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The Chloroplast in molecular systematics

Advantages Disadvantages
-Large numbers per cell -Slower rate of evolution
-Uniparentally inherited and than nuclear DNA
non-recombining -Less information at lower
-Manageable size - 150,000bp taxonomic level

-Fast and slow evolving
regions

Thylakoid
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The Chloroplast in molecular systematics
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The Chloroplast in molecular systematics
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The Chloroplast in molecular systematics
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The Chloroplast in molecular systematics

ons for targeted approaches
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COMPARISON OF WHOLE CHLOROPLAST GENOME SEQUENCES TO

CHOOSE NONCODING REGIONS FOR PHYLOGENETIC STUDIES IN

ANGIOSPERMS: THE TORTOISE AND THE HARE III!

> EpwArD E. ScHLLING,? AND RaNDALL L. Smart?

Joey Suaw,?3 Epcar B. LiCKEY

American Journal of Botany 94(3): 275-288. 2007.
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[20] Methods for Obtaining and Analyzing Whole
Chloroplast Genome Sequences
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Analysis of 81 genes from 64 plastid genomes
resolves relationships in angiosperms and identifies
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Traditional methods for chloroplast isolation require ~15
orams ot fresh tissue

most systematists do not have 15 grams to work with!
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Genome Skimming
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Objectives

-Design a set of universal primers for angiosperms

-Reduce the amount and type ot tissue needed for
whole chloroplast experiments

-Adapt our method to next-generation
sequencing technologies

oA

© Simon Uribe-Convers




Primer design
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16 overlapping combinations were chosen
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The tissue problem...

Standard CTAB extractions using ~ 0.02g of tissue,
instead of fresh tissue




Long PCR experiments on 12 orders (30 species) that spanned across
major lineages ot angiosperms, 1 order (3 species) of gymnosperms

Fagales: Alnus v

Rosales: Crataegus tourn. ex1.
Fabales: Lupinus.

) !
! aalc ‘ Malvidae
I HNnace -

Malpighiales: Sa/ix 1.

> | Brassicales: Capsellavedix.
2 | - ¢ Lamiales: Bartsiar., Castillejasuis ex 1.5,

Lamourouxia xunth, Penstenzon schmidel

Asterales: Balsamorhizatiook. ex Nut.

S | Apiales: Lomatinm rat

Caryophyllales: Pohgonum:.

Poales: Bromus scop.

Magnoliidae

Laurales: Umbellnlaria 6D Nees) Nuttall
Nymphaeales: Nupharsim. & sm.

e Pinales: Abses v




Species No. of amplified regions Type of Tissue Collection Date Order/Family

Bartsia inaequalis | lﬁ Silica gel-dried 2010 Lamiales/Orobanchaceae
Castilleja covilleana u 16 ﬁ Silica gel-dried 2009 Lamiales/Orobanchaceae
Castilleja elmeri i}l 16 I Silica gel-dried 2001 Lamiales/Orobanchaceae
Castilleja linariifolia 16 Silica gel-dried 2001 Lamiales/Orobanchaceae
Castilleja miniata 16 Silica gel-dried 2009 Lamiales/Orobanchaceae
Castilleja pallescens 16 _Silica gel-dried __...2009 Lamiales/Orobanchaceae
Penstemon montanus 16 Herbarium 2001 Lamiales/Plantaginaceae
Bartsia stricta 15 Silica gel-dried 2010 Lamiales/Orobanchaceae
Castilleja applegatei 15 Silica gel-dried 2001 Lamiales/Orobanchaceae
Castilleja virgata 15 Silica gel-dried 2009 Lamiales/Orobanchaceae
Castilleja ortegae 15 Silica gel-dried 2002 Lamiales/Orobanchaceae
Balsamorhiza sagittata 15 Silicgg_e_l;dried L Asterales/Asteraceae
Lomatium dissectum 15 | Herbarium Apiales/Apiaceae
Nuphar polysepalum 15 | i Silica gel-dried Nymphaeales/Nymphaeaceae
Salix scouleriana 15 | " Herbarium Malpighiales/Salicaeae
Castilleja lineariloba 14 Silica g“el-dried' ' Lamiales/Orobanchaceae
Castilleja victoriae 14 Silica gel-dried Lamiales/Orobanchaceae

Lamourouxia virgata

Herbarium

Lamiales/Orobanchaceae

Crataegus columbiana

f
I
W

| Herbarium

Rosales/Rosaceae

Polygonum douglasii

Herbarium

Caryophyllales/Polygonaceae

Umbellularia californica

Herbarium

Laurales/Lauraceae

Bromus tectorum 11 L Herbarium Poales/Poaceae
Castilleja oresbia 10 _Silica g eIeriéd Lamiales/Orobanchaceae
Alnus rhombifolia 10 Herbarium Fagales/Betulaceae

Poa bulbosa 10 Silica gel-dried | Poales/Poaceae

Senecio integerrimus 10 Silica gel-dried 2013 Asterales/Asteraceae
Abies amabili 9 _Silica gel-dried | Pinales/Pinaceae
Capsella bursa 8 . Herbarium Brassicales/Brassicaceae
Lupinus leucophylla 8 ) SiIca- 2013 Fabales/Fabaceae

Abies fraser 7 _Silica gel-dried 2009 Pinales/Pinaceae
Balsamorhiza hookeri 7 | Herbarium 2007 Asterales/Asteraceae
Castilleja arvensis 6 ~ Silica gel-dried 2005 Lamiales/Orobanchaceae
Abies grandis 6 Silica gel-dried 2009 Pinales/Pinaceae




Uribe-Conversetal. 1

Short Title for Running Head: Uribe-Convers et al. - Long PCR Based Chloroplast Enrichment

Got Genome? A long PCR based method for chloroplast genome enrichment and

phylogenomics in angiosperms!'

Simon Uribe-Convers 24, Justin R. Duke?, Michael J. Moore?, David C. Tank?

Tank lab - Uldaho

Long PCR
for amplification of 4-20kb targets
Product Contents Cat. No.
QIAGEN Jag DNA Polymerase’ 250 wnits Jag DNA Polymerase, 10x PCR Buffer,t Sx Q-Solution, 25 M | 201208
M‘CIZ
QIAGEN HotStar HiFidelity DNA | 100 wnnts HotStar HiFidelity DNA Polymerase®, 10x HatSsar PCR Buffer, 202602 A
Polymerase’ Sx Q-Solution, 25 mM MgS04

Tthis should work using almost any high quality Jag polymerase - cheap tags ¢ g QIAGEN YopZag o Promega Goliag do mot work and result in
large smears, rather than discrete bands. Q-solution does seem 10 be an important additive, thus the use of QIAGEN Jag, However, this does
work using Q-solution with other high quality Jag polymerases like Promega’s standard Jiag (i.¢., if vou have a stock of Q-solution, bt no
QIAGEN Jag)

*have not tried other high fidelity polymerases

Genomic DNA must be high quality - run a 0.8% or 1% gel to check. Standard CTAB
extractions from silica gel-dried or herbarium material work well if they 1) are recent (extraction
and tissue), and 2) contain high molecular weight DNA. Most importantly, we’ve found that
recent DNA extractions that have not been through numerous freeze-thaw cycles work best. For
best results, long PCR should be done using new DNA extractions stored at 4°C while
performing long PCR experiments.

All preparations should be done on ice.

1. Number tubes or prepare plate — make sure to include appropriate negative controls.

HotStar Tag dilution 12.5uL (25 xng) 25050 xng)  SOpL(100 sxps)
5x HotStar HiFidelity PCR buffer 2.5ul 5.0uL 10ul.
H;O0 9.0uL 18uL 36ul

IAGEN 1.0uL 2.0uL 4.0ul.

Uribe-Convers et al., in revision w___ oo



Adapt to new sequencing technologies

Long PCR Genomic library [Nlumina sequencing
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Species No. amplified regions bp sequenced Assem. Depth N50
Bartsia inaequalis Benth. 16 125,283 656 19,294
Castilleja covilleana L.F.Hend. 16 133,595 641 37,107
Castilleja elmeri Fernald 16 122,614 664 33,049
Castilleja linariifolia Benth. 16 122,046 642 28,529
Castilleja miniata pouglas ex Hook. 16 134,704 844 75,123
Castilleja pallescens Greenm. 16 125,490 764 73,629
Bartsia stricta (Kunth) Benth. 15 119,828 707 67,195
Castilleja applegatei Fernald 15 119,647 642 18,856
Castilleja virgata (Domb. ex Wedd.) Edwin 15 113,650 698 14,541
Castilleja ortegae standl. 15 108,071 925 97,615
Castilleja lineariloba (Benth.) T.I.Chuang & Heckard 14 122,182 540 11,656
Castilleja victoriae Fairbarns & J.M.Egger 14 111,371 688 18,398
Lamourouxia virgata Kunth 14 108,767 652 11,012
Castilleja oresbia Greenm. 10 83,384 717 9,986
Castilleja arvensis cham. & Schitdl. 6 73,378 701 9,803
Average 14 114,934 699 35,053




Species No. amplified regions bp sequenced Assem. Depth N50
Bartsia inaequalis Benth. 16 125,283 656 19,294
Castilleja covilleana L.F.Hend. 16 133,595 641 37,107
Castilleja elmeri Fernald 16 122,614 664 33,049
Castilleja linariifolia Benth. 16 122,046 642 28,529
Castilleja miniata pouglas ex Hook. 16 134,704 844 75,123
Castilleja pallescens Greenm. 16 125,490 764 73,629
Bartsia stricta (Kunth) Benth. 15 119,828 707 67,195
Castilleja applegatei Fernald 15 119,647 642 18,856
Castilleja virgata (Domb. ex Wedd.) Edwin 15 113,650 698 14,541
Castilleja ortegae standl. 15 108,071 925 97,615
Castilleja lineariloba (Benth.) T.I.Chuang & Heckard 14 122,182 540 11,656
Castilleja victoriae Fairbarns & J.M.Egger 14 111,371 688 18,398
Lamourouxia virgata Kunth 14 108,767 652 11,012
Castilleja oresbia Greenm. 10 83,384 717 9,986
Average 14 114,934 699 35,053

More data than with traditional techniques at the same pricel



Scalability of our method
HiSeq 2000 = ~187.5M reads (single-end 100)

15 samples = ~12.5M reads
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150kb average plastome
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~8333x sequencing depth
~167 times higher than 50x threshold

2500 samples at 50x, 2 theory



Scalability of our method

MiSeq = 1M reads (paired-end 250)

15 samples = ~66.7K reads
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150kb average plastome

~222x sequencing depth

~4.4 times higher than 50x threshold

06 samp!

es at 50x, 7 theory
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Conclusions

-59 primer pairs universal for angiosperms
they may work for gymnosperms too!
-16 overlapping combinations
~Tested universality of the primers (13 orders/32 spp.)
-Minimal amount of tissue 0.02¢ (silica & herbartum)

-21 samples had at least 75% (~115kb)
-Step-by-step protocol _




Conclusions

-15 Orobanchaceae samples sequenced in a HiSeq 2000

-13 species had 14 regions (87.5% or ~131kb)
-Worst sample had only 6 regions but still ~73kb of datal!
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Conclusions

-Straightforward method based on long PCR

-Cost effective and time efficient ($§125/sequenced genome)

-Alternative method for plastome studies
Lower uptront costs
Complete genome
Targeted regions
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