisms of gene expression are intertwined, and both must 

be understood to fully comprehend the molecular response to water deficit.

The numerous responses to water deficit are controlled by an array of genes with 

many different functions. As water is lost from the cell, regulatory processes are 

initiated that adjust cellular metabolism to the new cellular conditions. At the 

same time, growth inhibition and alterations of developmental pathways will 

result in changes in gene expression. Many of the water-deficit-induced genes 

also encode gene products predicted to protect cellular function (Liu and Baird, 

2003). Genes that function during changes in metabolism, regulation, signalling, 

and recognition of stress are also expected to be induced, but fewer of these 

classes of genes have been identified. A number of water-deficit-induced gene 

products are predicted to protect cellular structures from the effects of water loss. 

These predictions are derived from the deduced amino sequence and expression 

characteristics. These genes, frequently called late embryogenesis abundant 
genes (lea), were first identified as genes that are expressed during the 

maturation and desiccation phases of seed development (Baker et al., 1988). It 

has since been recognized that these genes are also expressed in vegetative 

tissues during periods of water loss resulting from water, osmotic, and low- 

temperature stress. At least six groups of lea genes have been identified, based 

on amino acid sequence similarities among several species (Dure, 1993b). The 

majority of the lea gene products are predominantly hydrophilic biased in amino 

acid composition, and lacking in Cys and Trp, and are proposed to be located in 

the cytoplasm. The individual amino acid sequences and predicted protein 

structures have been used to propose specific functions for each group of LEA 

proteins (Dure, 1993b). These predicted functions include sequestration of ions, 

protection of other proteins or membranes, and renaturation of unfolded proteins. 

It is critical to determine if plant responses to stress are adaptive or merely a 

consequence of stress.
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Responses that are triggered by environmental cues as well as developmental 

signals are promising as responses that are important for adaptation to stress. 

However, knowing that these genes are induced is not sufficient to conclude that 

specific gene products are required for stress tolerance. Therefore, experimental 

means to evaluate the adaptive nature of specific gene products are required. A 

correlation between organ survival and LEA protein accumulation during 

recovery from severe dehydration has been identified. In wheat seedlings, shoots 

and scutellum resume growth during recovery from 90% water loss, whereas the 

roots are killed. There is a correlation between dehydration survival and LEA 

protein accumulation, but not mRNA accumulation (Ortiz et al, 2007). These 

results support the hypothesis that LEA proteins function in stress tolerance. 

However, mRNA accumulation alone certainly cannot be used to demonstrate 

that a response is adaptive. In addition, these results highlight an important role 

for posttranscriptional regulation of gene expression during stress.

The molecular response of plants to water deficit defines a very interesting 

puzzle: how does a physical phenomenon, the loss of water from the cell, cause 

a biochemical response, the induction of specific genes? Or, how does the cell 

recognize the loss of water and respond to it? The answer to these questions is 

not known. Currently, it is thought that loss of turgor or change in cell volume 

resulting from different environmental stresses permits the detection of loss of 

water at the cellular level. One or both of these changes may activate stress- 

activated channels, alter conformation or juxtaposition of critical proteins, or 

cause alterations in the cell wall plasma membrane continuum (Li et al., 2004), 

thereby triggering a signal transduction pathway(s) that induces gene expression. 

Therefore, several different stresses may trigger the same or similar signal 

transduction pathways. The induction pathway(s) is also poorly understood, 

although there is evidence that there is more than one pathway. There may be a 

direct pathway, or additional signals may be generated that, in turn, alter the 

pattern of gene expression. The plant hormone ABA also accumulates in
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response to the physical phenomena of loss of water caused by different 

stresses, and elevation in endogenous ABA content is known to induce certain 

water-deficit-induced genes (Shinozaki and Yamaguchi-Shinozaki, 1996). 

Despite these studies, relatively little is known about the fundamental differences 

and cross-talk between drought and other abiotic response pathways in plants, 

especially in cowpea.

Differential display-polymerase chain reaction (DD-PCR) (Liang and Pardee, 

1992) is a simple, sensitive and powerful method for screening cDNAs, and is 

useful in characterizing tissue-, organ- or development-specific cDNAs 

(Cushman and Bohnert, 2000). DD-PCR has been used successfully to isolate a 

number of differentially expressed genes from plants (Martin-Laurent et al., 1997; 

Roux and Perrot-Rechenmann, 1997; Deleu et al., 1999; Wei et al., 2004). In this 

chapter two sets of cowpea plants, each set comprising of three accessions, 

identified in chapter three as being tolerant or susceptible to drought, have been 

used for gene expression analysis for comparative studies.

The objectives of the study were to:

• exploit whether plants exposed to different water regimes induce 

different responses to gene expression.

• determine whether the identified clones could be cloned, sequenced, 

and characterized.

• ascertain whether the identified differentially expressed genes could be 

linked to the physiological and morphological results already obtained.

6.2. Materials and methods

6.2.1. Plant materials and drought treatments
Seeds of six cowpea (Vigna unguiculata) accessions, GH4767, GH2313, 

GH3679, GH 3710, GH4778 and GH3687 were used for this study. These are 

both drought tolerant and susceptible accessions identified in Chapter three. The
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plants were grown from seeds and the seedlings subjected to drought treatment 

as has been described in chapter two, section 2.2. The leaves were harvested at 
five days interval after the imposition of the drought treatment for a period of 30 

days. Total RNA was extracted from the harvested leaves and kept at -80°C for 

the differential display gene expression analysis.

6.2.2. RNA isolation
Total RNA from the stressed and unstressed cowpea leaves harvested was extracted 

using the procedure described in chapter two, section 2.6.1. The extracted RNA 

samples were then treated with RNase-free DNase to remove any DNA contaminants 

and stored at -80°C.

6.2.3. Differential cDNA display
Differential display of cDNA was performed (Liang and Pardee, 1992) using Delta 

Differential Display Kit following the manufacturer’s protocol (Clontech, UK). The 

procedure has been described in section 2.6.2 in chapter two. Then differential display 

PCR (DD-PCR) was performed in a 20 j j \ reaction mixture, using two dilutions of the 

first strand cDNA (dilution A-consisted of 4 ng, and dilution B-consisted of 1 ng cDNA), 

and a primer pair combination of one arbitrary primer and one Oligo (dT) primer as 

described in section 2.6.2. The primers from which the combinations were selected 

have been shown below.

DD-PCR products were electrophoresed on a mixture of 2% high resolution agarose 

gel in 1x TAE buffer with 0.5 jjg/m\ of ethidium bromide. Differentially expressed 

cDNAs identified visually by comparison of banding patterns were excised from the 

gel, recovered and re-amplified using the same primer set that produced it. The 

annealing temperature was dropped from 60°C to 50°C and the dNTPs final 

concentration increased to 0.2 //M. The PCR products were excised again and purified 

using Qiagen gel extraction kit following the manufacturer’s protocol. The purified 

cDNA fragments were ligated in pGEM-T Easy vector prior to transformation into 

competent bacterial cells.
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PCR primers for Delta Differential Display 

• 10 arbitrary primers (20 mM):

Pi: 5’-ATTAACCCTCACTAAATGCTGGGGA-3' 

P2: 5'-ATTAACCCTCACTAAATCGGTCATAG-3' 

P3: 5,-ATTAACCCTCACTAAATGCTGGTGG-3, 

P4: S'-ATTAACCCTCACTAAATGCTGGTAG-S' 

P5: S'-ATTAACCCTCACTAAAGATCTGACTG-S’ 

P6: 5'-ATTAACCCTCACTAAATGCTGGGTG-3' 

P7: S'-ATTAACCCTCACTAAATGCTGTATG-S' 

P8: S'-ATTAACCCTCACTAAATGGAGCTGG-S' 

P9: 5'-ATTAACCCTCACTAAATGTGGCAGG-3' 

P10: 5'-ATTAACCCTCACTAAAGCACCGTCC-3'

9 Oligo (dT) primers (20 mM):

T1: 5 -

T2: 5’-

T3: 5'-

T4: 5 -

T5: 5'-

T6: 5’

T7: 5’

T8: 5

T9: 5'-
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6.2.4. Cloning and sequencing
The reamplified products were cloned into pGEM-T Easy vector according to the 

manufacturer’s protocol (Promega) as described in section 2.7.3. The clones 

which were verified to have the cDNA insert of interest as described in section 

2.7.4 were sequenced commercially at John Innes Centre (JIC), at Norwich, 

United Kingdom, using M13 forward and reverse primers according to the 

requirements of the ABI 3700 capillary sequencing system.

6.2.5. Dot blot analysis of candidate differential expression
A Northern Dot Blot analysis was carried out as described in chapter two (section

2.8). This analysis was intended to confirm the differential expression of gene 

fragments identified in the DD-PCR analysis. However, due to some cDNA 

contamination and the lack of RNA for the repetition of this process, as well as 

limitation of time, this part of the experimentation could not be followed to its end. 

It has therefore been proposed that this part of the work should be repeated in 

the near future.

6.3. Results

6.3.1: Physiological parameters of the water-stressed plants
Water was withheld from cowpea plants for a 30-day period to simulate gradual

development of a field-like water stress. Early during the stress process, plants 

were phenotypically indistinguishable from well-watered plants. However, plants 

mid-way through the stress period displayed leaf wilting, leaf curling, yellowing 

and reduced leaf length. Over the 30-day period, the leaf relative water content 

(RWC) could be observed to have decreased to a large extent but the drought 

tolerant plants were able to recover when watered.

6.3.2: Molecular analysis of the cowpea plants for response to water 
stress
Cowpea gene fragments whose expression was regulated by drought stress 

were studied by differential mRNA display. Each experiment was repeated by
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using total RNA from at least two independent preparations as results are only 

accepted if identical profiles were obtained.

Figure 6.1: Amplification profiles of P3T8, P1T9, P 3 T 7 ,  and P3T5 . The cDNAs were synthesized from leaves of 
cowpea plants; 1-GH4767, 2-GH2313, 3-GH3679, 4-GH3710, 5-GH4778, 6-GH3687;S-Plants subjected to 
drought treatment; U-Plants watered during experimental period; L-Hyperladder1; Arrows in the ethidium 
bromide stained gels show candidate bands with differential expression.

By screening 16 primer-pair combinations of arbitrary and Oligo (dT) primers in 

cowpea leaves of both stressed and unstressed samples partial cDNAs 

potentially differentially expressed in response to drought stress (Fig. 6.1) were 

observed and selected for cloning and sequencing analysis. In all 14 differentially 

expressed bands were isolated and cloned with nine of them being successfully 

transformed and sequenced. These nine selected clones were named as cowpea 

differential display products (CDDP). Six of the cloned fragments were isolated 

from drought challenged plants which were CDDP1, CDDP2, CDDP3, CDDP5, 

CDDP8, and CDDP9. The other three clone fragments were isolated from 

unstressed plants and comprised CDDP4, CDDP6, and CDDP7. Table 6.1 below 

is the results of the sequencing of the selected clones obtained from the study. 

The length of the sequences ranged from 52 bp (CDDP7) to 821 bp (CDDP9).
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Table 6.1: Nucleotide sequences of the clones selected as having been expressed 
differentially. Those up-regulated by drought are shown in red captions._________________
>CDDP1
GTTCTCAGGGAATATATCATAGGGGACAGAGGTTTTCCTCTTTTGCCATGGCTTCTTACACCTTACGAAGGTAAAGGACTCTCAAATGTA 
CAAGTTGAGTTCAATAGAAGGGTTGTTGAAACTCAAATGTTGGCCAAGAAAGCATTGGCTAGGCTGAAGGAGATGTGGAGGATAATCC 
AAGGTGTGATGTGGAAACCTGACAAGCACAAGTTACCAAGAATTATTCTTGTCTGCTGCATACTGCATAATATAGTTATCGATATGAAGG 
AT GAAGT ACTG AAT GAT ATGTCCT CTT GCCACC AGCATTT AGT G AGGGTTAAT

>CDDP2
ATTAACCCTCACTAAATGCTGGTGGCTGTGGAATCTCTTCTTCCTCTTCATCCTCTTCCTCATCCTCATCTTCATCTTCATCTTCATCTTC
ATCTTCTTCATCACCATCATCACCATCTTCGCCATCTTCACCATCTTCACCATCTTTTCCACCAGCATTTAGTGAGGGTTAAT

>CDDP3
ATTAACCCTCACTAAATGCTGGTGGATACCTCGCCAGACGCTGATGTCATAACTATTAACTCGCACCCCAATTCTCGCATCATAAGTCC
GAGCTTCCTCAAACATTCATTGGATAAAAATGAATGGGTAGCTTCTGAGTCATACAGCACAACCACACTGTTACCAAAAAGCAAGTATTC
TACACCAGGTTACCTGACTGAGTCGCCTCGGTGGTCGTCAGTGCAAACACACGCCCTAATGCTCTAGGTCACTCTCCAACAGGTTTCT
TAGCTAGCGCACCACCAGCATTTAGTGAGGGTTAAT

>CDDP4
ATTAACCCT C ACT AAAT GCT GGT GGC AAAAATCCT AAAAG ACG AGT AT ATGGTGTT GG AAAACT GAAT G AAAATT AT CTTT GTT GGGAAG 
T CTT C ACAC AAC AACC ATT C AGTTCT ACAAGT AT GG ATTC AC AAAAGATT CT AAGGTT GGAAG AAG AAATT CGT C AAT CT AGGG AGG AGT 
TTCGTCAATCTAGGGAGGAGAATCAACGGCTGCAGAGAAAATTAGAATCCCTAGTAATTGTTGTTCTCTTCCTCCCGTCGCACAAACCA 
TTTTGCAAGACGTCAATGAACAACCACAAAATGAGGATCAAAACCAAGATGATGCTCGGGAGAAGGACCACCAGCATTTAGTGAGGGT 
TAAT

>CDDP5
ATTAACCCTCACTAAATGCTGGTGGGGCTGGGAAATAGGAGCCACCCCAATGATAAGTATTGTGAAGGACATAGTGAACAACATGAAG
GCGATGGAAGAGGAAGAAGGGAGCAACATAGAGGAGGGAAGCCCACAGAAAAGAAATGGTGTGAACAAGTTTAACACTAGGAGGGCT
TACTTCTATTGGGTGACAAGGGAGCAAGGTTCTTTTGACTGGTTTAAAGGGGTGATGAATGAGGTTGCTGAAGAGGATCACAAGGGTG
TCATTGAACTCCACAACTATTGCACCAGTGTGTATGAAGAGGGTGATGCTCGTTCTGCTCTCATTGCCATGTTGCAATCTCTAAACCATG
CTAAGAATGGCGTCGACATTGTCTCTGGCACGAGTGTCAAGTCACACTTTGCCAAACCCAATTGGCGCAGTGTCTACAAACGCATTGC
GCT CACT C ATCCAGGGGCT CGT GTT GGGGT GTTTT ACT GT GGGCCACC AGCATTTAGT G AGGGTT AAT

>CDDP6
ATTAACCCTCACTAAATGCTGGTGGCCCACAGTAAAACACCCCAACACGAGCCCCTGGATGAGTGAGCGCAATGCGTTTGTAGACACT
GCGCCAATTGGGTTTGGCAAAGTGTGACTTGACACTCGTGCCAGAGACAATGTCGACGCCATTCTTAGCATGGTTTAGAGATTGCAAC
ATGGCAATGAGAGCAGAACGAGCATCACCCTCTTCATACACACTGGTGCAATAGTTGTGGAGTTCAATGACACCCTTGTGATCCTCTTC
AGCAACCTCATTCATCACCCCTTTAAACCAGTCAAAAGAACCTTGCTCCCTTGTCACCCAATAGAAGTAAGCCCTCCTAGTGTTAAACTT
GTTCACACCATTTCTTTTCTGTGGGCTTCCCTCCTCTATGTTGCTCCCTTCTTCCTCTTCCATCGCCTTCATGTTGTTCACTATGTCCTTC
ACAATACTTATCATTGGGGTGGCTCCTATTCCCAGCCCCACCAGCATTTAGTGAGGGTTAAT

>CDDP7
ATT AACCCT CACT AAAT GCTGGT GG AAAAAAAAG AT AT CACT C AGC AT AAT G 

>CDDP8
ATTAACCCTCACTAAATGCTGGTGGGGCTGGGAATAGGAGCCACCCCAATGATAAGTATTGTGAAGGACATAGTGAACAACATGAAGG 
CGATGGAAGAGGAAGAAGGGAGCAACATAGAGGAGGGAAGCCCACAGAAAAGAAATGGTGTGAACAAGTTTAACACTAGGAGGGCTT 
ACTTCTATTGGGTGACAAGGGAGCAAGGTTCTTTTGACTGGTTTAAAGGGGTGATGAATGAGGTTGCTGAAGAGGATCACAAGGGTGT 
CATTGAACTCCACAACTATTGCACCAGTGTGTATGAAGAGGGTGATGCTCGTTCTGCTCTCATTGCCATGTTGCAATCTCTAAACCATG 
CTAAGAATGGCGTCGACATTGTCTCTGGCACGAGTGTCAAGTCACACTTTGCCAAACCCAATTGGCGCAGTGTCTACAAACGCATTGC 
GCT CACT C ATCCAGGGGCT CGT GTT GGGGT GTTTT ACT GT GGGCCACC AGCATTT AGT G AGGGTTAAT

>CDDP9
AATAACCCTCACTAAATCTGGTGGATGGCGGATGCAAGGCGTGGAAGATCGCGGTGTGATGACGGCGTTTATGCAGGCGCTGGGGTT
TTAGGGCACAAACAGGGCGGCTGGGAGAAGGTGTTATCGTCAAATTTGATTTCAAAAGTGATATTGCCTGATGCGCTACGCTTATCAG
GCCTACAATGTGTGTTGCAATTTACTGATTTCTTTGGATCTTGTAGGCCGGATAAGGCGTTTACGCCGCATCCGGCATGAAGCAACGTA
CTCGATATTAGCAATTTGGCGGCAACCCAAAGTTGCCGATTAATGATTAATTCGCATCGGTCGCCGTGCCGTTGGCGTGCCAGTCAAAT
ACGCCGAACTCAAAGCCTTTCAGATCACCTTTCTCATCCCAGGTCAGCGGTCCCATTACGGGATCCACGGAGTTCGCTTTCAGGTATTT
GGCGATTTCAGCCGGATCGTCAGACTGATTCAGGCCCGCCTGCAAAGAATGCAGCGCGGCGTAGGTGGTCCAAACGAATGCGCCCAT
TGGGTCCTGTTTTTTCGCTTTGATCGCGTCAACAAAGGGTTTGTTCGCCGGAACCTGATCGTAGTTCTTCGGCTTGGTCACCAGCAGCC
CTTCCGCTGATTCGCCCGCAATGTAAGACAGCGAAACGTTAGCCACACCTTCCGGCCCCATAAACTGAGTTTTCAGCCCTGCCGCGCG
TGCCTGACGCAGGATTTGCCCCAATTTCCGGGTGATAACCGCCGTAGTAAACGAAGTCGATATTCTCTTTTTTCAGACGCGCCGCCCA
GCCATTTCAGTTGAAAGAGGGGGGGGG

The 9 CDDP sequences were analyzed by being protein translated to 

hypothetical proteins and alignment of the sequences was performed by using 

the molecular analysis software ClustalW (http://www.ebi.ac.uk) . Sequence
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similarity was also analyzed with blastx based on GENBANK (Altschul et al., 

1997). Nucleotide blastx search showed that the isolated cDNA fragments 

(CDDP1, CDDP3, CDDP5, CDDP8, and CDDP9) shared some sequence 

homology with genes encoding proteins, transcription factors, protein kinases, 

heat shock proteins, LEAs, etc as shown in Tables 6.2 -  6.6.

Table 6.2: Homology matches of c d d p i  fragment with their respective E- 
values, and multiple alignments of deduced amino acid sequences of other 
related putative proteins.
>CDDP1
CATTATGCT GAGT GATAT CTTTTTTTTT CAAACTT GGT GAAGAAGGGGAGAGGTT GAAT GGG  
GGTAGGAAAGT ACTT CCAGAAGGAACAGTT CT CAGGGAAT AT AT CAT AGGGG ACAG AGGTTT  
T CCT CTTTT GCCAT GG CTT CTTACACCTTACG AAGGT AAAGG ACT CT CAAAT GTACAAGTT GA 
GTT CAATAG AAGGGTT GTT GAAACT CAAAT GTT GGCCAAG AAAGCATT GGCT AGGCT GAAGG  
AG AT GT GGAGGATAAT CCAAGGT GT GAT GT GGAAACCT GACAAGCAC AAGTTACC AAGAATT 
ATT CTTGTCTG CT GCATACT GCATAATATAGTTATCG ATAT GAAGG AT GAAGT ACT GAAT GAT 
ATGTCCTCTTGCCACCAGCATTTAGTGAGGGTTAAT

1: □UHIPR0T:A5A2B6_VITVI A5AZB6 Putative uncharacterized p rotein . 159 4e-38

2: HUUNIPROT:Q9H2U3_ARATH Q9M2U3 Putative uncharacterized p rotein  T 2 2 ... 144 le -33
3: □  UNIPROT:A4PRH7_HEDTR A4PRM7 Trp rep resso r /rep lica tio n  in i t ia to r .  138 le -31

4: □  UNIPROT: A4PRH9_MEDTR A4PRM9 Trp rep resso r /rep lica tio n  in i t ia to r .  137 2e-31
5: □ UNIPROT:A2Q269JHEDTR A2Q269 Trp re p resso r /rep lica tio n  in it ia to r  . . .  137 2e-31

6: □  UNIPROT:Q943H0_0RYSJ Q943H0 Putative uncharacterized p rotein  POO... 130 2e-29

7: □  UNIPROT:A2WT6_0RYSI A2WUT6 Putative uncharacterized p rotein . 130 2e-29

8: □  UNIPROT: A22ZE4_0RYSJ A2ZZE4 Putative unchar a cte r i zed p rotein . 130 2e-29

9: □ UNIPROT:Q0D898_0RYSJ Q0D898 0s07g0175100 protein  (Fragment). 127 2e-28

10: □ UNIPROT:Q8H572_0RYSJ Q8H572 Putative uncharacterized p rotein  0 J 1 ...  127 2e-28

11: □ UNIPROT:A3BH29_0RYSJ A3BH29 Putative uncharacterized p rotein . 127 2e-28
12: □ UNIPROT:A2YIN1_0RYSI A2YIN1 Putative uncharacterized p rotein . 127 2e-28
13: □  UNIPROT: A2ZH02_0RYSI A2ZH02 Putative uncharacterized p rotein . 125 6e-28

14: □  UNIPROT:Q53NH6_0RYSJ Q53NH6 Putative uncharacterized p rotein  (O s ... 125 le -27

15: □  UNIPROT:A3CDY9_0RYSJ A3CDY9 Putative uncharacterized p rotein . 125 le -2 7

16: □ UNIPROT:Q2QZ53_0RYSJ Q2QZ53 Expressed p rotein . 125 le -2 7

17: □  UNIPROT:Q94K49_ARATH Q94K49 Putative uncharacterized p rotein  A t3 ...  113 3e-24

18: □  UNIPROT:Q9H1N3_ARATH Q9H1W3 Putative uncharacterized p rotein  F 1 6 ... 113 3e-24

19: □  UNIPROT:A4PTU1_HEDTR A4PTU1 Putative uncharacterized p rotein . 72 le -11

20: □ UNIPROT:Q9SZQ1_ARATH Q9SZQ1 Putative uncharacterized p rotein  F 2 7 ... 64 2e-09
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Sequence 18:401 SFFEKOaXJDCOOXXXKVl.̂ mî IGl̂ PLLPWiTP̂ GiaiSBVWFM̂ T̂QllLiâ SRLKHm
1 UiIPRQT:A5AZB6 7ITVI 75:395 742:848 --------------------- ^5EbSEIXEiriV(J)SGY?LLPIC.VTPYQGKELSESKJS5HRRHFATKH/hORALkRLKE)W
2 UHIPROT:Q9H2U3 ARAH 75:395 266:372  -LSffiTEIĴ V[l)SffPIlP\IlITPYQQKPTSLPQ'IElMHSE3iTKiU(lllHl.SKIJRDRW
3 UKPROT:A4PRH7 HEDTR 75:377 245:347 ........................
4 UHIPROT:A4PRH9 HEDTR 75:386 247:351  -LSKGSEHffiYIIGDSGYPQLPYI.WTTfHXEisEPKfiKraKLJlLETRIiVRQRAL'KLKBW
5 UHIPROT:A2Q269 HEDTR 75:386 199:303  HLSlHySEIIBniGDSGYPQLPYLWPXEEXEisEPKiaCFHKUiLETRÎ VTiQRilLIBLKBW
6 UHIPROT:Q943H0 ORYSJ 78:395 255:360 ---------------------- PJlGS,rrVK)YIL(3)ASYPLLPWJCTPYRE13>LSPBKfiDFHmHMTD1WQGALAKLKERH
7 UKPROT: A2HT6 QRYSI 78:395 287:392 -.................... ----PRGSVVSDmGDllSm
8 UHIPRQT:A2ZZE4 ORYSJ 78:395 287:392  W S m m n im L M M W m S tW m im M M W M m N

9 UHIPROT:Q0D898JRY3J 18:395 282:407 SGITKHCD3̂TRLDCPVK̂SH?13nHEnVGHHGfflLP̂LKTP1$GESLSAPlliSFHiiRQKMKrL&PRAL3H3LKGSH
10 UHIPROT:Q8H572 ORYSJ 18:395 287:412 SGHmKTRUIGPVIIVSJfflffilEH^^
11 UHIPROT:A3BH29_0RYSJ 18:395 287:412 SSfKHa)WrIIOGPVH,/SSHinXIHE3CIV(3WCYPLLPHLMTPYEGESLS]lPHSSITOiUlKlfiRTLGPRiaJSRIIQjSH
12 UHIPROT:A2YIH1 QRYSI 18:395 287:412 S(3T»tCI)î TRIJ)GPVH,/SJB̂nttYIVC3QtCYPLLP\Wn:î ($SLSmffiSFffi»QKJiSRTL&PRfiL3tLKGSW
13 UKPROT: A2ZH02 QRYSI 72:395 254:361 ..................... --’Â GSEIGaEnit̂ AGYPliPTftiTPYQÔLSIiSKÎ FHÎ HMAITVlPRTLiaCTOTW
14 UKPROT:Q53HH6 ORYSJ 72:395 254:361 ........................WSDGSEIGEniGSAGYPlXPHXTPYUElKDLSDSKLfE'IDSHAMITVHPSTLAHEÎ TH
15 UKPROT: A3CDY9 ORYSJ 72:395 254:361 ....................... -VVSSGSKISEnBtlQCHim
16 UKPROT:Q2QZ53 ORYSJ 72:395 261:368 ........................V V 5 K S E I8 m » l^^
17 UKPROT: Q94K49 ARATB 18:395 242:367 SGraaJCEliaQIIJ)(aiPimJSQGl«l]IEYVVGGISYPIXPHLITPl®S»HPS3)SHVTaFHE»IEKVRSVMT]iFQQLKGSH
18 UKPROT: Q9H1¥3 ARATH 18:395 271:396 SGJmCEHMIllJJfSHIim.SQGAQIIlEYWGGISYPfiPltlTPHDSDHPSDSir.TiFHmiÊltSVSATiiFQOLB&Sff
19 UKPROT:A4PTU1 HEDTR 75:374 275:380 ........................ -LSDGSLIPQmGI)SCTPliPmTPyeEDffSSJffiIflFHSTHSRAMGLFGI)JiFGRLRTRff
20 UKPROT: Q9SZQ1 ARATH 84:377 377:473 ............................. (MSTOS^PLmWYimmiPfllESIffllQGIMJimKOT

Sequence 18:401
1 UHIPROT:A5AZB6 VITVI 75:395
2 UHIPROT:Q9M2U3 ARATH 75:395
3 UHIPROT: A4PRH7 HEDTR 75:377
4 UHIPROT:A4PRM9 HEDTR 75:386
5 UHIPROT:A2Q269 HEDTR 75:386
6 UHIPROT:Q943H0 ORYSJ 78:395
7 UHIPROT:A2WT6 QRYSI 78:395
8 UHIPROT:A2ZZE4 ORYSJ 78:395
9 UHIPROT: QQD898 ORYSJ 18:395

10 UHIPROT:Q8H572 ORYSJ 18:395
11 UHIPROT:A3BH29 ORYSJ 18:395
12 UHIPROT:A2YIH1 QRYSI 18:395
13 UHIPROT:A2ZH02 QRYSI 72:395
14 UHIPROT:Q53HH6 ORYSJ 72:395
15 UHIPROT:A3CDY9 ORYSJ 72:395
16 UHIPROT:Q2QZ53 ORYSJ 72:395
17 UHIPROT:Q94K49 ARATH 18:395
18 UHIPROT:Q9H1U3 ARATH 18:395
19 UHIPROT:A4PTU1 HEDTR 75:374
20 UHIPROT:Q9SZQ1 ARATH 84:377

86 . 1

RIIQGVWHKPDKHKLPRIILV
742 848 KVIQGVIfflRPDKHRLPRIILV
266 372 RI IW;VtlM)RNRL PRI EFV
245 347 RI IRGffl tVIRPDKHRl, PRIIIV
247 351 KIIRGKMWRPWOIRLPRIILV
199 303 KIIR6KMWRPDKHRLPRIILV
255 360 QVEKGELHRFDKHRLPRIHV
287 392 QVUmHRPBKHRLPRIIYV
287 392 OVLKGELtiRPDKHRLPRIIY'v
282 407 RniKVMHRPlWHKLPSIILV
287 412 R1LHKV1IHRPDKHKLPSIILV
287 412 RILHKVIMPDKHKLPS in.V
287 412 RILHKVMWRPMaWLPSIILV
254 361 KFLHGI1IWRPWMHLPRIIHV
254 361 KFLMMRPDKHRLPRIIHV
254 361 KFLHGDMPDKHRL PRI IHV
261 368 KFLHGOIWRPWOtRLPRIIHV
242 367 RILSKVliWRPDRRKLPSIIIV
271 396 RILSKVMWRPDRRKLPSIILV
275 380 QLldSRKHKRgvEYLPFVVVTl
377 473 ACLQ-KRTEVKLQDLPYVLGA

. ] 133
JLHHIVJDMKDEVLHDIffiS HQHLV 
I I  Jffll V IDLEDEVQDD1PL SHHH - - 
LLHHIIID11EDQTLDDQPLSQQH- -
UimvmiQDEVKDEL---------
niOTIVIDliQDEV -HDELL-------
HMIVIDliODF/ -HDELL-------
LLTHQQDLEDMRGQ1PPSHHH-- 
LL THnODLEDMRGO J  PSHHH - 
LimiKlDLEDMRGQlPPSHHH- 
LLHHII ID CEDELL PDVQL PDHH--
llhhiiidcedellpdvulpdhh-
LLHHIIIDCEDELLPDVQLPDHH-- 
LLHHII ID CEDELL PDVQLPDHH-- 
MLHHIIiaQDATIDEflSMSHDH- - 
MUWIIiaQDATEOEMMSHDH- - 
lOffllliaQDATIDEASMSHDH- 
leWIIiaQDATIDEmiSMDH- 
LLHHIIIDCGDYLQEDVPLSGHH- 
LLHHIIIDCGDYLQEDVPLSGHH--
LLHHFLIKCHDPLLRD-------------
VLHHICEMRKEEMLFEL-----------
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Table 6.3: Homology matches of CDDP3 fragment with their respective E- 
values, and multiple alignments of deduced amino acid sequences of other 
related putative proteins.
>CDDP3
ATT AACCCT CACTAAAT GCTGGT GG ATACCT CGCCAGACGCT GAT GT CATAACTATTAACT C 
GCACCCCAATT CT CGCATCATAAGT CCGAGCTTCCT CAAACATT CATT GGAT AAAAAT GAAT G 
GGTAGCTTCT G AGT CAT ACAGC AC AACC AC ACT GTTACC AAAAAGCAAGT ATT CTAC ACCAG  
GTTACCT G ACT GAGT CGCCT CGGT GGT CGT CAGT GCAAACACACGCCCTAAT GCT CTAGGT  
CACT CT CC AACAGGTTT CTTAGCTAGCGCACCACCAGCATTT AGT GAGGGTT AAT

Is  □  0R1QG: 

2: DURIOO; 

3: DURIOO: 

4: □OR IO Q ; 

5: DURIOO: 

6: DURIOO: 

7: DURIOO: 

3: DURIOO: 

9: □U R IO O : 

10: □OR IO O : 

11: DURIOO: 

12: DURIOO: 

13: □  UR100: 

14: □  UR100: 

15: DURIOO: 

16: □  UR100: 

17: □  UR100: 

18: □  UR100: 

19: □  UR100: 

20: □  UR100:

U n iR e flO O .

U n iR e flO O .

U n iR eflO O .

U n iR e flO O .

U n iR e flO O .

U n iR e flO O .

U n iR eflO O .

U n iR e flO O .

U n iR e flO O .

U n iR e flO O .

U n iR e flO O .

U n iR e flO O .

U n iR eflO O .

U n iR e flO O .

U n iR e flO O .

U n iR e flO O .

U n iR e flO O .

U n iR e flO O .

U n iR e flO O .

U n iR e flO O

Sequence
1 UR1QQ;UziiReflQQ Q15UX3
2 ORIOQ:DniReflQQ Q159AQ
3 ORIOQ;UniReflOO 31SIT2
4 ORlQQ:OniRefiOO Q1SV13
5 ORIOQ:OniRef100 Q1T121
6 0R1QQiOniReflQC 21S9&1
7 ORIOQ{UniReflOO 21590°
8 ORlQQ;OniReflOQ A4Q4X5
9 0RlQQ:0niReflQQ Q2HH37 

10 ORIOQ{UniReflOO Q1T546

.Q1SUX9 C l u s t e r :  Z in c  f i n g e r ,  C C H C -ty p e; P e p t i d e s . . .  4 2  l e - 0 5

.Q1S9A0 C l u s t e r :  Z in c  f i n g e r ,  C C H C -ty p e; P e p t i d a s . . .  43  l e - 0 5

.Q 1SIT 2 C l u s t e r :  I n t e g r a s e ,  c a t a l y t i c  r e g i o n ;  Z i n . . .  44  l e - 0 5

Q1SV13 C l u s t e r :  R N A - d ir e c t e d  DNA p o ly m e r a s e  ( R e v . . .  44  2 e - 0 5

.Q 1 I1 2 1  C l u s t e r :  I n t e g r a s e ,  c a t a l y t i c  r e g i o n ;  Z i n . . .  4 1  3 e - 0 5

.Q1S9A1 C l u s t e r :  Z in c  f i n g e r ,  C C H C -ty p e; P e p t i d a s . . .  44  3 e - 0 5

.Q 1S988 C l u s t e r :  R N A - d ir e c t e d  DNA p o ly m e r a s e  ( R e v . . .  42  4 e - 0 5

A4Q4X5 C l u s t e r :  R N A - d ir e c t e d  DNA p o ly m e r a s e  ( R e v . . .  4 2  4 e - 0 5

.Q2HW87 C l u s t e r :  R N A - d ir e c t e d  DNA p o ly m e r a s e  ( R e v . . .  42  4 e -Q 5

.Q 1T546 C l u s t e r :  Z in c  f i n g e r ,  C C H C -ty p e; P e p t i d a s . . .  42  2 e -Q 4

.Q 949L4 C l u s t e r :  P u t a t i v e  p o l y p r o t e i n ;  n * l ;  C i c e r . . .  40  3 e - 0 4

.Q 949L3 C l u s t e r :  P u t a t i v e  p o l y p r o t e i n ;  n « l ;  C i c e r . . .  40  6 e -Q 4

A5BRB4 C l u s t e r :  P u t a t i v e  u n c h a r a c t e r i z e d  p r o t e i n . . .  3 3  O .O l l

A5BBP7 C l u s t e r :  P u t a t i v e  u n c h a r a c t e r i z e d  p r o t e i n . . .  3 3  0 .0 2 5

A5BZK7 C l u s t e r :  P u t a t i v e  u n c h a r a c t e r i z e d  p r o t e i n . . .  3 3  0 .0 3 2

A5AXA5 C l u s t e r :  P u t a t i v e  u n c h a r a c t e r i z e d  p r o t e i n . . .  3 6  0 . 1 5

.Q1SUX3 C l u s t e r :  Z in c  f i n g e r ,  C C H C -typ e; P e p t i d a s . . .  3 3  0 . 1 6

A5C3ZS C l u s t e r :  P u t a t i v e  u n c h a r a c t e r i z e d  p r o t e i n . . .  3 8  0 . 1 7

A5BMS5 C l u s t e r :  P u t a t i v e  u n c h a r a c t e r i z e d  p r o t e i n . . .  3 0  0 . 2 0

U P I00 0 0 6 A 1 3 B C  C l u s t e r :  U P I00006A 13B C  r e l a t e d  c l u . . .  38  0 . 2 2

57 [ : . . . . ] 5
173:15 lOTSVWLflSEATHSFLSHE imGLMMRELG ELIWTSASGEVSTSI
155:15 303:349------------ LIAIIDTGATHCFIAIB AiHGLVLSxlOT /̂STPAKGLVlTSL
155:15 74:120 .........LIAIIDTGA7HCFIWD A^LVISHfiGBfMTPARGS^rFSL
155:15 348:394------------ LVAIIDTGATHCFIAFD VSALGL̂ /LSlMjHfA'ETPAEGSVTTSL
155:15 353:399 ------- LIAIIDTGATHCFIAVD AiZLGLVOSlMŜ /VETPAEGSVTTSL
155:15 327:373 ------- LIMIDTGî .THCFIAliSAilLGLMIMGS^ETPAKGS'/TTSL
155:15 279:325 ------- L\AlIDTGATHCFIAFD ASTLGLWiMGBiWETPAKGSVTTSL
155:15 386:432 ------- LVMIDTGATHCFIAFD VSWiGU)L9MKB4WBTPAKGSVTTSL
155:15 278:324 .........LIMIDTGATHCFIAI8 AxILGLD^GMOT̂ /ETPAEGOTSL
155:15 337:383 ------- LvAIIDTGATHCFIAFD mGLDLSD}OT4VvETPAEGS\TTSL
155:15 236:282 ------- L\AIIDTSATHCFIAFD VSALGIDLSMGŜ TPVEGSVFTSL
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Table 6.4: Homology matches of c d d p s  fragment with their respective E- 
values, and multiple alignments of deduced amino acid sequences of other 
related putative proteins.
>CDDP5
ATTAACCCTCACTAAATGCTGGTGGGGCTGGGAAATAGGAGCCACCCCAATGATAAGTATTG  
TGAAGGACATAGTGAACAACATGAAGGCGATGGAAGAGGAAGAAGGGAGCAACATAGAGGA  
GGGAAGCCCACAGAAAAGAAATGGTGTGAACAAGTTTAACACTAGGAGGGCTTACTTCTATT 
GGGTGACAAGGGAGCAAGGTT CTTTT G ACT GGTTTAAAGGGGT GAT GAAT G AGGTT GCT GA 
AG AGG AT CACAAGGGT GT CATT GAACT CC ACAACT ATT GCACC AGT GT GTAT GAAGAGGGT G 
ATGCTCGTTCTGCTCTCATTGCCATGTTGCAATCTCTAAACCATGCTAAGAATGGCGTCGAC  
ATTGTCTCTGGCACGAGTGTCAAGTCACACTTTGCCAAACCCAATTGGCGCAGTGTCTACAA  
ACGCATTGCGCT CACT CAT CCAGGGGCTCGT GTTGGGGT GTTTTACT GT GGGCCACCAGCA  
TTTAGTGAGGGTTAAT

S eq u en ce s  p r o d u c in g  s i g n i f i c a n t  a lig n m e n ts :
S c o r e  E 
( b i t s )  V a lu e

IE EM_EST:CX71Q384: CX710384 gm rtDrN S01_18-D _M 13R _H 08J5Q . s 2  W ater . 

a  EM~EST:CX710Q8S; CX710088 gm rtD rN S01J .5 -D _K 13R _F 01_005 .s2  W ater .
a  EH_ESI: E V 266544; EV266544 GLLB833TF JCVI-S0Y1 G ly c in e  max cDNA 5 .
3  EM_E3T:AK7Q3751: AK7Q3751 s k 2 3 h 0 8 .y l  G m -cl028 G ly c in e  max cDNA c .
3  £M~ESI:&W70 3 7 5 2 ; AW703752 s lc 2 3 h 0 9 .y l G m -cl028 G ly c in e  max cDNA c .

a  EM~EST: DY617867; DY617867 AC4064 NOLLY K e d ic a g c  t r u n c a t u la  cDNA . 
3  EK~EST: B E 475645; BE475645 s p 7 9 h 0 5 .y l  G m -cl044 G ly c in e  max cDNA c .  

a  EM_HTG:APQQ7S63: A P007863 L o tu s  ja p o n ic u s  g e n cm ic  DNA, chrcm cscm . 

a  EM_PL:AFQQ4933: A P004933 L o tu s  ]a p c n ic u s  gen om ic  DNA, chrom esom e. 
3  EK~EST: BUQ3Q562: BU080562 s a q 2 6 b l l . y l  G m -cl045 G ly c in e  max cDNA .

461 e -1 2 6
461 e -1 2 6

419 e -1 1 3

417 e -1 1 3
414 e -1 1 2
407 e -1 0 9

401 e -1 0 8
398 e -1 0 7

390 e -1 0 5

379 e -1 0 1

> I.
Sequence 26:502

1 ORlOOiMReflOO A4PP.P2 26:502 28:194
2 ORlOOiMReflOO Q9LDD7 26:502 738:914
3 ORlOOiMReflOO Q15FD4 26:490 333:497
4 ORlOOiMReflOO Q2HXL0 26:502 738:914
5 ORlOOiMReflOO Q8LRH5 26:502 738:914
6 UR100:UniRe£100 Q8RVJ9 26:502 739:915
7 ORlOOiOniReflOO Q84KK7 26:502 739:915
8 ORlOOiMReflOO Q15IX3 26:487 712:869
9 ORlOOiOniReflOO Q8GZ82 26:502 722:881

10 ORlOOiOniReflOO Q9FI42 26:502 722:881

Sequence 26:502
1 ORlOOiOniReflOO A4PRP2 26:502 28:194
2 ORlOOiOniReflOO Q9LDD7 26:502 738:914
3 MOO:UnlReflOO Q15n>4 26:490 333:497
4 ORlOOiMReflOO Q2m0 26:502 738:914
5 ORlOOiMReflOO Q8LRHS 26:502 738:914
6 ORlOOiMReflOO Q8RVJ9 26:502 739:915
7 ORlOOiMReflOO Q84KK7 26:502 739:915
8 ORlOOiOniReflOO Q1SIX3 26:487 712:869
9 MOO:UniReflOO Q8GZ82 26:502 722:881

10 MOOsUnlRcflOO Q9fI42 26:502 722:881

(raGWPWsni®i\i»B09moocxx>OT<^^
iqi;IGAT?KlSIll®IilMXWfH)EGTTIEEGTSSla:rajBnnNUffFyWn850GSnnraS'>OflC'liB®HRCT 
fXGIGATITO Sr.WIWKUREEZIISliliQiqalKnCSQKniniUUnVV'IICQGSIinCXGnCAIDMfG'v' 
nLG! GATF'Kf SV.KDl V’MHIlOU'JiEHiGGATRGSTprKKStiSIirfKTlSliUfrXW.’THBOGSFDWETOiVMB’.'SEfJWIÔ  
aGI&HTPKSr4®n»ICIU®EIBraiJIGHp(̂
■iG-i s r.i® [vwx«BEmftui)OTftiMiis:̂ inrn5Uim;TRE0(.sfomD«Ĥm.:
!lGIGMraSr,1®IVWiaBa>EmiSLE3>QMIiuiKWaî ^
(lGIbHfKJSI\T®rvWIK)l)EEENSLED(30WnsRSGf9BfinSRMiFW.TRE0&SJWK[iDlBiy®l)HCr-'
iiGIGlTPWSnj®MVTKXM5EEDGfMfEi;GSt)̂ SMFS3)FKllRi0fFYVV'IlBQGSIT)liKGVl®V'JHEW®fiL
(iGIGiTPrasrJI®rvMKSKEQMU®l®IGrSe(JlSKKESFRlRRJOffWvriREQGSFDlfXHnW'/JB®SHR‘v
llGI&iIP12Sr4®r4WK̂ 0iMlUBOffl{GTSeqRSKKESnnHU3ff!W.TSEQGSEMFKHI)W.'SH®H)R’.'

> . 1 . . : J 167
IE J4 K  tS V W M S U  !M 41S l» iH ^T )IV S 0TS ’̂ a a f a 9 ^ M  JLTHPGar/GVn GPPSFSE 
ElXHY TSVYSGSWSRLI UlOSLMQiO^il)!VSGTRVKSHPSCHnilSVYnilRLNHPQWVGVFif GPFBLTK 

1BM IY TS '.'Y !E ® ^ftLini0ajflO I(B ^IV S G TR 3JK S M FJiC P W W V llM E lW E iaW G V Flf GW JLIK 
SHMK TS'.TfBBfbfiRSAl iniOSIJIOIWR.'VRV'vliiiTRVXS7ffiiKPMWT'yT®RlHlJ(HPT®'»GVFY W — ■
m m  T y.T O jiR S A ijna^aH H m ^n 'stre iics jffac iW R rA K R iA ija iP E fiX vV O T  capaltk

E tm  ly.TBEraiiOlSM lTllQSIKK̂ îVSorRVIGHFaCPHWltTfWUMJlHPEAK'.'iATy GftPEIK 
BMjy is w M m & im s m im w x is m tw m m rn L w m m m  g iprltk
m m  TSVTOEEtBARS <U. I Tl^SiJeKI0^'vT>l VSGTTTvTCSlff flKPHMRHV'XKRISlJOD‘E ftKVF^FY GJPETK
JELHSK TS’v'XEOODSItS AL I m^IllCa04(?^V'.rSGTK'*TSir SOWimfXHRJ WJWKMr.'tATX GP------
BJMY TS'»m®«SRI.IM10a»l̂ ^7)IVSr.m7!SHF^HHmVYKRIB9)HPirrKVG',n GAPETK 
:B!HMY T bARSAl! 10'i QS1 iWAMR-VDIVS=-TRVfLSHFAKPITtlUr.’YKRI iUfDHJ'tfrK/rr.TX GRPETK
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Table 6.5: Homology matches of cddps fragment with their respective E- 
values, and multiple alignments of deduced amino acid sequences of other 
related putative proteins.
>CDDP8__________________________________________________________________________
ATTAACCCTCACTAAATGCTGGTGGGGCTGGGAATAGGAGCCACCCCAATGATAAGTATTGT  
GAAGGACATAGTGAACAACATGAAGGCGATGGAAGAGGAAGAAGGGAGCAACATAGAGGA  
GGGAAGCCCACAGAAAAGAAATGGTGTGAACAAGTTTAACACTAGGAGGGCTTACTTCTATT  
GGGT GACAAGGGAGCAAGGTT CTTTT G ACT GGTTTAAAGGGGT GAT GAAT G AGGTT GCT GA 
AG AGG AT CACAAGGGT GT CATT GAACT CC ACAACT ATT GCACCAGT GT GTAT GAAGAGGGT G 
ATGCT CGTT CTGCTCT CATT GCC AT GTT GCAAT CT CTAAACC AT G CTAAG AAT GGCGT CG AC 
ATTGTCTCTGGCACGAGTGTCAAGTCACACTTTGCCAAACCCAATTGGCGCAGTGTCTACAA
ACGCATT GCGCT CACT CAT CCAGGGGCT CGT GTT GGGGT GTTTTACT GT GGGCCACCAGCA  
TTTAGTGAGGGTTAAT

1: []UR100:UniRefl00_A4FRP2 Cluster: Cytochrome b-245, heavy chain; n . . . 266 5e-70

2: DURIOO:UniRef100_Q9LDD7 Cluster: Whitefly-induced gp91-phcx; n=l; . . . 254 le-66

3: DURIOO:UniRef100_Q15FD4 Cluster: N0X3; n=l; Striga asiaticalRep: . . . 253 3e-66

4: □  DR100:UniRe f l 0G_Q2HXLQ Cluster: NADPH oxidase; n*l; Sclanum tu b e ... 253 4e-66

5: □  DR100: UniRef1QG_Q8LRN5 Cluster: KADPH oxidase; n*l; Nicctiana t a . . . 252 5e-66

6: □  DR100:UniRef 10Q_Q8RVJ9 Cluster: NADPH oxidase; n*l; Nicotiana t a . . . 252 5e-66

7: □  UR100:UniRef10 G_Q84KK7 Cluster: Respiratory burst oxidase homolo... 252 5e-66

3: □  UR100: UniRef100_Q1SIX3 Cluster: Calcium-binding EF-hand; Ferric . . . 242 7e-63

9: □  UR100:UniReflOO_Q8SZ82 Cluster: Putative respiratory burst oxida. . . 239 4e-62

10: DURIOO:UniRef100_Q9FI42 Cluster: Respiratory burst oxidase p ro te i. . . 239 4e-62

11: []UR100 .-UniRef 10G_O8121Q Cluster: Respiratory burst oxidase p r o te i... 239 4e-62

12: □  OR1GO:UniRef1GQ_Q5ENY4 Cluster: Respiratory burst oxidase 1; n * l . . . 238 le-61

13: DURIOO: UniRef 100_Q5VI40 Cluster: Respiratory burst oxidase p r o te i. .. 236 3e-61

14: □ UR100:UniRef100_Q2R351 Cluster: Respiratory burst oxidase p r o te i. .. 236 5e-61

15: □ORIOO:UniRef 100JQ9FIJO Cluster: Respiratory burst oxidase p ro te i. . . 234 le-60

16: □ UR100:UniRef1GO_081212 Cluster: Respiratory burst oxidase p r o te i. .. 234 le-60

17: □  UR100:UniRef1GQ_Q2HXK9 Cluster: NADPH oxidase; n*l; Sclanum tu b e... 234 2e-60

18: □ UR100:UniRef10Q_Q1RSM3 Cluster: Calcium-binding EF-hand; Ferric . . . 230 3e-59

19: □  UR100:UniRefl00_A5CBK9 Cluster: Putative uncharacterized p rote in .. . 228 8e-59

20: DURIOO:UniRef 100JJPI0000196IB3 Cluster: respiratory burst ox idase ... 224 2e-57
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Sequence 16:501
ORlOOiOniReflOO A4PRF2 16:501 25:194
ORlOOiOniReflOO Q9LDD' 16:501 735:914
ORlOOiOniReflOO Q15FD4 16:489 330:497
ORlOOiOniReflOO Q2BXLC 16:501 735:914
ORlOOiUniReflOO Q3LRNS 16:501 735:914
ORlOOiOniReflOO Q3RVJ3 16:501 736:915
ORlOOiOniReflOO Q34KT 16:501 736:915
ORlOOiOniReflOO Q1SK3 16:436 709:369
ORlOOiOniReflOO Q8GZ82 16:501 719:831
ORlOOiOniReflOO Q9FI42 16:501 719:881
ORlOOiOniReflOO 081210 16:501 681:843
ORlOOiOniReflOO Q5EHY4 16:486 743:903
ORlOOiOniReflOO Q5VI4G 16:501 719:881
ORlOOiOniReflOO Q2R351 16:501 752:912
ORlOOiOniReflOO Q3FIJ0 16:439 740:393
ORlOOiOniReflOO 081212 16:489 740:893
ORlOOiOniReflOO Q2HXK9 16:501 678:834
ORlOOiOniReflOO 21RSK3 16:483 484:639
ORlOOiOniReflOO A5CBKS 16:493 710:369
ORlOOiOniReflOO OPIQ000196DS3 16:501 665:325

Sequence 161501
ORlOOiOniReflOO A4FRF2 16:501 25:194
ORlOOiOniReflOO Q9LDD" 16:501 735:914
ORlOOiOniReflOO Q15FD4 16:489 330:497
ORlOOiOniReflOO Q23XLC 16:501 735:914
ORlOOiOniReflOO Q8LRN5 16:501 735:914
ORlOOiOniReflOO Q8RVJS 16:501 736:915
ORlOOiOniReflOO Q84Kir 16:501 736:915
ORlOOiOniReflOO Q1SIX3 16:486 709:869
ORlOOiOniReflOO Q8GZ82 16:501 719:881
ORlOOiOniReflOO Q9FI42 16:501 719:881
ORlOOiOniReflOO 081210 16:501 681:843
ORlOOiOniReflOO Q5ENY4 16:486 743:903
ORlOOiOniReflOO Q5VI40 16:501 719:881
ORlOOiOniReflOO Q2R351 16:501 752:912
ORlOOiOniReflOO Q9FIJ0 16:489 740:893
ORlOOiOniReflOO 081212 16:489 740:893
ORlOOiOniReflOO Q2HXK9 16:501 678:834
ORlOOiOniReflOO Q1RSK3 16:483 484:639
ORlOOiOniReflOO A5CBK9 16:498 710:869
ORlOOiOniReflOO OPIOOOQ196DB3 16:501 665:325

LLVGLGflGATPHI SI LEDIVfflFEWffiEDE(7!TIEEGTSSk rTdiESFETSRAiFiWniEQG S FDWFBj vl®EV?®OH 
L LVG LGIGATPMI SIVKDr̂ M4aa®̂ SS IJSgGSSgaQBrsCaiHSfWBRAiTiWTBEDGSPWffEGIilKWfflDH 
LL̂SLGIGATPMISV''<©rvHlIIIPJ3)EEEGGATRGSTprSK5GSDrfKT5®AYFi:lir</TREQGSroWfE[rvl®B’v'SEfflH 
LLVGLGIGATHCSIVKDIVMBflRMJgEffiSLZHGKgaQErsGGHSPKTRRAiTiWrEgQGSFDWFEGII-MEWiMJH 
LLVGI/3GATMSr®rvM®]'DESSISLgDGffiffln^GGMNnrtIlR^iT^TREQGS!l)^Il®>fi®3 
LLVt3/»lGATPlCSIVE)rv®DtEAl©ESEKS LEIXSfffinsASGGHS?H,rBRAiTx1(̂-'TT®QGS?DWFEGD®EAAH®3 
LL\^LGIQ-.TH/ISr/rorvHK®yiDEEEHSLroGHHRnsASC3®HrHTRRA'iTLWvTREQGSn)VrFEI;Il®KAAE©H

L LVG UGIGA.TFKI S T;ED rvMIKri(2aAQ LKEMEIJGTSeqRSKSE S FRTIÛ T̂/ft'-TR̂GS PIJViTEtl Il'SHE/AESDA 
L LWLGIGATHC S TvKD T 'HtTIÊEQAQ lifRifflHGTSêSEKE S FRTRR̂aTi¥-TREQG S FDWFHI I1<HE,>£SD A 
LL̂ LGIGATHCSrvTOMIK̂ iî liiKffiNGTSê KRESFRT̂ aTî TRSQfjSrofiTKi'JIl̂ /rEiDA 
LLWLKĜTWCrSIlflW-MJnCM̂EBHXjFAMEEGSpcSDSSFSCFKTBHAliTîTSEQGSfBWraRjvlSD̂iaR 
LL'.llGIGATHCSr.'ffirvlffilEilSQAQLMMjTSeĉ SJKSSPRT̂ iTxV/nSQiGSFDWFBIIlOTv'nERDA 
L LVG LGI GATPiC SIISDI IHHI-fRQ LD® LEDGDGtEfHSVS S S SA-ATETOR.AaTxV -■‘niEQ! S FS\yTEG,1'IDF .>-STD k 
LLWLGIOiTH-nSILKDIIHHlSGPDRDSDIEtllt— H *0 O T E i'F i¥ ,m ;SFMDI)EISELDE 
LLWLGIGATMSILffllMfGPDSDSDIEia?—
Ll'miGATMSMDIWSE-—EEiI»HDLEK̂/SGSGaSHFKKViTx'W'/TBEQGSFD-rfEKDUffiÊ14DC 
L L\l- LG I GATP LI SI LKDVIiffinSJDQBED LEEGGSV8 S<?yKHHEERPFATEEAIiTiVvTRH)GSFEV»TSCJv11dHB;(7-SJDS' 
LL\t»LGIGATPLISr̂ i!D̂/IflHVIItIxaELEEGMrEStfG-S8(3IARKPfATORAiTx¥‘/nffiQGSFSWRS,/l®B'.TEt©K 
LLIGLGIGATHiI SIIED IIHffraTKS3LSQMBiaSS—PQ£QQ(3HKe firn̂ iTî TSEQGTFDWFERIl®BIA£8DK 

86 . 1 . . . . : . 165
E V B U K  TS'viJEGDARSALIA14UJSlJfflAEM(̂ r.̂ S'/KSHrAB:!ft /̂ilRIALTHPGAHW3Vri GPPAP 
RCVTBLHHY TSViEB3)ARSALIAl{LQS l̂ HAEHGl>1)r/̂ GT,BPvESHFAKPMViRS'/'iERIALHHPQTR'/,G;'/F'/ GPPAL 
EMMEx TSv'xKfi)A&SALiri{IjQSlMAifflGVl)r/5OTVBHPAEPBHIF̂ SRIAlifflPEAE/GVTi GAPAL 
Ej/IBEtTi TS'vriEB®AĴ ALITI''U3SlJEAK̂ ^Â GTC'/15HPAJnWiRT/iKRIA]2fflPTAR'’/'G'>/7'i GAP— 
wsmwi gapal
em em hwi wm&t̂ miQsiMWMrxiMtfs&mmvmkuwmmi gapal 
mm/mi gapal
mam wmmsujMJt&MmMmmmiMiimiMMwtmM'i gapal
RGLHLHSi T?viBQGDAfiSALIrĴ S]BBAJS(?-W/SL'TC‘.'MSHFA£F!WRTaIRIA.lifflPEACJ7C';Ti GP— 
HRVlEMBNi TSV'iEBGDABSALI8MLQSlJffiABBGM>P/SGn̂SHFAKI1lMQfVxSRIAilfflPBinEVCVFY GAPAL 
whom WiBmasuMWvm̂ TmMsmmimMDmvmmi gapal 
m p/im k m m m s k im i& u w ^ m m M s w m w M M E w m M ri GAPAL 
RGLIELBSi TSVlEQGIMSALIAiMJSMAiBRWv'SgTlM ÂEWWTV'ilRIAIMTWMPrT'/ GP—  
HHVIBfflHi TS'vriEBGDAaSA.LIH34LQSLHHAKHGVDr/SGTR̂ M̂SHFAZP»fflttIV'xERIAlfl)HPRTEVR''/Fi GAPAL 
HA/IBLBffi TSVri3EBGDASSALIAULQSlJnAEBGM)W5GTS\4E7HFARFfMBBV’iroiAlJlHRDaK\APVFx GAM 
EGiiELHffi g h p -
KiaLfflri gmp—
DGUBfflfr TS'/iEEGDAJlSALIAl-IU}SIHHAEHG'vDI\5OT/irrHFARHWRH'/iRRIAliJBTDAR''/G'i/ri GAPAL 
BGVUUBHi TS’/jIE(®ARSAiITI{LQSLBHAiHGVW 8̂TR'/ETHPAM̂ /i®/?-.LKHPEEiP,/Gl/f i  G-----
d c /ie iM x  mmnmdAM&vmimNstmmiwmMmmNxmjri g a p tl
SR/IB LHHH TŜ /iK(33̂ ALIItt4ljQSliriAEHGIJ>rPA6TFCvMSHFARP!IWKr?'/iIDIAMDHPGAK'/,GVr/ GAM
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Table 6 .6 :  Homology matches of CDDP9 fragment with their respective E- 
values, and multiple alignments of deduced amino acid sequences of other 
related putative proteins.
>CDDP9
AATAACCCT CACTAAAT CT GGT G G ATG G C G G AT GCAAGGCGT GGAAGAT CGCGGT GT GAT G 
ACGGCGTTTATGCAGGCGCTGGGGTTTTAGGGCACAAACAGGGCGGCTGGGAGAAGGTGT  
TAT CGT CAAATTT GATTT CAAAAGT G A TATT GCCT GATGCGCTACGCTTAT CAGGCCTACAAT 
GTGTGTTGCAATTTACTGATTTCTTTGGATCTTGTAGGCCGGATAAGGCGTTTACGCCGCAT  
CCGGCATGAAGCAACGTACTCGATATTAGCAATTTGGCGGCAACCCAAAGTTGCCGATTAAT  
GATTAATTCGCATCGGTCGCCGTGCCGTTGGCGTGCCAGTCAAATACGCCGAACTCAAAGC  
CTTTCAGATCACCTTTCTCATCCCAGGTCAGCGGTCCCATTACGGGATCCACGGAGTTCGCT  
TT CAGGTATTT GGCGATTT CAG CCGG AT CGTCAGACT GATT CAGGCCCGCCT GCAAAGAAT G 
CAGCGCGGCGT AGGT GGT CCAAACG AATGCGCCCATT GGGT CCTGTTTTTTCG CTTT GAT C 
GCGT CAAC AAAGGGTTT GTT CGCCGGAACCT GAT CGTAGTT CTT CGGCTT GGT CACCAGC A 
GCCCTT CCGCT GATT CGCCCGCAAT G T AAGACAGCGAAACGTTAGCCAC ACCTT CCGGCCC  
CATAAACT GAGTTTT CAGCCCT G C C G C G C G T GCCT GACGCAGG ATTT GCCCCAATTT CCGG  
GTGATAACCGCCGTAGTAAACGAAGTCGATATTCTCTTTTTTCAGACGCGCCGCCCAGCCAT  
TTCAGTTGAAAGAGGGGGGGGG

1: DURIOO:UniRef 1G0_Q32AS3 Cluster: High-affinity amino acid transpc... 
2: DtJRlOO:UniRefl00_Q7UAU9 Cluster: High-affinity amine acid transpc... 
3: DlJRlOO:UniRef 1GQ_Q1R5G6 Cluster: Leu/Ile/Val-binding protein; n=2... 
4: □DR100:UniRefl00_UPI0000673412 Cluster: COGQ683: ABC-type branche... 
5: □DR100:UniRefl00_UFI00005FlF2C Cluster: COG0683: ABC-type branche... 
6: DtJRlQO: UniRef 100 JJPI0GGG5EF2AB Cluster: COG0683: ABC-type branche... 
7: DURIOO:UniRef 100_P0AD98 Cluster: Leu/Ile/Val-binding protein prec... 
S: dlUR100:UniRefl00__A2UHR0 Cluster: Extracellular ligand-binding rec... 
9: DURIOO:UniReflG0_Q83FUl Cluster: High-affinity amino acid transpc... 

10: D uRIOQ:UniReflOG_F25399 Cluster: Leu/Ile/Val-binding protein prec... 
11: DURIOO:UniRef 1Q0_Q57IR0 Cluster: Leu/Ile/Val/Thr-binding protein;... 
12: DURIOO:UniRef 100_Q5PJK4 Cluster: ABC superfamily (Bind_prot), bra... 
13: □DR100:UniRefl00_P17215 Cluster: Leu/Ile/Val/Ihr-binding protein'... 
14: DURIOO:UniRef100_A6TF75 Cluster: High-affinity branched-chain ami... 
15: DuRlQG:UniRefl00_A4ra3 Cluster: Extracellular ligand-binding rec... 
16: DuR100:UniRefl0G_AQIMZ2 Cluster: Extracellular ligand-binding rec... 
17: DuR100:UniReflG0_Q6CZ12 Cluster: Leucine-specific binding protein... 
18: DURIOO:UniRef100_Q8X6S7 Cluster: High-affinity leucine-specific t... 
19: DURIOO:UniRef 1QQ_Q83FU2 Cluster: High-affinity leucine-specific t... 
20: DURIOO:UniReflQQ_P04816 Cluster: Leucine-specific-binding protein...

268 3e-73
268 3e-78
268 3e-78
268 3e-78
268 3e-78
268 3e-78
268 3e-78
268 3e-78
266 le-77
263 le-76
259 le-75
258 5e-75
258 5e-75
257 8e-75
250 7e-73
196 2e-55
194 9e-55
188 2e-53
188 2e-53
lu u 2e-53
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Sequence
1 UR100:UniReflOO Q32AS3
2 ORlQOiDniReflQQ Q7UAU9
3 URlQO:QniReflQO Q1R5S6
4 UR10Q:UniReflOO UPIQQ00673412
5 DRIQOiUniReflOO UFICQ005F1F2C
6 URlQOlUniReflQO UPIQ0QQ5EF2AB
7 DRIQOiUniReflOO FQAD95 
3 DR10Q:UniReflOO A2E3R0 
9 URlQO:UaiReflQO Q33PP1

10 DRIQOiUniReflOO £25395
11 DRlQQ;OaiReflQQ S57TRQ
12 DRIQOiUniReflOO 35FJK4
13 DRIQOiUniReflOO Fl"215
14 DRIQOiUniReflOO A6IF75
15 DRIQOiUniReflOO i m i
16 DRIQOiUniReflOO A0IH22
17 DRIQQiOniReflQQ Q6CZ12
18 DRIQOiUniReflOO 38X65"
19 DRlQQiGniReflOO Q33FU2
20 DRIQOiUniReflOO PQ4816

244 [ . . . . 2 . . . 1 6
733:314 KLGQIL8QARAAG l£TQR4GPKGV?iHV'‘S LSYIAG8SABG L L\HQ®TJ)0v̂ A I^ P v1>AIKAEHJ)PMGAF'/WTTjcAAL
733:317 247:385 SiiGQILfiQARAA.GLETQFldGFECr/r-Kv'SLSlJIAGESAEGLlV'ISPEH'ilJQ'.T̂ llEF̂ /DiIE?̂ KE□DPSGAFvV T̂̂ AAL
733:317 247:385 SlfijQILRQUlAAGIiTQFJlGFELSKLWOBSAEGLL/'TgFEN‘J.l)tr,'TAt!lEFrvDAIEnî J)PSGAF'yVrTiAAL
733:317 247:385 9KQIlilQiR^AGl^rQRCf*S^/SL2IMSAEGLL'.'TOW ilXJ'/PiMPB^AIIREI®PSGAF'̂ i;iAL
733:317 228:366 fflG E ta Q ^ lf lO M a iM S V S L S m a ^
733:317 228:366 SMGQILHQARAAGUnQFldGFEC^mSLSHIAGKSAEGLL\TEWJ)Ov/P^J*EPrv1)AIEAS^PSGArAmriSAL
733:317 228:366 EffiUQIÎ J^BAĵ yrit̂ iGFEG'vTiHVSLSHIAGESAKLLVT^Î iIXI.TUtJ^FT^AIKAKBOJPSGAFVVfTTiAAL
733:317 228:366 SHî ILJ4QARAA£-LETQniGFEDv7SvNVSL2TIAiGESABGLL\TZr:5iriTXI/TAlJ^rNl>AIErtEE3DPPSGAr,VnrilHAL
733:317 228:366 94GQIL̂ yjULiGÎ TQRKOFBG'v,?-JH\''SLSKIAOSSAEGLJ.TICPKiriIX7,T^jSErTvl)AIl&i3^PSGAJ'v\s'TTiAAL
733:317 247:385 Sl€3QIliiOARAAG!£TQF14GPBG,v,Air/SLSNÎ J^SA&3LL\TEff5^iDgvTA^T./DAIEiSSa)PSf̂ ArVWTTiAAL
733:317 228:366 Sl̂ SQIl̂ QftRAAGUCTQFWGPB(Jv!AHVSL̂ IIAjGESAKLLVTEPEffil)Qv̂ AHECPI\©AIEAEK[J)PSGAFv/VTTiAAL
733:317 247:385 ^OQIl̂ QSRAAGUCTQR^GFBG'v'̂ B'v'SLSHIA(3SABGLLVTKP̂ iTXyvTAIlETvD ĴEyaOTPSGAPWTTiAAL
733:317 228:366 S^GQIlitOSRAAGLETQFl^I^Gv^vSLSin^J^S^GL^vTeiWilOvTAl^TvDAJlu^ESaJPSGAF'^TriAAL
733:317 226:364 34GQILRQSRAAGlTrQFlKFEGW/SL S N I A GE S AE G L r v ^ JK H KE OJ PS G Ar ' / V I T i A^ . L
733:317 228:366 SWGQILBQARAAGUCTQR-!GPEG'v'AN'‘.’’SLSMS/-EGLL\TEFEKxDCTvTAHEPIvDAIERKECDPSGAP-.VITilfAL
733:317 227:365 â QQIUĤ BAAGliTBR^GPBGVAHVSLaFIAGBSAEGHl-vTEPEĤ iDQVPAIBQPIVEAIEABaPPSGAFVWrrtAAL
733:323 229:368 EHGQIL^EQAGLTTRfWOTG'/GSSS!̂ IAGMSBG^vTLPKRilXI'.'TAHEIV )̂Ali?<iaQJ>PTGPr'.WTYAAL
733:323 229:367 SMGQIlilQAIU3AG r̂̂ ^^GTKCT>̂ SSLSmi3JASEaiL\TLP2RilCvTAHQpr'̂ iJ2^^PTGPFvVfTx^AL
733:317 228:368 2M-'3tJ4LBa?-Ĵ v̂ UUTOfOlGFEa.W.SLSKIAGDAAEQfi;.WERilXIDF^l̂ rvDAlJ^Ei®PSGPVvWITiSAV
733:317 228:368 2MGt»iilQARSVGLSURlFl4GIW/taiASLSNIA(m^mvncmdX3DPAl^r^Al£AI)Kia>PSG'PV'/WimAV
733:317 228:368 M3Q(flJiQARS\ l̂JtTQF!4GFS!?i l̂ASLSHIACBAAKML^TOPI^TSQDPABQGIVIttiJMERDPSGPr/WITxAAV

The probable gene fragments identified by the BLAST analysis and their 

sequence similarity to putative genes in other plant species have been 

summarized based on their putative function in Table 6.7.

Table6.7: Summary of gene fragments and their putative functions with 
their related accession number for reference.

Candidate gene Putative functions

CDDP1
Protein of unknown function found in many plant
species, Tryptophan repressor/ replication initiator

CDDP3
Aspartic protease from retrotransposons
Zinc finger (CCHC-type) evident, RNA-directed DNA
polymerase

CDDP5
Water stressed protein widespread in plants; 
Osmotic stress-activated protein kinase
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CDDP8
Respiratory bust oxidase/ NADPH oxidase 
Drought-induced Erd, insect resistant NOX3,
Striga resistant protein, Calcium binding/dependant 
protein kinase

CDDP9
High affinity amino acid transporter systems,
extracellular ligand-binding protein

6.4: Discussion
In order to obtain useful information regarding the molecular responses of 

cowpea under drought conditions, six cowpea accessions already identified in 

chapter three as drought tolerant (GH4767, GH2313, GH3679) and drought 

susceptible (GH3710, GH4778, GH3687), based on physiological and 

agronomical studies were used in this study. Under the experimental conditions, 
plant leaves showed no drought induced senescence symptoms during the first 

15 days without irrigation. However during the 15-30 days of the drought 

treatment, there were signs of wilting and when they were rewatered, the drought 

tolerant accessions were able to recover fully, suggesting the existence of more 

efficient protection and repair mechanisms in the drought tolerant accessions. 

Following the PCR differential display method, nine candidate gene fragments 

were isolated and sequenced. The nucleotide sequences obtained for all the nine 

CDDP clone fragments were unique and evidently originating from the cowpeas 

rather than infections or other sources, a common source of variation in 

differential display experiments. CDDP2 as shown in table 6.1 had six 

microsatellite repeat of CATCCT motif which probably could be exploited for SSR 

marker design for future drought analysis. When the sequences of the nine 

fragments were subjected to blastx analysis, CDDP1, CDDP3, CDDP5, CDDP8 

and CDDP9 gave high and significant hits (Tables 6.2 to 6.6). The other 

fragments, CDDP2, CDDP4, CDDP6, and CDDP7 returned no significant hits.
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Many changes in gene expression occur in response to water deficit stress. The 

challenge of the study in this chapter has generally focused on the determination 

of the changes that support plant adaptation to drought. The five CDDP gene 

fragments that had significant hits gave very interesting homology matches with 

sequence similarity to putative genes of other plant species (Table6.7). A system 

to categorize gene function has been applied to known plant and animal genome. 

Genes known to be expressed under drought stress has been classified into 13 

general categories (http://mips.asf.de/proi/thal/db/tables/table func frame.html. 

The main concern in this chapter was to determine the mechanisms under which 

cowpea plant cells respond to drought stress in molecular terms.

The first step in switching on a molecular response in response to environmental 

signal (drought) is its perception by specific receptors. Upon activation, they 

initiate a cascade response to transmit the information through a signal- 

transduction pathway. Urao et al. (1999) were able to show that water deficit, 

followed by the resulting osmotic stress, triggered the expression of putative 

osmosensor AtHTKI in Arabidopsis. AtHTKI was subsequently identified to be 

the first component ‘sensing’ changes in osmotic potential inside the cell and 

triggering the downstream signalling cascade that results in dehydration induced 

gene expression (Urao et al. 1999). In this study, an osmoregulated ABC super 

family transporter system was identified in CDDP9 fragment (Table6.7). It is 

believed that during the development of water stress, the interaction of cationic 

and anionic amphiphilic substances with plasma-membranes results in changes 

in the physical state or protein-lipid interactions of membranes that relay 

osmosensing to cells. Similar occurrence has been reported by Heide and 

Poolman (2000). Changes in the physical state of membranes may also regulate 

the activity of major integral membrane proteins, such as aquaporins, which are 

involved in the control of cell volume or turgor homeostasis (Tyerman et al.
2002).
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After the first perception of osmotic changes during water stress, the signal 

transduction cascade is known to involve protein phosphorylation and 

dephosphorylation mediated by several protein kinases and phosphatases 

whose genes have been shown to be up-regulated by dehydration stress (Bray, 

2002a). Changes in cytoplasmic Ca2+ concentration are likely to mediate the 

integration of different signalling pathway. In the study certain protein kinases 

were observed to have been up-regulated as CDPK was recorded in gene 

fragment CDDP1. Osmotic stress activated-protein kinase was also identified in 

CDDP5. It has been observed that most of the abundant regulatory protein 

kinases involved in abiotic stress signalling are Ca2+ dependant (CDPK) (Knight 

and Knight, 2000) and mitogen activated (MAPK) (Kizis et al., 2001). Several 

MAPKs and CDPKs have been identified in plants subjected to water stress and 

shown to be involved in transducing the dehydration signals sensed at the 

plasma membrane to the nucleus (Ramanjulu and Bartels, 2002).

After the first stress-recognition events, cell-to-organ drought mediated 

responses are believed to diverge in different pathways according to the 

involvement or not of ABA. In the ABA-dependent pathway, the accumulation of 

ABA activates various stress-associated genes, some of then being recognized 

as stress adaptive. These gene products are either functional (such as 

aquaporins or the enzymes of osmoprotectants biosynthesis) or regulatory (such 

as protein kinases). The ABA-independent pathway is still poorly understood, but 

is known to be rapidly induced by water stress (Kizis et al., 2001; Shinozaki et al,

2003). In the study, the identification of components like Cytochrome b-245, 

NOX3, NADPH oxidase, respiratory burst oxidase, putative uncharacterized 

proteins and many others in all the gene fragments seem to suggest that they 

were involved in all these mechanisms.

There are other genes that are completely unknown in that an mRNA (or EST) 
has not been previously identified and there is no amino acid sequence 

homology with other proteins of known function. Bray, (2002b) had considered
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these categories to include the one called ‘cell rescue, defence, and cell death 

and ageing’. Many of the genes known to be induced by water-deficit are placed 

in this category even though an exact function is not understood. In table 6.7 

genes induced by water-deficit stress have been summarized and from the 

discussion thus far it has been recognized that to follow the mechanisms of how 

plant cells respond to water stress deficit involves the initial perception of the 

stress, signalling events, ABA-mediated responses, non-ABA-mediated 

responses, various biochemical mechanisms which include osmotic adjustments 

and activities of LEAs as well as cell protection mechanisms. These have been 

categorized according to the gene fragments identified in this study as follows;.

Metabolism

It has been known for some time that cellular metabolism is altered by water- 

deficit stress (Blum et al., 2001), however, detailed analyses on the effect of 

stress on the majority of the enzymes in individual metabolic pathways is lacking. 

Of changes that are known, it remains unclear which are brought about as an 

adaptive response and which and which represent lesions in metabolic 

pathways. Most work has concentrated in the areas of photosynthesis (carbon 

and energy metabolism; Chaves, 2002), carbon and nitrogen utilization (Foyer et 

al., 1998), and the synthesis of small molecules that potentially play a role in 

osmotic adjustment (Shoemaker et al., 2002). The gene fragments identified in 

this study are largely involved in amino acid, phenylpropanoid and fatty acid 

metabolism. Nitrate reductase activity has been shown to be decreased by 

water-deficit stress in a number of species including cowpea and Arabidopsis 

(Foyer et al., 1998).

Transcription

Transcription factors are required to regulate changes in gene expression in 

response to water-deficit stress. The Arabidopsis thaliana genome contains 

numerous transcription factors, many of which are specific to plants (Riechmann 

et al., 2000).Several different classes of transcription factors were induced by
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water stress in this study (Table6.7), including ethylene response element 

binding protein 4, zinc finger, Peptidase aspartic and DREB2A. The figure 6.2 

shows a putative zinc finger fragment identified in the study aligned to a 

component from Medicago trancatula;

Query: 155 VWLYDSEATHSFLSNECLRKLGLMMRELGCELIVMTSASGEVSTSI 15 
+ V + D+ ATH F++ +C+ LGL + ++ E++V T G V+TS+

Sbjct: 236 LVAIIDTSATHCFIAFDCVSALGLDLSDMNGEMWETPVKGSVTTSL 282

Figure 6.2: Zinc finger, CCHC-type; query is a portion of the CDDP3 fragment; 
sbjct is Medicago trancatula', zinc finger tips are shown in red and underlined.

These are all likely to be involved in the up-regulation of genes, many of which 

are signalled through ABA. A stress induced histone was also identified which 

are similar to a stress-induced histone H1, H1-S, identified in tomato and its 

relatives (Scippa et al., 2000). This histone may play a role in maintaining 

chromatin structure during water deficit.

Cellular communication/  Signal transduction
In this study few potential signalling molecules were identified. However, many 

genes have been identified that play a potential role in the regulation of cellular 

processes in response to water-deficit (Table 6.7). The Shinozaki/Yamaguchi- 

Shinozaki group (2003) in Japan has identified many of these genes in stress 

libraries. These implicate CDPK and MAPK cascades as well as 

phosphatidylinositide signalling pathways.

Cell rescue, defence, cell death and ageing
A number of genes that may be classified in the cell rescue or defence category 

are known to be up-regulated in response to water-deficit stress. The two largest 

groups identified so far are in the amelioration of oxidative stress and/or in 

defence against pathogens. In this study, glutathione-S-transferase, L-ascorbate 

peroxidase, and putative lectin, were observed to be involved in cell defence, 

which seems to be correlated by work done by Borsani et al. (2001).
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Uncharacterized/  unclassified/ Novel genes

Notably, the hydrophilic proteins that that have been called LEA proteins remain 

a very interesting group. These proteins have been classified into several groups 

based on amino acid sequence (Bray et al., 2002b). The different characteristics 

predicted from protein structure indicate that the proteins may play distinct roles 

in cells subjected to water-deficit stress, although the molecular function remains 

unclear. The results of this study also indicated that a substantial amount of the 

genes identified had been placed under the unclassified category which included 

most of the LEA proteins like group II LEA, and uncharacterized putative 

proteins.

Abiotic stress related genes

It is interesting to note that a number of the gene fragments identified in the study 

were placed in this category. Studies carried out on effect of abiotic stress on 

plants have demonstrated that a high complexity of interactions occur between 

different abiotic stress factors. It is therefore likely that one single stress factor 

triggers the activation of several signalling pathways (divergence). In contrast, 

different stimuli might provoke a similar cellular effect, thus certain shared 

signalling mechanisms, and the subsequent cell responses can be active under 

different stress conditions (convergence). Within the general frame work of 

abiotic stress one can encounter conditions like low temperature or cold stress, 

dehydration or drought stress, salinity or salt stress and many others. It is 

therefore not surprising that the abiotic stress related genes observed in this 

study seems to confirm this general principle. It appears that drought stress 

triggers the production of ABA, which in turn induces various genes, since most 

genes that respond to abiotic stress (drought, cold, salt stress) are induced by 

ABA as indicated by Shinozaki et al (2003). It was observed in this study that the 

genes found in this category had functions that were related to all the categories 

proposed. For example, Chlorophyll a/b binding protein and water stressed 

proteins identified in gene fragment CDDP5, could be placed under metabolism
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and energy category, Replication protein A1 could be considered under protein 

synthesis and cell division, whilst, Osmotic stress-activated protein kinase could 

be under metabolism and cell defence.

Protein destination

Many genes that are induced are involved in the fate of proteins that have been 

synthesized. Water deficit may cause proteins to become aggregated or 

malformed which may either require protein degradation or chaperone activity. 

Accordingly, some mRNAs of genes that encode proteases and chaperones are 

induced. In this study the induced genes were mostly ubiquitin, cysteine 

protease, metallopeptidase, and Cysteine protease inhibitor.

The multi-sequence alignments of the CDDP gene fragments with other 

homologous stress responsive proteins (Table6.2 to Table6.6) showed that some 

of the similarities amongst the sequences were high. Due to the high homology 

observed, certain primers could be designed from the region for conserved 

orthologue synteny (COS) marker analysis in future.

6.5. Conclusions
• Plants exposed to different water regimes induced different responses to

gene expression. The study also indicated that differential display PCR 

technique may be an effective method for drought gene expression 

analysis of stressed and unstressed plants for the identification of drought 

genes of interest.

• The study was able to identify nine candidate gene fragments induced by 

drought stress. The identified potential candidate gene fragments were 

successfully cloned, sequenced and characterized.

• The identified differentially expressed genes from the cowpea accessions 

considered to be drought tolerant could generally be linked to the
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physiological and morphological studies in chapter three and the other 

chapters

It is now important to carry out the experiment on a much larger scale, 

perhaps with a target of 100 differentially displayed genes from each 

category of tolerant and of susceptible accessions. The comparison of this 

number of genes should then be analysed for 1) different responses in the 

genes that are turned on; and 2) different alleles where similar genes are 

found in both plant groups.

It is important that the identified potential gene fragments are further 

tested and then verified whether they would show any inducible 

differences in expression, using Northern blotting or real-time PCR.
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CHAPTER SEVEN 

7.0. Drought genes and tolerance in Ghanaian cowpea 
accessions- General implications of experiments.

7.1. Introduction

During a typical life cycle, plants are exposed to a wide range of environmental 

changes that may disturb the normal growth and development they accomplish in 

optimal growth conditions. Evolution has led to the development of mechanisms 

aimed to increase their tolerance to these negative factors, including both 

physical adaptations and several complex mechanisms of interactive cellular and 

molecular changes triggered after the onset of various stresses. In general terms, 

the first step for this process consists of the perception of the adverse situation. 

Then, through a release or activation of second messengers, different signalling 

cascades are set in motion in order to relay the information. Transcription 

effectors can be induced and activated in that way, bringing about the expression 

of specific stress-responsive genes, which encode proteins involved in the 

protection of the plant cell against the effects of the damaging situation and/or 

the repair of the injuries already caused. The current approaches to elucidate the 

molecular mechanisms modulating the stress signalling networks are based on 

the control of the expression of specific stress-related genes. In order to easily 

interpret the analysis of stress signalling pathways in the laboratory, plants need 

to be isolated from other stresses. However, the studies carried out to date have 

demonstrated a high complexity of interactions occurring between different 

abiotic, and even biotic, stress factors. It is therefore likely that one single stress 

factor triggers the activation of several signalling pathways (divergence). In 

contrast, different stimuli might provoke a similar cellular effect, thus certain 

shared signalling mechanisms, and the subsequent cell responses can be active 

under different stress conditions (convergence). The completion of the 

Arabidopsis thaliana genome sequence in 2000 (Arabidopsis Genome Initiative,
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2000), followed by the nearly completed genome sequence for rice in 2002 (Goff 

et al., 2002; Yu et al., 2002), has caused much excitement in the field of plant 

research. Rapidly following these landmark efforts are advances in 

characterization of genomes of other crops including maize (Zea mays L.), wheat 

(Triticum aestivum L.) and legumes such as soybean [Glycine max (L.) Merr.] 

and barril medic (Medicago truncatula Gaertner; Ware et al., 2002; Lunde et al., 

2003; Shoemaker et al., 2002; Young et al., 2003). The accumulating information 

allows plant researchers to explore new paradigms to address fundamental and 

practical questions in a multidisciplinary manner.

Although new research fields such as metabolomics have emerged as post- 

genomic era technologies (Phelps et al., 2002), challenges still lie ahead in 

answering how genomics will aid in crop improvement from a practical standpoint 

(Osterlund and Paterson, 2002). Under field conditions, crop plants often 

experience abiotic stresses including water deficits, high temperatures, salinity, 
and aluminum (Al), low soil fertility, and mechanical wounding. Such stresses can 

reduce yields to 20% or less of potential yields (Wang et al., 2003). Reviews in 

plant water deficit stress responses have been discussed in chapter one (Chaves 

et al., 2002; Griffiths and Parry, 2002; Munns, 2002; Zhu and Xiong, 2002; Rao 

and Cramer, 2003). Drought provides one of the major limitations to food 

production worldwide. In some parts of the world, particularly in the tropics and 

other locations where most of the world’s poor people reside, drought is endemic. 

Moreover, many parts of the Earth’s surface are not arable primarily because of 

severe water limitations, and the amount of land with these problems grows 

every year. Hence, improved tolerance to drought has been a goal of crop 

improvement programmes since the dawn of agriculture. As already stated in 

previous chapters, drought tolerance appears to be a complex problem, with 

many contributing loci that show efficacy only in a subset of circumstances 

(Lebreton et al. 1995; Ribaut et al., 1997; Tuinstra et al. 1996; 1997; Nguyen and 

Blum, 2004). Thus, progress in understanding the basic physiological and
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molecular nature of drought tolerance has been slow (Shinozaki and Yamaguchi- 

Shinozaki, 1996; Bray, 1997).

In trying to achieve my general objective of the study of Ghanaian cowpeas for 

drought tolerance, I adopted a top-down approach (i.e. phenotype to gene) by 

beginning with physiological analyses of cowpea plants for drought tolerance. 

This involved analyzing cowpea for stress physiology and agronomic traits (e.g., 

survivability, grain quality), in chapter three. Crop phenotyping is a key 

preparative step proceeding trait gene discovery by functional genomics 

approaches (Nguyen and Blum, 2004). Phenotyping allows establishing 

screening environments and procedures, including identifying appropriate stress 

levels for differentiating genotypes and developmental stages most responsive to 

a given stress. Genetic resources in the crop are selected based on phenotyping, 

which reveals phenotypic and physiological traits required for a particular stress 

environment (e.g., stress-tolerant versus stress sensitive germplasm). Although 

only one measure of drought tolerance was used here, it is often important to try 

to partition the components of complex and continuously variable (quantitative) 

traits to assist understanding their genetic control.

Diversity can provide one means of sustaining and improving the livelihoods of 

farmers where or when environmental conditions are unfavourable in production 

systems in terms of reliability and sustainability of yield. Much of the world’s 

agricultural biodiversity is found in environments marginal for agricultural 

production. Loss of such diversity or genetic choices diminishes farmers’ 

capacities to cope with extreme temperatures, drought and salinity. Farmers in 

stress-prone areas have to take particular care not to introduce non-adapted 

material which often fails and can lead to erosion of the desired characteristics in 

local varieties through unwanted crossing. Thus, in the face of constant 

vulnerability to loss of key stress-resistant types, the management of appropriate 

diversity of a specific crop constitutes a significant component of livelihood 

strategies of farmers in highly stressed production environments. Estimation of
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genetic diversity in cultivated crops is essential for breeding programmes and for 

the conservation of genetic resources (Soleimani et al., 2002). All genetic 

resource conservation activities require characterization of the diversity present 

in both the gene pools and the gene banks (Karp et al., 1997). Assessment of the 

genetic diversity in V. unguiculata is, therefore, of crucial importance for 

developing conservation strategies for this economically important crop species. 

In the first instance, this usually involves description of variation for 

morphological and physiological traits. However, morphological variation is often 

found to be restricted and genotype expression is generally influenced by 

environmental conditions, thereby, constraining the analysis of variation. These 

limitations have resulted in the deployment of molecular techniques that analyze 

polymorphism at the DNA level directly.

Genomics-based technologies could then be applied to dissect the genetic 

variability of the selected genetic resources. In order to study genetic diversity in 

the cowpea germplasm collected from Ghana and elsewhere, three multi-locus 

PCR techniques were used in chapter four for the molecular analysis. 

Technologies from functional genomics (e.g., differential display PCR) are being 

used extensively for novel genes identification and characterization because they 

can analyze large numbers of genes in parallel, thus providing an overall picture 

of how genes are regulated under stress conditions. This differs from a structural 

genomics approach (i.e., mapping) in which one or a few genes are studied to 

determine their location on individual chromosomes. With a functional genomics 

approach, thousands of genes are screened using mRNA expression profiling 

and sequence information coupled with bioinformatics. This allows for the 

selection of a group of candidate genes that are putatively involved in expression 

of phenotypic and physiological traits. Chapters five and six were based on these 

techniques for candidate gene analysis and gene expression profiles and 

analysis from drought stressed and unstressed cowpea plants. In the future 

these genes identified could be examined for “proof of concept” by genetic 

transformation (over-expression and/or knock-out of the genes) followed by trait
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analysis (Meagher, 2002; Wang et al., 2003) and for creating molecular markers 

to be tested in further physiological studies and through field breeding programs.

For genomic strategies to successfully support crop improvement, key 

components are required. Availability of diverse genetic resources allows for the 

identification of superior alleles for genes controlling traits of interest, and an 

active breeding program is essential to ensure that these genes can be 

recombined and selected in combinations that result in agronomically useful 

populations or lines (Hoisington et al., 1999). Access to physiological expertise 

and an understanding of phenotypic and physiological aspects of traits of interest 

are also essential (Miflin, 2000; Bruce et al., 2002). Water-deficit stress- 

responsive genes and non-stress responsive genes are applicable in breeding 

for desirable traits. Sources of these genes will come from both in-house 

research and publicly available information from model plants such as 

Arabidopsis (Bressan et al., 2001; Hall et al., 2003).

The objective of the study in this chapter is to identify if the drought tolerance 

phenotype identified in Chapter three within the germplasm under analysis can 

be linked with any of the markers found in Chapters four and five, or possibly 

even with any genes identified in the smaller number of accessions analyzed for 

gene expression in Chapter six.

7.2. Materials and methods
Chapter seven is a compilation of all the experimental work from chapters three, 

four, five, and six and therefore all the materials and methods used in these 

respective chapters (sections 3.2, 4.2, 5.2, and 6.2) have been adopted for this 

comparative study.
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7.3. Results of morphological and physiological screening, genetic diversity, 
candidate gene and gene expression analysis.

7.3.1. Screening of Ghanaian Cowpeas for Drought Tolerance
In all 106 cowpea accessions collected from across the length and breadth of

Ghana were used for this study. Twelve of the sample used did not germinate 

initially and were not included in the analysis. Based on the criteria of the study, 

about 70% of the accessions used were considered to be drought tolerant and 

30% as sensitive or susceptible to drought stress. Table 7.1 below shows the 

source of collection against the number of cowpea accessions.

Table7.1: Performance of cowpea under drought stress and their source of 
collection.

Drought Tolerant Drought Susceptible
Area of collection No. of accessions No. of accessions
Middle belt (MB) 22 5
North-east (NE) 13 2
North-west (NW) 16 3
South-east (SE) 13 5
South-west (SW) 5 10

Total 69 25

The dendrogram constructed on the basis of the data generated from the 10 

qualitative and quantitative traits on 106 accessions (Table 3.3) divided them into 

four major clusters with numerous sub-clusters (Fig.7.1). The statistical analysis 

on the morphological quantitative traits, plant height (cm) and seed weight (g), of 

the 106 accessions indicated a negative correlation between the two traits with a 

correlation coefficient value (r) of 0.0605. The Covariance between the 

parameters was 0.7705 and a standard deviation value of 4.9436.
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Figure7.1: UPGMA Dendrogram of 106 cowpea accessions using 10 qualitative and 
quantitative morphological traits. Four major clusters were observed. |  = Drought 

tolerant; A = Drought susceptible

7.3.2. Genetic diversity analysis using SSR, IRAP and REMAP 
techniques
Polymerase chain reaction (PCR) based DNA multi-locus markers, SSR, IRAP, 

and REMAP techniques were used to investigate the extent of genetic variability 

within and among the 106 cowpea accessions from Ghana, ten varieties from 

IITA, Nigeria, and five accessions from supermarket shops in United Kingdom. 

The selections of these marker types were based on their relative technical 

simplicity, level of polymorphism they detect and cost effectiveness as already
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discussed in chapter four, section 4.1.2. Percent polymorphic bands varied from 

75% for SSR, 80% for IRAP and 82% for REMAP markers (Table7.2). The 

average number of bands detected per primer for each marker type was 4, 11, 

and 14 for SSR, IRAP and REMAP, respectively.

Table7.2: Comparison of the different molecular markers used in the study.

No. of Mean No. of Total Total %Polymorphic
Primers bands/primer bands polymorphic bands bands

SSR 16 4 53 40 75%
IRAP 6 11 66 53 80%
REMAP 8 14 114 93 82%

Fig. 7.2: Polymorphic patterns from 16 cowpea accessions generated by REMAP. 
A. Primer combination Cicer + BT-GAC; B. Primer combination Cicer + BT-CTG; C. 
Primer combination TY-2R + BT- GAC; and D. Primer combination TY-2R + BT- 
CTG. The arrowed represents the unique bands identified for future

The band patterns obtained though polymorphic also showed that they were 

conserved. A number of unique bands were identified as shown by arrows in Fig.

7.2. These bands will be analyzed later for further clues.
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To study the distribution of genetic variation in the cowpea accessions for the 
SSR and IRAP marker systems, UPGMA clustering method was used. The 
results indicated interesting variations among the accessions used for the study 
(Fig.7.3: A and B).
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F ig u re 7 .3 : Phylogenetic models of the two marker systems fo r diversity studies. A. Model 
of SSR data based on 16 prim er combinations for 61 cowpea accessions using UPGMA  
clustering method. B. Model of IRAP data based on six primer com binations for 16 cowpea 
accessions using UPGMA clustering method.

7.3.3. Candidate gene cloning and analysis
In order to gain a better insight of the molecular mechanisms of drought stress 

responses in certain Ghanaian cowpea accessions, known and characterized 

drought inducible genes were used as a source for cloning, sequencing and 

comparative analysis of the genomic DNA of the lines used for the study.
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Table7.4: Details of SNPs, deletions, insertions, identified in Dhn1 and 
CPRD (8,14, 22, 46b, and 86). Positions of polymorphism are from the start 
of fragment amplification.__________________________________________
Fragment Position Sequence change Nature Region

Dhn1
81 G—»A Transition

171 C—T Transition
228 C—>T Transition
240 T—►C Transition
376 G—C Transversion
377 G—►A Transition
481 C—T Transition
508 C—>T Transition
599 G—*A Transition
636 T—»C Transition

CPRD46b
56 C—>T Transition
67 T—>A Trans version
94 G-»A Transition

180 A—G Transition
183 T—►A Transversion
245 T—►C Transition Intron
262 C—G Trans version Intron
276 A—►G Transition Intron
296 A—►G Transition Intron
385 G-+T Transversion
472 A Deletion
479 G—>T Transversion
482 G—>C Trans version
485 A->G Transition
545 C—>A Transition
712 A—G Transition
738 A—►G Transition
759 G—A Transition
876 G->A Transition

1031 T->C Transition

CPRD86
176 A—>T Transversion
279 A—T Transversion
407 T—»C Transition Intron
504 T—>C Transition
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CPRD8
70 T—>C Transition

118 T Deletion Intronl
154 T Deletion Intronl
189 T—>C Transition Intronl
360 A—>G Transition
439 T^C Transition lntron2
537 C-*T Transition
925 T—»C Transition
976 A->G Transition

CPRD14
91 T—>C Transition

364 C—►T Transition
396 G—►A Transition
401 G—>T Transversion
402 T—>C Transition
540 T—>G Trans version
580 T—>G Transversion
610 A Insertion
627 T->C Transition
628 G Insertion
652 C/A Insertion
675 T Insertion
728 T—>G Trans version

1055 G—►A Transition
1118 T—C Transition

Intronl
Intronl
Intronl
Intronl

CPRD22
115 T—>C Transition
157 G—T Transversion
172 T->C Transition
177 G—►A Transition
235 C-»T Transition
241 G—>T Transversion
248 G-+A Transition
424 T—>C Transition
541 A—>G Transition
712 A—>G Transition
830 G—>A Transition
900 T—►A Trans version
902 T—►A Trans version
918 T—►A Transversion
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On the basis of a search for homology of the CPRD gene fragments sequenced 

as well as the CDDP gene fragments identified using the BLAST programme, 

various putative genes and proteins were found to have sequence identity with 

the identified fragments were subsequently put into two groups as shown in 

Table7.5 below.
Table7.5 Characterization of drought inducible genes identified in 
candidate genes and gene expression studies

Group 1;
Consist of functional proteins that function in stress tolerance {LEA 
proteins, water stress-inducible proteins, dehydration-inducible proteins, 
osmo-protectant biosynthesis-related proteins, etc}

Group2;
Consist of regulatory proteins, protein factors involved in further regulation 
of signal transduction and gene expression. {Transcription factors like zinc 
finger, CADK, MAPK, NADPH, protein kinases, protein phosphatases}

7.4. Discussion
The present study showed that the 106 Ghanaian accessions of cowpeas 

collected for the study had considerable genetic variation in morphological and 

agronomic traits. The smallholder farmers traditionally collect seeds from those 

plants with better growth forms under their environment. Each year the selection 

of seeds is limited to a few chosen individuals and seeds are bulked and kept for 
the next planting. Thus the local varieties grown in the various regions of Ghana 

have adapted to local conditions and farmers’ practices, and represent unique 

sources of diversity. Many useful traits have developed in these areas following 

natural and farmer’s selection over the years. The results from Table7.1 indicates 

that if the landscape of Ghana is divided into three blocks of northern part, 

southern part, and the middle belt as a transition zone, where the climatic 

conditions experienced in the other two blocks abounds, then out of the 69 

accessions found to be generally drought tolerant from the physiological and 

morphological analysis, 51 (29 from north; 22 from middle belt) of them were
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from the northern zone: In the north, less than 15% of the accessions were 

classed as susceptible; in contrast, 66% of the accessions from the southwest 

were susceptible to drought. As reported by FAO 

(http://www.fao.ora/aa/aaL/swlwpnr/reports/v sf/z ah/ah.htm). rainfall in Ghana 

generally decreases from south to north and the wettest area is the extreme 

southwest. The trend of drought tolerance follows this observation, and suggests 

that farmers by all intents and purposes tend to keep seeds of the products that 
did well within the framework of the environmental challenges faced during the 

planting season for the next cropping season. These accessions could offer new 

alleles for abiotic stress tolerance in cowpea.

The clustering pattern based on morphological and physiological traits indicated 

that adaptive selection may have caused the accessions to maintain their distinct 

identities. The fact that most accessions clustered separately from the Leicester 

outgroup (Figure 7.1) indicates that cowpea farmers in Ghana have been 

selecting for different morpho- agronomic traits or alternatively, the 

consequences of a genetic bottleneck where the full range of alleles were never 

available to farmers in Ghana could be in action. Thus within the accessions 

there exists a vast amount of variation. Even though some degree of selection is 

practiced by farmers, there is no strict isolation of such cowpea fields from the 

neighbouring farms so gene flow between cowpea plants within the same farm 

as well as between different farms is likely to occur. Stoddard (1986) has 

reported that bees can enhance pollination of Vicia up to 194m from the hive, 

although Ibarra-Perez (1996) noted that less than 3% of ovules were cross

pollinated from plants 0.76 m apart.

From the four clusters identified from this study (fig.7.1), the upper 25% of the 

accessions could be used to represent those with the highest average diversity 

and therefore crosses for improvement of the accessions to drought could be 

considered. Despite their importance, the genetic characterization of cowpea 

accessions has been largely ignored until very recently. Genetic characterization
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in cowpea accessions has been primarily pursued by using morphological traits 

(Singh et al. 2002, Hall et al. 2003). The pot evaluation screening method was 

successful in identifying probable drought tolerant accessions from susceptible 

ones, though further field evaluation should be considered for comparative 

analysis. It also showed that morphological traits could be valuable tools for 

cowpea characterization with the limitations of the influences of the 

environmental condition on the phenotypic characters. Ideally for the results to be 

considered appropriate the sample size should be about 50 to100 accessions as 

useful scale for testing, but needs to be on a bigger scale than carried out here 

with respect to number of markers and the scoring of more phenotypic 

characters.

The next step in the study was the characterization of the 121 cowpea accession 

for genetic diversity at the molecular level using DNA markers in order to 

evaluate their potential in cowpea breeding programmes. The SSR, IRAP and 

REMAP markers were thus used with the aim of identifying the cultivars having 

unique alleles at a given loci and further characterize for markers associated with 

abiotic stress tolerance, as these are the populations most likely to contain new 

alleles in general and potentially for stress-related loci. The results obtained 

indicated that all the three multi-locus PCR based molecular markers were highly 

polymorphic (Table7.2). The range of pairwise differences obtained for the three 

marker systems used indicated that most of the accessions may be closely 

related as the differences were very minimal. The large differences were 

observed between the out-group and the Ghanaian accessions which may 

probably be due to the fact that they are cultivars developed from genetically 

distant parents. This result suggests that these markers can be used to predict 

similarities among the accessions. This result is consistent with that of Li and 

colleagues (2001). The cluster analysis of the three marker systems showed 

similar patterns with the out-group being clearly separated from the other 
accessions, though the accessions could not be separated into distinct groups 

based on their already determined drought status (Fig.7.3). However, several
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factors may affect the genetic relationship among cultivars, such as number of 

markers used, distribution of markers in the genome of working samples, and the 

nature of evolutionary mechanisms underlying the variation measured (Brown et 

al., 1996). The genetic characterization data obtained could provide useful 

information for utilizing these populations in cowpea breeding programmes to 

create abiotic stress tolerant cowpea.

It must be pointed out that the experimental design of this study was not such 

that analysis would enable a QTL (quantitative trait locus) identification and 

characterization. A set of unrelated (or unknown relationship) plants was used in 

the study, and drought tolerance, measured as in Chapter three, was scored as a 

binary variable. However, the consequences of water stress are continuous 

variables and certainly involve interactions with numerous gene loci. In the future 

it would be appropriate to carry out a QTL analysis using one or more 

appropriate mapping populations from the cowpea lines analyzed here and a 

range of mapped markers based on published cowpea data. The polymorphisms 

identified between lines here mean that appropriate parents could be picked 

based on drought responses in Chapter 3, building an F2 mapping population of 

100 or more individuals to score for drought response characteristics, and both 

SSR and other classes of markers could be used for the QTL analysis. This type 

of QTL population has the problem that drought scoring cannot be replicated at 

different sites or different years; therefore a recombinant inbred population would 

be better. Although this will take several years to generate, it would have multiple 

mapping applications so would be a good target to start its production in the near 

future.

Preliminary analysis of the nature of polymorphism in the CPRD gene fragments 

indicates a range of SNPs and a few indels with respect to reference sequences 

of the genes isolated by others in cowpea and other legumes (Table 7.4). SNPs 

have been found to occur with a frequency from 1 in every 202 bp in the mouse 

genome and 1 in 1000 bp in the human genome (Lindblad-Toh et al., 2000;
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Wang et al., 2003). There are various methods for SNP detection and scoring. 

More commonly used are gel-based sequencing and high-density variation- 

detection DNA chips (Wang et al., 2003). SNP has many advantages and great 

potential for many applications. Since SNPs exist over the whole genome of 

organisms with a relatively high frequency, they could facilitate the development 
of highly dense genetic function maps that would be highly valuable for genome 

analysis. Moreover, as the sequence context of the SNPs is already known, it 
has the potential for automation and can facilitate the genetic study of 

associating sequence variations with heritable phenotypes on a large scale. 

Because of this, there has recently been considerable interest in SNP discovery 

and detection for genome analysis of plant (Chen et al., 2002). In this study, 

within all the coding sequences, a SNP frequency of between 1 in 100 and 1 in 

70 bases was observed in the six genes analyzed. Overall, there were 44 

transitional (A/G or C/T) changes and 18 transversions (A/T, A/C, G/C, G/T), The 

excess of transitional changes is considered as typical in plant genes, and 

indicate mutation of methylated cytosine to thymine, although Keller et al. (2005) 

point out that the data for this conclusion is limited and the result may not be 

universal.

The results of the homology matches obtained from the sequences of the 

candidate gene fragments as well as the gene expression analysis of the 

stressed and unstressed drought tolerant and susceptible cowpeas as 

summarised in Table 7.4 indicate the range and complexity of gene array 

involved in responses to drought tolerance. Probing breeding populations that 

show improved traits during environmental stress with genomic tools is expected 

to uncover important gene networks involved in drought tolerance. Sun et al. 

2001, applied cDNA microarray analysis to discover maize genes expressed in 

the ear that alter their expression due to water stress during flowering. The cDNA 

for selections of maize genes corresponding to cell cycle, known stress 

responses, carbohydrate metabolism, and ABA responsive genes were included 

on the microarrays. Of the cell cycle genes, they noted three general patterns of
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gene expression modulation: (1) an increase in mRNA levels during the period of 

stress; (2) a decrease in mRNA during the stress followed by an increase during 

subsequent recovery; (3) an increase in mRNA only during recovery period. 

These results suggest distinct function for members of the cell cycle regulation 

gene family during dehydration and recovery. Similar patterns of expression in 

response to water stress were also noted in this study as shown in Table 7.4 of 

the groups of functional and regulatory genes and proteins identified when the 

cowpea plants were subjected to drought and allowed to recover. The results of 

the study therefore provide compelling leads for further analysis.

7.5; Conclusions
• The screening and characterization study has shown that the Ghanaian 

cowpea accessions used had considerable genetic variation in 

morphological and agronomic traits. The mode of selection of seeds for 

the planting season also has had influence on the variability encountered 

with most of the drought tolerant accessions identified coming from the 

northern block of the country.

• The results of the molecular diversity analysis with the three multi-locus 

PCR based molecular markers showed that these markers were highly 

polymorphic and have high discriminatory power. The results also suggest 

that these markers could be used to predict similarities among accessions 

and for planning of crosses of parental lines for population and QTL 

studies.

• The candidate gene analysis of the CPRD gene fragments using genomic 

DNA of the cowpea accessions showed the high polymorphic nature of the 

gene fragments, the structure of the gene with their intronic regions, the 

identification of significant SNPs within both the coding and the non

coding regions and the characterization of these gene fragments as 

having high homologies with certain putative genes involved in abiotic 

stress.
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The study identified many abiotic or drought inducible genes in cowpea 

from the DD-PCR and the candidate gene fragment analysis. The results 

indicated cross-talk between the signalling and functional regulatory 

mechanisms within the stress mitigation systems. The BLAST analysis 

also indicated that some of the identified inducible genes in cowpea were 

common with stress genes in many other plant species like Arabidopsis 

and rice.

The design of the study, the top-down approach (i.e. phenotype to gene) 
has been successful as a lot of useful links have been identified that can 

broaden the general approach the identification of genes related to abiotic 

stress in general and drought tolerance in general.

230 University of Leicester





Chapter Eight

CHAPTER EIGHT...................................................................................................... 232

8.0: Diversity and abiotic stress in cowpea: general discussion, conclusions and further

research.........................................................................................................................232

8.1. Introduction..................................................................................................... 232

8.2: Genetic diversity and identifying sources of tolerance....................................... 234

8.2.1: Morphological screening of germplasm for tolerance................................. 234

8.2.2: Molecular diversity analysis using molecular markers................................ 236

8.3: Candidate gene fragment and gene expression analysis..................................... 237

8.4: Problems encountered and their solutions..........................................................238

8.5: Conclusions........................................................................................................239

Further Research.......................................................................................................241

231 University of Leicester



Chapter Eight

CHAPTER EIGHT 

8.0: Diversity and abiotic stress in cowpea: general 
discussion, conclusions and further research.

8.1. Introduction

Food shortages in Africa are strongly associated with environmental calamities. 

The major abiotic stress factors affecting food production in sub- Saharan Africa 

are low soil fertility, drought, salinity, soil acidity and heat stress. They are 

expressed in crops through a series of morphological, physiological, biochemical 
and molecular changes that affect plant growth and productivity (Wang et al., 

2003). Resistance to abiotic stress factors is multigenic, as well as quantitative in 

nature. Attempts with conventional breeding methods to develop crop varieties 

tolerant to multiple abiotic stresses have been only partly successful. Efficient 

identification, isolation and use of favourable genes for breeding stress-tolerant 

genotypes may require other efficient tools, including molecular markers, 
functional genomics, and in the long term, transgenic technology.

In parts of the world where people live, drought is perhaps the most limiting factor 

to crop production, and the situation is expected to deteriorate in Africa. The 

current trends in land degradation, desertification and climatic variability have 

been predicted to intensify because of global warming. The erratic supply of 
rainfall across seasons, poor soil-water-holding capacity and poor management 

of water resources has led to drought occurring, on average, once every 3 years 

in eastern and western Africa for the last 30 years, causing human and 

environmental disasters. For instance, drought has affected common bean 

production in eastern, central and southern Africa to cause losses of more than 

395,000 t each year (Amede et al., 1990). Although challenging, drought 

tolerance can be improved through conventional breeding, using existing genetic
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diversity. Newer methods, involving molecular markers and comprehensive gene 

expression profiling, provide opportunities for directing the continued breeding of 

genotypes that provide stable grain yield under widely varied environmental 

conditions (Bruce et al., 2002).

Cowpea has many drought-tolerance characteristics which makes it a model for 

drought tolerance studies as stated earlier in chapter one section 1.6. These 

characteristics also make cowpea one of the most important feed and food crop 

in the arid and semiarid regions of the world (Singh et al. 2002). Cowpea is an 

important food legume and an essential component of cropping systems in the 

drier regions and marginal areas of the tropics and subtropics covering parts of 

Asia and Oceania, the Middle East, southern Europe, Africa, southern USA, and 

Central and South America. It is particularly important in West Africa with over 

9.3 million hectares and 2.9 million tonnes annual production. With about 25% 

protein in its grains, cowpea is an important source of quality nourishment to the 

urban and rural poor who cannot afford meat and milk products (Poor man’s 

meat). Cowpea haulms contain over 15% protein and constitute a valuable 

source of fodder. However, cowpea production in much of the tropics is still 

limited by drought (Nguyen and Blum, 2004). Thus, developing genotypes that 

have an advantage under water-limited conditions is a major challenge for the 

improvement of cowpea. Results from breeding programmes (Singh et al., 2002 ; 

Hall et al. 2003) indicate that advances in crop improvement are more likely if 

drought tolerance traits are selected in addition to yield per se. In this study a 

top-down approach (i.e. phenotype to gene) by beginning with physiological and 

morphological analyses of cowpea plants for drought tolerance, through to gene 

expression of stressed and unstressed cowpea plants for the identification of 

genes linked to drought tolerance and its phenotypic traits for possible QTL 

exploitation eventually, have been pursued and the results discussed.
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8.2: Genetic diversity and identifying sources of tolerance

8.2.1: Morphological screening of germplasm for tolerance
Analyses of the extent and distribution of genetic variation in a crop are essential

in understanding the evolutionary relationships between accessions and to 

sample genetic resources in a more systematic fashion for breeding and 

conservation purposes. Traditionally, genetic resources in cowpeas are classified 

based on morphological markers. However, these morphological traits used in 

classification of cowpea to different accessions are conditioned by a relatively 

small number of genes. On the other hand, important traits which are related to 

habitat adaptation and exhibit enormous variability among cowpea germplasm 

are complex and quantitatively inherited. Hence, classifying germplasm based 

solely on a few discrete morphological characters may not provide an accurate 

indication of the genetic divergence among the cultivated genotypes of cowpea. 

Some characters that may be used for classification may be variable depending 

on growth conditions of the plant, and not genotype. The results for the screening 

experiment in chapter three exhibited some interesting trends. It was realized 

that the local farmer had an in depth knowledge about the climatic constraints 

and the selection method to be adopted to ensure some amount of yield every 

growing season. Thus the results showed that the drought tolerant accessions 

identified mostly were from the northern block of Ghana where the rainfall 

distribution is erratic and highly unreliable.

For the current upsurge in research into conservation agriculture (CA) to be 

successful, it is crucial to acknowledge that application will largely depend on the 

value that agricultural and molecular biology researchers place upon certain 

assets controlled by the poor and hitherto neglected farmers, specifically 

germplasm and related local knowledge. It should be noted that these regions 

inhabited by such farmers serve as reservoirs of genetic diversity for the 

development of genomics-based tools for increasing the ability of agricultural 

research to make use of such genetic diversity in developing improved crop 

varieties. In particular, the study noted that molecular markers can help
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researchers both to search germplasm collections for potentially valuable 

breeding materials and to make use of them by introgressing desirable traits into 

elite cultivars. It follows, then, that an agricultural research institute (or a network 

of such institutes) that has access to these tools will be in a position to make use 

of unconventional breeding materials such as farmers’ traditional varieties. This 

means that traditional varieties, together with farmer knowledge about the 

characteristics of such varieties, will take on enhanced value to researchers as 

genomics-based technologies become available to them, provided that the 

researchers are interested in making use of the genetic resources known to 

farmers. However, there are some scientists, who regard these farmer assets as 

being irrelevant to their work. Such scientists make use of the genetic material 

that is already held in germplasm collections, augmenting this by collecting wild 

relatives of the crop in question, and modern technologies are enabling them to 

screen accessions for desirable traits by examining their genomes, rather than 

their phenotypes. This approach is forcefully advocated by Tanksley and 

McCouch (1997), who assert that ‘there is tremendous genetic potential locked 

up in seed banks that can be released only by shifting the paradigm from 

searching for phenotypes to searching for superior genes with the aid of 

molecular linkage maps’. This then suggests two alternative approaches to 

broadening the genetic base of plant breeding. The first as advocated by Hall et 

al (2003), rely on the insights of the rural people to find plants whose phenotypes 

expressed desirable traits for further analysis as against the sidelining of the rural 

farmer in the second approach.

The wooden box screening method (Singh et al. 1999b) adopted for the study 

was successful in partitioning the germplasm to drought tolerant and susceptible 

lines. The results of the cluster analysis though informative, could not place these 

accessions into distinct groupings. However, analysis of the sources of collection 

against their respective drought status could give a fair idea of the origins and 

therefore further characterization of the germplasm and molecular analysis was 

proposed. More screening methods for drought, specifically field tests, replicates
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between years and sites should be conducted since the field analysis give the 

actual character that breeders want. However, there is the need also to conduct 

laboratory-based experiments which are much less labour-intensive, potentially 

more reliable, more reproducible and allowing larger screening projects. 
Laboratory tests can also enable screening for stresses not yet encountered in 

the field, resistance to new pathogens for example. Therefore, it would be ideal if 

the field tests are carried out and developed in parallel with lab-based 

approaches such as the box test used here, or new approaches such as growth 

in different osmolarities, or even tissue-culture based tests, bearing in mind that 

the box method only addresses just an aspect of field drought tolerance.

8.2.2: Molecular diversity analysis using molecular markers
The material sampled here demonstrated that there is a substantial pool of

diversity in Ghanaian cowpea germplasm. The results obtained when three multi 

locus PCR based molecular markers were used to characterize the 121 cowpea 

accessions were very informative. The three markers were highly polymorphic 

and could identify all the accessions used. The use of REMAP and I RAP markers 

in this study is the first of its kind in the analysis of Ghanaian cowpeas. There is 

therefore the need to design more primers and increase the germplasm base so 

that the potential in these two molecular techniques could be fully tapped. The 

results indicated that genome fingerprinting has a major role to play in the 

characterization of population structure and in the analysis of variability in 

cowpea. As yet, there is no evidence that the germplasm diversity of cowpea has 

been fully sampled and further and deeper sampling across Africa is still 

required. The strategies and potential of initiatives such as that of the Kirkhouse 

Trust (http://www.kirkhousetrust.org/) in establishing and equipping mobile DNA 

and genotyping laboratories in Ghana are particularly important in this regard. 

The accessions analyzed here have a largely different profile of diversity from 

those previously sampled. The Ghanaian cowpeas were different from the 

Leicester outgroup, but was somehow closely related to the IITA, Nigerian 

samples. Even in the important IITA study (Singh et al. 2002), a small number of
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accessions (seven of the 100) were very different from each other and the bulk of 

the collection analyzed. Molecular markers are increasingly being used to assess 

the diversity of germplasm collections, including collections of landraces and their 

wild relatives (Langridge et al. 2001).

8.3: Candidate gene fragment and gene expression analysis
Plants exposed to different water regimes induced different responses to gene

expression. The study confirmed that differential display PCR technique is an 

effective method for drought gene expression analysis for the identification of 

novel genes. Nine candidate gene fragments induced by drought stress were 

identified in chapter six from the DD-PCR analysis. The identified candidate gene 

fragments were successfully cloned, sequenced and characterized. There are 

two general approaches to identify and isolate genes involved in drought 

tolerance (Mullet et al. 2001). First, genes are targeted that show relatively rapid 

changes in expression at the RNA level in response to water limitation. Second, 

genes involved in drought tolerance are identified and isolated using map-based 

gene discovery technique. In this study the approach adopted was to design 

primers from fragments of candidate drought inducible genes, and the primers 

used to amplify corresponding fragment lengths from genomic DNA of cowpeas. 

Then the successful products were cloned and analyzed. Genes induced under 
water-deficit stress can be divided into two groups. The first code for proteins 

directly involved in protection, the second for proteins involved in regulation of 

signal transduction and gene expression (Thomashow, 1999; Shimamoto and 

Kyozuka, 2002; Zhu and Xiong, 2002; Shinozaki et al. 2003). These two major 

groups were also identified in the study. Following cellular perception of water 

loss, a signalling mechanism must be activated to induce specific genes (Bray, 

2002b). Different conditions induce different stress-induced genes and thus there 

must be several different signalling mechanisms. Some may lead to similar 

responses, but other relate to differences in onset of the drought whether 

regularly at a particular point in the season, or with gradual or sudden onset.
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Differences were identified in the expression analysis. Gene identification will be 

useful to conventional breeders using diversity in the species and for transgenic 

approaches with genes from the same and different species. Several different 

experimental systems, including lower and higher plants and microbes, have 

been analyzed for plant abiotic stress responses (Grover et al., 2003). Stress 

response has been analyzed at the molecular level to discover stress proteins, 

stress genes, stress promoters, trans-acting factors that bind to stress promoters 

and signal transduction components involved in mediating stress responses 

(Chaves et al. 2002). The functional relevance of stress-associated genes is 

being tested in different trans-systems, including yeast and higher plants. To 

overcome the scarcity of abiotic-stress-specific phenotypes for conventional 

genetic screenings, molecular genetic analysis, using a stress-responsive 

promoter-driven reporter, is a potential alternative to genetically dissecting 

abiotic-stress-signalling networks in plants (Xiong et al., 2001).

8.4: Problems encountered and their solutions
The cowpea seeds used for the study were mostly acquired from the open

market and from local farmers and so could not obtain adequate passport data of 
the lines from their source but rather from the Plant Genetic Resource Centre at 

Bunso, in Ghana.

The design of the experiment for screening of plants for drought tolerance was 

such that six plants were made to grow in the same pot for the preliminary study 

which resulted in overcrowding of the plants and atypical root environments. 

Subsequently replicates of three plants per pot in two sets of the same accession 

were adopted.

In the preliminary experiment, the seedlings were exposed to a night temperature 

of 15°C increasing to a maximum of 35eC during the day with a 6-hour 

supplementary light to stimulate the temperature regimes. The plants did not 

grow well, but when the supplementary light was increased to 10 hours the plants 

became well established and were adopted.
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8.5: Conclusions
• The study was aimed to attempt to identify DNA polymorphisms linked to 

drought stress that could be used in cowpea breeding programmes for 

drought tolerance. The approach was therefore to use the top-bottom 

experimentation system starting with the screening and identification of 

the phenotypes and subsequently to the identification of candidate gene 

fragments. All the physiological and molecular techniques used for the 

study were observed to be relevant and adequate for the task set.

• The pot screening method which was adopted for the screening of the 

cowpea lines into drought tolerant and susceptible varieties was 

successful. The results obtained indicated that there were more drought 

tolerant accessions in the germplasm used than the susceptible ones. 

This is significant in the sense that cowpea plant is generally considered 

to be fairly tolerant to drought stress. It was also realised that the 

morphological characters were inadequate to effectively serve as a means 

of determining the variability of the accessions used. Therefore it was 

proposed that genomic approaches be adopted for the diversity and 

genomic characterisation.

• The diversity analysis was performed using three different molecular 

markers, SSR, I RAP and REMAP techniques. The results indicated that 

these markers were highly polymorphic, they could all uniquely identify the 

accessions and they had very high correlation coefficient values amongst 

them. From the results of the cluster analysis crosses of the lines could be 

planned for further analysis.

• The results from the fragment candidate gene cloning and sequencing 

analysis indicated that there was enormous diversity amongst the 

accessions used. SNPs were identified in both the exonic and the intronic 

regions, as well as some deletions and insertions were also identified. The
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SNPs were observed to be largely transition in character with less than 

20% transversions. Analysis of the clones with other plant species 

indicated that they were putatively involved in combating drought stress or 

serving as transport systems for signalling purposes. In the future, 

approaches to this part of the study will change as DNA sequencing (“the 

$1000 human genome”) technologies become faster and cheaper.

The study also identified potential abiotic or drought inducible gene 

fragments in cowpea from the DD-PCR and the candidate gene fragment 

analysis, like water stressed proteins, osmotic stress-activated protein 

kinase, respiratory bust oxidase and calcium binding/NADPH oxidase. The 

results indicated cross-talk between the signalling and functional 

regulatory mechanisms within the stress mitigation systems. The BLAST 

analysis also indicated that some of the identified inducible genes in 

cowpea were common with stress genes in many other plant species like 

Arabidopsis and rice. The design of the study, that is, the top-down 

approach (i.e. phenotype to gene) has been successful as a lot of useful 
links have been identified that could broaden the general approach in the 

identification of genes related to abiotic stress in general and drought 

tolerance in general. Genes induced under water-deficit stress were 

divided into two groups. The first code for proteins directly involved in 

protection, the second for proteins involved in regulation of signal 
transduction and gene expression. Following cellular perception of water 

loss, a signalling mechanism must be activated to induce specific genes 

as indicated by Bray (2002b). Different conditions induce different stress- 

induced genes and thus there must be several different signalling 

mechanisms that are useful for future identification and analysis. 

Technologies such as microarrays for gene expression analysis, as well 

as real time, quantitative PCR, have considerable potential as alternative 

routes to identify and confirm responses of plant genes to abiotic-stress.
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Further Research
Molecular markers closely linked to genes of agronomic importance have been 

demonstrated to be useful tools for indirect selection in a barley breeding 

programmes (Jefferies et al. 2004). Marker-assisted selection is time-efficient, 

non-destructive and depending on linkage relationships, characterized by low 

selection error. Marker assisted selection should be done on a case by case 

basis. Further investigation for drought tolerance will be required to establish the 

importance of the identified genomic regions in other backgrounds. Also, field 

evaluation is required to establish the effectiveness of the drought screening 

system in modelling water responses and in evaluating the stability of QTLs 

across environments.

The QTLs and molecular markers for drought tolerance provide further evidence 

for the inheritance of the stem reserve mobilization. Compared with conventional 
methods, QTLs and molecular markers provide breeders new alternatives for 

selection. Marker assisted selection can accelerate breeding by reducing the 

time to develop new cultivars (Bruce et al. 2002; Mayes et al 2005). Further 

research is needed on molecular markers and QTL mapping to screen potential 

parents for drought tolerance in cowpea.

As there is the possibility of the whole genome of cowpea being sequenced in 

the not very near future by the Timko group (2006), microarray analysis will be 

used to identify candidate genes. Genes that are induced by stress are ideal for 

comparative microarray analysis. A typical experiment will be to challenge an 

array of ESTs with RNA extracted from stressed and unstressed tissues. A 

comparison of the two will identify genes that are up-regulated in the stressed 

tissues and those which are down-regulated or switched off.

241 University of Leicester





References

References

Aasamaa, K., Sober, A., Rahi, M. 2001. Leaf anatomical characteristics 

associated with shoot hydraulic conductance, stomatal conductance and 

stomatal sensitivity to changes of leaf water status in temperate deciduous trees. 
Aust J Plant Physiol 28: 765-774

Acevedo, E. and Ceccarelli, S. 1989. Role of physiologist-breeder in a 

breeding program for drought resistance conditions. Pages 117-139; in Drought 

resistance in cereals, edited by W.G. Baker. CAB International, Wallingford, UK.

Ajeigbe, H.A., Mohammed, S.G., and Singh, B.B. 2006. Comparative 

assessment of yield potentials of improved cowpea breeding lines using 

performance index and ranking methods. Journal of Food, Agriculture, and 

Environment 4(3-4): 95-98.

Akagbor, S.M. 2002. Farmer participatory irrigation project management: case 

study of small-scale irrigated agriculture promotion. 
www.fao.org/nr/water/aquastat/countries/ghana/index.stm - 55k -

Akkaya, M. S., Bhagwat, A.A., and Cregan, P.B. 1992. Length polymorphisms 

of simple sequence repeat DNA in soybean. Genetics 132:1131-1139

Akkaya, M.S., Shoemaker, C.R., Specht, J.E., Bhagwat, A.A., and Cregan 

P.B. 1995. Integration of simple sequence repeats DNA markers into a soybean 

linkage map. Crop Sci. 35: 1439-1445

Akkaya, M.S., and Buyukunal-Bal, E.B. 2004. Assessment of genetic variation 

of bread wheat varieties using microsatellite markers Euphytica 135:179-185.

242 University of Leicester

http://www.fao.org/nr/water/aquastat/countries/ghana/index.stm


References

Ali, M., Jensen, C.R., Mogensen, V.O., Andersen, M.N., Henson, I.E. 1999.
Root signalling and osmotic adjustment during intermittent soil drying sustain 

grain yield of field grown wheat. Field Crops Research 62, 35-52.

Allen, D.J. 1983. The pathology of tropical food legumes. John Wiley and Sons, 
Chi Chester.

Altschul, S. F., Madden, T. L., Schaffer, A. A., Zhang, J., Zhang, Z., Miller, 
W., & Lipman, D. J.1997. Gapped BLAST and PSI-BLAST: A new generation of 

protein database search programs. Nucl. Acids Res., 25, 3389-3402.

Amede, T., Kittlitz, E.V., Schubert, S. 1999. Differential drought responses of 

faba bean (Vicia faba L.) inbred lines. Journal of Agronomy and Crop 

Science.183: 35-45.

Anderson, K.A. and Kohorn, B.D. 2001. Inactivation of Arabidopsis SIP1 leads 

to reduced levels of sugars and drought tolerance. J. Plant Physio. 158: 1215- 

1219

Apte, U.B., Chavan, S.A., and Jadhav, B.B. 1987. Genetic variability and 

heritability in cowpea. Indian Journal of Agricultural Sciences 57: 596-598.

Aranzana, M.J., Pineda, A., Cosson, P., Dirlewanger, E., Ascasibar, J., 
Cipriani, G., Ryder, C.D., Testolin, R., Abbott, A., King, G.J., lezzoni, A.F., 
Arus, P. 2003. A set of simple-sequence repeat (SSR) markers covering the 

Prunus genome. Theor Appl Genet.; 106(5):819-25.

Arraudeau, M.A. 1989. Breeding strategies for drought resistance. Pages 107- 
l ie  in Drought resistance in cereals, edited by W.G. Baker. CAB International, 

Wallingford, London, UK

243 University of Leicester



References

Ashley, J. 1993. Drought and crop adaptation. Pages 46-67 in Dryland farming 

in Africa, edited by J.R.J. Rowland. Macmillan Press Ltd, UK

Asseng, S., Keating, B.A., Fillery, I.R.P., Gregory, P.J. Bowden, J.W., 
Turner, N.C., Palta, J.A., and Abrecht, D.G. 1998. Performance of the APSIM- 
Wheat model in Western Australia. Field Crops Research 57:163-179.

Aveling, T.A.S. and Adandonon, A. 1999. Pre- and post-emergence damping- 

off of cowpea caused by Pythium ultimum in South Africa. Plant Disease 84(8): 

922-928.

Babu, R.C., Shashidhar, H.E., Lilley, J.M., Thanh, N.D., Ray, J.D., 
Sadasivam, S., Sarkarung, S., O'Toole, J.C., Nguyen, H.T. 2004. Variation in 

root penetration ability, osmotic adjustment and dehydration tolerance among 

accessions of rice adapted to rainfed lowland and upland ecosystems. Plant 
Breeding 120 (3): 233-238.

Baker, J., Steele, C., and Dure, L. 1988. Sequence and characterization of 6 lea 

proteins and their genes from cotton. Plant Mol. Biol 11: 277-291.

Ball, R.A., Oosterhuis, D.M., and Mauromoustakos, A.1994. Growth dynamics 

of the cotton plant during water-deficit stress. Agron. J. 86:788-795.

Bandelj, D, Jakse, J, Javornik, B. 2004. Assessment of genetic variability of 

olive varieties by microsatellite and AFLP markers. Euphytica 136: 93-102.

Baranger, A., Aubert, G. Arnau, G., Laine, A.L., Deniot, G., Potier, J 

Weinachter, C., Lejeune-Henaut, I., Lallemand, J., and Burstin, J. 2004.
Genetic diversity within Pisum sativum using protein- and PCR-based markers. 

Theoretical and Applied Genetics. 108:1309-1321

244 University of Leicester



References

Barone, A., Saccardo, F. 1990. Pachytene morphology of cowpea chromosome. 

p.137-143, In: N.Q. Ng and L.M. Monti (eds.). Cowpea genetic resources, IITA, 
Ibadan. 200p.

Barrett, B.A., Kidwell, K.K. 1998. AFLP-based genetic diversity assessment 

among wheat cultivars from the Pacific Northwest. Crop Science 38: 1261 ±1271

Bartels, D., and Nelson D.1994. Approaches to improve stress tolerance using 

molecular genetics. Plant Cell Environ 17: 659-667

Basal, H., Bebeli, P., Smith, C.W., and Thaxton, P. 2003. Root growth 

parameters of converted race stocks of upland cotton (G. hirsutum L.) and two 

BC2F2 populations. Crop Sci. 43:1983-1988.

Basal, H., Smith, C. W., Thaxton, P. S., and Hemphill, J. K. 2005. Seedling 

Drought Tolerance in Upland Cotton. Crop Sci 45:766-771

Bassam, B.J., Anolles, G.C., Gresshoff, P.M. 1991. Fast and sensitive silver 

staining of DNA in polyacrylamide gels. Anal. Biochem. 196, p. 80-83

Basu, S., Roberts, J. A ., Azam-Ali, S. N., Mayes, S. 2007. Development of 

microsatellite markers for bambara groundnut (Vigna subterranea L. Verde.) — 

an underutilized African legume crop species Molecular Ecology Notes (Online 

Early Articles).

Baudoin, J. P. & Marechal, R.1985. Genetic diversity in Vigna. In: R. S. Singh & 

K. O. Rachie, eds. Cowpea Research. Production and Utilization, Plant 
Breeding,118 (5): 417-423

245 University of Leicester



References

Betran, F.J., Ribaut, D. Beck, and Gonzalez de Leon D. 2003. Genetic 

diversity, specific combining ability, and heterosis in tropical maize under stress 

and non-stress environments. Crop Sci. 43:797

Blum, A. 1988. Plant breeding for stress environments. CRC Press, Boca, 

Florida, USA, pp. 220-223.

Blum, A. 1998. Improving wheat grain filling under stress by stem reserve 

mobilization. Euphytica 100, 77-83.

Blum, A. 1999. Crop responses to drought and interpretation of adaptation. Plant 

Growth Regul. 120: 135-148

Blum, A. 2002. Drought tolerance-ls it a complex trait? Field screening for 

drought tolerance in crop plants with emphasis on rice. p. 17-22. In N.P. Saxena 

and J.C. O'Toole (ed.) Field screening for drought tolerance in crop plants with 

emphasis on rice. Int. Workshop on Field Screening for Drought Tolerance in 

Rice, Patancheru, India. 11-14 Dec. 2000. ICRISAT, Patancheru, India, and the 

Rockefeller Foundation, New York.

Blum, A. 2004. Sorghum physiology. In ‘Physiology and biotechnology 

integration for plant breeding’. (Eds HT Nguyen, A Blum) pp. 141-223. (Marcel 

Dekker: New York)

Blum, A., Arkin, G.F. 1984. Sorghum root growth and water-use as affected by 

water supply and growth duration. Field Crops Research 9, 131-142.

Blum, A., Golan, G., Mayer, J., Sinmena, B. 1997. The effect of dwarfing genes 

on sorghum grain filling from remobilized stem reserves under stress. Field 

Crops Research 52, 43-54.

246 University of Leicester



References

Blum, A., Klueva, N., Nguyen, H.T. 2001. Wheat cellular thermotolerance is 

related to yield under heat stress. Euphytica 117, 117-123.

Blum, A., Munns, R., Passioura, J.B., Turner, N.C., Sharp, R.E., Boyer, J.S., 
Nguyen, H.T., Hsiao, T.C.. 1996. Genetically engineered plants resistant to soil 

drying and salt stress: how to interpret osmotic relations? Plant Physiology 

110:1051-1053

Blum, A., Ritchie, J.T. 1984. Effect of soil surface water content on sorghum 

root distribution in the soil. Field Crops Research 8: 169-176.

Blum, A., Zhang, J.X., Nguyen, H.T. 1999. Consistent differences among wheat 

cultivars in osmotic adjustment and their relationship to plant production. Field 

Crops Research 64, 287-291.

Boeke, J. D., La Croute, F. & Fink, G. R. (1985). A positive selection for 

mutants lacking orotidine-5'-phosphate decarboxylase activity in yeast: 5-fluoro- 

orotic acid resistance. Mol Gen Genet 197, 345-346.

Bohnert H.J., Nelson D.E., Jensen R.G. 1995. Adaptations to environmental 

stresses. Plant Cell 7: 1099-1011

Borlaug, N.E. 1997. Feeding the world during the next doubling of the world 

population, p. 523-555. In M.S. Swaminathan and S.L. Kochhar (ed.) Plants and 

society. Macmillan, London.

Borsani, O., Cuartero, J., Fernandez, J.A., Valpuesta, V., Botella, M.A. 2001.

Identification of two loci in tomato reveals distinct mechanisms for salt tolerance. 
Plant Cell 13: 873-887

247 University of Leicester



References

Botstein, D., White, R. L., Skolnick, M., and Davis, R. W. 1980. Construction 

of a genetic linkage map in man using restriction fragment length polymorphisms. 
Am. J. Hum. Genet. 32:314-331.

Boyer, J.S. 1996. Plant productivity and environment. Plant Science 418:443- 
448.

Boyko, A., Filkowski, J., Kovalchuk, I. 2005. Homologous recombination in 

plants is temperature and day length dependent. Mutat Res 572: 73-83

Bray, E.A.1993. Update on water deficit: molecular responses to water deficit. 
Plant Physiology 103: 1035-1040.

Bray, E.A. 1997. Plant responses to water deficit. Trends Plant Sci. 2:48-54.

Bray, E.A. 2002a. Abscisic acid regulation of gene expression during water- 
deficit stress in the era of the Arabidopsis genome. Plant Cell Environment 25, 
153-161.

Bray, E.A. 2002b. Classification of genes differentially expressed during water- 
deficit stress in Arabidopsis thaliana: an analysis using microarray and differential 

expression data. Annals of Botany 89: 803-811

Bray, E.A*, Moses, M.S., Chung, E. and Imai, R.1997. The role of abscisic acid 

'in the regulation of gene expression during drought stress. In L. Nover and A. 

Leone (ed.). Genes and Their Products for Tolerance to Physical Stresses in 

Plants, Vol. 2. European Science Foundation, 48-54.

Bressan, R. A., Zhang, C., Zhang, H., Hasegawa, P. M., Bohnert, H. J., and 

Zhu, J.K. 2001. Learning from the Arabidopsis Experience. The Next Gene 

Search Paradigm. Plant Physiol. 127. 1354-1360

248 University of Leicester



References

Bressani, R. 1985. Nutritive value of cowpea. Pages 353-360 in 

Cowpea:research, production and utilization, edited by S.R. Singh and K.O. 
Rachie, John Wiley & Sons, New York, USA.

Brown, P.O., and Bostein, D. 1999. Exploring the new world of the genome with 

DNA microarrays. Nature Genetics 21, 33-37.

Brown, S.M., Hopkins, M.S., Mitchell, S.E., Senior, M.L.,Wang, T.Y., Duncan, 
R.R., Gonzalezcandelas, F., and Kresovich, S.1996. Multiple methods for the 

identification of polymorphic simple sequence repeats (SSRs) in sorghum 

[Sorghum bicolor (L) moench]. Theor. Appl. Genet. 93:190-198.

Brunei, D. 1994. A microsatellite marker in Helianthus annuus L. Plant Mol. Biol. 
24:397-400.

Bruce, W.B., Edmeades, G.O., Baker, T.C. 2002. Molecular and physiological 

approaches to maize improvement for drought tolerance. Journal of Experimental 
Botany 53, 13-25.

Byrne, P.F., and McMullen, M.D.1996. Defining genes for agricultural traits:

QTL and the candidate gene approach. Probe 7:24-27.

Cardinali, G., Pellegrini, L., and Martini, A.1996. Improvement of chromosomal 

DNA extraction from different yeast species by analysis of single preparation 

steps. Yeast 13:1027-1029.

Champoux, M.C., G. Wang, S. Sarkarung, D.J. Mackill, J.C. O'Toole, N. 
Huang, and S.R. McCouch. 1995. Locating genes associated with root 

morphology and drought avoidance in rice via linkage to molecular markers. 
Theor. Appl. Genet. 90:969-981

249 University of Leicester



References

Chaves, M.M., Pereira, J.S., Maroco, J., Roddrigues, M.L., Richardo, C.P.P., 
Osorio, M.L., Carvalho, I., Faria, T., Pinheiro, C. 2002. How plants cope with 

water stress in the field, photosynthesis and growth. Annals of Botany 89, 907- 

916.

Chen, W.Q., Provart, N.J., Glazebrook, J., Katagiri, F., Chang, H.S., Eulgem, 
T., Mauch, F., Luan, S., Zou,G.Z., Whitham, S.A. et al. 2002. Expression profile 

matrix of Arabidopsis transcription factor genes suggests their putative functions 

in response to environmental stresses. Plant Cell 14: 559-574

Cisse, N., Ndiaye, M.,Thiaw, S., Hall, A.E. 1995. Registration of ‘Mouride’ 

cowpea Crop Science 35:1215-1216.

Cisse, N., Ndiaye, M.,Thiaw, S., Hall, A.E. 1997. Registration of ‘Melakh’ 

cowpea Crop Science 37:1978.

Coetzee, J.J. 1995. Cowpeas: A Traditional Crop in Africa. Africa Crops Info '95 

Leaflet. Vegetable and Ornamental Plant Institute and the Grain Crops Institute, 

Agricultural Research Council, Pretoria.

Colebatch, G., Cooper, P., East, P., 2002. cDNA cloning of a salivary 

chymotrypsin-like protease and the identification of six additional cDNAs 

encoding putative digestive proteases from the green mirid, Creontiades dilutus 

(Hemiptera: Miridae). Insect Biochem. Mol. Biol. 32,1065-1075.

Cook, C.G., and El-Zik, K.M.1992. Cotton seedling and first-bloom plant 

characteristics: Relationships with drought-influenced boll abscission and lint 
yield. Crop Sci. 32:1464-1467.

250 University of Leicester



References

Courtois, B., G. McLaren, P.K. Sinha, K. Prasad, R. Yadav, and L. Shen. 
2000. Mapping QTL associated with drought avoidance in upland rice. Mol. 

Breed. 6:55-66.

Craufurd, P.Q., Ellis, R.H., Summerfield, R.J., and Menin, 1.1996a.
Development in cowpea (Vigna unguiculata), I. The influence oftemperature on 

seed germination and seedling emergence. Exp.Agric. 32:1-12.

Craufurd, P.Q., Qi, A., Ellis, E.H., Summerfield, R.J., and Roberts,
E.H.1996b. Development in cowpea (Vigna unguiculata), II. Effects of

temperature and saturation deficit on time to flowering in photoperiod-insensitive 

genotypes. Exp. Agric. 32:13-28.

Craufurd, P.Q., Qi, A., Summerfield, R.J., Ellis, R.H., and Roberts,
E.H.1996c. Development in cowpea (Vigna unguiculata), III. Effects of

temperature and photoperiod on time to flowering in photoperiod sensitive 

genotypes and screening for photothermal responses. Exp.Agric. 32:29-40.

Cregan, P.B., Mudge J., Fickus E.W., Marek L.F., Danesh D., Denny R., 
Shoemaker R.C., Matthews B.F., Jarvik T., Young N.D. 1999. Targeted 

isolation of simple sequence repeat markers through the use of bacterial artificial 

chromosomes. Theor. Appl. Gent.;In press.

Cushman, J.C., Bohnert H.J. 2000. Genomic approaches to plant stress 

tolerance.Curr.Opin. Plant Biol 3:117-124.

Davis, D.W., Oelke, E.A., Oplinger, E.S., Doll, J.D., Hanson, C.V., and 

Putnam, D.H.1991. Alternative plant and animal products: Programs in 

information exchange and research. In: Alternative Field Crops Manual. Janick 

and J.E. Simon (eds). New crops. John Wiley and Sons, New York, pp. 133-143.

251 University of Leicester



References

Deleu, C., Coustaut, M., Niogert, M-F., and Larher, F.1999. Three new osmotic 

stress-regulated cDNAs identified by differential display polymerase chain 

reaction in rapeseed leaf discs. Plant Cell Environ. 22:979-988.

De Souza, P.I., Egli, D., and Bruening, W. 1997. Water stress during seed 

filling and leaf senescence in soybean. Agron. J. 89:807-812.

Devos, K.M., Bryan, G.J., Collins, A.J., Stephenson, P., and Gale, M.D. 1995.
Application of two microsatellite sequences in wheat storage proteins as 

molecular markers. Theor. Appl. Genet. 90:247-252.

Diwan, N., Bhagwat, A.A., Bauchan, G.B., and Cregan, P.B. 1997. Simple 

sequence repeat DNA markers in alfalfa and perennial and annual Medicago 

species. Genome 40:887-895.

Diwan, N., Cregan, P.B. 1997. Automated sizing of fluorescent-labeled simple 

sequence repeat (SSR) markers to assay genetic variation in soybean. Theor. 

Appl. Genet.; 95:723-733.

Dixon, R.A., and Sumner, L.W. 2003. Legume Natural Products: Understanding 

and Manipulating Complex Pathways for Human and Animal Health. Plant 

Physiol 131: 878-885

Doebley, J. 1989. Isozymic evidence and the evolution of crop plants, p. 165- 

191. In D.E. Soltis and P.S. Soltis (ed.) Isozymes in plant biology. Dioscorides 

Press, Portland, OR.

Doyle, J.J., Gaut, B. 2000. Evolution of genes and taxa: a primer. Plant Mol Biol 

42:1-23

252 University of Leicester



References

Doyle, J.J., Luckow, M.S. 2003. The rest of the iceberg: legume diversity and 

evolution in a phylogenetic context. Plant Physiol (in press).

Drabo, I., Ladeinde, T.A.O., Redden, R., and Smithson, J.B. 1985. Inheritance 

of seed size and number per pod in cowpeas (Vigna unguiculata). Field Crop 

Research 11: 335-344

Duke, J.A. 1981. Handbook of Legumes of World Economic Importance. Plenum 

Press, New York.

Dure, L.1993b. Structural motifs in Lea proteins. In TJ Close, EA Bray, eds, 

Plant Responses to Cellular Dehydration during Environmental Stress. Current 
Topics in Plant Physiology, Vol 10. American Society of Plant Physiologists, 

Rockville, pp 91-103

D’urzo, M.P., Pedalino, M., Grillo, S., Rao, R., and Tucci, M. 1990. Variability 

in major seed proteins in different Vigna species. In: Cowpea genetic resources. 
Ng, N.Q and L.M. Monti (eds). IITA, Ibadan, Nigeria, pp 90-100.

Earl, H.J., and Davis, R. F. 2003. Effect of Drought Stress on Leaf and Whole 

Canopy Radiation Use Efficiency and Yield of Maize. Agronomy Journal 95:688- 
696

Ehlers, J.D., and Hall, A.E.1997. Cowpea (Vigna unguiculata L. Walp). Field 

Crops Res. 53:187-204.

Elawad, H.O.A., and Hall, A.E. 2002. Registration of ‘Ein El Gazal’ Cowpea. 
Crop Science 42:1745-1746

Emebiri, L.C. 1989. Inheritance and breeding significance of two floral 

morphological traits in cowpea (Vigna unguiculata). Journal of Agricultural

253 University of Leicester



References

Science (Cambrige) 112: 137-138.

Emebiri, L.C. and Obisesan, I.O. 1991. Duration of specific developmental 

stages in cowpea (Vigna unguiculata L. Walp): Heritability and relationship to 

yield. J. Genet, and Breeding 45:81-86.

FAO. 1998. The State of the World’s Plant Genetic Resources for Food and 

Agriculture. FAO, Rome, Italy.

FAOSTAT (Food and Agriculture Organization Statistical Database) 2000. 
Internet: http://apps.fao.orq/paae/collections?subset=aariculture.

FAO:2001. FAOSTAT Agricultural Data. Http://apps.fao.orq/cqi-bin/nph- 

db.pl?subset=aariculture. Hamdy, M. 1989. Cowpea processing project 685- 

0281. USAID. Dakar, Senegal. 140 pp.

FAO. 2002. International Treaty on Plant Genetic Resources for Food and 

Agriculture. FAO, Rome, Italy

Fatokun, C.A., Menancio-Hautea, D.I., Danesh, D., and Young, N.D. 1992.
Evidence for orthologous seed weight genes in cowpea and mung bean based 

on RFLP mapping. Genetics 132:841-846.

Fatokun, C.A., Danesh, D., and Young, N.D.1993. Molecular taxonomic 

relationships in the genus Vigna based on RFLP analysis. Theor. Appl. Genet. 

86:97-104.

Fatokun, C.A., Mignouna, H.D., Knox, M.R., and Ellis, T.H.N.1997. AFLP 

variation among cowpea varieties, p. 156. In Agronomy Abstracts. ASA, 

Madison, Wl.

254 University of Leicester

http://apps.fao.orq/paae/collections?subset=aariculture
Http://apps.fao.orq/cqi-bin/nph-


References

Federoff, N.V. 1989. Maize transposable elements. In Mobile DNA (ed. D.E. 

Berg and M.M. Howe), pp. 375-411. American Society for Microbiology, 
Washington, DC.

Felsenstein, J. 1985. Confidence limits on phylogenies: An approach using the 

bootstrap. Evolution 39:783-791.

Fery, R.L. 1985. The genetics of cowpea: A review of the world literature, p. 25- 

62. In Singh et al. (ed.) Cowpea research, production and utilization. John Wiley 

& Sons, New York.

Fery, R. L.., Duke P. D., Thies, J. A. 1994. Characterization of new sources of 

resistance in cowpea to the southern root-knot nematode. HortScience: 29 

(6). 678-679

Flavell, A.J., Knox, M.R., Pearce, S.R. and Ellis, T.H.N. 1998.

Retrotransposon-based insertion polymorphisms (RBIP) for high throughput 
marker analysis. Plant J. 16: 643-650.

Flight, C.1976. The Kintampo culture and its place in the economic prehistory of 

West Africa. In: Origins of African plant domestication. Harlan, J.R., J.M.J. de 

Wed and A.B.L Stemler (eds). Mouton. The Hague, Netherlands, pp. 212-217.

Fox, K.M. and Karplus, P.A. 1995. Old yellow enzyme at 2A resolution:

Overall structure, ligand binding, and comparison with related flavoproteins. 
Structure 2:1089-1105

Foyer, C., Valadier, M.H., Migge, A. and Becker, T. 1998. Plant Physiology., 
117:283-292

255 University of Leicester



References

French, C.E., and Bruce, N.C.1994. Purification and characterization of 

morphinone reductase from Pseudomonas putida M10. Biochem. J. 301, 97-103.

Galasso, I., Harrison, G. E., Pignone, D., Brandes, A., and Heslop-Harrison, 
J. S.1997. The Distribution and Organization of Ty1-cop/a-like Retrotransposable 

Elements in the Genome of Vigna unguiculata (L.) Walp. (Cowpea) and its 

Relatives. Annals of Botany 80: 327±333

Gale, M.D., Devos, K.M., and Moore, G. 2001. Rice as the pivotal genome in 

the new era of grass comparative genetics, p. 77-84. In G.S. Khush (ed.) Rice 

genetics III. IRRI, Manila, The Philippines.

Gale, M., Moore, G. and Devos, K. 2001. Rice -  the pivotal genome in cereal. 
Comparative genetics. Novartis Foundation Symposium 236, 46-53.

Gawel, N.J., Jarret, R.L. 1991. Chloroplast DNA restriction fragment length 

polymorphisms (RFLPs) in Musa species. Theoretical and Applied Genetics 81: 
783-786.

Gawel, N.J., Jarret, R.L., Whittemore, A.P. 1992. Restriction fragment length 

polymorphism (RFLP)-based phylogenetic analysis of Musa. Theoretical and 

Applied Genetics 84: 286-290.

Gebbing, T., Schnyder, H. 1999. Pre-anthesis reserve utilization for protein and 

carbohydrate synthesis in grains of wheat. Plant Physiology, 121, 871-878.

Godwa, M., Venu, R. C., Roopalakshmi, K., Sreerekha, M. V.,Kulkarni, R. S. 
2003. Advances in rice breeding, genetics andgenomics. Molecular Breeding, 11, 
337-352.

256 University of Leicester



References

Goff, S.A., Ricke, D., Lan, T.H., Presting, G., and Wang, R. 2002. A draft 

sequence of the rice genome (Oryza sativa L. spp. japonica). Science 296: 92- 
100

Gonzalez, M., Rodriguez, R., Zavala, M.E., Jacobo, J.J., Hernandez, F., 
Acosta-Gallegos, J.A., Martinez, O., and Simpson, J.P. 1998.
Characterization of Mexican isolates of Colletotrichum lindemuthianum by using 

differential cultivars and molecular markers. Phytopathology 88:292-299.

Goyal, K., Walton, L. J., and Tunnacliffe, A. 2005b. LEA proteins prevent 
protein aggregation due to water stress. Biochem. J. 388:151-157.

Graham, P. H., and. Vance, C. P. 2003. Legumes: importance and constraints 

to greater use. Plant Physiol. 131: 872 -  877.

GIDA.2002: Grains improvement and development agency-Ghana.2002.

Griffiths, H. and Parry, M. A. J. 2002. Plant Responses to Water Stress.

Annals of Botany 89: 801 -802

Grover, A., Aggarwal, P.K., Kapoor, A., Katiyar-Agarwal, S., Agarwal, M., 
Chandramouli, A. 2003. Addressing abiotic stresses in agriculture through 

transgenic technology. Curr. Sci. 84, 355-367.

Grover, A., Katiyar-Agarwal, S., Agarwal, M., Sahi, C., Satya Lakshmi, O., 
Dubey, H., Agarwal, S., and Kapoor, A. 2001. Production of abiotic stress 

tolerant transgenic rice plants. Proc Third Int Rice Genet Symp. Int Rice Res Inst, 

Manila, Philippines, in press.

257 University of Leicester



References

Grover, A., Sahi, C., Sanan, N., Grover, A. 1999. Taming abiotic stresses in 

plants through genetic engineering: current strategies and perspective. Plant 
Sc/.; 143:101-111.

Gu, X., Chen, Z., and Foley, M.F. 2003. Inheritance of Seed Dormancy in 

Weedy Rice. Crop Science 43:835-843

Guedira-Brown, G.L., Thompson, J.A., Nelson, R.L., and Warburton M.L. 
2000. Evaluation of genetic diversity of soybean introductions and North 

American ancestors using RAPD and SSR markers. Crop Sci 40:815-823.

Guo, L., and Paiva, N.L. 1995. Molecular cloning and expression of alfalfa 

(Medicago sativa L.) vestitone reductase, the penultimate enzyme in medicarpin 

biosynthesis. Arch Biochem Biophys 320: 353-360

Gwathmey, C.O., Hall, A.E., 1992. Adaptation to midseason drought of cowpea 

genotypes with contrasting senescence traits. Crop Sci. 32, 773-778.

Gwathmey, C.O., Hall, A.E., Madore, M.A., 1992. Pod removal effects on 

cowpea genotypes contrasting in monocarpic senescence traits. Crop Sci. 32, 
1003-1009.

GSS 2006: Ghana statistical service. Results of 2004 Population census of 

Ghana and analysis. Ghana News Agency bulletin.

Hall, A.E., 1992. Breeding for heat tolerance. Plant Breed. Rev. 10, 129-168.

Hall, A.E., 1993. Physiology and breeding for heat tolerance : In cowpea, and 

comparison with other crops. In: Kuo, C.G. (Ed.), Proceedings of the International 
Symposium on Adaptation of Food Crops to Temperature and Water Stress,

258 University of Leicester



References

Taiwan, 13-18 August. Asian Vegetable Research and Development Center, 

Shanhua, pp. 271-284, Taiwan. Publ. No. 93-410.

Hall, A.E., Cisse, N., Thiaw, S., Elawad, H.O.A., Ehlers, J.D., Ismail, A.M., 
Fery, R.L., Roberts, P.A., Kitch, L.W., Murdock, L.L., Boukar, O., Phillips, 
R.D.,McWatters, K.H., 2003. Development of cowpea cultivars and germplasm 

by the bean/cowpea CRSP. Field Crops Res. 82,103-134.

Hall A.E., Grantz, D.A. 1981. Drought resistance of cowpea improved by 

selecting for early appearance of mature pods. Crop Sci 21:461-464

Hall, A.E., Patel, P.N., 1985. Breeding for resistance to drought and heat. In: 

Singh, S.R., Rachie, K.O. (Eds.), Cowpea Research, Production, and Utilization. 

Wiley, New York, pp. 137-151.

Hall, A.E., Singh, B.B., Ehlers, J.D., 1997. Cowpea breeding. Plant Breed. Rev. 

15,215-274.

Hamilton III, E. W., Heckathorn, S. A. 2001. Mitochondrial adaptations to NaCI 

stress: Complex I is protected by anti-oxidants and small heat shock proteins, 
whereas Complex II is protected by proline and betaine. Plant Physiology 126: 
1266-1274

Hartung, W., Wilkinson, S., and Davis, W.J. 1998. Factors that regulate 

abscisic acid concentrations at the primary site of action at the guard cell. J. Exp. 

Bot. 149:361-367.

Hayes, J.D. and Pulford, D.J. 1995. The glutathione S-transferase supergene 

family: regulation of GST and contribution of the isoenzymes to cancer

259 University of Leicester



References

chemoprevention and drug resistance. Crit. Rev. Biochem. Mol. Biol., 30, 445- 

600.

Heide, Tiemen van der and Poolman, Bert. 2000. ABC transporters: one, two 

or four extracytoplasmic substrate-binding sites? EMBO Rep. 3(10): 938-943

Helariutta, Y., Elomaa, P., Kotilainen, M., Seppanen, P., Teeri, T.H. 1993.
Cloning of cDNA coding for dihydroflavonol-4-reductase (DFR) and 

characterization of dfr expression in the corollas of Gerbera hybrids var. Regina 

(Compositae). Plant Mol Biol 22:183-193

Heslop-Harrison, J.S. 2000. Comparative genome organization in plants: from 

sequence and markers to chromatin and chromosome.s. Plant Cell 12 : 617-635

Heslop-Harrison, J.S., Brandes, A., Taketa, S., Schmidt, T., Vershinin, A.V., 
Alkhimova, E.G., Kamm, A., Doudrick, R.L., Schwarzacher, T., Katsiotis, A., 
Kubis, S., Kumar, A., Pearce, S.R., Flavell, A.J., and Harrison, G.E. 1997.
The chromosomal distributions of Ty 1-copia group retrotransposable elements in 

higher plants and their implications for genome evolution. Genetica, 100: 197- 

204.

Hoekstra, F.A., Golovina, E.A., Buintink, J. 2001. Mechanisms of plant 
desiccation tolerance. Trends Plant Sci 6, 431-438

Hoisington, D., Khairallah, M., Reeves, T., Ribault, J.M., Skovmand, B., 
Taba, S., Warburton, M. 1999. Plant genetic resources: what can they 

contribute toward increased crop productivity? Proceedings of the National 
Academy of Sciences, USA 96, 5937-5943.

260 University of Leicester



References

Hormaza, J.l. 2002. Molecular characterization and similarity relationships 

among apricot (Prunus armeniaca L.) genotypes using simple sequence repeats, 
Theor. Appl. Genet 104: 321-328.

Hubick, K. T., Farquhar, G. D., and Shorter, R. 1986. Correlation between 

water-use efficiency and carbon isotope discrimination in diverse peanut 

(Arachis) germplasm.Australian Journal of Plant Physiology 13: 803-816.

Ibarra-Perez, F.J., Ellstrand, N.C. & Waines, J.G. 1996. Multiple paternity in 

common bean (Phaseolus vulgaris L., Fabaceae). Amercian Journal of Botany, 
83, 749-758.

Imrie, B. C., Williams, R. W., Lawn, R. J. 2000. Breeding for weather resistance 

in mungbean. In: Mungbean. Proceedings of the Second International 

Symposium (Eds. S. Shanmugasundaram and B. T. McLean). AVRDC, Taiwan, 
pp. 130-135.

Ismail, A.M., Hall, A.E. 1998. Positive and potential negative effects of heat- 

tolerance genes in cowpea lines. Crop Sci. 38, 381-390.

Ismail, A.M., Hall, A.E. 2000. Semidwarf and standard-height cowpea responses 

to rowspacing in different environments. Crop Sci. 40, 1618-1623.

Ismail, A.M., Hall, A.E. 2002. Variation in traits associated with chilling tolerance 

during emergence in cowpea germplasm. Field Crops Res. 77, 99-113.

Ismail, A., Hall, A.E. and Bray, E.A.1994. Drought and pot size effects on 

transpiration efficiency and carbon isotope discrimination of cowpea accessions 

and hybrids. Australian Journal of Plant Physiology 21: 23-35.

261 University of Leicester



References

Ismail, A.M., Hall, A.E., Close, T.J. 1997. Chilling tolerance during emergence 

of cowpea associated with a dehydrin and slow electrolyte leakage. Crop Sci. 37, 
1270-1277.

Ismail, A.M., Hall, A.E., Close, T.J.1999. Allelic variation of a dehydrin gene 

cosegregates with chilling tolerance during seedling emergence. Proc. Natl. 
Acad. Sci. U.S.A. 96, 13566-13570.

Ismail, A.M., Hall, A.E., Ehlers, J.D., 2000. Delayed-leaf senescence and heat- 
tolerance traits mainly are independently expressed in cowpea. Crop Sci. 40, 
1049-1055.

IITA. 2000: Improving and intensifying cereal-legume systems in the moist and 

dry savannas of the west and central Africa. Annual Report (2000).

IITA. 2000. Crops and Farming Systems, http://www.iita.org/crop/cowpea.htm

Jaaskelainen, M., Mykkanen, A-H., Arna, T., Vicien,t C., Suoniemi, A., 
Kalendar, R., Savilahti, H., Schulman, A.H. 1999. Retrotransposon BARE-1: 

Expression of encoded proteins and formation of virus-like particles in barley 

cells. Plant J. 20: 413-422.

Jackai, L.E.N., and Adalla, C.B. 1997. Pest management practices in cowpea a 

review. In: B.B. Singh, D.R. Mohan Raj, K.E. Dashiell and L.E.N. Jackai, Editors, 
Advances in Cowpea Research, Sayce Publishing, Devon, UK : 240-258.

Jagtap, S. S., Jones, J. W., Hanley, D. E., O’Brien, J. J., and LaRow, T. E. 
2001a: Scaling-Up Crop Models For Regional Yield and Production Estimation: A 

case-Study of Soybean Production in the State of Georgia, USA. Pp: 171- 
186 (Eds). K. Kobayashi, Proceedings of Crop Monitoring and Prediction at 

Regional Scales, Tsukuba, Japan, February 19-22, 2001

262 University of Leicester

http://www.iita.org/crop/cowpea.htm


References

Jagtap, S. S., Jones, J. W., Zazueta, F., Jackson, J., Beck, H., and 

Hildebrand, P. 2001b: Bridging the gap between climate prediction and its 

application in Florida agriculture. Technical Report : FC-UF-2001- 1. Agriculture 

and Biological Eng., Univ. of Florida, Gainesville, FL, 32611.

Jefferies, R. L., Rockwell, R. F., and Abraham, K. F. 2004. Agricultural food 

subsidies, migratory connectivity and large-scale disturbance in Arctic coastal 

systems: A case study. Integr. Comp. Biol, 44:130-139.

Jena, K. K. and Khush, G. S. 1990. Introgression of genes from Oryza officinalis 

Wall, ex Watt to cultivated rice. 0. sativa L. Theor. Appl. Genet. 80: 737-745.

Johnson, D.T. 1970. The Cowpea in the African areas of Rhodesia. Rhodesia 

Agricultural journal, 67: 61-64.

Kaga, A., N. Tomooka, Y. Egawa, K. Hosaka, and O. Kamijima. 1996a.
Species relationships in the subgenus Ceratotropis (genus Vigna) as revealed by 

RAPD analysis. Euphytica, 88: 17-24.

Kaga, A., M. Ohnishi, T. Ishii, and O. Kamijima. 1996b. A genetic linkage map 

of azuki bean constructed with molecular and morphological markers using an 

interspecifi c population (Vigna angularis x V. nakashimae). Theoretical and 

Applied Genetics, 93: 658-663.

Kalendar, R., Grob, T., Regina, M., Suoniemi, A., Schulman, A.H. 1999. IRAP 

and REMAP: two new retrotransposon-based DNA fingerprinting techniques. 
Theor Appl Genet 98: 704-711

Kalendar, R., Tanskanen, J., Immonen, S., Nevo, E., Schulman, A.H. 2000.
Genome evolution of wild barley (Hordeum spontaneum) by BARE-1

263 University of Leicester



References

retrotransposon dynamics in response to sharp microclimatic divergence. Proc 

Natl Acad Sci USA 97: 6603-6607

Kamoshita, A., Wade, L., and Yamauchi, A. 2000. Genotypic variation in 

response of rainfed lowland rice to drought and rewatering 3. Water extraction 

during the drought period. Plant Production Science 3: 189-196.

Karkannavar, J.C., Venugopal, R. and Goud, J.V. 1991. Inheritance and 

linkage studies in cowpea (Vigna unguiculata). Indian Journal of Genetics 51: 
203-207.

Karp, A., Sebberg, O., and Buiatti, M. 1997. Molecular techniques in the 

assessment of botanical diversity. Annals of Botany 78: 143-149.

Karyudi, Fletcher, R.J. 2003. Osmoregulation in birdseed millet under 

conditions of water stress II. Variation in F3 lines of Setaria italica and its 

relationship to plant morphology and yield. Euphytica 132, 191-197.

Katz, R.W. and Glantz, M.H. 1997. Rainfall statistics, drought and desertification 

in the sahel. In: Desertification. Glantz, M.H. (ed). Westview Press, Boulder, pp. 

81-102

Kaul, R. 1969. Relations between water status and yield of some wheat 

varieties. Z. Pflanzenzuecht. 62:145-154.

Keller, B., Feuillet, C., and Yahiaoui, N. 2005. Map-based isolation of disease 

resistance genes from bread wheat: cloning in a super-size genome. Genet Res. 

85:93-100.

264 University of Leicester



References

Khanna-Chopra, R., and Sinha, S. 1998. Prospects of success of 

biotechnological approaches for improving tolerance to drought stress in crop 

plants Curr Sci 74:25-34

Khush, G.S. 1999. Green Revolution: preparing for the 21st Century. Genome. 

52:646-655.

Khush, G.S., and Baenziger, P.S. 1998. Crop improvement: Emerging trends in 

rice and wheat, p. 113-125. In V.L. Chopra et al. (ed.) Crop productivity and 

sustainability—shaping the future. Proc. 2nd Int. Crop Sci. Congr. Oxford and 

IBH Publ., New Delhi, India

Kidwell, K., Shelton, G., DeMacon, V., McClendon, M., Smith, J., Baley, J. 
and Higginbotham, R. 2002. Spring wheat breeding and genetics, p. 24-26. In 

Burns, J. and Veseth, R. (eds).

Kizis, D., Lumbreras, V., Pages, M. 2001. Role of AP2/EREBP transcription 

factors in gene regulation during abiotic stress. FEBS Lett 498: 187-189

Knight H., Knight, M.R. 2000. Abiotic stress signalling pathways: specificity and 

cross-talk. Trends Plant Sci.; 5:256-270

Koebner, R.M.D., Powell, W., Donini, P. 2003. Contributions of DNA molecular 
marker technologies to the genetics and breeding of wheat and barley. In: Janick 

J, ed. Plant breeding reviews, 21. Hoboken: John Wiley and Sons, Inc., 181-220

Krishnamurthy, L.C, Johansen, C., and Ito, O. 1996. Genotypic variation in 

root system development and its implication for drought resistance in Chickpea. 
Pages 235-250 in Roots and nitrogen in cropping systems of the semiarid 

tropics, edited by O. Ito, C. Johansen, J.J. Adu-Gyamfi , K. Katayama, J.V.K. 

Kumar Rao, and T. J. Rego. JIRCAS and ICRISAT, Hyderabad, India.

265 University of Leicester



References

Kubik, C., Sawkins, M., Meyer, W. A., Gaut, B. S. 2001. Genetic diversity in 

seven perennial ryegrass (Lolium perenne L.) cultivars based on SSR markers. 
Crop Science 41: 1565-1572

Kuleung, C., Baenziger, P.S. and Dweikat, I. 2004. Transferability of SSR 

markers among wheat, rye, and triticale. Theor. Appl. Genet. 108: 1147-1150.

Kumar, A., Bennetzen, J.L. 1999. Plant retrotransposons. Annu. Rev. Genet. 
33:479-532

Kumar, A., Hirochika, H. 2001. Applications of retrotransposons as genetic 

tools in plant biology. Trends Plant Sci 6: 127-134

Kumar, A., Omae, H., Egawa, Y., Kashiwaba, K., and Shono, M. 2006.
Adaptation to Heat and Drought Stresses in Snap Bean (Phaseolus vulgaris) 

during the Reproductive Stage of Development. JARQ 40 (3), 2 1 3 -2 1 6  (2006) 

http://www.iircas.affrc.ao.jp

Lafitte R.H., Courtois, B., Arraudeau, M. 2002. Genetic improvement of rice in 

aerobic systems: progress from yield to genes. Field Crops Res 75:171-190

Langridge, P., Karakousis, A., Kretschmer, J., Manning, S., and Logue, S. 
2001 .Trends in genetic and genome analyses in wheat: a review Australian 

Journal of Agricultural Research 52:1043-1077

Langyintuo, A.S., Lowenberg-Deboer, J., Faye, M, Lambert, G., Ibro, G., 
Moussa, B., Kergna, A., Kushwaha, S., Musa, S., Ntoukam, G. 2003. Cowpea 

supply and demand in west and central Africa. Field Crops Res. 82 (2), 215-231.

266 University of Leicester

http://www.iircas.affrc.ao.jp


References

Lattanzio, V., Cardinali, A., Linsalata, V., Perrino, P., and Ng, N.Q. 1997.
Flavonoid HPLC fingerprints of wild Vigna species, in: Advances in Cowpea 

Research, edited by Singh, B.B., Mohan Raj, D.R., Dashiell, K.E., and Jackai, 
L.E.N. 66-74.

Lawan, R.J. 1983. Responses of four grain legumes to water stress in higher 

plants. Annual Review of Plant Physiology 35: 299-319.

Lebreton, C., Lazic-Jancic, V., Steed, A., Pekic, S., and Quarrie, S.A. 1995.
Identification of QTL for drought responses in maize and their use in testing 

causal relationships between traits. 45: 853-865

Li, C.D., Rossnagel, B.G., and Scoles, G.J. 2000. The development of oat 
microsatellite markers and their use in identifying Avena species and oat 

cultivars. Theor. Appl. Genet. 101:75-83.

Li, C.D., Fatokum, C.A., Ubi, B., Singh, B.B., Scoles, G. 2001. Determining 

genetic similarities among cowpea breeding lines and cultivars by microsatellite 

markers. Crop Sci. 41:189-197.

Li, J, Hsia A.P., Schnable, P.S. 2007. Recent advances in plant recombination. 

Curr Opin Plant Biol 10: 131-135.

Li, M.S., Li, X.H., Salvi, S., Tuberosa, R., Yuan, L.X., Rotono, F., Bai, L., 
Zhang, S.H. 2006. Genetic relationships among CIMMYT subtropical QPM and 

Chinese maize inbred lines based on SSRS. Maydica 51: 543-549

Li, Y.L., Lv, D.B., Wang, Y.Z., Chen, S.J., Tang, J.H. 2004. Study on the 

genetic diversity of popcorn inbreds and their germplasm relationship with normal 
corn inbreds using SSR markers. Maydica 49: 327-333

267 University of Leicester



References

Liang, P., Pardee, A.B. 1992. Differential display of eukaryotic messenger RNA 

by means of the polymerase chain reaction. Science 257: 967-971

Lilley, J.M., Ludlow, M.M., McCouch, S.R., O'Toole, J.C. 1996. Location of 
QTL for osmotic adjustment and dehydration tolerance in rice. J Exp Bot.; 
47:1427-1436.

Lindblad-Toh K, Winchester E., Daly, M.J., Wang, D.G., Hirschhorn, J.N., 
Laviolette, J.P., Ardlie, K., Reich, D.E., Robinson, E., Sklar, P. 2000. Nat
Genet 24: 381-386

Litt,, M., and Lutty, J.A. 1989. A hypervariable microsatellite revealed by in vitro 

amplification of a dinucleotide repeat within the cardiac muscle actin gene. Am. J. 
Hum. Genet. 44: 397-401

Liu, X., and Baird, W.V. 2003. Differential Expression of Genes Regulated in 

Response to Drought or Salinity Stress in Sunflower. Crop Science 43:678-687

Liu, W., Fairbairn, D.J., Reid, R.J., and Schachtman, D.P. 2001.
Characterization of two HKT1 homologues from Eucalyptus camaldulensis that 
display intrinsic osmosensing capability. Plant Physiol. 127, 283-294

Liu, Z.W., Biyashev, R.M., and Saghai, M.A. 1996. Development of simple 

sequence repeat markers and their integration into a barley linkage map. Theor. 
Appl. Genet. 93:869-876.

Liu, K., Muse, S.V. 2005. PowerMarker: an integrated analysis environment for 
genetic marker analysis. Bioinformatics 21: 2128-2129.

268 University of Leicester



References

Lodeiro, A.R., Gonzalez, P., Hernandez, A., Balague, L.J., Faveukes, G. 
2000. Comparison of drought tolerance in nitrogen-fixing and inorganic nitrogen- 
grown common beans. Plant Science 154: 31-41.

Lorens, G.F., Bennett, J.M., and Loggale, L.B. 1987. Differences in drought 
resistance between two corn hybrids. I. Water relations and root length 

density.Agronomy Journal 79: 802-807.

Lu, H., and Bernardo, R. 2001. Molecular marker diversity among current and 

historical maize inbreds. Theor. Appl. Genet. 103:613-617.

Luchi, S., Yamaguchi-Shinozaki, K., Urao, T., Terao, T., and Shinazaki, K. 
1996. Novel drought inducible genes in the highly drought-tolerant cowpea: 
cloning of DNAs and analysis of the expression of the corresponding genes. 
Plant and Cell Physiology 37:1073-1082.

Luchi, S., Kobayashi, M., Taji, T., et al. 2001. Regulation of drought tolerance 

by gene manipulation of 9-cis-epoxycarotenoid dioxygenase, a key enzyme in

abscisic acid biosynthesis in Arabidopsis. Plant J. 27: 325 - 333

Ludlow, M. M., and Muchow, R. C. 1990. A critical evaluation of traits for 
improving crop yields in water-limited environments. Adv. Agron. 43:107-153.

Lunde C, Jensen, P.E., Rosgaard, L., Haldrup, A., Gilpin, M.J., Scheller, H.V. 
2003. Plants impaired in state transitions can to a large degree compensate for 
their defect. Plant Cell Physiol 44: 44-54

Madani, N.D., Malloy, P.J., Rodriguez-Pombo, P., Krishnan, A.V. and 

Feldman, D. 1994. Candida albicans estrogen-binding protein gene encodes an 

oxidoreductase that is inhibited by estradiol. Proc. Natl. Acad. Sci. 91:922-926

269 University of Leicester



References

Maguire, B. A., and Zimmermann, R. A. 2002. The ribosome in focus. Cell 

104,813-816

Mai-Kodomi, Y., Singh, B.B., Myers Jr, O.., Yopp, J.H., Gibson, P.J., and 

Terao, T. 1999a. Two types of drought tolerance in cowpea. Indian Journal of 
Genetics 59 (3): 309-313.

Mai-Kodomi, Y., Singh, B.B., Terao, T., Myers Jr, O.., Yopp, J.H., and 

Gibson, P.J. 1999b. Inheritance of drought tolerance in cowpea. Indian Journal 
of Genetics 59 (3): 317-232.

Mallonee, D.H., White, W.B. and Hylemon, P.B. 1990. Cloning and sequencing 

of a bile acid-inducible operon from Eubacterium sp. Strain VPI 12708. / . 
Bacteriol. 172: 7011-7019.

Manninen, O., Kalendar, R., Robinson, J., and Schulman, A.H. 2000.
Application of BARE-1 retrotransposon markers to the mapping of a major 
resistance gene for net blotch in barley. Mol Gen Genet 264: 325-334.

Marechal R., Masherpa J.M. and Stainier F. 1985. Cowpea taxonomy, origin 

and germplasm. In "Cowpea Research, Production and Utilization" 
eds.S.R.Singh and K.O.Rachie. pp.11-21. John Wiley & Sons Ltd.

Marechal, R., Mascherpa, J.M., and Stainer, F. 1978. Etude taxonomique d’un 

groupe complexe d’especes des genres Phaseolus et Vigna (Papilionaceae) sur 
la base de donnees morphologiques et polliniques, traitees par I’analyse 

informatique. Boissiera 28:1-273.

Marfo, K.O., Hall, A.E., 1992. Inheritance of heat tolerance during pod set in 

cowpea. Crop Sci. 32, 912-918.

270 University of Leicester



References

Marfo, K.O., and Hall, A.E. 1999. Inheritance of heat tolerance during vegetative 

stage and pod set in cowpea. Crop Sci 39:1762-1768

Maroco, J.P., Rodrigues, M.L., Lopes, C., Chaves, M.M. 2000a. Limitations to 

leaf photosynthesis in grapevine under drought- metabolic and modelling 
approaches. Functional Plant Physiology 29:1-9

Marsh, L.E. 1993. Selection and inheritance of heat tolerance in common bean 

by use of conductivity. J Am Soc Hort Sci 110:680-683.

Martinez, C., Pons, E., Prats, G., Leon, J. 2003. Salicylic acid regulates 

flowering time and links defense responses and reproductive development. Plant 
J 36: 209-217.

Martin-Laurent, F., Van Tuinen, D., Dumas-Gaudot, E., Gianinazzi-Pearson, 
V., Gianinazzi, S., Franken, P. 1997. Differential display analysis of RNA 

accumulation in arbuscular mycorrhiza of pea and isolation of a novel symbiosis- 
regulated plant gene. Mol Gen Genet 256: 37-44

Mayes, S., Parsley, K., Sylvester-Bradley, R., May, S. and Foulkes, M.J. 
2005. ‘Integrating Genetic information into plant breeding programmes: how will 
we produce new varieties from molecular variation using bioinformatics?’ Annals 

of Applied Biology 146: 223-237.

McCouch, S.R., Cho, Y.G., Yano, M., Paul, E., Blinstrub, M., Morishima, H., 
and Kinoshita, T. 1997. Report on QTL nomenclature. Rice Genet. Newsl. 
14:11-13.

McDaniel, R.G. 2000. Genetic manipulation of cotton leaf stomatal density to 

enhance drought tolerance. In Proc. Beltwide Cotton Prod. Res. Conf., San 

Antonio, TX. 4-8 Jan. 2000. Natl. Cotton Counc., Memphis, TN.

271 University of Leicester



References

Meagher, R.B., 2002. Post genomics networking of biotechnology for interpreting 
gene function. Curr. Opin. Plant Biol. 5, 135-140.

Menendez, C.M., Hall, A.E. and Gepts, P. 1997. A genetic linkage map of 
cowpea (Vigna unguiculata) developed from a cross between two inbred 

domesticated lines. Theor. Appl. Genet. 95: 1210-1217.

Menz, M.A., Klein, R.R., Mullet, J.E., Obert, J.A., Unruh, N.C. and Klein, P.E.
2002. A high-density genetic map of Sorghum bicolor (L.) Moench based on 

2926 AFLP®, RFLP and SSR markers. Plant Molecular Biology 48, 483-499.

Metais, I., Hamon, B., Jalouzo,T. R., and Peltier, D. 2002. Structure and level 
of genetic diversity in various bean types evidenced with microsatellite markers 

isolated from a genomic enriched library. Theoretical and Applied Genetics 104: 
1346-1352.

Michener, C. D., and Sokal, R. R. 1957. A quantitative approach to a problem in 

classification. Evolution 11, 130-162.

Mienie, C.M.S., Smit, M.A. and Pretorius, P.J. 1995. Use of random amplified 

polymorphic DNA for identification of South African soybean cultivars. Field. Crop 

Res. 43: 43^9.

Miflin, B.J., 2000. Crop improvement in the 21st century. J. Exp. Bot. 51,1-8.

Mignouna, H.D., Ng, N.Q., Ikea, J. and Thottappilly, G. 1998. Genetic diversity 

in cowpea as revealed by random amplified polymor phic DNA. J. Genet. Breed. 
52:151-159.

272 University of Leicester



References

Mimura, M., Yasuda, K. and Yamaguchi, H. 2000. RAPD variation in wild, 
weedy and cultivated azuki beans in Asia. Genet. Resour. Crop Evol. 47: 603- 
610

Mittler, R., Vanderauwera, S., Gollery, M., Van Breusegem, F. 2005. Reactive 

oxygen gene network of plants. Trends Plant Sci 9(10):490-498

MOFA. 2002: Ministry of Food and Agriculture, Ghana.

Mohammadi, S.A., and Prasanna, B.M. 2003. Analysis of genetic diversity in 

crop plants - salient statistical tools and considerations. Crop Science 43: 1235- 
1248

Moinuddin, and Khanna-Chopra, R. 2004. Osmotic Adjustment in Chickpea in 

Relation to Seed Yield and Yield Parameters. Crop Sci. 44:449-455

Morgan J.M. 1984. Osmoregulation and water stress in higher plants. Ann. Rev. 
Plant Physiol. 35: 299-319.

Morgan M.J., Condon A.G. 1986. Water-use, grain yield and osmoregulation in 

wheat. Aust. J. Plant Physiol. 13: 523-532.

Mullet, J.E., Klein, R.R. and Klein, P.E. 2001. Sorghum bicolor -  an important 
species for comparative grass genomics and a source of beneficial genes for 
agriculture. Current Opinion in Plant Biology 5,118-121.

Munne-Bosch. S., Alegre, L. 2004. Die and let live: leaf senescence contributes 

to plant survival under drought stress. Funct Plant Biol 31: 203-216.

Munns, R. 2002. Comparative physiology of salt and water stress. Plant, Cell 

and Environment 25, 239-250.[

273 University of Leicester



References

Myers, C.A., Schmidhauser, C., Mellentin-Michelotti, J., Fragoso, G., 
Roskelley, C.D., Casperson, G., Mossi, R., Pujuguet, P., Hager, G., and 

Bissell, M.J. 1998. Characterization of BCE-1, a transcriptional enhancer 
regulated by prolactin and extracellular matrix and modulated by the state of 
histone acetylation. Mol. Cell. Biol. 18, 2184-2195.

Narvel J.M., Walker D.R., Rector B.G., All J.N., Parott W.A. and Boerma H.R. 
2000. A retrospective DNA marker assessment of the development of insect 
resistant soybeen. Crop. Sci. 41:1931-1939

Nei, M. and Li W.H. 1983. Mathematical model for studying genetic variation in 

terms of restriction endonucleases. Proceedings of the National Academy of 

Sciences of the United States of America 76: 5269-5273

Nei, M., Stephens, J.C., Saitou, N. 1985. Methods for computing the standard 

errors of branching points in an evolutionary tree and their application to 
molecular data from humans and apes. Molecular Biology and Evolution 2:66-85.

Nei, M., Kumar, S. & Takahashi. 1998. The optimization principle in 

phylogenetic analysis tends to give incorrect topologies when the number of 
nucleotides or amino acids used is small. Proceedings of National Academy of 

Sciences (USA) 95:12390-12397

Nepomuceno, A.L., Oostrerhuis, D.M., Stewart, J.M. 1998. Physiological 
reponses of cotton leaves and roots to water deficit induced by Polythylene 
Glycol. Environ. Exp. Bot. 40:29-41.

Ng, N.Q. 1995. Cowpea, Vigna unguiculata (Leguminosae-Papilionoideae). In: 
Smartt J. and Simmonds N.W. (eds), Evolu-tion of Crop Plants ed. 2. Longmans, 
New York, pp. 326-332.

274 University of Leicester



References

Ng, N. Q., Marechal, R. 1985. Cowpea taxonomy, origin and germplasm. In. 
Cowpea Research, Production and Utilization. Edited by S. R. Singh and K.O. 
Rachie. P. 11-21

Nguyen, H.T., Blum, A., 2004. Physiology and biotechnology integration for 
plant breeding: Epilogue, Marcel Dekker, New York, USA.

Nielsen, C.L., Hall, A.E., 1985a. Responses of cowpea (Vigna unguiculata (L.) 
Walp.) in the field to high night air temperature during flowering. I. Thermal 
regimes of production regions and field experimental system. Field Crops Res. 
10,167-179.

Nielsen, C.L., Hall, A.E., 1985b. Responses of cowpea (Vigna unguiculata 

(L.)Walp.) in the field to high night air temperature during flowering. II. Plant 
responses. Field Crops Res. 10, 181-196.

Nielsen, S., Ohler, T., Mitchell, C. 1997. Cowpea leaves for human 

consumption production, utilization, and nutrient composition. In Singh B, Mohan 

Raj D, Dashiell K, Jackai L (eds) Advances in cowpea research. International 
Institute of tropical Agriculture (IITA) and Japan International Research Center for 
Agricultural Sciences (JIRCASS), Ibadan, Nigeria, pp 326-332.

Omanya, G.O., Haussmann, B.I.G., Hess, D.E., Reddy, B.V.S., Kayentao, M., 
Welz, H.G., and Geiger, H.H. 2004. Utility of indirect and direct selection traits 

for improving Striga resistance in two sorghum recombinant inbred populations. 
Field Crops Research 89(2-3): 237-252.

Oosterhuis, D.M. and Wullschleger, S.D. 1987. Osmotic adjustment in cotton 
leaves and roots in response to water stress. Plant Physiol. 84:1154-1157

275 University of Leicester



References

Ortiz,R., Trethowan, R ., Ortiz Ferrara, G., Iwanaga, M., Dodds, Crouch, 
J. H., Crossa, J., and Braun, H-J. 2007. High yield potential, shuttle breeding, 
genetic diversity, and a new international wheat improvement strategy. 
Euphvtica. 157: 365-384

Ortiz, R. 1998. Cowpeas from Nigeria: a silent food revolution. Outlook on 

Agriculture 27(2): 125-128.

Osterlund, M. T. and Paterson, A.H. 2002. Applied plant genomics: the secret 
is integration. Curr. Opin. Plant Biol. 5:141-145.

Ouedrago, J.T., V. Maheshwari, D.K. Berner, C.-A. St Pierre, F. Belzile & 

M.P. Timko, 2001. Identification of AFLP markers linked to resistance of cowpea 
(Vigna unguiculata L.) to parasitism by Striga gesneroides. Theor Appl Genet 
102: 1029-1036.

Pace, P.F., Cralle, H.T., El-Halawany, S.H.M., Cothren, J.T. and Sensaman, 
S.A., 1999. Drought-induced changes in shoot and root growth of young cotton 

plants. J. Cotton Sci. 3, pp. 183-187.

Padulosi, S. 1993. Genetic diversity,taxonomy and ecogeographic survey of the 

wild relatives of Cowpea, Vigna unguiculata (L.) Walp. Ph.D. Thesis, University 

Catholique de Louvain-La Neuve, Belgium, 477p

Padulosi, S., Ng, N.Q. 1997. Origin, taxonomy, and morphology of Vigna 

unguiculata (L.) Walp. In: Singh BB, Mohan Raj DR, Dashiell KE, Jackai LEN, 
eds. Advances in cowpea research. Ibadan, Nigeria: IITA. Co-publication of 
International Institute of Tropical Agriculture (IITA) and Japan International 
Research Center for Agricultural Sciences (JIRCAS), 1-12.

276 University of Leicester



References

Panella, L., and Gepts, P. 1992. Genetic relationships within Vigna unguiculata 

(L.) Walp. based on isozyme analyses. Genet. Res. Crop Evol. 39:71-88.

Pasquet, R.S. 1993. Variation at isozyme loci in wild Vigna unguiculata (L.) 
Walp. (Fabaceae, Phaseoleae). Plant Syst. Evol. 186:157-173.

Pasquet, R.S. 1993a. Classification infrasp'ecifique des formes spontan'ees de 

Vigna unguiculata (L.) Walp. a partir de donn'ees morphologiques. Bulletin du 

Botanique National de Belgique 62:127-73.

-1993b. Two New Subspecies of Vigna unguiculata (L.) Walp. (Leguminosae: 
Papilionoideae). Kew Bulletin 48: 805-6.

-1996. Cultivated cowpea (Vigna unguiculata): genetic organization and 
domestication, in B. Pickersgill & J. Lock (ed.) Advances in legume systematics 

Vol. 8. Legumes of economic importance: 101-8. Kew: Royal Botanic Gardens.

-1997. A New Subspecies of Vigna unguiculata (Leguminosae: Papilionoideae). 
Kew Bulletin 52: 840.

-1999. Genetic Relationships Among Subspecies of Vigna unguiculata (L.) Walp. 
Based on Allozyme Variation. Theoretical and Applied Genetics 98:1104-19.

-2000. Allozyme Diversity of Cultivated Cowpea Vigna unguiculata (L.) Walp. 
Based on Allozyme Variation. Theoretical and Applied Genetics 101: 211-9.

Passioura, J.B. 2002. Soils conditions and plant growth. Plant, Cell, and 
Environment, 25:311-318.

277 University of Leicester



References

Petrie, C.L., Hall, A.E., 1992. Water relations in cowpea and pearl millet under 
soilwater deficits. I. Contrasting leafwater relations. Aust. J. Plant Physiol. 19, 
577-589.

Petrie, C.L., Kabala, Z.J., Hall, A.E., Simunek, J., 1992.Water transport in an 

unsaturated medium to roots with differing local geometries. Soil Sci. Soc. Am. J. 
56, 1686-1694.

Pejic, I., Ajmone-Marsan, P., Morgante, M., Kovumplick, V., Castiglioni, P., 
Taramino, G., and Motto, M. 1998. Comparative analysis of genetic similarity 

among maize inbred lines detected by RFLPs, RAPDs, SSRs, and AFLPs. 
Theor. Appl. Genet. 97:1248-1255

Phelps, T.J., Palumbo, A.V., Beliaev, A.S., 2002. Metabolomics and 

microarrays for improved understanding of phenotypic characteristics controlled 
by both genomics and environmental constraints. Curr. Opin. Biotehnol. 13, 20- 
24.

Piepho, H.P. and Koch, G. 2000. Codominant analysis of banding data from a 

dominant marker system by normal mixtures. Genetics 155: 1459-1468.

Pignone, D., Ciarelli, S., Perrino, P. 1990. Chromosaome identification in Vigna 

unguiculata (L) Walp. In Ng, NQ, LM Monti (eds) Cowpea Genetic Resour. IITA, 
Ibadan, Nig. pp. 144-450.

Pinto, E., Sigaud-Kutner, T.C.S., Leitao, M.A.S., Okamoto, O.K., Morse, D., 
and Colepicolo, P. 2003. Heavy metal-induced oxidative stress in algae, J. 

Phycol. 39: 1008-1018

278 University of Leicester



References

Plaschke, J., Gana, M.W.I, and M.S. Roder, M.W. 1995. Detection of genetic 

diversity in closely related bread wheat using microsatellite markers. Theor. Appl. 
Genet. 91:1001-1007.

Powell, W., Morgante, M., Andre, C., Hanafey, M., and Vogel, J. 1996. The
comparision of RFLP, RAPD, AFLP and SSR (microsatellite) markers for 
germplasm analysis. Mol. Breed. 2:225-238.

Prasad, K.V., Pardha, S.K., Saradhi, P., Sharmila, P. 1999. Concerted action 

of antioxidant enzymes and curtailed growth under zinc toxicity in Brassica 

juncea. Environ. Exp. Bot. 42:1-10.

Price, C. J., Coope, I. D., and Byatt, D. 2002. A convergent variant of the 

Nelder-Mead algorithm. J. Optim. Theor. Appl. 113: 5-19

Price A.H., Young E.M., Tomos A.D. 1997. Quantitative trait loci associated 

with stomatal conductance, leaf rolling and heading date mapped in upland rice 

(Oryza sativa). New Phytologist. 137: 83-91.

Price, A.H., Courtois, B. 1999. Mapping QTLs associated with drought 
resistance in rice: progress, problems and prospects. Plant Growth Regulation 

29,123-133.

Price AH, Steele KA, Moore BJ, Barraclough PB, Clark LJ. 2000. A combined 

RFLP and AFLP linkage map of upland rice (Oryza sativa L.) used to identify 

QTLs for root-penetration ability. Theoretical and Applied Genetics 100, 49-56.

Price, A.H., Steele, K.A., Gorham, J., Bridges, J.M., Moore, B.J., Evans, J.L., 
Richardson, P., Jones, R.G.W. 2002a. Upland rice grown in soil-filled chambers 

and exposed to contrasting water-deficit regimes. I. Root distribution, water use

279 University of Leicester



References

and plant water status. Field Crops Research, Volume 76, Issue 1, June 2002, 
Pages 11-24

Price, A.H., Steele, K.A., Moore, B.J., Jones, R.G.W. 2002b. Upland rice 

grown in soil-filled chambers and exposed to contrasting water-deficit regimes: II. 
Mapping QTL for root morphology and distribution. Field Crops 

Research, Volume 76, Issue 1, June 2002, Pages 25-43

/

Price, A., Steele, K., Townend, J., Gorham, G., Audebert, A., Jones, M., 
Courtois, B. 1999. Mapping root and shoot traits in rice: experience in UK, IRRI 
and WARDA. In: Ito O, O'Toole J, Hardy B, eds. Genetic improvement of rice for 
water-limited environments. Manila, Philippines: International Rice Research 

Institute, 257-273.

Price, A.H , Tomos, A.D. 1997. Genetic dissection of root growth in rice (Oryza 

sativa L.). II. Mapping quantitative trait loci using molecular markers. Theoretical 
and Applied Genetics 95 ,143-152.

Provan, J., Thomas, W.T.B., Forster, B.P., Powell, W. 1999. Copia-SSR: a 
simple marker technique which can be used on total genomic DNA. Genome 42, 
363-366.

Qin, X., Zeevaart, J.A.D. 1999. The 9-c/s-epoxycarotenoid cleavage reaction is 
the key regulatory step of abscisic acid biosynthesis in water-stressed bean. Proc 

Natl Acad Sci USA. 96: 15354-15361

Quarrie.S. A., Stojanovic, J., and Pekic, S.1999: Improving drought resistance 

in small-grained cereals: a case study, progress and prospects. Plant Growth 

Regul. 29 ,1-21.

Quarrie, S.A., Laurie, D.A., Zhu, J., Lebreton, C., Semikhodskii, A., Steed,
A., Witsenboe, H., and Calestan, C. 1997. QTL analysis to study the

280 University of Leicester



References

association between leaf size and abscisic acid accumulation in draughted rice 

leaves and comparisons across cereals. Plant Mol. Biol. 35:155-165

Quisenberry, J.E., Jordan, W.R., Roark, B.A., and Fryrear, D.W. 1981. Exotic 

cottons as genetic sources for drought resistance. Crop Sci. 21:889-895.

Quisenberry, J.E., Roark, B., and McMichael, B..L. 1982. Use of transpiration 

decline curves to identify drought-tolerant cotton germplasm. Crop Sci. 22:918— 

922.

Quisenberry, J.E., Wendt, C.W., Berlin, J.D., and McMichael, B.L. 1985.
Potential for using leaf turgidity to select drought tolerance in cotton. Crop Sci. 
25:294-299

Ramanjulu, S., and Bartels, D. 2002. Drought- and desiccation-induced 
modulation of gene expression in plant, Plant Cell Environment 25:141-151

Ramsay, L., Macaulay, M., degli Ivanissevich, S., MacLean, K., Cardie, L., 
Fuller, J., Edwards, K.J., Tuvesson, S., Morgante, M., Massari, A., Maestri, 
E., Marmiroli, N., Sjakste, T., Ganal, M., Powell, W., Waugh, R. 2000. A simple 

sequence repeat-based linkage map of barley. Genetics 156:1997-2005

Rao, I., Cramer, G., 2003. Nutrition from the soil and crop improvement to utilize 

soil resources, American Society of Plant Physiologists, USA.

Rathinasabapathi, B., Fouad, W.M., Sigua, C.A. 2001. (5-Alanine betaine 

synthesis in the Plumbaginaceae: purification and characterization of a 
trifunctional, S-adenosyl-l-methionine-dependent /V-methyltransferase from 

Limonium latifolium leaves. Plant Physiol 126: 1241-1249

281 University of Leicester



References

Rawal, K.M. 1975. Natural Hybridization Among Wild,Weedy, and Cultivated 

Vigna unguiculata (L.) Walp. Euphytica 24(3): 699-707

Ray, L.L., Wendt, C.W., Roark, B., and Quisenberry, J.E. 1974. Genetic 

modification of cotton plants for more efficient water use. Agric. For. Meteorol. 
14:31-38.

Ribaut, J. M., Jiang, C., Gonzalez-de-Leon, D., Edmeades, G. O., and 

Hoisington, D. A. 1997. Identification of quantitative trait loci under drought 
conditions in tropical maize: II. Yield components and marker-assisted selection 
strategies; Theor. Appl. Genet. 94: 887-896

Riechmann, J..L., et al. (2000) Arabidopsis transcription factors: genome-wide 

comparative analysis among eukaryotes. Science, 290, 2105-2110

Ritschel, P.S., de Lins, T.C.L., Tristan, R.L., Buso, G.S.C., Buso, J.A., 
Ferreira, M.E. 2004. Development of microsatellite markers from an enriched 

genomic library for genetic analysis of melon (Cucumis melo L.). BMC Plant 

Biology, 4, 9-23.

Roark, B., Quisenberry, J.E., and Friesen, J.E. 1975. Rate of water loss from 

detached leaves of cultivars of upland cotton. In Proc. Beltwide Cotton Prod. 
Res. Conf., New Orleans, LA. 6-8 Jan. 1975. Natl. Cotton Counc., Memphis, TN. 
(Abstract).

Roder, M. S., Plaschke, J., Konig, S. U., Borner, A., and Sorrells, M. E. etal., 

1995. Abundance, variability and chromosomal location of microsatellites in 

wheat. Mol. Gen. Genet. 246:327-333

282 University of Leicester



References

Rodrigues, M.L, Pacheco, C.A., Chaves, M.M. 1995. Soil-plant relations, root 
distribution and biomass partitioning in Lupinus albus L. under drought 
conditions. Journal of Experimental Botany 46: 947-956.

Rongwen, J., Akkaya, M. S., Bhagwat, A. A., Lavi, U., and Cregan. P. B. 
1995. The use of microsatellite DNA markers for soybean genotype identification. 
Theor. Appl. Genet. 90:43-48.

Rontein, D., Basset, G., Hanson, A.D. 2002. Metabolic engineering of 
osmoprotectants accumulation in plants. Metab. Engineer. 4:49-56.

Rothschild, M. F., and Soller, M. 1997. Candidate gene analysis to detect traits 

of economic importance in domestic livestock; Probe 8: 13-24

Rovelii, P., Mettulio, R, Anthony, F., Anzueto, F., Lashermes, P. and 
Graziosi, G. 2000. Microsatellites in Coffea arabica L. In: T. Sera, C.R. Soccol,
A. Pandey and S. Roussos (Eds.), Coffee biotechnology and quality, pp. 123- 
133. Kluwer Academic Publishers, Dordrecht.

Roux, C., and Perrot-Rechenmann, C. 1997. Isolation by differential display 

and characterization of a tobacco auxin-responsive cDNA Nt-gh3, related to 

GH3. FEBS, Lett. 419, 131-136

Rozen, S. and Skaletsky, H.1998. Primer3. Code available at 
http://www.aenome.wi.mit.edu /genome software/other/primer3.htm.

Rubio, M.C., Gonzale,z E.M., Minchin, F.R., Webb, K.J., Arrese-lgor, C., 
Ramos, J., Becana, M. 2002. Effects of water stress on antioxidant enzymes of 
leaves and nodules of transgenic alfalfa overexpressing superoxide dismutases. 
Physiol Plant 115: 531-540.

283 University of Leicester

http://www.aenome.wi.mit.edu


References

Russell, L., Larner, V., Kurup, S., Bougourd, S., and Holdsworth, M. 2000.
The Arabidopsis comatose locus regulates germination potential. Development 
127, 3759-3767

Russell, B.L., Rathinasabapathi, B., Hanson, A.D. 1997. Osmotic stress 

induces expression of choline monooxygenase in sugar beet and amaranth. 
Plant Physiology 116: 859±865

Saghai Maroof, M.A., Biyashev, R.M., Yang, G.P., Zhang, Q., and Allard, 
R.W. 1994. Extraordinarily polymorphic microsatellite DNA in barley: Species 

diversity, chromosomal locations, and population dynamics. Proc. Natl. Acad. 
Sci. USA 91:5466-5470.

Sakamoto, A., Mu rata, N. 2000. The role of glycine betaine in the protection of 
plants from stress: clues from transgenic plants. Plant Cell Environ 25:163-171

Sakiyama, N.S., 2000. DNA markers for coffee tree breeding. In: T. Sera, C.R. 
Soccol, A. pandy and S. Roussos (Eds.), Coffee biotechnology and quality, pp. 
179-185. Kluwer Academic Publishers, Dordrecht.

Salisbury, F.B., Ross, C.W. 1992a. Photosynthesis: Chloroplasts and Light. In: 
Plant Physiology. Wadsworth Publishing Company, pp 214-218.

Salisbury, F.B., Ross, C.W.. 1992b. Topics in Environmental Physiology. In: 
Plant Physiology. Chapter 25. Wadsworth Publishing Company Inc, Printed in 

Belmon California, pp 563-564.

Salvi, S. and Tuberosa, R. 2005. To clone or not to clone plant QTLs: present 
and future challenges. Trends Plant Sci. 10, 297-304

284 University of Leicester



References

Samuel, M.A., Miles, G.P., Ellis, B.E. 2000. Ozone treatment rapidly activates 

MAP kinase signalling in plants. Plant J 22: 367-376

Sanchez, A.C., Subudhi, P.K., Rosenow, D.T., Nguyen, H.T. 2002. Mapping 

QTLs associated with drought resistance in sorghum (Sorghum bicolor L. 
Moench). Plant Mol Biol 48:713-726

Schlotterer, C. and Tautz, D. 1992. Slippage synthesis of simple sequence 

DNA. -  Nucl. Acids Res. 20: 211-215.

Scippa, G.S., Griffiths, A., Chiatante, D., Bray, E.A. 2000. The H1 histone 

variant of tomato, H1-S, is targeted to the nucleus and accumulates in chromatin 
in response to water-deficit stress. Planta 211,173-181

Second, G. 1985. Evolutionary relationships in the Sativa group of Oryza based 
on isozyme data. Genet. Sel. Evol. 17:89-114.

Senior, M.L., Murphy, J.P., Goodman, M.M., and Stuber, C.W. 1998. Utility of 
SSRs for determining genetic similarities and relationships in maize using an 
agarose gel system. Crop Sci. 38:1088-1098.

Serraj, R., Sinclair, T.R. 2002. Osmolyte accumulation: can it really help 

increase crop yield under drought conditions? Plant, Cell and Environment 25, 
333-341

Sharp, R.E., LeNoble, M.E., Else, M.A., Thorne, E.T., Gherardi, F. 2000.
Endogenous ABA maintains shoot growth in tomato independently of effects on 

plant water balance: evidence for an interaction with ethylene. Journal of 

Experimental Botany 51,1575-84.

285 University of Leicester



References

Shimamoto, K., Kyozuka, J., 2002. Rice as a model for comparative genomics of 
plants. Annu. Rev. Plant Biol. 53, 399^419.

Shimamura, M., Yasua, H., Ohshimia, K., Abe, H., Kato, H., Kishiro, T., 
Gotos, M., Munechikai, I., and Okada, N. 1997. Molecular evidence from 

retroposons that whales form a clade within even-toed ungulates, Nature 388 

:666-670.
Shinozaki, K., Yamaguchi-Shinozaki, K., Seki, M., 2003. Regulatory network of 
gene expression in the drought and cold stress responses. Curr. Opin. Plant Biol. 
6, 410-417.

Shinozaki, K. and Yamaguchi-Shinozaki, K. 1996. Molecular responses to 

drought and cold stress. Curr. Opin. Biotech. 7 :161-167.

Shoemaker, R., Keim, P., Vodkin, L., Retzel, E., Clifton, S.W., Waterston, R., 
Smoller, D., Coryell, V., Khanna, A., Erpelding, J., Gai, X., Brendel, V., Raph- 
Schmidt, C., Shoop, E.G., Vielweber, C.J., Schmatz, M., Pape, D., Bowers, Y., 
Theising, B., Martin, J., Dante, M., Wylie, T., Granger, C., 2002. A compilation 

of soybean ESTs: generation and analysis. Genome 45, 329-338.

Singh, B.B., 1999a. Improved breeding lines with resistance to bruchid. IITA 

Annual Report 1999. Project 11, pp. 29-30.

Singh, B.B., 1999b. Breeding for improved quality. IITA Annual Report 1999. 
Project 11, pp. 31-32.

Singh, S.P., Nodar, R., and Gepts, P. 1991. Genetic diversity in cultivated 

common bean. 1. Allozymes. Crop Sci. 31:19-23.

Singh, B.B., Chamblis, O.L., and Sharma, B. 1997. Recent advances in 

cowpea breeding. Pages30-49 in Advances in cowpea research, edited by

286 University of Leicester



References

B.B. Singh, D.R. Mohan Raj, K.E. Dashiell.and L.E.N. Jackai. Co-publication of 
International Institute of Tropical Agriculture (IITA) and Japan International 
Research Center for Agricultural Sciences (JIRCAS) IITA, Ibadan, Nigeria.

Singh, B.B., Mai-Kodomi, Y., Terao, T. 1999. A simple screening method for 
drought tolerance in cowpea. Indian J. Genet. 59, 211-220

Singh, B.B., Matsui, T., 2002. Cowpea varieties for drought tolerance. In: 
Fatokun, C.A., Tarawali, S.A., Singh, B.B., Kormawa, P.M., Tamo, M. (Eds.), 
Challenges and Opportunities for Enhancing Sustainable Cowpea 

Production .World Cowpea Conference III Proceedings, 4-8 September. 
International Institute of Tropical Agriculture, Ibadan, Nigeria, pp. 287-300.

Singh, K., Foley, R., Onate-Sanches, L. 2002. Transcription factors in plant 
defense and stress responses. Curr Opin Plant Biol 5:430-436

Sivamani, E., Bahieldin, A„ Wraith, J.M., Al-Niemi, T., Dyer, W.E., ,Ho ,T- 
H.D., Qu, R. 2000. Improved biomass productivity and water use efficiency under 
water deficit conditions in transgenic wheat constitutively expressing the barley 
HVA1 gene. Plant Sci 155:1-9

Smith, J.S.C., and Smith, O.S. 1989. The description and assessment of 
distance between lines of maize. II. The utility of morphological, biochemical, and 

genetic descriptors and a scheme for the testing of distinctiveness between 
inbred lines. Maydica 34:151-161.

Smith, J.S.C., Chin, E.C.L., Shu, H., Smith, O.S., Wall, S.J., Senior, M.L., 
Mitchell, S.E., Kresovitch, S., and Ziegle, J. 1997. An evaluation of the utility of 
SSR loci as molecular markers in maize (Zea mays L.): Comparisons with data 

from RFLPs and pedigree. Theor. Appl. Genet. 95:163-173.

287 University of Leicester



References

Smulders, Bredemeijer, G., Rus-Kortekaas, W., Arens, P., and
Vosman, B. 1997. Use of short microsatellites from database sequences to 

generate polymorphisms among Lycopersicon esculentum cultivars and 

accessions of other Lycopersicon species. Theor. Appl. Genet. 97:264-272

Sneath, P.H.A., and Sokal, R.R.. 1973. Numerical taxonomy. The principles 

and practices of numerical classification. San Francisco WH Freeman

Soleimani, V.D., Baum, B.R., Johnson, D.A. 2002. AFLP and pedigree-based 

genetic diversity estimates in modern cultivars of durum wheat [Triticum turgidum 

L. subsp. durum (Desf.) Husn.]. Theor Appl Genet 104:350-357

Sonnante, G., Stockton, T., Nodari, R.O., Becerra Velasquez, V.L. and Gepts 

P. 1996. Evolution of genetic diversity during the domestication of common-bean 

{Phaseolus vulgaris L.). Theoret. Appl. Gen. 89: 629-635.

Sparvoli, F., Martin, C., Scienza, A., Gavazzi, G., Tonellin, C. 1994. Cloning 

and molecular analysis of structural genes involved in flavonoid biosynthesis in 
grape (Vitis vinifera L.). Plant Mol Biol 24:743-755

Steele, W. M. and Mehra, K. L. 1980. Structure, evolution, and adaptation to 

farming systems and environments in Vigna, pp. 393-404. In Summerfield, R. J. 
& A. H. Bunting [eds.],Advances in legume sciences. Her Majesty’s Stationery 

Office, London.

Steele, W.M. 1976. Cowpeas, Vigna unguiculata (Leguminosaeguiculata 

Papillionatae). In: Simmonds N.W. (ed.), Evolution of Crop Plants. Longman, 
London, pp. 183-185

288 University of Leicester



References

Steiger, D., Nagal, C., Moore, P., Morden, C., Osgood, R., Ming, R. 2002.
AFLP analysis of genetic diversity within and among Coffea Arabics cultivars. 
Theor. Appl. Genet. 105: 209-215.

Stewart, C.R., and Hanson. A.D. 1980. Proline accumulation as a metabolic 
response to water stress. In: N.C. Turner and P.J. Kramer, Editors, Adaptation of 

Plants to Water and High Temperature Stress, John Wiley and Sons, New York 

173-189.

Stoddard, F.L. 1986. Effects of irrigation, plant density and genotype on 

pollination, fertilization and seed development in spring field beans (Vicia faba 

L.). Journal of Agricultural Science Cambridge, 107, 347-355.

Stott, K., Saito, K., Thiels, D.J. and Massey, V. 1993. Old yellow enzyme: The 

discovery of multiple isozymes and a family of related proteins. J. Biol. Chem. 

268: 6097-6106.

Subbarao GV, Chauhan YS, Johansen C. 2000. Patterns of osmotic 

adjustment in pigeon pea: its importance as a mechanism of drought resistance. 
European Journal of Agronomy 12:239-249

Subbarao, G.V., C. Johansen, A.E. Slinkard, R.C.N. Rao, N.P. Saxena & Y.S. 
Chauhan, 1995. Strategies for improving drought resisitance in grain legumes. 
Crit Rev Plant Sci 14: 469-523.

Summerfield, R.J., Pate, J.S., Roberts, E.H. and Wien, H.C. 1985. The
physiology of cowpeas.//? S.R. Singh and K.O. Rachie, eds., Cowpea Research, 
Production and Utilization, pp. 65-101. John Wiley & Sons, Chichester, U.K.

Summerfield, R. J., Huxley, P. A. and Steele, W. 1974. Cowpea (Vigna 

unguiculata (L.) Walp.). Field Crops Abstr. 27(7): 301-312.

289 University of Leicester



References

Sun, G.L., Salomon, B., and Bothmer, R.V. 1998. Characterization of 
microsatellite loci from Elymus alaskanus and length polymorphism in several 
Elymus species (Triticeae: Poaceae). Genome 41: 455-463

Sweeney, M., McCouch ,S. 2007. The Complex History of the Domestication of 
Rice. Ann. Of Botany, Domestication Special Issue. Review

Swire-Clark, G.A., and Marcotte, W.R. 1999. The wheat LEA protein Em 

functions as an osmoprotective molecule in Saccharomyces cerevisiae, Plant 

Mol. Biol. 39 :117-128.

Szewc-McFadden, A.K., Kresovich, S., Bliek, S.M., Mitchell, S.E., McFerson, 
J.R. 1996. Identification of polymorphic, conserved simple sequence repeats 

(SSRs) in cultivated Brassica species. Theor Appl Genet 93, 534-538.

Tamo, M., Bottenberg, H., Arodokoun, D. Y. and Adeoti, R. 1997. The
feasibility of classical biological control of two major cowpea insect pests, pp. 
259-270. In Singh, B. B., D. R. Mohan Raj, K. E. Dashiell & L.E.N. Jackai [eds.], 
Advances in cowpea research. Copublication of International Institute of 
Agriculture (IITA) and Japan International Center for Agricultural Sciences 

(JIRCAS). IITA, Ibadan, Nigeria.

Tams, S.H., Bauer, E., Oettler, G., Melchinger, A.E. 2004. Genetic diversity in 

European winter Triticale determined with SSR markers and co-ancestry 

coefficient. Theor Appl Genet 108:1385-1391

Tamura, K., Nei, M., Kumar, S. 2004. Prospects for inferring very large 

phylogenies by using the Neighbor-Joining method. Proc Natl Acad Sci USA , 
101:11030-11035.

290 University of Leicester



References

Tanksley, S.D., McCouch, S.R. 1997. Seed banks and molecular maps: 
unlocking genetic potential from the wild. Science 277:1063-1066

Taramino, G. and Tingey, S. 1996. Simple sequence repeats for germplasm 

analysis and mapping in maize. Genome 39: 277-287.

Tarawali, S.A., Singh, B.B., Fernandez-Rivera, S., Peters, M., Smith, J.W., 
Schutze-Kraft, R., Ajeigbe, H.A., 1997a. Optimizing the contribution of cowpea 

to food and fodder production in crop-livestock systems in West Africa. In: 
Proceedings of the International Grassland Congress, Canada, pp. 53-54.

Tarawali, S.A., Singh, B.B., Peters M., Blade, S.F., 1997b. Cowpea haulms as 

fodder. In: Singh B.B., Mohan Raj, D.R., Dashiell, K., Jackai, L.E.N. (Eds.), 
Advances in Cowpea Research. Co-publication of International Institute of 
Tropical Agricultural Sciences and the JIRCAS, IITA, Ibadan, Nigeria, pp. 313- 
325.

Temnykh, S, DeClerck, Lukashova A., Lipovich, L., Cartinhour, S., 
McCouch, S.R 2000. Computational and experimental analysis of microsatellites 

in rice (Oryza sativa L.). Frequency, length variation, transposon associations, 
and genetic marker potential. Genome Res 11:1441-1452

Teo, C.H. Tan, S.H., Othman, Y.R., Schwarzacher, T. 2005.Genome 

constitution and classification of banana using IRAP. J Biochem Mol Biol Biophys 

6: 193-201

Terao, T., Watanabe, I., Matsunaga, R., Hakoyama, S., and Singh, B. B. 
1997: Agro-physiological constraints in intercropped cowpea: an analysis. In:
B.B. Singh, D.R. Mohan Raj, K. E. Dashiell, and L. E. N. Jackai (eds), Advances 

in Cowpea Research. 129-140. IITA/JIRCAS Co-publication, IITA, Ibadan, 
Nigeria.

291 University of Leicester



References

Thomas, C.E., McLean, L.R., Parker R.A., Ohlweiler, D.F. 1992. Ascorbate 

and phenolic antioxidant interactions in prevention of liposomal oxidation. Lipids 

27: 543-550.

Thomashow, M.F. 1999. Plant cold acclimation: Freezing tolerance genes and 

regulatory mechanisms. Annul. Rev. Plant Physiol. Plant Mol. Biol. 50:571-599

Thompson, J.A., Nelson, R.L. and Vodkin, L.O. 1998. Identification of diverse 
soybean germplasm using RAPD markers. Crop Sci. 38: 1348-1355.

Timko, M.P., Ehlers, J.D., and Roberts, P.A. 2006. Cowpea. In: Kole, C. (ed) 
The Genomes: A Series on Genome Mapping, Molecular Breeding & Genomics, 
Springer Pub., pp. 135-178.

Tripathy, J.N., Zhang, J., Robin, S., Nguyen, H.T. 2000. QTLs for cell- 
membrane stability mapped in rice (Oryza sativa L.) under drought stress. Theor 
Appl Genet 100:1197-1202

Tuinstra, M.R., Grote, E.M., Goldsbrough, P.B., and Ejeta, G. 1996.
Identification of quantitative trait loci associated with pre-flowering drought 
tolerance in sorghum. Crop Sci. 36:1337-1344.

Tuinstra, M.R., Grote, E.M., Goldsbrough, P.B., and Ejeta, G. 1997. Genetic 

analysis Of post-flowering drought tolerance and components of grain 

development in Sorghum bicolor (L.) Moench. Mol. Breed. 3:439-448.

Turk, K.J., Hall, A.E., Asbell, C.W., 1980. Drought adaptation of cowpea. I. 
Influence of drought on yield. Agron. J. 72, 413-420.

292 University of Leicester



References

Tyerman, S.D., Niemietz, C.M. and Bramley, H. 2002. Plant aquaporins: 
multifunctional water and solute channels with expanding roles. Plant Cell 

Environ. 25: 173-194

Uptmoor, R., Wenzel, W., Friedt, W., Donaldson, G., Ayisi, K., and Ordon, F.
2003. Comparative analysis on the genetic relatedness of Sorghum bicolor 

accessions from South Africa by RAPDs, AFLPs and SSRs. Theoretical and 
Applied Genetics 106: 1316-1325.

Urao, T., Yakubov, B., Satoh, R., Yamaguchi-Shinozaki, K., Seki, M., 
Hirayama, T., Shinozak, K. 1999. A transmembrane hybrid-type histidine kinase 

in Arabidopsis functions as an osmosensor. Plant Cell 11:1743-1754

Vaillancourt, R.E. and Weeden, N.F. 1992. Chloroplast DNA polymorphism 

suggests a Nigerian center of domestication for the cowpea, Vigna unguiculata 

(Leguminosae). American Journal of Botany 79:1194-1199.

Vaillancourt, R.E.,. Weeden, N.F, and Barnard, J.D. 1993. Isozyme diversity in 

the cowpea species complex. Crop Science 33: 606-613.

Van Breusegem F, Vranova E, Dat J.F., Inze D. 2001. The role of active 

oxygen species in plant signal transduction. Plant Science 161, 405-414.

Vaughan, D.A., Balazs, E., Heslop-Harrison, J.S. 2007. From crop 

domestication to super domestication. Annals of Botany. On-line ahead 
September.

Vaz Patto M.C, Aardse A, Buntjer J, Rubiales D, Martin A, Niks R.E. 2001.
Morphology and AFLP markers suggest three Hordeum chilense ecotypes that 
differ in avoidance to rust fungi. Can J Bot 79:204-213

293 University of Leicester



References

Venkateswarlu, B., Saharan, N., Maheswar, M. 1990. Nodulation and N2 
(C2H2) fixation in cowpea and groundnut during water-stress and recovery. Field 
Crops Res 25:223-232

Verdcourt, B.1970. Studies in the Leguminosae-Papilionoideae for ‘flora of 
Tropical East Africa’: IV. Kew Bui. 24:507-569.

Vicient C.M, Roscoe T.J, Delseny M. 2001. Characterization of an Em-like 

gene of Brassica napus. Journal of Experimental Botany 49, 1061-1062

Visser, B. 1994. "Technical Aspects of Drought Tolerance." Biotechnology and 
' Development Monitor, 18 :. 5.

Vos, P., Hogers, R., Bleeker, M., Reijans, M., Van der Lee, T., Hornes, M., 
Frijters, A., Pot, J., Peleman, J., Kuiper, M., and Zabeau, M. 1995. AFLP: a 

new technique for DNA fingerprinting. Nucleic Acids Res. 23: 4407-4414.

Walker, D.W. and JMiller Jr, .C. 1986. Intraspecifi c variability for drought 
resistance in cowpea.Scientia Horticulturae 29: 87-100.

Wang,W., Vinocur, B., Altman, A., 2003. Plant response to drought, salinity and 

extreme temperatures: towards genetic engineering for stress tolerance. Planta 
218,1-14.

Ware, D.H., Jaiswal, P., Ni, J., Yap, I.V., Pan, X., Clark, K.Y., Teytelman, L., 
Schmidt, S.C., Zhao, W., Chang, K., Cartinhour, S., Stein, L.D., McCouch, 
S.R., 2002. Gramene, a tool for grass genomics. Plant Physiol. 130, 1606-1613.

Watanabe, M., Nou, I. S., Takayama, S., Yamakawa, S., Isogai, A., Suzuki, A., 
Takiuchi, T. and Hinata, K.1993. Variations in and inheritance of NS-

294 University of Leicester



References

glycoprotein in self-incompatible Brassica campestris L.[Plant Cell Physiol.,33: 
343-351

Watanabe, I., Hakoyama, S., Terao, T., and. Singh, B.B. 1997. Evaluation 

methods for drought tolerance in cowpea. Pages 141-146 in Advances in 

cowpea research, edited by B.B. Singh, D.R. Mohan Raj, K.E. Dashiell, and 

L.E.N. Jackai. Copublication of International Institute of Tropical Agriculture (IITA) 
and Japan International Research Centre for AgriculturalSciences (JIRCAS). 
IITA, Ibadan, Nigeria

Waugh, R., McLean, K., Fiavel, A. J., Pearce, S. R., Kumar, A., Thomas, B. B, 
and Powell, W. 1997: Genetic distribution of Bare-1-like retrotransposable 

elements in the barley genome revealed by sequence-specific amplification 

polymorphisms (S-SAP). Mol. Gen. Genet. 253, 687—694

Weber, H, Vick, B.A, Farmer, E.E. 1997. Dinor-oxo-phytodienoic acid: a new 

hexadecanoid signal in the jasmonate family. Proc Natl Acad Sci USA 94: 
10473-10478

Wei G.H., Liu, D.P., Liang, C.C. 2004: Charting gene regulatory networks: 
strategies, challenges and perspectives. Biochem J 381:1-12

White, S., Doebley, J. 1998: Of genes and genomes and the origin of maize. 
Trends Genet; 14:327-332

Williams, C.B., and Chambliss, O.L. 1980. Auto-crossing in southern pea. Hort. 
Sci. 15: 179-184

Williams, M.E, Foster, R., Chua, N-H. 1992. Sequences flanking the hexameric 

G-box core CACGTG affect the specificity of protein binding. Plant Cell 4: 485- 
496

295 University of Leicester



References

Winrock International, 1992. Assessment of animal agriculture in Sub-Saharan 

Africa. Winrock International Institute for Agriculture Development, Morrilton, 
Arkansas, USA, p. 162

Winter, P., Hiittel, B., Weising, K., Kahl, G. 1995: Microsatellites and molecular 
breeding: Exploitation of microsatellite variability for the analysis of monotonous 

genome. In Molecular Techniques in Crop Improvement (S.M. Jain, D.S. Brar,
B.S., Ahloowalia, eds.). Kluwer Academic Piblishers, Dordrecht, The 

Netherlands, pp- 85-137.

Wolk, W.D. and Herner, R.C. 1982. Chilling injury of germinating seeds and 

seedlings. HortScience 17:169-173.

Wright, L.N., and Dobrenz, A.K. 1970. Efficiency of water use and seedling 
drought tolerance of Boer love-grass, Eragrostis curvula Nees. Crop Sci. 10:1-2.

Xia, Y, Yu, H, Jansen, R, Seringhaus. M, Baxter, S, Greenbaum, D, Zhao, H, 
Gerstein, M. 2004. Analyzing cellular biochemistry in terms of molecular 
networks. Annu Rev Biochem 73: 1051-1087

Xiong, L, Gong, Z, Rock, C.D, Subramanian, S, Guo, Y, Xu, W, Galbraith ,D, 
Zhu, J.K. 2001: Modulation of abscisic acid signal transduction and biosynthesis 

by an Sm-like protein in Arabidopsis. Dev Cell 1: 771-781.

Xu, P., Narasimhan, Samson, T., Coca, M.A., Huh, G.H., Zhou, J., Martin, 
G.B., Hasegawa, P.M. and Bressan, R.A. 1998: Plant Physiol. 118: 867-874.

Yadav, J. S., Soeliner, M. B., Loper, J. C. & Mishra, P. K. 2003. Tandem 

cytochrome P-450 monooxygenase genes and splice variants in the white rot

296 University of Leicester



References

fungus Phanerochaete chrysosporium: cloning, sequence analysis, and 

regulation of differential expression. Fungal Genet Biol 38,10-21

Yadav, R., Courtois, B., Huang, N., McLaren, G. 1997: Mapping genes 

controlling root morphology and root distribution in a doubled-haploid population 

of rice. Theor Appl Genet 94:619-632

Yamaguchi-Shinozaki K., and Shinozaki K. 2005. Organization of c/s-acting 

regulatory elements in osmotic- and cold-stress-responsive promoters. Trends in 

Plant Science 10: 88-94

Yamaguchi-Shinozaki, K., and Shinozaki K. 1994. A novel c/s-acting element 
in an Arabidopsis gene is involved in responsiveness to drought, low- 
temperature, or high-salt stress. The Plant Cell 6: 251-264.

Yang, G.P., Saghai Maroof, M.A., Xu, C.G., Zhang, Q.F., and Biyashev, R.M. 
1994. Comparative analysis of microsatellite DNA polymorphism in landraces 

and cultivars of rice. Mol. Gen. Genet. 245:187-194.

Young, N.D., Mudge, J., Ellis, T.H., 2003. Legume genomes: more than peas in a 
pod. Curr. Opin. Plant Biol. 6,199-204.

Yu, K., Park, S.J., and Poysa, V. 1999. Abundance and variation of 
microsatellite DNA sequences in beans (Phaseolus and Vigna). Genome 42:27- 
34.

Yu J., Hu S., Wang, J., Wong, G.K., Li, S., Liu, B., Deng, Y., Dai, L., Zhou, Y., 
Zhang, X., et al. 2000. A draft sequence of the rice genome (Oryza sativa L. ssp. 
indica). Science 296:79-92

Yu, J., et al., 2002. A draft sequence of the rice genome (Oryza sativa L. ssp. 
indica). Science 296, 79-92.

297 University of Leicester



References

Yu, G.X., and Wise, R.P. 2000. An anchored AFLP- and retrotransposon-based 

map of diploid Avena. Genome, 43: 736-749.

Zhang H.M., Jennings, A., Barlow, P.W., and Forde, B.G. 1999. Dual 
pathways for regulation of root branching by nitrate. Proc. Natl. Acad. Sci. USA. 
96:6529-6534

Zheng, H., Bassham, D.C., Conceigao, A.S., Raikhel, N.V. 1999a: J Exp Bot 
50: 915-924

Zheng, H, Fischer von Mollard, G, Kovaleva, V, Stevens, T.H., Raikhel, N.V. 
1999b: Mol Biol Cell 10: 2251-2264

Zhu, J.K., Xiong, L., 2002. Molecular and genetic aspects of plant response to 

osmotic stress. Plant Cell Environ. 25 ,131-139.

Zietkiewicz, E., Richer, C., and Labuda, G. 1999. Phylogenetic affinities of 
tarsier in the context of primate Alu repeats. Mol. Phylogenet. Evol. 11: 77-83.

298 University of Leicester


