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Diseases caused by Phytophthora

=
\ ®* | P. infestans

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL Photos: Mostly from the internet




— W Phytophthora pinifolia AJ. Duran, Gryzenh. & MJ Wingf. (2008)

Perfect stage
Not Known ey S

10 changm [l ——

Superficie Afectada por DFP

20000

“ —onon

[T () g e e s e AR, (3 | e T
B Emnch g (o | afer by infiection of s prevEan sesacns sesd e () Biack band oo & meschs ICremning ons: of s Tanpone o
Imleckan. {cf| Cemc nesclen o, the kv anclhem afectac reschm onthe woper 460 1 branch, (s Wited shootean 1 yoasg e, reetng from
5 A carmen bwar down e pien arcl soc e wih infection of sescies. 1] Feai bowing ko e bama olinlecied sescies. |5l Lemicna incamiem
0000 B e Bma o infectacinesdien [H) Copkes e mescdan oris ser amEs i wih 10 Carir a
Zamemence F haiora u e sesde Eamm | Habuad regareied s sthreing rascla bight ad i dash,

Fonnt Pathabgy (200 57, TIS-TT

Duran A, Gryzenhout M, Slippers B, Ahumada R, Rotella A, Flores F, Wingfield BD, Wingfield MJ. 2008. Phytophthora pinifolia
sp. nov. associated with a serious needle disease of Pinus radiata in Chile. Plant Pathology 57: 715-727.
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Fig. 1) Fruit aympbosss inan early sage (demonstrates that green fruity are sttacked befee they
e el

Fig 2) All sympsoms types: black flags, veinal necroses. fruit rot, Bt e mification, beaf spat,
leaf bhghs, stem blight

Fig ) Effect of the dsense a1 a boeal farm (masvive defelintion and frun drog)

Fig. 4) Foluar blight can cause normal groen Jeaves to rurm black i= bess than one week after
mfection Lecanion: Leilams Estates, Irlasd of Hawas

Pigrophthora monndae Abad & Nelson
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Fig 5 — Ellipse showing the location in which Phytophthora morindae

is causing the black flag disease of Morinda citrifolia in Hawaii




The Phylogenetic position of Straminipiles and Fungi in relation to other Eucaryotes
Phylogenetic tree from Baldauf et al, 2003 Science 300:1703-1706

Straminipiles
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Phylogenetic
Relationships of
Straminipiles and
Fungi with other
Organisms

SSU rRNA Evolutionary
Tree

From Van de Peer et al J.
Mol. Evol, 2000 2000




Additional characters that differentiate straminipiles to true fungi

Trait Oomycetes Fungi
Cell wall composition  B-1,3 and B-1,6 glucans; Chitin
cellulose

Storage reserves B-1,3 glucans Glycogen
(Mycolaminarin)

Somatic Cells Coenocytic Mostly septate

Somatic nuclei Diploid Haploid

Mitochondrial cristae Tubular Flat

G! Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL



Kingdom: Straminipila (Dick 2001)

*Phylum: Heterokonta
*Sub-Phylum: Peronosporomycotina
*Class: Peronosporomycetes
(OOMYCETES)

800 SPECIES (3 subclasses)

e @ *Subclass: Peronosporomycetidae

i Order: Peronosporales (Waterhouse, 1973)
Pythium *Order: Pythiales? (Dick et.al 1984)

Family: Pythiaceae (10 genera)
*Genus : Phytophthora (87sp.), Pythium
(160sp.)

Tad

Family: Pythiogenaceae fam. nov. (2 genera) (Volglmayir et

Pythiogeton | al 1999) -~
Genus : Pythiogeton (9 sp.), Medusoides (1 sp.) (gen. nov.)

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL




- The Era of Morphological species
- The Era of Phylogenetic species
- A new era of Morphological/Phylogenetic

Species?




EVOLUTION IN THE TAXONOMY PHYTOPHTHORA

THE CLASICAL ERA

AND THE
MORPHOLOGICAL-SPECIES




The Potato
Disease

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PS

1840°s

Which was the cause
of the disease?

Where the
Disease came
From?




+ 1 POTATO DISEASE CAUSE 1840°S
e AND THE PIONEERS OF
PLANT PATHOLOGY

Anton de Bary 1861, 1876

Rev. Berkel 1846 Researchers into the nature of the potato fungus
v CLReCy, Phytophthora infestans. J. R. Agric. Soc. England

The Potato Murrian 12:239-269

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL




Phytophthora infestans Center of Origen current teories

 1841-1842 Morren,Belgium - 1841-1842 Teschemacker, USA

USA 1842 and USA to
, Europe 1845
USA & Europe 1841-1843 - . - Postulated by Redick 1928

Suggested by: Berkeley and De Lines of Evidence:
Bary Neiderhauser.
Lines of Evidence: Abad G. o Supporters: Fry, Goodwin,
1983, Abad G. and Abad J. 1995 ot Grunwland
Supported by: Ristaino, ) '
Morales, Torres, Forbes,
Restrepo

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL




Phytophthora Morphological Taxonomy

Rosenbaum J. 1917. Studies of the Genus Phytophthora. Proceedings of the National
Academy of Sciences of the United States of America 3: 159-163.

Tucker, CM 1931. Taxonomy of the genus Phytophthora de Bary. Univ. Missouri Agric.
Exp. Sta. Bull. 153: 1-208

Leonian, LH. 1925. Physiological studies on the genus Phytophthora. West. Virginia
Agric. Expt. Sta. Sci. Paper 11 : 444-498.

Leonian, LH 1934. Identification of Phytophthora species. West Virginia Agriculture
Experiment Station Bulletin 262: 2-36

Frezzi, MJ. 1950. Las especies de Phytophthora en la Argentina, Revista
de Investigaciones Agricolas IV: 47-134.

% Waterhouse GM 1963, Key to the species of Phytophthora de Bary. Mycol Pap 92: 22
% Waterhouse GM 1970. The genus Phytophthora de Bary. Mycol Pap 122: 1-59

4 Newhook FJ, Waterhouse GM, Stamps DJ. 1978. Tabular key to the species of
Phytophthora de Bary. Mycol. Pap. 43.

o Stamps DJ, Waterhouse GM, Newhook FJ, Hall GS. 1990. Revised tabular key to the
species of Phytophthora. Mycol Pap 162: 28 pp.

% Erwin O, Ribeiro . 1996. Phytophthora Diseases Worldwide. APS. Press. St. Paul, MN.

4 Gallegly ME, Hong C. 2008. Phytophthora: Identifying Species by Morphology and
DNA. APS. Press. St. Paul, MN.

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL
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The 64 Phytophthora morphospecies presented at Erwin and Ribeiro’s Book (1996)

. arecae (1913)

. fragariae v. oryzobladis (1978)

. megasperma (1931)

. boehmeriae (1927)

. fragariae v. rubi (1993)

. melonis (1976)

. botryosa (1969)

. gonapodyides (1927)

. mexicana (1923)

. cactorum (1886)

. heveae (1929)

. mirabilis (1985)

. cajani (1978)

. hibernalis (1925)

. hicotianae (1896)

. cambivora (1927)

. humicola (1985)

. palmivora v. palmivora (1919)

. capsici (1922)

. idaei (1995)

. palmivora v. heterocysta (1983)

. cinnamomi (1922)

_ilicis (1957)

. phaseoli (1889)

. cinnamomi v. parvispora (1993)

. infestans (1876)

. porri (1931)

. citricola (1927)

. inflata (1949)

. primulae (1952)

. citrophthora (1925)

. insolita (1980)

. pseudotsugae (1983)

. clandestina (1985)

.iranica (1971)

. quininea (1947)

. colocasiae (1900)

. italica (1996)

. richardiae (1927)

. cryptogea (1919)

. jJaponica (1974)

. Sinensis (1982)

. cyperi (1935)

. katsurae (1979)

. Sojae (1958)

. cyperi - bulbosi (1953)

. lateralis (1942)

. syringae (1909)

. drechsleri (1931)

. lepironiae (1919)

. tentaculata (1993)

. eriugena (1977)

. macrochlamydospora (1991)

trifolii (1991)

. erythroseptica v. erytroseptica (1913)

. meadii (1918)

. undulata (1989)

. erythroseptica v. pisi (1959)

. medicaginis (1991)

. verrucosa (1940)

. fragariae v. fragariae (1940)

. megakarya (1979)

U|U(MU|TU|U(0U|TV|TU|(T0|UV|TV|TU|TO|U|0U|(TD|T|UV(TO|T|O0

.vignae (1957)

UNCULTURABLE SPECIES

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL




T SO FROLGEC L R AR AT N T R T

Phytophthora infestans

[ Nlomnk bl Bary [ 19561

Sixty of the important
species and taxons

New dichotomous-like key is presented using minimal morphological
characters and the Single Strand Conformational Polymorphism PCR-
SSCP DNA fingerprint of the ITS rDNA.

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL




hyphal swellings \I

Sexual phase

. _ Temperature
P.cambivora y U ) - 4 growth at 20,
T

25, 30, 35C
oospore \I
Colony morphology

oogonium il antheridium | P. sp. morindae

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL Photos by G. Abad



MORPHOLOLGY OF SPORANGIOPHORES

UNBRANCHED BRANCHED EXTERNAL INTERNAL
B ’ ,. PROLIFERATION [l PROLIFERATION

P.botryosa P.capsici P.kernoviae ¥ . P. ramorum

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL Photos by G. Abad




Sporangia shapes

Globose

P. cryptogea P. erytroseptica P. tropicalis P. nicotianae P. nicotianae

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL




Semipapillate- Semipapillate- | Non-papillate —
Medium pedicel Long pedicel persistent

-

P. nicotianae P. bohemeriae P. citrophthora  P. sp. personii P. capsici

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL Photos by G. Abad




Hyphal swellings

1< ; J 4
P. sp. personii
. 5 ) P ’ . .

Y O

P. foliorum

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL




Chlamydosphores

Intercalar Clustered
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G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL P ramorum Photos by G. Abad




Phytophthora sexual phase

Antheridia

amphigynous Paragynous/ amphigynous

Paragynous Unusual shapes

> A ]

P. bisheria P.sp. aucubae P. cactorum P. capsici

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL Photos by G. Abad



Morphospecies Groups [Waterhouse (1963), Newhook et al. (1978), Stamps et al. 1990]

GROUP II I Mostly HT I GROUP III I Mostly HO

P. cactorum

P.italica, P.pseudotsugae, P.tentaculata P.pseudotsugae, P.tentaculata, P. meadii, 6 P. lepironiae, P. porri, P. primulae, 2

GROUP 1V [Mmly T ‘ GROUP YV I Mostly HO ‘ Mostly HT

b . e
> b -

P. megasperma P. cryptogea

i.e P.cambivora, P. cinnamomi,
P. drechsleri,
P.erythroseptica HO, P. gonapodyides

i.e P. hibernalis HO, P.ilicis HO, P. mirabilis, ie. P.fragariae v. fragariae, v. rubi P. humicola
P. phaseoli HO, P. colocasiae, P. eriugena, HO  P.insolita, P. lateralis, P. medicaginis, P. sojae, 3

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL Photos by G. Abad




88 species described to 7/25/08

- variability in morphological characters
-+ limited no. of morphological characters
-+ overlapping in morphological

characters
-+ Some atypical isolates
-+ Difticulties in sporulation
-+ Lack of expertise for identification
-+ The need of molecular characterization

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL




THE MODERN ERA

AND THE
PHYLOGENETIC - SPECIES




Phytophthora molecular markers

White et al. 1990, Primers— ITS 1,2,3,4,5 Lee and Taylor 1992- 1993
First phylogeny

ITS +28S

Cooke et al 1996 & 1997
Group I — papillated — HO, RFLP

Cooke- et al 2000. phylogeny

~ g
LTS5 GEAACTAAMAGTCGTAACAAGE [T54 TCCTCCGCTTATTCATATED

T _avemp

Martin and Tooley 2003 g \\\ J// /“iﬁ%’i
mt Cox I sequencing phylogeny | ‘::x?‘j i gy 48

Phytophthora

Kroon et al. 2004 q B T
Tef Y

mt Cox II

mt nadl1

B- tubulin

Jaime Blair and Michael Coffey. 2007. Seven Nuclear and Mitochandrial Markers

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL
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LE Bl et o, | Fungal Genetics and Biology 45 (2008) 2%66-277

Tabbk 1
Primers wsed in this study Tor DNA amphification and sequencing

® Reference

Locus Primer mame  Primer sequence (5'-3) Cenomic Promer Ta
U nscripst® conding e
288 Ribosmal DNA LEOR-O ACCCGCTGAACTY AAGC Ksa3nd 25-41 53 Moncalve el al
(1995)
LEUFim® TTGACGAAA TGGAGCGAT HE-R1T This study
LEU R "™ ' CACACCCTAACACT TG BRO-RaD This study
LEA-0 CGOCAGACGAGCTTACT 13661350 Riethmuller et sl
(2002)
1237 1636 This study

A8 Fibosemnal protem  SISL1E for

Lio AIELI o ACTTCTTGGAGOCCAGCAC 512-493 This study

Hets-tububin Biul_F TGGOGAGGTCATC 72,114 27 This study
Biulk_F GOGUARGTSAT 52 This study
Biub_F. H1-310 Kroon el al. (2004)
Bk GATCCACTCAACGAAGTACG W35-1016 This study
Bk CCTGGTACT GCTGGTACTCAG 1278-1250 Koo el al. {2004)
Biul COTGGTACT GOTGOTAY TCMGA 12741258 This study

Elengation facter 1 EF1A_FL 'CT. T 7393 This study
sl EF1A _for T g 212-231 Koo el 2. {2004)
Cladn & EF1A_R2° : 917-89 This stuady
EF1A_rev 11851164 Kroon et al. (2004)
EF1A_RL 4 TCACCGACTT 12971278 This study

Enl_for - : : 3654 This study
Enl_FY : GAGGT 18 This study
Enl_rev COTCCTCAATACGMAGAAGC 12851269 This study

Heat shock protem 90 HEPF1 GUTGGACACGGACAAGAACT 171190 This study
HEPH)_F lint* 195218 This study
HEPMO F¥ T il BE-RET This study
HEMO FF T 1W39-1057 This study
RI* FACRAACGACAG 1W91-1072 This study
B2 COTGTCOTACAGCAGOCAGA 1935-1914 This study
Tigh gene fuden Ti TIOGTOGGCGGYAACTGG 354
pretsin ¥ T HRGUOOYAAYTGGAA 2644
GUCTACATCACGOAGCARA d24-442
GAPDH_for®  TOGCYATCAACGGMTTOGG TI9-79
Tig_rev® COGAAKCCGTTGATRGOGA HI-TH
GAPDH_rev  GOCCCACTCOR CRTACCAC 1719- 169 This study

Clade 3

Available online at www.sciencedirect.com
e d S
ey, . . TR
*.” ScienceDirect FuNADGENENCS
anp BroroGy
Fungal Geneties and Biology 45 (2008) 265-277

www ekevier comflocate/yighi

A multi-locus phylogeny for Phytophthora utilizing markers
derived from complete genome sequences

Jaime E. Blair *, Michael D. Coffey ™*, Sook-Young Park *,
David M. Geiser * Seogchan Kang *

* D of Plant Patholagy, The Pessybasia State D Unniversity Park, PA 1682, US4

® Deperrtment of Plant Pathalogy and Microbiology, University of Californis, Riverside, C4 92521, USA

Clade 10 Received 73 April 2007 acoepted 15 October 2067

Privum i Avalable ealine 23 October 2007
Prrihium andulaniem

Clade 8

. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL




24 Species of Phytophthora described after Erwin and Ribeiro (1996) 7/25/08

1998
P. multivesiculata llieva, Man in’t Veld, Veenbaas-Rijks & Pieters
1999

P. quercina Jung

2001

P. tropicalis Aragaki & Uchida

P. oryzo-bladis (Wang and Lu) Ho

P. pistaceae Mirabolfathy

P. polygony Zheng & Ho

P. ramorum Werres, de Cock & Man In’t veld
2002

P. europaea Hansen & Jung

P. psichrophila Jung & Hansen

P. uliginosa Jung & Hansen

P. brassicae de Cock and Man in’t Veld

P. ipomoeae Flier & Grunwald

2003

P. inundata, Brasier, Sanchez-Hernadez & Kirk
P. pseudosyringae Jung & Delatour

2004

P. alni Brasier & Kirk

P.inundata, Brasier, Sanchez-Hernadez & Kirk
P. hedraiandra de Cock & Man in’'t Veld

P. polygony Zheng & Ho

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL

2005

P. kernoviae Brasier, Beales & Kirk

2006

P. captiosa Dick & Dobbie

P. fallax Dick & Dobbie

P.foliorum Donahoo & Lamour

P.polonica Belbahri, Melgarejo & Leford
2007

P. alticola Maseko, Coutinho & MJ Wingf.

P. austrocedrae Gresl. & Hansen

P. frigida Maseko, Coutinho & MJ Wingf. (2007)
P. siskiyouensis Reeser & EM Hansen (2007)
2008

P. bisheria Abad ZG, Abad JA & Louws

P. gallica T Jung T & J Nechwatal

P.irrigata C Hong & M Gallegly (2008)

P. parsiana Mostowfizadeh, Cooke &
Banihashemi

P. pinifolia AJ. Duran, Gryzenh. & MJ Wingf.
P. quercetorum Balci & Balci




Phytophthora ‘taxons’ in process for official description
Many species in progress for official descriptions. Some examples....

13 species in progress for official description 16 putative new species
>P. sp. andina Forbes et al. MIKE COFFEY'S GROUP

>P. sp. asparagi Cooke et al »>P. sp. carica

>P. taxon ‘cranberry’ Oudemans et al. »P. sp. cuyabensis

>P. sp. glovera Abad & Shew > P.sp. erwinii

> P. sp. kelmania Abad ZG & Abad JA »P. sp. lagoariana

> P.sp. morindae Abad ZG & Nelsgn S »Phytophthora sp. novaeguinee

>P. sp. niederhauserii Abad ZG & Abad JA »P. sp. oregonsis

»>P. sp. pelgrandis Nirenberg & Gerlarch »>P. sp. sansomea
< .
> P. sp. personii Abad ZG et al. »>P. sp. sulawesiensis

>P. sp. quercetorum Balci & Balci »>P. sp. zentmeyerii
>P. sp. fragaefolia Shirai K & Shinmura CLIVE BRASIER GROUP

>P. sp. hungarica Belbahri,L., Lefort,F., Five putative new species in P. megasperma

Calmin,G. and Oszako,T. - complex

>P. sp. sylvatica Belbahri,L., Lefort,F., DAVID COOKE (4), GLORIA ABAD (2)

Calmin,G. and Oszako,T. Six putative new species in P. insolita complex

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL
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= INTEGRATED MORPHOLOGICAL/PHYLOGENTIC KEY-2007

INTEGRATED MORPHOLOGICAL/MOLECULAR (PICTORIAL/PHYLOGENTIC)
KEY FOR THE IDENTIFICATION OF 80 2?2 [PHYTOPHTHORA| SPECIES
SPECIES IN COOKE CLADE 2

ASEXUAL STAGE

SPORANGIOPHPORE SPORANGIA CHLAMYDOSPORES .HYPHAL SWELLINGSI
P. tropicalis

Phytophthora capsici Leonian (1922)

SP

P. inflata

Pe -
Pr +
ABSENT ABSENT Ch -
Hs -

SP

Pe -
Pr_-
ABSENT ABSENT Ch -
Hs -

P?

C +
Pe L
Pr_-
Ch +/-
Hs +

SP

P. glovera 11099-23
e

Pe -
Pr_-
ABSENT ABSENT Ch -
Hs -

Abad P D BYAV/A= PPO/PHP/PSP D



INTEGRATED
MORPHOLOGICAL/PHYLOGENTIC
KEY-2007

Phytophthora species
iIn CLADE 2

In Progress by ZG Abad

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL
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Py A 1)

SPECIES IN ITS rDNA CLADE 2|

Z.Gloria Abad USDA/APHIS/MDL, Mike Coffey World Phytophthora Collection

e P = PAPILLA
d v

+ UH -}, Pe = PEON = SA

:L = LONG), Pr = PROLIFERATION (+ OR -}, Ch = CHLAMYDOSPORES (+, -, +/-), Hs = HYPHAL SWELLINGS (+, -, +-),

ASEXUAL STAGE

SPORANGIOPHPORE

SPORANGI

CHLAMYDOSPORES

HYPHAL SWELLINGS

SEXUAL STAGE: OOGONIA,
ANTHERIDIA, OOSPORES

COMMENT 3

HCBI ACCESSION #

P. capsici

HOT COMMON

rare, 16-30 pm

NOT COMMON

ASEXUAL STAGE: Sporangiophore simple sympodia, and
sympodia. Sporangia papillate, variable in shape, mosthy
ovoid to elipsoid, others globose, obturbinate. Many with
two or more papillae. Caducous with long pedicels
Chlamydospores & Hyphal swellings not common
SEXUAL STAGE: Hetherotallic. Oogonia smooth.
Antheridia amphigynous. Dospore plerotic. T% 38C
DISTRIBUTION: Cosmopelitan

HOSTS: Capsicum, Carica, Citrullug, Cucumis, Cucurbita,
Lycopersicon.

2b

ITS

TEF 1 alpha

B-tubulin

&4

e 24

ABSENT

ABSENT

ASEXUAL STAGE: Sporangiophore unbranched or simple
sy@.‘ﬂ)miwillﬂtﬂuﬁp}rrifﬂrm, obclavate,

pei istentﬂwrthwchment
Chlamydospo and Hyphal swellings not known
SEXUAL STAGE: Antheridia paragynous and amphyginous

Oogonia smooth. Dospores aplerotic. T 350

DISTRIBUTION: Brazil
HOSTS: Tobacco

ITS

TEF 1 alpha

B-tubulin

MEEEEENELE

- @
44 -55x19-27

common 27-34 pm

G. Abad, Ph. D. USDA/APHIS/PPQ/PHP/PSPI/MDL

ABSENT

25-41 (av. 34) um

ASEXUAL STAGE: Sporangiophore umbeliaie and simple symgodia.
Sporangia papillaie elipsoid and obpyrifoem wit conpicucshy
tapered bases.

Chlamydospores commen

Hyphal swellings absent

SEXUAL STAGE: Hetherothallic. Antheridia amphigynous
Oogonia smooh. Oospores plersic. T° < 35C

DISTRIBUTION: Cozmopaolitan

HOSTS: Black pepper, cocea, macadamia, Rhododendron

ITS

TEF 1 alpha

B-tubulin

In Progress by ZG Abad
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Workshop Announcement - Description - Organizers
Program - Call for Papers

Integration of Traditional and Modern Approaches for
Investigating the Taxonomy and Evolution of
Phytophthora, Pythium and Related Genera

August 23-24, 2008 - Turin, Italy

First Announcement and Call for Papers
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