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I NSF Review Criteria: Congressional pressure
— Intrinsic scientific merit
— Wider impact
1 Science & Technology Centers
— Research and Infrastructure
— Education
— Technology transfer

1 Two distributed research infrastructures

— DNA Barcodes
— Scientific Collections



1 Non-academic sectors
— Government regulation
— Other secondary uses for data

1 Technology development

1 S&T Workforce Training

— Undergraduate research experiences
— Doctoral/Post-doctoral training & mobility

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



1 \Widens base of stakeholders, funders
1 \\Videns pool of participants

1 Generates unanticipated research
connections

1 Positive media coverage

1 Increased visibility, credibility of field

1 Attracts more and better students

1 |ncreases motivation of host organization
1 Drives cultural change across a field



1 Technology transfer:
— CCD sensors
— Image processing software

1 Public awareness:
— Museum exhibits, Radio reports
— Sunday newspaper supplements
1 Workforce training

— Undergraduate courses, summer projects

— Interdisciplinary/Mobility experiences for
doctoral students



1 Curriculum and instructional materials
— Not driven by science, not for outsiders
— Hire a specialist, rely on partners

1 Scientists in the classroom
— Potential for local impact, visibility
— Not easily scaleable; proceed with caution
— Requires staff assigned to outreach

1 Teachers in the laboratory



1 Basic research on evolution, ecology

1 Understanding ecosystem services

1 Endangered/protected species

1 Agricultural pests/beneficial species

1 Disease vectors/pathogens

1 |nvasive species (e.g., in ballast water)

1 Environmental quality indicators

1 Managing for sustainable harvesting

1 Consumer protection, ensuring food quality
1 Fidelity of seedbanks, culture collections
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Taxonomic Inference




DNA Barcodes as Key Variable
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1 |_and plants:
— Chloroplast matK and rbcL approved Nov 09

— Non-coding plastid and nuclear regions being
explored

1 Fungi and protists:
— CBOL Working Groups convened
— Recommendations expected in 2010
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1 PHASE 1: Build a barcode reference library:
— Well-identified specimen
— Tissue subsample
— DNA extraction, PCR amplification
— DNA sequencing
— Data submission to GenBank

1 PHASE 2: Use it to identify unknowns:
— Any unidentified juvenile, adult, fragment, product
— Tissue sample, DNA, sequencing
— Comparison with sequences in reference library



How Barcoding is Done

From specimen to sequence to species
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INTERMATIONAL BARCODE OF LIFE

BOLDSYSTEMS

Canadian
. Barcode of Life
¢ MNetwark




1 Established May 2004 with Sloan Foundation grant
I Secretariat opens at Smithsonian, September 2004
1 Now in its third two-year funding period

il \Workshops, Working Groups, networking,
representation/marketing

I Now an international affiliation of 200+ members in
50+ countries:
— Natural history museums, biodiversity organizations
— Users: e.g., government agencies
— Private sector biotech companies, database providers






i Cape Town, South Africa, April 2006, SANBI

— Scale insects in African agriculture

1 Nairobi, Kenya, October 2006

— Commercial fisheries in Rift Valley lakes

i Brazil, March 2007

— Hardwood tree species
— Endangered mammals, reptiles, amphibians

I Taiwan, September 2007
1 Nigeria, October 2008

i Beijing, May 2009

1 India, March 2010
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1 Fish Barcode of Life (FISH-BOL)
— 30,000 marine/freshwater species by 2010

1 All Birds Barcoding Initiative (ABBI)
— 10,000 species by 2010

i Tephritid fruit flies
— 2,000 pest/beneficial species and relatives by 2008

i Mosquitoes
— 3,300 species by 2008

i Endangered species
1 Trees of the world



i Food and Drug Administration
— Reference barcodes for commercial fish

I NOAA/NMFES
— $100K for Gulf of Maine pilot project
— FISH-BOL workshop with agencies, Taipei, Sept 2007

1 Federal Aviation Administration — $500K for birds

1 Environmental Protection Agency
— $250K pilot test, water quality bioassessment

1 FAO International Plant Protection Commission
— Proposal for Diagnostic Protocols for fruit flies

1 CITES, National Agencies, Conservation NGOs
— International Steering Committee, identifying pilot projects
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3l Data in seconds to
minutes

3l Pennies per
sample

3 Link to reference
database

i A taxonomic GPS

3 Usable by non-
specialists



Applied
Biosystems







Project

BarkCode

engaging school_s Ig 1Karen James
UK plant barcoding = aetan <tery st e



M DNA barcoding (data pipeline)

M workshop planning and
implementation (NHM staff)

M preliminary surveys/feasibility studies
M child-friendly keys

M management of expectations

M new facilities, on-site curation

M quality control

M working with educators

M online support (wikis, tutorials etc.)




L essons learned

M successful shift in funding
approach (private
educational charity, ~£400K
over 3 yrs)

M balancing scientific and
educational aims (feedback
from science teachers)

M need for detailed project
planning to ensure
educational and scientific
continuity (e.g. mapping
barcoding workflow onto
the workshop narrative)




Canadian National Fish Survey

3 Secondary and university students

8 Hands-on learning:
— Market and restaurant sampling program
— Classroom sample preparation
— Submit specimen data online
— Sample processing at university

# Online learning
— Data analysis on public workbench
— Communication with professional taxonomists

3 Consumer impact through reporters, government
agencies
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WHIRL PIRIFLCTIVES COMMIELCT

There's something fishy about this
Investigation finds more than cne-guarter of 21 retail fish samples
in Metro Vancouver were mislabelled

Larry Pynn
Warnoouver Sun

rThursaay, lime 04, ZI09

MMore than ane-gquarter of 21 retail fish
samples analysed for DNA in Metro
Vancouver were miskabelled, an investigation
by The Vancouver Sun and the Univerzity af
suelph has revealed.

Twi cdses invalved the use ol cheapes
products as cod at fish-and-chip outlets:
Concy Island Seafood on Marine Drive In
White Rock sold Scutheast Asian catfish, a
species known to be raised in aquaculture;
and Speeds Pub in Ladner sold pollock.

lests at sushi restaurants produced similar -
results: the high-end Takumi Japanese CRAFEDTT: Tan Smith, Vanoouyer Sun
Restaurant in West Vancouver sold bastard Meal Parrer of Surrey puls sall on he
halibut (a flounder) as halibut sushi, while ~ grandson’s fish and chips in White Rock.

p Jal & Pyt : The cod wn the adverbsed ood and chips at
Bon Sushi in Surrey near While Rock sold Condy Sand Saafeod fitried ot t he

hake as crabmeat. catfish, a recent DNA test found.




38 Science and technolegy

Taxonomy

Name, rank and serial number

Biologists want to barcode hall w million species in the next five years

HE tale of the unknown goby began in

1982 when Besjamin Victor, of the
Ocean Science Foundation in Irvine, Cali
tornia, discovered an unosual fish in g reel
i Panima, With oy a anele speamun b
wis hard pressed 1o prove iL was a new
species, s the Ash remaned, unnamed,
an Ris diesk for 25 vears Then, last year, he
wis sert an unuscel fsh lava, Using a
new kind of oxa iden theation called har
coding he showec that it was a younger
version of his mysiery gooy and that both
SpeCInens were, indeed, a new specics.

DA barcoding was lovented by Paul
Heébert of the Unlvessiey ol Guelph, In On-
triiy, Cangic, tn 2ot s, Has ies was o pon
ernte u angque entifcetion W for cuch
"|.|.|L'l..'ll‘.'1 ||H'il:‘ll R ] -IH!:' 1 !l.'|L'Ei ll-:- A,
Separating species would then he g simpls

Whih theré am gt least 1,500 spears.
may of them hard to tell apan

50 far Dr Linton's team has uses the
col gene fo distinguish 190 species of
mesguilo, of wiich 7% have tummed out lo
b ewe sprecies, Anoptheles cswakibad |
ample, was known o be o canler of mic
Lrs in raethers, but tiod suuthem, Boanl
]P_-,' bt il I_!Li.'.'! . QA& |I|II..ZJ.'I.!II|.;. I"-tln".'
=yer, fris shown that A, oswilsoi is acio
ally four species, of which only one czrmiss
malana, That r_xpmrn- the cengraphica al
discregancy and should also sssist efforts
ne disease in Brazil by allowing 1he
e cudprit o be studied In detal
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Another group that could bensfit from
Barcoding are cusioms ollicers, says Mark
Blaxter, an eveluticnary biologst at the
University of Edinbargh For those suug
.-.":.'l:lﬂI.L'E."!l."'-"'.'!.“iri IER G LGN O] Pests
encanperad wildhife, mpid snd Aceurat
dentification toals are essential-particu

iy when perishable go0ds are Deing
held up. America’s Desariment of Agricul-
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peyis and ofien aznve in the countsy us
bard - weldentifv larvae, of egis. on frudl
annther group at the National Chung
Haing Universaty in Tatwdn (whers bu
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hiave |-.J"-1 miet for the Second Intemational
Barcode of Life Conferencel have created a
prototype barcoding biochip. This is a col
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Scienlilic Colleclions:
Mission Critical Infrastructure for Federal Science Agencies







OECD Global Science Forum, April 2009, Paris

Science Collections
International

An international coordinating

mechanism

Richard Lane,
Natural History Museum, London




Background

1 OSTP has defined scientific collections
as critical scientific infrastructure for
the Nation

1 |WGSC Federal survey of object-based
collections

1 NSF survey of non-Federal collections

1 OECD Iinitiative to create Scientific
Collections International (SciColl) for
coordination activities



Research Impacts of Collections

1 Validation/re-testing of original findings
1 Data extraction using new analytical
Instrumentation
— DNA extraction from fossil bones, sediment
1 'Off-label’ use by other research
disciplines
— Pathogen DNA from field biologists
— Isotopic analysis of shells and bones



Non-Research Impacts of

Scientific Collections

1 Reference material for regulation and
enforcement

1 Calibration of scientific instruments

1 Museum exhibits and education
programming

1 Headline news
1 Science reporting
1 “Night at the Museum® feature films



The Planetary Genome Project

Building the Synoptic Collection of Earth’s
Genetic Resources




Five Year Goals

1 Global Consortium
— Collaborations with ISBER and FIBO?

1 “Life on Ice”
1 Bioinformatics Program

1 Exhibits, Web, Fellowships and
Traineeships



Outreach and Education

Training the next generation
Educating the Public

Fellowships, traineeships
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“  “Bjodiversity Rescue Mission”
for tweens and teens

Web — Discoveries, blogs, field,
fellowships, public participation
in fieldwork
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