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INTRODUCTION

This study aims to provide a phylogenetic overview of the 
relatives of the human-opportunistic genus Pseudallescheria
Members of this genus, producing Scedosporium and 
eventually Graphium

et al. 

et al Graphium 
species have been reported from galleries of bark beetles in 

et al.
to establish, whether these widely different ecologies show 

et al.
name Parascedosporium
taxonomic revision of Scedosporium, its synanamorph 
Graphium and its teleomorphs Pseudallescheria, Petriella, 
and Petriellopsis Parascedosporium was segregated from 

Scedosporium and its synnematous synanamorph Graphium 
on the basis of sympodial conidiogenesis of the Scedosporium 
morph, conidia being borne on large, blunt denticles, and 
annellidic in the Graphium Scedosporium, consistently 
present in members of the teleomorph genera mentioned 
above, has percurrent conidiogenesis resulting in somewhat 

Parascedosporium provided 
et al.

Graphium tectonae
renamed Parascedosporium tectonae
isolated from Tectonia grandis seeds in Jamaica and its 
relation to the plant-inhabiting species Graphium putredinis 

of Rhinocladium lesnei which appeared to be molecularly 
similar to P. tectonae, but, according to its original description, 

These widely different origins of supposedly interrelated 
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Abstract: The genus Scedosporium and its relatives comprising microascalean anamorphs with slimy 
Graphium and Parascedosporium also belong to this complex, while teleomorphs 
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Pseudallescheria and  clades were the only 
lineages with a marked opportunistic potential to mammals, while Petriella species were associated 

Graphium Rhinocladium lesnei

Parascedosporium tectonae

Article info: 

Key words: 
Parascedosporium tectonae
Rhinocladium lesnei
Graphium putredinis
Doratomyces putredinis
Scedosporium
Pseudallescheria
Microascales, ecology

IMA FUNGUS · VOLUME 2 · NO 1: 39–48



Lackner & De Hoog
A

R
TI

C
LE

40  I M A  F U N G U S

M
ai

n 
cl

ad
e

C
ur

re
nt

 ID
O

bs
ol

et
e 

na
m

e
St

ra
in

 
nu

m
be

rs
St

at
us

C
ro

ss
 re

fe
re

nc
e 

nu
m

be
rs

A
ss

oc
ia

te
d 

in
se

ct
H

os
t/S

ou
rc

e
C

ou
nt

ry
G

en
B

an
k 

nu
m

be
r

G
ra

ph
iu

m
G

. b
as

itr
un

ca
tu

m
G

ra
ph

iu
m

 b
as

itr
un

ca
tu

m
Fo

re
st

 s
oi

l 
S

ol
om

on
 

Is
la

nd
s

G
ra

ph
iu

m
G

. b
as

itr
un

ca
tu

m
G

ra
ph

iu
m

 b
as

itr
un

ca
tu

m
S

oi
l

Ja
pa

n

G
ra

ph
iu

m
G

. p
en

ic
ill

io
id

es
G

ra
ph

iu
m

 p
en

ic
ill

io
id

es
P

op
ul

us
 n

ig
ra

, 
w

oo
d 

co
re

R
ep

ub
lic

G
ra

ph
iu

m
G

. p
en

ic
ill

io
id

es
G

ra
ph

iu
m

 p
en

ic
ill

io
id

es
P

op
ul

us
 n

ig
ra

, 
w

oo
d 

co
re

R
ep

ub
lic

G
ra

ph
iu

m
G

. p
en

ic
ill

io
id

es
G

ra
ph

iu
m

 p
en

ic
ill

io
id

es
P

op
ul

us
 n

ig
ra

, 
w

oo
d 

co
re

R
ep

ub
lic

G
ra

ph
iu

m
G

.la
ric

is
G

ra
ph

iu
m

 la
ric

is
Ip

s 
ce

m
br

ae
La

rix
 d

ec
id

ua
S

co
tla

nd

G
ra

ph
iu

m
G

.la
ric

is
G

ra
ph

iu
m

 la
ric

is
Ip

s 
ce

m
br

ae
La

rix
 d

ec
id

ua
A

us
tri

a

G
ra

ph
iu

m
G

.la
ric

is
G

ra
ph

iu
m

 la
ric

is
Ip

s 
ce

m
br

ae
La

rix
 d

ec
id

ua
A

us
tri

a

G
ra

ph
iu

m
G

.la
ric

is
G

ra
ph

iu
m

 la
ric

is
 

Ip
s 

ce
m

br
ae

La
rix

 d
ec

id
ua

A
us

tri
a

G
ra

ph
iu

m
G

. p
se

ud
om

iti
cu

m
G

ra
ph

iu
m

 p
se

ud
or

m
iti

cu
m

Ip
s 

ty
po

gr
ap

hu
s

U
nk

no
w

n
S

w
ed

en

G
ra

ph
iu

m
G

. p
se

ud
om

iti
cu

m
G

ra
ph

iu
m

 p
se

ud
or

m
iti

cu
m

 
O

rth
ot

om
ic

us
 

er
os

us
P

in
us

 
 

S
ou

th
 A

fri
ca

G
ra

ph
iu

m
G

. p
se

ud
om

iti
cu

m
G

ra
ph

iu
m

 p
se

ud
or

m
iti

cu
m

To
m

ic
us

 m
in

or
P

in
us

 s
yl

ve
st

ris
 

A
us

tri
a

G
ra

ph
iu

m
G

. p
se

ud
om

iti
cu

m
G

ra
ph

iu
m

 p
se

ud
or

m
iti

cu
m

 
Ts

ug
a 

du
m

os
a

C
hi

na

G
ra

ph
iu

m
P.

 p
ut

re
di

ni
s

R
hi

no
cl

ad
iu

m
 le

sn
ei

H
um

an
, f

oo
t 

m
yc

et
om

a
Fr

an
ce

G
ra

ph
iu

m
R

. f
im

br
ia

sp
or

um
 

G
ra

ph
iu

m
 fi

m
br

iis
po

ru
m

 
Ip

s 
ty

po
gr

ap
hu

s
P

ic
ea

 a
bi

es
A

us
tri

a

G
ra

ph
iu

m
R

. f
im

br
ia

sp
or

um
 

G
ra

ph
iu

m
 fi

m
br

iis
po

ru
m

 
Ip

s 
ty

po
gr

ap
hu

s
P

ic
ea

 a
bi

es
A

us
tri

a

G
ra

ph
iu

m
R

. f
im

br
ia

sp
or

um
 

G
ra

ph
iu

m
 fi

m
br

iis
po

ru
m

 
 

Ip
s 

ty
po

gr
ap

hu
s

P
ic

ea
 a

bi
es

Fr
an

ce

Lo
ph

ot
ric

hu
s

L.
 fi

m
et

i 
P

se
ud

al
le

sc
he

ria
 fi

m
et

i
D

un
g 

of
 g

oa
t

In
di

a

M
ic

ro
as

cu
s

M
ic

ro
as

cu
s 

tri
go

no
-

sp
or

us
 v

ar
. t

rig
on

o-
sp

or
us

M
ic

ro
as

cu
s 

tri
go

no
sp

or
us

 
va

r. 
tri

go
no

sp
or

us
S

oi
l

U
S

A

P
ar

as
ce

do
sp

or
iu

m
P.

 p
ut

re
di

ni
s

G
ra

ph
iu

m
 c

al
ic

io
id

es
de

ca
ye

d 
w

oo
d

Ja
pa

n

P
ar

as
ce

do
sp

or
iu

m
P.

 p
ut

re
di

ni
s

G
ra

ph
iu

m
 p

ud
re

tin
is

C
hr

ys
al

id
o-

ca
rp

us
 lu

te
sc

en
s

Ja
pa

n 

P
ar

as
ce

do
sp

or
iu

m
P.

 p
ut

re
di

ni
s

G
ra

ph
iu

m
 p

ut
re

di
ni

s 
U

nk
no

w
n

P
ar

as
ce

do
sp

or
iu

m
P.

 p
ut

re
di

ni
s

G
ra

ph
iu

m
 te

ct
on

ae
 

B
at

hr
oo

m
 fl

as
k

P
ar

as
ce

do
sp

or
iu

m
P.

 p
ut

re
di

ni
s

P
ar

as
ce

do
sp

or
iu

m
 

te
ct

on
ae

A
ct

in
id

ia
 

de
lic

io
sa

, l
ea

f 
le

si
on

s
Ze

al
an

d 

Ta
bl

e 
1.

 



Parascedosporium and its relatives: phylogeny and ecological trends
A

R
TIC

LE

41V O L U M E  2  ·  N O .  1  

M
ai

n 
cl

ad
e

C
ur

re
nt

 ID
O

bs
ol

et
e 

na
m

e
St

ra
in

 
nu

m
be

rs
St

at
us

C
ro

ss
 re

fe
re

nc
e 

nu
m

be
rs

A
ss

oc
ia

te
d 

in
se

ct
H

os
t/S

ou
rc

e
C

ou
nt

ry
G

en
B

an
k 

nu
m

be
r

P
ar

as
ce

do
sp

or
iu

m
P.

 te
ct

on
ae

P
ar

as
ce

do
sp

or
iu

m
 

te
ct

on
ae

 
Te

ct
on

a 
gr

an
di

s,
 

se
ed

Ja
m

ai
ca

P
et

rie
lla

P.
 g

ut
tu

la
ta

P
et

rie
lla

 g
ut

tu
la

ta
 

D
un

g 
of

 
pa

rtr
id

ge

P
et

rie
lla

P.
 s

et
ife

ra
 

P
et

rie
lla

 s
et

ife
ra

 
U

nk
no

w
n

P
et

rie
lla

P.
 s

et
ife

ra
 

P
et

rie
lla

 s
et

ife
ra

 
C

om
po

st
B

el
gi

um

P
et

rie
lla

P.
 s

et
ife

ra
 

P
et

rie
lla

 s
et

ife
ra

 
Tu

rs
io

ps
 

tru
nc

at
us

, s
ki

n 
le

si
on

-
la

nd
s

P
et

rie
lla

P.
 s

et
ife

ra
 

P
et

rie
lla

 s
et

ife
ra

 
C

an
ad

a

P
et

rie
lla

P.
 s

et
ife

ra
 

P
et

rie
lla

 s
et

ife
ra

 
S

oi
l

S
in

ga
po

re

P
et

rie
lla

P.
 s

or
di

da
M

el
an

os
po

ra
 a

sy
m

m
et

ric
a 

C
om

po
st

 s
oi

l 

P
et

rie
lla

P.
 s

or
di

da
P

et
rie

lla
 g

ut
tu

la
ta

 
U

nk
no

w
n

P
et

rie
lla

P.
 s

or
di

da
P

et
rie

lla
 s

et
ife

ra
 

U
nk

no
w

n

P
et

rie
lla

P.
 s

or
di

da
P

et
rie

lla
 s

et
ife

ra
 

H
um

an
, n

ai
l

Fi
nl

an
d

P
et

rie
lla

P.
 s

or
di

da
P

et
rie

lla
 s

or
di

da
B

at
hr

oo
m

 fl
as

k

P
et

rie
lla

P.
 s

or
di

da
P

et
rie

lla
 s

or
di

da
S

w
ed

en

P
et

rie
lli

di
um

P.
 d

es
er

to
ru

m
P

et
rie

lli
di

um
 d

es
er

to
ru

m
S

al
t-m

ar
sh

 s
oi

l

P
se

ud
al

le
sc

he
ria

 
P.

 a
fri

ca
na

 
P

se
ud

al
le

sc
he

ria
 a

fri
ca

na
 

B
ro

w
n,

 s
an

dy
 

so
il

P
se

ud
al

le
sc

he
ria

 
P.

 a
ng

us
ta

P
se

ud
al

le
sc

he
ria

  a
ng

us
ta

U
nk

no
w

n

P
se

ud
al

le
sc

he
ria

 
P.

 a
pi

os
pe

rm
a

G
ra

ph
iu

m
 e

um
or

ph
um

 
H

um
an

, o
tit

is
 

ex
te

rn
a

sl
ov

ak
ia

P
se

ud
al

le
sc

he
ria

 
P.

 a
pi

os
pe

rm
a

P
se

ud
al

le
sc

he
ria

  a
pi

o-
sp

er
m

a

P
se

ud
al

le
sc

he
ria

 
P.

 b
oy

di
i 

P
se

ud
al

le
sc

he
ria

 b
oy

di
i 

U
nk

no
w

n

P
se

ud
al

le
sc

he
ria

 
P.

 m
in

ut
is

po
ra

S
ce

do
sp

or
iu

m
 m

in
ut

is
po

ra
pa

tie
nt

, s
ub

cu
ta

-
ne

ou
s 

m
yc

os
is

 
of

 th
e 

le
g

H
un

ga
ry

P
se

ud
al

le
sc

he
ria

 
S

. a
ur

an
tia

cu
m

S
ce

do
sp

or
iu

m
 

au
ra

nt
ia

cu
m

H
um

an
, u

lc
er

 o
f 

an
kl

e
S

pa
in

P
se

ud
al

le
sc

he
ria

 
S

. d
eh

oo
gi

i 
S

ce
do

sp
or

iu
m

 d
eh

oo
gi

i 
S

pa
in

Ta
bl

e 
1.

 



Lackner & De Hoog
A

R
TI

C
LE

42  I M A  F U N G U S

M
ai

n 
cl

ad
e

C
ur

re
nt

 ID
O

bs
ol

et
e 

na
m

e
St

ra
in

 
nu

m
be

rs
St

at
us

C
ro

ss
 re

fe
re

nc
e 

nu
m

be
rs

A
ss

oc
ia

te
d 

in
se

ct
H

os
t/S

ou
rc

e
C

ou
nt

ry
G

en
B

an
k 

nu
m

be
r

S
ce

do
sp

ro
iu

m
 

pr
ol

ifi
ca

ns
S

. p
ro

lif
ic

an
s

S
ce

do
sp

or
iu

m
 p

ro
lif

ic
an

s
D

is
se

m
in

at
ed

 
in

fe
ct

io
n,

 A
ID

S
 

pa
tie

nt
 w

ith
 

B
ur

ki
tt 

ly
m

p-
ho

m
a

S
ce

do
sp

ro
iu

m
 

pr
ol

ifi
ca

ns
S

. p
ro

lif
ic

an
s

S
ce

do
sp

or
iu

m
 p

ro
lif

ic
an

s
S

pu
tu

m
 o

f c
ys

tic
 

fib
ro

si
s 

pa
tie

nt
Fr

an
ce

S
ce

do
sp

ro
iu

m
 

pr
ol

ifi
ca

ns
S

. p
ro

lif
ic

an
s

S
ce

do
sp

or
iu

m
 p

ro
lif

ic
an

s 
H

um
an

, b
lo

od
Fr

an
ce

Ta
bl

e 
1.

 

MATERIALS AND METHODS

Strains and sequences

 

et al. et al. et al.

DNA extraction and sequencing 

et al

Phylogenetic tree construction

manually using the MUSCLE

calculated using MEGA5 (
calculation parameters were 1000 bootstrap replicates with 

Microascus trigonosporus was used as 

Morphological characteristics 

the transferred piece with a cover slip and incubating it at room 

 

photographed using i
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RESULTS

Petriella P. sordida, 
P. guttulata, and P. setifera Petriellopsis africana

Pseudallescheria S. 
aurantiacum, P. desertorum, P. minutispora, S. dehoogii, 
P. boydii, P. angusta, and P. apiosperma Lophotrichus 

Graphium G. penicilliodes, G. 
and G. laricis

G. bulbicola G. 
cuneiferum Nematographium stilboideum 
known as G. stilboideum G. fructicola

Petriella 

P. guttulata
Petriella sordida

as P. setifera Melanospora 
asymmetrica P. sordida
P. guttulata P. 
setifera

P. setifera
Petriellopsis africana was represented only by its ex-type 

Scedosporium 

which was the nearest neighbour of Parascedosporium
The Parascedosporium

of Graphium putredinis et al.
the ex-type of Rhinocladium lesnei

Parascedosporium 

Fig. 1. Overview of treated members of Microascales including strains of Graphium, Pseudallescheria, Petriella, Lophotrichus, Petriellopsis, and 
Parascedosporium

T
ET ST
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tectonae
differences of maximally two bases were noted, but branches 

The bootstrap-supported Pseudallescheria clade was 

sibling species, including Scedosporium aurantiacum
Petriellidium desertorum 

to latest taxonomic changes Pseudallescheria desertorum
Pseudallescheria minutispora Scedosporium 
dehoogii P. angusta P. boydii 

P. apiosperma

Graphium eumorphum 
, 

identical to that of P. apiosperma, ex-type strain. Lophotrichus 

The Graphium

included the epitype of G. penicillioides
G. penicillioides

the ex-type of Stilbum basitruncatum

known as G. basitruncatum
strains of 

subclade within the Graphium main clade included the ex-
type strain of G. pseudormiticum 
type strain of G. laricis

cluster: G. pseudormiticum
G. laricis

G. pseudormiticum and G. laricis 
described by Jacobs et al  
nucleotide, which was similar to the G. laricis intra-species 

et al
two species with TEF1

Rhinocladium lesnei 

drawings show a fungus with elongate cells producing 
one-celled sympodial conidia on hyphae, in addition to 
hyphae aggregating in large synnemata and producing a 

characteristic features of the mononematous anamorph are 

and match with the descriptions and illustrations provided by 
et al P. tectonae

investigated the morphological characteristics of the strains 
G. putredinis G. putredinis

Parascedosporium tectonae
isolates displayed characteristic solitary scedosporium-like 
conidiophores bearing lateral, cylindrical conidiogenous cells 

of R. lesnei 

be certain of its identity and therefore treat R. lesnei as being 

Graphium putredinis has previously been attributed to 
Doratomyces

such as Index Fungorum
et al.
Pseudallescheria relationship comprising species with slimy 

Doratomyces was introduced by Corda 

rendering confusion with a mucous gaphium-like species 
Gaphium cuneiferum is often listed as a synonym, 

the nomenclature of the species at hand is as follows:

Parascedosporium putredinis 
Hoog, comb. nov. 

Fig. 2. Reproduction of the original drawings of Rhinocladium lesnei 
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Fig. 3. Macro- and micromorphological characteristics of Parascedosporium putredinis  A. Four day old culture on malt-extract agar  
 B. Graphium C. Conidiogenous cells of the Graphium synnemata  
D.  E. F. 
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Basionym: Stysanus putredinis Icon. Fung, 3

Synonyms: Graphium putredinis Can. 
J. Bot. 36
Doratomyces putredinis Mycol. 
Pap. 86 non sensu 
 
Type: Czech Republic: Echium 

A.C. Corda 
Japan : 

Chrysalidocarpus lutescens in 
epitypus hic designatus; 

? Stilbum cuneiferum Ann. Mag. nat. Hist., 
ser 4 15
Synonyms: Sporocybe cuneifera
Syll. Fung 4
Cephalotrichum cuneiferum Rev. 
Gen. Pl 3
Graphium cuneiferum
Ellis, Mycol. Pap 56
 
Type: United Kingdom: 

Rhinocladium lesnei Bull. Séanc. Soc. Sci. Nancy 11: 

Sporotrichum lesnei Man. Trop. 
Med.,
Graphium lesnei Mycol. Pap. 4
 
Type: France: 
mycetoma of human foot 

Graphium tectonae Mycol. Pap. 94
Parascedosporium tectonae et al Int. J. 
Syst. Evol. Microbiol. 57
 
Type: Jamaica: isolated from epicarp of Tectona grandis 

. C. Booth 

Colonies

Conidiophores  when solitary, 

conidiogenous cells 

onidia
Synnemata

wide, olivaceous grey, apically splaying out and producing 
conidiogenous cells percurrent, 

onidia

Members of the Pseudallescheria clade, especially 
Scedosporium dehoogii including 

contaminated soils et al.
P. apiosperma, S. aurantiacum, and P. minutispora can be 
isolated from soils with increased nitrogen concentrations 

et al.
as Australia and Spain, the member of the Pseudallescheria 

samples is S. aurantiacum et al.
contrast, P. boydii

et al.
the Pseudallescheria clade tend to inhabit environments with 

infections are either traumatic or cerebral in almost drowned 
et al.

.  

et al.
 et al. ,

Tudela et al.
carry multiple resistances against all available antifungal drugs 

et al
Petriellopsis africana was isolated only once from brown 

Petriella 

et al.
a bottlenosed dolphin Tursiops truncatus
was Petriella setifera P. guttulata 

P. setifera
Petriella strains were isolated from soil, dung, compost, and 

In contrast, all strains in the ITS Graphium clade were 

 from France and Austria were associated with 
the Picea abies and the bark beetle Ips typographus
et al G. laricis

Larix deciduas / Ips cembrae

. The remaining strains in the same cluster 

bark beetles, but did not share an exclusive association with a 
Tomicus minor, Ips typographus, Orthomicus 

erosus Pinus Pinus sylvestris, 
Tsuga dumosa Graphium penicillioides was isolated from a 
wood core of Populus nigra
G. basitruncatum seems to be atypical as it was isolated 

et al.
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DISCUSSION

The opportunistic, multi-drug resistant species 
 represents the closest relative 

of Parascedosporium putredinis 
In contrast to  P. putredinis was only once 

as Rhinocladium lesnei

P. putredinis has never been found in human infections, 

though  represents the nearest 
neighbour of P. putredinis, we found no evidence of P. 
putredinis 
sources of isolation of strains attributed to P. putredinis

isolated from living plant material, while others were isolated 

Other closely related fungi are those in the Petriella 
Petriella setifera, P. guttulata, and P. sordida  

Petriellopsis africana. These strains were mainly isolated from 

a skin lesion in Tursiops truncatus kept in a Dolphinarium in 

Petriella bearing 

The Pseudallescheria clade encompasses the largest 
number of clinical strains, and is implemented in a wide 

et al.
isolates of this cluster are mostly found in soil and water 

et 
al
biodiesel fuel was noted for S. dehoogii et 
al.,
the latter species was described for one of the clusters within 
S. dehoogii Scedosporium aurantiacum is generally more 

Tudela et al. et al.
the remaining species of the clade are prevalent in temperate 

 
Several clinical and animal cases attributed to Graphium 

Graphium 
eumorphum, of which no type material is known to exist, 

of P. apiosperma
described a systemic infection with cerebral involvement 
in a dog caused by G. fructicola 

were similar to those caused by P. apiosperma and P. boydii 
in human infections, so a species of the Pseudallescheria 

et al
with acute leukemia caused by Graphium basitruncatum, 
which is the only example of a clinical strain in the clade 
with monomorphic Graphium species otherwise showing 

et 
al.
members of the order Ophiostomatales et al

et al
et al. Graphium species as 

et 
al G. pseudormiticum was directly isolated from bark 
beetle galleries, providing strong evidence that the fungus is 

of Graphium
et al. et al.

G. pseudormiticum and G. laricis were nearly 
et al. G. laricis on 

G. laricis was 
identical to G. pseudormiticum.
G. pseudormiticum to be associated with bark beetles of the 
genera Crypturgus, Dryocoetes, Hylurgops, Polygraphus, 
Trypodendron, Pityogenes, and Ips species on spruce, and 
Ips and Orthotomicus species on pine trees, suggesting a low 

bark beetles is consistent in the Graphium 

only evidence of vertebrate-pathogenicity for strains of the 
 clade and the Pseudallescheria

strains of P. apiosperma, P. boydii, and S. aurantiacum
Graphium clade, in particular 

 G. laricis, and G. pseudormiticum, inhabit 
niches in association with different kinds of bark beetles, 

Petriella and Petriellopsis strains 

Parascedosporium putredinis does not exhibit any ecological 
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