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The origins of this important collection were in the 
research work of Professor Erwin and Professor 

Zentmyer at the University of California, Riverside 

Erwin collected mainly isolates from alfalfa and 
Zentmyer isolates of P. cinnamomi and P. palmivora 

from cacao  

World Phytophthora Genetic 
Resource Collection (WPC)
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In 1962, the first accessions of the World 
Phytophthora Genetic Resource Collection 
(WPC) were placed in glass culture tubes 

and a great adventure began. 

The oldest deposition of the existing 
cultures is P0127, an isolate of 

Phytophthora medicaginis from Australia 

World Phytophthora Genetic 
Resource Collection (WPC)



There was also a limited attempt to 
accumulate representative species of the 
genus. With  Zentmyer's retirement some 
of the accessions were sent to ATCC and 

provided them with a core collection. 
Many cultures were lost at this point due 
to the difficulty of maintaining them using 

traditional methods such as mineral oil 
preservation
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In 1986 a major development was the 
provision of funds by the UC Genetic 
Resources Conservation Program (UC 
GRCP) for Imperiled Microbial Collections 
to allow the WPC to be stored under liquid 
nitrogen using cryogenic techniques. 

UC GRCP was terminated in June 
2008

CRYOPRESERVATION of the 
World Phytophthora Genetic 
Resource Collection (WPC) 

1986-2008



The WPC has grown in stature over the last 25 years 
increasing in size from 600 to over 9500 accessions of 
Phytophthora (July 2008) of the more than 90 species 

or taxa which represent this most important plant 
pathogen.

Many of the accessions have been intensively studied 
over the years and thus the WPC is not only unique in 
size but also in terms of its importance as a genetic 

World Phytophthora Genetic 
Resource Collection (WPC)



Phytophthora Species

• 95 plus species described
• variability in morphological traits
• limited morphological traits
• atypical isolates
• isozymes, RFLP, ITS sequences
● genomics, multilocus analysis and

phylogenetic species



Multilocus Phylogeny –
a population genetics approach

• type species v. global population

● World Phytophthora Genetic Resource
Collection (WPC at UCR)

• emphasis on the use of genetic traits
• how many isolates need to be studied to 

characterize a species?
• what methods need to be used?



Waterhouse Groups

• papillate

• semipapillate

• nonpapillate

• paragynous         I
• amphigynous      II

• paragynous        III
• ampigynous        IV

• paragynous         V
• amphigynous      VI



Amphigynous versus Paragynous 
Antheridium



Sporangial Morphology

citrophthora



Sporangial Morphology
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Storage of isolates at the WPC



For long-term storage of Phytophthora cryogenic temperatures 
are essential

temperatures below the glass transition temperature of water 

This is the temperature at which all biological activity ceases, and 
is generally accepted as -130°C

Biological and chemical activity can persist as long as water
activity exists, however below -130°C all activity ceases

World Phytophthora Genetic 
Resource Collection (WPC)



HAZARDS

Over-pressurization and explosion due to LN2 vaporizing to 
nitrogen gas (700x expansion ratio) in unvented containers 

(e.g. cryovials) and equipment

Severe burns caused by exposure to extremely cold 
temperatures (-196C)

Asphyxiation due to displacement of oxygen in the air by 
the nitrogen gas in confined work areas



Hazards



THE FREEZING PROCESS



The basic process involves the following steps:

Equilibration of the sample with a cryoprotectant  
(DMSO) at room temperature 

to permit uptake of the solution

Cooling of the samples at ~ 1 to 2C per min to 0C, 
then 10 min at OC, followed by ~1C per min 

down to –10C

Following thermal equilibration of the samples 
prior to ice crystal growth, the temperature is then 

dropped further to -44 C 

Finally, the samples are cooled very rapidly from 
-44 C to – 120 C in ~10 min



Taylor
Wharton
8K Liquid or
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THE DNA BANK



ARCHIVAL DNA SOURCES stored at -86C  in ultrapure 
water

DNA ‘dilution’ tubes (~10ng/uL) prepared from the  
ARCHIVAL DNA SOURCE 

These are stored at -20C in low TE  

Freeze dried material stored at -70C as the
Frozen Mycelium Inventory from which to make 

fresh DNA extractions 

Phytophthora  DNA Bank



Low TE Buffer

10 mM Tris-Cl, pH 7.5 
0.1 mM EDTA 

Made from 1 M stock of Tris-HCl (pH 7.5) and 
50 mM stock of EDTA (pH 8.0) 

Low TE Buffer

10 mM Tris-Cl, pH 7.5 
0.1 mM EDTA 

Made from 1 M stock of Tris-HCl (pH 7.5) and 
50 mM stock of EDTA (pH 8.0) 

Phytophthora  DNA Bank



Current Activities
Live cultures (~9500)
DNA Bank (~6000)
Frozen Mycelium (~6000)
Databases (ITS ~2000)

Molecular Phylogeny

Diagnostics Research

Workshops



MOLECULAR PHYLOGENY
AND DIAGNOSICS



from Cooke et al. (2000) FG&B 30:17

Evolutionary Relationships
among 

Phytophthora species

ITS1 + 5.8S + ITS2 
(889 bp, 48.5% constant)

• 10 major clades with
variable support
• No resolution of backbone



A genus-wide phylogeny for Phytophthora utilizing 
whole genome sequence data

J. E. Blair (1), M.D. Coffey (2), D. M. Geiser (1), 
S. Kang (1)

(1) Penn State University; (2) University of California, 
Riverside



Evolutionary Relationships
Genome Resources…

Phytophthora ramorum

Phytophthora sojae

Phytophthora infestans

Phytophthora capsici

Other Oomycetes (ESTs):
Saprolegnia parasitica
Plasmopara halstedii
Aphanomyces cochlioides
Hyaloperonospora parasitica

Source: Jaime Blair



Evolutionary Relationships
Among Phytophthora

Genome Resources…

Utilize Complete Genomes to Design Markers for Genus-wide Phylogeny

~85 + species, 200+ isolates mainly at the WPC at UC Riverside

Source: Jaime Blair



Evolutionary 
RelationshipsAmong Phytophthora

Six Protein-coding Loci:
60S Ribosomal Protein L10 
Beta Tubulin
28S Ribosomal (LSU)
Enolase
Heat Shock Protein 90
Elongation Factor 1 alpha
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MULTIPHYLOGENETIC
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 Pbisheriae
 Pmultivesiculata

 Pcitricola
 Pspecies 22

 Pbotryosa
 Pinflata

 Ptropicalis
 Pmexicana
 Pcapsici100

100

100

100

99

100

83

42

 Ppseudotsugae
 Pcactorum

 Pnicotianae
 Pphaseoli

 Pipomoeae
 Pinfestans

 Pquercina
 Pbisheriae

 Pmultivesiculata
 Pcitricola
 Pspecies 22

 Pbotryosa
 Pinflata

 Ptropicalis
 Pmexicana
 Pcapsici

 Pmegakarya
 Peronophythora litchii

 Ppalmivora
 Parecae

 Pheveae
 Pkatsurae

 Pinundata
 Phumicola

 Pgonapodyides
 Pmegasperma

 Pasparagi
 Pnemorosa
 Pilicis
 Ppsychrophila

 Pcambivora
 Palni
 Pfragariae

 Puliginosa
 Pcinnamomi
 Psinensis
 Psojae genome

 Prichardiae
 Perythroseptica
 Pcryptogea

 Pkelmania
 Pdrechsleri

 Pmedicaginis
 Pfoliorum
 Pramorum genome
 Pramorum

 Psyringae
 Phibernalis

 Pprimulae
 Pporri

 Pbrassicae
 Pythium vexans

100

91
100

100

66
100

100

100

100

100

100

73
100

100

49
100

64
99

100

99

100

100

91

73
100

100

98

100

98

98

71

35

100

98

95

49

99

54

33

75

66

70

84

81

74

62

66

83

42

0.01

Clade 2
Others: P. citrophthora

P. colocasiae
P. meadii

http://www.apsnet.org/education/IllustratedGlossary/PhotosE-H/exudate.htm

Source: 
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WORKSHOPS



Phytophthora and Pythium Workshop 
at NCSU
2006



Thank You!
• Postdoctoral scholars: Masoomeh Peiman,

Tatiana Roubtsova, Alexei Kravtsov
• Lab Assistants: Avneet Brar, Iona Cunningham, Sandra Verdin
• Undergraduate researchers: Julie Huss, Thomas Vu, 

Bharat Sunkavally, Shirley Tu, Erik Haw, Elaine Xu
Justin Chao, Shinly Du, Daniel Guindi, Carrie Tran, 
Peggy Ju, Giselle Vu,  Linda Vu, Kacey Cao, Serena Chai,
Eric Chan, Tien Dinh, Jorge Farias, Eric Garcia,
Sabrina Garrovillas, Zahra Mousavi Jasemi, Victor Kieu,
Lisa Lam, Mark Luu, Octaviano Moro, Charmi Patel,
Joshua Smith, Virginia Tran, Jacqueline Villanueva,
Vera Wong, Candace Woo

• Visiting scientists:  Byung-Sup Kim, Grazyna Szkuta, 
Laura Gaggero, Pedro Martin, Ehab Sarhan



Collaborations!
Penn State University: Seogchan Kang, Bongsoo Park, 

Sook-Young Park, Michele Mansfield, David Geiser
Amherst College: Jaime E. Blair
USDA ARS Salinas: Frank Martin 
USDA-APHIS-PPQ-PHP-PSPI-MDL: Gloria Abad
USDA-APHIS- CPHST: Phil Berger, Laurene Levy
USDA ARS Corvallis: Niklaus Grunwald
Biodiversity Canada Agriculture: André Levesque, Gregg Robideau
CBS Utrecht, The Netherlands: Arthur de Cock
CSL, York, UK: Kelvin Hughes
Ohio State University– Carla Garzon and 

Sophien Kamoun (Sainsbury Lab, UK) 
IFAPA Spain: Rosa M. Pérez Jiménez, Pedro Martin
UC Riverside:  Hailing Jin, Greg Douhan
CIAT Colombia:  Elizabeth Alvarez
Universidad de los Andes Colombia: Silvia Restrepo
CIP Peru and Ecuador: Greg Forbes
MSU and VNIIF: Russia: Sergey Elansky, Alexei Filippov 
India NRRI: Bindu Roy C.
Vietnam and Australia: Doan Nhan Ai, David Guest, Andre Drenth



THE END


