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Phytophthora species (phyto = plant,
phthora = destroyer)
» Nonseptate hyphae
» Sexual spores: oospores; paragynous
or amphigynous antheridium; usually
only one antheridium per oogonium
» Asexual spores: zoospores pro-
duced by typically lemon-shaped
, sporangia
. %} gﬁ 78 % > Dpiseasegs: stem, crown, and root rots;
ES sentiar- diseases of lower tissues reached by
water splashing up from the soil
Pl d nt Phytophthora infestans causes late blight of
potato and tomato, the disease that led
P athOIOgy : to the Irish potato famine in the 1840s
: and the beginning of the science of plant
' : pathology.
(P~ Phytophthora ramorum causes the dev-
cail Schumann astating ramorum blight (sudden oak
F death) on the U.S. west coast and was
cleora). D'Arcy probably introduced into the United
States on rhododendron nursery stock.
Phytophthora cinnamomi is a widespread,
destructive root and crown pathogen
throughout the tropical world.
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Phytophthora.. an old enemy

Dozens of species detected in coastal
California on:

e avocado

* asparagus

e cauliflower (rare)
e cltrus

e grape

* pepper

* raspberry

* sage

e splnach (rare)

e strawberry

e tomato

* numerous ornamentals
 and forest plants




Phytophthora in ornamentals

Hundreds of ornamental plants are susceptible.
Incite root rot, crown rot, and foliar blights.

Caused by a few dozen Phytophthora species in U.S.

cinnamomi, cryptogea, citricola,citrophthora, cactorum,
cambivora, drecshleri, foliorum, gonapodyides, heveae,
hibernalis, nicotianae, palmivora, ramorum, syringae,
tropicalis.. plus many more.




Phytophthora.. an old enemy
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Phytophthora ah old enemy
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Phytophthora.. an old enemy

Phytqphthora ornamental
wonkshop l970 5 :
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Phytophthora... a new enemy
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Phytophthora.. a new enemy

Pest Alert

Phytophthora tentaculata

Phytophthora tentaculata has been detected in several California
native plant nurseries and restoration sites. These are the first
detections of P. tentaculata in the USA. Phytophthora tentaculata
was initially noticed in a native plant nursery causing a severe root
and crown rot in sticky monkey flower, Diplacus aurantiacus
subsp. aurantiacus (Scrophulariaceae) in 2012 (figure 1). Since

then it has been detected in four additional nurseries in three
counties in CA in addition to three restoration sites where
outplanted stock was found to be infected.
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The more you look,
the more you find..

Extensive surveys have been conducted in
historically underexplored ecosystems to
determine the spread of invasive species in
forest decline worldwide



New records in 2007
collected by PDIC

Host Common Name Fungus Record
Itea virginica Sweetspire Phytophthora cinnamomi UsS
Loropetalum chinense Phytophthora cinnamomi UsS
Hemerocallis sp. Daylily Phytophthora nicotianae NC
Nerium oleander (leafspot) Oleander Phytophthora palmivora UsS
Plumbago auriculata Leadwort Phytophthora nicotianae Us
llex crenata Japanese Holly Botryosphaeria rhodina NC
Buxus sempervirens cv. Suffruticosa English Boxwood Phytophthora palmivora Us
Cyclamen persicum Phytophthora tropicalis UsS
Liriodendron tulipifera Tuliptree Phytophthora inundata UsS
Euphorbia maculata Spotted Spurge Phytophthora dreschleri Us
Vinca minor Lesser Periwinkle Phytophthora palmivora UsS
Juniperis Scopulorum Rocky Mountain Juniper Seiridium cupressi UsS
Juniperis Scopulorum Rocky Mountain Juniper Seiridium unicorne NC
Hydrangea macrophylla Corynespora cassiicola NC
Leucothoe sp. Dog hobble etc. Phytophthora nicotianae UsS
Leucothoe sp. Dog hobble etc. Glomerella cingulata Us
Edgeworthia sp. Paperbush Phytophthora nicotianae Us
Eriobotrya japonica Loquat Phytophthora cactorum NC
Lagerstroemia Indica Crapemyrtle Phytophthora palmivora UsS
Hedera Helix English Ivy Phytophthora palmivora NC




The more you loo]-{,
the more you find..
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Phytophthora Populations in Nursery Irrigation Water in Relationship
to Pathogenicity and Infection Frequency of Rhododendron and Pieris

A. L. Loyd, D. M. Benson, and K. L. Ivors, Department of Plant Pathology, North Carolina State University, Raleigh 27607



Described species

Described Phytophthora species
over time

Period of evolutionary
and genomic exploration
140 AND UNCERTAINTY °?
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PLANT DISEASE CLINIC - ESTABLISHED 19351

Attacking zthe "moaning mail" in the plant disease clinic ca. 1959.

Faculty member J. L. Apple, secretany, and Graduate Assistant
John L. Ruehle




Plant Disease 2012:




Phytophthora Diagnostics

eIsolation & culture morphology




Phytophthora Diagnostics




Phytophthora Diagnostics

 Immunodetection (aka ELISA)
*NOT species specific



Phytophthora Diagnostics

e Immunodetection (aka ELISA)
*NOT species specific



Phytophthora Diagnostics:

Immunodetection

Compare metabolite
or protein profile
from healthy vs
infected plants




Phytophthora Diagnostics:

Immunodetection

Compare metabolite
or protein profile
from healthy vs
infected plants

Develop antibody
test for specific
pathogen protein or
metabolite




Phytophthora
Q agdia’

Leading the way to healthy crops.

SEB1, Sample extract pouch Lot No: 00048
Contains SEB1.
Store at +4°C. ,D can L , - ' “J = J

Q agdia’

ImmunoStrip




Phytophthora ImmunoStrip

Q agdia’

Leading the way to healthy crops.

SEB1, Sample extract pouch Lot No: 00048
Contains SEB1.
Store at +4°C. ,D Ll L , - ' “d L

8 Q) agdia’

5 min; $5.00
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Osterbauer, N., and Trippe,
A. 2005. Comparing diagnostic
protocols for Phytophthora
ramorum in rhododendron
leaves. Online. Plant Health
Progress.

from an Oregon nursery.

Leaf no.

DAS-ELISA*

Culture plating*#*

Nested PCR*#*
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* Detects all Phytophthora species present.
*#* Species-specific diagnostic protocol for P. ramorum.
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* Detects all Phytophthora species present.
*#* Species-specific diagnostic protocol for P. ramorum.




Phytophthora Diagnostics

 Immunodetection (aka ELISA)
*NOT species specific



PCR-/Culture+ PCR-/Culture-
165 109,

PCR+/Culture-
19%

PCRE+/Culture+
469

Combined results for the plant samples collected and tested
for Phytophthora ramorum using the species-specific USDA-
validated diagnostic protocols nested PCR (PCR) and culture
plating (culture).

Osterbauer, N., and Trippe, A. 2005. Comparing diagnostic protocols for Phytophthora ramorum
in rhododendron leaves. Online. Plant Health Progress.



Phytophthora Diagnostics

 Immunodetection (aka ELISA)
*NOT species specific



Molecular Diagnostics

Detect
Quantify

Identify

Characterize population
* determine strain or lineage



Molecular Diagnostics

Detect (in planta / environmental samples)
Quantify

Identify

Characterize population
* determine strain or lineage



Molecular Diagnostics
To answer these questions..

Is Phytophthora species X present on the leaves?




Molecular Diagnostics
To answer these questions..

Is Phytophthora species X present on the leaves?

Use speciles specific DNA primers oOr probe to
detect specific DNA in the plant sample



Molecular Detection
Primer / probe selection

« Look for a single region that is conserved
within a species but variable between
species

« Have conserved sequences flanking variable
region



Locl used for Molecular
Detection

Armplicon length = 724~-834 nuclet

@® 26srRNA

TS5
>
18sIRNA@®H—=— 5.8s s
4
ITS4

Internal transcribed spacer of rDNA

Armplicon length = 1040~-1061 nuclectides

Coxl

Fh35 FrA73
Internal spacer
— e Coxll D )
Fr/78 FrAPhy-10b

www.phytophthoradb.org

coxll and spacer of mtDNA



Molecular Detection
Primer / probe selection

Look for a single region that is conserved
within a species but variable between
species

Have conserved sequences flanking variable
region

Amplicon size suitable for real time PCR

High copy number
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Table 2. Selected references for species-specific diagnostic markers for detection of various Phytophthora spp.®

Species Assay type Locus Reference
Phytophthora alni Conventional SCAR Bakonyi et al. (16), De Merler et al. (66), loos et al. (135)
P. boehmeriae Conventional ITS Shen et al. (248)
P. cactorum Conventional SCAR Causin et al. (532), Lilja et al. (181)
Conventional ITS Bhat and Browne (25). Boersma et al. (33), Lacourt et al. (
Real time Ypti Schena et al. (230)
P. cambivora Conventional SCAR Schubert et al. (245)
ITS Boersma et al. (33)
Real time Ypti Schena et al. (230)
P. capsici Conventional ITS Silvar et al. (250), Ristiano et al. (231), Zhang et al. (209)
Real time ITS Silvar et al. (249), Pavén et al. (224)
P. cinnamomi Capture probe Cina Coelho et al. (56)
Conventional ITS Boersma et al. (33), Willlams et al. (203)
Lpv Kong et al. (162)
SCAR O'Brien (216)
Real time Yptl Schena et al. (230)
P. citricola Conventional ITS Schuburt et al. (245)
Real time ITS Bihm et al. (34)
Yptl Schena et al. (230,240)
P. citrophthora Conventional SCAR Ersek et al. (81), Goodwin et al. (97)
Real time ITS Ippolito et al. (137), Schena et al. (241)
P. colocasiae Conventional ITS Mishra et al. (207)
P. cryptogea Conventional Ypti Minerdi et al. (203)
ITS Boersma et al. (33)
Real time Ypti Schena et al. (230)
P. ervthroseptica Conventional ITS Nanayakkara et al. (210), Tooley et al. (267)
Real time ITS Cullen et al. (63)
rphl Atallah and Stevenson (13)
P. europea Real time Ypti Schena et al. (230)
P. fragariae Conventional ITS Bonants et al. (35)
ITS Lacourt et al. (168)
SCAR loos et al. (135)
ras loos et al. (136)
trpl loos et al. (136)
Real time ITS Bonants et al. (38)
P. fragariae rubi Conventional ITS Schlenzig (242,243)
P. ilicis Real time Yptl Schena et al. (239)
P. infestans LCRP ITS Tooley et al. (270)
Conventional ITS Hussain et al. (129), Tooley et al. (267,269). Trout et al. (2
Judelson and Tooley (146)
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Table 2. (continued from preceding page)

Species Assay type Locus Reference
P. inundata Real time Yptl Schena et al. (239)
P. kernoviae Real time Yptl Schena et al. (239,240)
ITS Hughes et al. (123}
P. lateralis Conventional ITS Winton and Hansen (2095)
Real time Yptl Schena et al. (230)
P. medicaginis Conventional ITS Liew et al. (180)
P. mepasperma Real time Yptl Schena et al. (239)
P. melonis Conventional ITS Wang et al. (284)
Real-time ITS Wang et al. (284)
P. nemorosa Real time Yptl Schena et al. (239)
Conventional COX Spacer Martin et al. (198)
P. nicotianae Conventional SCAR Ersek et al. (81), Goodwin et al. (96)
elicitin Lacourt and Duncan ( 169)
ITS Boersma et al. (33), Grote et al. (104), Huang et al. (123), Tooley et al. (267)
parAl Kong et al. (160)
Yptl Meng and Wang (203)
Real time ITS Huang et al. (123), Ippolito et al. (137), Schena et al. (241)
P. pinifolia Conventional ITS Durin et al. (76)
Conventional Yptl Durdn et al. (76)
P. pseudosyringae Real time Yptl Schena et al. (239)
Conventional COX spacer Martin et al. (198)
Real-time coxspacer  Tooley et al. (271)
P. psvchrophila Real time Yptl Schena et al. (239)
P. quercina Conventional SCAR Nechwatal et al. (211), Schubert et al. (245)
Real time Yptl Schena et al. (239,240)
P. ramorum Conventional ITS Garbelotto et al. (89)
COX Spacer Martin et al. (198)
SCAR loos et al. (135)
epal loos et al. (136)
trpl loos et al. (136)
coxf Kroon et al. (167)
Real-time ITS Bilodeau et al. (31), Hayden et al. (114.115), Hughes et al. (126). Tomlinson et al. (
coxspacer  Tooley et al. (271)
Yptl Schena et al. (239,240)
elicitin Bilodeau et al. (31)
p-tubulin Bilodeau et al. (31)
LAMP* ITS Tomlinson et al. (264)
P. sojae Real-time ITS Bienapfl et al. (27), Wang et al. (285)
Multiple spp. PCR-ELISA ITS Bailey et al. (15)
Genus-specific Conventional ITS Drenth et al. (71)
Primers COX spacer Martin et al. (198)
Real time ITS: Kox et al. (164)

Yptl

Schena et al. (239)
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Phytophthora

ramorum

P. ramorum

Conventional

Real-time

ITS

COX spacer
SCAR
gpal

trpl

coxl

ITS

COX spacer
Yptl
elicitin
B-tubulin

Garbelotto et al. (89)
Martin et al. (198)
loos et al. (135)

loos et al. (136)

loos et al. (136)

Kroon et al. (167)
Bilodeau et al. (31), Hayden et al. (114,115,
Tooley et al. (271)
Schena et al. (239,240)
Bilodeau et al. (31)
Bilodeau et al. (31)




Molecular Detection

Sample
leaf
symptoms

Extract
DNA

—
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1.200

1.000

o 0800

4 oo

0.400

0.200

0.000

-0.200

Amplify DNA with-

P. ramorum
specific primers

02 4 6 810121418 18 20 22 24 26 28 20 32 34 36 38 40

Analyze the
results!

YES/NO




Molecular Diagnostics

Detect (in planta / environmental samples)
Quantify (in planta / environmental samples)

Identify

Characterize population
* determine strain or lineage



Molecular Detection
and Quantification

ARN value

Fluorescence absorbed 1500
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u Species specific probe labelled with fluorophore
u Florescence monitored real time

u Positive when Ct < 40 Real-time, TagMan, QPCR




PCR Base Line Subtracted RFU
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Molecular Detection
and Quantification
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Real time,

TagMan, QPCR



Molecular Detection
Technique to use?

Conventional vs Real-time PCR
® Tmpacts sensitivity and time to achieve
results

Different chemistries for Real-time PCR
® TagMan
e Molecular Beacons
® Scorplion

Single round PCR, Nested
PCR, Real-time, TagMan,
QPCR?



Molecular Diagnostics
To answer these questions..

Is Phytophthora species X present on the leaves?

Use specles specific DNA primers or probe to detect
specific DNA 1n the plant sample

What species of Phytophthora is infecting the
leaves?

e Sequence a varlable gene and compare 1t with other
known 1solates

e Build a tree and see which of the other sequences
the unknown groups with - 1.e. which 1s 1t most
similar to



Molecular Diagnostics

 Identify (in vitro / isolates)

* Characterize population
* determine strain or lineage



Molecular Identification

eOften takes less time

eLLess subjective than morphology

eSometimes differentiates pathogen below
specilies level (e.g. lineage)




Molecular Identification
DNA sequencing

Sample Plate onto Grow
leaf I selective — Pure culture I— mycelium —
symptoms growth in liquid
medium culture




Molecular Identification
DNA sequencing
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Molecular Identification
DNA sequencing

® Determine the exact sequence of As, Ts, Gs
and Cs i1n a particular region of DNA



Molecular Identification
DNA sequencing

® Determine the exact sequence of As, Ts, Gs
and Cs i1n a particular region of DNA

® Often use the ITS region - good for
distinguishing species - especially for
fungi and Oomycota



LLoci used for DNA
Identification

FM35 Fhi7g
' ' Amplicon length = 1040~1061 nu cleotides
E:I:, CD)(” @ Internal spacer @ CDX'
4 4 coxll and spacer of mtDNA
FM7E FMPhy-10b
TS5 _
’ Amplicon length = 724-834 nucle
18s rRNA@®—™=— 5.8s sz @® 26srRNA
4 Internal transcribed spacer of rDNA
ITS4
BT”{' BTubF2 Gene length = 1341 nucleotides
’ Amplicon length = 1228 nucleatides (92%)
o
|
d < B-tubulin
BTubRZ BTubR1
EFﬁF Gene length = 1332 nucleotides
Amplicon length = 971 nuclectides (735%)
o
|
4 <] Translation elongation factor 1 a
EF1ARZ EF1AR

www.phytophthoradb.org




Molecular Identification
DNA sequencing

ITS

P. lateralis

. lateralis
. cinnamomi

P

P. infestans
P. citricola
P. cactorum

P. lateralis IG N [ : } Others
P. - aL -: -




Molecular Identification
DNA sequencing

® Determine the exact sequence of As, Ts, Gs
and Cs 1n a particular region of DNA

® Often use the ITS region - good for
distinguishing species - especially for
fungi and Oomycota

¢ Use the sequence to:

¢ Tdentify an unknown organism
e Using GenBank or the Phytophthora Database



Molecular Identification
DNA sequencing

>gi|183013890|gb|EU427473.1]

ATGGAAGGTATTATTAACTTTCACCATGATTTAATGTTTTTTTTAATTATGATTACTGTTTTGTTTTTGGA
TGTTATTAGAGTTATTACTCTTTTTGATGAAAAAAAAAATAAAATTCCTTCAACGGTAGTACATGGCGC
T
ACTATTGAAATTATTGGACATCTATTCCAGCTTTAATTTTATTAGTTGTTGCAGTACCATCTTTTGCTTT
A
TTATATTCAATGGATGAGGTAATTGATCCAATTATTACATTAAAAGTAATTGGTAGTCAATGGTATTGGA
G
TTATGAATATTCTGATAATTTAGAATTTTCTGATGAACCTTTAATTTTTGATAGTTACATGATACAAGAAG
ATGATTTAGCAATAGGTCAATTTAGAGTTTTAGAAGTAGATAATCGTGTAGTTGTACCAACAAATAGTC
AT
ATTAGAGTATTAATTACCGCATCAGATGTTTTACATTCATGGGCTATTCCTTCATTAGGTATTAAATTAG
A
TGCATGTCCTGGACGTTTAAATCAAACATCAATGTTTATTAAAAGAGAAGGTGTTTTTTATGGACAAT
GT
AGTGAAATTTGTGGAGTAAATCATGGATTTATGCCTATTGTTGTAGAAGCTGTTTCATTAGAAGATTAT
TT
AACTTGGTTAAAAAATAAAATCAATTTTGATTTTAATGTATAATGATTTTAATGTATAATTAAATTAATTT
TATGGTATTTAAAATCATGGGTGTAATTTGTTTAATATTATTATTATTTACAGATATTAAACAAATTATATA
TAAAATCAAACAATTTTTTAATAAATAAAAAAATATTATCAATGATAATATAAATTAAAAAAACCAACGC
TTTTTTTAATTAAAAAAATATATAATTTTGCATTTAAATTAAATTTTAAAAATATTCAAAA




- Phytophthora Database - Windows Internet Explorer

Phytophthora

DATABAS

(1)

Q Phytophthora Database Login

sip | | ot |/ Run Wizard &
» Password | | ogin

» Iforgot my password and need to reset my password » Iwant to browse database.
» I don't have an account and want to sign up

Welcome to Phytophthora Database &3 Phytophthora Database News
-

*» About the goals and utility of the database
» About sequence based search

» About geographical visualization

» About submission of data

» Acknowledgements

m Current statistics of the database [ | Link to contributors

» B3 Species
» 898 Isolates
¥ 2,192 Sequences

USDA a3

Systematic Botany and
Mycology Laboratory
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Mitochondrial Cox

Cytochrome oxydase |l gene(COXIl) and Internal spacer

0.0 kh 0.5 kb 1.0 kb 15 kb 20 kb
FMI35 _ _
., Amplicon length = 1040~1061 nucleotides
— D Coxll e ) Cox

Fhd Phy-10k

PCR Amplification Conditions & Primers
Forward: FM35 CAG AAC CTT GGC AAT TAG G Position-44~-22 from Coxll
Reverse: FM Phy-10b GCA AAAGCA CTA AAAATT AAATAT AA Position+72~+97 of Coxl

Sequencing primers. sama as FM325 and FM Phy-10b

(Primers from Martins et al. {2004) Phytopathology 94.621-631)

PCR conditions: Program:

Epicentre FailSafe PCR 2X premix A buffer 3 min 94°

Primers 0.01 pu 1 min 94° [

Tag 2 Unit 1min47? | 25 cycles
Template DNA S ng 1 min 30sec 729

& min 729
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Diseases

Because there are over 100 + host species for P. ramorum at current, there are many different types of disease symptoms
associzted with the pathogen.

Symptoms on true ozks (Quercus spp.) and tanozk {Lithocarpus densiflorus) include blackenad trunk / bole cankers, often with
burgandy-colorad coze protruding from the bark (bleeding cankers). Cankers typically occurin the lower 10 ft of the trunk and are
restricted to above the soil line. On many ozk speciss, tree mortality often ensues, but usuzally not as sudden as the disease name

Tanozk canker.
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GenBank Overview

What is GenBank?

GenBank ® is the NIH genetic sequence database, an annotated collection of all publicly available DNA sequences (Nucleic Acids

Research, 2013 Jan:41(D1).D36-42). GenBank is part of the International Nucleotide Sequence Database Collaboration , which comprises
the DNA DataBank of Japan (DDBJ), the European Molecular Biology Laboratory (EMBL), and GenBank at NCBI. These three organizations
exchange data on a daily basis.

The complete release notes for the current version of GenBank are available on the NCBI ftp site. A new release is made every two months.
GenBank growth statistics for both the traditional GenBank divisions and the WGS division are available from each release.

An example of a GenBank record may be viewed for a Saccharomyces cerevisiae gene.

Access to GenBank
There are several ways to search and retrieve data from GenBank.

* Search GenBank for sequence identifiers and annotations with Entrez Nucleotide , which is divided into three divisions:
CorelMucleotide (the main collection), dbEST (Expressed Sequence Tags), and dbGSS (Genome Survey Sequences).

« Search and align GenBank sequences to a query sequence using BLAST (Basic Local Alignment Search Tool). BLAST searches
CoreNucleotide, dbEST, and dbGSS independently; see BLAST info for more information about the numerous BLAST databases.

* Search, link, and download sequences programatically using NCBI e-utilities -

GenBank Data Usage

The GenBank database is designed to provide and encourage access within the scientific community to the most up to date and
comprehensive DNA sequence information. Therefore, NCBI places no restrictions on the use or distribution of the GenBank data. However,
some submitters may claim patent, copyright, or other intellectual property rights in all or a portion of the data they have submitted. NCBI is
not in a position to assess the validity of such claims, and therefore cannot provide comment or unrestricted permission concerning the
use, copying, or distribution of the information contained in GenBank.

Confidentiality

|

INSDC ~

GenBank Resources
GenBank Home
Submission Ty;@s
Submission Tools
Search GenBank

Update GenBank Records




Molecular Identification
DNA sequencing

® Determine the exact sequence of As, Ts, Gs
and Cs 1n a particular region of DNA

® Often use the ITS region - good for
distinguishing species - especially for
fungi and Oomycota

¢ Use the sequence to:
e Tdentify an unknown organism
e Using GenBank or the Phytophthora Database

e Compare with other organisms to infer
relatedness

e Alignment and Phylogenetic tree building



Molecular Identification

Tree building

(100) ————— U2

(100)

us 3
(68)\
us 1 cladge




Molecular Diagnostics

Detect (in planta / environmental samples)
Quantify (in planta / environmental samples)

Identify (in vitro / isolates)

Characterize population
* determine strain or lineage
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Molecular Diagnostics
To answer these questions..

Gene sequence analysis Cox-1I

. ramorum Baysample
. ramorum 0akUS479

. ramorum RhodEU233
. ramorum RhodEUO98

. ramorum ViburEU474

AGGTCAAATTCATTTTTGGTT
AGGTCAAATTCATTTTTGGTT
AGGTCAAATCCATTTTTGGTT
AGGTCAAATCCATTTTTGGTT
AGGTCAAATCCATTTTTGGTT

Restriction enzyme: Apo I



Gene sequence analysis Cox-I
P. ramorum
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(Ivors et al)

@ Molecular Diagnos

To answer these questio

Pr-02 (Ld, Mar)
(L.

(Am, Mar)
(Am, Mar)
AFLP results (4 primer combinations) USA
0 (Ue, Mar)
2 (Uc, Mar)
Ugc, Mar)
6 (U, Nap)
6 (Lc, Men)
16 (Ld, SMa)
3 (Uc, Sol)
B Pr_—.\.."n (Qa. 5Cr)
- Pre36 (Qa, Son)
100
100
100
PD 98/8/6285 (Rh
PD 98/8/5233 (
PD 98/8/6743 (Rh, NL)
B CSL 1571 (Vb, UK)
PD 98/8/2627 (Rh, NL)
- 58, CS 2 (Rh, U
EU population: DA 1204 (R Gk
BBA 13/99-1 (Rh, GER} Europe

- - - BBA 9/95 (Rh,GER)
Distinct from US population D4 i\
Phyram5 (Rh, SP)

BBA 104/5 (Water, GER)
Phyraml (Rh, 8P}

BEA 1649 (Vbh,GER)
BBA 69082 (Rh, GER)

PL16
E : P. lateralis

02 04 0.6 08 10




Molecular Diagnostics
To answer these questions..

Microsatellite analysis _
Primer 33

(AT)y7
1_M0T_33-53_606 f53 . 340 l;ll&

1
g

1_B01_13.53_4T44za

II Tlﬂtﬂ
EU AN

Gdpoddentd_MOB fra o

|I'lII ; ‘JE;'MH.-

| | 1000
8 . L

692 U




Molecular Diagnostics
To answer these questions..

Is Phytophthora species X present on the leaves?

Use species specific DNA primers or probe to detect
specific DNA in the plant sample

What species of Phytophthora is infecting the
leaves?

e Sequence a varlable gene and compare 1t with other
known 1solates

e Build a tree and see which of the other sequences
the unknown groups with - 1.e. which 1s 1t most
similar to



Molecular Diagnostics
To answer these questions..

Is P. ramorum present on the leaf? -

e Realtime PCR - PRESENCE/ABSENCE i



Molecular Diagnostics
To answer these questions..

Is P. ramorum present on the leaf? - e
e Realtime PCR - PRESENCE/ABSENCE gm FIa

What lineage does the unknown sample
group with?

= - P.hibernalis gi|160349586|gb
Consensus CTACTTPTATGGGGTGGTTCATTA

ide - —

- P.lateralis ¢i]160349584|gb)|
Ce 1. Phytophthora ramorum - Unkno rAT - G T T A

Ce 2 P ramorum NA2 gil160349594

0+ 3 Pramorum EU2 gil408690084 I

De 4. P ramorum NAY |gil50660915] | T — P.ramorum EU2 gI[408690084|9

De 5 Pramorum EUV1  |gi|S0660917) TAT

[ 6 P hibernalis gi|160349586]gb] TAT

Do 7 Plateralis gi|160349584jgbjE TAT

%61 P.ramorum NA1 [|91i50660915]g
909

P ramorum EU1 |gi|50660917|g

886

Phytophthora ramorum - Unknown
839

P.oramorum NA2 0i|160349594|g




Molecular Diagnostics
summary

¢ Use different techniques depending
on the questions asked

® TIme consuming.. depends on how you
look at 1t

® Can be complicated by the nature of
the sample

® Multiple techniques should be
integrated when necessary



Questions?

Fighting Phytophthora

On-line protocols book

”.' . - v ;
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-'\thPWU

Laboratory Protocols for Phytophthora Species
Protocol 01-12.1 (November 2015)
http://dx.doi.org/10.1094/APSprotocols/Phytophthora/01-12.1

Contributed by Sabine Werres and Corina Junker, Julius Kiihn-Institut (JKI), Braunschweig,
Germany



