
Nov 4-Nov 8 DNA barcoding     

Molecular systematics in plants (Les) 

Lab 8:  likelihood (Garli and/or RAxML) and Bayesian analyses 

(Wagner in Austin) 

Nov 11-15 Molecular systematics in animals (Simon) (Wagner in Austin)  

Lab 9:  Find and analyze your own data set COI problem (Wagner 

in Austin) 

Nomenclature   

Other matters: 

* Term paper:  11 (Monday) Nov  15 (Friday), 16, 17? 

 

Final 

* Wednesday, 11 December (8—11 AM) 



Identifying Life 



Known biodiversity: 1.7 million 

species of plants and animals 

Estimated biodiversity: 

10 million to 

100 million species 



* Cytochrome c oxidase I (COI) has 

   become standard for animals 

* “Folmer region" at the 5' end of gene  

* approx. 658 base pairs 

* closely related species often differ by 

  several percent 

* smaller Ne means gene coalesces  

   more quickly 

* marker for both within species 

   structure and among species structure 
 

 

DNA barcoding is based on the use of a short, standard 

region that enables cost-effective species identification  





Sequence Data 
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Fish Identification 

through DNA 

barcodes 



Bird Identification 

through DNA 

barcodes 



Bird Identification 

through DNA 

barcodes 







* 1.8 million barcode records 

* 175,000 species 

* 10,000 barcodes added per week 



BOLD – Specimen Data 



  

 

http://www.boldsystems.org/index.php/Taxbrowser_Taxonpage?taxid=16902 

http://www.boldsystems.org/index.php/Taxbrowser_Taxonpage?taxid=16902


Figure 11. BIN page for Danaus plexippus (Linnaeus, 1758), the monarch butterfly. 

Ratnasingham S, Hebert PDN (2013) A DNA-Based Registry for All Animal Species: The Barcode Index Number (BIN) System. 

PLoS ONE 8(7): e66213. doi:10.1371/journal.pone.0066213 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0066213 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0066213


* Build, over the next 20 years, a barcode library for all 

  eukaryotic life 

* Add alignment browser for visualing nucleotide and amino acid 

  alignments 

* Add capacity for multiple sequence markers  

* Add nuclear markers  

* Include plant markers:  ITS, matK, and rbcL markers 

* Develop algorithms for discovering new leaves on the “Tree  

  of Life” 

* Consider character-based identifications 

* Develop probabilities and certainty values 

* Develop algorithms for dealing with hybridization and lineage  

  sorting (coalescence issues) 

 

 

Goals   



* Is it just a new tool for  

  taxonomy? Might it also be a  

  threat to traditional taxonomy? 

* Why is its use generating  

  controversy among practitioners, 

  users, funders, etc. 

* When does it work? 

* When does it fail?  

* Why and how can claims about 

  its utility and accuracy be so 

different? 

 

 

DNA Barcoding 



http://phe.rockefeller.edu/barcode/blog/wp-content/uploads/2008/07/text-terns.gif 

Here I look at one example from birds, 

comparing differences among COI barcodes to a recently 

revised phylogeny of terns (subfamily 

Sternini). According to American Ornithologists’ Union 

Check-list of North American Birds Supplement 47 

(2006), “the data show that the genus Sterna as currently 

defined…is paraphyletic.”…”[W]e follow the 

recommendation of Bridge et al 2005 to resurrect four 

generic names currently placed in synonymy with 

Sterna.” The figure at left, taken from the 2005 paper by 

Bridge, Jones, and Baker, shows phylogenetic 

relationships based on 2800 bp of mtDNA from 33 

species of terns (Bayesian tree with ML distances and 

ML bootstrap support indices), and is juxtaposed to an 

NJ tree of COI barcodes from 29 of the same 33 taxa. 

The figure is colored according to the revised generic 

assignments (AOU 2006). 

The topology of the COI NJ tree is similar to the larger 

data set tree, including that all currently recognized 

genera are reciprocally monophyletic, and most show 

similarly high bootstrap values as in the Bayesian/ML 

analysis based on the larger data set.  

Of course mitochondrial DNA is widely used in analyzing 

relationships among animal species, including birds. 

Most of these studies are focused on relatively small 

groups of species, such as the tern study cited here. 

With growing DNA barcode libraries it will be increasingly 

possible to get at least a preliminary look at genetic 

relationships for large numbers of species (so far 2,393 

avian species (24% of world birds) have barcode records 

in BOLD). This could be exciting!  

http://www.aou.org/checklist/suppl/AOU_checklist_suppl_47.pdf
http://www.aou.org/checklist/suppl/AOU_checklist_suppl_47.pdf
http://www.aou.org/checklist/suppl/AOU_checklist_suppl_47.pdf
http://www.aou.org/checklist/suppl/AOU_checklist_suppl_47.pdf
http://www.aou.org/checklist/suppl/AOU_checklist_suppl_47.pdf
http://www.cmnh.org/site/Files/Ornithology/MPETerns.pdf


 

BARCODING LIFE: TEN REASONS TO  

IDENTIFY SPECIES BY DNA  

 1.  Works with fragments 

 2.  Works with all life stages 

 3.  Unmasks look-alikes 

 4.  Reduces ambiguity 

 5.  Makes expertise go further 

 6.  Democratizes access 

 7.  Open way for electronic handheld guide 

 8.  Sprouts new leaves on the tree of life 

 9.  Demonstrates value of collections 

10. Speeds writing the encyclopedia of life 

 

http://www.barcoding.si.edu/PDF/TenReasonsBarcoding.pdf 



 

BARCODING LIFE: MORE REASONS TO  

IDENTIFY SPECIES BY DNA  

 11.  Phylogenetic signal  a 

        research agenda for taxonomists  

 12.  A higher benchmark for type series 

 13.  Enables research on minute taxa 

        (microlepidoptera, nematodes, algae) 

 14.  Mitochondrial genes coalesce faster 

 

 



http://www.barcoding.si.edu/PDF/TenReasonsBarcoding.pdf 



Zanclognatha protumnusalis  



* ideally daughter species should be  

  reciprocally monophyletic   

- Funk and Omland (2003) claimed only 

70% of species in their review were 

reciprocally monophyletic.   

* hybridization is especially problematic:   

  e.g., one haplotype is shared by 5 species 

of  New England damselflies 

   - important shortfall for many large genera 

   - sloppy sex matters…many animals with 

external fertilization have evidence of 

hybridization 

Some Problems 



* ancestral polymorphism may be the most 

pervasive problem among closely related 

taxa 

* an issue with recently speciating a taxa 

 

* deep within-species splits possible: 

because haplotypes do not recombine, 

any biogeographic (phylogeographic) splits 

will linger (until haplotype extinction) 

  e.g., sky-island populations from southern 

  Appalachians usually different from 

Canadian haplotypes 

Some Problems 



Colias interior 

COI samples from Ottawa have a 6% divergence 



* do barcodes work for asexual taxa?  

* distances between taxa mean…exactly 

what? 

* sometimes too little resolution (recent 

splits/taxa:  e.g., lacewing song morphs) 

may not show up in COI 

* sometimes too many haplotypes to make 

much sense (Noctua pronuba) 

More Problems 



Mitochondrial Haplotypes  

in Noctua pronuba 
My thought with the barcodes that that recently 

introduced species would most likely have only a 

single barcode, or maybe a few if multiple 

individuals were introduced, and maybe these 

would even tie them to a source like China, 

England, etc. We're not sure with some species, 

like Scoliopteryx libatrix, Lycaena phlaeas, 

Pyrhhia exprimens, whether they are naturally 

holoarctic or are introductions by man.  So, I 

thought a really good test of this premise would be 

Noctua pronuba because we know the year (about 

1979) when a single individual was found at 

Halifax, a port where many European insects have 

arrived by ship. It's systematic spread through the 

maritime provinces, then west and south in 200 to 

300 mile increments until reaching Alaska, Florida, 

and Mexico in about 25 years. However, when I 

do the barcodes, I see there are - so far - 14 

different haplotypes for it, several as divergent as 

0.5 %. We are told that a divergence of 2 % 

usually is indicative of full species and takes likely 

millions of years. No one has adequately 

explained to me how a species with apparently a 

single introduction can have so many haplotypes, 

unless hundreds of individuals flew off the boat 

carrying many haplotypes.  

 

                                Don Lafontaine Nov 2011 



  

Noctua pronuba 



* although mitochondria are excellent markers for 

phylogeographic and species-level taxa we know of 

examples where the mt haplotypes are poor proxies for 

known ESUs, e.g., when females are philopatric and 

males are vagile  

* pseudogenes in nucleus (numts) 

* heteroplasmy 

* in an application of DNA barcoding to the identification of 

species of Protocalliphora flies, it was found that 

several distinct morphospecies had identical 

cytochrome c oxidase I gene sequences, most likely 

through horizontal gene transfer by Wolbachia species 

as they jump across host species (Wikipedia: 

http://en.wikipedia.org/wiki/Wolbachia) 

* and ? 

More Problems 

http://en.wikipedia.org/wiki/Wolbachia


Table 2. Properties of the eight datasets used in testing performance of algorithms for OTU 

delineation. 

Ratnasingham S, Hebert PDN (2013) A DNA-Based Registry for All Animal Species: The Barcode Index Number (BIN) System. 

PLoS ONE 8(7): e66213. doi:10.1371/journal.pone.0066213 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0066213 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0066213


Figure 4. Correspondence between OTUs generated by RESL and the number of species in eight 

datasets. 

Ratnasingham S, Hebert PDN (2013) A DNA-Based Registry for All Animal Species: The Barcode Index Number (BIN) System. 

PLoS ONE 8(7): e66213. doi:10.1371/journal.pone.0066213 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0066213 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0066213


Figure 5. Comparison of BIN and species boundaries in six datasets. 

Ratnasingham S, Hebert PDN (2013) A DNA-Based Registry for All Animal Species: The Barcode Index Number (BIN) System. 

PLoS ONE 8(7): e66213. doi:10.1371/journal.pone.0066213 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0066213 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0066213

