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ABSTRACT

A fungal strain designated KNUF-22-016 was isolated from a soil sample collected in
Cheoltan Mountain in Yeongju, Korea. The cultural and morphological characteristics of this
strain closely resembled those of Hamigera ingelheimensis. The colonies formed by the
isolate appeared light orange to dark orange on Czapek yeast extract agar, its conidiophores
were rarely branched, smooth-walled, measuring 109.9-864.8 X 4.1-7.4 um, with its smooth-
walled conidia being 2.3-4.6 X 1.9-3.5 um in size. Phylogenetic analysis using concatenated
sequences of the internal transcribed spacer (ITS) regions and the Mcm7, RPB2 and Tsrl1
genes confirmed the affiliation of strain KNUF-22-016 with H. ingelheimensis. To the best of
our knowledge, this fungus has not been previously documented in Korea.

Keywords: Hamigera, Multilocus sequence analysis, Soil-inhabiting fungi, Unreported
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INTRODUCTION

The genus Hamigera was first established to accommodate two species that were formerly classified
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elSSN :2383-5249 under the genus Talaromyces (T. avellaneus and T. striatus). These two species could be distinguished
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distinctive trait led Stolk and Samson in 1971 to propose the genus Hamigera through the reclassification
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as Pseudohamigera striata [2]. In 2010, the taxonomic affiliations of several fungal isolates from the
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Agricultural Research Service Culture Collection (NRRL) were examined, and a multilocus sequence
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six strains were identified as new species within the genus Hamigera, namely H. fusca, H. inflata, H.

H. ingelheimensis, underwent a series of reclassifications prior to being assigned its current taxonomic

distribution, and reproduction in any medium, affiliation. Initially, it was classified as Penicillium ingelheimensis, after which it was reclassified as
provided the original work is properly cited.
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Merimbla ingelheimensis based on a phylogenetic analysis distinguishing it from closely related species
such as H. avellanea [4]. Following the Melbourne Code [5], which allows only a single name for a
fungus, and to reflect the phylogenetic position of the species, M. ingelheimensis was later reclassified
as H. ingelheimensis [6]. Recently, Houbraken et al. (2020) proposed the reclassification of Talaromyces
brevicompactus to Hamigera brevicompacta based on phylogenetic analysis using concatenated sequences
of the BenA, CaM, and RPB2 genes [2]. As a result, the genus Hamigera currently encompasses nine
species: H. avellanea, H. fusca, H. inflata, H. ingelheimensis, H. insecticola, H. pallida, H. paravellanea, H.
terricola, and H. brevicompacta.

This study sought to identify previously unreported Hamigera species in Korea, isolated from a soil
sample collected in Cheoltan mountain, Yeongju. This investigation was conducted as part of our research
initiative focused on discovering indigenous Korean fungal species. The isolated strain KNUF-22-016 was
characterized through both morphological and molecular analyses, and its taxonomic placement within the

genus was confirmed utilizing an MLSA approach.

MATERIALS AND METHODS

Sample collection and fungal isolation

In 2023, soil samples were collected from Cheoltan Mountain in Yeongju, Gyeongsangbuk-do, Korea (36°
49'52.3"N, 128°37'46.1"E) and transported to the laboratory for further analysis. Fungi were isolated using
the dilution plating method. Each soil sample was mixed with 10 mL of sterile distilled water, vortexed,
serially diluted, and spread onto potato dextrose agar (PDA; Difco, Detroit, MI, USA) plates. The PDA
plates were then incubated at 25°C for one week. Afterward, single fungal colonies were transferred to
new plates and incubated under the same conditions. Several fungal strains were isolated and preliminarily
identified by sequencing the internal transcribed spacer (ITS) regions. Among them, strain KNUF-22-016
was recognized as a fungal species that had not been previously identified in Korea. Therefore, this strain
was selected for comprehensive analysis, including morphological and molecular phylogenetic analyses.
Stock culture of the strain, namely, KNUF-22-016 (NIBRFGC000509833) was deposited in the National
Institute of Biological Resources (NIBR) as metabolically inactive cultures.

Morphological and Cultural characterization

After one week of incubation at 25°C on Czapek yeast extract agar (CYA; MBcell, Seoul, Korea), malt
extract agar (MEA; Difco, Detroit, MI, USA), and glycerol nitrate agar (G25N), the morphological features
of isolate KNUF-22-016, including color, shape, and size, were recorded [3]. Additionally, cultures on CYA
were incubated at 5°C and 37°C for one week [3]. The fungal characteristics were examined using a light
microscope (BX-50, Olympus, Tokyo, Japan).
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DNA extraction, PCR amplification, and sequencing

Genomic DNA was extracted from the mycelia using the HiGene Genomic DNA Prep Kit (Biofact,
Daejeon, Korea) according to the manufacturer’s instructions. For molecular analysis, the ITS regions,
minichromosome maintenance complex component 7 (Mcm?7), the second largest subunit of RNA
polymerase II (RPB2), and ribosome biogenesis protein (Tsr!) genes were amplified via PCR [3].
Specifically, the ITS regions, the partial Mcm?7 gene, the partial RPB2 gene, and the partial Tsrl gene were
respectively amplified using primers ITS1F/ATS4 [7,8], 709F/1447R [9], SF/7CR [10], and 1459F/2308R
[9]. Subsequently, the sequences of the amplified ITS regions, as well as those of the Mcm?7, RPB2, and
Tsrl genes, were deposited in the GenBank database under accession numbers LC799815, LC800019,
LC800020, and LC800021, respectively.

Molecular phylogenetic analyses

The sequences of our isolates were compared with reference sequences from the GenBank database
of the National Center for Biotechnology Information (NCBI) using the Basic Local Alignment Search
Tool (BLAST). The sequences of the ITS regions, the Mcm7, RPB2, and Tsrl genes were concatenated
and phylogenetic trees were constructed using the maximum likelihood (ML), neighbor-joining (NJ),
and maximum parsimony (MP) algorithms based on the Kimura model [11]. Phylogenetic analysis was
conducted using the MEGA 7 (https:/www.megasoftware.net/) software utilizing bootstrap values from
1,000 replications [12]. The reference sequences from the NCBI GenBank database are listed in Table 1.

Table 1. List of species used in phylogenetic analysis along with their GenBank accession numbers.

GenBank accession numbers

Species Strain TS Mem? RPB2 Torl

Hamigera avellanea NRRL 1938" AF454075 GU092852 EU021627 GU092726
Hamigera avellanea NRRL 58017 GU092954 GU092896 GU092917 GU092727
Hamigera brevicompacta CBS 102661" NR_160208 - MN969203 -

Hamigera fusca NRRL 35721 GU092939 GU092888 GUI111760 GU092717
Hamigera fisca NRRL 35601" NR 137734 GU092879 GUI111755 GU092715
Hamigera inflata NRRL 58014" NR 137736 GU092895 GU092908 GU092725
Hamigera ingelheimensis NRRL 3522 GU092960 GU092871 GU092911 GU092730
Hamigera ingelheimensis NRRL 2110 MHS856108 GU092856 GU092912 GU092728
Hamigera ingelheimensis KNUF-22-016 LC799815 LC800019 LC800020 LC800021
Hamigera insecticola NRRL 35386" NR_137684 GU092872 GU111754 GU092718
Hamigera insecticola NRRL 35442 EF634416 GU092873 GU092907 GU092722
Hamigera pallida NRRL 35718" NR_137737 GU092885 GUI111758 GU092710
Hamigera paravellanea NRRL 35714 GU092953 GU092882 GU092918 GU092737
Hamigera paravellanea NRRL 35720" NR 137738 GU092887 GU092919 GU092738
Hamigera terricola NRRL 29055" NR 137735 GU092860 GU111751 GU092712
Hamigera terricola NRRL 35717 GU092945 GU092884 GU111757 GU092708
Hamigera brevicompacta CBS 102661" NR_160208 - MN969203 -

Pseudohamigera striata NRRL 717" NR 145139 GU092901 GU092928 GU092697

ITS: internal transcribed spacer regions; Mcm?7: minichromosome maintenance complex component 7; RPB2: the second largest subunit of RNA polymerase II;
Torl: Tsrl ribosome maturation factor. " Type strain. The strain isolated in this study is indicated in boldface.
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RESULTS AND DISCUSSION

Cultural and morphology characteristics

After 7 days of incubation at 25°C on CYA, the colony size of strain KNUF-22-016 reached 67.1-69.8
mm. The colony exhibited a variety of colors ranging from light orange to dark orange, with a pale pink
reverse side (Fig. 1A and 1B). In contrast, at 37°C, colony size decreased to 37.8-39.1 mm, indicating a
suboptimal temperature for growth (Fig. 1C and 1D). After 7 days of incubation at 25°C on MEA, the
colonies measured 61.2-62.9 mm, displaying a light pinkish cinnamon color with a pale pinkish reverse
side (Fig. 1E and 1F). No growth was observed on G25N medium under the same culture conditions or on
CYA after 7 days of incubation at 5°C. Conidiophores, arising from the colony surface, ranged in size from
109.9-864.8 x 4.1-7.4 um (Fig. 1G and 1H). Apical whorls of metulae typically varied in size from 4.6-14.2
% 2.4-5.7 um, each bearing five or more phialides measuring 6.5-10.6 x 1.6-3.3 um (Fig. 1Gand 1H). The
conidia were observed to be 2.3-4.6 X 1.9-3.5 um in size, with smooth walls (Fig. 1I). Based on both its
cultural and morphological traits, the isolated strain KNUF-22-016 appears to be closely affiliated with
H. ingelheimensis [3]. In contrast, KNUF-22-016 differed from its close relative, H. avellanea, in several
aspects, including colony color, colony size (61.2-62.9 mm vs. 45-70 mm on MEA), conidiophore size
(109.9-864.8 x 4.1-7.4 pm vs. 200-500 % 3—5 pm), and larger metulae (4.6-14.2 x 2.4-5.7 pm vs. 5-12 x
3-5 um) (Table 2).

Fig. 1. Cultural and morphological characteristics of Hamigera ingelheimensis KNUF-22-016. A, B:
colony on Czapek yeast extract agar (CYA) after 7 days at 25°C; C, D: colony on CYA after 7 days at
37°C; E, F: colony on malt extract agar (MEA) after 7 days at 25°C; G, H: conidiophores; I: conidia.
Scale bars G-I=10 pum.
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Table 2. Comparison of morphological characteristics of KNUF-22-016 with reference species Hamigera ingelheimensis and H. avellanea.

Characteristics Hmé;?;:_gzzlflg ;r;ensw H. ingelheimensis® H. avellanea®
Colony Color CYA: light orange to dark orange and ~ CYA: light salmon orange to capucine ~ CYA: conidial areas pinkish, deep red
pink in reverse; orange, pale pink near safrano pink in shades near Indian red in reverse;
MEA: light pinkish cinnamon reverse; MEA: pale yellow to pinkish, vinaceous
MEA: light pinkish cinnamon to purple in reverse;
cinnamon buff G25N: light buff in reverse
Size (diam.) CYA: 67.1-69.8 mm; CYA: 55-65 mm; CYA: 50-70 mm;
MEA: 61.2-62.9 mm in 7 days at 25°C MEA: 70 mm in 7 days at 25°C MEA: 45-70 mmy;
G25N: 23-24 mm in 7 days at 25°C
Shape CYA: plane, velutinous, no exudate; CYA: plane, velutinous, no exudate; CYA: lanose to velvety, low;
MEA: thin, plane, velutinous, low, heavy MEA: thin, plane, velutinous, low, heavy MEA: thin, low, sporulating well;
sporulation sporulation G25N: plane, low, thin
Conidiophores  Size (um) 109.9-864.8 x 4.1-7.4 100-800 x 4-7 200-500 x 3-5
Shape rarely branched, smooth walls, arising  rarely branched, smooth walls, arising rarely branched, arising from colony
from colony surface from colony surface surface, smooth walls
Metulae Size (um) 46-142x24-57 3-14%x3-6 5-12%x3-5
Conidia Size (um) 23-46x19-35 35-50%x2-3 3-5x23
Shape smooth walls smooth walls smooth walls
Philaides Size (um) 6.5-10.6 x 1.6-3.3 7-9x23 5-9x2535
Shape acerose to ampulliform acerose to ampulliform ampulliform

CYA: Czapek yeast extract agar; MEA: malt extract agar; G25N: glycerol nitrate agar; Diam.: diameter.
* Fungal strain used in this study; " Source of description [3]; ° Sources of description [1,3].

Molecular phylogeny analysis

The amplicons obtained from the ITS, Mcm7, RPB2, and Tsrl loci of strain KNUF-22-016 were 591,
681, 1020, and 781 bp long, respectively. The ITS sequence of the isolate exhibited 99.6-100% identity
with several strains of H. ingelheimensis, including NRRL 29059 (GU092961), NRRL 3522 (GU092960),
and CBS:163.42 (MH856108). Additionally, strain KNUF-22-016 exhibited a close relationship with H.
avellanea NRRL 1938 (98.9% similarity, AF454075), H. paravellanea NRRL 35720 (98.9%, NR 137738),
H. brevicompacta CBS 102661 (98.7%, NR_160208), and H. fiisca NRRL 35601 (98.6%, NR_137734).
Based on the similarity of the Mcm?7 gene sequence, H. ingelheimensis NRRL 2110 (100% similarity,
GU092856), H. paravellanea NRRL 35720 (98.5%, GU092887), H. avellanea NRRL 58017 (98.3%,
GU092896), and H. inflata NRRL 58014 (97.3%, GU092895) were the closest phylogenetic relatives of
strain KNUF-22-016. The partial RPB2 gene sequence of the isolate was 100, 99.2, 99.0, 98.9, and 97.4%
similar to those of H. ingelheimensis NRRL 58707 (GU092909), H. avellanea NRRL 1938 (EU021627),
H. paravellanea NRRL 35720 (GU092919), H. brevicompacta CBS 102661 (MN969203), and H.
terricola NRRL 58014 (GU092908), respectively. The Tsrl sequence of strain KNUF-22-016 shared 100,
98.7, and 97.9% identity with H. ingelheimensis NRRL 2110 (GU092728), H. avellaneca NRRL 1938
(GU092726), and H. paravellanea NRRL 35714 (GU092737), respectively. These findings demonstrated
that several Hamigera species are closely related to strain KNUF-22-016. Although the isolate exhibited
100% similarity with various strains of H. ingelheimensis based on the sequences of the four molecular

markers examined herein, it is evident that the strain could have not been precisely identified based on only

The Korean Journal of Mycology 2024 Vol.52

159



Kim et al.

a single molecular marker. Therefore, multilocus sequence analysis was conducted using concatenated
sequences of the ITS regions, as well as the Mcm7, RPB2, and Tsrl genes. This approach successfully
allowed for the identification of the six members of the genus Hamigera from the current nine validated
species [3]. The ML phylogenetic tree based on the concatenated sequences clearly demonstrated that the
phylogenetic characteristics of KNUF-22-016 were consistent with those of H. ingelheimensis (Fig. 2). The
same topology of the phylogenetic tree was also obtained using the NJ and MP algorithms, as indicated by
the filled circles in Fig. 2, further supporting the affiliation of the isolate. Unfortunately, the sequences of
the Mem?7 and Tsrl genes for the recently described H. brevicompacta were unavailable in the GenBank
database. However, the topology of the phylogenetic tree constructed using the concatenated sequences
of only ITS regions and the RPB2 gene (tree not shown) was similar to that of the abovementioned
phylogenetic tree, confirming the differentiation of KNUF-22-016 from H. brevicompacta at the species
level. The results of both morphological and phylogenetic analyses revealed that KNUF-22-016 is a strain
belonging to H. ingelheimensis. To the best of our knowledge, this study represents the first report of this
fungal species in Korea.

Various biologically active compounds have been identified in members of the genus Hamigera. Among
the nine species mentioned above, the production of secondary metabolites has been more extensively
studied in H. avellanea. The antifungal compounds hamigerone, dihydrohamigerone, and avellaneanone,
the potential antimalarial compounds hamavellone B and hamigeromycins B, the bioactive alkaloid
pseurotin A, and the anthraquinone pigments emodin, ®-hydroxyemodin, and emodic acid have been
isolated from BCC 17816, KUFA 0732, and other strains of H. avellanea [13-16]. Among these, pseurotin
A is known for its cytotoxic activity against mouse leukemia P388, human leukemia HL60, human lung
carcinoma A-549, and human hepatic carcinoma BEL-7402 cell lines, as well as for its inhibition of the
fungal chitin synthase and anti-inflammatory activity [17]. Emodin possesses a wide range of bioactive
properties, including antibacterial, anticancer, cardioprotective, antioxidant, anti-fibrotic, and anti-
inflammatory effects [18]. Eight species of the genus Hamigera, excluding H. ingelheimensis, produced
avellanins A and B as the most common metabolites, exhibiting inhibitory activity against apolipoprotein B
production [19]. Interestingly, H. ingelheimensis produced other structurally related compounds, including
avellanin C and the cyclic hexapeptide PF1171C [20]. Avellanin C is known for its quorum-sensing (QS)
inhibiting activity against Staphylococcus aureus [20]. The inhibition of QS in S. aureus can reduce bacterial
virulence, thereby enhancing the host’s innate immune response and limiting inflammation [21]. In contrast
to H. avellanea, the production of bioactive compounds by H. ingelheimensis has not been thoroughly
investigated. Therefore, isolate KNUF-22-016 can be considered a valuable strain for further study of this
species in Korea.

This study provides the first record of the occurrence of H. ingelheimensis in Korea, contributing to the
discovery of indigenous Korean fungal species. Additional research is needed to gain more comprehensive
insights into the geographic distribution of H. ingelheimensis and its ecological and biological roles in

Korean ecosystems, as well as to explore its potential therapeutic properties.
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100 | Hamigera ferricola NRRL 290557

Hamigera terricola NRRL 35717
Hamigera pallida NRRL 357187

Hamigera fusca NRRL 35721
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Hamigera fusca NRRL 356017

Hamigera inflata NRRL 580147

100 Hamigera insecticola NRRL 353867
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100 Hamigera ingelheimensis KNUF-22-016

Hamigera ingelheimensis NRRL 21107

0 1100 Hamigera avellanea NRRL 19387
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65 Hamigera paravellanea NRRL 35714

100 I Hamigera paravellanea NRRL 357207

Pseudohamigera striata NRRL 7177

0.020

Fig. 2. Maximum-likelihood phylogenetic tree based on the combined sequences of internal transcribed spacer (ITS) regions, minichromosome
maintenance complex component 7 (Mcm?7), the second largest subunit of RNA polymerase II (RPB?2), and Tsrl ribosome maturation factor
(Tsr1) showing the phylogenetic position of strain KNUF-22-016 among Hamigera species. Bootstrap values greater than 60% (based on 1,000
replications) are shown at branch points. The filled circles indicate that the corresponding nodes were also recovered in trees genergted using the
neighbor-joining and maximum parsimony algorithms. The isolated strain is indicated in bold. Pseudohamigera striata NRRL 717 was used as
an outgroup. Bar, 0.02 substitutions per nucleotide position.
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