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The phylogeny of 116 spocies and varicties of Probiwn was studied wing parsmony and phenctic analysis of e
region of the muckear ribowomal DINA, The 1, D2 and 13 regioas of the adjacent lange subunia nisclear ribosomal

NA

of half the Pyihien saraims were abia soquencod and gave @ phylopeny congraent with the ITS data. All the 30 prescaly
available ex-type straims were included in this study, as well 3 2 seyuences of recontly described specie from Gen sk
Spesies for which 50 ex-1y7 stralms were available were represensed by cither authentic strains {6, sirains usod in

1981 manograph of the penus by van der Plasts-Niterink (3
Parsimony snalyvhs gencrased

¢ strains sebecsed on morphological criteria {17).

miaar clades representing the Probi spocics with filamensous or ghobose sporangia

A sinall chade of spesien with contiguous sporingia was found in beiween the twe main clades. A total nusher of 11
smaller clades was rrongnized, which ofien correlated with hosi-type or substrate and in scveral cases with  subsct of

merphological charceen. Many characien wiod in s

P wach . did mot correlate

with phybageny. A comparison of the ex-type and representative strasns with all ITS sequences of Pyrhium in CenBank
reveaed limited infraspecific vasation with the eucpaion of . rostratwm, . iregulave, I*. heterothallicun, amd

P witimsn, The toea] number of spocies cxamined was 116 tinchoding 60 ex-type straims). Twenty-sis species had 115
seuences identical o nearly identacal to formerly described species, suggesting possible copspocificity, The impontance of
comparing ITS sequences of patalive Hew spces 1o the now arailable TS databass im order to avoid mwarranied new

species namen being introduced

INTRODUCTION

The monograph by van der Plaats Niterink (1981) and
the keys of Dick (1990) are the most recent toals
available to identify most deseribed species of the genus.
Pythinw. The historical lack of consensus on the most
importan morphological characteristics for identifi-
cation (Matsumote e of. 199), the high variability
within the most important stroctures and considerable
averlap among species. and 1he absence of dlagnostic
morphological structures for many isolates or species,
all contribute to potential errors in identification,
especially for those lacking many years of expericnce
working with this genus.

Few reyions have boen used n DNA soquence-based
phylogenetic studies of Ganryeeres. The nuckear rNA
s the main region that has been wsed in phylogenatic

studies of genern and species within the Supalegmio-
mveeridae, meluding some speckes of the penus
Prrhium, Dick er ol (1999) sequenced the complete
small nuckear ribosomal subanit of 14 species of
Oompcetes, including P, monospermum and P, wn-
shelaran, which they named Phytophibara wdulata.
Briard ¢1 al. (1995) sequenced the D2 domain of the
large nuclcar ribosomal subuniy (LSL) of 14 species of
Pythium and Phryiophthora in s study on the evolution
of some Pyiiacese. The B and pari of the D2 region
of LSU was sequenced in phylogenctic siudics of
Eamyeetes for close 1o 40 species thal included Py thivm
arvilietomii, P. undulanem, also named Pleyrophthora
wmiuliia, and an unknown Prehiwn sp. (Riethmiiller,
Weill & Oberainkler 19990, for over M0 species includ-
ing . aphamideemmatun (Petersen & Rosendahl 2000),
for a study Focusing more on Peronoporades which

* Covreponding author

included P, v I3 4, P. aphnider-
matunt and two nknown Py thie species (Riethmiller

Lévesque & De Cock - 2004
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IS firee of 1251 Pyl species

Correlation of clustering and sporangium type

Contiguous

— | A Tree generated by
i parsimony analysis with

PAUP of ITS sequences

of all Pythium species

) _ available in culture.
! > Filamentous Clades are labeled as in
Lévesque and De Cock
[ ] inflated (2004).
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SporangiimSPEsNRIEVAINTT

iguou
globose

globose,
internally proliferating

Fig. 4 Pythium Yu. (-4 ia: 5.6. Conti ia (hyphal swelli 7-11.
Oogonia, antheridi and oospores {S 69~6, type).
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Clacjonitig orne2arrerion

Cmr - each of the clades with
== (4 globose sporangia

s T - the clade with contiguous spg
. :’“:t - in none of the clades with

Ll
P Y
aphanidermatum CBS11880 TS
deliense CBS31433 ITS.

T ) filamentous sporangia

zingherss CBS21682 ITS
myrotylum CBS25470 TS
suicatum CBS0373 TS

50 changes
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Cacjapitiis) a2 arrerriof]

738

adhaerens CBS52074 IS
s e
el n
aphanidermatum CBS11880 ITS
deliense CBS31433 1S
s cosess s

92

i Pythium spinosum

50 changes



4 insidiosum CBS57485 TS } ( ‘
grandisporangium CBS28679 ITS

Clade C: Morphology and
habitat very different;
phylogenetic relatedness
not confirmed by COTI and
showing differences
between Maximum
Likelihood and Parsimony
analyses for LSU.

G

gg 2; Eythium mmlﬁgqum Fell & Master.=- a, b.
onia.==c=a. Young, developing s ==f-3.
Socangish q pLOg sporangid.--£-3. Mature

P. grandisporangium P. insidiosum
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Clacjonitig orne2arrerion

violae CBS13237 ITS
viniferum CBS119168 ITS
s
kunmingense CBS55088 TS
spinosum CBS27567 ITS
CBSASIT TS
terrestris CBS112352 TS
rum CBS15764 TS
L——— manillaum CBS25128 TS
irrequiare CBS25028 TS
cryploiregulare CBS118731 TS
um CBSZ1894 TS

insidiosum CBS57485 ITS

‘adhaerens CBS52074 TS
chondricola CBS20385 TS
porphyrae CBS36979 ITS

‘aphanidermatum CBS11880 TS

Q2 delense CBSIT TS

vanterpdoli CBS29537 TS
phragmits CBS117104 1TS
m CBS26338 ITS

= Pythium carbonicum

m
plurisporium CBS100530
1z

s
racheiphium CBS32365 ITS
conidophorum CBS22388 ITS
salpingophorum CBS47150 ITS.
scleroteichum CBS29437 TS B
iberis CBS21682 TS
otylum

—— 50 changes
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Clacjonitig orne2arrerion

ingense s
spinosum CBS27567 ITS

. P erinaceus
ol | clade E

CBS25028 IT
Mllare cosETan T
CBS218941TS
abepmesoram CHS 1018 1S

ﬂlmmmm CBS40672 ITS}

mm:sins 1C

CBS369791TS

f= = el cross septa are present in part of

i the spines in Pythium ernaceus,
=y P. echinulatum, P. radiosum, and
ﬁ% B P. ornacarpum

monospermum CBS15873 TS J

50 changes
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Clacjonitig orne2arrerion

insidiosum CBS57485 ITS

‘adhaerens CBS52074 ITS.
et
P Y
aphanidermatum CBS11880 TS
deliense CBS31433 ITS. :
b

92

plurisporium CBS100530 TS
‘racheiphium CBS32365 ITS.

monospermum CBS15873 TS J

50 changes
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Clacjonitig orne2arrerion

um
Kunmingense CBS55088 TS,
spinosum CBS27567 TS
71TS
Terresiis CBS112352 TS
jum CBSIS7641TS
mamiletm CBS25128 TS
ineguiare CBS25028 TS
cryplorneguiare CBS118731 TS
o CBS218941TS
abepmesoram CHS 1018 1S
dmorphum CBSA0672 TS
unduium CBSIS769 TS
anandum CBS28531 TS H
helicandum CBS30354 TS

insidiosum CBSS7485 TS }, C
‘adhaerens CBS52074 ITS.
chondricola CBS20385

Tts
cassoorants - A\

‘aphanidermatum CBS11880 TS

deliense CBS31433 11
92 Vanterpooli CBS29537 TS
phagmits CBSI17104 TS
m CBS26338 TS,
ci s

statum o
nuatur s
hizo oryzae CBS119169 TS
foliculosum CBS22094 ITS
tolurosum CBS31633 TS . .
CBS69983 ITS.
BS100530 ITS
‘racheiphium CBS32365 ITS.
conidophorum CBS22388 ITS
salpingophorum CBS47150 ITS.
scleroteichum CBS29437 TS B

monospermum CBS15873 TS J

50 changes
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Clacjonitig orne2arrerion

insidiosum CBS57485 ITS

‘adhaerens CBS52074 TS
chondricola CBS20385 TS
porphyrae CBS36979 ITS
‘aphanidermatum CBS11880 TS
deliense CBS31433 1TS
/anterpdoli CBS29537 TS

92

angustatum
nulatum CBSB42 o o
foliculosum CBS22094 ITS
tolurosum CBS31633 TS
volutum CBS69983 ITS
BS100530 ITS
conidophorum CBS22388 ITS
salpingophorum CBS47150 ITS.
scleroteichum CBS29437 TS B
iberis CBS21682 TS
otylum
BS60373

—— 50 changes
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cucurbitacearum CBS74896 ITS
indigoferae CBS26130 ITS
vexans CBS11980 ITS

___:msmaehyphon CBS25930 ITS
helicoides CBS28631 ITS

citinum CBS119171 ITS
_E:mm CBS118360 TS > K
carbonicum CBS112544 ITS
montanum CBS111349 TS
I oedochilum CBS29237 ITS

ostracodes CBS76873 ITS
l—I c boreale CBS55188 ITS
megacarpum CBS112351 [TS

J

to be closer to Phytophthora.

Sporangia and oogohia may show
similarity to Phytophthora,
however, zoospore discharge is
Pythium-like.

The clade represents a genus
intermediate between Phytophthora
and Pythium for which the name
Phytopythium is proposed.

P. carbonicum P. ostracodes
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rostratifingens CBS115464 ITS
rostratum CBS53374 ITS
marsipium CBS773811TS

multisporum CBS47050 ITS
_r minus CBS22688 ITS

pleroticum CBS77681 ITS

parvum CBS22588 ITS AI ( = (e UOVOIU
rhizosaccharum CBS112356 ITS
—  Tiddetonii CBS52874 ITS > E
. r segnitium CBS112354 ITS

elongate, nonproliferating
longandrum CBS112355 ITS o .
T nypogynum Coszs404 15 sporangia; mostly a single,
_%*iﬁlfﬂﬂggiéﬁ%?%? hypogynous antheridium.
echinulatum CBS28164 ITS

ennaceus CBS50580 ITS Y,
ormnacarpum CBS112350 ITS

P. echinulatum
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jasmonium CBS101876 ITS
mastophorum CBS37572 ITS
uncinulatum CBS51877 ITS

p buismaniae CBS28831 ITS

—

b polymastum CBS81170ITS

cystogenes CBS67585 ITS

perplexum CBS67485 ITS

p— gcanthophoron CBS33729 ITS
b NOdosum CBS102274 TS

= nunn CBS80896 ITS

f orthogonon CBS37672 IS

P. polymastum

Clade J: only the subclade
P. jasmonium-polymastum is
morphologicaly distinct:
large oogonia with conical

spines, thick-walled

oospores, large globose

sporangia.
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splendens CBS46248 ITS ~N

ultimum v spor CBS21965 ITS
ultimum v ult CBS39851 ITS

violae CBS17886 ITS - I

100 heterothallicum CBS45067 ITS
glomeratum CBS119165 ITS

glomeratum CBS120914 ITS J

Clade I: No obvious common
morphological characters in this
clade. Most species do not
produce zoospores.
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nagaii CBS77996 ITS
okanoganense CBS31581 IS

paddicum CBS69883 ITS
iwayamai CBS15664 ITS

canariense CBS112353 ITS
violae CBS15964 ITS >,

Clade 6: ovoid, internally proliferating
sporangia and smooth oogonia.
Ornamentation on the oogonia of 7.
paddicum is unique. Other characters
variable. Mainly from monocotyledons
in Asia and the USA.
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intermedium CBS26638 ITS \
salinum CBS113341 ITS
macrosporum CBS57480 ITS

lucens CBS113342 ITS
= violae CBS13237 ITS
[ viniferum CBS119168 ITS
100 i debaryanum CBS75296 ITS

kunmingense CBS55088 ITS
spinosum CBS27567 TS >F
| sylvaticum CBS45367 ITS
—L terrestris CBS112352 ITS

- paroecandrum CBS15764 ITS
b Mamiillatum CBS25128 ITS

P jrregulare CBS25028 ITS
: cryptoirregulare CBS118731 ITS
cylindrosporum CBS21894 ITS
abappressorium CBS110198 ITS y,

Clade F: important, fast growing
phytopathogenic species with a worldwide
distribution. Globose non-proliferating sporangia
or hyphal swellings present. Most species do not
or rarely produce zoospores.
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dimorphum CBS40672 ITS
undulatum CBS15769 ITS

anandrum CBS28531 ITS
helicandrum CBS39354 ITS

prolatum CBS84568 ITS

. Very large, ovoic
to elongate, internally
proliferating sporangia and
ornamented oogonia.

P undulatum P. helicandrum




acanthicum CBS37734 ITS
periplocum CBS28931 ITS

hydnosporum CBS25360 ITS
amasculinum CBS55288 ITS

oligandrum CBS38234 ITS

Clade D: Contiguous sporangia,
oogohia with acute spines.
Antheridia absent or entirely
attached to oogonium,
constricted. Mycoparasites.

P. oligandrum
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insidiosum CBS57485 ITS
grandisporangium CBS28679 ITS

+C

not confirmed by COT and
showing differences
between Maximum
Likelihood and Parsimony
analyses for LSU.

FPig 2. Pythium Fall &
Gogonia.==c=a.

Master.-- a, b.
el - developing sporangis.--f-1. Mature

P. grandisporangium P. insidiosum
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adhaerens CBS52074 ITS )

chondricola CBS20385 ITS

porphyrae CBS36979 ITS
aphanidermatum CBS11880 ITS
deliense CBS31433 ITS »

growth, often intercalary
antheridia. From
dicotyledons in warmer
regions.




Centraalbureau voor Schimmelcultures

inflatum CBS16868 ITS

perilum CBS16968 ITS
angustatum CBS52274 ITS
catenulatum CBS84268 TS
rhizo oryzae CBS119169 TS
folliculosum CBS22094 ITS
tolurosum CBS31633 ITS
volutum CBS69983 ITS
m— plurisporium CBS100530 ITS

100

scleroteichum CBS29437 ITS
zingiberis CBS21682 ITS

& 9 myriotylum CBS254701TS
sulcatum CBS60373 ITS
contiguanum CBS22194 ITS
60 dissimile CBS15564 ITS

apleroticum CBS77281 ITS
aquatile CBS21580 ITS
sukuiense CBS1100301TS
pachycaule CBS22788 ITS
marinum CBS75096 ITS
coloratum CBS15464 |ITS
dissotocum CBS16668 ITS
diclinum CBS66479 ITS
lutarium CBS22288 ITS
capillosum CBS22294 TS
flevoense CBS23472 ITS

™ monospermum CBS15873 TS

vanterpoolii CBS29537 ITS
phragmitis CBS117104 ITS

_% aristosporum CBS26338 ITS
arrhenomanes CBS32462 TS

graminicola CBS32762 ITS

tracheiphilum CBS32365 ITS
conidiophorum CBS22388 ITS
salpingophorum CBS47150 ITS

P. apleroticum-cluster:
filamentous non-inflated
sporangia, smooth oogonia,
moderate growth rate.
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USPECIESESPECIHICEmOrEPIDIoGYs

P intermedium
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Characiers ihats showrnorsignificanis correlaiion witin clusierings

- oospore wal thickness
* apressoria
* heterothallism

+ etc.



- some clades are characterized by a subset of
characters

* most characters do not correlate with
evolutionary patterns but they are useful for
identification



