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Phytophthora… an old enemy

Blight and Dieback

Root rot

Dozens of species detected in coastal 

California on:

• avocado 

• asparagus 

• cauliflower (rare)

• citrus

• grape

• pepper 

• raspberry 

• sage 

• spinach (rare) 

• strawberry 

• 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 cinnamomi 

rootstock trial 1979

Phytophthora… an old enemy



Phytophthora infestans 

Trial 1972

Phytophthora… an old enemy



Phytophthora nicotianae 

Host resistance trial 1960s

Phytophthora… an old enemy



Phytophthora ornamental

workshop 1970

Phytophthora… an old enemy



Phytophthora ramorum

Circa 1990s

Phytophthora… a new enemy



Phytophthora… a new enemy

Blight and Dieback

Root rot

Phytophthora siskiyouensis 

2007 (Foster City, CA)



Phytophthora… a new enemy



Extensive surveys have been conducted in 

historically underexplored ecosystems to 

determine the spread of invasive species in 

forest decline worldwide

The more you look, 

the more you find…



New records in 2007

collected by PDIC
Host Common Name Fungus   Record

Itea virginica Sweetspire Phytophthora cinnamomi US

Loropetalum chinense Phytophthora cinnamomi US

Hemerocallis sp. Daylily Phytophthora nicotianae NC

Nerium oleander (leafspot) Oleander Phytophthora palmivora US

Plumbago auriculata Leadwort Phytophthora nicotianae US

Ilex crenata Japanese Holly Botryosphaeria rhodina NC 

Buxus sempervirens cv. Suffruticosa English Boxwood Phytophthora palmivora US

Cyclamen persicum Phytophthora tropicalis US

Liriodendron tulipifera Tuliptree Phytophthora inundata US 

Euphorbia maculata Spotted Spurge Phytophthora dreschleri US 

Vinca minor Lesser Periwinkle Phytophthora palmivora US

Juniperis Scopulorum Rocky Mountain Juniper Seiridium cupressi US 

Juniperis Scopulorum Rocky Mountain Juniper Seiridium unicorne NC

Hydrangea macrophylla Corynespora cassiicola NC 

Leucothoe sp. Dog hobble etc. Phytophthora nicotianae US 

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 US

Hedera Helix English Ivy Phytophthora palmivora NC 



The more you look, 

the more you find…



Described Phytophthora species 

over time

Period of discovery

Morphology & pathology

Period of biological

consolidation & ‘certainty’

Period of evolutionary

and genomic exploration

AND UNCERTAINTY ?
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Slide from C. Brasier



Diagnostic methods sure have changed…



Plant Disease 2012: 



•Isolation & culture morphology

Phytophthora Diagnostics
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•Isolation & culture morphology

•Nucleic acid based approaches (PCR)

•Immunodetection (aka ELISA)

•NOT species specific

Phytophthora Diagnostics



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 Diagnostics:
Immunodetection



Phytophthora ImmunoStrip



5 min; $5.00

Phytophthora ImmunoStrip



Phytophthora ImmunoStrip



Osterbauer, N., and Trippe, 

A. 2005. Comparing diagnostic 

protocols for Phytophthora 

ramorum in rhododendron 

leaves. Online. Plant Health 

Progress.



Osterbauer, N., and Trippe, 

A. 2005. Comparing diagnostic 

protocols for Phytophthora 

ramorum in rhododendron 

leaves. Online. Plant Health 

Progress.



•Isolation & culture morphology

•Nucleic acid based approaches (PCR)

•Immunodetection (aka ELISA)

•NOT species specific

Phytophthora Diagnostics



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.



•Isolation & culture morphology
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Phytophthora Diagnostics
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• Detect (in planta / environmental samples)

• Quantify

• Identify

• Characterize population

• determine strain or lineage

Molecular Diagnostics



Is Phytophthora species X present on the leaves?

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

Molecular Diagnostics
To answer these questions…



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



coxII and spacer of mtDNA

Internal transcribed spacer of rDNA

www.phytophthoradb.org

Loci used for Molecular 

Detection



• 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

Molecular Detection
Primer / probe selection



Plant Disease 2012: 









Phytophthora ramorum



Extract 

DNA

Amplify DNA with 

P. ramorum 

specific primers

Sample 

leaf 

symptoms

Analyze the 

results!

YES/NO

Molecular Detection



• Detect (in planta / environmental samples)

• Quantify (in planta / environmental samples)

• Identify

• Characterize population

• determine strain or lineage

Molecular Diagnostics



QR

Probe Cleavage

QR

Primer
Probe

Polymerisation and 5’ Nuclease activity

Fluorescence absorbed

Primer

TAQ

TAQ

Real-time, TaqMan, QPCR

+

-

Cycle threshold (Ct)

Rn value

u Species specific probe labelled with fluorophore

u Florescence monitored real time

u Positive when Ct < 40

Molecular Detection 

and Quantification



Molecular Detection 

and Quantification

Real time, TaqMan, QPCR



Molecular Detection
Technique to use?

Conventional vs Real-time PCR

 Impacts sensitivity and time to achieve 

results

Different chemistries for Real-time PCR

 TaqMan

 Molecular Beacons

 Scorpion

Single round PCR, Nested 

PCR, Real-time, TaqMan, 

QPCR?



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?

 Sequence a variable gene and compare it with other 

known isolates 

 Build a tree and see which of the other sequences 

the unknown groups with – i.e. which is it most 

similar to

Molecular Diagnostics
To answer these questions…



• Detect (in planta / environmental samples)

• Quantify (in planta / environmental samples)

• Identify (in vitro / isolates)

• Characterize population

• determine strain or lineage

Molecular Diagnostics



•Often takes less time

•Less subjective than morphology

•Sometimes differentiates pathogen below   

species level (e.g. lineage)

Molecular Identification



Sample 

leaf 

symptoms

Plate onto 

selective 

growth 

medium

Pure culture 
Grow 

mycelium 

in liquid 

culture

Molecular Identification
DNA sequencing



Align with other 

known DNA 

sequences

Extract 

DNA

Amplify 

specific region 

of DNA

Sequence 

DNA

Build phylogenetic 

tree

Molecular Identification
DNA sequencing



 Determine the exact sequence of As, Ts, Gs 

and Cs in a particular region of DNA

Molecular Identification
DNA sequencing



 Determine the exact sequence of As, Ts, Gs 

and Cs in a particular region of DNA

 Often use the ITS region – good for 

distinguishing species – especially for 

fungi and Oomycota

Molecular Identification
DNA sequencing



coxII and spacer of mtDNA

B-tubulin

Translation elongation factor 1 α

Internal transcribed spacer of rDNA

www.phytophthoradb.org

Loci used for DNA 

Identification



ITS

Beta-Tubulin
Elicitin

P. lateralis

P. ramorum

P. ramorum

P. lateralis

P. cactorum

P. cinnamoni

P. cinnamomi

P. citricola

P. ramorum

P. lateralis

P. infestans

P. cactorum

Others

Molecular Identification
DNA sequencing



 Determine the exact sequence of As, Ts, Gs 

and Cs in a particular region of DNA

 Often use the ITS region – good for 

distinguishing species – especially for 

fungi and Oomycota

 Use the sequence to:

 Identify an unknown organism

 Using GenBank or the Phytophthora Database

Molecular Identification
DNA sequencing



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



www.Phytophthoradb.org
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Genbank



 Determine the exact sequence of As, Ts, Gs 

and Cs in a particular region of DNA

 Often use the ITS region – good for 

distinguishing species – especially for 

fungi and Oomycota

 Use the sequence to:

 Identify an unknown organism

 Using GenBank or the Phytophthora Database

 Compare with other organisms to infer 

relatedness

 Alignment and Phylogenetic tree building

Molecular Identification
DNA sequencing



Molecular Identification
Tree building



• Detect (in planta / environmental samples)

• Quantify (in planta / environmental samples)

• Identify (in vitro / isolates)

• Characterize population

• determine strain or lineage

Molecular Diagnostics



P.ramorum Baysample AGGTCAAATTCATTTTTGGTT 

P.ramorum OakUS479 AGGTCAAATTCATTTTTGGTT 

P.ramorum RhodEU233 AGGTCAAATCCATTTTTGGTT 

P.ramorum RhodEU98 AGGTCAAATCCATTTTTGGTT 

P.ramorum ViburEU474 AGGTCAAATCCATTTTTGGTT 

Restriction enzyme: Apo I

Gene sequence analysis Cox-I 

Molecular Diagnostics
To answer these questions…



US

972

972

EU

Gene sequence analysis Cox-I 

P. ramorum

PCR-RFLP



AFLP results (4 primer combinations)

EU population:

Distinct from US population

Molecular Diagnostics
To answer these questions…



Molecular Diagnostics
To answer these questions…

Microsatellite analysis



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?

 Sequence a variable gene and compare it with other 

known isolates 

 Build a tree and see which of the other sequences 

the unknown groups with – i.e. which is it most 

similar to

Molecular Diagnostics
To answer these questions…



Is P. ramorum present on the leaf?

 Realtime PCR – PRESENCE/ABSENCE

Molecular Diagnostics
To answer these questions…



Is P. ramorum present on the leaf?

 Realtime PCR – PRESENCE/ABSENCE

What lineage does the unknown sample

group with?

Molecular Diagnostics
To answer these questions…



 Use different techniques depending 
on the questions asked

 Time consuming… depends on how you 

look at it

 Can be complicated by the nature of 
the sample

 Multiple techniques should be  

integrated when necessary

Molecular Diagnostics

summary



Questions?

Fighting Phytophthora
On-line protocols book


