
DNA DNA BarcodingBarcoding, , 
Capacity Building, and Capacity Building, and 

CPMCPM’’ss MissionMission

David E. David E. SchindelSchindel, Executive Secretary, Executive Secretary
National Museum of Natural HistoryNational Museum of Natural History

Smithsonian InstitutionSmithsonian Institution
SchindelD@si.eduSchindelD@si.edu;;

 
http://http://www.barcoding.si.eduwww.barcoding.si.edu

202/633202/633--0812; fax 202/6330812; fax 202/633--29382938

mailto:SchindelD@si.edu
http://www.barcoding.si.edu/
http://www.barcoding.si.edu/








Species Identification Species Identification 
Matters to All CountriesMatters to All Countries

Food security and safetyFood security and safety
Border inspection and trade agreements:Border inspection and trade agreements:
––

 
Agricultural pests/beneficial speciesAgricultural pests/beneficial species

––
 

Disease vectors/pathogensDisease vectors/pathogens
––

 
Endangered/protected species Endangered/protected species 

––
 

Invasive speciesInvasive species
Ensuring ecosystem servicesEnsuring ecosystem services
Environmental quality assessmentEnvironmental quality assessment
Documenting/developing genetic resourcesDocumenting/developing genetic resources
University research in biologyUniversity research in biology



A DNA barcode is a A DNA barcode is a 
short gene sequence short gene sequence 

taken from taken from 
standardized portions standardized portions 

of the genome,of the genome, 
used to identify speciesused to identify species
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Presentation Notes
The definition of a DNA barcode



Genomics

Subgenomics

Current Systematic
Studies

Microbes - 16S
Plants - RBCL
Animals - COI



Associating Life Stages, Processed Parts, 
Dimorphic Genders



An Internal ID System for All Animals
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Presentation Notes
Our work aims to set the stage for an effort to gather barcodes for all animal species. This task will be substantial; it will require some 100 million analyses if we seek 10 barcode records for each of the expected 10 million species.





<rd>illustrate the diversity  amount of work ahead</rd>

<rd>Collage to be finished…</rd>





NonNon--COI regions for other COI regions for other taxataxa

Land plants:Land plants:
––

 
Chloroplast Chloroplast matKmatK and and rbcLrbcL approved Nov 09approved Nov 09

––
 

NonNon--coding plastid and nuclear regions being coding plastid and nuclear regions being 
exploredexplored

Fungi and Fungi and protistsprotists::
––

 
CBOL Working Groups convenedCBOL Working Groups convened

––
 

Recommendations expected in 2010Recommendations expected in 2010



“DNA barcoding
 

already meets or exceeds 
the minimum standards required for 

diagnostic protocols under ISPM No. 27.”



BarcodingBarcoding
 

in Diagnostic Protocolsin Diagnostic Protocols
Applicable to all life stagesApplicable to all life stages
Usable by nonUsable by non--expertsexperts
WellWell--documented standard lab proceduresdocumented standard lab procedures
High degree of transparency and High degree of transparency and 
repeatabilityrepeatability
Protocols, results, documentation all public Protocols, results, documentation all public 
and archivedand archived
IDs and specimen comparisons through IDs and specimen comparisons through 
digital data, objective criteriadigital data, objective criteria
Linkage to reference voucher specimensLinkage to reference voucher specimens
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July 2010 Technical Panel on Diagnostic Protocols 
Washington, DC



How How BarcodingBarcoding WorksWorks
First, build a barcode reference library:First, build a barcode reference library:
––

 
WellWell--identified specimenidentified specimen

––
 

Tissue Tissue subsamplesubsample
––

 
DNA extraction, PCR amplificationDNA extraction, PCR amplification

––
 

DNA sequencingDNA sequencing
––

 
Data submission to Data submission to GenBankGenBank

Second, use it to identify unknowns:Second, use it to identify unknowns:
––

 
Any unidentified juvenile, adult, fragment, productAny unidentified juvenile, adult, fragment, product

––
 

Tissue sample, DNA, sequencingTissue sample, DNA, sequencing
––

 
Comparison with sequences in reference libraryComparison with sequences in reference library



The Barcoding Pipeline
From specimen to sequence to species

Voucher Specimen

DNA extraction CO1 gene DNA sequencing Trace file
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Current Norm: High throughput
Large labs, hundreds of samples per day

ABI 3100 capillary 
automated sequencer

Large capacity PCR and 
sequencing reactions



●
 

US$100-165K purchase ●
 

2-3 hours processing time
●

 
150-500 samples per day ●

 
US$3-5 per sample



Technology Development Partnership Goal

The DNA 
Sequencing 

Lab of 
2013?



Producing Barcode Data: 201?Producing Barcode Data: 201? 
Barcode data anywhere, instantlyBarcode data anywhere, instantly

Data in seconds to Data in seconds to 
minutesminutes
Pennies per Pennies per 
samplesample
Link to reference Link to reference 
databasedatabase
A taxonomic GPSA taxonomic GPS
Usable by nonUsable by non--

 specialistsspecialists
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Presentation Notes
And eventually barcoding will be done with a handheld device like a GPS unit.



Barcode 
Sequence

Voucher 
Specimen

Species 
Name

Specimen 
Metadata

Literature 
(link to content or 

citation)

BARCODE Records in INSDC

Indices

 
-

 

Catalogue of Life

 
-

 

GBIF/ECAT

Nomenclators

 
-

 

Zoo Record

 
- IPNI

 
-

 

NameBank

Publication links

 
-

 

New species

Georeference

 
Habitat

 
Character sets

 
Images

 
Behavior

 
Other genes

Trace files
Other 

Databases
Phylogenetic

 
Pop’n

 

Genetics

 
Ecological

Primers

Databases

 
-

 

Provisional sp.

Presenter
Presentation Notes
The BARCODE data standard:  Developed over an 18-month consensus-building process and accepted by GenBank, EMBL and DDBJ.  Database records that meet this standard have the reserved keyword BARCODE.  The standard requires linkage to a voucher specimen, a known species name, primer sequences, and trace files.



NBII, 25 February 2009NBII, 25 February 2009

1 Million+ records, 100K+ species



Sequence Sequence WebpagesWebpages



Specimen Specimen WebpagesWebpages



EOL Species PagesEOL Species Pages



NBII, 25 February 2009NBII, 25 February 2009

GenBankGenBank, EMBL, and DDBJ, EMBL, and DDBJ 
Global, Open Access to Barcode DataGlobal, Open Access to Barcode Data

http://www.insdc.org/



EPA/RTP EPA/RTP ––

 

8 April 088 April 08

Link from GenBank
 

to Museums

Presenter
Presentation Notes
The hyperlink in the BARCODE record leads directly to the record for the voucher specimen in the museum database.



How How BarcodingBarcoding WorksWorks
First, build a barcode reference library:First, build a barcode reference library:
––

 
WellWell--identified specimenidentified specimen

––
 

Tissue Tissue subsamplesubsample
––

 
DNA extraction, PCR amplificationDNA extraction, PCR amplification

––
 

DNA sequencingDNA sequencing
––

 
Data submission to Data submission to GenBankGenBank

Second, use it to identify unknowns:Second, use it to identify unknowns:
––

 
Any unidentified juvenile, adult, fragment, productAny unidentified juvenile, adult, fragment, product

––
 

Tissue sample, DNA, sequencingTissue sample, DNA, sequencing
––

 
Comparison with sequences in reference libraryComparison with sequences in reference library



How Complete is the How Complete is the 
Barcode Library?Barcode Library?

More than 1 million records in BOLDMore than 1 million records in BOLD
More than 100,000 species representedMore than 100,000 species represented
Projects underway in all major groupsProjects underway in all major groups
Focus on groups with commercial and Focus on groups with commercial and 
societal importance:societal importance:
––

 
Agricultural pestsAgricultural pests

––
 

Disease vectorsDisease vectors
––

 
Endangered speciesEndangered species



•

 

Promote barcoding

 
as a global standard

• Build participation

• Working Groups

• BARCODE standard

•

 

International 
Conferences

•

 

Increase production 
of public BARCODE

 
records

Networks, Projects, Organizations

Barcode of Life Community

Presenter
Presentation Notes
The Barcode of Life Initiative (BOLI) consists of projects, networks and the Consortium for  the Barcode of Life which acts to organize, catalyse, and integrate barcoding activities around the world.



Investments in Investments in BarcodingBarcoding
~US $5 million per year~US $5 million per year
––

 
Smithsonian Laboratories for Analytical Smithsonian Laboratories for Analytical 
BiologyBiology

––
 

Smithsonian Smithsonian barcodingbarcoding
 

projects projects 
––

 
Sloan Foundation support for CBOLSloan Foundation support for CBOL

––
 

Project support by USDA, EPA, FDA, FAAProject support by USDA, EPA, FDA, FAA……
––

 
BarcodingBarcoding

 
in NSFin NSF--funded biodiversity grantsfunded biodiversity grants



Adoption by RegulatorsAdoption by Regulators
USDA, Belgian research projects on fruit fliesUSDA, Belgian research projects on fruit flies
––

 
Plans for submission of Diagnostic ProtocolsPlans for submission of Diagnostic Protocols

Food and Drug Administration Food and Drug Administration 
––

 
Reference barcodes for commercial fishReference barcodes for commercial fish

Environmental Protection AgencyEnvironmental Protection Agency
––

 
$250K pilot test, water quality $250K pilot test, water quality bioassessmentbioassessment

NOAA/NMFSNOAA/NMFS
––

 
$100K for Gulf of Maine pilot project$100K for Gulf of Maine pilot project

––
 

FISHFISH--BOL workshop with agencies, Taipei, Sept BOL workshop with agencies, Taipei, Sept 
20072007

Federal Aviation Administration Federal Aviation Administration ––
 

$500K for birds$500K for birds

Presenter
Presentation Notes
US government agencies are now testing barcoding and considering its adoption for regulatory and enforcement purposes.



Investments in Investments in BarcodingBarcoding
~US $5 million per year~US $5 million per year
CAN $80 million over 2005CAN $80 million over 2005--20152015
Commitments of ~CAN $75 million from Commitments of ~CAN $75 million from 
iBOLiBOL

 
partners over 2010partners over 2010--20152015

––
 

5 million specimens5 million specimens
––

 
500K species500K species

––
 

25 partner countries25 partner countries
––

 
Canada, US, EU, China are Canada, US, EU, China are 
““central nodescentral nodes””



Consortium for the Consortium for the 
Barcode of Life (CBOL)Barcode of Life (CBOL)

Established May 2004 with Sloan Foundation grantEstablished May 2004 with Sloan Foundation grant
Secretariat hosted by Smithsonian InstitutionSecretariat hosted by Smithsonian Institution
Now in its fourth twoNow in its fourth two--year funding periodyear funding period
Workshops, Working Groups, networking, Workshops, Working Groups, networking, 
representation/marketingrepresentation/marketing
Now an international affiliation of 200+ members in Now an international affiliation of 200+ members in 
50+ countries:50+ countries:
––

 
Natural history museums, biodiversity organizationsNatural history museums, biodiversity organizations

––
 

Users: e.g., government agenciesUsers: e.g., government agencies
––

 
Private sector biotech companies, database providersPrivate sector biotech companies, database providers

Presenter
Presentation Notes
CBOL history



CBOL Member Organizations: 2010

•
 

200+ Member organizations, 50 countries

•
 

35+ Member organizations from 20+ developing countries



Building the CommunityBuilding the Community
Internal communication through Community Internal communication through Community 
Network (Network (http://http://connect.barcodeoflife.netconnect.barcodeoflife.net) ) 
Outreach communication through Outreach communication through 
oo www.barcodeoflife.orgwww.barcodeoflife.org
oo CBOL CBOL WebinarsWebinars
Coordination with other Coordination with other barcodingbarcoding

 
projects projects 

through through CBOLCBOL’’ss
 

Implementation BoardImplementation Board
Steering Committee planning meetingsSteering Committee planning meetings
Assistance in preparing and submitting Assistance in preparing and submitting 
proposalsproposals

http://connect.barcodeoflife.net/
http://connect.barcodeoflife.net/
http://www.barcodeoflife.org/


Connect.barcodeoflife.orgConnect.barcodeoflife.org

http://connect.barcodeoflife.net/


www.barcodeoflife.orgwww.barcodeoflife.org

http://www.barcodeoflife.org/




International Barcode International Barcode 
ConferencesConferences

Natural History Museum, London: 2005Natural History Museum, London: 2005
Academia Academia SinicaSinica, Taipei: 2007, Taipei: 2007
UNAM, Mexico City: 2009UNAM, Mexico City: 2009
University of Adelaide, Australia: 2011University of Adelaide, Australia: 2011
AllAll--Africa Conference: 2012Africa Conference: 2012

3030--60 Travel Bursaries awarded for 60 Travel Bursaries awarded for 
participants from developing countriesparticipants from developing countries



ChallengesChallenges

Raising awareness about Raising awareness about barcodingbarcoding



Outreach ActivitiesOutreach Activities
Cape Town, South Africa, April 2006, SANBICape Town, South Africa, April 2006, SANBI
––

 
Scale insects in African agricultureScale insects in African agriculture

Nairobi, Kenya, October 2006 Nairobi, Kenya, October 2006 
––

 
Commercial fisheries in Rift Valley lakesCommercial fisheries in Rift Valley lakes

Brazil, March 2007Brazil, March 2007
––

 
Hardwood tree speciesHardwood tree species

––
 

Endangered mammals, reptiles, amphibiansEndangered mammals, reptiles, amphibians

Taiwan, September 2007Taiwan, September 2007
Nigeria, October 2008Nigeria, October 2008
Beijing, May 2009Beijing, May 2009
India, November 2010India, November 2010

Presenter
Presentation Notes
CBOL efforts to increase global participation in BOLI



ChallengesChallenges


 

Raising awareness about Raising awareness about barcodingbarcoding
BuyBuy--in by national/international authoritiesin by national/international authorities
––

 
Access to study specimens for international Access to study specimens for international 
research under the Convention on Biological research under the Convention on Biological 
DiversityDiversity





ABS 7, UNESCO, Paris: 6 April 2009ABS 7, UNESCO, Paris: 6 April 2009

ABS Workshop, Museum KoenigABS Workshop, Museum Koenig 
1717--19 November 200819 November 2008



51 Participants from 24 Countries51 Participants from 24 Countries

Sector
Research Agency Other

29 10 12
56.9% 19.6% 23.5%

Geographic Representation
OECD Africa Latin 

America Asia Pacific

28 8 4 9 2
54.9% 15.7% 7.8% 17.6% 3.9%



Nature magazine
7 October 2010



CBD International Regime for CBD International Regime for 
Access and Benefit SharingAccess and Benefit Sharing

In the development and implementation of their national In the development and implementation of their national 
legislation on access and benefitlegislation on access and benefit--sharing, [and on the sharing, [and on the 
basis of the sovereign right of Parties who regulate basis of the sovereign right of Parties who regulate 
access to genetic resources and its derivatives,] Parties access to genetic resources and its derivatives,] Parties 
shall: shall: 

(a)(a)
 
Create conditions to Create conditions to promote and encourage promote and encourage 

research research which contributes to the conservation and which contributes to the conservation and 
sustainable use of biological diversity, particularly in sustainable use of biological diversity, particularly in 
developing countries, including through developing countries, including through simplified simplified 
measures on access for nonmeasures on access for non--commercial  research commercial  research 
purposespurposes, taking into account the need to address a , taking into account the need to address a 
change of intent for such researchchange of intent for such research



ChallengesChallenges


 
Raising awareness about Raising awareness about barcodingbarcoding
BuyBuy--in by national/international authoritiesin by national/international authorities
StartStart--up fundingup funding


 
Mexican national Mexican national barcodingbarcoding

 
network,  network,  

equipment and project grantsequipment and project grants


 
Brazilian national funding programBrazilian national funding program


 

India national initiativeIndia national initiative


 
South African national networkSouth African national network



ChallengesChallenges


 
Raising awareness about Raising awareness about barcodingbarcoding
BuyBuy--in by national/international authoritiesin by national/international authorities
StartStart--up fundingup funding
TrainingTraining


 
CBOL training opportunities for researchers, CBOL training opportunities for researchers, 
studentsstudents


 

Annual short courses: Buenos Aires, Annual short courses: Buenos Aires, 
Johannesburg, ParisJohannesburg, Paris

––
 

Needs to be scaled up Needs to be scaled up 
––

 
Needs to be extended to regulatory officials, Needs to be extended to regulatory officials, 
other usersother users



ChallengesChallenges


 
Raising awareness about Raising awareness about barcodingbarcoding
BuyBuy--in by national/international authoritiesin by national/international authorities
StartStart--up fundingup funding
TrainingTraining
Capacity buildingCapacity building
––

 
Specimen repositoriesSpecimen repositories

––
 

Small labs for DNA extractionSmall labs for DNA extraction
––

 
National/Regional sequencing centersNational/Regional sequencing centers

––
 

Informatics capabilitiesInformatics capabilities



University of Adelaide
 South Australia

 28 November –
 3 December 2011



http://www.dnabarcodes2011.org
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