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DNA Barcoding
Making Every Species Count




Presentation Roadmap

1. Biodiversity

2. DNA Barcoding

3. International Barcode of Life Project (iBOL)




Biodiversity:
degree of variation of life forms
within a given ecosystem




Mapping Biodiversity 1840 - 2011
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DNA Barcode:

short standardized DNA seqguence enabling
Species discrimination in a large block of life
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Barcode Region for Animals

The Mitochondrial Genome




And for Plants: Two Plastid Markers Adopted
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And for Some Fungi and Protists
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DNA barcodil}g{or fungal
identification® U |




Mapping Biodiversity - 2015

Identification:
Tetraponera penzigi

Distribution Map.,
Vouchered Specumen Detalls
Species Information Page..

DNA Barcode results:
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The Challenge: Gather Millions of DNA Barcodes
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Extract DNA . PCR Ampllfy Sequence Web-Accessible Data and DNA Barcodes




The Response: Get Organized

Imagine...

a world in which you can know the name of

in an instant anywhere on our planet

This is the world that IBOL will build

@% International Barcode of Life Project
4{}! Assembling the DNA barcode library of life

5 Years

5M Specimens

sl
500K Species
|




Mobilize Community

Central Nodes

Regional Nodes

National Nodes



Mobilize Community
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Mobilize Community
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Mobilize Community

Argentina, 2010
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Mobilize Community - NorBOL



Engage Partners

)/ | |
Nagoya, Japan - Oct 20, 2010
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' Guelph/Toronto, Canada - Sept 24-26, 2010
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Mobilize Infrastructure

Central Node

Regional Node

National Node



Build Governance Structure

Board of Directors

Executive Committee of the Board

)

Scientific Advisory Board )

Scientific Director

Executive Director

Technology Development )

Advisory Group

Executive Committee of the SSC

Scientific Steering Committee (SSC)
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iBOL Node Profile
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Administration (WG 5.1 - 5.2)

GE3LS
WG 6.1 -6.6

Core Facilitie®
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ICENTRAL NODES

Participating Nations
CANADA — (Saunders, Packer)

SCIENTIFIC STEERING COMMITTEE

Working Groups

CHINA — (Zhang, Huang)
EUROPEAN UNION — (70 be determined)
UNITED STATES — (Amato, Crandall)

B

ReGIONAL NODES

ARGENTINA — (Tubaro, Dioz de Astarloa)
AUSTRALIA — (Mitchell, Lowe)

BRAZIL — (tizirik, Sontos)

INDIA — (Lakra, Knedkar)

MEXICO — (Elios-Gutierrez, Escalante)
NEW ZEALAND — (Hogg, Smith)
NORWAY — (Lifjeld, Ekrem)

RUSSIA — (Abramson, Kalyakin)

SAUDI ARABIA — (Al-Hafedh)

SOUTH AFRICA — (Skelton, Bartels)

/1.1 Vertebrates
Bermingham, Amato
1.2 Land Plants
Hollingsworth, Li
1.3 Fungi
Crous, Seifert
1.4 Animal Parasites, Pathogens and Vectors
Masigo, Gregory
1.5 Agriculture/Forestry Pests and Parasitoids
Foottit, Rasplus
1.6 Pollinators
Packer, Silveira
1.7 Freshwater Bio-surveillance
Sweeney, Hogg
1.8 Marine Bio-surveillance
Saunders, Bouchet
1.9 Terrestrial Bio-surveillance
Janzen, Fisher
1.10 Polar Life
Ekrem, Smith

ANVYEI7 3000¥vg YNA

NATIONAL NODES

COLOMBIA — (Linares, Madrinan)
COSTA RICA — (/anzen, Ugalde)
FRANCE — (Rasplus, Le Gall)
FINLAND — (Mutanen)

GERMANY — (Waegele, Hausmann)
KENYA — (Masigo, Oyieke)

KOREA — (Won Kim, Chang-Bae Kim)
MADAGASCAR — (Fisher, Balsama)
NETHERLANDS — (Crous, Bakker)
PANAMA — (Bermingham, Sanjur)
PAPUA NEW GUINEA — (Miller, Novotny)
PERU - (valqui, Orjeda)

PORTUGAL — (Costa, Bastos-Silveira)

SPAIN — (Arnedo, Carranza)

UNITED KINGDOM — (Hollingsworth, Vogler)

2.1 Barcoding Biotas
Meyer, Adamowicz

2.2 Museum Life
Bakker, Miller

2.3 Methodological Innovation
Ivanove, Evans

2.4 Paleobarcoding

Poinar, Brochmann

SQOHLIN

3.1 Informatics: Core Functionality
Hebert, Ratnasingham

3.2 Informatics: Mirrors
Ma, Robert

SMLYWHOAN|

4.1 Environmental
Hojibabaei, Pfenninger

4.2 Mobile Barcoding
Ronaghi, Krull

SNOUYINGdY

5.1 Project Management
Singer, Hanner

5.2 Communications
Schindel, Stoeckle

NInaYy

6.1 Equitable use of Genetic Resources
Bubela

6.2 Regulation of International Trade
Phillips

6.3 IP and Knowledge Management
Gold

6.4 Education Initiatives for Schools/Media
Secko

6.5 Governance of Knowledge Mobilization
Castie

$1,39




Activate

Coordination Infrastructure

Biorepositories
Collections
Sequencing

Informatics

Plant Life

IBOL Worklng Groups

Vertebrates ;
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100.0 -

90.0 -

80.0 -
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[ Barcode sequences >300bp and <500bp
[ Barcode sequences 500bp and longer
—e— 658bp barcode PCR
- @ = 609bp barcode PCR
--@--307bp or 407bp PCR




Assemble Millions of Specimens
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Assemble Millions of Specimens
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Sequence Millions of Specimens
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About BOLD Contact Us

Published Projects | Taxonomy Browser | Request an Account | Identify Specimen | Introductory Tutorial | Documentation | Data Release | Citation

The Barcode of Life Data Systems (BOLD) is an online workbench that aids collection,

management, analysis, and use of DNA barcodes. It consists of 3 components (MAS, IDS, and

ECS) that each address the needs of various groups in the barcoding community.

> MANAGEMENT & ANALYSIS

e

BOLD-MAS provides a repository for
barcode records coupled with analytical
tools. It serves as an online workbench for
the DNA barcode community.

@‘* IDENTIFICATION ENGINE

BOLD-IDS provides a species identification o 5 i Fi
tool that accepts DNA sequences from the YARYR ig &
barcode region and returns a taxonomic ]g MR (3
assignment to the species level when “ it g
possible.

¥ EXTERNAL CONNECTIVITY

BOLD-ECS provides web developers and
bioinformaticians the ability to build tools
and workflows that can be integrated with
the BOLD framework. BOLD-ECS supplies
REST services that allows access to public
sequence and specimen data. We welcome
the addition of new analytical modules.
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Formally Described Species With Barcodes 96,162
Total Barcode Records 1,128,307
Source Breakdown

GenBank 108,943
Canadian Centre 934,003
Others 85,361

) SYSTEMS BOLD 2.5 Release

Version 2.5, unveiled on Nov 11th 2009 at the Third International
Barcoding of Life conference in Mexico City, provides new core
functionality including support for multiple sequence markers per
specimen and more complex workflows. Features include identification
services for ITS, matK, and rbcL markers, comparative analytics, web
services and a variety of convenience upgrades. A few are highlighted
here :

Accumulation Explore diversity of species and sequences by site
curves or higher level taxcnomy.

All analytical tools have been upgraded to support
processing and visualization of all registered
markers.

Multi-marker
analysis

Quickly identify alignment errors and evaluate
substitutions through the alignment browser which
support visualization of amino translations of
coding sequences.

Alignment browser

A two phase data retrieval service based on
Representational State Transfer(REST) is
available at services.boldsystems.org to access
and retrieve published data on BOLD in text, XML
and JSON formats.

Web Services

BARCODING CAMPAIGNS

LY = [v] =8



BARCODE OF LIFE DATA SYSTEMS

Manage Millions of Barcodes
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Phylogenetic
Relationship
of BIN Members

Expert Notes About
Taxonomy, Behaviour,| = -
Ecology, etc.
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BOLD Taxonomy Browser

Sub-taxa

Species (81)
Parnassius acco {2]
Parnassius acdestis [3]
Parnassius actius [4]
Parnassius andreji [2]
Parnassius apolio [42]
Parnassius apolio adonais [1]
Parnassius apollo alphezakyi
0]
Parnassius apollo
batholomaeus [1]

® Parnassius apolio claudius [1]
® Parnassius apolic democratus

2

Parnassius apolie finnmarchius
{1l

Parnassius apollo melliculus [2]
Parnassius apolionius [8]
Parnassius apofio tiemo [1]
Parnassius arcticus [2]
Parnassius ariadne [12]
Parnassius ariadne clarus [1]
Parnassius autocrator [2]
Parnassius behrii {22]
Parnassius boedromius [2]
Parnassius bremeri [4]
Parnassius cardinal [S]
Parnassius cephalus [2]
Parnassius charltonius [3]
Parnassius clarius [1]
Parnassius clodius [24]
Parnassius davydovi [2]
Parnassius delphius {27]
Parnassius delphius albulus [1}
Parnassius epaphus [4]
Parnassius eversmanni[17]
Parnassius glacialis [4]
Parnassius hannyngtoni [2]
Parnassius hardwickii [2]
Parnassius hide [2]
Parnassius honrathi [4]
Parnassius huberi [1]
Parnassius hunza [2]
Parnassius imperator [3]
Parnassius infernalis [6]
Parnassius infernalis
mustagata [3]

Darnacciuie inAaninatiisc ™M

Taxon Description (Wikipedia)

Artnronpoda; 1nsecta; 1Lepniaopierg; rapllionidaae; rarnassinac,;

Parnassius is a genus of northern circumpolar and montane (alpine and Himalayan) butterflies usually known as Apolios. They can vary in colour and form significantly based on their
altitude. They also show an adaptation to high altitudes called altitudinal melanism. They show dark bodies and darkened colouration at the wingbase which helps them warm faster
using the sun. Although classified under the Swallowtail butterfly family, none of the Parnassius species possess tails. The larvae feed on species of plants belonging to the
Papaveraceae and Crassulaceae families, and like the other swallowtail butterfly larvae, possess an osmeterium. Unlike most butterflies that have exposed pupae, they pupate inside a

loose silken cocoon. full article at Wikipedia

BOLD Stats

Specimen Records:

Specimens with Sequences:

Specimens with Barcodes:
Public Records:

Species:

Species With Barcodes:

Species List - Progress

Imagery

569
541
533
315
81
79

Download Public Sequences

Sample Sources

B Mined from GenBank, NCBI [268]

Research Collection of Roger Vila [41]

Research Collection of Crispin S. Guppy [40]

O McGuire Centre for Lepidoptera and Biodiversity [33]
O Canadian National Collection of Insects, Arachnids and Nemat
[ Research Collection of Norbert G. Kondla [15]

O Biodiversity Institute of Ontario [15]

[ Research Collection of Kenelm Philip [9]

Research Collection of Ralph Sturm [7]

O Zoological State Collection, Munich [4]

E 6 Others [15]

m

Par ius ti h
Sample ID: 2005-LOWA-492
License: Copyright (2010)

License Holder: BIO Photography Group, Biodiversity Institute of
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Share Data




TAXA THAT HAVE BARCODES
Arthropoda 802,596 16 110 1,136 17,497 113,561
Chordata 171,656 16 132 402 5,595 19,215
Mollusca 36,881 7 66 54 1,692 7,144
Annelida 11,548 4 19 16 478 2,497
Echinodermata 9,285 5 32 8 357 1,015
Platyhelminthes 1,702 4 17 16 119 248
Cnidaria 1,674 6 23 2 199 259
Nematoda 1,517 4 14 9 81 312
Rotifera 1,308 3 6 36 257
Porifera 486 3 12 3 59 103
Nemertina 486 2 35 143
Bryozoa 216 3 5 46 101
Onychophora 160 1 45
Acanthocephala 124 2 4 21
Tardigrada 113 1 1 10
Chaetognatha 108 1 2 42
Brachiopoda 88 4 6 14 26 47
Sipuncula 36 2 3 13 17
Hemichordata 9 1 2 5
Acoelomorpha 9 1 1 5
Gnathostomulida 8 2 7 8
Cephalorhyncha 8 1 1 1 6
Echiura 7 2 1 3 4
Entoprocta 3 1 3 3
Xenoturbellida 2 1 1

Totals 1040030 88 463 1661 26281 145069



Specimen Other Countries Specimen
Count and Regions Count
Central 141,807  Other 55,296
Canada 58,864 Indonesia 4,559
United States 48,479 Antarctica 4,121
China 5,956 Gabon 4,064
European Union 28,508 French Guiana 3,167
Austria 1,251 Ecuador 3,139
Bulgaria 1,080 Thailand 2,036
Finland 6,983 Turkey 1,694
France 2,171 Pakistan 1,602
Germany 9,138 Tanzania 1,463
Italy 2,532 Vietnam 1,298
Netherlands 106 Bolivia 1,119
Poland 283 Taiwan 1,092
Portugal 247 Chile 1,026
Spain 3,303 Iran 1,022
Sweden 989 Comoros 946
United Kingdom 425 Belize 923
_Regional 56,732 Czech Republic 834
Australia 26,783 Paraguay 810
Mexico 12,181 D.R. of the Congo 685
South Africa 5,187 Cameroon 668
Brazil 6,023 Seychelles 665
New Zealand 2,270 Guatemala 593
Norway 1,272 Japan 579
Argentina 1,230 Malaysia 577
Russia 1,360 Philippines 574
India 421 Mozambique 522
Saudi Arabia 5 Others 15,518
National 71,891
Costa Rica 51,151 GRAND TOTAL 325,726
Papua New Guinea 6,364
Madagascar 6,083
Peru 3,348
Panama 3,029
Kenya 1,067
South Korea 614
Colombia 235




Build Knowledge

Measuring Similarity
In Polychaete
Communities
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Impact Society

Journal of Food Prosection, Vol 72, No. 4, 2000, Pages 810817

M ;W 14 ead B e o % |;1 oy | Public Health Response to Puffer Fish (Tetrodotoxin) Poisoning
] - from Mislabeled Product

3 '
’ - A ; NICOLE J, COHEN,'* JONATHAN R. DEEDS,”* EUGENE S. WONG,” ROBERT H. HANNER.” HAILE F, YANCY,!
&“:. | KEVIN D. WHITE,” TREVONNE M. THOMPSON.*t MICHAEL WAHL, TU D. PHAM,' FRANCES M. GUICHARD,!

R IN HUH," CONNIE AUSTIN,” GEORGE DIZIKES,® Axp SUSAN L GERBER'

Modocudar Eoology Resources L0100 o TOTETE /P ATAS-Oma 2010 02484 »

DNA BARCODING
Birdstrikes and barcoding: can DNA methods help make
the airways safer?

JOHUN WAUGH. MAX W EVANSICRAIGD MILLAR: and DAVID M. LAMBERTH

Using COI barcodes to identify forensically
and medically important blowflies

L. A NELSON', J. F. WALLMANY  imnd M. DOWTON'

Newtimute for Biomwolecudar Sosence, School of Biological Somnces, University of Wollongong, New South Wales, Awstralin amd

lowstitste o Conservition Biokogy, Schoal of Bodogienl Sciemoes, University of Wollongong, New South Wales, Austeal s




DNA Barcoding: a New Weapon
In the Battle Against Pests and Invasive Species
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Impact Society
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: A Real World
Ecological analysis | Applications

> Fisheries, food webs

Natural Health”
Supplements

Environmental Assessment
> Oil Sands



Impact Society

Eye on Education

DNA Barcoding Investigations Bring Biology to Life

SUSAN MUSANTE

Fish Tale Has DNA Hook: Students Find Bad Labels

There's ‘Q'N;-reff/z."/;‘q ﬁs‘/x{/ Alo i< Wb/‘/

Do restaurant menus slways tell the truth? High schog
students Kate Stoeckle and Louiss Strausy asked
thamaelves thin quastion while aating sushi in New %
City. They decided to ldentily the fivh in thel sushi
and Lowise gathered 40 finh samples from locsl
restaurants and grocery stores, Thay sent the »

to i lub that uned DNA barcoding to test the

The s showed that 25 percent of the samples werl

rslabeled! Often, Inespemive Tinh won labeled as
mot poosive fish. For asample, & sample labeled
reg por”™ wos actually Atlantic cod. Another

sample was from an endangered fah

In the future, DNA barcoding could be done
by wing # handheld device. Such » device
might look similar to a supermarket
barcode seanner 1})‘” "I)H".
ot ev A LIALS
spyright © 2011 Fearson Education, Inc, or its affilatos. AL Rights Raservodd. Privied = the Usited

ha peblication s protected by copyright. and parmasion thou'd be cbtaned fram
10wy Detdeh AR fefo OChICT DA, U AGE 1N PR SATET O MARRSILLAS 1 Aoy

b Sy, recording o Baewine For wlormation

. wiiti 10 Feerion Curradum Group Rghs § Pemasang, One Lake Svuer, Uppe!

Neow Jorswy (7458

Feanie Vrertx wow, sl Piamet Diary e Sadwmirin. ) e U5

o 5f Pearson Edutation, M. or its s5ileans

EARSON et d s ooty
14 BioScience * January 2010 / Vol. 60 No. | S

www. biosciencemag.org
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Harnessing Biodiversity - 2015
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IBOL and NorBOL

Managing Biodiversity for the
Benefit of Society

BARLUUE
OF LIFE <= )

U
NN
7




Manage Millions of Barcodes
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international
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The purpose of iBOL's working groups (WGs) is to advance iBOL’s |

scientific agenda, which is organized under six themes:
» Theme 1 DNA Barcode Library (WG 1.1 —1.10)
» Theme 2 Methods (WG 2.1 —2.4)

» Theme 3 Informatics (WG 3.1- 3.2)

» Theme 4 Applications (WG 4.1 — 4.2)

» Theme 5 Administration (WG 5.1-5.2)
Theme 6 GE3LS (WG 6.1-6.6)

iBOL nodes are the networks of leading researchers and key organizations which
oversee capacity building, direction, deliverables and financial accountability for
their nation’s or region’s participation in iBOL. iBOL Nodes whose activities are
confined to a single country are designated as National Nodes, while Regional Nodes
are those with the additional capacity to expand partnerships, establish a funding
base and develop infrastructure for DNA barcoding and related research on a
regional basis that extends beyond their national boundaries. Central Nodes are
National or Regional Nodes that can and will barcode samples from diverse sources
and geographies, and act as leaders in knowledge and technology transfer across
(other) Central, Regional and National nodes. )
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