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Abstract Two new fungal species of the genus Talaromyces, Talaromyces purpurogenus and Talaromyces trachyspermus from the
Trichocomaceae family, were recovered during an investigation of fungal communities in soil collected from the Gangwon-do and
Jeollanam-do provinces of Korea. These two species have not been previously officially reported from Korea. In this study,
detailed descriptions of internal transcribed spacer rDNA and beta-tubulin gene regions of these two fungi are presented.
Morphological features of the two fungi in five agar media, potato dextrose, oatmeal, malt extract, czapek yeast extract, and yeast
extract sucrose, are also reported. The species were identified on the basis of molecular and morphological analysis, and herein
we present data with detailed descriptions and figures.
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Talaromyces is a member of the order Eurotiales within the to assess the diversity of fungi in crop field soil from
family Trichocomaceae, recorded from soil, indoor, food Gangwon-do and Jeollanam-do, and 120 morphologically
waste and has a worldwide distribution. The genus distinct isolates were isolated. Of these, two species of
Talaromyces was introduced by Benjamin and Talaromyces Talaromyces were discovered which are new to Korea.
vermiculatus is the first species of the type genus that The present study compares these newly recorded species
produces soft, cottony fruit bodies (ascocarps) with cell with previously described Talaromyces spp. with respect to
walls made of tightly interwoven hyphae [1]. their morphological and phylogenetic characteristics.

Soil fungi are one of the important components of
microbial communities in the terrestrial ecosystem and MATERIALS AND METHODS
they play a vital role in the decomposition of organic matter
and nutrient cycling [2]. However, despite their immense Soil sampling and isolation of fungi. Soil samples

importance in agro-ecosystems, they are probably the were collected in 2014 from agricultural fields at various
least-studied organisms. The microbial composition of soil locations in Gangwon-do (37°09'50.46" N, 129°11'52.32" E)
is strongly affected by edaphic factors and cropping systems and Jeollanam-do (34°5704.71" N, 127°10'09.11" E), Korea.
[3]. In the current study, an investigation was undertaken Soil samples were taken from a depth of 0~15 cm, air dried
and stored in plastic bags at 4°C until use. Fungi were
isolated using a conventional dilution plating technique
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days. All media were prepared as described by Samson et
al. [5]. After incubation, the diameter of the colonies on
the various agar media was measured and the degree of
sporulation was determined. Colony color (obverse and
reverse sides) was described using Kornerup and Wanscher
[6]. Photomicrographs were taken with an HK 3.1 CMOS
digital camera (KOPTIC Korea Optics, Seoul, Korea)
attached to an Olympus BXS50F-3 microscope (Olympus
Optical Co., Ltd., Tokyo, Japan) and a scanning electron
microscope (LEO Model 1450VP Variable Pressure Scanning
Electron Microscope; Carl Zeiss, Cambridge, MA, USA).

Genomic DNA extraction, sequencing, and data
analysis. Total genomic DNA was extracted from isolates
KNU14-10 and KNU14-24-1 using a DNeasy Plant Mini
Kit (Qiagen, Hilden, Germany) following manufacturer
instructions. The internal transcribed spacer region (ITS)
and B-tubulin gene were amplified using primers ITS1 (5™
TCCGTAGGTGAACCTGCG-3)) and ITS4 (5-TCCTCC-
GCTTATTGATATGC-3)) [7], and Bt2a (5-GGTAACCAA-
ATCGGTGCTTTC-3) and Bt2b (5-ACCCTCAGTGTA-
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GTGACCCTT-3), respectively [8]. The amplified PCR
products were sequenced using an ABI Prism 3730 DNA
analyzer (Applied Biosystems, Foster City, CA, USA). The
sequences were compared with reference ITS and B-
tubulin sequences from GenBank at National Center for
Biotechnology Information (NCBI) using the basic local
alignment search tool [9]. The nucleotide sequences were
deposited in GenBank and assigned accession numbers
KP055602 and KP055603 for isolates KNUI14-10 and
KNU14-24-1, respectively. Phylogenetic relationships were
analyzed using molecular evolutionary genetic analysis
(MEGA 6) software [10]. A neighbor-joining tree was
constructed using the Kimura 2-parameter substitution
model [11]. Bootstrap analysis was performed with 1,000
replications to determine the support for each clade.

RESULTS

Morphology of studied fungal isolates.
Morphology of the KNU14-10 isolate: Colony morphology:
Photomicrographs of morphological structures of the

Fig. 1. Morphological characteristics of Talaromyces purpurogenus KNU14-10 grown for 7 days on potato dextrose agar (PDA),
oatmeal agar (OA), czapek yeast extract agar (CYA), yeast extract sucrose agar (YES), and malt extract agar (MEA) at 25°C.
Obverse colony from left to right (A~E) and reverse colony from left to right (F~J) grown on PDA, OA, CYA, YES, and MEA.
Conidiophores and conidia produced on PDA and MEA (K, L). Scanning electron microscope (SEM) of conidiophore (M) and

SEM of conidia (N) (scale bars: K~N = 10 um).
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isolates are shown in Fig. 1. Colonies grew moderately on
PDA, attaining a diameter of 30~33 mm after 7 days at
25°C. The front- and back-side of the mycelium was white
in color (Fig. 1A and 1F). The texture of the colony was
floccose. Sporulation was dense and conidia were numerous.
On OA, colonies grew moderately, reaching a diameter of
30~36 mm after 7 days at 25°C. The front side of the
colony was green with a wide white margin (6~9 mm),
while the reverse side of the colony was light brown (Fig.
1B and 1G). The texture of colony was floccose, especially
near the center. Sporulation was moderately dense to
dense. On YES, colonies grew slowly, attaining a diameter
of 24~29 mm after 7 days at 25°C. The front side of the
colony was white and reverse side was yellowish-brown in
color (Fig. 1C and 1H). The texture of colony was floccose
at the margin, sporulation was dense, and conidia were
numerous. Colonies grew moderately on CYA, reaching a
diameter of 27~32 mm after 7 days at 25°C. The front side
of the colony was green with white margins. The reverse
side of the colony was light brown (Fig. 1D and 1I). The
texture of colony was floccose. Sporulation was sparse to
moderately dense and conidia were numerous. On MEA,

colonies grew moderately, attaining a diameter of 32~35
mm after 7 days at 25°C. The front- and back-sides of the
colony were slightly green in color (Fig. 1E and 1]). The
colony texture was floccose, sporulation was dense, and
conidia were numerous.

Micromorphology: The conidiophores were monoverticillate,
around 6~28 um in length, and subterminal branches were
absent. The stipes was smooth-walled. Phialides were
acerose and 5.2~7.9 X 1.9~2.6 um in size. Metulae were in
verticils of 2~3 range, 6~7 X 1~3 pm in size and inflated at
the apex to about 3.2 um. Conidia were slightly ellipsoidal
and 1.46~1.95 pm in diameter.

Morphology of the KNU14-24-1 isolate: Colony morphology:
Photomicrographs of morphological structures of the
isolate are shown in Fig. 2. On PDA, colonies grew
moderately, attaining a diameter of 24~26 mm after 7 days
at 25°C. The front and the reverse sides of the colony were
white in color (Fig. 2A and 2F). Texture was floccose,
sporulation was moderately dense to dense, and conidia
were numerous. On OA, colonies grew slowly, reaching a
diameter of 25~27 mm after 7 days at 25°C. The front side
of the colony was white and reverse side was light brown

Fig. 2. Morphological characteristics of Talaromyces trachyspermus KNU14-24-1 grown for 7 days on potato dextrose agar
(PDA), oatmeal agar (OA), czapek yeast extract agar (CYA), yeast extract sucrose agar (YES), and malt extract agar (MEA) at
25°C. A~]J, Obverse colony from left to right (A~E) and reverse colony from left to right (F~J) grown on PDA, OA, CYA, YES,
and MEA. K, Conidia produced on PDA; L, Conidiophores; M, Scanning electron microscope (SEM) of conidiophore; N, SEM

of conidia (scale bars: K~N =10 pum).



in color (Fig. 2B and 2G). Texture was floccose, sporulation
was moderate, and conidia were numerous. On YES,
colonies grew slowly, attaining a diameter of 23~25 mm
after 7 days at 25°C. The frontside of the colony was snow-
white in color while the backside was yellow in color (Fig.
2C and 2H). Texture was floccose, with moderate to dense
sporulation. Conidia were numerous. On CYA, colonies
grew slowly, reaching a diameter of 25~30 mm after 7 days
at 25°C. Texture was floccose. The front and reverse sides
of the colony were white in color (Fig. 2D and 2I).
Sporulation was moderate and conidia were numerous. On
MEA, colonies grew fast compared to the other media
reaching a diameter of 44~47 mm after 7 days at 25°C. The
front- and back-sides of the colony were light green in
color (Fig. 2E and 2J). Texture was floccose, sporulation
was moderate to dense, and conidia were numerous.

Micromorphology: The conidiophores were monoverticillate,
around 6~28 pm in length, and subterminal branches were
absent. The stipes was smooth-walled. Phialides were
lanceolate, 2~6 in a verticil and 11~18 x 2~2.3 pm in size.
Metulae in small verticils of 2~3 range 12~14 x 1.4~2.1 pm
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in size. Conidia were ellipsoidal to ovoidal and 5.90~
7.87 um in diameter and smooth-walled.

Molecular phylogeny of studied fungal isolates.
Molecular phylogeny of the KNU14-10 isolate: The ITS
region and B-tubulin sequences were compared to determine
the phylogenetic relationship between the KNU14-10 isolate
and previously described Talaromyces species. The isolate
was most closely related to T. purpurogenus CBS286.36,
and formed a monophyletic group with bootstrap values of
99% and 99% (Figs. 3 and 4). The phylogenetic analysis
showed that the isolate is T. purpurogenus. This is a
common species, found especially in soil, but this is the
first report of the isolation of T. purpurogenus in Korea.
Molecular phylogeny of the KNU14-24-1 isolate: To
determine the evolutionary status between isolate KNU14-
24-1 and previously identified Talaromyces species, ITS
rDNA and B-tubulin sequences were compared. The isolate
was most closely related to T. trachyspermus and formed a
monophyletic group with bootstrap values of 99% and
100% (Figs. 3 and 4). The phylogenetic analysis showed

Talaromyces siamensis CBS 475.88 (T)
Talaromyces ruber CBS 132704 (T)
Talaromyces amestolkiae CBS 132696 (T)
Talaromyces stollii CBS 408.93 (T)
Talaromyces aculeatus NRRL2129 (T)
Talaromyces pinophilus CBS 631.66 (T)
Talaromyces echinosporus CBS 293.62 (T)
Talaromyces viridulus CBS 252.87 (T)
Talaromyces marneffei CBS 388.87 (T)
Talaromyces apiculatus CBS 312.59 (T)
Talaromyces rubicundus CBS 342.59 (T)
Talaromyces muroii CBS 756.96 (T)
Talaromyces purpurogenus CBS 286.36 (T)

— Talaromyces duclauxii CBS 322.48 (T)

65 — Talaromyces aurantiacus CBS 314.59 (T)

J L
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Talaromyces varians CBS 386.48 (T)
99| Talaromyces trachyspermus CBS 373.48 (T)
- KNU14-24-1
Talaromyces diversus CBS 320.48 (T)
Talaromyces minioluteus CBS 642.68 (T)

80
Talaromyces erythromellis CBS 644.80 (T)
l: Talaromyces pittii CBS 139.84 (T)
98

Talaromyces coalescens CBS 103.83 (T)
Talaromyces rademirici CBS 140.84 (T)

—_—
0.01

Thermoascus crustaceus CBS 181.67

Fig. 3. Neighbor-joining phylogenetic analysis of the partial 18S-ITS1-5.85-1TS2-28S rDNA sequences of Talaromyces purpurogenus
KNU14-10 and Talaromyces trachyspermus KNU14-24-1 obtained from crop field soil in Korea. A phylogenetic tree was
constructed using the MEGA ver. 6 program. Sequences obtained in the study are shown in boldface. The mark (T) indicates
type strain. Numerical values (> 50) on branches are the bootstrap values as percentage of bootstrap replication from a 1,000
replicate analysis. Thermoascus crustaceus was used as an outgroup. Scale bar represents the number of substitutions per site.
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Fig. 4. Neighbor-joining phylogenetic analysis of B-tubulin
gene sequences of Talaromyces purpurogenus KNU14-10 and
Talaromyces trachyspermus KNU14-24-1 obtained from crop
field soil in Korea. A phylogenetic tree was constructed using
the MEGA ver. 6 program. Sequences obtained in the study
are shown in boldface. The mark (T) indicates type strain.
Numerical values (> 50) on branches are the bootstrap values
as percentage of bootstrap replication from a 1,000 replicate
analysis. Thermoascus crustaceus was used as an outgroup.
Scale bar represents the number of substitutions per site.

that the study isolate is T. trachyspermus.

DISCUSSION

The KNU14-10 isolate from crop field soil was presumed
to be a Talaromyces, based on its conidiophores, conidia
and its colony appearance, and it reasonably fits the
description of T. purpurogenus [12]. The study isolate
KNU14-10 only differs slightly from the original description

by the size of the conidiophores, and the conidia. It has
been reported that the acerose phialides characteristics are
more definitive morphological characteristics of Talaromyces
anamorphs [13], and we found these to be similar in
isolate KNU14-10. It has been reported that the growth
pattern and colony morphology of T. purpurogenus differs
according to the growth media used [14], and we observed
this in our isolate. Thus, it can be concluded that isolate
KNU14-10 is T. purpurogenus. Several studies have shown
that T. purpurogenus has been used in the biodeterioration
of cellulose materials such as textiles, paper and adhesives,
as well as the ability to grow on plant material such as
corn [15]. In addition, T. purpurogenus is important for
biotechnology, because of its ability to produce enzymes and
extrolites [16, 17]. However, further studies on production
of enzymes and extrolites by the isolate KNU14-10 are
needed. Additional sequence similarity analysis of ITS
regions and B-tubulin revealed that the studied isolates,
KNU14-10 and KNU14-24-1, belong to T. purpurogenus
and T. trachyspermus, respectively (Table 1). Based on the
aforementioned taxonomical properties, isolate KNU14-
24-1 from crop field soil was considered T. trachyspermus.
This study isolate differs only slightly from the original
description by the size of the conidiophores and the conidia.
Our findings are in accordance with those of Stock and
Samson [13]. Thus, it can be concluded that the isolate
KNU14-24-1 is T. trachyspermus. In addition, T. trachyspermus
has been reported as a food-borne, heat resistant, potential
food spoilage mold [18]. Therefore, it would be valuable to
perform further studies on the isolate in this context.
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