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e Time

e Difficult to differentiate species

e Organisms that cannot be cultured
o Sensitivity

e Environmental samples

o |ldentify new strains




SCIOfN < Polymerase chain reaction
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e The process whereby DNA Is copied
exponentially.
e Reaction contains:
1. Target DNA
2. Specific PCR primers
3. Nucleotides (A, G, T, C)
4. DNA polymerase

e Requires a “thermalcycler”




PCR : Polymerase Chain Reaction
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Specific DNA tests for individual
organisms:

le. Endocronartium harknessii,
Fusarium circinatum,
Nectria fuckeliana

Often published, ie.
Phytophthora ramorum




SCIOf) = |TS — Fungal ID, ie Nectria

ITS-1
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600 base pairs <

ITS-1




SCION < Nectria nested PCR
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ITS PCR product from round 1

Nectria
_>.
ITS-1 ITS-2

ENech'ia

362 base pairs
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Positive result 1 234961733 |

IS a band of
the expected
size.
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False negative reactions — intraspecific
variability.

False positive reactions — invoke an
Incursion response.

Both can be extremely costly.
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e PCR amplify a variable region using
conserved PCR primers.

e Seqguence the PCR product.

e BLAST search PCR product
seqguence In GenBank or other
database.
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Manual sequencing Automated sequencing

Dye termination
Laser reads
wavelength

Sanger

. ¥ chromas - 112-1_M13F
SequenCIng, ila Edit  ©Options  Help
. File: 112-1 WI3F B0l 03ahl  Sequence Mame: 112-1 MI3F  Run ended: Apr 3, 2003
Slze Z60 270 Z80 290 300
Separatlon Of Gk BTA AR T o O G TA G A D TAT T T TS TRl ch AR T 6F Tds

radioactively
labelled DNA
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:'_, BLAST

Home  Recent Results Saved Strategies Help

»NCEI/ ELAST/! blastn suite: BLASTN programs search nucleotide databases using a nucleotide query. more... Reset page  Bookmark

Enter Query Sequence

Enter accession number, gi, or FASTA sequence & Clear Query subrange &
TGTGTGTGCCTTTATTGECGTGEAT CTCAAT TEGACCTGATATCAGGCAAGATTACCCGO TRAL
From I

'

4] 0|
Or, upload file | Browse... | @

Joh Title |

Enter a descriptive title for your BLAST search &)

Choose Search Set

Database ' Hurnan genomic + transcript © Mouse genomic + transcript @ Others (nr etc):
| Mucleatide collection (nrdnt) j (7]

Crganism

Optional I

Entar arganism comiman narme, binomial, ortax id. Only 20 top taxs will be shown. g)

Entrez Guery I

Optional
Enter an Entrez query to limit search &)

Program Selection

Optimize for  Highly similar sequences (megablast)

 Mare dissimilar sequences (discontiguous megablast)

Choose a BLAST algarithm &

‘ Search database nr using Blastn (Optimize for somewhat similar sequences)

[T Show results in a new window

B Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow '
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LAST results

Distribution of 102 Blast Hits on the Query Sequence

|M0use-wer to show defline and scores, click to show alignments

Color key for alighment scores
<40 40-50 50-80 80-200 >=200
Query

1 1 | | 1 |

Ju] 150 300 450 &00 T50
Distance tree of results MEW
Legend for links to other resources: m TniGene E GEO E Gene E Structure Eﬂ Map Viewer
Sequences producing significant alignments:
[Click headers to sort columns)

Accession Description P Total Query Y 2 .Ma" Links
score score coverage value ident

EF067922.1 Fhytophthora sp. ICMP 16471 internal transcribed spacer 1, 5.85 ribosormal RMA gene, and internal transcri 1436 1436 03% 0.0 100%:
AFZER7T1.1 Phytophthora katsurae internal transcribed spacer 1, 5.8% ribosomal RMA gene, and internal transcribed sp 1422 1422 03% 0.0 Q9%
ELUO35774.1 Fhytophthora novaeguinee isolate P3389 internal transcribed spacer 1, 5.585 ribosormal RMNA gene, and inter 1415 1415 93% 0.0 99%
AB3IATIAT.L Phytophthora heveae genes for ITS1, 5.85 rRMA, ITSZ, complete sequence, isolate: heveae-P1102 1337 1337 9% 0.0 96
EUD45747.1 Phytophthora heveae isolate P9948 internal transcribed spacer 1, partial sequence; 5.85 ribosomal RMNA ge 1337 1337 0.0

93%

6%
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}r'ghIEFDETBZZ.lI FPhytophthora sp. ICMP 16471 internal transcribed spacer 1,
ribosomal BNA4 gene, and internal transcribed spacer Z, complete
FEqUENCE

Length=796
Soore = 1436 bits (1592), Expect = 0.0
Identitie= = 796796 (100%), GFap=s = 07796 (0%)

Strand=Flus/Plus

Query
shijct
Query
Zhijct
Query
Zhict
Query
Shict
Query
shict
Query
Zbict
Query
Zhict
Query
shict
Query
shijct
Query
Zbict
Query
Zhict
Query
shict
Query
shict
Query

Shict

Z6
1
(a1
Gl
146
121
Z06
181
ZB6
241
3Z6
30l
386
36l
446
421
508
451
11
541
26
&0l
711
6al
746
Til
oG
T8l

CCACACCTAARRRACTTTCCACGTGAAC CGTAACARRCCAATAGTTGROGECGAGT Ty

FEEEEEErrrrer e et e e ettt e e e e e et
CCACaCCTALLLSs  TTTCCACGTGALCCGTAACALLCCAATAGTTGLEGEECFAGTTT

cygogyotctyyo bty by tyye tyc tyo Ly gAC GAGCTCTATCATGEC FAGCGT
PErereerererer e e e e e ey
CGGCGGLTEOTGECTTTGGC TG TGO TG TGLTRGACGAGCTCTATCATGGCGAGEGT

TTGFACTTCGGTC T AL CTAGTAGCCCTTCTI T TASACCCATTCCTAATTACTGAT TATA

IEErrrerr e e e e e et rr el
TTGEACTTCGGTC T AL CTAGTAGCCCTTCTI T TARACCCATTCCTAATTACTGAT TATA

CTGTGOGEAC AL GTCTC TG T T TAL CTAGATAGCAACTTTCAGCAGT GEATGTCTAR

Frrrerrerrerrerreereerrerrerrer e e e e e e e e et e e
CTGTGLGGAC GALAGTCTCTGE AACTAGATAGCAAC CAGCAGTGGATGTCTAL

GCTCGCACATCGATGALGAACGC TGO GAL T FATAC GTAATGCGALTTGCAGGATTCA

CELETEEET e e et e bt e e b e e e e
GCTCGCACATCGATGAAGAACG L TEC GAAC TG GATAL GTAATGC GAATTFCAGGATTCA

GTGAGTCATC AL TTTTGAACGCATATTGCACTTCCGLGTTAGTCCTGLFAGTATGCCT

Frrrerrerrerrerreereerrer e e e rre e e e e e e e e
GTGAGTCATCGAAATTTTGAACGCATATTGCACTTCCGLETTAGTCCTGLFAGTATGCCT

GTATCAGTGTCCOTACAACARS CTTGGCTITCTICCTTCCGTGTAGTC GETGGAGGAGAT
FEEEEr et et e e e e e e e e e e e e rrrtrd
GTATCAGTGTCCGTACAACARA CTT GG TITCTICCTTCCGTECTAGTC GETREAGFAGAT

GCCAGATGTGAAGTGTCTTGCGGCTGGTTCTC AL CTGGCTGCFAGTCC GAAATETA

PEEPErrerr e e e et e e et
GLCAGATGTGALGTGTCTTGCGGCTGGTTCTC GALCTGGC TG GAGTCCTTTGALATGTA

CTEAACTGTACTCCTCTTTGCTC GALA L GCAT G GTTGETGETIGTGEAGGCTGCCTET

FEEEEEEE et e e e e e e e et e e
CTGAaCTETACTCCTCTTTGCTC GALL L GCAT R GTTGCTGETIGTGEAGGCTGOCTET

GTGGCATGTCGGCGACCGGTCTGTC TGO TGO O TTAA T GEAGGCGTCTTCGATTCGL &

FEEEerrerr e e et e et e e e e e e e e et e et
GTGECATGTCGGCGACCGGTCTGTCTGE TGO GG CGT TAAT GEAGGCGTCTTCGATTCGC &

GTATGGTIGECTICGGC T AR C AL TGO GCTTATTGEATCTGTI TCC TGO TG TGEC GLTAL

FEEEErrerr e et e e e e e e e e e e e e et e e
GTATGGTTGECTIC GO T AR C AL TG GCTTATTGEATCTGTI TCC TGO TGTGEC GLTAL

TEECTGETCTACCOTAGC TATGT GG TGO TT L TT TTAATC GO TT TGO TETTGT R L
FEErerrerrrrrerreereer et e e e e e e e e e e e e e
TEECTEETETACCGTAGC TATGT GG TGO T TG C T T TTAATCGGCTT TGO TGTTGT GhL:

TAGAGTGECGECTICGECTETC GAGGETC GATCCATTTOG AL AT TTGTCTETGCCTTITA

FEEPEEEer e e ettt
TAGAGTGECGECTICGECTETC GAGGETC GATCCATT TG FALATTTGTGTGTGCCTTITA

TTGECGTGCATCTCAR  FZ1
IRERRARRRRRNREN
TTGGCGTGCATCTCAL 796

g5

a0

145
120
Z05
150
ZB5
240
325
200
385
a0
345
420
505
450
S65
540
BZ5
[uln]
GE5
=140
745
Tz0
05
Ta0

5.

g3
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[T1: EF0&T922 Reports Phytophthora sp. . [ 118136508]

Features Seguence
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ACCESSICN
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ORGANIZN

REFERENCE
AUTHORS
TITLE
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ora Sp.
RENA gene,
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1 <I:118136506
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Forest Biosecurity and Protection,
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e No DNA sequence from the organism
IS In GenBank.

o Mis-identification of source organism
In GenBank.

e Use other databases, ie. FusID 1.0 or
UNITE.




n

adz i

L1}

A+T

Tetrodontophora ..~
bielanensis

What is a DNA barcode?

The barcode region:

* Cytochrome c oxidase |

 protein-coding

» universal PCR primers

 ubiquitous in life

* relatively rapidly
evolving

Bio-Protection



Using DNA barcodes for identification

Interrogate the W e
reference dataset %UMIMMMM\/\ u

 Append sequence to

Unknown B

I
I
I
reference dataset 95-100%
. Species 2
« Observe species _[s.@eciesz
i y ) S ] 5
C | USte 'S —— Species 3 pecles
i Species 3
» Consider other
i Species 3
evidence = =
I— Species 4
. Species 4
0.02 R0 Species 4
(sequence divergence) Species 4
Species 4

Bio-Protection




BOLD (Barcoding of Life Database)

www.barcodinglife.com
BARCODE OF LIFE DATA SYSTEMS

The Barcode of Lite Data Systems (BOLD) is an online wor kbench that alds collection, management, analysis, and use of DNA barcodes. it
consists of 3 components (MAS, IDS, and ECS) thot each addi ess the needs of various groups in the barcoding commmunity.

'@: MANAGEMENT & ANALYSIS

BOLD-MAS provides a repasitary for barcode records coupled with

analylical tools, it serves as an online workbench for the DS
barcode community

%> IDENTIFICATION ENGINE

BOLDDS provides 3 species identificstion tool that accepts DNA
sequences from the barcode region and relurns a taxonomic
assignment to the species level when possible

i" _EX_TERNAL_CONNE_CTW[TY

BOLD-ECS provides web developers and bioinformaticians the
ability 10 build tools and workflows that can be integrated with the
BOLD framewoark We welcome the addition of new analtical
modules.

. F * litroductony tutorial
Username I

™ G e + View published projects
Passv_;rn!d .- m » Decumentation

Request a nevw user sccount » Request an account

+ Citation

Q NSERC
CRENG

+  Regquest idetification

‘M"m. LEETTEA é " ToE—s

» NCBI
C]" + EMBL
+ DDBJ

(3
@ + Citation

SMOORE (D zme

= MOORE

| DATABASE STATISTICS

Species Barcoded

Total Barcodes 1
Source
GenBank
Guelph Centre
Others

Breakdown

e

Lepidoptera : This initiative will assemble barcod

A~ 25,000 species of Lepidoptera with a focus on th
:;'I g:m faunas of Australia, Canada, Costa Rica and Uni

States

Fishes : The FISH-BOL campaign will gather ban
S for atleast 15,000 fish species with an emphasis
marine species.

" Birds : The All-Birds Barcode Initiafive I‘;-BBI} pFar
assemble DNA barcodes for all 10,000 bird spec
wilhin & years

Consortium Tor the Barcode OF Life: The co
of arganizations advancing DMNA barcode
assembly.

PN N,
CONSORTIL FOR THE

Bazcoos o Live
"y Gualph Centre|
5 for DNA
4

Barcoding

Canadian Barcode Network, barcoding profc
and background.

THE | Rockefeller University: Background on DNA
elm 44000 Darcoding assembled By the Program for the
i iy Human Erwironment

Bio-Protection



SCIon

Next generation biomaterials

* Phytophthorain NZ
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~I~J
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AF271227 Pyt aphanidermatum
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Connecting

o Thermal conneclion screws
sleeve (Tygon) i

(denaturing - extension)

Portable PCR for field-based
diagnostics. Crop diseases,
animal diseases, human disease
bioterrorism.
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Monitors
amplification 1PReT 1 HENRREESND HENES
14000 , | s
progress , 14000] | TR T
through % 12000+ Ll Ll - -_:K‘J_rfgff_%ﬁj:i__
' FARERREEEF NV ARRERY
fluorescence. 3 °®[1] [ NI ARRRRRND" Caur anunyahl
Quantitative, 3 "1 o 7 ARRRNZ P4 IRRRPARRN AP AN
'd 5 Eom"l l o I/,}//J ?Ef 7 {_r' 1
g mm:ﬂ . ' L | | . ,-;’(.d,.f’!fx |
O] | I s 1
=2000 |' — ] —+ +—— t : J — :
0 2 4 6 B 10121416 182022 24 25 28 30 32 34 36 384042 44

Cycle

SERIES OF 10-FOLD DILUTIONS
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DIG amplified and labelled
) ITSI spacer

species specific
immobilized
TSI DNA

1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20

SRR W)
A.. . .sl' ... e ..
B L ]
™
C
D
L ]
E .
solid st ¢ [ ]
R R B R R B O B BB n™y &
H
I A

Species specific DNA printed onto array, PCR products
hybridized to the membrane, where spots light up, species
are identified.

Source: Levesque
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e 50,000 cDNAs printed onto a 25 x 75
mm slide.

e Build a plant pathogen chip or insect
chip.
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Adgen Phytophthora lateral flow devise.

Neogen Europe Lid - ADGEN Phytodiagnostics




SCIOM < New Zealand

eeeeeeeeeeeeeeeeeee

e DNA protocols have been developed
for specific pathogens that pose a
biosecurity threat.

e FRST and MAF Ops funded.
e Tests In use by MAF.

e Lincoln University associated with
BAR code of life project.
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eeeeeeeeeeeeeeeeee

e Technology Is converging — molecular
biology and computing.

e DNA sequencing IS how very
Inexpensive.

o Still costs associated with sample
preparation.




SCI0M < Conclusions
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e PCR based methods offer the ability to
detect minute quantities of difficult to
identify organisms quickly.

e Problem with databases and arrays — if

the organism you are looking for is not
present, you will miss it.
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