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What's in these mixed samples?
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What's in these mixed samples?
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Bacteria & Viruses

Protein-coding Gene Number
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Biological identifications through DNA barcodes
Paul D. N. Hebert', Alina Cywinska, Shelley L. Ball

and Jeremy R. deWaard

Department of Zoology, University of Guelph, Guelph, Ontario N1G 2W1, Canada

Although much biological research depends upon spu.u:s di i ise is

We are convinced that the sole prospect for a

lies in the

of systems that employ DNA sequences as taxon ‘barcodes’. We establish that the mitochondrial gene

cytochrome ¢ oxidase I (COI) can serve as the core of a global bioidentification system for amm:nls First,

we demonstrate that COI profiles, derived from the low-density ing of higher

ordmnnly assngn newly analysed taxa to the appropriate phylum or order. Second, we demonstrate thnl
can be obtained by creating P ive COI profiles. A model COI profile,

bascd upon the analysis of a smyc mdmdual from each onOO closely allied species of lcpldop(crans was

100% in correctly i g Sp ‘When fully ped, a COlid

system will provide a reliable, cost-effective and accessible solution to the current problem of species

identification. Its assembly will also generate important new insights into the diversification of life and

the rules of molecular evolution.

Key itochondrial DNA; animals; insects; sequence diversity; evolution

1. INTRODUCTION

The diversity of life underpins all biological studies, but
it is also a harsh burden. Whereas physicists deal with a
cosmos assembled from 12 fundamental particles, biol-
ogists confront a planet populated by millions of species.
Their discrimination is no easy task. In fact, since few
taxonomists can critically identify more than 0.01% of the

Allander et al. 2001; Hamels er ul 2001). However, the

! inherent in morphologi are general
enough to merit the extension of this approach to all life.
In fact, there are a growing number of cases in which
DNA-based identification systems have been applied to
higher organisms (Brown ez al. 1999; Bucklin er al. 1999;
Trewick 2000; Vincent e al. 2000).

Ciona intestinalis

Oncorhynchus gorbuscha

Molecular barcode - a short (600bp) DNA
sequence, from a uniform locality in the
genome used for species identification
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DNA Barcoding
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DNA Barcoding
Metuj\ PCR

Single species sample A single, clean amplification product Sanger sequencing

e B d_||‘
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Mixed species sample Multiple products from amplification Next-generation Sequencing
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DNA Metuburcodlng Studies
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Exercise 1 - Metabarcode detective

ACTATCTAGGAACATTGCACATGCCGGAAGGTCCGT
AGACTTTGCCATCTTTTCGTTACATTTAGCCGGAGTTA
GTTCAATTCTTGGGGCAGTAAATTTTATTAGGACTTTA
GGAAACCTTCGAGTATTTGGAATATTACTAGATCGCA
TACCTCTGTTTGCATGAGCTGTATTAATTACTGCTGTA
CTATTACTTCTTTCTTTACCTGTTCTAGCTGGGGCTATT
ACCATATTATTAACCGATCGTAATTTGAATACAACATTT
TATGATGTGGGGGGAGGAGGAGATCCTATTCTATATC
AACACCTATTC




Exercise 1 - Metabarcode detective

m National Library of Medicine

National Center for Biotechnology Information

ACTATCTAGGAACATTGCACATGCCGGAAGGTCCGT
AGACTTTGCCATCTTTTCGTTACATTTAGCCGGAGTTA
GTTCAATTCTTGGGGCAGTAAATTTTATTAGGACTTTA
GGAAACCTTCGAGTATTTGGAATATTACTAGATCGCA
TACCTCTGTTTGCATGAGCTGTATTAATTACTGCTGTA
CTATTACTTCTTTCTTTACCTGTTCTAGCTGGGGCTATT
ACCATATTATTAACCGATCGTAATTTGAATACAACATTT
TATGATGTGGGGGGAGGAGGAGATCCTATTCTATATC
AACACCTATTC

BLAST ®

Basic Local Alignment Search Tool

BLAST finds regions of similarity between biological
sequences. The program compares nucleotide or protein
sequences to sequence databases and calculates the

statistical significance.

Web BLAST

BLAST Genomes

Learn more

Login

Home Recent Results Saved Strategies Help

Mon, 21 Jul 2025

Here are a few highlights in our latest BLAST+

release:

Download BLAST+2.17.0 now!

[5 More BLAST news...

Human

Mouse

Rat

Microbes
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ACTATCTAGGAACATTGCACATGCCGGAAGGTCCGT
AGACTTTGCCATCTTTTCGTTACATTTAGCCGGAGTTA
GTTCAATTCTTGGGGCAGTAAATTTTATTAGGACTTTA
GGAAACCTTCGAGTATTTGGAATATTACTAGATCGCA
TACCTCTGTTTGCATGAGCTGTATTAATTACTGCTGTA
CTATTACTTCTTTCTTTACCTGTTCTAGCTGGGGCTATT
ACCATATTATTAACCGATCGTAATTTGAATACAACATTT
TATGATGTGGGGGGAGGAGGAGATCCTATTCTATATC
AACACCTATTC
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Basic Local Alignment Search Tool
Mon, 21 Jul 2025

BLAST finds regions of similarity between biological N Here are a few highlights in our latest BLAST+

sequences. The program compares nucleotide or protein 5 release:

sequences to sequence databases and calculates the s
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Exercise 1 - Metabarcode detective

ACTATCTAGGAACATTGCACATGCCGGAAGGTCCGT
AGACTTTGCCATCTTTTCGTTACATTTAGCCGGAGTTA
GTTCAATTCTTGGGGCAGTAAATTTTATTAGGACTTTA
GGAAACCTTCGAGTATTTGGAATATTACTAGATCGCA
TACCTCTGTTTGCATGAGCTGTATTAATTACTGCTGTA
CTATTACTTCTTTCTTTACCTGTTCTAGCTGGGGCTATT
ACCATATTATTAACCGATCGTAATTTGAATACAACATTT
TATGATGTGGGGGGAGGAGGAGATCCTATTCTATATC
AACACCTATTC

Standard Nucleotide BLAST

m blastp blastx tblastn tblastx

BLASTN prog search i using a ide query. more...

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) @ Clear Query subrange @

TCTAGCTGGTAACTTAGCCCACGCGGGAGCATCC
GTTGATTTAACAATTTTTTCTCTTCATCTAGCAGGT
ATTTCATCAATTTTAGGCGCTATTAATTTTATTACCA
CTATTATTAATATAAAACCACCTGCAATTTCACAATA To
TCAAACCCCACTATTTGTTTGAGCCGTATTAATTAC
AGCCGTCCTTCTTCTCTTATCCCTACCCGTCCTAG
CTGCTGGAATTACAATACTTCTGACAGACCGAAAC
CTAAACACTACCTTTTTTGATCCTGCTGGCGGTG
GAGATCCTATTCTTTACCAACATTTGTTC

From

Or, upload file Choose file | No file chosen (2]
Job Title
Enter a descriptive title for your BLAST search @

Align two or more sequences @

Choose Search Set

Database @ Standard databases (nr efc.): rRNA/ITS databases Genomic + transcript databases Betacoronavirus Experimental databases
Core nucleotide database (core_nt) v @
Limit SRA by Run Experiment Extended SRA lookup
Organism
Optional exclude __Add Organism
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown @
Exclude Models (XM/XP) Uncultured/environmental sample sequences
Optional
Limit to Sequences from type material
Optional
Entrez® Query YoullflllJ Create custom database
Optional Enter an Entrez query to limit search @

Program Selection
Optimize for @ Highly similar sequences (megablast)
More dissimilar sequences (discontiguous megablast)
Somewhat similar sequences (blastn)
Choose a BLAST algorithm @

BLAST Search database core_nt using Megablast (Optimize for highly similar sequences)

Show results in a new window
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ACTATCTAGGAACATTGCACATGCCGGAAGGTCCGT
AGACTTTGCCATCTTTTCGTTACATTTAGCCGGAGTTA
GTTCAATTCTTGGGGCAGTAAATTTTATTAGGACTTTA
GGAAACCTTCGAGTATTTGGAATATTACTAGATCGCA
TACCTCTGTTTGCATGAGCTGTATTAATTACTGCTGTA
CTATTACTTCTTTCTTTACCTGTTCTAGCTGGGGCTATT
ACCATATTATTAACCGATCGTAATTTGAATACAACATTT
TATGATGTGGGGGGAGGAGGAGATCCTATTCTATATC
AACACCTATTC

Standard Nucleotide BLAST

m blastp blastx tblastn tblastx

BLASTN programs search i using a ide query. more...

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) @ Clear Query subrange @

TCTAGCTGGTAACTTAGCCCACGCGGGAGCATCC
GTTGATTTAACAATTTTTTCTCTTCATCTAGCAGGT
ATTTCATCAATTTTAGGCGCTATTAATTTTATTACCA
CTATTATTAATATAAAACCACCTGCAATTTCACAATA To

From

TCAAACCCCACTATTTGTTTGAGCCGTATTAATTAC
AGCCGTCCTTCTTCTCTTATCCCTACCCGTCCTAG
CTGCTGGAATTACAATACTTCTGACAGACCGAAAC
CTAAACACTACCTTTTTTGATCCTGCTGGCGGTG
GAGATCCTATTCTTTACCAACATTTGTTC
Or, upload file Choose file | No file chosen (2}
Job Title

Enter a descriptive title for your BLAST search e

Align two or more sequences 0

Choose Search Set

Database @ Standard databases (nr etc.): rRNA/ITS databases Genomic + transcript databases Betacoronavirus
Core nucleotide database (core_nt) v @
Limit SRA by Run Experiment Extended SRA lookup
Organism
Optional exclude
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown @

Exclude Models (XM/XP) Uncultured/environmental sample sequences

ptional

Limit to Sequences from type material

Optional

Entrez® Query YoulllI} Create custom database
Optional

Enter an Entrez query to limit search @
Program Selection
Optimize for @ Highly similar sequences (megablast)
More dissimilar sequences (discontiguous megablast)
Somewhat similar sequences (blastn)

Choose a BLAST algorithm @
BLAST Search database core_nt using Megablast (Optimize for highly similar sequences)
Show results in a new window

__Rese( page

Experimental databases



Exercise 1 - Metabarcode detective

Descriptions

Graphic Summary Alignments Taxonomy

Sequences producing significant alignments Download ¥  Select columns ~ Show 2]
select all 700 sequences selected GenBank Graphics Distance tree of results =~ MSA Viewer
B 1 ScntfoName L core Cover value lomt Lo Accesson
v v v v v v
Paracalanus parvus voucher P0033 cytochrome oxidase subunit | (COI) gene, partial cds; mitochondrial Paracalanus par... 579 579 100% 1e-160 100.00% 657 KP861426.1
Paracalanus parvus isolate IT2_9 cytochrome oxidase subunit | (COIl).gene, partial cds; mitochondrial Paracalanus par... 579 579 100% 1e-160 100.00% 644 MH818625.1
Paracalanus parvus voucher V082.NEA1a cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus par... 579 579 100% 1e-160 100.00% 646 KF715875.1
Paracalanus parvus isolate P0244 cytochrome oxidase subunit | (COIl) gene, partial cds; mitochondrial Paracalanus par... 579 579 100% 1e-160 100.00% 644 MH818684.1
Paracalanus parvus isolate MT00828 cytochrome c oxidase subunit | (COI) gene, partial cds; mitochondrial Paracalanus par... 577 577 100% 5e-160 100.00% 657 JX995216.1
Paracalanus parvus voucher PP0406.NEA cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus par... 577 577 100% 5e-160 100.00% 646 MN764491.1
Paracalanus parvus isolate Bul1_7 cytochrome oxidase subunit | (COl) gene, partial cds; mitochondrial Paracalanus par... 573 573 100% 6e-159 99.68% 644 MH818639.1
Paracalanus parvus isolate Bul3_2 cytochrome oxidase subunit | (COl) gene, partial cds; mitochondrial Paracalanus par... 573 573 100% 6e-159 99.68% 644 MH818656.1
Paracalanus parvus isolate Ukr1_4 cytochrome oxidase subunit | (COI) gene, partial cds; mitochondrial Paracalanus par... 573 573 100% 6e-159 99.68% 644 MH818669.1
Paracalanus parvus isolate IT7_29 cytochrome oxidase subunit | (COl) gene, partial cds; mitochondrial Paracalanus par... 573 573 100% 6e-159 99.68% 644 MH818637.1
Paracalanus parvus isolate IT2_ 14 cytochrome oxidase subunit | (COl) gene, partial cds; mitochondrial Paracalanus par... 573 573 100% 6e-159 99.68% 644 MH818626.1
Paracalanus parvus isolate MT03859 cytochrome c oxidase subunit | (COI) gene, partial cds; mitochondrial Paracalanus par... 571 571 100% 2e-158 99.68% 657 JX995220.1
Paracalanus parvus voucher PP0400.NEA cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus par... 571 571 100% 2e-158 99.68% 646 MN764495.1
Paracalanus parvus voucher V106.NEAZ2a cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus par... 568 568 100% 3e-157 99.36% 646 KF715881.1
Paracalanus parvus isolate Bul3_1 cytochrome oxidase subunit | (COI) gene, partial cds; mitochondrial Paracalanus par... 568 568 100% 3e-157 99.36% 644 MH818655.1
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Descriptions Graphic Summary Alignments Taxonomy

{Q hover to see the title R click to show alignments Alignment Scores <40 [40-50 []50-80 [@80-200 [W>=200 @

100 sequences selected (2] . . . .
Distribution of the top 100 Blast Hits on 100 subject sequences

I Query —_—
| | | | | |
1 60 120 180 240 300
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Descriptions Graphic Summary m Taxonomy

Alignment view[ Pairwise v [ | | cDS feature e Download

100 sequences selected 9

X Download v  GenBank Graphics ¥ Next <«Descriptions

Paracalanus parvus voucher P0033 cytochrome oxidase subunit | (COI) gene, partial cds; mitochondrial
Sequence ID: KP861426.1 Length: 657 Number of Matches: 1

Range 1: 345 to 657 GenBank Graphics

Score Expect Identities Gaps Strand
579 bits(313) le-160 313/313(100%) 0/313(0%) Plus/Plus

oy it ottt it
ittty ittt
ettt ittt itttk
g iriniitititttiiithiiinge

Query 241 CGATCGTAATTTGAATACAACATTTTATGATGTGGGGGGAGGAGGAGATCCTATTCTATA 300

soict 585 COAEGTAAMHEMMALAAATHHATSAEELESASALACMEAHUAA  64a
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Descriptions Graphic Summary Alignments

Taxonomy

100 sequences selected o

Organism
Arthropoda
. Calanoida
. « Paracalanidae
. «» Paracalanus

. Paracalanus parvus

. Paracalanus sp. F AC-2013

. Paracalanus indicus

. Paracalanus tropicus

. Paracalanus aff. indicus AC-2013

. Paracalanus quasimodo

. Paracalanus sp. PP0417.GOM

. Paracalanus parvus environmental sample

. « « Acrocalanus monachus

. « « Acrocalanus gibber

Blast Name

arthropods

crustaceans
crustaceans
crustaceans
crustaceans
crustaceans
crustaceans
crustaceans
crustaceans
crustaceans
crustaceans
crustaceans
crustaceans

crustaceans

Score

579
457
324
320
318
318
313
296
309
307

Numbe

—
© =
—

—
(o2
Co

—
0o
N

—
(2}
NN

NN = = e e BN |

of Hits

Description

Paracalanus parvus hits
Paracalanus sp. F AC-2013 hits
Paracalanus indicus hits

Paracalanus tropicus hits
Paracalanus aff. indicus AC-2013 hi
Paracalanus quasimodo hits
Paracalanus sp. PP0417.GOM hits
Paracalanus parvus environmental ¢

Acrocalanus monachus hits

Acrocalanus aibber hits
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Descriptions Graphic Summary Alignments Taxonomy
Sequences producing significant alignments Download ~ Select columns > Show (2]
select all 700 sequences selected GenBank Graphics Distance tree of results =~ MSA Viewer
Desciption Scientiff Name S“::)r(e ST(?::L gzjg vaIEue I:Zr:t AL:(; Accession
v v - - v v

Paracalanus parvus voucher P0033 cytochrome oxidase subunit | (COIl).gene, partial cds; mitochondrial Paracalanus par... 579 579 100% 1e-160 100.00% 657 KP861426.1

Paracalanus parvus isolate IT2_9 cytochrome oxidase subunit | (COIl).gene, partial cds; mitochondrial Paracalanus par... 579 579 100% 1e-160 100.00% 644 MH818625.1

Paracalanus parvus voucher V082.NEA1a cvtochrome oxidase subunit | aene. partial cds: mitochondrial Paracalanus par... 579 579 100% 1e-160 100.00% 646 KF715875.1

Paracalanus sp. F AC-2013 voucher VO01.SEA2 cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus sp. ... 448 448 99% 4e-121 92.60% 647 KF715968.1

Paracalanus sp. F AC-2013 voucher V420.SEAS5a cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus sp. ... 448 448 99% 4e-121 92.60% 647 KF715973.1

Paracalanus parvus voucher PaPa1 cytochrome c oxidase subunit | (COI) gene, partial cds; mitochondrial Paracalanus par... 446 446 99% 1e-120 92.60% 625 KC287780.1

Paracalanus sp. F AC-2013 voucher VO01.SEA1 cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus sp. ... 442 442 99% 2e-119 92.28% 647 KF715967.1

436 436 99% 8e-118 91.96% 647 KF715970.1

Paracalanus parvus isolate IT2 26 cytochrome oxidase subunit | (COI) gene, partial cds; mitochondrial Paracalanus par... 422 422 74% 2e-113 99.57% 562 MH818634.1

Paracalanus sp. F AC-2013 isolate IT2_29 cytochrome oxidase subunit | (COIl) gene, partial cds; mitochondrial Paracalanus sp. ... 329 329 70% 1e-85 93.61% 552 MH818800.1

Paracalanus indicus voucher V341.Pl2a cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus indi... 324 324 96% 7e-84 86.05% 647 KF715901.1

Paracalanus indicus voucher VO071.Pl1a cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus indi... 324 324 96% 7e-84 86.05% 647 KF715892.1

Paracalanus parvus isolate Ppar_Ok cytochrome oxidase subunit | (COI) gene, partial cds; mitochondrial gene for...Paracalanus par... 324 324 96% 7e-84 86.05% 656 AF474111.1

Paracalanus parvus voucher PaPa3 cytochrome c oxidase subunit | (COI)_gene, partial cds; mitochondrial Paracalanus par... 324 324 96% 7e-84 86.05% 646 KC287782.1
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Exercise 1 - Metabarcode detective

Descriptions Graphic Summary Alignments Taxonomy
Sequences producing significant alignments Download ~ Select columns > Show (2]
select all 700 sequences selected GenBank Graphics Distance tree of results =~ MSA Viewer
Desciption Scientiff Name S“::)r(e ST(?::L gzjg vaIEue I:Zr:t AL:(; Accession
v v - - v v

Paracalanus parvus voucher P0033 cytochrome oxidase subunit | (COIl).gene, partial cds; mitochondrial Paracalanus par... 579 579 100% 1e-160 100.00% 657 KP861426.1

Paracalanus parvus isolate IT2_9 cytochrome oxidase subunit | (COIl).gene, partial cds; mitochondrial Paracalanus par... 579 579 100% 1e-160 100.00% 644 MH818625.1

Paracalanus parvus voucher V082.NEA1a cvtochrome oxidase subunit | aene. partial cds: mitochondrial Paracalanus par... 579 579 100% 1e-160 100.00% 646 KF715875.1

Paracalanus sp. F AC-2013 voucher VO01.SEA2 cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus sp. ... 448 448 99% 4e-121 92.60% 647 KF715968.1

Paracalanus sp. F AC-2013 voucher V420.SEAS5a cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus sp. ... 448 448 99% 4e-121 92.60% 647 KF715973.1

Paracalanus parvus voucher PaPa1 cytochrome c oxidase subunit | (COI) gene, partial cds; mitochondrial Paracalanus par... 446 446 99% 1e-120 92.60% 625 KC287780.1

Paracalanus sp. F AC-2013 voucher VO01.SEA1 cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus sp. ... 442 442 99% 2e-119 92.28% 647 KF715967.1

436 436 99% 8e-118 91.96% 647 KF715970.1

Paracalanus parvus isolate IT2 26 cytochrome oxidase subunit | (COI) gene, partial cds; mitochondrial Paracalanus par... 422 422 74% 2e-113 99.57% 562 MH818634.1

Paracalanus sp. F AC-2013 isolate IT2_29 cytochrome oxidase subunit | (COIl) gene, partial cds; mitochondrial Paracalanus sp. ... 329 329 70% 1e-85 93.61% 552 MH818800.1

Paracalanus indicus voucher V341.Pl2a cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus indi... 324 324 96% 7e-84 86.05% J647 KF715901.1

Paracalanus indicus voucher VO071.Pl1a cytochrome oxidase subunit | gene, partial cds; mitochondrial Paracalanus indi... 324 324§ 96% 7e-84 86.05% [647 KF715892.1

Paracalanus parvus isolate Ppar_Ok cytochrome oxidase subunit | (COI) gene, partial cds; mitochondrial gene for...Paracalanus par... 324 324 96% 7e-84 86.05% 656 AF474111.1

Paracalanus parvus voucher PaPa3 cytochrome c oxidase subunit | (COI)_gene, partial cds; mitochondrial Paracalanus par... 324 324 96% 7e-84 86.05% 646 KC287782.1
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Descriptions

Graphic Summary Alignments Taxonomy

Sequences producing significant alignments

select all 700 sequences selected

CECE<E<E<E<E<E<E<E<N<N<N<N <M<

Description
v

Paracalanus parvus voucher P0033 cytochrome oxidase subunit | (COIl).gene, partial cds; mitochondrial

Paracalanus parvus isolate IT2_9 cytochrome oxidase subunit | (COIl).gene, partial cds; mitochondrial

Paracalanus parvus voucher V082.NEA1a cytochrome oxidase subunit | gene,_partial cds; mitochondrial

Paracalanus parvus isolate P0244 cytochrome oxidase subunit | (COIl) gene,_partial cds; mitochondrial

Paracalanus parvus isolate MT00828 cytochrome c oxidase subunit | (COl) gene,_partial cds; mitochondrial

Paracalanus parvus voucher PP0406.NEA cytochrome oxidase subunit | gene, partial cds; mitochondrial

Paracalanus parvus isolate MT03859 cytochrome c oxidase subunit | (COl) gene,_partial cds; mitochondrial

Paracalanus parvus voucher PP0400.NEA cytochrome oxidase subunit | gene, partial cds; mitochondrial

Paracalanus parvus voucher V106.NEA2a cytochrome oxidase subunit | gene,_partial cds; mitochondrial

Paracalanus parvus isolate Bul3_1 cytochrome oxidase subunit | (COI) gene, partial cds; mitochondrial

Paracalanus par...
Paracalanus par...
Paracalanus par...
Paracalanus par...
Paracalanus par...
Paracalanus par...
Paracalanus par...
Paracalanus par...
Paracalanus par...
Paracalanus par...
Paracalanus par...
Paracalanus par...
Paracalanus par...

Paracalanus par...

i/
GenBank Graphics Distance tree of results MSAViewr
Scientiff Name S'::)r(e ST((:)::L gzjg vaIEue I:Zr:t AL(ex:l Accession
v v v v v v
579 579 100% 1e-160 100.00% 657 KP861426.1
579 579 100% 1e-160 100.00% 644 MH818625.1
579 579 100% 1e-160 100.00% 646 KF715875.1
579 579 100% 1e-160 100.00% 644 MH818684.1
577 577 100% 5e-160 100.00% 657 JX995216.1
577 577 100% 5e-160 100.00% 646 MN764491.1
573 573 100% 6e-159 99.68% 644 MH818639.1
573 573 100% 6e-159 99.68% 644 MH818656.1
573 573 100% 6e-159 99.68% 644 MH818669.1
573 573 100% 6e-159 99.68% 644 MH818637.1
573 573 100% 6e-159 99.68% 644 MH818626.1
571 571 100% 2e-158 99.68% 657 JX995220.1
571 571 100% 2e-158 99.68% 646 MN764495.1
568 568 100% 3e-157 99.36% 646 KF715881.1
568 568 100% 3e-157 99.36% 644 MH818655.1

Paracalanus par...



Exercise 1 - Metabarcode detective

TCTAGCTGGTAACTTAGCCCACGCGGGAG
CATCCGTTGATTTAACAATTTTTTCTCTTCATC
TAGCAGGTATTTCATCAATTTTAGGCGCTATT
AATTTTATTACCACTATTATTAATATAAAACCA
CCTGCAATTTCACAATATCAAACCCCACTAT
TTGTTTGAGCCGTATTAATTACAGCCGTCCT
TCTTCTCTTATCCCTACCCGTCCTAGCTGCT
GGAATTACAATACTTCTGACAGACCGAAAC
CTAAACACTACCTTTTTTGATCCTGCTGGCG
GTGGAGATCCTATTCTTTACCAACATTTGTTC
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Exercise 1 - Metabarcode detective

ACTATCTAGGAACATTGCACATGCCGG
AAGGTCCGTAGACTTTGCCATCTTTTCG
TTACATTTAGCCGGAGTTAGTTCAATTCT
TGGGGCAGTAAATTTTATTAGGACTTTAG
GAAACCTTCGAGTATTTGGAATATTACTA
GATCGCATACCTCTGTTTGCATGAGCTG
TATTAATTACTGCTGTACTATTACTTCTTT
CTTTACCTGTTCTAGCTGGGGCTATTAC
CATATTATTAACCGATCGTAATTTGAATA
CAACATTTTATGATGTGGGGGGAGGAG
GAGATCCTATTCTATATCAACACCTATTC
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@Manual  Glogin

An authoritative classification and catalogue of marine
names
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n-knqmlnmcmk:m vmo- mnw Team welcomes any feedback and suggestions
foe improvement. S
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Seq 1 Belone belone

Hornfisk/Garfish
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Salmo trutta

Sea trout/Brown trout
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eq 3 Arcuatula senhousia




Seq3 Arcuatula senhousia

Copenhagen

World Register of Marine Species
Home About Subregisters Users Photogallery Documents LifeWatch Contribute

Quick search

Q Taxa 7= Literature M Distribution W Specimen & Editors | Statistics & Tools ~

& Manual aLlogin

WoRMS name details

Musculista senhousia (Benson, 1842)

AphialD 140470 (urn:lsi peci 140470)
Classification Biota Animalia (Kingdom) Mollusca (Phylum) Bivalvia (Class)
Pteriomorphia (Subclass) Mytilida (Order) Mytiloidea (Superfamily)
Mytilidae (Family) Musculista (Genus) M ista senhousia (Sp

Status X unaccepted
Accepted Name Arcuatula senhousia (Benson, 1842)
Rank Species

Parent Musculista Yamamoto & Habe, 1958 accepted as Arcuatula Jousseaume in Lamy,
1919
Orig. name Modiola senhousia Benson, 1842

Environment marine

Original description (of  Modiola senhousia Benson, 1842) Benson W.H. (1842). Mollusca. in: T. Cantor,
General features of Chusan, with remarks on the flora and fauna of that island. Annals and
Magazine of Natural History. ser. 1, 9: 486-490., available online at http://www.biodiversitylibr
ary.org/item/61919#page/500/mode/1up
page(s): 489 [details]

(2019). ia (Benson, 1842). Accessed




aRMS

World Register of Marine Species

Parent

Orig. name
Environment
Original description

Home

Q Taxa

Musculista senhousia (Benson, 1842)

Arcuatula senhousia

-Taxonomy is a dynamic discipline
-Use the taxonomy matching tool in WoRMS
(if marine) or similar databases

marine only @ extant only (0D

About Subregisters Users Photogallery Documents LifeWatch Contribute

lo” Statistics

7= Literature M Distribution W Specimen & Editors o Tools ~

AphialD 140470 (urn:lsid:marinespecies.org:taxname:140470)
Classification Biota Animalia (Kingdom) Mollusca (Phylum) E
Pteriomorphia (Subclass) Mytilida (Order) Myti
Mytilidae (Family) Musculista (Genus) Musculi
Status % unaccepted
Accepted Name Arcuatula senhousia (Benson, 1842)

Musculista Yamamoto & Habe, 1958 accepted as
1919

Modiola senhousia Benson, 1842

Arcuatula Jousseaume in Lamy,

marine

(of  Modiola senhousia Benson, 1842) Benson W.H. (1842). Mollusca. in: T. Cantor,
General features of Chusan, with remarks on the flora and fauna of that island. Annals and
Magazine of Natural History. ser. 1, 9: 486-490., available online at http://www.biodiversitylibr
ary.org/item/61919#page/500/mode/1up

page(s): 489 [details]

(2019). ia (Benson, 1842). Accessed
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Seq4  Caenus pusilla

-eDNA contains many
non-target organisms
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Seq4  Caenus pusilla

-eDNA contains many
non-target organisms

Sjaellands Odde

]

-Think critically
about transport

-Use taxonomy to
subset data by species
or groups of interest.
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Mytilus edulis
Mytilus trossulus
Mytilus galloprovincialis
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Mytilus edulis -eDNA often blind to hybrids

Mytilus trossulus and species complexes
Mytilus galloprovincialis


http://doi.org/dnn4g2

Sjeellands Odde

e S —

L

s

=




Seq 6 Unknown botryllid ascidian

vl —— ; w1 ot W BOLD public
g ==

T === | PXRpdman C\gpzy Amneica I I 1050 .?otLID total

P &5/ : Arthropods I s ota
Decapoda 25
Peracarida I B649

Ascidiacea [ NEGNG B 26
cnidaria [ NG 129
Echinodermata [ NG W23 E
Mollusca [NENEGE 625

Bivalvia NN 275

Gastropoda I 311
Nemertea [N —27
sipuncuia [N I o
0.0 0.2 0.4 0.6 0.8 1.0
Barcode coverage

Weigand et al. 2019

-Less than 50% coverage
of barcodes in Europe!

-389% in Ascidiacea ®
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How do we do metabarcoding?

Metabarcoding




How do we do metabarcoding?

@ Environmental or bulk specimen samples

/@DNA extract X
DNA from target taxa, e.g. <@g ; /= * h

DNA from non-target taxa,
e.g. bacteria, fungi

Bohmann et al. 2021



https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.13512

How do we do metabarcoding?

Metabarcoding Unique identifiers
PCR amplification with primers attached to each
for a taxonomically informative PCR product
marker for a taxonomic group, - 5" nucleotide tags and/or
e.g. generic vertebrate, plant, library indices

and insect primers Sample1 Sample2  Samplen

XY
3 g

@ High-throughput sequencing

@Tracing sequences back to samples i — Y
il 2 L3, &» Demultiplexing by informatically tracing

sequences back to samples through the
nucleotide tags and/or library indices

Sample 1 Sample2  Sample n

Further sequence processing ‘ ‘ ‘
and taxonomic assignment % #
Y

cyhyg

Bohmannetal 2021 Sample1  Sample2  Sample n



https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.13512

How do we do metabarcoding?

@ Environmental or bulk specimen samples

Bohmann et al. 2021

§ DNA from target taxa, e.g. <=1 , ‘ “

Sample n \

DNA from non-target taxa,
e.g. bacteria, fungi

@Metabarcoding LK SO O Unique identifiers

PCR amplification with primers ﬁ a E attached to each

for a taxonomically informative

marker for a tallxonyolmic grm:‘yla, B S 5 i nuzggtz?t:\u?and Jor

e.g. generic vertebrate, plant, lib 2 d'g

and insect primers Sample1 Sample2  Sample n IDIAIVANCICoS

L - _
@High-lhroughput sequencing \\ ' —
- S— el

@Tracing sequences back to samples | —r) \

i} " P} Demultiplexing by informatically tracing

Sample 1

Sample2 Sample n

sequences back to samples through the
nucleotide tags and/or library indices j

@ Further sequence processing
and taxonomic assignment

¥
»

Sample 1

A

/ x
i
Sample2  Sample n



https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.13512

How do we do metabarcoding?

@ Structure of dual-tagged and dual-indexed lllumina metabarcoding library sequence

Flow cell bind sequence
> Library index <

Sequencing adapter
5’ nucleotide tag
Metabarcoding primer

5 ISR Metabarcoding marker t B 3
s I Metabarcoding marker t B 5
Adapters;d indices Insert AdaptersEd indices

added during nucleotide tagged PCR product added during
library build library build
l_» Sequence read 1 (r1) Sequence read 2 (r2) '_’

Index read 2 Index read 1

Bohmann et al. 2021



https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.13512

How do we do metabarcoding?

@ Structure of dual-tagged and dual-indexed lllumina metabarcoding library sequence

> Flow cell bind sequence ¢

> Library index <

Sequencing adapter
5’ nucleotide tag

Metabarcoding primer

Metabarcoding marker t B 3
t . 5

N ' — —
—— ==

Adapters and indices Insert Adapters and indices
added during nucleotide tagged PCR product added during
library build library build

l_» Sequence read 1 (r1) Sequence read 2 (r2) ' 5

Index read 2 Index read 1

Metabarcoding marker

—
_

Bohmann et al. 2021



https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.13512

How do we do metabarcoding?

f?

Nlumina

library sequence

@e

5

3

1 dual-tagged and dual-i

Fiow cell bind sequence
Lirary index
Sequancing adapter
5 nuceotide tag
Metabarcoding prmer

Motabarcoding marker

Metabarcoding marker

Adagters and indices.

addod during
Sorary buikd

Sequence read 1 (r1)

Index read 2

Insert
nucleotide tagged PCR product

Sequence read 2 (12)

Index read 1

Bohmann et al. 2021



https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.13512

How do we do metabarcoding?

I?

Bohmann et al. 2021

@ Two-step PCR - tagged ) ) Fusion primers with sequence complementary
Primers with sequence to overhang, adapters and indexes ’ .
{4 R t overhangs i5 i7 Library Library
and tags sample 1 sample 2
N 7 t F R t N L R ti7 bl
Dt’;‘:c : PCR 1 PCR 2 Pooling
@Slmclumoidull-uwod and dual-indexed lilumina metabarcoding library sequence ex # PCR amplicon with * Library sequence #
Flow oot bnd seqeence sequence overhangs Sample 1
o Sample 1 and tags
5’ nucleotide tag
Matabarcoding prmer
5 s t Forward Metabarcoding marker Reverse 1 L4 3
¥ s t Forward Metabarcoding marker Reverse w B
Aisgrors snd oo — Adnptos s ndces
m dang nuckeotide tagged PCR product 1‘::!:: durng
L, Sequencoread 1 (r1) Sequonceread 2(2) Ly,
Indx rosd 2 ndoxresd 1

[=]



https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.13512

How do we do meta

@ Structure of dual-tagged and dual-indexed llumina metabarcoding library sequence

Flow cell bind sequence

Uirary index
Sequancing adaper
5 nucleotide tag
Matabarcoding primer
5 5 t Forward Metabarcoding marker Reverse 7oy
3 5 U Foward Metabarcodeng marker  Reverse 1 w s
Adagters and ndoes —t Adaptors and indcos
added during nucleatido tagged PCR product addod during
oy buid orary busld
I > Sequence read 1 (r1) Sequence read 2 (12) l >
Index read 2 Idex read 1

Bohmann et al. 2021

sample 1 sample 2

N 7 i

barcoding? _ _

A s \ / Fusion primers
DNA PCR - il Pooling
extract = Library sequence
Sample 1
Sample 1

Fusion primers with sequence complementary

Fusion primers with sequence complementary

index PCR ligation

@ Two-step PCR - untagged

Primers with sequence to overhang, adapters and indexes ’ 5
E R overhangs i5 i7 Library Library
AN : - o sample 1 sample 2
[ ] - F R N S R

el):()t':l;:t PCR 1 - . PCR 2 -_— s = Pooling E

= PCR amplicon with Library sequence =

sequence overhangs Sample 1
Sample 1

@ Two-step PCR - tagged
Primers with sequence to overhang, adapters and indexes
1 R t overhangs i5 i7 Library Library
\ . \ / and tags N e samplei As;mple 2
DNA t F R t i5t F R ti7 3
PCR 1 = —— - —
extract e o i ’ FE;? _ Pﬂ;g =
amplicon with Library sequence
sequence overhangs Sample 1
Sample 1 and tags
@ Tagged PCR and library build on amplicon pool i Index primers
| i7
Primers with tags Tagged PCR  Tagged PCR Ny
product product Incl. ; ;
X Ll o sample 1 sample 2 index PCR  Adapter PCR =I5tk it 7
Pl N\ N Z ligation Library sequence
DtNAl PCR t F R t Pooling  Library build
exwrac = . m==)p Onamplicon OR
Tagged PCR amplicon pozl
Semgisd Adapter 5 tF Rt i7
Excl.  andindex mmp w0 - —
Library sequence

\


https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.13512

How do we do metabarcoding?

@ Structure of dual-tagged and dual-indexed lllumina metabarcoding library sequence

> Flow cell bind sequence ¢

> Library index <

Sequencing adapter
5’ nucleotide tag

Metabarcoding primer

Metabarcoding marker t B 3
t . 5

N ' — —
—— ==

Adapters and indices Insert Adapters and indices
added during nucleotide tagged PCR product added during
library build library build

l_» Sequence read 1 (r1) Sequence read 2 (r2) ' 5

Index read 2 Index read 1

Metabarcoding marker

—
_

Bohmann et al. 2021
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eDNA Metabarcoding Bioinformatics

Sequencing Library

Raw Reads

AIM: To cluster or filter sequences into

biologically relevant groupings assigned to . .
samples while minimizing the effect of biases Qualltygontrol & derepl_lcatlon

Merging pairs

Sequence by Sample Table
4 A s c 0 |

1 Sample_1 Sample_2 Sample_N
P OTU_1 0 20 0
£l OTU_2 500 20 [

L3 OTU_N 100 20 0



Metabarcoding Pipelines

Complicated




Metabarcoding Pipelines

Complicated

G
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Constrained Adaptable



Metabarcoding Pipelines

Simple Complicated

Amplicon Sequencing. Exactly.

. 3 .‘,'."ﬁ 3
N .4 gz 0y
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Constrained Adaptable



Metabarcoding Dataset

0.5°N
0
PACIFIC
OCEAN
* 0° -1000
Galapagos
Islands
-2000
0.5°S
© 2009 EB, Inc.
-3000
1°S
-4000
15°S
|
92°W 91.5°W 91°W 90.5°W 90°W 89.5°W 89°W
RED - Roca Redonda C1-Control 1 (extraction control)
CHAM - Cabo Hammond C2-Control 2 (PCR control)

BAR - Barahona Beach



Metabarcoding Dataset

What DNA region is this data from?

0.5°N
What is the most common taxa?
0° -1000 .

Do we see differences between our

o Samples?
0.5°S
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Abstract

Uncovering the drivers that shape biodiversity patterns is critical to understand ecological and
evolutionary dynamics. Despite evidence that biodiversity composition is influenced by

processes at different spatial scales, little is known about the role of fine-scale oceanographic
processes on the structure of marine . This is important in biodi o TRIP Peer Reviews I3




