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OverviewOverview
NSF Review Criteria: Congressional pressureNSF Review Criteria: Congressional pressure
– Intrinsic scientific meritIntrinsic scientific merit
– Wider impactWider impact

Science & Technology CentersScience & Technology Centers
– Research and InfrastructureResearch and Infrastructure
– EducationEducation
– Technology transferTechnology transfer

Two distributed research infrastructuresTwo distributed research infrastructures
– DNA BarcodesDNA Barcodes
– Scientific Collections Scientific Collections 



Non-research ImpactNon-research Impact
Non-academic sectorsNon-academic sectors
– Government regulationGovernment regulation
– Other secondary uses for dataOther secondary uses for data

Technology developmentTechnology development
S&T Workforce TrainingS&T Workforce Training
– Undergraduate research experiencesUndergraduate research experiences
– Doctoral/Post-doctoral training & mobilityDoctoral/Post-doctoral training & mobility

K-12 curriculum and instructionK-12 curriculum and instruction
General public: museums, mediaGeneral public: museums, media



Why Bother?Why Bother?
Widens base of stakeholders, fundersWidens base of stakeholders, funders
Widens pool of participantsWidens pool of participants
Generates unanticipated research Generates unanticipated research 
connectionsconnections
Positive media coveragePositive media coverage
Increased visibility, credibility of fieldIncreased visibility, credibility of field
Attracts more and better studentsAttracts more and better students
Increases motivation of host organizationIncreases motivation of host organization
Drives cultural change across a fieldDrives cultural change across a field



NSF S&T CentersNSF S&T Centers
Technology transfer:Technology transfer:
– CCD sensorsCCD sensors
– Image processing softwareImage processing software

Public awareness:Public awareness:
– Museum exhibits, Radio reportsMuseum exhibits, Radio reports
– Sunday newspaper supplementsSunday newspaper supplements

Workforce trainingWorkforce training
– Undergraduate courses, summer projectsUndergraduate courses, summer projects
– Interdisciplinary/Mobility experiences for Interdisciplinary/Mobility experiences for 

doctoral studentsdoctoral students



Pre-University EducationPre-University Education
Curriculum and instructional materialsCurriculum and instructional materials
– Not driven by science, not for outsidersNot driven by science, not for outsiders
– Hire a specialist, rely on partnersHire a specialist, rely on partners

Scientists in the classroomScientists in the classroom
– Potential for local impact, visibilityPotential for local impact, visibility
– Not easily scaleable; proceed with cautionNot easily scaleable; proceed with caution
– Requires staff assigned to outreachRequires staff assigned to outreach

Teachers in the laboratoryTeachers in the laboratory



Species Identification MattersSpecies Identification Matters
Basic research on evolution, ecologyBasic research on evolution, ecology
Understanding ecosystem servicesUnderstanding ecosystem services
Endangered/protected species Endangered/protected species 
Agricultural pests/beneficial speciesAgricultural pests/beneficial species
Disease vectors/pathogensDisease vectors/pathogens
Invasive species (e.g., in ballast water)Invasive species (e.g., in ballast water)
Environmental quality indicatorsEnvironmental quality indicators
Managing for sustainable harvestingManaging for sustainable harvesting
Consumer protection, ensuring food qualityConsumer protection, ensuring food quality
Fidelity of seedbanks, culture collectionsFidelity of seedbanks, culture collections
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Encyclopedia of Life
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Taxonomic ProcessesTaxonomic Processes
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Growth of Biodiversity DatabasesGrowth of Biodiversity Databases
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DNA Barcodes as Key VariableDNA Barcodes as Key Variable



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 species used to identify species



Associating Life Stages, Processed Parts, 
Dimorphic Genders



An Internal ID System for All Animals
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Non-COI regions for other taxaNon-COI regions for other taxa

Land plants:Land plants:
– Chloroplast Chloroplast matKmatK and  and rbcLrbcL approved Nov 09 approved Nov 09
– Non-coding plastid and nuclear regions being Non-coding plastid and nuclear regions being 

exploredexplored

Fungi and protists:Fungi and protists:
– CBOL Working Groups convenedCBOL Working Groups convened
– Recommendations expected in 2010Recommendations expected in 2010



Genomics

Subgenomics

Current Systematic
Studies

Microbes - 16S
Plants - RBCL
Animals - COI



How Barcoding WorksHow Barcoding Works
PHASE 1: Build a barcode reference library:PHASE 1: Build a barcode reference library:
– Well-identified specimenWell-identified specimen
– Tissue subsampleTissue subsample
– DNA extraction, PCR amplificationDNA extraction, PCR amplification
– DNA sequencingDNA sequencing
– Data submission to GenBankData submission to GenBank
PHASE 2: Use it to identify unknowns:PHASE 2: 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 Barcoding is Done
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• 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
800,000 DNA barcode records from 75,000 species



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 opens at Smithsonian, September 2004Secretariat opens at Smithsonian, September 2004
Now in its third two-year funding periodNow in its third two-year 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



CBOL Member Organizations: 2009

• 200+ Member organizations, 50 countries

• 35+ Member organizations from 20+ developing countries



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, March 2010India, March 2010



Leading Labs Network



CBOL’s Global ProjectsCBOL’s Global Projects
Fish Barcode of Life (FISH-BOL)Fish Barcode of Life (FISH-BOL)
– 30,000 marine/freshwater species by 201030,000 marine/freshwater species by 2010
All Birds Barcoding Initiative (ABBI)All Birds Barcoding Initiative (ABBI)
– 10,000 species by 201010,000 species by 2010
Tephritid fruit fliesTephritid fruit flies
– 2,000 pest/beneficial species and relatives by 20082,000 pest/beneficial species and relatives by 2008
MosquitoesMosquitoes
– 3,300 species by 20083,300 species by 2008
Endangered speciesEndangered species
Trees of the worldTrees of the world



Adoption by RegulatorsAdoption by Regulators
Food and Drug Administration Food and Drug Administration 
– Reference barcodes for commercial fishReference barcodes for commercial fish
NOAA/NMFSNOAA/NMFS
– $100K for Gulf of Maine pilot project$100K for Gulf of Maine pilot project
– FISH-BOL workshop with agencies, Taipei, Sept 2007FISH-BOL workshop with agencies, Taipei, Sept 2007
Federal Aviation Administration – $500K for birdsFederal Aviation Administration – $500K for birds
Environmental Protection AgencyEnvironmental Protection Agency
– $250K pilot test, water quality bioassessment$250K pilot test, water quality bioassessment
FAO International Plant Protection CommissionFAO International Plant Protection Commission
– Proposal for Diagnostic Protocols for fruit flies Proposal for Diagnostic Protocols for fruit flies 
CITES, National Agencies, Conservation NGOsCITES, National Agencies, Conservation NGOs
– International Steering Committee, identifying pilot projectsInternational Steering Committee, identifying pilot projects



Current Norm: High throughput
Large labs, hundreds of samples per day

ABI 3100 capillary 

automated sequencer

Large capacity PCR and 

sequencing reactions



Emerging Norm: Table-top LabsEmerging Norm: Table-top Labs
  Faster, more portable: Hundreds of samples per hour Faster, more portable: Hundreds of samples per hour 

Integrated DNA microchips Table-top microfluidic systems



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 non-Usable by non-
specialistsspecialists





The DNA 
Sequencing 

Lab of 
2013?

Technology Development Partnership Goal



Karen JamesKaren James
Natural History Museum, LondonNatural History Museum, London

engaging schools inengaging schools in
UK plant barcodingUK plant barcoding



Project elementsProject elements
DNA barcoding (data pipeline)DNA barcoding (data pipeline)

workshop planning and workshop planning and 
implementation (NHM staff)implementation (NHM staff)

preliminary surveys/feasibility studiespreliminary surveys/feasibility studies

child-friendly keyschild-friendly keys

management of expectationsmanagement of expectations

new facilities, on-site curationnew facilities, on-site curation

quality controlquality control

working with educatorsworking with educators

online support (wikis, tutorials etc.)online support (wikis, tutorials etc.)



Lessons learnedLessons learned
  successful shift in funding successful shift in funding 
approach (private approach (private 
educational charity, ~£400K educational charity, ~£400K 
over 3 yrs)over 3 yrs)
balancing scientific and balancing scientific and 
educational aims (feedback educational aims (feedback 
from science teachers)from science teachers)
need for detailed project need for detailed project 
planning to ensure planning to ensure 
educational and scientific educational and scientific 
continuity (e.g. mapping continuity (e.g. mapping 
barcoding workflow onto barcoding workflow onto 
the workshop narrative)the workshop narrative)



Canadian National Fish SurveyCanadian National Fish Survey
Secondary and university studentsSecondary and university students
Hands-on learning:Hands-on learning:
– Market and restaurant sampling programMarket and restaurant sampling program
– Classroom sample preparationClassroom sample preparation
– Submit specimen data onlineSubmit specimen data online
– Sample processing at universitySample processing at university

Online learningOnline learning
– Data analysis on public workbenchData analysis on public workbench
– Communication with professional taxonomistsCommunication with professional taxonomists

Consumer impact through reporters, government Consumer impact through reporters, government 
agenciesagencies
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Richard Lane, 
Natural History Museum, London

Science Collections 
International

An international coordinating       
mechanism

OECD Global Science Forum, April 2009, Paris



BackgroundBackground

OSTP has defined scientific collections OSTP has defined scientific collections 
as critical scientific infrastructure for as critical scientific infrastructure for 
the Nationthe Nation  
IWGSC Federal survey of object-based IWGSC Federal survey of object-based 
collections collections 
NSF survey of non-Federal collectionsNSF survey of non-Federal collections
OECD initiative to create Scientific OECD initiative to create Scientific 
Collections International (SciColl) for Collections International (SciColl) for 
coordination activitiescoordination activities



Research Impacts of CollectionsResearch Impacts of Collections
Validation/re-testing of original findingsValidation/re-testing of original findings
Data extraction using new analytical Data extraction using new analytical 
instrumentationinstrumentation
– DNA extraction from fossil bones, sedimentDNA extraction from fossil bones, sediment

‘‘Off-label’ use by other research Off-label’ use by other research 
disciplinesdisciplines
– Pathogen DNA from field biologistsPathogen DNA from field biologists
– Isotopic analysis of shells and bonesIsotopic analysis of shells and bones



Non-Research Impacts of Non-Research Impacts of 
Scientific CollectionsScientific Collections

Reference material for regulation and Reference material for regulation and 
enforcementenforcement
Calibration of scientific instrumentsCalibration of scientific instruments
Museum exhibits and education Museum exhibits and education 
programmingprogramming
Headline newsHeadline news
Science reportingScience reporting
““Night at the Museum” feature filmsNight at the Museum” feature films



The Planetary Genome ProjectThe Planetary Genome Project

Building the Synoptic Collection of Earth’s Building the Synoptic Collection of Earth’s 
Genetic ResourcesGenetic Resources

Sm i t h so n i an
National Museum of Natural History

One of three “Big Ideas” selected for 
long-term development



Five Year GoalsFive Year Goals

Global Consortium Global Consortium 
– Collaborations with ISBER and FIBO?Collaborations with ISBER and FIBO?

““Life on Ice”Life on Ice”
Bioinformatics ProgramBioinformatics Program
Exhibits, Web, Fellowships and Exhibits, Web, Fellowships and 
TraineeshipsTraineeships



Fellowships, traineeshipsFellowships, traineeships

Temporary/Traveling exhibition Temporary/Traveling exhibition 
“Biodiversity Rescue Mission”“Biodiversity Rescue Mission”

for tweens and teensfor tweens and teens

Web – Discoveries, blogs, field, Web – Discoveries, blogs, field, 
fellowships, public participation fellowships, public participation 
in fieldworkin fieldwork

Outreach and EducationOutreach and Education
Training the next generationTraining the next generation

Educating the PublicEducating the Public
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