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Abstract The Aspergillus viridinutans complex includes mor-
phologically similar, soil-inhabiting species. Although its species
boundaries have not been fully defined, many isolates from the
complex have been isolated as opportunistic human and animal
pathogens. In the present study, these species were dominant in
spoil sites subjected to various types of reclamation management
after coal mining. These species were characterised using two
different PCR-fingerprintingmethods, sequence data from theβ-
tubulin (benA) and calmodulin (caM) genes, macro- and micro-
morphology (optical and scanning electron microscopy), maxi-
mum growth temperatures and mating experiments. In addition,
RNA polymerase II gene (RPB2), actin (act1) and ITS se-
quences were deposited for the ex-type isolates of newly de-
scribed species. The mating experiment results, phylogenetic
analyses and ascospore morphology suggested the presence of
five species in the A. viridinutans complex. Aspergillus aureolus
(syn. Neosartorya aureola) was the only homothallic species.
Three species, A. felis , A. udagawae (syn. N. udagawae) and A.
wyomingensis sp. nov., were heterothallic and their morpholog-
ically distinguishable teleomorph was induced by systematic
mating experiments. Aspergillus viridinutans s. str. seems to be

a very rare species and was represented only by the ex-type
isolate in which the MAT1-1 locus was amplified. Aspegillus
viridinutans and A. aureolus were typified in accordance with
the rules of the new botanical code. Other species outside the A.
viridinutans complex isolated from the reclamation sites were A.
fumigatiaffinis and A. lentulus as well as two new sister species,
A. brevistipitatus sp. nov. and A. conversis sp. nov. which were
closely related each to other and to N. papuensis. Both new
species are phylogenetically distant from all anamorphic species
and resemble A. brevipes , A. duricaulis and A. unilateralis in
micromorphology and are distinguishable from each other by the
slower growth of A. conversis on all tested media. Interestingly,
no isolate from the reclamation sites represented A. fumigatus s.
str. which is usually reported as the dominant species from the
section Fumigati in soil.

Keywords Aspergillus fumigatus . Heterothallic species .

MAT locus .Neosartorya udagawae . PCR fingerprinting .

Soil fungi

Introduction

Aspergillus section Fumigati includes species that have an
overall economic impact. Some of these species are causal agents
of human and animal infections or important decomposers of
organic matter in soil, and they are isolated as foodstuff contam-
inants (Samson 1989; Tournas 1994; Balajee et al. 2005, 2009;
Katz et al. 2005; Yaguchi et al. 2007, 2012; Hubka et al. 2012).
Section Fumigati members produce many different compounds,
includingmycotoxinswhich are used or have potential to be used
in pharmacology and biotechnology (Wong et al. 1993; Tomoda
et al. 1994; Larsen et al. 2007; Samson et al. 2007a). Soil is the
most important reservoir of section Fumigati members and A.
fumigatus is usually reported as the most common species
worldwide (Klich 2002; Domsch et al. 2007).
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Morphological differentiation of heterothallic and anamor-
phic species is limited because of their overlapping features on
the anamorph, and molecular methods are routinely used to
identify them. Four new anamorphic species were recently
described based on molecular data from a group considered in
the past to represent A. fumigatus (Balajee et al. 2005; Hong
et al. 2005, 2008). In contrast to anamorph micromorphology,
ascospore features belong to the most informative phenotypic
characteristics in section Fumigati taxonomy. Using system-
atic crossing of opposite mating type isolates verified by
molecular methods, the teleomorph was discovered in A.
fumigatus (O’Gorman et al. 2009) which was previously
treated as a strictly anamorphic species. This systematic ap-
proach replaced previous teleomorph discovery attempts
based on randomly crossing phenotypically similar isolates
which were successful in several heterothallic species (Kwon-
Chung and Kim 1974; Takada and Udagawa 1985; Horie et al.
1995; Takada et al. 2001).

During the course of a survey of soil microorganisms in
spoil sites subjected to various types of reclamation manage-
ment after coal mining in Wyoming (U.S.A.), Aspergillus
section Fumigati members were among the most frequently
isolated organisms. These isolates were characterised using
PCR-fingerprinting methods, sequence data, phenotypic anal-
ysis and mating experiments. This approach resulted in the
discovery of three new species which are described in this
study.

Material and methods

Description of studied sites and sampling and isolation
methods

Soil samples were collected from two coal mine reclamation
sites in the Powder River Basin, Converse County, Wyoming,
U.S.A. One site was the Belle Ayr Mine, a functional coal
mine located just south of Gillette. This site was dominated by
cool season grass. The average annual precipitation in this
area is 376 mm and the average air temperature is 6.7 °C
(Wick et al. 2007). Samples were collected from this site in
May 2008 and 2011. The other site was the Rolling HillsWind
Plant (formerly the Dave Johnson Coal Mine), located to the
north of Glenrock. The mine was closed down in 2002 and the
whole mine is currently being reclaimed. This research site
was dominated by sagebrush grassland (Rana et al. 2007). The
average annual precipitation in this area is 266 mm and the
average air temperature is 7.4 °C (Ganjegunte et al. 2009).
Samples were collected from this site in September 2010. All
soil samples from both sites were collected from a depth of 0–
5 cm by trowel and placed into sterile bags.

The soil dilution plate method and soil washing technique
(Garrett 1981; Kreisel and Schauer 1987) and dichloran rose

bengal chloramphenicol agar (DRBC), Sabouraud glucose
agar (SGA) and beer-wort agar (BWA) (Atlas 2010) were
used to isolate microscopic fungi. The method of heating of
soil samples at 75 °C for 30 min according to Samson et al.
(1996) and Marvanová (1999) was used to isolate thermo-
resistant microfungi. Keratin and cellulose bait techniques
were also used for the isolation of soil microfungi in damp
chambers in laboratory conditions. Pronghorn antelope and
jackrabbit dungs collected at the studied sites were cultivated
on filtrate paper or soil samples in damp chambers at room
temperature to isolate coprophilic microfungi.

Phenotypic studies

The strains were grown on malt extract agar (MEA; malt
extract−Fluka Chemie GmbH, Switzerland), Czapek Yeast
Autolysate Agar (CYA; yeast extract−Fluka Chemie GmbH,
Switzerland), yeast extract sucrose agar (YES) and Czapek-
Dox agar (CZA) plates at 25 °C. Agar media were formulated
following the methods of Frisvad and Samson (2004) and
Atlas (2010). Micromorphology was observed on MEA.
Colour determination was performed according to the ISCC-
NBS Centroid Colour Charts (Kelly 1964). Scanning electron
microscopy (SEM) was performed using a JEOL JSM-6380
LV scanning electron microscope (JEOL Ltd, Tokyo, Japan).
Pieces of colonies growing on OA or MEA (5×5 mm) with
ascomata were fixed and observed using the settings described
in Hubka et al. (2013a).

Growth at 42, 45 and 47 °C was tested on MEA plates
sealed with Parafilm. The production of cyclopiazonic acid or
related alkaloids was tested using the Ehrlich test and the
production of acid compounds in the agar medium was tested
on creatine sucrose agar (CREA) following the methods of
Samson et al. (2007b).

Molecular studies and phylogenetic analysis

DNA was extracted from seven-day-old colonies using the
Microbial DNA Isolation Kit (Mo-Bio Laboratories). PCR
fingerprinting, using the phage M13-core sequence as an
oligonucleotide primer (5′-GAGGGTGGCGGTTCT) and
the primer 834t [(AG)8CG], was performed and evaluated as
described previously (Hubka and Kolařík 2012; Nováková
et al. 2012). Partial benA and caM sequences were amplified
from at least one isolate with a unique combination of finger-
printing patterns. The PCR conditions for amplification of
ITS, benA and caM loci were as described by Hubka et al.
(2012). The annealing temperature for amplification of act1
gene was 60 °C. The RPB2 gene was amplified using
Touchdown cycling conditions, as described by Hubka and
Kolařík (2012). The partial benA gene (encoding β -tubulin)
was amplified with primers T10 (5′- ACGATAGGTTC
ACCTCCAGAC) or Bt2a (5′- GGTAACCAAATCGGTG
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CTGCTTTC) and Bt2b (5′- ACCCTCAGTGTAGTGACC
CTTGGC); the partial caM gene (encoding calmodulin), with
CF1M (5′- AGGCCGAYTCTYTGACYGA) and CF4 (5′-
TTTYTGCATCATRAGYTGGAC); the partial act1 gene
(encoding actin), with ACT-512 F (5′-ATGTGCAAGGCCG
GTTTCGC) and ACT-783R (5′-TACGAGTCCTTCTGG
CCCAT); the partial RPB2 gene (encoding RNA polymerase
II), with fRPB2-5F (5′-GAYGAYMGWGATCAYTTYGG)
and fRPB2-7cR (5′-CCCATRGCTTGYTTRCCCAT); and
the ITS region with ITS1F (5′- CTTGGTCATTTAGAGG
AAGTAA) and NL4 (5′- GGTCCGTGTTTCAAGACGG).

Sequences were inspected and assembled using Bioedit v.
7.0.0 (www.mbio.ncsu.edu/BioEdit/bioedit.html). Alignments
of the regions were performed using the FFT-NSi strategy, as
implemented in MAFFT v. 6.861b (Katoh et al. 2005). The
benA and caM loci were combined and Maximum likelihood
(ML) analysis was performed using RAxML version 7.0.4 with
bootstrapping (1,000 replicates) (Stamatakis et al. 2008) run-
ning on the CIPRESweb portal (www.phylo.org). The analysis
was performed with the model (GAMMA + P-I) and the α
parameter was estimated using the same software. Bayesian
Inference analysis (BI) was performed using MrBayes v3.1
(Ronquist and Huelsenbeck 2003), the substitution model K2
+ G + I was determined as the most suitable using MEGA 5.0
(Tamura et al. 2011) and metropolis-coupled Markov chain
Monte Carlo search algorithmwas runwith 5×106 generations.
The burn-in and convergence of the chains were determined
with TRACER v1.5 (available from http://tree.bio.ed.ac.uk/
software/tracer). Twenty-six data partitions were recognised
in the RAxML and MrBayes analyses which include introns
and exons and splitting of each codon position to a separate
partition.

Mating experiments

The genotype of the MAT locus was determined using the
primers described by Sugui et al. (2010). Opposite mating
type strains were paired within and between major clades
(Fig. 1) on MEA, PDA and OA plates and incubated at 25,
30 and 37 °C in the dark. The plates were sealed with Parafilm
and examined periodically for 3 months under a stereomicro-
scope for the production of ascomata and ascospores.

Results

Using the above-mentioned isolation techniques, many mi-
croscopic fungi were isolated from soil samples, including
those that, according to their micromorphological characteris-
tics, belonged to the Aspergillus section Fumigati . Long-term
whitish cottony colonies with varying sporulation types and
coloration that were dissimilar from A. fumigatus were

isolated and characterised using molecular methods, pheno-
typic methods and mating experiments.

Molecular studies

Eight unique fingerprinting pattern types (and five subtypes in
pattern VIII) were observed among 73 isolates (Table 1) when
using fingerprinting with M13-core primer. Similarly, eight
pattern types (and four subtypes in pattern VIII) were observed
when using fingerprinting with 834 t primer (Table 1). There
were 19 unique combinations resulting from the two finger-
printing methods and for each combination the benA and caM
genes were amplified for at least one isolate.

No major conflicts were observed between single locus
trees (ML as well as BI) based on benA and caM , and the
data were combined into one dataset. There were 104 se-
quences and 1,030 positions in the final dataset of which
520 were variable and 398 were parsimony informative. The
single gene alignments were deposited in TreeBASE (submis-
sion ID 14615). A pseudogene with stop codons within cod-
ing regions which was derived from the calmodulin gene, was
amplified for isolate CCF 4477 (see the long branch in Fig. 1).
The insertions within exons were eliminated from the align-
ment. Based on the benA gene sequence, this isolate belongs
to the A. udagawae clade. Two additional protein coding loci
(RPB2 and act1) were amplified for the ex-type isolates of the
newly described species and were deposited under accession
numbers HF937377−HF937384. Similarly, the sequence of ITS
region was deposited for the ex-type isolates because of interest
in barcoding fungi (HG324081, HF937385, HF937386).
However, data for section Fumigati are incomplete, and these
three loci were not used for the phylogenetic analysis. The
sequences of all five loci were able to uniquely determine all
species of A. viridinutans complex.

Among 73 isolates from the reclamation sites, 68 belonged
to the A. viridinutans complex. Aspergillus udagawae (n =52)
was the most frequently isolated species, followed by A.
wyomingensis sp. nov. (n =12) and A. felis (n =4). Two isolates
(CCF 4499 and CCF 4482) were conspecific with A.
fumigatiaffinis and one isolate (CCF 4117) was conspecific
with A. lentulus . Two isolates (CCF 4149 and CCF 4190)
showed unique, fingerprinting patterns, ITS sequences and
exhibited 2–3 % dissimilarity on protein coding loci (benA ,
caM , act1 and RPB2) each to the other and to the most closely
related N. galapagensis ; these isolates are proposed as the new
species A. brevistipitatus sp. nov. and A. conversis sp. nov.

Mating experiments

MAT1-1 andMAT1-2 idiomorphs were determined for almost
all isolates (Tables 1 and 2) based on different lengths of gene
products in the assay described by Sugui et al. (2010). The
identity of products was verified by DNA sequencing in
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several isolates (accession numbers HF937387− HF937392).
Systematic mating experiments were performed within and
between major clades. Suitable conditions for successful mat-
ing differed between species (for details, see Taxonomy sec-
tion below).

The MAT1-2 gene was amplified in three of four A. felis
isolates. Five additional isolates from different sources
(Table 2) were included in the mating experiments (CCF
4376, IFM 54303 and IFM 60053 which had the MAT1-1
idiomorph, and CBS 135240T and FRR 5680 which had
MAT1-2). Fertile cleistothecia were present in almost all
possible combinations, and the ascospore morphology was
consistent between the crosses. The isolates did not mate with
type isolates of A. wyomingensis , N. udagawae and A.
viridinutans . The isolates CBS 458.75 (MAT1-1, the ex-type
strain of A. fumigatus var. sclerotiorum ; Rai et al. 1971) and
IMI 182127 (MAT idiomorph was not identified) which are
both closely related to A. felis clade, did not produce
cleithothecia with any isolate of A. felis and as well as with
other species. However, both these isolates were held for
decades in culture collections, and it is possible that their
ability to reproduce sexually was decreased by repeated pas-
saging and degeneration. As no other morphological and
physiological differences from A. felis were found, these
isolates are considered here to represent A. felis . The exami-
nation of mating bahaviour of genetically similar and fresh
isolates would definitely confirm that both these strains rep-
resent eighter A. felis or separate species. The isolates IMI
280490 and NRRL 6106 previously examined by Varga et al.
(2000) are no longer available but based on deposited se-
quence data also represent A. felis . Other two “atypical”
isolates IMI 306135 and JV3 mentioned by Varga et al.
(2000) are not included in A. viridinutans complex and are
related to A. lentulus and A. fumisynnematus .

The ratio of MAT1-1 isolates to MAT1-2 isolates in A.
wyomingensis (n =14) was 8:6. The isolates within the clade
produced fertile cleistothecia and did not mate with other
species from the A. viridinutans complex. The isolates CCF
4416 and CCF 4417T produced particularly high numbers of
cleistothecia, and dried cultures with cleistothecia were de-
posited into the herbarium of the Mycological Department,
National Museum in Prague (PRM). Aspergillus viridinutans
s. str., represented only by the ex-type isolate, had theMAT1-1
idiomorph and was used only to demonstrate cross-sterility
with other species.

The isolates designated in this study asA. udagawae (Fig. 1)
clustered into three subclades (clade 1: all isolates from
Wyoming; clade 2: two mating ex-type isolates, IFM
46972MT and IFM 46973MT, from Brazilian soil; clade 3:
additional isolates CCF 4479 and CMF ISB 2190 from
Illinois and Indiana). The ratio of MAT1-1 isolates to MAT1-
2 isolates was 13:42 (n =55; not determined in two isolated).
Eight MAT1-1 isolates (IFM 46972MT, CMF ISB 2190, CCF

4476, CMF ISB 2687, CMF ISB 2688, CMF ISB 2689, CMF
ISB 2690 and CMF ISB 2691) and eight MAT1-2 isolates
(IFM 46973MT, CCF 4475, CCF 4478, CCF 4479, CCF
4481, CCF 4491, CCF 4494 and CMF ISB 1972) were chosen
for mating experiments in all possible combinations. In the
mating assay, only the mating ex-type isolate IFM 46972MT

produced fertile cleistothecia with all MAT1-2 strains with
exception of CCF 4481. Additional pair producing fertile
cleistothecia was CCF 4479×CMF ISB 2689. Cleistothecia
without ascospores were produced by pair CCF 4502×CMF
ISB 2688. Other crosses did not produce cleistothecia.

Future studies are needed to confirm genetic recombination
based molecular genetic methods in species from A.
viridinutans complex, especially in species with high intra-
species genetic diversity such as A. udagawae and A. felis .
However, we believe that the species boundaries as deter-
mined here using mating experiment (cross-fertility and
cross-sterility) and strongly supported by morphology of as-
cospore could represent the true species limits.

Phenotypic species differentiation

The A. viridinutans complex includes five species. Aspergillus
aureolus (syn. A. indohii ) is the only homothallic species
within the complex, the remaining species are probably hetero-
thallic, and the teleomorph form (neosartorya-morph) was ob-
served in A. udagawae , A. wyomingensis and A. felis (Fig. 2).

Species differentiation based solely on anamorph pheno-
type and macromorphology is difficult. However, A.
viridinutans s. str. could be distinguished from other species
within the complex by its slower growth and shorter conidio-
phores (rarely exceeding 100 μm). Nodding heads occurred in
all species within the A. viridinutans complex and in some
non-related species from section Fumigati (see Discussion).
In contrast, the morphology of ascospores alone clearly dif-
ferentiates all heterothallic species within the A. viridinutans
complex (see sections Taxonomy and Dichotomous key to
species from Aspergillus viridinutans complex).

No acid production on CREAwas observed in A. felis or in
A. viridinutans s. str., A. brevistipitatus , or A. conversis . In
contrast, isolates of A. fumigatiaffinis and A. lentulus showed
strong acid production. Variation in acid production on CREA
occurred in isolates of A. udagawae and A. wyomingensis . In

�Fig. 1 Phylogenetic tree showing relationships of isolates from
reclamation sites in Wyoming to other species in section Fumigati. The
strains isolated in Wyoming are in bold font (accession numbers are listed
in Table 1 and 2; for other accession numbers see Hubka et al. (2013b)).
Thick lines indicate branches that support Bayesian probabilities greater
than 0.95 and a bootstrap value greater than 90 %. Only bootstrap values
≥50 % and Bayesian probabilities ≥0.50 are shown. The ex-type isolates
are designated by a superscript T. Dichotomomyces cejpii NRRL 5183T

was used as outgroup
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particular, the colony morphology of A. udagawae isolates is
highly variable in terms of sporulation rate, reverse
colouration and acid production on CREA. Additionally, the
inability of many strains to produce fertile cleistothecia with
tester strains made A. udagawae difficult to identify without
molecular methods.

All isolated species had maximum growth temperatures be-
tween 42 and 45 °C, all isolates grew at 42 °C, and no isolates
grew at 47 °C. Aspergillus viridinutans s. str., A. brevistipitatus
and A. conversis had a maximum growth temperature of 42 °C
and did not grow at 45 °C. Isolate-dependent growth at 45 °C
after 7 d onMEAwas observed inA. wyomingensis (0–16mm),
A. udagawae (0–7 mm) and A. felis (0–20 mm).

Aspergillus conversis and A. brevistipitatus are phyloge-
netically distant from all other anamorphic and heterothallic
species. Closely related homothallic Neosartorya spp. (Fig. 1)
are easily differentiated from A. conversis andA. brevistipitatus .
The micromorphology of both these species is reminiscent of A.
brevipes , A. unilateralis and A. duricaulis which share with
these two species echinulate conidia, short conidiophores and
nodding heads (see Diagnoses in the section Taxonomy below).

Taxonomy

Current nomenclature requires the use of only one name for a
species (McNeill et al. 2012), whereas previously two or more
names could be applied to the same fungus. We continue the
trend in naming Aspergillus species with pleomorphic life cycle
only as Aspergillus (Samson et al. 2011; Hubka et al. 2013a, b).

Aspergillus brevistipitatus A. Nováková & Hubka, sp.
nov. — MB803934; Fig. 3

Etymology. Named after its short conidiophores.
Description. Colonies on CYA 31–37mm in diam at 25 °C

in 7 days, velutinous, wrinkled, sporulation greater in margin-
al parts, light greenish grey (ISCC-NBS No. 154) to greenish
grey (No. 155), darker coloured margin (greyish green – No.
150), no exudate or soluble pigment production, reverse yel-
lowish white (No. 92) to greyish yellow (No. 90). Good
growth (40–45 mm in diam) and sporulation at 37 °C,
velutinous, wrinkled colonies, olive grey (No. 113) with light
orange yellow (No. 70) reverse, exudate yellowish white.
Colonies on MEA 36–43 mm, velutinous, wrinkled, light
bluish grey (No. 190) to greenish grey (No. 155), no exudate
or soluble pigment production, reverse moderate yellow (No.
87) to strong yellow (No. 84). Colonies on YES 40–45 mm in
diam, velutinous, wrinkled, yellowish grey (No. 93) to light
olive grey (No. 112) with light greenish grey margins (No.
154), no exudate or soluble pigment production, reverse mod-
erate yellow (No. 87). Colonies on CZA 28–30 mm in diam,
no sporulation, no exudate or soluble pigment production,
reverse colourless. Colonies on CREA 25 mm in diam, noT

ab
le
1

(c
on
tin

ue
d)

Sp
ec
ie
s
id
en
tit
y

C
ul
tu
re

co
lle
ct
io
n
nr
.a

L
oc
al
ity

Y
ea
r

Is
ol
at
io
n

te
ch
ni
qu
eb

C
R
E
A

(−
/+
/+
+
/+
+
+
)c

M
A
T
lo
cu
s

M
13
-c
or
e

IS
SR

86
3
t

E
M
B
L
ac
ce
ss
io
n
nr
s.

be
nA

ca
M

F3
8

G
le
nr
oc
k

20
10

D
PM

+
M
A
T
1-
2

V
II
Ie

V
II
Ic

F4
0

G
ill
et
te

20
08

D
PM

+
+

M
A
T
1-
2

V
II
Ie

V
II
Ic

F4
1

G
le
nr
oc
k

20
10

D
PM

–
M
A
T
1-
2

V
II
Ie

V
II
Ic

C
C
F
44
76

G
le
nr
oc
k

20
10

D
PM

+
+

M
A
T
1-
1

V
II
Ie

V
II
Id

H
F9

33
37
1

H
F9

33
41
2

a
A
cr
on
ym

s
of

cu
ltu

re
co
lle
ct
io
ns
:C

M
F
IS
B
—
C
ol
le
ct
io
n
of

M
ic
ro
sc
op
ic
F
un
gi

of
th
e
In
st
itu

te
of

So
il
B
io
lo
gy

of
th
e
A
ca
de
m
y
of

Sc
ie
nc
es

of
th
e
C
ze
ch

R
ep
ub
lic

in
Č
es
ké

B
ud
ěj
ov
ic
e;
C
C
F—

C
ul
tu
re

C
ol
le
ct
io
n
of

F
un
gi
in
th
e
D
ep
ar
tm

en
to
f
B
ot
an
y
of

C
ha
rl
es

U
ni
ve
rs
ity

in
Pr
ag
ue
;I
FM

—
C
ol
le
ct
io
n
at
th
e
M
ed
ic
al
M
yc
ol
og
y
R
es
ea
rc
h
C
en
te
r,
C
hi
ba

U
ni
ve
rs
ity

;N
R
R
L
—
A
gr
ic
ul
tu
ra
lR

es
ea
rc
h
Se
rv
ic
e

C
ul
tu
re

C
ol
le
ct
io
n,
Pe
or
ia
,I
lli
no
is
,U

.S
.A
.;
C
B
S,

C
en
tr
aa
lb
ur
ea
u
vo
or

Sc
hi
m
m
el
cu
ltu

re
s,
U
tr
ec
ht
,N

et
he
rl
an
ds

b
D
P
M

di
lu
tio

n
pl
at
e
m
et
ho
d,
SW

T
so
il
w
as
hi
ng

te
ch
ni
qu
e,
T
R
is
ol
at
io
n
fo
r
th
er
m
or
es
is
te
nt

fu
ng
i,
K
B
ke
ra
tin

-b
ai
tt
ec
hn
iq
ue
,C

el
B
ce
llu

lo
se
-b
ai
tt
ec
hn
iq
ue
,G

SM
gr
av
ity

se
ttl
in
g
m
et
ho
d

c
‘−
’
no

ac
id
,+

w
ea
k
ac
id
,+

+
m
ed
iu
m

ac
id
,+

+
+
st
ro
ng

ac
id

d
N
D

no
td

et
er
m
in
ed

Fungal Diversity

Author's personal copy



T
ab

le
2

A
dd
iti
on
al
is
ol
at
es

ex
am

in
ed

in
th
is
st
ud
y

S
pe
ci
es

id
en
tit
y

C
ul
tu
re

co
lle
ct
io
n
nr
.a

L
oc
al
ity

Y
ea
r

M
A
T
lo
cu
s

E
M
B
L
an
d
G
en
B
an
k

ac
ce
ss
io
n
nr
s.

be
nA

ca
M

A
.a
ur
eo
lu
s

IF
M

47
02
1T

=
C
B
S
10
5.
55

T
=
N
R
R
L

22
44

T
=
IM

I
06
14
5T

So
il,

G
ha
na

19
50

N
D
b

A
F0

57
31
9

A
Y
68
93
69

IF
M

46
58
4
=
C
C
F
46
45

So
il,

B
ra
zi
l

19
93

N
D

H
G
42
60
57

H
G
42
60
50

IF
M

46
93
5
=
C
C
F
46
46

So
il,

un
kn
ow

n
–

N
D

H
G
42
60
58

H
G
42
60
51

IF
M

46
93
6
=
C
C
F
46
47

So
il,

un
kn
ow

n
–

N
D

H
G
42
60
59

H
G
42
60
52

IF
M

53
61
5
=
C
C
F
45
71

(e
x-
ty
pe

of
A
.i
nd
oh
ii
)

S
oi
l,
B
ra
zi
l

20
01

N
D

A
B
48
87
57

A
B
48
87
65

A
.f
el
is

C
B
S
13
02
45

T
R
et
ro
bu
lb
ar

m
as
s
in

ca
t,
A
us
tr
al
ia

<
20
13

M
A
T
1-
2

JX
02
17
00

JX
02
17
15

C
B
S
45
8.
75

(e
x-
ty
pe

of
A
.f
um

ig
at
us

va
r.
sc
le
ro
tio

ru
m
)

So
il,

In
di
a

<
19
71

M
A
T
1-
2

A
Y
68
51
78

H
G
42
60
48

C
C
F
43
76

So
il
of

re
cl
am

at
io
n
si
te
,C

ze
ch

R
ep
.

20
11

M
A
T
1-
1

H
F9

33
38
0

H
F9

33
42
2

FR
R
56
80

R
et
ro
bu
lb
ar

ab
sc
es
s
in

ca
t,
A
us
tr
al
ia

<
20
05

M
A
T
1-
2

H
F9

33
38
1

H
F9

33
42
0

IF
M

54
30
3
=
C
C
F
45
70

Fo
od
,J
ap
an

<
20
07

M
A
T
1-
1

A
B
24
82
99

A
B
25
99
73

IF
M

60
05
3
=
C
C
F
45
59

A
bs
ce
ss

ne
ar

th
ig
h
bo
ne

(o
st
eo
m
ye
lit
is
in

m
an
),
Ja
pa
n

20
12

M
A
T
1-
1

H
F9

33
38
2

H
F9

33
42
1

IM
I
18
21
27

P
in
us

ca
ri
be
a
,S

ri
L
an
ka

<
19
74

N
D

A
F1

34
77
7

D
Q
09
48
88

A
.u
da
ga
w
ae

IF
M

46
97
3M

T
=
C
B
S
11
42
18

M
T
=
C
C
F
45
58

M
T

So
il,

B
ra
zi
l

19
93

M
A
T
1-
2

A
B
24
83
03

A
Y
68
93
73

IF
M

46
97
2M

T
=
C
B
S
11
42
17

M
T

So
il,

B
ra
zi
l

19
93

M
A
T
1-
1

A
B
24
83
02

A
Y
68
93
72

C
C
F
42
33

H
um

an
na
il,

C
ze
ch

R
ep
.

20
11

N
D

H
G
42
60
54

C
C
F
44
79

=
C
M
F
IS
B
21
89

Il
lin

oi
s,
U
.S
.A
.

20
11

M
A
T
1-
2

H
F9

33
37
7

H
F9

33
41
7

C
M
F
IS
B
21
90

In
di
an
a,
U
.S
.A
.

20
11

M
A
T
1-
1

H
G
42
60
55

H
G
42
60
49

A
.v
ir
id
in
ut
an
s

IF
M

47
04
5T

=
N
R
R
L
43
65

T
=
N
R
R
L
57
6T

=
C
B
S
12
7.
56

T
=
IM

I
36
74
15

T
=
C
C
F
43
82

T
D
un
g
of

ra
bb
it,

A
us
tr
al
ia

<
19
54

M
A
T
1-
1

E
F6

69
83
4

E
F6

69
90
4

A
.w

yo
m
in
ge
ns
is

IF
M

59
68
1
=
C
C
F
45
63

So
il,

C
hi
na

20
08

M
A
T
1-
2

H
G
42
60
56

H
G
42
60
53

IM
I
13
39
82

=
C
C
F
43
83

So
il,

R
us
si
a

<
19
68

M
A
T
1-
1

A
F1

34
77
5

D
Q
09
48
89

a
A
cr
on
ym

s
of

cu
ltu

re
co
lle
ct
io
ns
:C

M
F
IS
B
—
C
ol
le
ct
io
n
of

M
ic
ro
sc
op
ic
F
un
gi

of
th
e
In
st
itu

te
of

S
oi
lB

io
lo
gy

of
th
e
A
ca
de
m
y
of

S
ci
en
ce
s
of

th
e
C
ze
ch

R
ep
ub
lic

in
Č
es
ké

B
ud
ěj
ov
ic
e,
C
C
F—

C
ul
tu
re

C
ol
le
ct
io
n
of

F
un
gi
in
th
e
D
ep
ar
tm

en
to
f
B
ot
an
y
of

C
ha
rl
es

U
ni
ve
rs
ity

in
Pr
ag
ue
,I
FM

—
C
ol
le
ct
io
n
at
th
e
M
ed
ic
al
M
yc
ol
og
y
R
es
ea
rc
h
C
en
te
r,
C
hi
ba

U
ni
ve
rs
ity

;N
R
R
L
—
A
gr
ic
ul
tu
ra
lR

es
ea
rc
h
S
er
vi
ce

C
ul
tu
re
C
ol
le
ct
io
n,
P
eo
ri
a,
Il
lin

oi
s,
U
.S
.A
.;
C
B
S
,C

en
tr
aa
lb
ur
ea
u
vo
or

S
ch
im

m
el
cu
ltu

re
s,
U
tr
ec
ht
,N

et
he
rl
an
ds
;F

R
R
—
Fo

od
Fu

ng
al
C
ul
tu
re
C
ol
le
ct
io
n,
N
or
th
R
id
e,
A
us
tr
al
ia
;I
M
I,
C
A
B
I’
s
co
lle
ct
io
n
of

fu
ng
ia
nd

ba
ct
er
ia
,E

gh
am

,U
K

b
N
ot

de
te
rm

in
ed

Fungal Diversity

Author's personal copy



visible sporulation, no acid production. Ehrlich test negative.
Maximum growth temperature is 42 °C.

Conidial heads short columnar. Conidiophores arising from
aerial hyphae, smooth, most commonly 34–144×2.5−3.2 μm,
septate, sometimes extremely short measuring only severalμm,
nodding heads common. Conidial heads uniseriate, vesicles
subglobose to pyriform, 7–13 μm, phialides ampuliform, 3.5
−4.5 μm, covering the upper half to two-third of vesicle.
Conidia subglobose, rough, verrucose to spinose, 2–2.9 μm.

Diagnosis. The micromorphology is reminiscent of A.
brevipes , A. unilateralis and A. duricaulis which also have
echinulate conidia and short conidiophores with common
nodding appearance. Colonies of A. brevipes are purple-red,
and A. unilateralis has nearly black reverses on CZA. The
growth of A. conversis and A. duricaulis on all media is
slower in comparison with A. brevistipitatus .

Type . U.S.A., Wyoming, Converse Country, Powder River
Basin, Glenrock—Rolling Hills Wind Plant (former Dave
Johnson Coal Mine), site recultivated by crested wheatgrass
(Agropyron cristatum), ex soil, 2010, A. Nováková , holotype
PRM 860543, a dried culture, isotype PRM 860544, culture
ex-holotype CCF 4149T (= CMF ISB 2152T=NRRL
62500T=IFM 60858T=CBS 135454T).

Aspergillus conversis Hubka & A. Nováková, sp. nov. —
MB803935; Fig. 4

Etymology. Relating to Converse County, Wyoming, U.S.A.
Description. Colonies on CYA 25–26mm in diam at 25 °C

in 7 days, velutinous, wrinkled, with white margin, light
greenish grey (ISCC-NBS No. 154) to greyish yellow green

(No. 122), no exudate or soluble pigment production, reverse
yellowish white (No. 92) to pale yellow (No. 89). Colonies at
37 °C 30–40 mm, velutinous, wrinkled, yellowish grey (No.
93), light greenish grey (154) in margin, reverse pale orange
yellow (No. 73). Colonies on MEA 30–32 mm, velutinous
with floccose centre, light greenish grey (No. 154) with pale
green (No. 149) centre, no exudate or soluble pigment pro-
duction, reverse brilliant yellow (No. 83) to brilliant orange
yellow (No. 67). Colonies on YES 32–38 mm in diam,
velutinous, wrinkled, light greenish grey (No. 154) to greenish
grey (No. 155), exudate yellowish white (No. 92) to pale
greenish yellow (No. 104), no soluble pigment, reverse strong
yellow (No. 84). Colonies on CZA 28–30 mm in diam, no
sporulation, no exudate or soluble pigment production.
Colonies on CREA 15–20mm in diam, no visible sporulation,
no acid production, reverse colourless. Ehrlich test negative to
very light yellow. Maximum growth temperature is 42 °C.

Conidial heads short columnar. Conidiophores arising from
aerial hyphae, smooth, septate, most commonly 47−70(−90)×
2.5−4 μm, sometimes extremely short measuring only several
μm, nodding heads common. Conidial heads uniseriate, vesicles
subglobose to subclavate, 6.5−9(−12) μm, phialides ampuliform,
3.5−5 μm, covering the upper half of vesicle. Conidia ellipsoidal
to subglobose, delicately roughened, 2.0−2.8 μm.

Diagnosis. The species is most closely related and
similar to A. brevistipitatus (see “Diagnosis” above) but
the growth of A. conversis is slower on all media and at
all temperatures. The colonies of A. conversis on CZA
lack broad areas of submerged growth which are present
in A. duricaulis .

Fig. 2 Comparison of ascospores
morphology of homothallic A.
aureolus and three heterothallic
species in A. viridinutans
complex as observed by SEM. a
A. aureolus ; b A. felis ; c A.
udagawae; d A. wyomingensis .
— Scale bars 2 μm
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Type . U.S.A., Wyoming, Converse Country, Powder River
Basin, Glenrock—Rolling Hills Wind Plant (former
Dave Johnson Coal Mine), site recultivated by crested
wheatgrass (Agropyron cristatum ), ex soil, 2010, A.
Nováková , holotype PRM 860541, a dried culture,
isotype PRM 860542, culture ex-holotype CCF
4190T = CMF ISB 2151T = NRRL 62496T = IFM
60857T=CBS 135457T.

Aspergillus viridinutans complex
Aspergillus aureolus Fennell and Raper 1955, Mycologia

47: 71 — MB292836; Fig. 5
= Sartorya aureola (Fennell & Raper) Subram. 1972, Curr.

Sci. 41: 760 — MB323108
= Neosartorya aureola (Fennell & Raper) Malloch & Cain

1973, Can. J. Bot. 50: 2620 — MB318627
= Aspergillus aureoluteus Samson & W. Gams 1985, in

Samson & Pitt (eds), Adv. Penicillium Aspergillus Syst.: 34
— MB114698

= Aspergillus indohii Y. Horie 2003, Mycoscience 44: 398
— MB489533

= Neosartorya indohii Y. Horie 2003, Mycoscience 44:
398 — MB489536

Description. Colonies on CYA 54–62mm in diam at 25 °C
in 7 days, floccose, delicatelly furrowed to irregularly wrin-
kled, pale yellow (ISCC-NBS No. 89), light yellow (No. 86)
to strong yellow (No. 84) with yellowish white margins, no
exudate, no diffusible pigment, reverse deep yellowish brown
(No. 75) to medium olive brown (No. 95) with 3–5 mm
medium yellow (No. 87) margins. Colonies at 37 °C 65–
70 mm in diam, plane to irregularly furrowed, floccose to
lanose with umbonate centre, visible ascomata in some strains,
yellowish white (No. 92) to pale yellow (No. 89), light olive
grey (No. 112) sporulation in some strains, no exudate, no
diffusible colour, reverse reverse yellowish white, pale orange
yellow (No. 73) to strong yellow (No. 84). Colonies on MEA
38–70 mm in diam, velutinous to floccose with umbonate
centre, delicately furrowed to irregularly wrinkled, yellowish

Fig. 3 Aspergillus brevistipitatus CCF 4149T. a–c Colonies incubated 7 days at 25 °C onCYA,MEA andYES, from left to right; d–g conidiophores; h
conidia. — Scale bars 10 μm
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white (No. 92), pale yellow (No. 89) to brilliant orange yellow
(No. 67), no exudate, no diffusible colour, reverse strong
yellow (No. 84), deep orange (No. 51) to strong brown (No.
55) with light yellow (No. 86) to strong yellow margins.
Colonies on YES 43–58 mm in diam, floccose to lanose,
plane, yellowish white (No. 92) with pale yellow tint in the
colony centre, brilliant orange yellow (No. 67) to pale orange
yellow with paler margins, no exudate, no diffusible colour,
reverse brilliant yellow (No. 83) with vivid orange yellow or
strong to vivid orange (No. 68 and 66) colonies centre or
strong orange (No. 50) to vivid orange (No. 48). Colonies
on CZA 48–53 mm in diam, floccose to lanose, plane, yel-
lowish white (No. 92) to pale yellow (No. 89), colony centre

pale yellow (No. 98) to greyish yellow (No. 90) or with pale
orange yellow (No. 73) coloured central parts, no exudate, no
diffusible pigment, reverse yellowish white with strong yel-
low (No. 84) colony centre with several dark greyish yellow
(No. 91), light olive brown (No. 94) or dark olive brown (No.
96) spots or yellowish white with pale yellow tint in colonies
centre. Colonies on CREA 28–43 mm in diam, sparse
colourless to yellow colouredmyceliumwith visible ascomata
or dense mycelial ring in some strains, weak acid production
under colonies. Ehrlich test negative.

Conidial heads columnar. Conidiophores arising from ae-
rial hyphae, smooth, septate, up to 450.0×2.5−3.5(−5) μm,
nodding heads rarely present. Conidial heads uniseriate,

Fig. 4 Aspergillus conversis CCF 4190T. a–c Colonies incubated 7 days at 25 °C on CYA, MEA and YES, from left to right; d–g conidiophores; h
conidia. — Scale bars 10 μm
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vesicle clavate, 8–13.5 μm, phialides ampuliform covering
the upper half of vesicle. Conidia broadly subglobose, deli-
cately roughened, 2.1−2.8 μm.

Homothallic species; the ascomata visible after 1 week of
incubation on CYA, CYA37, MEA, YES and CREA.
Cleistothecia yellowish white to yellow, globose or
subglobose, 200–650 μm in diameter, covered by a felt of
yellowish hyphae; asci eight-spored, globose to subglobose,
10.5−13.5×10–12 μm; ascospores lenticular, spore bodies
(4−)4.5−5.5 μm in longer axis, with two well-separated,
1–1.5 μm wide, irregular equatorial crests, convex surface
echinulate and tuberculate. The species is able to grow at
42 °C and does not grow at 45 °C.

Diagnosis. The species is homothallic in contrast to other
members of A. viridinutans complex. The most of isolates

have typical yellow to golden yellow colonies, most conspic-
uous on MEA and CYA. The ascospores have echinulate and
tuberculate convex surface, broad equatorial crests and are
very similar to those of heterothallic A. felis . Colonies in
shades of yellow and orange can be found in several other
species (A. auratus , A. laciniosus , A. multiplicatus and A.
stramenius) and all of them can be distinguished by different
ascospores morphology and spectrum of produced secondary
metabolites (Samson et al. 2007a). Aspergillus laciniosus and
A. auratus have ascospores with convex surface smooth or
slightly roughened by light microscopy, in additionA. auratus
has slower growth paramethers on all media and temperatures
and has smaller cleistothecia. Aspergillus laciniosus is able to
grow at 47 °C in contrast to A. aureolus . Ascospores of A.
multiplicatus lack equatorial crests and have ribbed to

Fig. 5 Aspergillus aureolus IFM 46935. a–c Colonies incubated 7 days at 25 °C on CYA, MEA and YES, from left to right; d cleistothecia; e asci; f.
ascospores; g–j conidiophores; k conidia. — Scale bars 10 μm
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reticulate ornamentation. The cleistothecia of A. stramenius are
smaller and its ascospores are less conspicuously roughened.

Ecology. Soil of tropical countries (Brazil, Ghana, Liberia,
Suriname), passion-fruit juice (Fiji). References: Fennell and
Raper (1955); Peterson (1992); Horie et al. (1995); Horie et al.
(2003); Samson et al. (2007a).

Specimens examined. Five isolates, see Table 2.
Nomenclatural notes. The new botanical code (McNeill

et al. 2012) enables the use of some well known holomorphic
names that were treated as invalid in the dual nomenclature
system and have priority over names proposed later separately
for teleomorph and anamorph. This is true for A. aureolus .
However, inappropriate type (living culture) was designated by
the Fennell and Raper (1955), and the species is neotypified

here. Incorrect type designation before 1st January 1958 do not
affect validity of published name [Art. 40.1;McNeill et al. 2012].

Type. Ghana, ex soil, 1950, C. F. Charter, a dried culture
Herb. CBS 105.55 derived from the living culture CBS
105.55 is here designated as neotype. Ex-neotype culture
CBS 105.55T=NRRL 2244T=IFM 47020T=IMI 06145T.

Aspergillus felis Barrs, van Doorn, Varga & Samson 2013,
Plos One 8: e64871 — MB560382; Fig. 6

=? Aspergillus fumigatus var. sclerotiorum J.N. Rai, S.C.
Agarwal & J.P. Tewari 1971, J. Ind. Bot. Soc. 50: 66 —
MB347792

Description. Colonies on CYA 52–65mm in diam at 25 °C
in 7 days, floccose, plane to slightly wrinkled in central part of

Fig. 6 Aspergillus felis CCF 4497. a–c Colonies incubated 7 days at
25 °C on CYA,MEA and YES, from left to right; d fertile cleistothecia as
a result of crossing of isolates IFM 60053 and FRR 5679 on MEA after

6 weeks. e–f cleistothecia. g asci and ascospores. h–j conidiophores; k.
conidia. — Scale bars 10 μm
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colonies, yellowish white (ISCC-NBS No. 92) to very pale
green (No. 148), pale green (No. 149) in marginal parts,
greyish yellow green sporulation (No. 122) after 14 days, no
exudate or soluble pigment production, reverse yellowish
white (No. 92) to pale yellow (No. 89). Colonies at 37 °C
65–70 mm, lanose, irregularly wrinkled, yellowish white (No.
92), reverse pale yellow (No. 89). Colonies on MEA 54–
68 mm, floccose, white to yellowish white (No. 92) to very
pale green (No. 148), after 14 days greenish grey (No. 155) to
greyish green (No. 150) sporulation, no exudate or soluble pig-
ment production, reverse brilliant yellow (No. 83) to strong yellow
(No. 84). Colonies onYES 65–70mm in diam, floccose, regularly
wrinkled, white, light yellow (No. 89) to very pale green (No.
148), no exudate or soluble pigment production, reverse moderate
yellow (No. 87). Colonies on CZA 45–48 mm in diam, plane,
whitish yellow. Colonies on CREA 40–55 mm in diam, poor
mycelial growth, no acid production, reverse colourless. Ehrlich
test negative to very light violet. Only some isolates were able to
grow restrictedly (up to 20 mm) at 45 °C.

Conidial heads short columnar. Conidiophores arising from
aerial hyphae, smooth, up to 252×3–5.5(−6.5) μm, nodding
heads occasionally present. Conidial heads uniseriate, vesicles
subglobose to subclavate, (7−)9−18(−20) μm, phialides
ampuliform covering the upper half of vesicle. Conidia broad-
ly subglobose, delicately roughened, 2.3−2.8 μm.

Heterothallic species; the ascomata visible after 3 weeks of
incubation onMEA, OA and PDA at 25, 30 and 37 °C, mature
ascospores present after 4–6 weeks. Cleistothecia yellowish
white, globose or subglobose 300−1,000(−1,250) μm in di-
ameter, glabrous or covered by a loose felt of white hyphae;
asci eight-spored, globose to subglobose 10–12×9.5–11 μm;
ascospores lenticular, spore bodies 3.2–5 μm in longer axis,
with two well-separated, 1–1.5(−2) μm wide, irregular equa-
torial crests, convex surface echinulate and tuberculate.

Diagnosis. The morphology of ascospores with markedly
echinulate and tuberculate convex and broad equatorial crests
(> 1 μm wide) differentiates A. felis from other heterothallic
species in A. viridinutans complex. Some other heterothallic
species have somewhat similar ascospores but all of them can
be differentiated using morphology and physiology. The con-
vex surface of ascospores of A. spathulatus is smooth, A.
nishimurae has broadly ellipsoidal conidia and is able to grow
at 47 °C in contrast to A. felis , the convex surface of asco-
spores of A. fennelliae and A. otanii is only delicately rough-
ened, and their colonies on MEA have greyish colour.

Ecology. Soil (Czech Republic, India, U.S.A., Zambia),
Pinus caribea (Sri Lanka), indoor air (Germany); human
pathogen (or clinical material contaminant in some cases)—
lungs, upper respiratory tract, thigh bone, cornea, nail (Japan,
Portugal, Spain, U.S.A.), animal pathogen—thoracic mass
and retrobulbar abscess in cats (Australia, Japan, UK), vitre-
ous humor in dog (Australia). References: Rai et al. (1971);
Varga et al. (2000); Katz et al. (2005); Yaguchi et al. (2007);

Alcazar-Fuoli et al. (2008); Vinh et al. (2009a); Coelho et al.
(2011); Barrs et al. (2012); Shigeyasu et al. (2012); Barrs et al.
(2013); Kano et al. (2013); Peláez et al. (2013)

Specimens examined. Eleven isolates, see Tables 1 and 2.
A dried colony from a paired culture of isolates CCF 4171=
CMF ISB 2162=IFM 60852×IFM 60053 was deposited as
PRM 860735 and PRM 860736.

Type . Australia, retrobulbar mass in domestic short-haired
cat, holotype CBS H-21125, culture ex-holotype CBS 130245T.

Aspergillus udagawae Horie, Miyaji and Nishim. 1995,
Mycoscience 36: 199 — MB412533; Fig. 7

= Neosartorya udagawae Y. Horie, Miyaji & Nishim.
1995, Mycoscience 36: 199 — MB413573

Description. Colonies on CYA 40–60mm in diam at 25 °C
in 7 days, velutinous to effuse, wrinkled, yellowish white
(ISCC-NBS No. 92) to light greenish grey (No. 154) but
strongly coloured in some strains with moderate greenish blue
(No. 173), dark bluish green (No. 165) to dark greenish blue
(No. 174) colour with sporulation in marginal area or on the
whole colony surface, no exudate or soluble pigment produc-
tion, reverse yellowish white (No. 92). Colonies on CYA at
37 °C 65–70mm, lanose, yellowish white (No. 92) to greenish
grey (No. 155) to dark greenish grey (No. 156) in parts with
visible sporulation, reverse pale yellow (No. 89). Colonies on
MEA 42–65 mm in diam, floccose, plane to very fine wrin-
kled, white to yellowish white (No. 92), in some strains with
pale yellow in the centre, sporulation in very light bluish green
(No. 162) to moderate bluish green (No. 164), no exudate, no
diffusible pigment in some strains or yellow pigment in other
ones, reverse yellowish white (No. 92) to vivid yellow (No. 82)
in the case of diffussible pigment production. Colonies on YES
62–75 mm in diam, floccose, plane to wrinkled, yellowish
white (No. 92) to light greenish grey (No. 154), no exudate or
soluble pigment production, reverse yellowish white (No. 92).
Colonies on CZA 37–47 mm in diam at 25 ºC, velutinous,
plane to sporadicaly wrinkled, with 0.3–0.5 mm submerse
margins, yellowish white (No. 92), no exudate, no soluble
pigment, reverse yellowish white. Colonies on CREA 46–
50 mm in diam, floccose, pure sporulated, without acid pro-
duction in some strains to slight or very strong acid production
in other ones. Ehrlich test negative. Only some isolates were
able to grow restrictedly (up to 7 mm) at 45 °C, all grew at
42 °C.

Conidial heads columnar. Conidiophores arising from the
aerial hyphae up to 500×(2.5–)3–6.5 μm with stipes smooth,
vesicles hemispherical to subglobose, 11–18(−19.5) μm, nod-
ding heads occasionally present. Conidia globose, subglobose
to ellipsoidal, smooth, 2.4–3.2 μm.

Heterothallic species; the ascomata visible after 3 weeks
of incubation on MEA at 25 °C, mature ascospores present
after 5–6 weeks. Cleistothecia yellowish white, globose or
subglobose 300–600(−1,000) μm in diameter, glabrous or

Fungal Diversity

Author's personal copy



covered by a loose felt of white hyphae; asci eight-spored,
globose to subglobose 9.5–11.5×9–11 μm; ascospores len-
ticular, spore bodies 4.1–5.2 μm in longer axis, with two
well-separated, 0.5–0.8 μm wide equatorial crests, convex
surface tuberculate.

Diagnosis. The species can be differentiated from other
heterothallic species by the ascospores with tuberculate con-
vex surface and two well visible equatorial crests that do not
exceed 1 μm. The ascospores of recently described
teleomophic stage of A. lentulus (Swilaiman et al. 2013) have
similar morphology with tuberculate convex surface and
equatorial crests <1 μm (Céline M. O’Gorman, personal com-
munication). However, reticulate convex surface texture may
be more pronounced in A. lentulus ascospores. The isolates of

A. lentulus always grow at 45 °C and produce different
spectrum of secondary metabolites (Samson et al. 2007a).

Ecology. Soil (Brazil, Korea, U.S.A.), food (Japan), human
pathogen (or clinical material contaminant in some cases)—
lungs, upper respiratory tract, brain, cornea, nail (Czech
Republic, Italy, Japan, U.S.A.), animal pathogen—respiratory
tract and retrobulbar mass in cats (Australia, Japan). References:
Horie et al. (1995); Katz et al. (2005); Balajee et al. (2006); Vinh
et al. (2009b); Yaguchi et al. (2007); Kano et al. (2008); Balajee
et al. (2009); Hong et al. (2010a, b); Posteraro et al. (2011);
Gyotoku et al. (2012); Kano et al. (2013)

Specimens examined. Fifty-seven isolates, see Tables 1 and 2.
Type. Brazil, São Paulo, Botucatú, Lagoa Seka Avea, ex soil

in plantation, 1993, Y. Horie , holotype CBM-FA-0711, a dried

Fig. 7 Aspergillus udagawae CCF 4493. a–c Colonies incubated 7 days
at 25 °C on CYA,MEA and YES, from left to right; d fertile cleistothecia
as a result of crossing of mating ex-type isolates IFM 46972MT and IFM

46973MTonMEA after 6 weeks. e–f cleistothecia. g ascospores. h ascus.
i–k conidiophores; l conidia. — Scale bars: g–h=5 μm; i–l=10 μm
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colony from a paired culture of isolatesMAT1-1 IFM46972MT=
CBS 114218MT×MAT1-2 IFM 46973MT=CBS 114217MT.

Aspergillus viridinutans Ducker and Thrower 1954, Aust.
J. Bot. 2: 355 — MB292864; Fig. 8

Description. Colonies on CYA in 28–40 mm in diam at
25 °C in 7 days, velutinous to floccose, plane to slightly
wrinkled and umbonate in central part of colonies, yellowish
white (ISCC-NBS No. 92) to pale yellow (89), no exudate or
soluble pigment production, reverse pale orange yellow (No.
73) to light orange yellow (No. 70). Colonies at 37 °C 40–
50 mm, velutinous, irregularly wrinkled with umbonate cen-
tral part, greyish white (No. 153) to light greenish grey (No.
154), reverse light orange yellow (No. 70) to pale orange
yellow (No. 73) in marginal part of the colony or greyish

yellowish brown (No. 80) to moderate olive brown (No. 95)
to greyish green (No. 150). Colonies on MEA 31–33 mm,
velutinous to floccose, plane to lightly wrinkled, umbonate in
the centre, white margin 1–3 mm, sporulation pale green (No.
149), greyish green (No. 150) to light greyish grey (No. 154)
in the central umbonate part of colony, reverse light yellow
brown (No. 76) with yellowish white margin or yellowish
white to pale orange yellow (No. 73) to dark orange yellow
(No. 72) in the centre. Colonies on YES 32–37 mm, floccose,
irregularly lightly wrinkled, yellowish white, yellowish white
to pale yellow (No. 89), pale orange yellow exudate, droplets
to 1 mm, some of them to 2–3 mm in diam, reverse light
yellow brown (No. 76) to moderate orange yellow (No. 71).
Colonies on CZA 19–25 mm in diam at 25 °C, velutinous,
plane with umbonate centre, yellowish white (No. 92) with

Fig. 8 Aspergillus viridinutans IFM 47045T. a–c Colonies incubated 7 days at 25 °C on CYA, MEA and YES, from left to right; d–h conidiophores; i
conidia. — Scale bars 10 μm
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light greenish grey (No. 154) to pale green (No. 149) sporu-
lation, no soluble pigment, reverse yellowish white. Colonies
on CREA 18–21 mm, effuse, yellowish white, no visible
sporulation, no acid production. Ehrlich test negative.

Conidial heads columnar. Conidiophores arising from ae-
rial hyphae, smooth, most commonly 20–70(−112)×3–4(−5)
μm, sometimes extremely short measuring only several μm,
nodding heads common. Conidial heads uniseriate, vesicles
globose, 7.5–12(−14) μm, phialides ampuliform covering the
upper half of vesicle. Conidia globose to subglobose, smooth
to delicately roughened, 2–2.8 μm.

Diagnosis. The species can be differentiated from other
anamorphic or heterothallic species by overall relatively slow
growth parameters, inability to grow at 45 °C, colourless
reverse on CZA, presence of nodding heads, short conidio-
phores, globose and almost smooth conidia.

Ecology. Dung of Oryctolagus cuniculus and soil (both at
Frankston, Australia). References: McLennan et al. (1954).

Specimens examined. The species is only represented by
the ex-type isolate.

Nomenclatural notes. Original material represented by illus-
tration is extant for A. viridinutans , however the species was
lecto- and later neotypified by a specimen dried from the original
living culture (Samson and Gams 1985; Pitt and Samson 2000).
In this study, we designated a lectotype (iconotype) to supersede
neotype designated by Pitt and Samson (2000) and this “neo-
type” is here designated as epitype.

Type. Australia, Frankston, dung of Oryctolagus cuniculus ,
lectotype designated here—Fig. 2 in McLennan et al. 1954,
Aust J Bot 2: 359; epitype designated here—Herb. IMI 62875,
a dried culture, culture ex-epitype CBS 127.56T=NRRL
4365T=NRRL 576T=IFM 47045T=IMI 367415T=CCF 4382T.

Aspergillus wyomingensis A. Nováková, Dudová and
Hubka, sp. nov. —MB803936; Fig. 9

Etymology. Named after the state of Wyoming (U.S.A.).
Description. Colonies on CYA in 52–58 mm in diam at

25 °C in 7 days, velutinous, wrinkled, yellowish white (ISCC-
NBS No. 92) with poor sporulation on the colony margin (pale
yellow green—No. 121) after 14 days, no exudate or soluble
pigment production, reverse pale yellow (No. 89). Colonies at
37 °C 65–70mm, floccose to lanose, wrinkled, yellowish white
(No. 92), reverse pale yellow (No. 89). Colonies on MEA 43–
44 mm, floccose, plane, yellowish white (No. 92), no exudate,
soluble pigment present after 14 days—brilliant greenish yel-
low (No. 98) to vivid greenish yellow (No. 97), reverse light
yellow (No. 86) with moderate yellow (No. 87) parts, brilliant
greenish yellow (No. 98) to vivid greenish yellow (No. 97).
Colonies on YES (60−)68−70 mm in diam, velutine to
floccose, wrinkled, yellowish white (No. 92), no exudate, no
soluble pigment, reverse strong yellow (No. 84) to deep yellow
(No. 85). Colonies on CZA 38–42 mm in diam, plane, whitish
yellow. Colonies on CREA 46–50 mm in diam, poor mycelial

growth, acid production strong or only under the colony.
Ehrlich test negative. Only some isolates were able to grow
restrictedly (up to 16 mm) at 45 °C, all grew at 42 °C.

Conidial heads columnar. Conidiophores arising from aerial
hyphae, smooth, up to 275.0×(3−)4−6.5(−7) μm, nodding
heads occasionally present. Conidial heads uniseriate, vesicles
subglobose to globose, pigmented, 11−19(−24) μm, two-thirds
covered by ampuliform phialides. Conidia subglobose, deli-
cately rough, 1.7−2.8(−3.3) μm, light green in mass.

Heterothallic species; the ascomata visible after 3 weeks of
incubation on OA at 25, 30 and less abundant at 37 °C, mature
ascospores present after 4–5 weeks. Cleistothecia white, glo-
bose or subglobose 180−500(−600) μm in diameter, covered
by a dense felt of white hyphae; asci eight-spored, globose to
subglobose 10–12×10–11 μm; ascospores lenticular, spore
bodies (3.2−)3.6−5 μm in longer axis, equatorial crests absent
or are very low and difficultly distinguishable by light micros-
copy, shallow equatorial furrow is present, short ribs, rough
tubercles and echines are present on the convex surface and
clearly visible using light microscopy, a part of ascospores
lack ornamentation as well as equatorial crests and furrow.

Diagnosis. The morphology of ascospores with convex
surface covered by ribs and echines and very low to absent
equatorial creast differentiating A. wyomingensis from all
species in A. viridinutans complex as well as from all other
heterothallic species in section Fumigati .

Ecology. Soil (USA, Russia, China). References: Varga
et al. (2000).

Specimens examined. Fourteen isolates (see Tables 1 and
2). A paired culture of isolates CCF 4416 (= CMF ISB 1976=
CBS 135455)×CCF 4417T (= CMF ISB 2494T=CBS
135456T) was deposited as PRM 860737–8.

Type. U.S.A., Wyoming, Converse Country, Powder River
Basin, Glenrock—Rolling Hills Wind Plant (former Dave
Johnson Coal Mine), site recultivated by crested wheatgrass
(Agropyron cristatum), ex soil, 2010, A. Nováková , holotype
PRM 861504, a dried culture, isotype PRM 861505, culture
ex-holotype CCF 4417T=CMF ISB 2494T.

Dichotomous key to species from Aspergillus viridinutans
complex

1a) homothallic…………………………………A. aureolus
1b) heterothallic or anamorphic…………….....……………2
2a) colonies on MEA after 7 d at 25 °C<35 mm; conidio-

phores onMEA <120μm….........………A. viridinutans
2b) colonies onMEA after 7 d at 25 °C>35 mm; at least some

conidiophores onMEA >120 μm…................…………3
3a) ascospores without equatorial crests or with very low crests

(< 0.2 μm)………................……………A. wyomingensis
3b) ascospores with two clearly distinguishable equatorial

crests (> 0.5μmwide)…….....…………………………4
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4a) equatorial crests narrower than 1μm…........…A. udagawae
4b) equatorial crests wider than 1μm…….......………A. felis

Discussion

The isolates traditionally named A. viridinutans show consid-
erable phenotypic variability but typically share nodding
heads (some vesicles borne at an angle to the stipe) and
relatively poorly sporulating colonies with abundant aerial
mycelium (in comparison with A. fumigatus s. str.) as impor-
tant morphological characteristics. Previous studies based on
molecular data confirmed that A. viridinutans includes several
lineages but the species boundaries were not clearly

determined, and A. viridinutans was retained as a species
complex (Varga et al. 2000; Katz et al. 2005; Hong et al.
2010b). Aspergillus viridinutans was originally described
from rabbit dung (Australia) (McLennan et al. 1954) and
seems to be very rare species according to the species concept
presented here. As far we know, no other isolate identical to
the ex-type strain based on molecular methods has been
published. As discussed by Varga et al. (2000), the use of
nodding heads as a morphological characteristic is misleading
because it is present in not only the A. viridinutans complex but
alsomany non-related species from the sectionFumigati, includ-
ing A. brevipes (Smith 1952), A. duricaulis (Raper and Fennell
1965), A. marvanovae (Hubka et al. 2013b), A. unilateralis
(McLennan et al. 1954), N. pseudofischeri (Paden 1968;

Fig. 9 Aspergillus wyomingensis CCF 4417T. a–c Colonies incubated
7 days at 25 °C on CYA, MEA and YES, from left to right; d fertile
cleistothecia as a result of crossing CCF 4416 and CCF 4417T on OA

after 6 weeks. e–f cleistothecia. g–h asci. i ascospores. j–l conidio-
phores; m conidia.— Scale bars: g–i=5 μm; j–m=10 μm
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Peterson 1992) and two newly described species, A.
brevistipitatus and A. conversis .

Species of the section Fumigati, including those of the A.
viridinutans complex, are most commonly isolated from soil
and clinical material (Katz et al. 2005; Yaguchi et al. 2007;
Hong et al. 2010a, b). In this study, we examined many
isolates belonging to A. viridinutans complex which were
dominant inhabitants of reclamation site soils. Seven species,
including three undescribed species, were identified using an
approach combining morphological, physiological, molecular
and mating data. The boundaries between species from the A.
viridinutans complex were established with an emphasis on our
and previous mating experiment results. Three teleomorphs of
heterothallicA. felis ,A. udagawae andA. wyomingensis sp. nov.
showed different ascosporesmorphologywhich is treated here as
the most important phenotypic feature for these species (Fig. 2).
None of these three species produced cleistothecia when paired
with the ex-type isolate of A. viridinutans . The MAT1-1
idiomorph was partially characterised in the ex-type isolate of
A. viridinutans IFM 47045T using the primers alpha1 and
alpha2 (Sugui et al. 2010). No product was observed on elec-
trophoretograms when using the primers HMG1 and
HMG2 designed for the MAT1-2 locus. These results
suggest that A. viridinutans is also heterothallic, although no
opposite mating type isolate is currently available for mating
experiments.

Aspergillus felis and A. udagawae both include several
strongly supported lineages which could be considered to rep-
resent separate species (Fig. 1) when only molecular data are
taken into account. However, mating experiments clearly de-
fined species boundaries in A. felis , as the opposite mating type
isolates readily produced fertile cleistothecia and did not mate
with species of the other clades. Similar results were obtained for
A. wyomingensis . The interpretation of the mating experiment
results for A. udagawae was problematic. The ascospores were
observed in only limited number of crosses, most commonly
with the mating ex-type isolate IFM 46972MT. However, these
crosses were distributed across all three major subclades
(Fig. 1), supporting A. udagawae as relatively large species.
Substructuring in A. udagawae isolates based on sequence data
was also observed by Yaguchi et al. (2007) and Sugui et al.
(2010). Previous mating experiments were either unsuccessful
or successful in a very limited number of clinical isolates of A.
udagawae (Balajee et al. 2006; Yaguchi et al. 2007; Vinh et al.
2009b; Sugui et al. 2010). Some isolates examined by Sugui
et al. (2010) andMatsuzawa et al. (unpubl. data) were similar or
identical based on sequence to a majority of A. udagawae
isolates from Wyoming and were mated successfully with the
ex-type strain. These data suggest that A. udagawae is one
genetically diverse species with decreased ability to produce
fertile ascomata rather than multiple cryptic species. A decline
in the level of sexual reproduction was also reported for the
human pathogen A. fumigatus (O’Gorman et al. 2009).

In contrast to Sugui et al. (2010) who observed a MA1-
1:MAT1-2 ratio of 6:4 among clinical isolates of A. udagawae ,
we observed considerable bias toward MAT1-2 over MAT1-1
isolates (42:13). A comparable number of opposite mating type
isolates were identified among A. felis (MAT1-1:MAT1-2, 4:6)
and A. wyomingensis (8:6) isolates. Unequal ratios between
MAT1-1 and MAT1-2 isolates in A. udagawae populations
could indicate decreased sexuality levels, as observed in some
other genera (Brygoo et al. 1998; Yun et al. 2000). Further
studies from geographically distant regions are needed to sup-
port our observation and to exclude the link between virulence
and mating type idiomorph which was, for example, described
in Cryptococcus neoformans (Nielsen et al. 2003).

Based on sequence data previously deposited in GenBank,
all clinically important cases of human and animal infections
due to species from the A. viridinutans complex belong to the
A. udagawae (Katz et al. 2005; Balajee et al. 2006; Vinh et al.
2009b; Yaguchi et al. 2007; Kano et al. 2008; Balajee et al.
2009; Posteraro et al. 2011; Gyotoku et al. 2012; Kano et al.
2013) and A. felis clades (Katz et al. 2005; Yaguchi et al. 2007;
Alcazar-Fuoli et al. 2008; Vinh et al. 2009a; Coelho et al. 2011;
Barrs et al. 2012, 2013; Shigeyasu et al. 2012; Kano et al. 2013;
Peláez et al. 2013). No clinically relevant cases have been
reported for A. viridinutans s. str. or A. wyomingensis sp. nov.
The majority of species in A. viridinutans complex (A. felis ,
A. udagawae and A. wyomingensis) seems to be worldwide
distributed in soil, A. aureolus is probably restricted to soil of
tropical countries (see “Ecology” in section Taxonomy).

An unexpected species spectrum, with the notable absence
of A. fumigatus , was obtained using a combination of several
isolation techniques from reclamation site soils. Our results
and data previously published by Hong et al. (2010a) for
arable soil indicate that the spectrum of species from the
section Fumigati in soil is relatively wide and is not restricted
to A. fumigatus which was usually referred to as predominant.
On the other hand, reclamation sites and arable soil share
unstable environmental conditions affected by human-
mediated external interventions, and non-fumigatus species
could play a specific role in these sites. Data on the occurrence
of section Fumigati members in climax soils that have been
verified by molecular methods are not currently available, and
the species spectrum could be diametrically different.
Aspergillus udagawae , an opportunistic human and animal
pathogen with increasing incidence in the U.S.A. and world-
wide, has never been reported as a dominant species in soil.
Reclamation sites and dump soils could be an important
source of this pathogen, together with other non-fumigatus
opportunistic pathogens such as A. felis and A. lentulus .

Acknowledgments We thank Karel Tajovský, Václav Pižl and Jan Frouz
(ISBBCASCR, v.v.i.) for sampling in the Belle AyrMine research sites and
Janos Varga for providing the ex-type isolate of A. felis. This study was
supported by the project ME 08085 KONTAKT Soil organisms in spoils

Fungal Diversity

Author's personal copy



after brown coal mining in the U.S.A. and Europe: a bioindication potential
and a role in pedogenesis. This research was also partially supported by the
Ministry of Education, Youth and Sports (CZ.1.07/2.3.00/20.0055 and
CZ.1.07/2.3.00/30.0003). Molecular genetics analyses were supported by
the project GAUK 607812.

References

Alcazar-Fuoli L, Mellado E, Aslastruey-Izquierdo A, Cuenca-Estrella M,
Rodriguez-Tudela JL (2008) Aspergillus section Fumigati: antifun-
gal susceptibility patterns and sequence-based identification.
Antimicrob Agents Chemother 52:1244–1251

Atlas RM (2010) Handbook of microbiological media, 4th edn. CRC
Press, Washington

Balajee SA, Gribskov JL, Hanley E, Nickle D, Marr KA (2005) Asper-
gillus lentulus sp. nov., a new sibling species of A. fumigatus .
Eukaryot Cell 4:625–632

Balajee SA, Nickle D, Varga J, Marr KA (2006) Molecular studies reveal
frequent misidentification of Aspergillus fumigatus bymorphotyping.
Eukaryot Cell 5:1705–1712

Balajee SA, Kano R, Baddley JW, Moser SA, Marr KA, Alexander BD,
Andes D, Kontoyiannis DP, Perrone G, Peterson S, Brandt ME,
Pappas PG, Chiller T (2009) Molecular identification of Aspergillus
species collected for the transplant-associated infection surveillance
network. J Clin Microbiol 47:3138–3141

Barrs VR, Halliday C, Martin P, Wilson B, Krockenberger M, GunewM,
Bennett S, Koehlmeyer E, Thompson A, Fliegner R (2012)
Sinonasal and sino-orbital aspergillosis in 23 cats: aetiology, clini-
copathological features and treatment outcomes. Vet J 191:58–64

Barrs VR, van Doorn TM, Houbraken J, Kidd SE, Martin P, Pinheiro
MD, Richardson M, Varga J, Samson RA (2013) Aspergillus felis
sp. nov., an emerging agent of invasive aspergillosis in humans, cats
and dogs. PLoS One 8:e64871

Brygoo Y, Caffier V, Carlier J, Fabre JV, Fernandez D, Giraud T,
Mourichon X, Neema C, Notteghem JL, Pope C (1998) Reproduc-
tion and population structure in phytopathogenic fungi. In: Bridge P,
Couteaudier Y, Clarkson J (eds) Molecular variability of fungal
pathogens. CAB International, Wallingford, pp 133–148

Coelho D, Silva S, Vale-Silva L, Gomes H, Pinto E, SarmentoA, Pinheiro
MD (2011) Aspergillus viridinutans : an agent of adult chronic
invasive aspergillosis. Med Mycol 49:755–759

Domsch KH, Gams W, Anderson TH (2007) Compendium of soil fungi,
2nd edn. IHW-Verlag, Eching

Fennell DI, Raper KB (1955) New species and varieties of Aspergillus .
Mycologia 47:68–89

Frisvad JC, Samson RA (2004) Polyphasic taxonomy of Penicillium
subgenus Penicillium: a guide to identification of food and air-
borne terverticillate Penicillia and their mycotoxins. Stud Mycol
49:1–173

Ganjegunte GK,WickAF, Stahl PD, Vance GF (2009) Accumulation and
composition of total organic carbon in reclaimed coal mine lands.
Land Degrad Develop 20:156–175

Garrett SD (1981) Soil fungi and soil fertility: an introduction to soil
mycology, 2nd edn. Pergamon Press, Oxford

Gyotoku H, Izumikawa K, Ikeda H, Takazono T, Morinaga Y, Nakamura
S, Imamura Y, Nishino T, Miyazaki T, Kakeya H, Yamamoto Y,
Yanagihara K, Yasuoka A, Yaguchi T, Ohno H, Miyzaki Y, Kamei
K, Kanda T, Kohno S (2012) A case of bronchial aspergillosis
caused by Aspergillus udagawae and its mycological features.
Med Mycol 50:631–636

Hong SB, Go SJ, Shin HD, Frisvad JC, Samson RA (2005) Polyphasic
taxonomy of Aspergillus fumigatus and related species. Mycologia
97:1316–1329

Hong SB, Shin HD, Hong J, Frisvad JC, Nielsen PV, Varga J, Samson RA
(2008) New taxa of Neosartorya and Aspergillus in Aspergillus
section Fumigati . Antonie Leeuwenhoek 93:87–98

Hong SB, Kim D-H, Park I-C, Samson RA, Shin HD (2010a) Isolation
and identification of Aspergillus section Fumigati strains from
arable soil in Korea. Microbiology 38:1–6

Hong SB, Kim DH, Park IC, Choi YJ, Shin HD, Samson R (2010b) Re-
identification of Aspergillus fumigatus sensu lato based on a new
concept of species delimitation. J Microbiol 48:607–615

Horie Y, Miyaji M, Nishimura K, Franco MF, Coelho KLR (1995) New
and interesting species of Neosartorya from Brazilian soil.
Mycoscience 36:199–204

Horie Y, Abliz P, Fukushima K, Okada K, Takaki GMC (2003) Two new
species of Neosartorya from Amazonian soil, Brazil. Mycoscience
44:397–402

Hubka V, Kolařík M (2012) β-tubulin paralogue tubC is frequently
misidentified as the benA gene in Aspergillus section Nigri taxon-
omy: primer specificity testing and taxonomic consequences.
Persoonia 29:1–10

Hubka V, Kubatova A, Mallatova N, Sedlacek P, Melichar J, Skorepova
M, Mencl K, Lyskova P, Sramkova B, Chudickova M, Hamal P,
Kolarik M (2012) Rare and new aetiological agents revealed among
178 clinical Aspergillus strains obtained from Czech patients and
characterised by molecular sequencing. Med Mycol 50:601–610

Hubka V, Kolařík M, Kubátová A, Peterson SW (2013a) Taxonomical
revision of the genus Eurotium and transfer of species to Aspergil-
lus . Mycologia 105:912–937

Hubka V, Peterson SW, Frisvad JC, Yaguchi T, Kubátová A, Kolařík M
(2013b) Aspergillus waksmanii sp. nov. and Aspergillus
marvanovae sp. nov., two closely related species in section
Fumigati . Int J Syst Evol Microbiol 63:783–789

Kano R, Itamoto K, Okuda M, Inokuma H, Hasegawa A, Balajee SA
(2008) Isolation of Aspergillus udagawae from a fatal case of feline
orbital aspergillosis. Mycoses 51:360–361

Kano R, Shibahashi A, Fujino Y, Sakai H, Mori T, Tsujimoto H, Yanai T,
Hasegawa A (2013) Two cases of feline orbital aspergillosis due to
Aspergillus udagawae and A. viridinutans. J Vet Med Sci 75:7–10

Katoh K, Kuma K, Toh H, Miyata T (2005) MAFFT version 5: improve-
ment in accuracy of multiple sequence alignment. Nucleic Acids
Res 33:511–518

Katz ME, Dougall AM, Weeks K, Cheetham BF (2005) Multiple genet-
ically distinct groups revealed among clinical isolates identified as
atypical Aspergillus fumigatus. J Clin Microbiol 43:551–555

Kelly KL (1964) Inter-society color council—National bureau of stan-
dards color name charts illustrated with centroid colors. US Gov-
ernment Printing Office, Washington

Klich MA (2002) Biogeography of Aspergillus species in soil and litter.
Mycologia 94:21–27

Kreisel H, Schauer F (1987) Methoden des mykologischen
Laboratoriums. VEB Gustav Fischer Verlag, Jena

Kwon-Chung KJ, Kim SJ (1974) A second heterothallic Aspergillus .
Mycologia 56:628–638

Larsen TO, Smedsgaard J, Nielsen KF, Hansen MAE, Samson RA,
Frisvad JC (2007) Production of mycotoxins byAspergillus lentulus
and other medically important and closely related species in section
Fumigati . Med Mycol 45:225–232

Marvanová L (1999) Biodiversity of soil micromycetes of meadows in
surroundings of localities Lanžhot-soutok and Lednice-Nejdek. In:
Vizárová G (ed) Ďugová O. Proceedings from the workshop Life in
Soil II, Bratislava, pp 102–104

McLennan EI, Tucker SC, Thrower LB (1954) New soil fungi from
Australian heathland: Aspergillus , Penicillium, Spegazzinia . Aust
J Bot 2:355–364

McNeill J, Barrie FR, Buck WR, Demoulin V, Greuter W, Hawksworth
DL, Herendeen PS, Knapp S, Marhold K, Prado J, van Prud’homme
Reine WF, Smith GF, Wiersema JH, Turland NJ (2012) International

Fungal Diversity

Author's personal copy



code of nomenclature for algae, fungi, and plants (Melbourne Code):
adopted by the Eighteenth International Botanical Congress Mel-
bourne, Australia, July 2011. Koeltz Scientific Books, Koenigstein

Nielsen K, Cox GM,Wang P, Toffaletti DL, Perfect JR, Heitman J (2003)
Sexual cycle of Cryptococcus neoformans var. grubii and virulence
of congenic a and α isolates. Infect Immun 71:4831–4841

Nováková A, Hubka V, Saiz-Jimenez C, Kolarik M (2012) Aspergillus
baeticus sp. nov. and Aspergillus thesauricus sp. nov.: two new
species in section Usti originating from Spanish caves. Int J Syst
Evol Microbiol 62:2778–2785

O’Gorman CM, Fuller HT, Dyer PS (2009) Discovery of a sexual cycle in
the opportunistic fungal pathogen Aspergillus fumigatus . Nature
457:471–474

Paden JW (1968) A new variety of Aspergillus fischeri . Mycopathol
Mycol Appl 36:161–164

Peláez T, Álvarez-Pérez S, Mellado E, Serrano D, Valerio M, Blanco JL,
Garcia ME, Muñoz P, Cuenca-Estrella M, Bouza E (2013) Invasive
aspergillosis caused by cryptic Aspergillus species: a report of two
consecutive episodes in a patient with leukaemia. J Med Microbiol
62:474–478

Peterson SW (1992)Neosartorya pseudofischeri sp. nov. and its relation-
ship to other species inAspergillus section Fumigati . Mycol Res 96:
547–554

Pitt JI, Samson RA (2000) Types ofAspergillus and Penicillium and their
teleomorphs in current use. In: Samson RA, Pitt JI (eds) Integration
of modern taxonomic methods for Penicillium and Aspergillus .
Harwood Academic Publishers, Amsterdam, pp 51–72

Posteraro B, Mattei R, Trivella F, Maffei A, Torre A, Carolis E, Posteraro
P, Fadda G, Sanguinetti M (2011) Uncommon Neosartorya
udagawae fungus as a causative agent of severe corneal infection.
J Clin Microbiol 49:2357–2360

Rai JN, Agarwal SC, Tewari JP (1971) Fungal microflora of usar soils of
India. J Ind Bot Soc 50:63–74

Rana S, Stahl PD, Ingram LJ,Wick AF (2007) Soil microbial community
composition in reclaimed soil under different vegetation in Wyo-
ming minelands. American Society of Mining and Reclamation
Meeting, Gillette

Raper KB, Fennell DI (1965) The genus Aspergillus . Williams and
Wilkins Co, U.S.A

Ronquist F, Huelsenbeck JP (2003) MrBayes 3: Bayesian phylogenetic
inference under mixed models. Bioinformatics 19:1572–1574

Samson RA (1989) Filamentous fungi in food and feed. In: Moss MO,
Jarvis B, Skinner FA (eds) Society for applied bacteriology sympo-
sium series no. 18. Filamentous fungi in foods and feeds. Blackwell
Scientific Publications, Oxford, pp 27S–35S

Samson RA, Gams W (1985) Typification of the species of Aspergillus
and associated teleomorphs. In: Samson RA, Pitt JI (eds) Advances
in Penicillium and Aspergillus systematics. Plenum Press, New
York, pp 31–54

Samson RA, Hoekstra ES, Frisvad JC, Filtenborg O (1996) Introduction
to foodborne fungi. Centraalbureau voor Schimmelcultures, Utrecht

Samson RA, Hong S, Peterson SW, Frisvad JC, Varga J (2007a) Poly-
phasic taxonomy of Aspergillus section Fumigati and its
teleomorph Neosartorya . Stud Mycol 59:147–203

Samson RA, Noonim P, Meijer M, Houbraken J, Frisvad JC, Varga J
(2007b) Diagnostic tools to identify black aspergilli. StudMycol 59:
129–145

Samson RA, Varga J, Meijer M, Frisvad JC (2011) New taxa in Asper-
gillus section Usti . Stud Mycol 69:81–97

Shigeyasu C, Yamada M, Nakamura N, Mizuno Y, Sato T, Yaguchi T
(2012) Keratomycosis caused by Aspergillus viridinutans: an As-
pergillus fumigatus-resembling mold presenting distinct clinical and
antifungal susceptibility patterns. Med Mycol 50:525–528

SmithG (1952)Aspergillus brevipes n. sp. Trans BritMycol Soc 35:241–242
Stamatakis A, Hoover P, Rougemont J (2008) A fast bootstrapping

algorithm for the RAxML web-servers. Syst Biol 57:758–771
Sugui JA, Vinh DC, Nardone G, Shea YR, Chang YC, Zelazny AM,

Marr KA, Holland SM, Kwon-Chung KJ (2010) Neosartorya
udagawae (Aspergillus udagawae), an emerging agent of aspergil-
losis: how different is it from Aspergillus fumigatus? J Clin
Microbiol 48:220–228

Swilaiman SS, O’Gorman CM, Balajee SA, Dyer PS (2013) Discovery of
a sexual cycle in Aspergillus lentulus , a close relative of A.
fumigatus. Eukaryot Cell 12:962–969

Takada M, Udagawa SI (1985) A new species of heterothallic
Neosartorya. Mycotaxon 24:395–402

Takada M, Horie Y, Abliz P (2001) Two new heterothallic Neosartorya
from African soil. Mycoscience 42:361–367

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S (2011)
MEGA5: molecular evolutionary genetics analysis using maximum
likelihood, evolutionary distance, and maximum parsimony
methods. Mol Biol Evol 28:2731–2739

TomodaH,KimYK,NishidaH,MasumaR,Omura S (1994) Pyripyropenes,
novel inhibitors of acyl-CoA: cholesterol acyltransferase produced by
Aspergillus fumigatus. I. Production, isolation, and biological properties.
J Antibiot 47:148–153

Tournas V (1994) Heat-resistant fungi of importance to the food and
beverage industry. Crit Rev Microbiol 20:243–263

Varga J, Tóth B, Rigó K, Debets F, Kozakiewicz Z (2000) Genetic
variability within the Aspergillus viridinutans species. Folia
Microbiol 45:423–428

Vinh DC, Shea YR, Jones PA, Freeman AF, Zelazny A, Holland SM
(2009a) Chronic invasive aspergillosis caused by Aspergillus
viridinutans. Emerg Infect Dis 15:1292–1294

Vinh DC, Shea YR, Sugui JA, Parrilla-Castellar ER, Freeman AF, Wil-
liam Campbell J, Pittaluga S, Jones PA, Zelazny A, Kleiner D,
Kwon-Chung KJ, Holland SM (2009b) Invasive aspergillosis due
to Neosartorya udagawae. Clin Infect Dis 49:102–111

Wick AF, Stahl PD, Rana S, Ingram LJ (2007) Recovery of reclaimed soil
structure and function in relation to plant community composition.
In: Barnhisel RO (ed) 2007 National Meeting of the American
Society of Mining and Reclamation, Gillette, WY, 30 Years of
SMCRA and Beyond June 2–7, 2007, Lexington, pp 941–957

Wong SM, Musza LL, Kydd GC, Kullnig R, Gillum AM, Cooper R
(1993) Fiscalins: new sibstamce P inhibitors produced by the fungus
Neosartorya fischeri. Taxonomy, fermentation, structures, and bio-
logical properties. J Antibiot 46:545–553

Yaguchi T, Horie Y, Tanaka R, Matsuzawa T, Ito J, Nishimura K (2007)
Molecular phylogenetics of multiple genes on Aspergillus section
Fumigati isolated from clinical specimens in Japan. Jap J Med
Mycol 48:37–46

Yaguchi T, Imanishi Y, Matsuzawa T, Hosoya K, Hitomi J, Nakayama M
(2012) Method for identifying heat-resistant fungi of the genus
Neosartorya. J Food Protect 75:1806–1813

Yun S-H, Arie T, Kaneko I, Yoder OC, Turgeon BG (2000)
Molecular organization of mating type loci in heterothallic,
homothallic, and asexual Gibberella /Fusarium species. Fungal
Genet Biol 31:7–20

Fungal Diversity

Author's personal copy


	New species in Aspergillus section Fumigati from reclamation sites in Wyoming (U.S.A.) and revision of A. viridinutans complex
	Abstract
	Introduction
	Material and methods
	Description of studied sites and sampling and isolation methods
	Phenotypic studies
	Molecular studies and phylogenetic analysis
	Mating experiments

	Results
	Molecular studies
	Mating experiments
	Phenotypic species differentiation

	Taxonomy
	Dichotomous key to species from Aspergillus viridinutans complex
	Discussion
	References


