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DNA barcoding and forest

L.M. Humble, J.R. deWaard, R, Hanner a

Introduction
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inherent with detection of NIS ncluding
= large samples needed w detect NIS when
they are present at low levels
ure life stages often interoepted but
1l nnot be fully sdentified

* often nadequate knowledge of

fauna

Biosurveillance (cont'd)
Results

The identification ongine n the Ba
Life datsbase (BOLD-ID) With used 1o
oblain initial sdenifications Tor the 925
specimens (Fig. 3),
* <190 species clusters with a 3%
T divergence cut-off (Hebeet of
2001)
% nssigned 10 specics, 61 1o
BOLD-ID (all species
s were abio conlinmed

Figure 3 Spe

Biosurveillance for NIS

Maethods

thi 5

biosecurity
nd P.D.N, Hebert

1 prunielta (left) and

Identification of

immature life stages

-

Building DNA
rarle!

reference

1ib!

&

DNA barcodin

Buil /
libraries
1. Lymantria tussock moths )

e 36
Lym :

! 201 0a)
diobe )
TR B A valy
Tt L et

gandf

ding DNA reference

: d
orest biosecurlty (qont )

i

3 G

ited

i
jiterature €

cont'd) therll Wk
Wl I :

antria SPP results (

= ¢ dentificd a<cron

{42 COT haplotype

all 16 apeie S
Paphotypes shared between 5

« po hapl :

Sl
91 COI haplotypes within

Geometridae

DNA reference library v
{deWaard 2010). :
g Jection
& muscum collec
+ gpecimens from § muscun
: o databased and imaged, DNA
d and COI sequenced
all data iy publicly available from the
Rarcode of Life Dats Systems (ROLD)
(Rumasingham and Hebert 2007) in
project “GOBCL. ~ Geometridae of B(
Library
Results

2 COL sex

Acknowledgment:
The ¢

w BOLNEY

IFor further inlormation
lease con the wut! {

belim ) for




Sha
N
NSW | Industry &
\ Investment
INSECT PEST DiAGNOSTICS &

UNDER iBOL THE CASE OF o
Gopurenko D M

RS;ECIES DISCOVERY
s SIUS LEAFHOPPERS

el A Fletcher, My 1t & Locker, H

iBOL WORKING Group 1.5

e

- e
« |
~ N
o

- &
< B

"

@

i

“ul
il

A RAPID aND RELLs

LE
DiacNosTic PROTOCOL

‘-“.‘" l

A

b
3
: 3
5
b |
§%
<%
53

i
¢ ¢ A ”“‘J
aratanectty Py et

-




1 Food security and safety

1 Border inspection and trade agreements:
— Agricultural pests/beneficial species
— Disease vectors/pathogens
— Endangered/protected species
— Invasive species

1 Ensuring ecosystem services

1 Environmental quality assessment

1 Documenting/developing genetic resources
1 University research in biology



A DNA barcode Is a
short gene sequence
taken from
standardized portions
of the genome,
used to identify species
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The definition of a DNA barcode
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D-Loop Small ribosomal RNA

H-strand
ND4

COll
COlll

\ATPase subunit 8
ATPase subunit 6
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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>




1 Land 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




PERSPECTIVES AND PARADIGMS

Common goals: policy implications of DNA barcoding
as a protocol for identification of arthropod pests

Robin Flovd - Jodo Lima - Jeremy deWaard -
Leland Humble - Robert Hanner

“DNA barcoding already meets or exceeds
the minimum standards required for
diagnostic protocols under ISPM No. 27.”
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1 Applicable to all life stages
1 Usable by non-experts
1 Well-documented standard lab procedures

1 High degree of transparency and
repeatability

1 Protocols, results, documentation all public
and archived

1 |Ds and specimen comparisons through
digital data, objective criteria

1 Linkage to reference voucher specimens



98 Science and technology

Taxonomy

Name, rank and serial number

Biologists want to barcode half a million species in the next five years

HE tale of the unknown goby began in

1982 when Benjamin Victor, of the
Ocean Science Foundation in Irvine, Cali-
fornia, discovered an unusual fish in a reef
in Panama. With only a single specimen he
was hard pressed to prove it was a new
species, so the fish remained, unnamed,
on his desk for 25 years. Then, last year, he
was sent an unusual fish larva. Using a
new kind of pNa identification called bar-
coding he showed that it was a younger
version of his mystery goby and that both
specimens were, indeed, a new species.

DNA barcoding was invented by Paul
Hebert of the University of Guelph, in On-
tario, Canada, in 2003. His idea was to gen-
erate a unique identification tag for each
species based on a short stretch of pNA.
Separating species would then be a simple

which there are at least 3,500 species,
many of them hard to tell apart.

So far Dr Linton's team has used the
CO1 gene to distinguish 190 species of
mosquito, of which 7% have turned out to
be new species. Anopheles oswaldoi, for ex
ample, was known to be a carrier of ma-
laria in northern, but not southern, Brazil,
That was puzzling. pNA barcoding, how-
ever, has shown that A. oswaldoi is actu-
ally four species, of which only one carries
malaria. That explains the geographical
discrepancy and should also assist efforts
to curb the disease in Brazil by allowing the
real culprit to be studied in detail.

Fly titles
The mosquito initiative has also had a
lece of luck. Using some chemical wiz

The Economist September 22nd 2007

as medicines. In doing so, they have had to
identify a new kind of barcode, as the coi
gene is not found in plants.

Another group that could benefit from
barcoding are customs officers, says Mark
Blaxter, an evolutionary biologist at the
University of Edinburgh. For those strug
gling to prevent the importation of pests or
endangered wildlife, rapid and accurate
identification tools are essential—particu-
larly when perishable goods are being
held up. America's Department of Agricul-
ture is creating barcodes for the world's
fruit flies. These are important agricultural
pests and often arrive in the country as
hard-to-identify larvae, or eggs, on fruit.
Another group at the National Chung
Hsing University in Taiwan (where hun-
dreds of newly minted experts in the field
have just met for the Second International
Barcode of Life Conference) have created a
prototype barcoding biochip. This is a col
lection of miniature DNA test sites on a
sliver of glass that will rapidly discrimi-
nate between four species of fruit flies.

Barcoding'’s ease of use is also attract-
ing interest from other government agen-
cies. America’s Federal Aviation Adminis

tration anu its air force are working on bird




July 2010 Technical Panel on Diagnostic Protocols
Washington, DC
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1 First, build a barcode reference library:
— Well-identified specimen
— Tissue subsample
— DNA extraction, PCR amplification
— DNA sequencing
— Data submission to GenBank
B Second, use it to identify unknowns:
— Any unidentified juvenile, adult, fragment, product
— Tissue sample, DNA, sequencing
— Comparison with sequences in reference library




Collecting DNA extraction CO1 gene DNA sequencing Trace file

Database of Barcode

Voucher Specimen Records
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Large capacity PCR and
sequencing reactions

it

:sfhfi’f;}i!?fﬁm/ﬂ \ % .
' . - o 2%,

ABI 3100 capillary
automated sequencer
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Applied
EigEyﬁtEmE

e US$100-165K purchase e 2-3 hours processing time
e 150-500 samples perday e US$3-5 per sample




The DNA
Sequencing

Lab of
20137




31 Data in seconds to
minutes

1 Pennies per
sample

2 Link to reference
database

1 A taxonomic GPS

1 Usable by non-
specialists
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Presentation Notes
And eventually barcoding will be done with a handheld device like a GPS unit.


[
BARCODE Records in INSDC

Specimen|_| Voucher || Species
Metadata Specimen Name
Georeference \\ | 4l Indices

N\ /7

Habitat - Catalogue of Life
Character sets B alflco d = - GBIF/ECAT
[T Nomenclators
Sy Seq uence - Zoo Record
Other genes IPNI
Trace files Primers .
Ot h er - NameBank
Databases _
Phylogenetic L I teratu re
Pop’n Genetics (link to content or
Ecological citation)
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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.


= BOLD Systems -Specimen Record - Microsoft Internet Explorer provided by SINET

@ i~ &l httpe: ffwennw baldsysterms.org/connectivity /specimenlookup. php?processid =ABUAMOBE-07

. Google |G+

w R 52|~ | = MCBI Sequence Viewer ... mUAM Mamm B6287

BOLDSYSTEMS ‘ Management & Analysis

YW

Specimen Identifiers

Sample ID :
Field Num:
Deposited In :
Publication :
Donated By :

Collection Data
Collectors :

Date Collected :
Country :
State/Province:
Region/County :
Sector:

Exact Site :
Latitude :
Longitude :
Coord. Source :

Elevation/Depth :

Photographs

Mo
images
available

¥ Go¢5d @ ﬁ' v ¥ Bookmarksv @] 1 blocked °§,5’ Check + % Autolink ~

@ settings~ lemowo

. Y »»
& BOLD Systems -Spec. .. 0 v |z Page v 0f Tools v

UAM Marine Mammals [ABUAM]

UAM Mamm 86887

AF=50332

University of Alaska Museum

Specimen Details
Voucher Type :
Tissue Type :
Extra Info :
Sex:

Museum 1D : 26887
Collection Code : lMamm

Barcode ldentifiers
Barcode ID: ABUAMOSE-07
Gene: COoxX1

UAM Mamm 86887
Vertebrate Mitochondrial

Last Updated : 2007-04-12
GenBank Accession : EU139289

Sample D :
Translation Matrix :

Sequencing Runs

Run Date Run Site: Direction Trace File PCR primers

Nucleotide Sequence
Residues : 657
Comp. A: 177
Comp. G: 108
Comp. C: 163
Comp.T: 209
Ambiguous : 0

ACCCTATATTIACIATIT
CAGCTTTATARTGTITCTAGTAR

Amino Acid Sequence

Residues : 219 TLYLLFGAWAGMVGETGLSLLIRAE LG PGTLIGDDRLYNVLVI AHAFVMI FFMVMP IMI GGFGNWLVPLMI GAPOMA F PRLNNMSFWLLEPSFLLLMASSMVERG

AGTGWIVYPPLAGNLAHAGASVDLT IFSTLHLAGVSSILGAINFITT I TNMKF FAMT QY QT PLEVIWSVLVIAT LLLLSLFVLAAGI TMLLT DRNLNT TFFDFAGGG
DEILYQHLF

Illustrative Barcode

L} 443
444 2=



BOLDSYSTEM ‘ Management & Analysis

r‘tb‘%_ !ﬁ‘;\, %ﬁ Hesperiidae of the ACG 1 [CSCR]

Barcode ldentifiers ABIA
PRISM™

Barcode 1D : CECROM10-04 Sample 1D :
Gene: Co GenBank Accessi
Last Updated : Translation Matrix

Model 277 13-TZBNA 238-03 Signal G117 A154 T:91 C:178
Version 2.3 BF1 DT377 BDva vZ.mob
TZENA 238-03 214BDv3

Faints 010 15200 Pk 1Loc:

Sequencing Runs
Run Date Run Site Direction Trace File

Nucleotide Sequence
Length : 617 MNAACTTTATATTTTATTTTTGGALTTTGAGCAGGALTAGTI
Comp.A: 203 TTAGGTALCCCAGGATCTTTAATTGGAGATGATCALATTTA
ATTTTTTTTATAGTAATACCAATTATAATTGGAGGATTTGG
Comp.G: 85 GATATAGCATTTCCACGAATARATAATATAAGATTTTGACT,
Comp.C: 92 LGAATTGTAGAALATGGAGCAGGALC AGGATGALCTGTTTAI
TOTTCTGTAGACTTAGCTATTTTTTCATTACATTTAGCLGS,
ACALCAATTATTAATATACGAATTAGAALTTTATCATTTGA
Updated : ACCGCACTTCTTTTACTTTTATCTTTACCTGTTTTAGCTGG
LATACATCATTCTTGGATCHNNN NN NN NI

Comp. T:

Amino Acid Sequence 0

Length: 730 XTLYFIFGIWAGMWGTSL3LLIRTELGWPGSLIGDDOIYNT- A

DMAFPRMNNE S FNLLEPFSLEL LIS IVEN GAGT G TV PP L 3AN T AHQGIIVD LATFSLHLAGTISS ILGAINFI
TTIINMRISHLIFDOMFLEVIAYGITALLLLLILPVLAGATTHLLTDENLNTIFLD X

IHustrative Barcode

] 318
319 639

64N B57




BOLDSYSTEMS | Management & Analysis

Hesperiidae of the ACG 1 [CSCR]

Elevation/Depth :

Photographs

FRINT

BOLDSYSTEMS ‘ Management & Analysis

Hesperiidae of the ACG 1 [CSCR]

PRINT
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el L T " . .
gNSDC International Nucleotide Sequence Database Collaboration

ADVISORS DOCUMENTS

International Nucleotide Sequence Database Collaboration

‘?%I?DB.I

s The International Mucleatide Sequence Databases (INSD) have been developed and
maintained collabaratively between DOEJ | EMEL |, and GenBank for over 18 years.

EMB[HWE" The INZDC advisary board, the |nternational Advisory Committee | is made up of
Sl

members of each of the databases' advisory bodies. At their most recent meeting,
members of this committee unanimously endorsed and reaffirmed the existing data-
sharing policy of the three databases that make up the INSDC, which is stated below.

o Individuals submitting data to the international sequence databases should be aware of
INSDC policy .

<

How to submit data

e Forfull details of how to submit data to the databases, please select a collaborating
partner.

« DDOB)  EMBL |, GenBank
e The INSDC Feature Tahle Definition Document is available here |

IINISIDIE http://www.insdc.org/

International Nucleotide Sequence Database Collaboration




/2 UAM Mamm 86887 -

Microsoft Internet Explorer provided by SINET
Q A mhttp:;‘farct:s.database.museum,’Speu:imenDetaiI.cfm?GUID:UAM:Mamm:EiﬁEiB?
: Google |G~ v |Go

W[ * | K

p -
2 D B~ % eookmarkse B 1blocked 9 Check v % autolink - | Send taw @ settings~ femowo
W |52+ | 2 NCBI Sequence Yiewer ... | [T UAM Mamm 26857 [ uiara tamm 88887 B - # - |pPage v G Tools v
Some features of this site may not work in your browser. We recommend FireFox. Home | Preferences Help
: Site Map |Use Specimens | Collections
- Mammal Collection Login
University of Alaska Museum of the North
| Specimen Search || Publication/Project Search || Advanced Features |
Login or Create Account
UAM Mamm 86887 = Oklee Spit, near Kayak Island liver; heart; muscle; kidney
Orcinus orea =i North America, United States, Alaska, Cordova Quad
| BerkeleyMapper i | 28 Jul 2006
| Locality | | Parts: |
North America, United States, Alaska, Cordova Quad liver; heart; muscle; Kidney patsiis
Oklee Spit, near Kayak Island | Individual Attributes |
LatiLong: 60° 3" 327" N 144° 10" 487" W + 1 km oatsiiz ] ]
] Sex: unknown Details
Collecting Date: 28 Jul 2006
total length tail length hind foot |efn weight
| Collectors | Standard Measurements: 564 cm
Tim Lebling - ,
| p Remarks: Necropsy by Pam Tuomi ASKC.
reparators |
] | Ide?tl.fylng.Numl?ers |
Used By:  Canadian Barcode of Life Network original identifier: 00-0602
AF: 50332
GenBank: EU139289
Mammal Collection
. University of Alaska Museum at the University of Alaska Fairbanks, Fairbanks, AK 99775-
a 6360
System Administrator is Duzty MeDonald.
< >
Dore & Internet #100% -
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Presentation Notes
The hyperlink in the BARCODE record leads directly to the record for the voucher specimen in the museum database.


1 First, build a barcode reference library:
— Well-identified specimen
— Tissue subsample
— DNA extraction, PCR amplification
— DNA sequencing
— Data submission to GenBank
1 Second, use it to identify unknowns:
— Any unidentified juvenile, adult, fragment, product

— Tissue sample, DNA, sequencing
— Comparison with sequences in reference library




1 More than 1 million records in BOLD
1 More than 100,000 species represented
1 Projects underway in all major groups

1 Focus on groups with commercial and
societal importance:
— Agricultural pests
— Disease vectors
— Endangered species
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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.


1 ~US $5 million per year

— Smithsonian Laboratories for Analytical
Biology

— Smithsonian barcoding projects
— Sloan Foundation support for CBOL
— Project support by USDA, EPA, FDA, FAA...

— Barcoding in NSF-funded biodiversity grants




1 USDA, Belgian research projects on fruit flies

— Plans for submission of Diagnostic Protocols
1 Food and Drug Administration

— Reference barcodes for commercial fish
1 Environmental Protection Agency

— $250K pilot test, water quality bioassessment
1 NOAA/NMFS

— $100K for Gulf of Maine pilot project

— FISH-BOL workshop with agencies, Taipei, Sept
2007

1 Federal Aviation Administration — $500K for birds
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Presentation Notes
US government agencies are now testing barcoding and considering its adoption for regulatory and enforcement purposes.


1 ~US $5 million per year
1 CAN $80 million over 2005-2015

1 Commitments of ~CAN $75 million from
IBOL partners over 2010-2015
— 5 million specimens
— 500K species
— 25 partner countries

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




1 Established May 2004 with Sloan Foundation grant
1 Secretariat hosted by Smithsonian Institution
1 Now in its fourth two-year funding period

1 Workshops, Working Groups, networking,
representation/marketing

1 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


Presenter
Presentation Notes
CBOL history


« 200+ Member organizations, 50 countries

« 35+ Member organizations from 20+ developing countries
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1 Internal communication through Community
Network (http://connect.barcodeoflife.net)

1 Qutreach communication through

o www.barcodeoflife.orqg
o CBOL Webinars

1 Coordination with other barcoding projects
through CBOL's Implementation Board

1 Steering Committee planning meetings

1 Assistance in preparing and submitting
proposals



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

Connect.barcodeoflife.or

et I 1 0% % Se N ’ F | il % sl l s W

international online community for dna barcoding professionals

Home My Profile Members Groups Forum Blogs Inthe News FAQ Photos Videos

This network allows DMA

bargudmg '_:'rE'fESE":'”E‘lE In th.e field  naw to our online community? Here are few things you can do to get
to discuss issues, share profiles, started:

form special interest groups and

= Complete yvour profile
maore. & ¥

= Add yourself to the member map
= Browse our Forum and ask a question or leave a comment
Join a Group or start your own

"‘i now a rmember of
Connect,BarcodecfLife.net
=

on Manday

Blog about barcoding here or
let us know if you'd like to share vour own blog through our

Hawve a guestion? &sk one of our hosts or Check out our F&0,

g sroand
ali i are now
colleagues
on Sunday

ark o nis now a
rmermber of
Connect,BarcodecfLife.net

on Friday

Welcome to
Connect.Barcodeoflife.net

created this Ming

Select Language V

Povvered by Google™ Translat

What would help you get
the most out of
Connect.BarcodeofLife.net?

{3 "Howe To" Tutarials to
help you with the



http://connect.barcodeoflife.net/

www.barcodeoflife.or

Plant DNA barcodes and a comimunity plylogeny
of atropical forest dynamics plot in Panama
Kress W J., Erickson, D. L., Jones, F. A Swenszon, M.
., Perez, R., Sanjur, 2. and Bermingham, E., 2003, The
FProceedings of the National Acadermy of Sclences
Cnfine, 106(44) 15621-6

Sex attractant, distribation and DNA barcodes for
the Afrotropical leaf-mining moth Phiyllonorycter
melanosparta {Lepidoptera: Gracillariidae)

IS now 3
2nd Conference of the European member of Connect BarcodeofLife.net

Consortium for the Barcode of
Life (ECBOLZ2): 2010 International

Year of Biodiversity are now
Iniversity of Minho, Braga, Portugal colleagues



http://www.barcodeoflife.org/

Community

Barcoding Projects

There are many international barcoding activities dedicated ta the development of targeted public reference BARCODE

_ _ sequence libraries,
Barcoding Projects

SortBy: | Title

All Birds Barcoding Initiative (ABBI)

ABBI, the All Birds Barcoding Initiative, is a campaign to collect DHA barcodes from &
or mare individuals of all of the approximately 10,000 hird species in the world. The
ABBI DMA barcode librare will help speed discovery Of new Species, Open new
avenues for scientific investigation, and provide a forensic tool far identifying
specimens, including for example tissue fragments from bird-airplane collisions and
avian blood samples from biting insects that harborwest Mile virus or other human
dizease agents.

All Fungi Barcoding

All Fungi Barcoding provides up-to-date inforrmation on fungal barcoding and
facilitates communication and collaboration among researchers interested in fungi.
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[Semis e BN S




1 Natural History Museum, London: 2005
1 Academia Sinica, Taipei: 2007

1 UNAM, Mexico City: 2009

1 University of Adelaide, Australia: 2011
1 All-Africa Conference: 2012

1 30-60 Travel Bursaries awarded for
participants from developing countries




1 Raising awareness about barcoding




i Cape Town, South Africa, April 2006, SANBI

— Scale insects in African agriculture

1 Nairobi, Kenya, October 2006

— Commercial fisheries in Rift Valley lakes

1 Brazil, March 2007

— Hardwood tree species
— Endangered mammals, reptiles, amphibians

1 Taiwan, September 2007
1 Nigeria, October 2008

1 Beijing, May 2009

1 [ndia, November 2010
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Presentation Notes
CBOL efforts to increase global participation in BOLI


\ Raising awareness about barcoding

1 Buy-in by national/international authorities

— Access to study specimens for international
research under the Convention on Biological
Diversity
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Sector

Research | Agency | Other
29 10 12
SIOR 19.6% | 23.5%
Geographic Representation
OECD Africa Alr;laet:?ca Asia Pacific
28 8 4 9 2
54.9% 15.7% 7.8% 17.6% 3.9%
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In the development and implementation of their national
legislation on access and benefit-sharing, [and on the
basis of the sovereign right of Parties who regulate
access to genetic resources and its derivatives,] Parties
shall:

(a) Create conditions to
which contributes to the conservation and
sustainable use of biological diversity, particularly in
developing countries, including through

, taking into account the need to address a
change of intent for such research
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v Raising awareness about barcoding
1 Buy-in by national/international authorities
1 Start-up funding

v Mexican national barcoding network,
equipment and project grants

\ Brazilian national funding program
\ India national initiative
\ South African national network




v Raising awareness about barcoding
1 Buy-in by national/international authorities

1 Start-up funding

1 Training
\ CBOL training opportunities for researchers,
students

\ Annual short courses: Buenos Aires,
Johannesburg, Paris

— Needs to be scaled up

— Needs to be extended to regulatory officials,
other users



v Raising awareness about barcoding
1 Buy-in by national/international authorities
1 Start-up funding
1 Training
1 Capacity building
— Specimen repositories
— Small labs for DNA extraction

— National/Regional sequencing centers
— Informatics capabilities




X 2011!{%?5} Fourth International Barcode of Life Conference

HOME COMFEREMCE REGISTEATION TRAWVEL ADELAIDE COCUMENTS

Welcome

The Consortium fur the Barcude uf LIfE :|ru:| the University

ADELAIDE tqi
S

¥ ugh Connect, the DMA Barcud g network. vou
can do this by using the links found throughout this website,

Important Dates

University of Adelaide
South Australia
28 November —
lijulnnlec::lwiththe Fourth Conference! 3 December 201 1

wifith information on regi ion and abstract subrnission still
in de prnent and the CE MOare ...




ADELAIDE

2011
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