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What’s in these mixed samples?

Animal genomes Mock et al. 2022

https://link.springer.com/chapter/10.1007/978-3-030-92499-7_5


What’s in these mixed samples?

Protists Mock et al. 2022

https://link.springer.com/chapter/10.1007/978-3-030-92499-7_5


What’s in these mixed samples?

Bacteria & Viruses Hou & Lin 2009

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0006978
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Metagenomics
Metabarcoding



Ciona intestinalis

Oncorhynchus gorbuscha

Arcuatula senhousia

Molecular barcode – a short (>600bp) DNA 

sequence, from a uniform locality in the 

genome used for species identification

DNA Barcoding

Prof. Paul Herbert



DNA Barcoding

Barcoding regions



DNA Barcoding

Barcoding regions
Metazoan – COI Flowering Plants – rbcL Fungi – ITS 

Schoch et al. 2011Hollingsworth et al. 2009Herbert et al. 2003

Eukaryotes – 18S

Amaral-Zettler et al. 2009

https://doi.org/10.1073/pnas.1117018109
https://doi.org/10.1073/pnas.1117018109
https://doi.org/10.1073/pnas.1117018109
https://doi.org/10.1073/pnas.1117018109
https://doi.org/10.1073/pnas.1117018109
https://doi.org/10.1073/pnas.0905845106
https://doi.org/10.1073/pnas.0905845106
https://doi.org/10.1073/pnas.0905845106
https://doi.org/10.1073/pnas.0905845106
https://doi.org/10.1073/pnas.0905845106
https://doi.org/10.1098/rspb.2002.2218
https://doi.org/10.1098/rspb.2002.2218
https://doi.org/10.1098/rspb.2002.2218
https://doi.org/10.1098/rspb.2002.2218
https://doi.org/10.1098/rspb.2002.2218
https://doi.org/10.1371/journal.pone.0006372
https://doi.org/10.1371/journal.pone.0006372
https://doi.org/10.1371/journal.pone.0006372
https://doi.org/10.1371/journal.pone.0006372
https://doi.org/10.1371/journal.pone.0006372
https://doi.org/10.1371/journal.pone.0006372
https://doi.org/10.1371/journal.pone.0006372


Barcode 500k 2010-2015

BioSCAN 2019-2025

http://www.boldsystems.org
http://ibol.org/projects/project-overview/

https://www.sanger.ac.u
k/science/collaboration/
25-genomes-25-years

25 High Quality Genomes

Sequence all Eukaryotic diversity
Around $5 billion
https://www.earthbiogenome.org

Sequence the 66,000 UK species

DNA Barcoding
Barcoding Projects Genome Projects



Meta
DNA Barcoding
Single species sample

Mixed species sample

PCR
A single, clean amplification product

Multiple products from amplification

Conserved region
Variable region

Deagle et al. 2014

Sanger sequencing

Next-generation Sequencing

1 seq
(300-1000bp)

106 - 108 seq
(75-300bp)

https://doi.org/10.1098/rsbl.2014.0562
https://doi.org/10.1098/rsbl.2014.0562
https://doi.org/10.1098/rsbl.2014.0562
https://doi.org/10.1098/rsbl.2014.0562
https://doi.org/10.1098/rsbl.2014.0562


DNA Metabarcoding Studies

Lynggaard et al. 2022

https://www.cell.com/current-biology/fulltext/S0960-9822(21)01690-0?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0960982221016900%3Fshowall%3Dtrue&fbclid=IwAR3Rjwdieihm1I9-5YgiwSgXnRTHW_h0D7cptKHxwOsG7G3wfR9OJ1dy4qA


DNA Metabarcoding Studies

De Vargas et al. 2015

https://www.science.org/doi/10.1126/science.1261605


DNA Metabarcoding Studies

De Vargas et al. 2015

https://www.science.org/doi/10.1126/science.1261605


Exercise 1 - Metabarcode detective

ACTATCTAGGAACATTGCACATGCCGGAAGGTCCGT
AGACTTTGCCATCTTTTCGTTACATTTAGCCGGAGTTA
GTTCAATTCTTGGGGCAGTAAATTTTATTAGGACTTTA
GGAAACCTTCGAGTATTTGGAATATTACTAGATCGCA
TACCTCTGTTTGCATGAGCTGTATTAATTACTGCTGTA
CTATTACTTCTTTCTTTACCTGTTCTAGCTGGGGCTATT
ACCATATTATTAACCGATCGTAATTTGAATACAACATTT
TATGATGTGGGGGGAGGAGGAGATCCTATTCTATATC
AACACCTATTC
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Exercise 1 - Metabarcode detective



TCTAGCTGGTAACTTAGCCCACGCGGGAG
CATCCGTTGATTTAACAATTTTTTCTCTTCATC
TAGCAGGTATTTCATCAATTTTAGGCGCTATT
AATTTTATTACCACTATTATTAATATAAAACCA
CCTGCAATTTCACAATATCAAACCCCACTAT
TTGTTTGAGCCGTATTAATTACAGCCGTCCT
TCTTCTCTTATCCCTACCCGTCCTAGCTGCT
GGAATTACAATACTTCTGACAGACCGAAAC
CTAAACACTACCTTTTTTGATCCTGCTGGCG
GTGGAGATCCTATTCTTTACCAACATTTGTTC

Exercise 1 - Metabarcode detective



Exercise 1 - Metabarcode detective
ACTATCTAGGAACATTGCACATGCCGG
AAGGTCCGTAGACTTTGCCATCTTTTCG
TTACATTTAGCCGGAGTTAGTTCAATTCT
TGGGGCAGTAAATTTTATTAGGACTTTAG
GAAACCTTCGAGTATTTGGAATATTACTA
GATCGCATACCTCTGTTTGCATGAGCTG
TATTAATTACTGCTGTACTATTACTTCTTT
CTTTACCTGTTCTAGCTGGGGCTATTAC
CATATTATTAACCGATCGTAATTTGAATA
CAACATTTTATGATGTGGGGGGAGGAG
GAGATCCTATTCTATATCAACACCTATTC



Results



Seq 1 
Copenhagen



Seq 1 Belone belone
Hornfisk/Garfish

Copenhagen



Seq 2 
Sjællands Odde 



Seq 2 Salmo trutta
Sea trout/Brown trout

Sjællands Odde 



Seq 3 
Copenhagen



Seq 3 Arcuatula senhousia
Copenhagen



Seq 3 Arcuatula senhousia
Copenhagen



-Taxonomy is a dynamic discipline
-Use the taxonomy matching tool in WoRMS 

(if marine) or similar databases

Seq 3 Arcuatula senhousia



Seq 4 
Sjællands Odde 



-eDNA contains many 

non-target organisms

-Think critically 

about transport

Caenus pusillaSeq 4 
Sjællands Odde 



-eDNA contains many 

non-target organisms

-Think critically 

about transport

-Use taxonomy to 

subset data by species 
or groups of interest. 

Caenus pusillaSeq 4 
Sjællands Odde 



Seq 5 Copenhagen



Mytilus spp. 

Mytilus edulis
Mytilus trossulus
Mytilus galloprovincialis

Seq 5 Copenhagen



Mytilus edulis
Mytilus trossulus
Mytilus galloprovincialis

link

-eDNA often blind to hybrids 
and species complexes

Mytilus spp. Seq 5 Copenhagen

http://doi.org/dnn4g2


Seq 6
Sjællands Odde 



-Less than 50% coverage 

of barcodes in Europe!

-38% in Ascidiacea L

Weigand et al. 2019

Seq 6 Unknown botryllid ascidian
Sjællands Odde 

http://doi.org/c6tb
http://doi.org/c6tb
http://doi.org/c6tb
http://doi.org/c6tb
http://doi.org/c6tb


Results
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Metabarcoding 
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Bohmann et al. 2021

https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.13512
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eDNA Metabarcoding Bioinformatics
Sequencing Library

Raw Reads

Quality Control & dereplication

Merging pairs

AIM: To cluster or filter sequences into 

biologically relevant groupings assigned to 

samples while minimizing the effect of biases

Sequence by Sample Table



Metabarcoding Pipelines

metabarcoding

Simple Complicated
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Constrained Adaptable



Metabarcoding Pipelines

metabarcoding

Simple Complicated

Constrained Adaptable



Metabarcoding Dataset
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RED - Roca Redonda 
CHAM - Cabo Hammond
BAR -  Barahona Beach

C1 – Control 1 (extraction control)
C2 – Control 2 (PCR control)
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92°W 91.5°W 91°W 90.5°W 90°W 89.5°W 89°W

1.5°S

1°S

0.5°S

0°

0.5°N

−4000

−3000

−2000

−1000

0RED

CHAM

BAR

What DNA region is this data from?

What is the most common taxa?

Do we see differences between our 
samples?


