The rapid expansion of global trade and human
travel has greatly accelerated the introduction of
non-endogenous pathogens and pests.

The global climate change influences pathogen
communities both directly and indirectly
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Challenge 1

Difficulties in accurately determining species/population

Identity based on morphological traits->

Accurate determination of species/population identity is critical for risk
assessment and the implementation of regulatory measures and
appropriate disease control strategies.



Issues in Molecular Identification

v Molecular identification is not a panacea.

* Your results may be as good as what you
compared with (legacy errors and problems).

 Different genes may tell different stories.

* Molecular data without biological contexts
have a limited value.

v What is species?

» Biological, morphological, and phylogenetic
species concepts.

» They overlap but not perfectly.



Challenge 2

“There are known knowns. These are
things we know that we know. There are
known unknowns. That is to ~ ;

say, there are things that
we know we don't know. But
there are also unknown
unknowns. There are things

we don't know we don't know.”
- Donald Rumsfeld -

Limited understanding of pathogen diversity in nature ->

There exist many “known knowns, known unknowns & unknown
unknowns” threatening agricultural and ecological systems.
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Challenge 3

Limited efforts and mechanisms to support global
cooperation and knowledge sharing->

Mapping and documenting the diversity, distribution, and biology of
major pathogens worldwide and sharing this information are essential

to improve our ability to track and manage pathogens.



Phytophthora Database

Cyberinfrastructure supporting identification and

mom‘ror'mg of Phyfaphfhara species

P. infestans

DNA from known PCR amplification
pathogen isolates of multiple marker genes

DNA sequencing
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Genetic fingerprints for individual isolates

WWW. phytophthoradb org

Phenotypes (such as morphology, geographic & host of
origin, host range, virulence, drug resistance, toxin profile)
of known isolates

Principal Investigators
Penn State: Seogchan Kang, David Geiser & Izabela Makalowska
UC-Riverside: Mike Coffey
North Carolina State University: Kelly Ivors -
USDA-ARS: Frank Martin & Kerry O'Donnell USD.A NRI.
Plant Biosecurity




: T Blair, S. Park, N. Veeraraghavan, M. Mansfielc

: M. Peiman ~
: M. Green
: Y. Balci
: S. H. Kim &.E. Nikolaeva
: Y. Lee, K. Jung & J. Park
: A. Rossman, D. Farr & E. Cline

D. Erwin & O. Ribeiro




Specific Objectives of the PD Project

v To establish a comprehensive Eh logenetic
framework for the genus Phytophthora.

v To build a cyberinfrastructure that archives
the geno‘r);fes, phenotypes, and distribution of
individual Phytophthora species/isolates and
provides data analysis and visualization tools.

v To develop and optimize molecular diagnostic
tools for detecting and identifying Phytophthora
species.



Progress

v Development of new gh’xlogenefic markers based on

the genome sequences of P. ramorum, P. capsici, P.

sofae and P. infestans.

v Conducted a genus-wide phylogenetic analysis using
representative species/isolates.

v Genotypic identification of ~3,000 isolates (>90
species).

v' Establishment of the Phytophthora Database.

v Characterization of individual species complexes (e.g.,
P. cinnamomi, P. capsici)



Organization of the Pytophthora Database

4 Home | ¢ Introduction | -5 Database | o, Search & Analysis |  Refs, & News |

Genetic Markers | Host | References | Appendix%

Phytophthora:

DATASA

[} Phytophthora Database Login

& Dear Seogchan Kang ‘ I’ Run Wizar Us!rG‘:ii;:

Welcome to Phytophthora Database.

¥

Data Submission

» T want to logout this database. » Search the database
#» T want to manage my login information. » How to use the database
{ Welcome to Phytophthora Database . Refs. & News

¥

» About the goals and utility of the database Recent Publications

» About sequence based search » Protocols

» About submission of data » Slide Presentations

# Acknowledgements # PD News

» How to save and reuse your favorite data and result

t; Current Statistics of the Database || Link to Contributors

» 04 Species
» 1,773 Isolates ;
» 3,683 Sequences |

Contact the Database Curator

o

Seogchan Kandg Systematic Botany and Pennsylvania Department of
= = ™ " - -
e-mail) sxk55@psu.edu yeology Laboratary AGRICULTURE

phone) 814-863-3846

$KACC  Ppark et al. Plant Disease (2008) 92: 966-972

Korsan Agricubtursl Cubure Collectn




Species Information Page
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£ Home l @ Introduction J g Database | g Search & Analysis L & Geographical Distribution |
Phytophthora infestans

Phylogenetic Position within the Genus

This genus-wide phylogenetic tree contains 74 species, including Pythium vexans as the outgroup, and was built using sequences at seven loci
(approximately 7700 nucleotides), including 605 Ribosomal Protein L10, Beta Tubulin, Enolase, Heat Shock Protein 90, Large Subunit rRMA, Tigh
gene fusion, and Translation Elongation Factor 1 alpha (Jaime Blair et al., unpublished data).
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Phytaphithora infestans (Mont.) de Dary 1076 (Domycetes, Pythiales)
=Rofryts nfactans Mont. 1845
=Peroncipora infestans (Mont.) Casp. 1894
= Batrytis fallaw Dasnm. 1846
= Perorigura linlelmamii Casp. 1052
Botrytis solani Harting 1846

= Phytophshora thalictr W, Wikson 8 Davs 1907
® Phiytepithers infattans £ . Haketri (GO Wiltsn G Davi) G.M. Watsrheuts 1963
= Peronospora trilurcata Unger 1847
Motes: The orignal name applisd 1o this comycets was Gangrasna tubsrum solanl, by Martius In 1042, After 3 period of dsbats
{soe Brwin B Rbero 1996), it was desorbed by Montagne n 1845 and geen the name Bosyts niizstans. It has recemed much
rencwn a5 e cause of the grest Irish potato famine of the 19405, and & is the tpe of e geus Aiootdiors. The name oty
devastaric (allesmate speling vastatio o devasyin) Lib. 1845 was publehed previos: I Bosryte: nfistre, and has been lsted a0 a

by various sUthors (2.0, Waterhouse 1953, Crwin S Rbeiro 1996) . IF this were Wue, e epfthet vestairh: would have
priority for this species. Watsrhouss (1997) retaned the name Ahytophthors nfstans, arquing noomectly that Foiryts vaststre was
an invalid name because it was published n 2 newspapsT, but tis & permitied by e Code proviows o 1983 (At 30.3). Whik &5
in fact vali, Botrytis vastarric is an illagitimate & parfiioge names; Libart publishad i@ as & raplseamant nama for Soryte Sieines
Fi.Fr. 1029, Therelire e name Sobpls restatric st Le typilied Ly Sobpls frioss (=Peronospora Tarnesa), and refers o a
differant species than Ayiohthors hfstans (Wt 7.4
Distribution: Cosmopobtan
Substrate: Tubers, laaves, hauims of potatn and omats. Aks stems, fiwars, fruits, buds on other hosts.
Disease Note: Late biight of potato and Wmatn, Owverwinters in lubers. Several races ocowr. Ako cawses leal blights and, rarely,
damping off, fiower, and fruit blight In 3 wide ranga of hosts.
Hast: Frinopal hosts are Solnaceas nchading Solanum spp. {potain) and Lycopersioon esosentum {iomatn). aka ocours on hosts
n 15 owr genera and in ben o families (Erwin & Ribeio 1996).
Sagyporting Literature:
Erwin, D.C., and Ribelro, D.K. 1955, Ahytapiithora Disesses Worldwids, APS Press, St Paul, Minnesots, 552 pages.
Eroon, LEXM, Hakker, 1., van den Bnach, EM, Honants, B.1M,, and Hier, W1 4. Frylgenete anslysis of

yriop! species based on s Furgal Gert. Biol. 41: 785-782
AL 1936, vieanda & L sriantifien da dosnes da batssics Phptaphthors infestans (Mart)

de Bary. Rodviguesia 2: M1-750
Stamps, 0. 1985, Alwytophithora infestans. CML Desoript Fathog, Fungl Bact. 838: 1-2
Tucker, GM. 1931, Tammmmy of the geres Phytophitlora e Bary. Une, Mesr agc. By Sta. Bl 153 198

Updated on May 04, 2005

Characteristics

P. sty & clesified nooroup B (Stargs e al 19900 See Tables 4.2 and 4.3 for ol keys and Agpendin 4.9 fir a

¥y (Ho 1992) In Phytop Diseases Worldwids (Erwin and Ribeiro 1955). Morphology fs shown In o
and 402G, n Phyiphthars Deasses Worldwida (Erwn and Ribarn 1906). See Fry ot 3l (190 and
pretomicrographs of spore snekees,

(11} for

*Fliylophithora Diseases Workdwide
Lirk to this she In 3 separate window: h

1. Sporangia
Sporangia are ovoid, elipsoid to limoniform, tapering at the bace,
sporangla rangss from 36 » 22 pm (Tuder 1930) i 28 « 19 =
Bary {1875), Kosenhaum (1917, Haskel (1E21), K. O
o 'DU\-I"d wympodisl Figae 4.0 n Wﬂ‘u’l

= (pedicel =<3 pm), and cemipapillate. Average size of
terhouss 1963), Thess dimensions are similar 1o thoss of da
(UEH), s Lecnian and Greer (1E%), Speranqephorss e
s Workiwide [Erwin and Ribeio 1996]) with @ small cheracheristic

Meither byphal swsllings nor o e have been reported, except in 3 paper rom Russia by Pabrkeyeva (1970), who noted
wall after incubation for 4 10 9 months on 0A-PAS Agar AT 9 1 10°C,

thiall

- anther cha are amphugy 3 OO are 310 S0 pen et (averags 35 pm); ocpores fomed n

faves are aplerotic, 24 10 35 um in diameter (Iverage 30 um); in Artificial cullre they maasure 24 1 S6 um in diameter. Until

early 1980s, A1 was the only mating type found in most of the workd, but in central Mexioo both A1 and A2 kolates coexicted at

3 50050 ratio (Miedsrhausar 1991). Inooulstion of a leaf with an A2 isolste of P, drechslerl and P. #Sstans (AL) nduced oospors

prodartion {Sodmarn ot Al 1), Whether o rat unige hintpes sl aree from ineekted speres 6 rknewn, Mot lkely,

formation of cuspores resuls from stimulation by hormonelie ubstences mitied by e opposite meting tpe (e Chepler 3 in
Disases (B i 1996).

4. tirnwth |emperatures
Thae mirsiram Kerrper ature for growth B 49, eplimum 209C, ared mesimun 2600

D

P. infestary affects veveral hosts in e nighishace femily (Solanecess). It is & vevere pafogen of potaty (Solerum uberosum) e
tomato (Lycopersicon esouleniun) and can lead o 100% crop koss under conditions: favorable fior dissase development and in the




Functionality of the Pyfophthora Database

e
S

Marker Sequence
Database

~_

Data Submission

U : Regatr iy Sequerce

nalate 0001 frybgrfra o) )
Markir ‘W-"lw'»\' Pt L10 j

Altermwativy hamo T
)

fpivis

AT TGACGATIC w
AT TERAGATCRThAEGACARAGCE

Compen

BLAST Search

Tl

il
P

Vo 0BT |

Taried b Gy S|

teh iyt (o e
Oy SNNHEE (1 s w71

W N 0 o W 3 N W

EOEETE - W DIRenm

Virtual Ge

Sequence Alignment

i Chntad it
I i - W
L at [T e— il
T ATE] G TR 0 () e L
i

Mendast wTmE 1l v T

Phylogenetic Tree

T T Tree]
st fo0 powhtatut f o
tthins g
s € b S Sy Qul) @ Spac kel

T Gy ST

e e e e B B B B B B B B e B B B B B

e R
A O AR 9
g
o L (7 el (8
g
Mebwibe T dhatm T
=

Data Download & Storage

Cart & Folder

M Download Sequence Option

BEO

Items There are 7 items,

Name laded, 10

[ SeqID [ Lacus Mame [] Gene Mame

Pratein hame a Jpecies Name

W Source Pas

Sequence Name

Position

Typeoffile % paere oy

[ Dowlad | [ Cancel ]

% 0

‘rlr"w:i 0 vi
_ [ ps
.lr‘ D
[ ] Qe
] bH

1 H
MO Pathogene - Cridoreductase .




unctionality of the Pytophthora Database

DATABASE
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4 Home | & Introduction | = Database | ", Search & Analysis | [} |

Species | Genetic Markers | Host | References .
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[Summary] [Alignment] [Phylogenetic Tree]

Width : 600 px Height of unit: 20 P
Options e
Species : ) Mo Species () Species (Full) # Species (Reduced)

Select All
Buerg SEQUENCE
i [FO_#0337_ITS P cactorum ! Query SEQUENCE =
5.7 p! i
%3 IFp t0936_1Ts F. cactorum PD_0D0O937_ITS
PD_D0936_ITS

2.6 FD_00859_IT: P. cactorum

PD_00959_ITS
PD_00948_ITS
PD_00947_ITS
PD_00946_ITS
PD_00941_ITS
PD_00958_ITS
PD_00956_ITS
PD_00955_ITS
PD_00951_ITS
PD_00939_ITS
PD_00938_ITS
PD_00610_ITS
PD_00478_ITS
PD_00427_ITS
PD_00430_ITS
PD_00437_ITS
PD_00435_ITS
PD_00512_ITS

BRLN0945_ITS P. cactarum
BE200947_ITS Pu cachorum
RE20094E6_ITS Pu cachorum

FO_n0941_ITS P. cactorum

FO_00955_ITS Fo cactorum
L)

FO_00956_ITS F. cactorum
11.3
FO_00a55_ITS P. cactorum
31.9
RE%&DGSI_ITS F. cactaorum

PO_00933_ITS P. cacherum
16.9
BB, 40935_ITS P. cactorum

PO_00610_ITS P. cactarum

57 .5
PO 00475_ITS P. cactorum
B fo4z7_1TS P. cactorum

FE-f0450_ITS P. cactorum

FO_00437_ITS Po cactorum

OOO00O0000000000000a0a0aI|

0an
FO_N0435_ITS Fo cactorum

FO_N051Z_ITS P. cactorum

[Download available marker sequences] [Download chosen sequences] [Align chosen sequences]

- [How to use the cart] [Go to the extended Folder Browser]

| Add selected sequences into the cart J Cut ] | Paste J | Create a new cart ] | Createarmfujdm] |DEJEtEﬂ'ueselecteduhjEdsi
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Pythium Database Login | Sitemap | Contact

Pythlum Database

Home Introduction Database Search & Analysis

ﬁ Pythium Database Login

& Dear Guest, [ ; Run Wizard ﬁ?ﬁﬂ“

Welcome to Pythium Database.

» [ want to logout this database.

#» T would like to login the DB as guest » Data Submission

» Sparch the database
» How to use the database

by,

@ Welcome to Pythium Database U Pythium Database News

» About the goals and utility of the database
» Acknowledgements

E: Current statistics of the database " Link to contributors

» 31 Species
» 364 Isolates
» 364 Sequences




Fusarium Database Login | Sitemap | Contact

1 ’arll\hi'n Database

.ﬂ h -
Home Introduction Database Search & Analysis

% Fusarium Database Login

E'}“' Dear Guest,
Welcome to Fusarium Database.

» [ want to logout this database.
#» [ want to modify my loegin information.

iy,

“ Welcome to Fusarium Database Lj Fusarium Database News

» About the goals and utility of the database
» Acknowledgements

E: Current statistics of the database "] Link to contributors

» 15 Species
» 015 Isolates
» 2,284 Sequences




