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The Chloroplast in molecular systematics

http://hyperphysics.phy-astr.gsu.edu/hbase/biology/chloroplast.html

-Large numbers per cell
-Uniparentally inherited and
  non-recombining
-Manageable size - 150,000bp
-Fast and slow evolving
  regions

Advantages

-Slower rate of  evolution
  than nuclear DNA
-Less information at lower
  taxonomic level

Disadvantages

http://hyperphysics.phy-astr.gsu.edu/hbase/biology/chloroplast.html
http://hyperphysics.phy-astr.gsu.edu/hbase/biology/chloroplast.html


The Chloroplast in molecular systematics

1 region for 499 species



17 regions for 21 species

The Chloroplast in molecular systematics



The Chloroplast in molecular systematics

17 regions for 640 species



-34 ‘universally’ informative regions for targeted approaches

http://athome.readinghorizons.com/community/blog/wp-content/uploads/2012/01/tortoise-ant-the-hare.gif

The Chloroplast in molecular systematics

http://athome.readinghorizons.com/community/blog/wp-content/uploads/2012/01/tortoise-ant-the-hare.gif
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Chloroplast
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Moore et al., 2007



Traditional methods for chloroplast isolation require ~15 
grams of  fresh tissue 
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most systematists do not have 15 grams to work with!

© Simon Uribe-Convers
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http://www.mycroarray.com/pdf/MYbaits.pdf

Genome Skimming RNA Hybridization Probes

http://www.mycroarray.com/pdf/MYbaits.pdf
http://www.mycroarray.com/pdf/MYbaits.pdf


Objectives

-Design a set of  universal primers for angiosperms
-Reduce the amount and type of  tissue needed for
  whole chloroplast experiments
-Adapt our method to next-generation
  sequencing technologies

© Simon Uribe-Convers



Primer design

-Analyzing an 83 plastid gene alignment (Moore et al., 2010)

-59 primer pairs were designed

Primer



16 overlapping combinations were chosen

Uribe-Convers et al.,  in revision



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

The tissue problem...



Soltis et al., 2011

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

Fagales: Alnus Mill.

Rosales: Crataegus Tourn. ex L.

Fabales: Lupinus L.

Malpighiales: Salix L.

Brassicales: Capsella Medik.

Lamiales: Bartsia L., Castilleja Mutis ex L.f., 
  Lamourouxia Kunth, Penstemon Schmidel

Asterales: Balsamorhiza Hook. ex Nutt. 

Apiales: Lomatium Raf.

Caryophyllales: Polygonum L.

Poales: Bromus Scop.

Laurales: Umbellularia (C.G.D. Nees) Nuttall

Nymphaeales: Nuphar Sibth. & Sm.

Pinales: Abies Mill.



Species No.	  of	  amplified	  regions Type	  of	  Tissue	   Collec8on	  Date Order/Family
Bartsia	  inaequalis 16 Silica	  gel-‐dried 2010 Lamiales/Orobanchaceae
Cas.lleja	  covilleana 16 Silica	  gel-‐dried 2009 Lamiales/Orobanchaceae
Cas.lleja	  elmeri 16 Silica	  gel-‐dried 2001 Lamiales/Orobanchaceae
Cas.lleja	  linariifolia 16 Silica	  gel-‐dried 2001 Lamiales/Orobanchaceae
Cas.lleja	  miniata 16 Silica	  gel-‐dried 2009 Lamiales/Orobanchaceae
Cas.lleja	  pallescens 16 Silica	  gel-‐dried 2009 Lamiales/Orobanchaceae
Penstemon	  montanus 16 Herbarium 2001 Lamiales/Plantaginaceae
Bartsia	  stricta 15 Silica	  gel-‐dried 2010 Lamiales/Orobanchaceae
Cas.lleja	  applegatei 15 Silica	  gel-‐dried 2001 Lamiales/Orobanchaceae
Cas.lleja	  virgata 15 Silica	  gel-‐dried 2009 Lamiales/Orobanchaceae
Cas.lleja	  ortegae 15 Silica	  gel-‐dried 2002 Lamiales/Orobanchaceae
Balsamorhiza	  sagi:ata 15 Silica	  gel-‐dried 2013 Asterales/Asteraceae
Loma.um	  dissectum 15 Herbarium 2004 Apiales/Apiaceae
Nuphar	  polysepalum 15 Silica	  gel-‐dried 2013 Nymphaeales/Nymphaeaceae
Salix	  scouleriana 15 Herbarium 2008 Malpighiales/Salicaeae
Cas.lleja	  lineariloba 14 Silica	  gel-‐dried 2004 Lamiales/Orobanchaceae
Cas.lleja	  victoriae 14 Silica	  gel-‐dried 2005 Lamiales/Orobanchaceae
Lamourouxia	  virgata 14 Herbarium 1988 Lamiales/Orobanchaceae
Crataegus	  columbiana 13 Herbarium 1996 Rosales/Rosaceae
Polygonum	  douglasii 12 Herbarium 2005 Caryophyllales/Polygonaceae
Umbellularia	  californica 12 Herbarium 2002 Laurales/Lauraceae
Bromus	  tectorum 11 Herbarium 2004 Poales/Poaceae
Cas.lleja	  oresbia 10 Silica	  gel-‐dried 2001 Lamiales/Orobanchaceae
Alnus	  rhombifolia 10 Herbarium 1989 Fagales/Betulaceae
Poa	  bulbosa 10 Silica	  gel-‐dried 2013 Poales/Poaceae
Senecio	  integerrimus 10 Silica	  gel-‐dried 2013 Asterales/Asteraceae
Abies	  amabili 9 Silica	  gel-‐dried 2009 Pinales/Pinaceae
Capsella	  bursa 8 Herbarium 2005 Brassicales/Brassicaceae
Lupinus	  leucophylla 8 Silica	  gel-‐dried 2013 Fabales/Fabaceae
Abies	  fraser 7 Silica	  gel-‐dried 2009 Pinales/Pinaceae
Balsamorhiza	  hookeri 7 Herbarium 2007 Asterales/Asteraceae
Cas.lleja	  arvensis 6 Silica	  gel-‐dried 2005 Lamiales/Orobanchaceae
Abies	  grandis 6 Silica	  gel-‐dried 2009 Pinales/Pinaceae



Uribe-Convers et al., in revision



Adapt to new sequencing technologies

Long PCR Genomic library Illumina sequencing

Genome assembly

Final genome



Species No.	  amplified	  regions bp	  sequenced Assem.	  Depth N50
Bartsia	  inaequalis	  Benth. 16 125,283 656 19,294

Cas.lleja	  covilleana	  L.F.Hend. 16 133,595 641 37,107

Cas.lleja	  elmeri	  Fernald 16 122,614 664 33,049

Cas.lleja	  linariifolia	  Benth. 16 122,046 642 28,529

Cas.lleja	  miniata	  Douglas	  ex	  Hook. 16 134,704 844 75,123

Cas.lleja	  pallescens	  Greenm. 16 125,490 764 73,629

Bartsia	  stricta	  (Kunth)	  Benth. 15 119,828 707 67,195

Cas.lleja	  applegatei	  Fernald 15 119,647 642 18,856

Cas.lleja	  virgata	  (Domb.	  ex	  Wedd.)	  Edwin 15 113,650 698 14,541

Cas.lleja	  ortegae	  Standl. 15 108,071 925 97,615

Cas.lleja	  lineariloba	  (Benth.)	  T.I.Chuang	  &	  Heckard	   14 122,182 540 11,656

Cas.lleja	  victoriae	  Fairbarns	  &	  J.M.Egger	   14 111,371 688 18,398

Lamourouxia	  virgata	  Kunth 14 108,767 652 11,012

Cas.lleja	  oresbia	  Greenm. 10 83,384 717 9,986

Cas.lleja	  arvensis	  Cham.	  &	  Schltdl. 6 73,378 701 9,803

Average 14 114,934 699 35,053
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More data than with traditional techniques at the same price!



HiSeq 2000 = ~187.5M reads (single-end 100)

Scalability of  our method

~8333x sequencing depth

150kb average plastome

~167 times higher than 50x threshold 

15 samples = ~12.5M reads

2500 samples at 50x, in theory



MiSeq = 1M reads (paired-end 250)

Scalability of  our method

~222x sequencing depth

150kb average plastome

~4.4 times higher than 50x threshold 

15 samples = ~66.7K reads

66 samples at 50x, in theory
96 samples at 35x, in theory



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 0.02g (silica & herbarium)
-21 samples had at least 75% (~115kb)
-Step-by-step protocol



Conclusions

© Simon Uribe-Convers

-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  data!



Conclusions

© Simon Uribe-Convers

-Straightforward method based on long PCR
-Cost effective and time efficient ($125/sequenced genome)
-Alternative method for plastome studies

Lower upfront costs
Complete genome
Targeted regions
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