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Tree generated by 
parsimony analysis with 
PAUP of ITS sequences 
of all Pythium species 
available in culture. 
Clades are labeled as in 
Lévesque and De Cock 
(2004).
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oogonia are present in
- each of the clades with 

globose sporangia 
- the clade with contiguous spg
- in none of the clades with   

filamentous sporangia

Oogonium ornamentationOogonium ornamentation
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Ornamentation of  
oogonia in Clade F is 
typically digitate

Pythium spinosum

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

Correlation of clustering and other morphological charactersCorrelation of clustering and other morphological characters

P. grandisporangium P. insidiosum
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Pythium carbonicum
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Oogonium ornamentationOogonium ornamentation
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P. erinaceus
clade E

cross septa are present in part of 
the spines in Pythium ernaceus, 
P.  echinulatum, P. radiosum, and 
P. ornacarpum

Oogonium ornamentationOogonium ornamentation
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tracheiphilum CBS32365 ITS
conidiophorum CBS22388 ITS

salpingophorum CBS47150 ITS
scleroteichum CBS29437 ITS
zingiberis CBS21682 ITS
myriotylum CBS25470 ITS

sulcatum CBS60373 ITS
contiguanum CBS22194 ITS
dissimile CBS15564 ITS

pyrilobum CBS15864 ITS
apleroticum CBS77281 ITS

aquatile CBS21580 ITS
sukuiense CBS110030 ITS

pachycaule CBS22788 ITS
marinum CBS75096 ITS

coloratum CBS15464 ITS
dissotocum CBS16668 ITS
diclinum CBS66479 ITS

lutarium CBS22288 ITS
capillosum CBS22294 ITS
flevoense CBS23472 ITS

monospermum CBS15873 ITS
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P. jasmonium sp. nov.

clade J

Oogonium ornamentationOogonium ornamentation
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Saprolegnia parasitica CBS113187 ITS
Saprolegnia ferax CBS30537 ITS

cucurbitacearum CBS74896 ITS
indigoferae CBS26130 ITS
vexans CBS11980 ITS

chamaehyphon CBS25930 ITS
helicoides CBS28631 ITS

citrinum CBS119171 ITS
litorale CBS118360 ITS

carbonicum CBS112544 ITS
montanum CBS111349 ITS

oedochilum CBS29237 ITS
ostracodes CBS76873 ITS

boreale CBS55188 ITS
megacarpum CBS112351 ITS

rostratifingens CBS115464 ITS
rostratum CBS53374 ITS

marsipium CBS77381 ITS
multisporum CBS47050 ITS

minus CBS22688 ITS
pleroticum CBS77681 ITS
parvum CBS22588 ITS

rhizosaccharum CBS112356 ITS
middletonii CBS52874 ITS

segnitium CBS112354 ITS
longandrum CBS112355 ITS

acrogynum CBS54988 ITS
hypogynum CBS23494 ITS

apiculatum CBS120945 ITS
radiosum CBS21794 ITS

echinulatum CBS28164 ITS
erinaceus CBS50580 ITS
ornacarpum CBS112350 ITS

jasmonium CBS101876 ITS
mastophorum CBS37572 ITS

uncinulatum CBS51877 ITS
buismaniae CBS28831 ITS
polymastum CBS81170 ITS

cystogenes CBS67585 ITS
perplexum CBS67485 ITS

acanthophoron CBS33729 ITS
nodosum CBS102274 ITS

nunn CBS80896 ITS
orthogonon CBS37672 ITS

splendens CBS46248 ITS
ultimum v spor CBS21965 ITS

ultimum v ult CBS39851 ITS
violae CBS17886 ITS

heterothallicum CBS45067 ITS
glomeratum CBS119165 ITS

glomeratum CBS120914 ITS
nagaii CBS77996 ITS

okanoganense CBS31581 ITS
paddicum CBS69883 ITS
iwayamai CBS15664 ITS

canariense CBS112353 ITS
violae CBS15964 ITS

intermedium CBS26638 ITS
salinum CBS113341 ITS

macrosporum CBS57480 ITS
lucens CBS113342 ITS
violae CBS13237 ITS

viniferum CBS119168 ITS
debaryanum CBS75296 ITS
kunmingense CBS55088 ITS

spinosum CBS27567 ITS
sylvaticum CBS45367 ITS
terrestris CBS112352 ITS

paroecandrum CBS15764 ITS
mamillatum CBS25128 ITS

irregulare CBS25028 ITS
cryptoirregulare CBS118731 ITS

cylindrosporum CBS21894 ITS
abappressorium CBS110198 ITS

dimorphum CBS40672 ITS
undulatum CBS15769 ITS

anandrum CBS28531 ITS
helicandrum CBS39354 ITS
prolatum CBS84568 ITS

acanthicum CBS37734 ITS
periplocum CBS28931 ITS
hydnosporum CBS25360 ITS
amasculinum CBS55288 ITS
oligandrum CBS38234 ITS

insidiosum CBS57485 ITS
grandisporangium CBS28679 ITS

adhaerens CBS52074 ITS
chondricola CBS20385 ITS
porphyrae CBS36979 ITS

aphanidermatum CBS11880 ITS
deliense CBS31433 ITS

vanterpoolii CBS29537 ITS
phragmitis CBS117104 ITS

aristosporum CBS26338 ITS
arrhenomanes CBS32462 ITS

inflatum CBS16868 ITS
graminicola CBS32762 ITS
periilum CBS16968 ITS

angustatum CBS52274 ITS
catenulatum CBS84268 ITS
rhizo oryzae CBS119169 ITS

folliculosum CBS22094 ITS
tolurosum CBS31633 ITS

volutum CBS69983 ITS
plurisporium CBS100530 ITS

tracheiphilum CBS32365 ITS
conidiophorum CBS22388 ITS

salpingophorum CBS47150 ITS
scleroteichum CBS29437 ITS
zingiberis CBS21682 ITS
myriotylum CBS25470 ITS

sulcatum CBS60373 ITS
contiguanum CBS22194 ITS
dissimile CBS15564 ITS

pyrilobum CBS15864 ITS
apleroticum CBS77281 ITS

aquatile CBS21580 ITS
sukuiense CBS110030 ITS

pachycaule CBS22788 ITS
marinum CBS75096 ITS

coloratum CBS15464 ITS
dissotocum CBS16668 ITS
diclinum CBS66479 ITS

lutarium CBS22288 ITS
capillosum CBS22294 ITS
flevoense CBS23472 ITS

monospermum CBS15873 ITS
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Pythium solare sp. nov.
Clade I

Oogonium ornamentationOogonium ornamentation
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Saprolegnia parasitica CBS113187 ITS
Saprolegnia ferax CBS30537 ITS

cucurbitacearum CBS74896 ITS
indigoferae CBS26130 ITS
vexans CBS11980 ITS

chamaehyphon CBS25930 ITS
helicoides CBS28631 ITS

citrinum CBS119171 ITS
litorale CBS118360 ITS

carbonicum CBS112544 ITS
montanum CBS111349 ITS

oedochilum CBS29237 ITS
ostracodes CBS76873 ITS

boreale CBS55188 ITS
megacarpum CBS112351 ITS

rostratifingens CBS115464 ITS
rostratum CBS53374 ITS

marsipium CBS77381 ITS
multisporum CBS47050 ITS

minus CBS22688 ITS
pleroticum CBS77681 ITS
parvum CBS22588 ITS

rhizosaccharum CBS112356 ITS
middletonii CBS52874 ITS

segnitium CBS112354 ITS
longandrum CBS112355 ITS

acrogynum CBS54988 ITS
hypogynum CBS23494 ITS

apiculatum CBS120945 ITS
radiosum CBS21794 ITS

echinulatum CBS28164 ITS
erinaceus CBS50580 ITS
ornacarpum CBS112350 ITS

jasmonium CBS101876 ITS
mastophorum CBS37572 ITS

uncinulatum CBS51877 ITS
buismaniae CBS28831 ITS
polymastum CBS81170 ITS

cystogenes CBS67585 ITS
perplexum CBS67485 ITS

acanthophoron CBS33729 ITS
nodosum CBS102274 ITS

nunn CBS80896 ITS
orthogonon CBS37672 ITS

splendens CBS46248 ITS
ultimum v spor CBS21965 ITS

ultimum v ult CBS39851 ITS
violae CBS17886 ITS

heterothallicum CBS45067 ITS
glomeratum CBS119165 ITS

glomeratum CBS120914 ITS
nagaii CBS77996 ITS

okanoganense CBS31581 ITS
paddicum CBS69883 ITS
iwayamai CBS15664 ITS

canariense CBS112353 ITS
violae CBS15964 ITS

intermedium CBS26638 ITS
salinum CBS113341 ITS

macrosporum CBS57480 ITS
lucens CBS113342 ITS
violae CBS13237 ITS

viniferum CBS119168 ITS
debaryanum CBS75296 ITS
kunmingense CBS55088 ITS

spinosum CBS27567 ITS
sylvaticum CBS45367 ITS
terrestris CBS112352 ITS

paroecandrum CBS15764 ITS
mamillatum CBS25128 ITS

irregulare CBS25028 ITS
cryptoirregulare CBS118731 ITS

cylindrosporum CBS21894 ITS
abappressorium CBS110198 ITS

dimorphum CBS40672 ITS
undulatum CBS15769 ITS

anandrum CBS28531 ITS
helicandrum CBS39354 ITS
prolatum CBS84568 ITS

acanthicum CBS37734 ITS
periplocum CBS28931 ITS
hydnosporum CBS25360 ITS
amasculinum CBS55288 ITS
oligandrum CBS38234 ITS

insidiosum CBS57485 ITS
grandisporangium CBS28679 ITS

adhaerens CBS52074 ITS
chondricola CBS20385 ITS
porphyrae CBS36979 ITS

aphanidermatum CBS11880 ITS
deliense CBS31433 ITS

vanterpoolii CBS29537 ITS
phragmitis CBS117104 ITS

aristosporum CBS26338 ITS
arrhenomanes CBS32462 ITS

inflatum CBS16868 ITS
graminicola CBS32762 ITS
periilum CBS16968 ITS

angustatum CBS52274 ITS
catenulatum CBS84268 ITS
rhizo oryzae CBS119169 ITS

folliculosum CBS22094 ITS
tolurosum CBS31633 ITS

volutum CBS69983 ITS
plurisporium CBS100530 ITS

tracheiphilum CBS32365 ITS
conidiophorum CBS22388 ITS

salpingophorum CBS47150 ITS
scleroteichum CBS29437 ITS
zingiberis CBS21682 ITS
myriotylum CBS25470 ITS

sulcatum CBS60373 ITS
contiguanum CBS22194 ITS
dissimile CBS15564 ITS

pyrilobum CBS15864 ITS
apleroticum CBS77281 ITS

aquatile CBS21580 ITS
sukuiense CBS110030 ITS

pachycaule CBS22788 ITS
marinum CBS75096 ITS

coloratum CBS15464 ITS
dissotocum CBS16668 ITS
diclinum CBS66479 ITS

lutarium CBS22288 ITS
capillosum CBS22294 ITS
flevoense CBS23472 ITS

monospermum CBS15873 ITS
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Pythium paddicum
Clade G

Oogonium ornamentationOogonium ornamentation
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Correlation of clustering and Correlation of clustering and 
other morphological charactersother morphological characters
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Clade K: sporangia globose to ovoid 
with papilla and often proliferating 
internally, large, oogonia, thick-
walled oospores, 1–2 elongate 
antheridia, laterally applied to the 
oogonium.

Sequence analysis shows this clade
to be closer to Phytophthora. 
Sporangia and oogonia 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.

Correlation of clustering and other morphological charactersCorrelation of clustering and other morphological characters

P. ostracodesP. carbonicum
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Clade E: P. 
rostratifingens-clade: 
globose, proliferating 
sporangia or globose hyphal
swellings. Oogonia smooth 
P. segnitium-clade: ovoid to 
elongate, nonproliferating
sporangia; mostly a single, 
hypogynous antheridium. 

P. multisporum

P. echinulatum

Correlation of clustering and other morphological charactersCorrelation of clustering and other morphological characters
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Clade J: only the subclade
P. jasmonium-polymastum is 
morphologicaly distinct: 
large oogonia with conical 
spines, thick-walled 
oospores, large globose
sporangia.

P. polymastum

Correlation of clustering and other morphological charactersCorrelation of clustering and other morphological characters
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Clade I: No obvious common 
morphological characters in this 
clade. Most species do not 
produce zoospores. 

Correlation of clustering and other morphological charactersCorrelation of clustering and other morphological characters
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Clade G: ovoid, internally proliferating 
sporangia and smooth oogonia. 
Ornamentation on the oogonia of P. 
paddicum is unique. Other characters 
variable. Mainly from monocotyledons 
in Asia and the USA. 

Correlation of clustering and other morphological charactersCorrelation of clustering and other morphological characters
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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. 

Correlation of clustering and other morphological charactersCorrelation of clustering and other morphological characters
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Clade H. Very large, ovoid 
to elongate, internally 
proliferating sporangia and 
ornamented oogonia.

P. undulatum P. helicandrum

Correlation of clustering and other morphological charactersCorrelation of clustering and other morphological characters
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Clade D: Contiguous sporangia, 
oogonia with acute spines. 
Antheridia absent or entirely 
attached to oogonium, 
constricted. Mycoparasites.

P. oligandrum

Correlation of clustering and other morphological charactersCorrelation of clustering and other morphological characters
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Clade C: Morphology and 
habitat very different; 
phylogenetic relatedness 
not confirmed by COI and 
showing differences 
between Maximum 
Likelihood and Parsimony 
analyses for LSU.

Correlation of clustering and other morphological charactersCorrelation of clustering and other morphological characters

P. grandisporangium P. insidiosum
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Clade A: P. adhaerens
cluster: filamentous non-
inflated sporangia, very 
slow growth. From algae. P. 
aphanidermatum cluster: 
filamentous inflated 
sporangia, very fast 
growth, often intercalary 
antheridia. From 
dicotyledons in warmer 
regions. 

P. porphyrae P. deliense

Correlation of clustering and other morphological charactersCorrelation of clustering and other morphological characters
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Clade B 

P. vanterpoolii cluster: 
filamentous, inflated sporangia; 
smooth oogonia. Most other 
characters variable. 
Predominantly from grasses. 

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

Correlation of clustering and other morphological charactersCorrelation of clustering and other morphological characters
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““Species specificSpecies specific”” morphology:morphology:

- ornamentation: P. paddicum, P. carbonicum, P. solare, P. jasmonium

- segmentation: insidiosum

- deciduous sporangia: intermedium, attrantheridium

P. intermedium
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Characters that show no significant correlation with clustering:Characters that show no significant correlation with clustering:

• sporangium size
• antheridium origin and number
• oogonium size 
• oospore wal thickness
• apressoria
• heterothallism
• etc.



Centraalbureau voor Schimmelcultures

Conclusions:Conclusions:

• Sporangium type is evolutionary significant
• the contiguous type is a distinct sporangium type
• oogonium ornamentation is polyphyletic but  

shows correlation with some (sub-)clades
• some clades are characterized by a subset of  

characters
• most characters do not correlate with     

evolutionary patterns but they are useful for 
identification


