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Identification of Clinical Mold Isolates by Sequence 
Analysis of the Internal Transcribed Spacer Region,  
Ribosomal Large-Subunit D1/D2, and β-Tubulin
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Department of Laboratory Medicine & Genetics, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Background: The identification of molds in clinical laboratories is largely on the basis of 
phenotypic criteria, the classification of which can be subjective. Recently, molecular meth-
ods have been introduced for identification of pathogenic molds in clinical settings. Here, 
we employed comparative sequence analysis to identify molds. 

Methods: A total of 47 clinical mold isolates were used in this study, including Aspergillus 
and Trichophyton. All isolates were identified by phenotypic properties, such as growth 
rate, colony morphology, and reproductive structures. PCR and direct sequencing, target-
ing the internal transcribed spacer (ITS) region, the D1/D2 region of the 28S subunit, and 
the ß-tubulin gene, were performed using primers described previously. Comparative se-
quence analysis by using the GenBank database was performed with the basic local align-
ment search tool (BLAST) algorithm. 

Results: For Aspergillus, 56% and 67% of the isolates were identified to the species level by 
using ITS and ß-tubulin analysis, respectively. Only D1/D2 analysis was useful for Trichophy-
ton identification, with 100% of isolates being identified to the species level. Performances 
of ITS and D1/D2 analyses were comparable for species-level identification of molds other 
than Aspergillus and Trichophyton. In contrast, the efficacy of ß-tubulin analysis was limited 
to genus identification because of the paucity of database information for this gene.

Conclusions: The molecular methods employed in this study were valuable for mold iden-
tification, although the different loci used had variable usefulness, according to mold ge-
nus. Thus, a tailored approach is recommended when selecting amplification targets for 
molecular identification of molds.
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INTRODUCTION

The epidemiology and etiology of invasive fungal infections have 

changed over recent decades. Mold infections are more fre-

quently encountered in association with increasing numbers of 

immunocompromised patients, and molds other than Aspergillus 
fumigatus, including species not previously recognized as patho-

gens, have emerged [1, 2]. The appearance of organisms, such 

as the Fusarium species and the Zygomycetes, with variable sus-

ceptibilities to conventional antifungal agents underscores the 

importance of correct identification [3]. 

 Clinical laboratories are often challenged with mold identifica-

tion. In contrast with bacterial or Candida species, which are 

identified on the basis of biochemical properties, mold identifi-

cation is largely based on phenotypic criteria. Related species or 

phenotypic variants may be misidentified and rare species may 

remain unidentified. As a result, molecular methods have been 

developed to overcome these problems, and comparative se-

ISSN 2234-3806 • eISSN 2234-3814 



Jang J-H, et al.
Molecular identification of molds

127http://dx.doi.org/10.3343/alm.2012.32.2.126 www.annlabmed.org

quence analysis is now considered the gold standard identifica-

tion technique [4, 5]. 

 The internal transcribed spacer (ITS) region is the most com-

monly used target for sequencing in clinical laboratories because 

of the following benefits: (i) multiple copies of the ribosomal gene 

are present in all organisms, enabling sensitive detection by PCR, 

and (ii) the ITS region contains both highly conserved and vari-

able regions, and is therefore, the optimal target for developing 

specific PCR primers that discriminate among closely related 

species [6-9]. However, the ITS region might not provide spe-

cies-level resolution for all species. In such cases, other targets 

such as the D1/D2 region of the 28S subunit, the ß-tubulin gene, 

or the translation elongation factor gene may prove useful, de-

pending on the genus in question. In this study, we used molec-

ular methods for mold identification and compared the perfor-

mances of the ITS region, the D1/D2 region, and the ß-tubulin 

gene as amplification targets for comparative sequence analysis. 

METHODS

Forty-seven preserved isolates, which were previously obtained 

from clinical specimens, were cultivated to evaluate the useful-

ness of each locus for mold identification. Isolate selection crite-

ria were as follows: (i) isolates most frequently recovered in our 

laboratory, (ii) medically important isolates recovered infrequently, 

or (iii) isolates unidentifiable by phenotypic methods. The gen-

era included in this study were Absidia (1), Acremonium (1), 

Aspergillus (9), Cladosporium (2), Cunninghamella (1), Exophi-
ala (1), Fusarium (2), Paecilomyces (3), Microsporum (1), Peni-
cillium (3), Rhizomucor (1), Rhizopus (1), Scopulariopsis (1), 

Scedosporium (1), Sporothrix (2), Trichophyton (9), and uniden-

tifiable molds (8).

1. Conventional identification
Clinical specimens were cultured on universal media (Sabouraud 

dextrose agar) and/or selective media (Mycogel agar) for a maxi-

mum of 3 weeks, according to the type of specimen. Specimens 

were incubated at 30°C for the first 2 days and then at 25°C. Iso-

lates were sub-cultured for identification on Sabouraud dextrose 

agar or potato dextrose agar. Presumptive thermally dimorphic 

fungi were grown on Sabouraud dextrose agar at 25°C and brain 

heart infusion agar at 37°C. Conventional identification was made 

according to macro- and micro-morphologic criteria. 

2. DNA extraction
DNA was extracted using the MagNA Pure LC DNA Isolation Kit 

III (bacteria, fungi) (Roche Diagnostics, Mannheim, Germany). 

Fungal mycelium with a surface area of 2-4 cm2 was obtained, 

added to phosphate buffered saline, and samples were prepared 

according to the manufacturer’s recommendations. Briefly, ap-

proximately 100 µL of sample was mixed with 130 µL of bacterial 

lysis buffer and 20 µL of proteinase K, incubated at 95°C for 10 

min and then cooled. After sample preparation DNA was iso-

lated using magnetic-bead technology, according to the manu-

facturer’s instructions.

3. Amplification and sequencing
PCR was performed using a thermal cycler (Model 9700; Applied 

Biosystems, Foster City, CA, USA), and amplified products were 

sequenced using the BigDye Terminator Cycle Sequencing Ready 

Reaction Kit (Applied Biosystems) and an ABI Prism 3100 Ge-

netic Analyzer (Applied Biosystems). Primer sequences used in 

this study were the same as those given in the Clinical and Labo-

ratory Standard Institute (CLSI) guidelines: (i) sequences of the 

ITS region covering ITS1, 5.8S, and ITS2 were amplified using 

ITS-1/ITS-4 and ITS-5/ITS-4 primer sets; (ii) sequences of the 

D1/D2 region were amplified using NL-1/NL-4 primers; and (iii) 

ß-tubulin gene sequences were amplified using Bt2a/T1 primers.

4. Sequence analysis
The amplified sequences were compared with the GenBank 

(NCBI) database using the basic local alignment search tool 

(BLAST) algorithm. Using a calculated percent identity score, 

specimens were assigned to a genus and species, as previously 

described [6, 7]. Briefly, a sequence was assigned to a species 

if the best matching reference sequence showed ≥98% homol-

ogy and the next best matching reference species showed 0.8%, 

or less, sequence homology. A sequence was assigned to the 

genus level on the basis of 95% to 98% homology to the best 

matching sequence or ≥98% homology with sequence entries 

for several species from the same genus. ‘No identification’ was 

defined as <95% homology with the best matching reference 

sequence or a sequence homology >95% with various genera. 

Discrepant results between phenotypic and sequence-based 

identification methods were resolved by repeating the sequenc-

ing and re-evaluation of the phenotypic method. 

RESULTS

Phenotypic identification and sequencing results for the 3 tar-

gets are shown in Table 1. For Aspergillus, 56% (5/9 isolates) 

and 67% (6/9 isolates) were identified to the species level by ITS 



Jang J-H, et al.
Molecular identification of molds

128 www.annlabmed.org http://dx.doi.org/10.3343/alm.2012.32.2.126

Ta
bl

e 
1.

 P
he

no
ty

pi
c 

an
d 

m
ol

ec
ul

ar
 id

en
tifi

ca
tio

n 
da

ta
 fo

r 
47

 is
ol

at
es

No
.

iso
la

te
Sp

ec
im

en
Ph

en
ot

yp
ic

id
en

tifi
ca

tio
n

M
ole

cu
la

r i
de

nt
ifi

ca
tio

n

ITS
D1

D2
ß-

tu
bu

lin

Id
en

tifi
ca

tio
n

Ac
ce

ss
ion

 N
o.

Id
en

tit
y

Id
en

tifi
ca

tio
n

Ac
ce

ss
ion

 N
o.

Id
en

tit
y

Id
en

tifi
ca

tio
n

Ac
ce

ss
ion

 N
o.

Id
en

tit
y

1
Sp

ut
um

Ab
sid

ia
 s

p.
A.

 co
rym

bi
fe

ra
EU

33
01

79
.1

53
8/

53
8 

(1
00

%
)

A.
 co

rym
bi

fe
ra

FJ
71

94
44

.1
46

2/
47

1 
(9

8%
)

A.
 te

rre
us

GQ
37

61
32

.1
49

0/
49

0 
(1

00
%

)

2
Sk

in
Ac

re
m

on
iu

m
 s

p.
A.

 st
ric

tu
m

GU
59

50
23

.1
50

5/
50

5 
(1

00
%

)
Ac

re
m

on
iu

m
 s

p.
AB

29
48

02
.1

59
1/

59
1 

(1
00

%
)

Ce
rc

os
po

ra
 p

ia
ro

pi
AF

14
61

17
.1

32
3/

32
3 

(1
00

%
)

(P
la

nt
ar

)
Ne

ct
ria

 
m

au
rit

iic
ola

AM
17

66
81

.1
50

5/
50

5 
(1

00
%

)

3,
 4

TT
A

As
pe

rg
ill

us
A.

 fl
av

us
AY

21
44

44
.1

56
0/

56
0 

(1
00

%
)

A.
 or

yz
ae

EF
66

15
60

.1
56

6/
56

6 
(1

00
%

)
A.

 or
yz

ae
HQ

28
54

65
.1

53
6/

53
6 

(1
00

%
)

/s
pu

tu
m

fla
vu

s
A.

 or
yz

ae
AF

45
97

35
.1

56
0/

56
0 

(1
00

%
)

A.
 p

ar
as

iti
cu

s
EF

66
15

57
.1

56
6/

56
6 

(1
00

%
)

A.
 fl

av
us

AY
01

75
36

.1
53

1/
53

3 
(9

9.
6%

)

A.
 fl

av
us

HQ
85

62
23

.1
56

6/
56

6 
(1

00
%

)

A.
 ka

m
ba

re
ns

is
AF

43
30

69
.1

56
6/

56
6 

(1
00

%
)

A.
 so

ja
e

AF
43

30
56

.1
56

6/
56

6 
(1

00
%

)

A.
 te

rri
co

la
U1

54
97

.1
56

6/
56

6 
(1

00
%

)

A.
 th

om
ii

EF
66

15
60

.1
56

6/
56

6 
(1

00
%

)

5-
7

Sp
ut

um
As

pe
rg

ill
us

 
fu

m
ig

at
us

A.
 fu

m
ig

at
us

HQ
02

67
46

.
55

9/
55

9 
(1

00
%

)
A.

 fu
m

ig
at

us
AY

21
66

70
.1

56
0/

56
0 

(1
00

%
)

A.
 fu

m
ig

at
us

HQ
28

55
93

.1
54

5/
54

5 
(1

00
%

)

A.
 p

hi
al

ise
pt

icu
s

U2
84

66
.1

56
0/

56
0 

(1
00

%
)

8,
 9

TT
A

As
pe

rg
ill

us
 

te
rre

us
A.

 te
rre

us
GQ

46
19

11
.1

53
7/

53
7 

(1
00

%
)

A.
 tu

bi
ng

en
sis

EF
66

12
09

.1
57

0/
57

0 
(1

00
%

)
A.

 te
rre

us
GQ

37
61

30
.1

53
8/

53
9 

(9
9.

8%
)

A.
 te

rre
us

EF
66

96
18

.1
57

0/
57

0 
(1

00
%

)

A.
 ca

rn
eu

s
EF

66
96

11
.1

57
0/

57
0 

(1
00

%
)

Fe
nn

ell
ia

 n
ive

a
EF

66
96

15
.1

57
0/

57
0 

(1
00

%
)

A.
 fu

m
ig

at
us

AB
35

45
77

.1
57

0/
57

0 
(1

00
%

)

10
Sk

in
 

As
pe

rg
ill

us
 s

p.
A.

 u
st

us
AF

45
55

32
.1

55
9/

55
9 

(1
00

%
)

A.
 p

se
ud

od
efl

ec
tu

s
EF

65
25

07
.1

53
9/

53
9 

(1
00

%
)

A.
 p

se
ud

od
efl

ec
tu

s
HM

06
05

42
.1

42
3/

42
4 

(9
9.

7%
)

(P
la

nt
ar

)
A.

 ca
lid

ou
st

us
FN

90
79

24
.1

55
9/

55
9 

(1
00

%
)

A.
 p

un
ice

us
EF

65
24

98
.1

53
9/

53
9 

(1
00

%
)

A.
 u

st
us

GQ
37

61
26

.1
42

3/
42

4 
(9

9.
7%

)

A.
 u

st
us

EF
65

24
92

.1
53

9/
53

9 
(1

00
%

)
A.

 ca
lid

ou
st

us
FJ

62
44

56
.1

42
3/

42
4 

(9
9.

7%
)

A.
 m

in
ut

us
EF

65
24

81
.1

53
9/

53
9 

(1
00

%
)

A.
 in

su
et

us
EF

65
24

57
.1

53
9/

53
9 

(1
00

%
)

A.
 ca

lid
ou

st
us

EF
65

24
52

.1
53

9/
53

9 
(1

00
%

)

A.
 ke

ve
ii

EF
65

24
32

.1
53

9/
53

9 
(1

00
%

)

11
Cl

os
ed

 p
us

As
pe

rg
ill

us
 sp

.
A.

 ve
sic

olo
r

GU
23

27
67

.1
56

9/
56

9 
(1

00
%

)
A.

 sy
do

wi
i

EF
65

24
73

.1
56

9/
56

9 
(1

00
%

)
A.

 sy
do

wi
i

FR
77

53
55

.1
33

5/
33

5 
(1

00
%

)

A.
 sy

do
wi

i
EU

64
56

83
.1

56
9/

56
9 

(1
00

%
)

A.
 p

ro
tu

be
ru

s
GQ

13
21

89
.1

56
9/

56
9 

(1
00

%
)

A.
 ca

rn
eu

s
FJ

47
81

06
.1

56
9/

56
9 

(1
00

%
)

(C
on

tin
ue

d 
to

 th
e 

ne
xt

 p
ag

e)



Jang J-H, et al.
Molecular identification of molds

129http://dx.doi.org/10.3343/alm.2012.32.2.126 www.annlabmed.org

Ta
bl

e 
1.

 (C
on

tin
ue

d 
fro

m
 th

e 
pr

ev
io

us
 p

ag
e)

 P
he

no
ty

pi
c 

an
d 

m
ol

ec
ul

ar
 id

en
tifi

ca
tio

n 
da

ta
 fo

r 
47

 is
ol

at
es

No
.

iso
la

te
Sp

ec
im

en
Ph

en
ot

yp
ic

id
en

tifi
ca

tio
n

M
ole

cu
la

r i
de

nt
ifi

ca
tio

n

ITS
D1

D2
ß-

tu
bu

lin

Id
en

tifi
ca

tio
n

Ac
ce

ss
ion

 N
o.

Id
en

tit
y

Id
en

tifi
ca

tio
n

Ac
ce

ss
ion

 N
o.

Id
en

tit
y

Id
en

tifi
ca

tio
n

Ac
ce

ss
ion

 N
o.

Id
en

tit
y

12
Br

ai
n 

ab
sc

es
s

Cl
ad

os
po

riu
m

 sp
.

C.
 sp

ha
ero

sp
erm

um
GU

01
75

01
.1

54
9/

54
9 

(1
00

%
)

C.
 sp

ha
er

os
pe

rm
um

AB
10

06
54

.1
56

8/
56

8 
(1

00
%

)
A 

.te
rre

us
GQ

37
61

27
.1

54
8/

54
8 

(1
00

%
)

13
To

e n
ai

l
Cl

ad
os

po
riu

m
 s

p.
Un

id
en

tifi
ab

le
Un

id
en

tifi
ab

le
Un

id
en

tifi
ab

le

14
Sp

ut
um

Cu
nn

in
gh

am
el-

la
 b

er
th

oll
et

ia
e

Ne
ct

ria
 

m
au

rit
iic

ola
AJ

55
78

30
.1

58
5/

58
5 

(1
00

%
)

C.
 b

er
th

oll
et

ia
e

FJ
34

53
51

.1
54

0/
54

0 
(1

00
%

)
No

 P
CR

C.
 el

eg
an

s
AF

11
34

60
.1

54
0/

54
0 

(1
00

%
)

C.
 p

oly
m

or
ph

a
AF

11
34

61
.1

54
0/

54
0 

(1
00

%
)

15
Op

en
 w

ou
nd

Ex
op

hi
al

a 
sp

.
E.

 p
isc

ip
hi

la
AF

05
02

73
.1

61
2/

61
2 

(1
00

%
)

E.
 p

isc
ip

hi
la

AF
05

02
73

.1
60

0/
60

0 
(1

00
%

)
ND

16
Co

rn
ea

Fu
sa

riu
m

 sp
F. 

so
lon

i
GU

58
68

32
.1

54
3/

54
3 

(1
00

%
)

F. 
so

lon
i

FJ
34

53
52

.1
59

6/
59

6 
(1

00
%

)
F. 

so
lon

i
AB

42
66

19
.1

30
4/

30
4 

(1
00

%
)

F. 
ox

yfo
ru

m
GQ

92
25

58
.1

54
2/

54
3 

(9
9.

8%
)

F. 
lic

he
ni

co
la

AY
09

73
25

.1
59

4/
59

6 
(9

9.
6%

)
F. 

ox
yfo

ru
m

DQ
09

24
72

.1
30

4/
30

4 
(1

00
%

)

17
Vo

id
ed

 u
rin

e
Fu

sa
riu

m
 sp

.
F. 

di
m

er
um

EU
92

62
84

.1
51

8/
51

8 
(1

00
%

)
F. 

di
m

er
um

EU
92

62
84

.1
53

3/
53

3 
(1

00
%

)
F. 

di
m

er
um

EU
92

64
17

.1
28

4/
28

4 
(1

00
%

)

18
M

icr
os

po
ru

m
 sp

.
M

. c
an

ni
s

GU
29

12
65

.1
60

5/
60

5 
(1

00
%

)
M

. c
an

ni
s

AY
21

37
08

.1
57

3/
57

5 
(9

9.
6%

)
Un

id
en

tifi
ab

le

M
. d

ist
or

tu
m

EF
63

16
08

.1
60

5/
60

5 
(1

00
%

)
M

. a
ud

ou
in

ii
EF

07
84

82
.1

57
3/

57
5 

(9
9.

6%
)

M
. f

er
ru

gi
ne

um
EF

58
11

33
.1

60
5/

60
5 

(1
00

%
)

19
TT

A
Pa

ec
ilo

m
yc

es
 s

p.
Ge

os
m

ith
ia

 
ar

gi
lla

ce
a

GU
16

57
26

.1
43

6/
43

9 
(9

9.
3%

)
G.

 a
rg

ill
ac

ea
EU

86
23

38
.1

41
4/

41
5 

(9
9.

7%
)

Un
id

en
tifi

ab
le

20
Fin

ge
r n

ai
l

Pa
ec

ilo
m

yc
es

 s
p.

P. 
lil

ac
in

us
GU

96
86

71
.1

43
0/

43
0 

(1
00

%
)

P. 
lil

ac
in

us
AB

36
37

51
.1

42
4/

42
4 

(1
00

%
)

P. 
lil

ac
in

us
FJ

51
53

01
.1

31
6/

31
6 

(1
00

%
)

Isa
ria

 
ta

ka
m

izu
sa

ne
ns

is
EU

36
90

33
.1

55
8/

55
8 

(1
00

%
)

21
Ab

sc
es

s
Pa

ec
ilo

m
yc

es
 s

p.
P. 

lil
ac

in
us

HQ
84

28
38

.1
54

9/
54

9 
(1

00
%

)
P. 

lil
ac

in
us

AY
21

37
17

.1
54

9/
54

9 
(1

00
%

)
ND

Isa
ria

ta
ka

m
izu

sa
ne

ns
is

EU
36

90
33

.1

As
ch

er
so

ni
a 

sp
.

EU
81

74
86

.1

22
Th

ro
at

 sw
ab

Pe
ni

cil
liu

m
 s

p.
P. 

gl
ab

ru
m

EF
59

21
72

.1
55

9/
55

9 
(1

00
%

)
P. 

gl
ab

ru
m

EF
20

00
97

.1
55

8/
55

8 
(1

00
%

)
P. 

gl
ab

ru
m

EU
12

85
74

.1
43

6/
43

9 
(9

9.
3%

)

P. 
ad

am
et

zio
id

es
DQ

68
13

25
.1

55
8/

55
9 

(9
9.

8%
)

P. 
pu

rp
ur

es
ce

ns
AF

03
34

08
.1

55
8/

55
8 

(1
00

%
)

P. 
th

om
ii

AY
37

39
34

.1
55

8/
55

9 
(9

9.
8%

)
P. 

sp
in

ul
os

um
FJ

43
07

67
.1

55
6/

55
8 

(9
9%

)

23
Sp

ut
um

Pe
ni

cil
liu

m
 s

p.
P. 

pu
rp

ur
og

en
um

DQ
68

13
28

.1
44

5/
44

6 
(9

9.
7%

)
Pe

ni
cil

liu
m

 sp
FJ

43
07

53
.1

51
0/

51
2 

(9
9.

6%
)

Pe
ni

cil
liu

m
 sp

FJ
61

92
65

.1
37

1/
37

4 
(9

9.
1%

)

24
Ur

in
e

Pe
ni

cil
liu

m
 s

p.
P. 

m
ar

ne
ffe

i
FJ

00
95

66
.1

48
1/

48
1 

(1
00

%
)

P. 
m

ar
ne

ffe
i

AB
36

37
55

.1
59

4/
59

4 
(1

00
%

)
ND

25
TT

A
Rh

izo
m

uc
or

 s
p.

R.
 p

us
ill

us
AB

36
99

14
.1

61
0/

61
0 

(1
00

%
)

R.
 p

us
ill

us
AF

11
34

75
.1

55
6/

55
6 

(1
00

%
)

No
 P

CR

26
TT

A
Rh

izo
pu

s 
sp

.
R.

 m
icr

os
po

ru
s

AB
38

19
37

.1
67

8/
67

9 
(9

9.
9%

)
R.

 m
icr

os
po

ru
s

AB
25

01
81

.1
61

5/
61

6 
(9

9.
8%

)

27
Sc

op
ul

ar
iop

sis
 s

p.
M

icr
oa

sc
us

 s
p.

HQ
64

98
92

.1
51

2/
51

8 
(9

8.
8%

)
Sc

op
ul

ar
iop

sis
 s

p.
HQ

67
64

88
.1

56
6/

56
6 

(1
00

%
)

Un
id

en
tifi

ab
le

(C
on

tin
ue

d 
to

 th
e 

ne
xt

 p
ag

e)



Jang J-H, et al.
Molecular identification of molds

130 www.annlabmed.org http://dx.doi.org/10.3343/alm.2012.32.2.126

Ta
bl

e 
1.

 (C
on

tin
ue

d 
fro

m
 th

e 
pr

ev
io

us
 p

ag
e)

 P
he

no
ty

pi
c 

an
d 

m
ol

ec
ul

ar
 id

en
tifi

ca
tio

n 
da

ta
 fo

r 
47

 is
ol

at
es

No
.

iso
la

te
Sp

ec
im

en
Ph

en
ot

yp
ic

id
en

tifi
ca

tio
n

M
ole

cu
la

r i
de

nt
ifi

ca
tio

n

ITS
D1

D2
ß-

tu
bu

lin

Id
en

tifi
ca

tio
n

Ac
ce

ss
ion

 N
o.

Id
en

tit
y

Id
en

tifi
ca

tio
n

Ac
ce

ss
ion

 N
o.

Id
en

tit
y

Id
en

tifi
ca

tio
n

Ac
ce

ss
ion

 N
o.

Id
en

tit
y

28
Ey

e d
isc

ha
rg

e
Sc

ed
os

po
riu

m
 s

p.
S.

 a
pi

os
pe

rm
um

GQ
47

69
85

.1
53

6/
53

7 
(9

9.
8%

)
S.

 a
pi

os
pe

rm
um

AB
36

37
64

.1
59

0/
59

0 
(1

00
%

)
ND

29
Sk

in
 le

sio
n

Sp
or

ot
hr

ix 
sc

he
nc

kii
S.

 sc
he

nc
kii

AB
12

80
06

.1
55

4/
55

4 
(1

00
%

)
S.

 sc
he

nc
kii

AB
36

37
91

.1
54

4/
54

7 
(9

9.
4%

)
S.

 sc
he

nc
kii

AM
11

69
67

.1
38

7/
38

7 
(1

00
%

)

30
Sk

in
 le

sio
n

Sp
or

ot
hr

ix 
sc

he
nc

kii
Un

id
en

tifi
ab

le
Sa

cc
ha

ro
m

yc
op

sis
 

fib
ul

ig
er

a
AB

55
01

19
.1

49
9/

49
9 

(1
00

%
)

Un
id

en
tifi

ab
le

31
-3

3
To

e n
ai

l
Tri

ch
op

hy
to

n 
m

en
ta

gr
op

hy
te

s
T. 

m
en

ta
gr

op
hy

te
s

HQ
39

50
66

.1
54

9/
54

9 
(1

00
%

)
T. 

in
te

rd
ig

ita
le

AB
36

37
60

.1
57

0/
57

0 
(1

00
%

)
Un

id
en

tifi
ab

le

T. 
in

te
rd

ig
ita

le
FM

98
67

36
.1

54
9/

54
9 

(1
00

%
)

T. 
kr

aj
de

ni
i

AF
17

04
62

.1
54

9/
54

9 
(1

00
%

)

34
-3

9
To

e n
ai

l
Tri

ch
op

hy
to

n
ru

br
um

T. 
ru

br
um

FJ
74

66
57

.1
50

9/
50

9 
(1

00
%

),
T. 

ru
br

um
AY

21
36

29
.1

56
5/

56
5 

(1
00

%
)

Un
id

en
tifi

ab
le

T. 
m

en
ta

gr
op

hy
te

s
AB

52
08

41
.1

50
9/

50
9 

(1
00

%
),

T. 
fis

ch
er

i
AB

43
04

81
.1

50
9/

50
9 

(1
00

%
),

T. 
ka

ne
i

AB
43

04
80

.1
50

9/
50

9 
(1

00
%

),

T. 
ra

ub
its

ch
ek

ii
EU

92
12

93
.1

50
9/

50
9 

(1
00

%
),

40
-4

2
To

e n
ai

l/fi
ng

er
 

na
il/

CS
F

Un
id

en
tifi

ab
le

Un
id

en
tifi

ab
le

Un
id

en
tifi

ab
le

Un
id

en
tifi

ab
le

43
To

e n
ai

l
Un

id
en

tifi
ab

le
Co

ni
os

po
riu

m
 sp

.
EU

73
05

89
.1

48
9/

48
9 

(1
00

%
)

Co
ni

os
po

riu
m

 s
p.

FJ
35

59
54

.1
42

7/
42

7 
(1

00
%

)
Un

id
en

tifi
ab

le

44
Lu

ng
 ti

ss
ue

Un
id

en
tifi

ab
le

Ge
os

m
ith

ia
 

ar
gi

lla
ce

a
HQ

24
67

28
.1

42
0/

42
0 

(1
00

%
)

ND
G.

 a
rg

ill
ac

ea
GU

96
86

96
.1

42
1/

42
2 

(9
9.

7%
)

45
To

e n
ai

l
Un

id
en

tifi
ab

le
Ph

ia
lop

ho
ra

 s
p.

HQ
83

29
98

.1
62

7/
62

7 
(1

00
%

)
ND

ND

46
To

e n
ai

l
Un

id
en

tifi
ab

le
T. 

ru
br

um
GU

29
12

66
.1

46
9/

46
9 

(1
00

%
)

T. 
ru

br
um

AY
21

36
29

.1
46

0/
46

0 
(1

00
%

)
Un

id
en

tifi
ab

le

T. 
m

en
ta

gr
op

hy
te

s
AB

52
08

41
.1

46
9/

46
9 

(1
00

%
)

T. 
ra

ub
its

ch
ek

ii
EU

92
12

93
.1

46
9/

46
9 

(1
00

%
)

T. 
fis

ch
er

i
AB

43
04

81
.1

46
9/

46
9 

(1
00

%
)

T. 
ka

ne
i

AB
43

04
80

.1
46

9/
46

9 
(1

00
%

)

47
To

e n
ai

l
Un

id
en

tifi
ab

le
Un

id
en

tifi
ab

le
T. 

ru
br

um
AY

21
36

29
.1

44
9/

44
9 

(1
00

%
)

Un
id

en
tifi

ab
le

A
bb

re
vi

at
io

ns
: I

TS
, i

nt
er

na
l t

ra
ns

cr
ib

ed
 s

pa
ce

r;
 T

TA
, t

ra
ns

tr
ac

he
al

 a
sp

ira
te

; N
D

, n
ot

 d
on

e.



Jang J-H, et al.
Molecular identification of molds

131http://dx.doi.org/10.3343/alm.2012.32.2.126 www.annlabmed.org

and ß-tubulin analysis, respectively. None of the isolates was 

identified to the species level by D1/D2 analysis alone. Only D1/

D2 analysis enabled species-level identification for Trichophyton 

isolates, with 100% of isolates being identified to the species level. 

ITS and D1/D2 targets yielded comparable performances in iden-

tification of molds, other than Aspergillus and Trichophyton.
 There was a discrepancy between phenotypic identification 

and ITS analysis at the genus level for some isolates. Isolate 14 

was identified as a Cunninghamella bertholletiae based on typi-

cal microscopic features, such as non-septate hyphae, sporan-

giophores, terminal vesicles, sporangioles, and the knowledge 

that C. bertholletiae is the only known human pathogen. How-

ever, ITS analysis matched the isolate to Nectria mauritiicola. 

D1/D2 analysis assigned the isolate to the Cunninghamella ge-

nus, although species-level identification was not possible using 

this target. Isolate 19, phenotypically identified as a Paecilomy-
ces species, was re-classified into Geosmithia argillacea on the 

basis of our molecular analyses. Interestingly, isolate 44, pheno-

typically unidentifiable, was also classified as G. argillacea. The 

2 isolates were recovered from a trans-tracheal aspirate and lung 

tissue, respectively. Isolate 30 was phenotypically identified as 

Sporothrix schenkii, while D1/D2 analysis matched the isolate to 

Saccharomycopsis fibuligera. However, after re-evaluating the 

phenotypic method, the isolate was finally confirmed as S. schen-
kii exhibiting thermal dimorphism. 
 Five of 8 phenotypically unidentifiable isolates were newly iden-

tified as Coniosporium sp. (isolate 43), G. argillacea (isolate 44), 

Phialophora sp. (isolate 45), and Trichophyton rubrum (isolates 

46, 47) by sequence analysis. The 3 remaining isolates were still 

unidentifiable by sequence analysis. 

DISCUSSION

In this study, we employed a molecular method for mold identi-

fication and compared the performance of the 3 commonly 

used amplification targets. Using this method, 2 genera previ-

ously unidentified in a clinical laboratory were discovered, Co-
niosporium and Geosmithia. The Coniosporium species isolate 

was a slow-growing, black pigmented fungus recovered from a 

toenail, and showed arthroconidia microscopically. Coniospo-
rium, which is known to colonize plants, has been reported in 

the literature as a human pathogen recovered from a superficial 

skin lesion [10]. The isolates identified as G. argillacea grew as 

whitish to olive colonies and had phialides, which were difficult 

to distinguish from those of Penicillium or Paecilomyces. Geos-
mithia is a polyphyletic genus created to accommodate Penicil-

lium species that do not produce green colonies. According to 

recent reports [11, 12], G. argillacea can colonize the respiratory 

tract of cystic fibrosis patients, although it was not found to be 

associated with exacerbation of the disease. One of our isolates 

was obtained from the trans-tracheal aspirate of an acute lym-

phoblastic leukemia patient with influenza H1N1 infection, and 

the other isolate was obtained from the lung tissue of a patient 

with chronic cavitary pulmonary aspergillosis. Additional re-

search is required to determine the clinical implications of colo-

nization with G. argillacea. 
 ITS and D1/D2 region analyses performed well for identifica-

tion of most isolates in this study. However, D1/D2 analysis was 

not appropriate for species-level identification of Aspergillus 

species, and this finding is consistent with the results of a previ-

ous study [13]. In contrast to D1/D2 analysis, where all species 

yielded 100% identical sequence data for at least one molecular 

sibling (closely related but different taxa), the ITS analysis distin-

guished some of the species (A. fumigates, A. terreus) from their 

molecular siblings. The ß-tubulin gene was also helpful for some 

species (A. fumigatus, A. terreus, A. sydowii). In contrast, D1/D2 

analysis was more appropriate than that of ITS for identifying 

Trichophyton species. Interestingly, isolates morphologically iden-

tified as T. mentagrophytes were re-classified into T. interdigitale 

(Arthroderma vanbreuseghemii) after analysis of the D1/D2 re-

gion, according to the current taxonomy suggested by Graser et 

al. [14]. The sequence of these isolates was identical to the neo-

type of T. interdigitale, CBS 428.63 (AF506033), but not with the 

neotype of T. mentagrophytes, CBS 318.56 (AY185126). Although 

the naming of the T. mentagrophytes complex has been a topic 

of debate for years, use of T. mentagrophytes rather than T. in-
terdigitale could result in confusion, an issue recently raised in 

the literature [15, 16]. A consensus on the taxonomy of the T. 
mentagrophytes complex must be reached as soon as possible. 

 ITS and D1/D2 analyses yielded comparable performances 

for identification of species other than Aspergillus and Tricho-
phyton. ß-tubulin analysis was limited to genus-level identifica-

tion due of the paucity of database information available for this 

gene. Since there is a variety of reference sequences deposited 

in the public database, the ITS region may be the most appro-

priate primary sequencing target, except in the case of Aspergil-
lus, as recommended by the CLSI [17]. Analysis of the D1/D2 

region or ß-tubulin gene could be used for further resolution, 

and the decision to use additional targets should be based on 

clinical implications and laboratory policies, since the relevance 

of species-level identification has only been determined for a 

limited number of genera [18, 19]. In summary, molecular meth-
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ods are useful for mold identification, although the identification 

performance of each locus varied according to genus. Thus, a 

tailored approach is recommended when selecting amplification 

targets for molecular identification of molds.
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