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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 



Genetic AnalyzerTM/SolexaTM 

•  Company: Illumina® 
•  Website: www.solexa.com 
•  Fragment length: 35-105 

bases 
•  Number of reads per run: 

60 106 
•  Total output per run: 6 Gb 
•  Time per run: 3.5 days 



SOLiD™ DNA Sequencer 
•  Company: Applied Biosystem® 
•  Website: 

solid.appliedbiosystems.com 
•  Fragment length: 50 bases 

(possibility of "paired-end" sequencing: 
from 0.6 to 10 kb) 

•  Number of reads per run: 
400 106 

•  Total output per run: 20 Gb 
•  Time per run: 6 days 



Pacific Biosciences 
•  Website: www.pacificbiosciences.com 
•  De-novo synthesis of single molecules 
•  Output speed: One genome in minutes 
•  Read length: 10 kb 
•  Cost: Less than 100 $ 



Oxford Nanopore Technology 
•  Website: www.nanoporetech.com 
•  De novo sequencing of single 

molecules without fluorescence 
•  Output speed: ? 
•  Read length: ? 
•  Cost: ? 



The current revolution in DNA 
sequencing 

•  Gigabases of data 
•  Sequencing of single molecules from a 

mixture of molecules 
•  Relatively short read length at the 

moment 
•  New approach for preparing the 

samples 
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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 and 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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The 
chloroplast  
trnL(UAA)  

intron 

 





The trnL approach 
•  Why the trnL? 

Variability of the two chloroplast regions trnL intron and matK in 54 species (after J.H. Sønstebø)  

trnL intron 

matK 



trnL (UAA) intron: P6 loop resolution 

Number of species in 

the reference 

database

% of family 

identified

% of genera 

identified

% of species 

identified

Deosai National Park, 

Pakistan
91 100 95 75

Arctic flora 842 100 77 33

Bauges Regional 

Park, France
477 100 95 72



DNA-based biodiversity assessment 



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.  



Calibration of soil DNA with aboveground species 

at Varanger, Northern Norway 

Oslo 

Tromsø RUSSIA 

Varanger 



DNA-
based 

soil 
analysis 



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. 



Permafrost analysis (1) 



Permafrost analysis (2) 



Permafrost analysis (3) 





Experimental protocol 
•  Design of a PCR based system specific 

of Rana catesbeiana (79 bp of mtDNA) 
•  PCR experiments using water from 

aquariums with tadpoles 
•  PCR experiments using water from 

ponds (with and without R. catesbeiana) 





Results 

•  Aquariums 
– With R. catesbeiana tadpoles; PCR + 
– Without tadpoles; PCR - 

•  Ponds 
– With high densities of R. cat.: PCR + (22/28) 
– With low densities of R. cat.:  PCR + (10/27) 
– Without R. catesbeiana: PCR - 



Discussion 

•  Environmental DNA can be used to 
ascertain species presence in wetlands, 
even at low densities 

•  This technique requires several 
precautions (as in ancient DNA studies) 

•  New avenues for biodiversity 
assessment  



DNA-based 
diet analysis 





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 
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How to choose the most 
efficient DNA barcode? 

•  The standardized barcodes are not 
always the most efficient 

•  Bioinformatics can help to optimize the 
barcode according to the scientific 
question and to the technical 
constraints 



Identifying new barcodes using a 
bioinformatic approach 

•  A DNA barcode is characterized by two conserved 
regions flanking a variable region 

•  The identification of conserved regions corresponds to 
the identification of the same DNA repeats among 
different genomes 

•  Possibility to identify barcodes that fit with one 
taxonomical group, and that do not amplify other groups 

variable region 
conserved 

region 1 
conserved 

region 2 



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. 



>000032_1087_0741 length=97 uaccno=FCKM4NA01CXQBB
ACATTGGGGCAATCCTGAGCCAAATCCCGTTTATGAAACAAAGGTTTCAGAAAGCGAGAA
TAAATAAGGGATAGGTGCAGAGACTCAATGGCAATGT
>000034_1490_0543 length=98 uaccno=FCKM4NA01DW3T9
ACATTGGGGCAATCCTGAGCCAAATCCTGTTTTCAGAAAACAAAAGGGTTCAGAAAGCAA
GAATCAAAAGGATAGGTGCAGAGACTCAATGGCAATGT
>000036_1580_1030 length=59 uaccno=FCKM4NA01D40NS
ACATTGGGGCAATCCTGAGCCAAGGCAAGGCGATAGGTGCAGAGACTCAATGGCAATGT
>000048_0160_1887 length=77 uaccno=FCKM4NA01AODE5
CACGTAGGGCAATCCTGAGCCAAATCCTGCTTTCAGAAAGCAAAAAAGGGATAGGTGCAG
AGACTCAATGGTACGTG
>000052_0792_0334 length=101 uaccno=FCKM4NA01B7TNK
ACATTGGGGCAATCCTGAGCCAAATCACGTTTTCCGAAAACAAGCAAAGGTTCAGAAAGC
GAAAATCAAAAAGGATAGGTGCAGAGACTCAATGGCAATGT
>000067_1516_2260 length=51 uaccno=FCKM4NA01DZFB6
CACGTAGGGCAATCCTGAGCCAATGATAGGTGCAGAACTCAATGGTACGTG
>000075_0085_2079 length=77 uaccno=FCKM4NA01AHSI5
CACGTAGGGCAATCCTGAGCCAAATCCTGCTTTCAGAAAGCAAAAAAGGGATAGGTGCAG
AGACTCAATGGTACGTG
>000083_1104_0379 length=69 uaccno=FCKM4NA01CY7RH
CACGTAGGGCAATCCTGAGCCAAATCCTGCTTTCAGAAAGCAAAAAAGGGATAGGTGCAG
AGACTCAAT
>000088_1640_0364 length=104 uaccno=FCKM4NA01D99RY
CACGTAGGGCAATCCTGAGCCAAATCCTTGTTTTGAGAAAACAAAAGGGTTCTCGAACTA
GAATACAAAGGAAAAGGATAGGTGCAGAGACTCAATGGTACGTG

Example 
of 454 
output 
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>000032_1087_0741 length=97 uaccno=FCKM4NA01CXQBB
ACATTGGGGCAATCCTGAGCCAAATCCCGTTTATGAAACAAAGGTTTCAGAAAGCGAGAA
TAAATAAGGGATAGGTGCAGAGACTCAATGGCAATGT (Alchemilla sp.)
>000034_1490_0543 length=98 uaccno=FCKM4NA01DW3T9
ACATTGGGGCAATCCTGAGCCAAATCCTGTTTTCAGAAAACAAAAGGGTTCAGAAAGCAA
GAATCAAAAGGATAGGTGCAGAGACTCAATGGCAATGT (Trollius sp.)
>000036_1580_1030 length=59 uaccno=FCKM4NA01D40NS
ACATTGGGGCAATCCTGAGCCAAGGCAAGGCGATAGGTGCAGAGACTCAATGGCAATGT
>000048_0160_1887 length=77 uaccno=FCKM4NA01AODE5
CACGTAGGGCAATCCTGAGCCAAATCCTGCTTTCAGAAAGCAAAAAAGGGATAGGTGCAG
AGACTCAATGGTACGTG (Ranunculus sp.)
>000052_0792_0334 length=101 uaccno=FCKM4NA01B7TNK
ACATTGGGGCAATCCTGAGCCAAATCACGTTTTCCGAAAACAAGCAAAGGTTCAGAAAGC
GAAAATCAAAAAGGATAGGTGCAGAGACTCAATGGCAATGT (Asteraceae)
>000067_1516_2260 length=51 uaccno=FCKM4NA01DZFB6
CACGTAGGGCAATCCTGAGCCAATGATAGGTGCAGAACTCAATGGTACGTG
>000075_0085_2079 length=77 uaccno=FCKM4NA01AHSI5
CACGTAGGGCAATCCTGAGCCAAATCCTGCTTTCAGAAAGCAAAAAAGGGATAGGTGCAG
AGACTCAATGGTACGTG (Ranunculus sp.)
>000083_1104_0379 length=69 uaccno=FCKM4NA01CY7RH
CACGTAGGGCAATCCTGAGCCAAATCCTGCTTTCAGAAAGCAAAAAAGGGATAGGTGCAG
AGACTCAAT
>000088_1640_0364 length=104 uaccno=FCKM4NA01D99RY
CACGTAGGGCAATCCTGAGCCAAATCCTTGTTTTGAGAAAACAAAAGGGTTCTCGAACTA
GAATACAAAGGAAAAGGATAGGTGCAGAGACTCAATGGTACGTG (Anthoxanthum 
odoratum) 

Example 
of 454 
output 



Acknowledgement Kari Anne Bråthen 
Christian Brochmann 

Anne Krag Brysting 
Eric Coissac 

Corinne Cruaud 
Mary Edwards 

James Haile 
Christian Miquel 

François Pompanon 
Delphine Rioux 

Jorn Henrik Sønstebø 
Alice Valentini 

Eske Willerslev 
Patrick Wincker 

Nigel Yoccoz 



Thank you for your attention 

Deosai National Park, Pakistan 


