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The "Consortium 
for the Barcode 
of Life" (CBoL) 







 Will & Rubinoff (2004) Cladistics, 20, 47-55. 



New . .  but not good. 

- unjustified emphasis/reliance on DNA data 

- the incorrect analogy to Universal Product 
Codes (UPC): typological thinking is not really 
new.  

- the concerted effort, but largely to do the 
wrong thing 

 Will & Rubinoff (2004) Cladistics, 20, 47-55. 



DNA barcoding: definitions 

•  DNA barcoding sensu stricto: 
identification of the species level using a 
single standardized DNA fragment; 
(= CBoL view) 

•  DNA barcoding sensu lato: identification 
of any taxonomical level using any DNA 
fragment 

Valentini A, Pompanon F, Taberlet P (2009) DNA barcoding for 
ecologists. Trends in Ecology & Evolution, 24, 110-117. 



The ideal DNA barcoding marker 
•  Variability: the gene region sequenced should be 

nearly identical among individuals of the same 
species, but different between species 

•  Standardization: the same DNA region used for 
different taxonomic groups 

•  Phylogenetic information: to easily assign unknown 
or not yet "barcoded" species to their taxonomic 
group (genus, family, etc.) 

•  Robustness: highly conserved priming sites, and 
highly reliable DNA amplifications and sequencing 

•  Shortness: amplification of degraded DNA 
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Next generation sequencers and 
biodiversity: the rare biosphere… 

•  Routinely used for bacteria, fungi, and nematodes 
•  Sogin ML, Morrison HG, Huber JA, Welch DM, Huse SM, Neal PR, 

Arrieta JM, Herndl GJ (2006) Microbial diversity in the deep sea and the 
underexplored "rare biosphere". Proceedings of the National Academy 
of Sciences of the United States of America, 103, 12115-12120. 

•  Buee M, Reich M, Murat C, Morin E, Nilsson RH, Uroz S, Martin F 
(2009) 454 Pyrosequencing analyses of forest soils reveal an 
unexpectedly high fungal diversity. New Phytologist, 184, 449-456. 

•  Porazinska DL, Giblin-Davis RM, Faller L, Farmerie W, Kanzaki N, 
Morris K, Powers TO, Tucker AE, Sung W, Thomas WK (2009) 
Evaluating high-throughput sequencing as a method for metagenomic 
analysis of nematode diversity. Molecular Ecology Resources, 9, 
1439-1450. 
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Our scientific objectives 
•  Understanding the mechanisms underlying 

biodiversity (with an integrated approach) 
•  Biodiversity monitoring using standardized 

protocols 
•  DNA-based biodiversity assessment using 

environmental samples 
•  For plants and animals 
•  Many "by-products": diet analysis, 

biotechnological applications 



The metabarcoding approach 

•  Sampling in the field (soil, water, feces, etc.) 
•  DNA extraction 
•  DNA amplification with barcode primers 
•  Sequencing of the PCR products on next 

generation sequencers 
•  Species identification using a reference 

database (or identification of MOTUs) 
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DNA sequencing 

•  Capillary electrophoresis 
– 500-1000 bp per sequencing reaction 
– 12 x 96 reactions per day (≈ 1 Mb per day) 

•  Next generation sequencers 
– Roche 454: ≈ 0.4 Gb per day 
– HiSeq 2000: ≈ 25 Gb per day  



454 GS FLXTM 

•  Company: Roche Diagnostic® 
•  Website: 

https://roche-applied-science.com/sis/
sequencing/flx/index/jsp 

•  Fragment length: 400 bases 
•  Number of reads per run: 1 106 
•  Total output per run: 0.4 Gb per run 
•  Time per run: 8 hours 



GS Junior 

•  Company: Roche Diagnostic® 
•  Website: http://www.gsjunior.com/  
•  Fragment length: 400 bases 
•  Number of reads per run: 0.1 106 
•  Total output per run: 0.04 Gb per run 
•  Time per run: 12 hours 



Flow Order 

454 Sequencing: BaseCalling 
•  Count the photons generated for each “flow” 
•  Base call using signal thresholds 
•  Delivery of one nucleotide per flow ensures accurate base calling 

T
A
C
G 

1‐mer 

2‐mer 

3‐mer 

4‐mer 

KEY (TCAG) 

Measures the 
presence or absence 
of each nucleoDde at 
any given posiDon 



Genetic AnalyzerTM/SolexaTM IIx 

•  Company: Illumina® 
•  Website: 

http://www.illumina.com/
systems/
genome_analyzer_iix.ilmn 

•  Fragment length: 35-105 bases 
(possibility of "paired-end" sequencing) 

•  Number of reads per run: 350 106 
•  Total output per run: 33 Gb 
•  Time per run: 6 days 



HiSeq 2000 

•  Company: Illumina® 
•  Website: 

http://www.illumina.com/systems/
hiseq_2000.ilmn 

•  Fragment length: 100 bases (2x100 paired-
ends) 

•  Number of reads per run: 2 109 
•  Total output per run: 200 Gb 
•  Time per run: 9 days 



An idea of the HiSeq 2000 
production per run 

•  2 billions of reads of 100 bp 
•  6 lines per read 
•  55 lines per page (time 11) 
•  218 181 818 pages (64 800 km long, or 

26 km high) 
•  more than 1000 tonnes of paper 
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Four barcode challenges  
•  Evaluate the quality of a barcode 
•  Infer new barcode region and their corresponding 

primers 
•  Prepare samples: the multiplex sample tagging 

system 
•  Analyze sequence data… 

–  How to deal with large sequence files? 
–  How to assign sequences to a taxon, with or without 

reference sequences? 
–  How to deal with amplification/sequencing errors? 



Barcode quality indices 

•  Barcode coverage  

•  Barcode specificity 
€ 

Bc =
amplified  taxa

total  number  of  taxa

€ 

Bs =
unambiguously  identified  taxa

total  number  of  taxa



An unambiguously identified taxon  
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Testing a barcode region 

!"#$%&'(')*+(,,---./012#341.+0536.70,805",1"#$%&'

ecoPCR -d ebpln96 -l5 -L300 -k -e3 GGGCAATCCTGAGCCAA CCATTGAGTCTCTGCACCTATC!

#!
# ecoPCR version 0.1!
# direct  strand oligo1 : GGGCAATCCTGAGCCAA                ; oligo2c :           GATAGGTGCAGAGACTCAATGG!
# reverse strand oligo2 : CCATTGAGTCTCTGCACCTATC           ; oligo1c :                TTGGCTCAGGATTGCCC!
# max error count by oligonucleotide : 3!
# database : arctic_01_02_2008!
# amplifiat length between [5,300] bp!
# output in kingdom mode!
#!
0240g           |       495 | 10000726 | subspecies           |   282718 | Achillea alpina                |    13328 | Achillea                       |     4210 | Asteraceae                     |    33090 | Viridiplantae                  | D | GGGCAATCCTGAGCCAA                |  0 | CCATCGAGTCTCTGCACCTATC           |  1 |    90 | ATCACGTTTTCCGAAAACAAACAAAGGTTCAGAAAGCGAAAAGAAAAAAAA | !
1043o           |       496 | 10000724 | subspecies           |   282718 | Achillea alpina                |    13328 | Achillea                       |     4210 | Asteraceae                     |    33090 | Viridiplantae                  | D | GGGCAATCCTGAGCCAA                |  0 | CCATCGAGTCTCTGCACCTATC           |  1 |    90 | ATCACGTTTTCCGAAAACAAACAAAGGTTCAGAAAGCGAAAAGAAAAAAAA | !
0239g           |       495 | 10000001 | subspecies           |    13329 | Achillea millefolium           |    13328 | Achillea                       |     4210 | Asteraceae                     |    33090 | Viridiplantae                  | D | GGGCAATCCTGAGCCAA                |  0 | CCATCGAGTCTCTGCACCTATC           |  1 |    90 | ATCACGTTTTCCGAAAACAAACAAAGGTTCAGAAAGCGAAAAGAAAAAAAA | !
1042o           |       496 | 10000725 | subspecies           |    13329 | Achillea millefolium           |    13328 | Achillea                       |     4210 | Asteraceae                     |    33090 | Viridiplantae                  | D | GGGCAATCCTGAGCCAA                |  0 | CCATCGAGTCTCTGCACCTATC           |  1 |    90 | ATCACGTTTTCCGAAAACAAACAAAGGTTAAGAAAGCGAAAAGAAAAAAAA | !
0722g           |       567 | 10000639 | subspecies           | 10000110 | Aconitum delphinifolium        |    49188 | Aconitum                       |     3440 | Ranunculaceae                  |    33090 | Viridiplantae                  | D | GGGCAATCCTGAGCCAA                |  0 | CCATTGAGTCTCTGCACCTATC           |  0 |   101 | ATCCTGTTTTTATAAAACAAATCAAAATCAAATAAAGGGTTCAGAAAGCAAGAATAAAAAAG | !
1474o           |       567 | 10000639 | subspecies           | 10000110 | Aconitum delphinifolium        |    49188 | Aconitum                       |     3440 | Ranunculaceae                  |    33090 | Viridiplantae                  | D | GGGCAATCCTGAGCCAA                |  0 | CCATTGAGTCTCTGCACCTATC           |  0 |   101 | ATCCTGTTTTTATAAAACAAATCAAAATCAAATAAAGGGTTCAGAAAGCAAGAATAAAAAAG | !
0818g           |       567 | 10000002 | subspecies           |   112589 | Aconitum lycoctonum            |    49188 | Aconitum                       |     3440 | Ranunculaceae                  |    33090 | Viridiplantae                  | D | GGGCAATCCTGAGCCAA                |  0 | CCATCGAGTCTCTGCACCTATC           |  1 |   101 | ATCCTGTTTTTAGAAAACAAATCAAAATCAAATAAAGGGTTCAGAAAGCAAGAATAAAAAAG | !
1649o           |       567 | 10000002 | subspecies           |   112589 | Aconitum lycoctonum            |    49188 | Aconitum                       |     3440 | Ranunculaceae                  |    33090 | Viridiplantae                  | D | GGGCAATCCTGAGCCAA                |  0 | CCATCGAGTCTCTGCACCTATC           |  1 |   101 | ATCCTGTTTTTAGAAAACAAATCAAAATCAAATAAAGGGTTCAGAAAGCAAGAATAAAAAAG | !
0282g           |       464 | 10000111 | species              | 10000111 | Aconogonon alaskanum           |   106214 | Aconogonon                     |     3615 | Polygonaceae                   |    33090 | Viridiplantae                  | D | GGGCAATCCTGAGCCAA                |  0 | CCATTGAGTCTCTGCACCTATC           |  0 |    71 | CTCCTGCTTTCCAAAAATAAGCATAAAAAAGG | !



One amplified sequence description 

SeqId ! ! !: !0240g           !

Seq length ! !: !495 !

TaxId ! ! !: !10000726 !

Taxon rank! !: !subspecies           !

Sp taxid ! !: !282718 !

Sp name! ! !: !Achillea alpina                !

Genus taxid! !: !13328 !

Genus name! !: !Achillea                       !

Family taxId !: !4210 !

Family name! !: !Asteraceae                     !

Kgdom taxid! !: !33090 !

Kgdom name! !: !Viridiplantae                  !

Match strand !: !D !

Direct match !: !GGGCAATCCTGAGCCAA                !

Direct error !: !0 !

Rev match ! !: !CCATCGAGTCTCTGCACCTATC           !

Rev error ! !: !1!

Amp length! !: !90!

Amp sequence !: !ATCACGTTTTCCGAAAACAAACAAAGGTTCAGAAAGCGAAAAGAAAAAAAA !



Coverage assessment 
>ecoTaxStat.py –d mitovert P09.3.ecopcr!

rank                        ecopcr              db      percent!

class                            5               5        100.00!

family                         347             365         95.07!

genus                          630             663         95.02!

infraclass                       2               2        100.00!

infraorder                       9               9        100.00!

kingdom                          1               1        100.00!

order                          102             105         97.14!

parvorder                        4               4        100.00!

phylum                           1               1        100.00!

species                        777             814         95.45!

species group                    1               1        100.00!

subclass                         3               3        100.00!

subfamily                      120             127         94.49!

subgenus                         7               7        100.00!

suborder                        75              76         98.68!

subphylum                        1               1        100.00!

subspecies                      43              45         95.56!

superclass                       1               1        100.00!

superfamily                     38              41         92.68!

superkingdom                     1               1        100.00!

superorder                      18              18        100.00!

tribe                           22              23         95.65!



Specificity assessment 
>ecoTaxSpecificity.py –d mitovert P09.3.ecopcr !

rank                      taxon_ok      taxon_total     percent!

order                          102             102        100.00!
infraclass                       2               2        100.00!

superfamily                     38              38        100.00!

parvorder                        4               4        100.00!

species group                    1               1        100.00!

superkingdom                     1               1        100.00!
kingdom                          1               1        100.00!

phylum                           1               1        100.00!

infraorder                       9               9        100.00!

subfamily                      118             120         98.33!

class                            5               5        100.00!
species                        685             777         88.16!

superorder                      18              18        100.00!

suborder                        75              75        100.00!

subclass                         3               3        100.00!

subgenus                         7               7        100.00!
genus                          600             630         95.24!

subspecies                      17              43         39.53!

superclass                       1               1        100.00!

family                         347             347        100.00!

tribe                           21              22         95.45!
subphylum                        1               1        100.00!



 (2010) BMC Genomics, 11, 434. 



 (2010) BMC Microbiology, 10, 189. 



Infer new barcode region 

!"#$%&'!%()(*+,)--.../0%!1#23!/,%42&/5%-6%4"-!"#$%&'!%(



Restrict primers to a clade 
!"#$%$&'()$$*($+(*,-(.-/0-%1-(2"*"3".-(

4$$*($+(*,-(15"2-($+(6%*-)-.*(



Traditional versus next generation 
sequencing 
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Multiplexing samples 

!""#$%&''#(&)$#*+#,-#.+"#*/#0&12*".#314%.1#/*1#4".+5/64+)#$&%3'.$#

7!!789# 7!!889#

7!!789# 7!!889# 77!889#

7!!789# 7!!889# 77!889# 77!899#

:*#.11*1#(*'.1&+(#2*".#

;+.#.11*1#(*'.1&+(#2*".#

;+.#.11*1#&<(*2*11.25=.#2*".#

Multiplexing samples 



Design of tags 

!"#$!%&$'(')&*+'!,'-./%!!"0'

%11%23'

%1%%23'

%1%313'

45#678'

With d ! 3
And lhomopolymer " 2

dmin l clique size

4 55
2 5 173

6 606

4 7
3 5 33

6 97

4 8 100



Analyze high throughput 
sequence data 

•  Manipulating large amount of data 
– OBITools: www.grenoble.prabi.fr/trac/

OBITools 
•  Identifying species 

– ecoTag (part of OBITools) 
•  Dealing with errors 

– We just start to working on 
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The 
chloroplast  
trnL(UAA)  

intron 
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 Taberlet et al. (2007) Nucleic Acids 
Research, 35, e14. 





Is it possible to find better than the 

chloroplast trnL P6 loop primers ? 

!"#"$$%&&'%'&$&$&'$%$$&%&$("

'"#"'''$%%&$$&'%'$$%%)*("

+*,-.*/.01*)"#"*)234"5"67896""/:")"4)*);-*"/<"=66"<>??"(0?/,/.?);*"@-:/A-;"

" " " " " "B3*03:" "==C"+*,-.*/.01*)";.-(3-;"

" " " " " "):4 " """D6":/:"+*,-.*/.01*)"";.-(3-;""

 0  GAGTCTCTGCACCTATCC GCAATCCTGAGCCAAATC  bG  102 0 0.927   102 0 0.927   0.608   16  88 43.22!

Is it possible to find better than the 
chloroplast trnL P6 loop primers 

with ecoPrimer ? 

•  Dataset of 133 full chloroplast genomes 
– with 110 Streptophyta species 
– and 23 non Streptophyta species 



DNA-based 
diet analysis 



 Valentini et al. (2009) Molecular Ecology Resources, 9, 51-60. 



Deroceras reticulatum (1) 
Arion rufus (1) 
Helix aspera (1) 

Chorthippus biguttulus (1) 
Gonfophocerippus rufus (2) 

Tetrao urogallus aquitanicus (4) 
Tetrao urogallus major (2) 

Ursus arctos (12) 
Marmota caudata (12) 

Mollusks 

Insects 

Birds 

Mammals 



Marmot 
and bear 

diets 



Chamois 
diet 

Bauges massif, France 

(Helianthemum nummularium) 



Chamois 
diet 

October 

November 



Bison diet  

Collaboration with Jan Wojcik and Rafal Kowalczyk, Mammal Research Institute, Polish 
Academy of Sciences, Bialowieza, Poland 

Bison diet in four different 
management schemes 
(i)  forest (unmanaged 

animals in Bialowieza 
reserve) 

(ii)  animals in agricultural 
areas 

(iii) animals not intensively 
fed with hay 

(iv) animals intensively fed 
with hay 



DNA-based biodiversity assessment 



Calibration of soil DNA with aboveground species 
at Varanger, Northern Norway 



Above ground analysis DNA-based soil analysis 
Avenella flexuosa Bistorta vivipara 

Viola 
biflora 

Anthoxanthum nipponicum 

Alchemilla sp. 

Poa sp. 

Salix sp. 

Taraxacum sp. 

Carex sp. 

Deschampsia sp. Calamagrostris sp. Rumex sp. 

Festuca sp. 

Equisetum sp. 



DNA in soil mirrors above ground 
plant diversity 

Above ground analysis 

DNA-based soil analysis 

different plant 
species 



 d = 1  
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 Mead D 

DNA 
Veg 

DNA in soil mirrors above ground plant diversity 



DNA-based 
soil analysis: 
functionnal 

groups 
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Permafrost analysis (1) 



Permafrost analysis (2) 



Permafrost analysis (3) 



Permafrost analysis (5) 

22,960 
years old 



The trnL database for Arctic 
plant species 

•  842 species was successfully sequenced 
for the trnL intron  

•  709 species were sequenced twice or more 
•  33.5% of the species and 77.1% of the 

genera could be identified by the P6 loop 
•  Low resolution in Salicaceae (Salix sp.), in 

Cyperaceae (Carex sp.), in Asteraceae, 
and in Poaceae.  



 Sønstebø et al. (2010) Molecular Ecology Resources, in press. 



New ITS1 barcode primers for Asteraceae, 
Poaceae, and Cyperaceae 

•  Asteraceae 
–  plantITS1-F: 5'-GATATCCGTTGCCGAGAGTC-3'; AstITS1-R: 5'-CGGCACGGCATGTGCCAAGG-3' 
–  Length: less than 90bp; 68% Asteraceae with a maximum of 2 mismatches 

•  Poaceae 
–  plantITS1-F: 5'-GATATCCGTTGCCGAGAGTC-3'; PoaITS1-R: 5'-CCGAAGGCGTCAAGGAACAC-3' 
–  Length: 54bp to 88bp; 98.5% Poaceae with a maximum of 2 mismatches 

•  Cyperaceae 
–  plantITS1-F: 5'-GATATCCGTTGCCGAGAGTC-3'; CypITS1-R: 5'-GGATGACGCCAAGGAACAC-3' 
–  Length: 46bp to 78bp; 93% Cyperaceae with a maximum of 2 mismatches 

ITS1 

ITS2 ITS5 
plantITS1-F 

CypITS1-R 

AstITS1-R 
PoaITS1-R 
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–  The challenges 
–  Available programs for preparing the experiments 
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generation sequencers 
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•  Conclusion 



Diet analysis of carnivores 

•  Technically more difficult than when 
analyzing herbivore diet 

•  How to amplify the prey DNA, without 
amplifying host DNA when using 
universal primers? 

•  Possibility of using a blocking primer for 
host DNA during the amplification 



Experimental protocol 
•  Sampling in the field 
•  DNA extraction 
•  DNA amplification  

–  with mtDNA 12S universal primers 
–  with and without blocking primer 

•  DNA sequencing on a next generation 
sequencer (either 454 or Solexa) 

•  Analysis of the sequencer output 

mtDNA, 12S 

100 bp 



Snow leopard diet 

forward primer + reverse primer 
forward primer + reverse primer + blocking primer 

Influence of the blocking primer 
during the DNA amplification  

feces 1 feces 2 feces 3 

Uncia uncia 74% 1% 97% 43% 100% 100% 

Capra sibirica 26% 99% 0% 0% 0% 0% 

Capra hircus 0% 0% 0% 0% 0% 0% 

Ovis sp. 0% 0% 3% 57% 0% 0% 



Snow leopard diet in Mongolia 

Capra sibirica 
(69.7%) 

Ovis sp. 
(14.5%) 

Capra hircus  
(21.5%) 

89 feces analyzed, 
results obtained for 70 (79%)  

Alectoris chukar 
(1.3%) 



Animal biodiversity from 
extracellular DNA in soil 

•  Soil sampling in the field 
•  DNA extraction 
•  DNA amplification with universal primers 
•  DNA sequencing using next generation 

sequencers 
•  Data analysis… 



Earthworms from soil DNA 
•  Eight soil samples collected per plot 
•  Universal short barcodes for earthworms 

mtDNA, 16S 
c b 

30 bp 70 bp 

d e 



Earthworms from soil DNA: results 
Chartreuse Grenoble 

Species Barcode Plot 1 Plot 2 Plot 1 Plot 2 

Aporrectodea icterica catcttaatgaagactaaaacttcactaaa 836954 649677 834031 1359355 
Aporrectodea longa tattttaacaaaaacccaaaaattttcaataaa 2 6 244463 271829 

Aporrectodea sp cattttaataaaaattataaattttactaaa 0 0 236024 236678 
Octolasion cyaneum cattttaatagaagcttactattctaataaa 468462 3823 0 2 

Unidentified Oligochaeta tattttaataaaatagtaaattttactaaa 334804 96337 0 1 
Unidentified Oligochaeta tattataaatcaattaataattgagcata 0 372828 0 0 

Lumbricus terrestris aatttaaataaatataaaaaatttactaaa 0 0 174286 143682 
Octolasion tyrtaeum cattttaatagaaaaataatatcctaataaa 306476 0 0 2 

Unidentified Oligochaeta tatcacaatatttatacaataaatattatg 183116 68615 0 0 
Unidentified Oligochaeta tatttttcttatactttagtaaacaaaaa 96924 42148 0 0 

Lumbricus castaneus aatttaaataaatataaaaaaatttactaaa 0 0 56 131001 
Aporrectodea longa tattttaacaaaacccaaaaattttcaataaa 2469 105312 159 145 

Allobophora chlorotica cattttaataaagatataaactttactaaa 0 0 51953 43196 
Unidentified Oligochaeta tattttatttacctaaaacagtaacaaaa 0 0 62901 0 
Unidentified Oligochaeta tatttttcttatactttagtaaataaaaa 592 61802 0 0 
Unidentified Oligochaeta taccttaacaaatattattatttcgaag 30571 0 0 0 
Aporrectodea caliginosa tattttaataaaaaaatataaatttttaataa 0 23005 0 0 



Next generation sequencers 
and biodiversity 

•  Next generation sequencers 
•  The DNA barcoding concept 
•  High throughput plant identification 

–  The trnL approach 
–  Diet analysis of herbivores 
–  Biodiversity assessment from environmental samples 

•  High throughput animal identification 
–  Diet analysis of carnivores 
–  Biodiversity assessment from environmental samples 

•  Conclusion 



The "solexa" experiment 
•  A single run on the illumina/Solexa GS IIx 

sequencer 
•  Six months of preparation at the bench (more 

than 12,500 PCR products) 
•  Many experiments 

–  Herbivore diet analysis (16 species) 
–  Carnivore diet analysis (4 species) 

–  Soil samples   
•  Permafrost (plants) 
•  Alpine soils (plants, earthworms) 
•  Tropical soils (plants, earthworms, termites) 

•  480,000,000 sequence reads of 108 nucleotides 



DNA metabarcoding 
•  Works extremely well for diet analysis using feces as 

a source of DNA 
–  For herbivores 
–  For carnivores 
–  Can be adjusted for other type of diet 

•  Works well for plant biodiversity using soil samples 
–  In the Arctic 
–  In the temperate region 
–  In the tropical region 

•  Need to be further adjusted for animal biodiversity 
using soil samples 
–  Optimistic for animals with high biomass (earthworms, etc.) 
–  Might be problematic for animals with low biomass 



P6 loop (chloroplast trnL (UAA) intron) sequences obtained after high throughput 
pyrosequencing for a bird faeces sample (Tetrao urogallus major). A total of 3546 sequences 

were obtained with an occurrence higher than three. 
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