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Penicillium vietnamense sp. nov., the First Novel Marine Fungi Species
Described from Vietnam with a Unique Conidiophore Structure and
Molecular Phylogeny of Penicillium Section Charlesia

Van Duy Nguyen and Thu Thuy Pham

Institute of Biotechnology and Environment, Nha Trang University, Nha Trang, Vietnam

ABSTRACT
Penicillium vietnamense sp. nov. was isolated from Nha Trang Bay, Vietnam in June 2017. It is
phylogenetically distinct from the sister species of Penicillium section Charlesia series Indica
based on multi-locus sequence typing results using internal transcribed spacer, large subunit
ribosomal RNA, b-tubulin, calmodulin, and RNA polymerase II second largest subunit regions.
It showed strong growth on Czapek yeast autolysate agar at 37 �C, a strong acid production
on Creatine sucrose agar, and produced short stipes, small vesicles, and subglobose to glo-
bose conidia delicately roughened with very short ridges. As the first novel marine fungi
species described from Vietnam and discovered in a unique environment, the data could be
significant for understanding the taxonomy and geographical distribution of marine fungi in
tropical coastal systems such as Vietnam.
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1. Introduction

Historically, Johann Heinrich Friedrich Link firstly
introduced the generic name Penicillium, meaning
“brush” and classified the genus in the order
Eurotiales within the family Trichocomaceae in
1809 [1]. It is now more than 200 years with many
changes in the name and number of species.
Penicillium was then redefined as part of the family
Aspergillaceae [2] and contained 354 accepted spe-
cies from a current systematic study [3]. Penicillium
now become one of the most common fungi with
global distribution in diverse environments and has
a big economic and social impact [3]. Current
reviews have shown that marine-derived Penicillium
has provided numerous valuable pharmaceuticals
with a variety of biological activities such as anti-
microbial, cytotoxic, and anticancer properties
[4–8]. Its species are identified based on the com-
bination of morphological features including colony
pattern, conidiophore structure, and sclerotia pro-
duction, and molecular characteristics with sequence
of internal transcribed spacer (ITS) region and add-
itional markers such as large subunit ribosomal
RNA (LSU) [9], b-tubulin (BenA), calmodulin
(CaM) [10] and the RNA polymerase II second larg-
est subunit (RPB2) [3].

In our current study on fungi diversity and com-
munity composition of the surface coastal marine

and deeper waters at Nha Trang Bay and Van
Phong Bay in Vietnam, a collection of marine fungi
strains have been isolated and identified, which
belong to 3 phyla, 5 subdivisions, 7 classes, 12
orders, 17 families, 22 genera and at least 40 species
[11]. Among 29 identified fungal species, 12 and 28
species were new records in a global marine source
and in a marine ecosystem of Vietnam, respectively.

This study describes one of the unidentified
Penicillium strains in our collection isolated from
Nha Trang Bay, located in the province of Khanh
Hoa, the southern maritime area of Central
Vietnam. The Bay has had the Hon Mun marine-
protected area since 2001, with nine islands covering
approximately 16,000 ha [12]. The living condition
here is ideal for most marine organisms in the
tropics such as warm water, the temperature from
23 �C in January up to 28 �C in May–June, and sal-
inity from 3.2% to 3.4% [13,14]. The Bay has high
diverse ecosystems with unique coral reefs linked to
the open sea and attached to many valuable marine
micro- and macro-organisms with diverse ecological
functions and valuable bioactive compounds
[13–17]. With marine fungi from Nha Trang Bay
screened morphologically and molecularly, we
decided that our fungus represents an undescribed
species, which is described and illustrated here as
Penicillium vietnamense sp. nov.
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2. Materials and methods

2.1. Isolation of marine fungi

The deep waters (DW) at the depth of 40–47m (N:
12�1803100, E: 109�3106700), pH 7.0, the temperature
of 22 �C and salinity of 3.44%, were collected from
Nha Trang Bay, Vietnam on June 1, 2017. Fungi
were isolated within 3 h of collection using the
membrane filtration technique [18]. Briefly, the DW
samples were diluted into concentrations at 10�1,
10�2, and 10�3. Subsequently, diluted water samples
(15ml, triplicate) were filtered through a sterile
0.45 lm cellulose esters membrane (MilliporeSigma,
Burlington, Massachusetts, USA). These membranes
were then placed on solid media plates of
Sabouraud Dextrose Agar (SDA) (Thermo Fisher
Scientific, Waltham, Massachusetts, USA) supple-
mented with antibiotics (0.075% streptomycin sul-
fate and 0.05% ampicillin) (Thermo Fisher
Scientific) to suppress bacterial growth. The plates
were incubated at 25 �C for 2–3 days and examined
daily for the growth of fungi. Fungal colonies that
developed were subcultured onto fresh Potato
Dextrose Agar (PDA) (Thermo Fisher Scientific)
and incubated at 25 �C for 7 days to allow fungal
growth. The isolate DW14M was deposited in
Vietnam Type Culture Collection (VTCC),
Microbiological Culture Collection at Nha Trang
University (NTU), and Nha Trang Institute of
Technology Innovation and Application (NITIA),
Vietnam with allotted no. VTCC 930029, NTU
DW14M, and NITIA DW14M, respectively.

2.2. Morphological analysis

The isolate DW14M was cultured on PDA and then
transferred to Malt extract agar (MEA, Oxoid),
Czapek yeast autolysate agar (CYA), Yeast extract
sucrose agar (YESA), Czapek yeast autolysate agar
with 5% NaCl (CYAS), Czapek’s agar (CZ), Oatmeal
Agar (OA), and Creatine sucrose agar (CREA) for
morphological analysis [3]. Plates were incubated at
25 �C in the dark for 7 days, and plates with CYA
were additionally incubated at 30 �C and 37 �C in
the dark for 7 days. After incubation, diameters, the
density of sporulation, obverse and reverse colony

colors, and the existence of soluble pigments were
recorded. Fungal morphological characterization was
identified by using a light microscope (Eclipse 80i,
Nikon, Tokyo, Japan) and a scanning electron
microscope (SEM, S-4800, Hitachi, Tokyo, Japan)
[3,19]. With 85% lactic acid and 99% ethanol, fixed
specimen images were acquired [20].

2.3. DNA extraction, PCR, and sequencing

The isolate DW14M was grown on PDA and incu-
bated at 25 �C for 3–5 days. Mycelia were harvested,
lyophilized, and crushed in a mortar with a pestle
using liquid nitrogen to a fine powder. Genomic
DNA from the isolate was extracted using the EZ-10
Spin Column Plant Genomic DNA Miniprep Kit
(Bio Basic, Canada) as directed by the manufacturer.
The extracted DNA samples were stored at �20 �C
until use for PCR. Five regions, internal transcribed
spacer (ITS), large subunit ribosomal RNA (LSU),
b-tubulin (BenA or tub2), calmodulin (CaM), and
RNA polymerase II second largest subunit (RPB2),
were amplified with the primer pairs in Table 1.
The PCR method was performed as described previ-
ously [17,26] with some modifications. Briefly, one
microliter of DNA (�25 ng) was added to a 50 ll
reaction volume containing 1 ll of Taq polymerase
(Bioline, Memphis, Tennessee, USA), 10 ll of 5X
MyTaq reaction buffer, 35 ll of distilled deionized
water, and 10 pmoles of each primer. The PCR pro-
gram was run for the initial denaturation step at
93 �C for 3min, followed by 35 cycles of 0.5min at
93 �C, 0.5min at 55–60 �C, and 0.5min at 72 �C,
and a final extension at 72 �C for 5min. The ampli-
fied products were separated on a 1% (w/v) agarose
gel stained with ethidium bromide and visualized
under a UV transilluminator.

PCR products were purified using the QIAquick
PCR purification Kit (Qiagen, Hilden, Germany),
and then Sanger sequenced at Macrogen (Korea) in
both directions with the same PCR primers as
described above using Big Dye terminator in a
3730xl DNA Analyzer (Applied Biosystems,
Waltham, Massachusetts, USA). The DNA sequen-
ces generated in this study are deposited in
GenBank under the accession numbers MT102836

Table 1. Phylogenetic loci and PCR primers used in the present study.
Locus Primer name Direction Primer sequence (50–30) Reference

Internal transcribed spacer (ITS) ITS1-F_KYO2 Forward TAG AGG AAG TAA AAG TCG TAA [21]
ITS4-R Reverse TCC TCC GCT TAT TGA TAT GC [22]

Large subunit ribosomal RNA (LSU) NL1 Forward GCA TATC AAT AAG CGG AGG AAA AG [23]
NL4 Reverse GG TCC GTG TTT CAA GAC GG

b-tubulin (BenA) Bt2a Forward GGT AAC CAA ATC GGT GCT GCT TTC [24]
Bt2b Reverse ACC CTC AGT GTA GTG ACC CTT GGC

Calmodulin (CaM) CF1 Forward GCC GAC TCT TTG ACY GAR GAR [10]
CF4 Reverse TTT YTG CAT CAT RAG YTG GAC

RNA polymerase II second largest subunit (RPB2) 5Feur Forward GAY GAY CGK GAY CAY TTC GG [25]
7CReur Reverse CCC ATR GCY TGY TTR CCC AT
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(ITS), MT209882 (LSU), MT230561 (BenA),
ON209438 (CaM), and MT222288 (RPB2) to the
isolate DW14M.

2.4. Phylogenetic analysis

DNA sequences of the isolate DW14M obtained in
this study and reference sequences available in
GenBank (Table 2) were used for sequence analysis
at the National Center for Biotechnology
Information (NCBI) using BLASTn (http://www.
ncbi.nlm.nih.gov/BLAST). DNA sequences were
aligned using ClustalW [27], and regions with gaps
were removed using BioEdit. Model selection was
used to determine the best fit model with the lowest
Bayesian Information Criterion score for the
Maximum-likelihood, Minimum-evolution, and
Neighbor-joining method [28], which was then used
to construct a phylogenetic tree using the MEGA X
program [26]. The robustness of the tree topology
was tested by bootstrap analysis with 1000
re-samplings [29]. The evolutionary distances were
computed using the Tamura 3-parameter method
[30] and Tamura–Nei method [31].

3. Results

3.1. Phylogenetic analysis

The DNA sequences of the new species were regis-
tered in the GenBank database of the NCBI
(MT102836 for rDNA–ITS, MT209882 for LSU,
MT230561 for BenA, ON209438 for CaM, and
MT222288 for RPB2) (Table 2). The target strain
DW14M was positioned using the sequences of the
ITS region (Figure 1) and the combined sequences
of ITS, BenA, CaM, and RPB2 regions (Figure 2).
Based on these regions, the target strain was com-
pared with other strains available in the NCBI data-
base. The phylogenetic trees were constructed
following the bootstrap analysis of 1000 replicates,

and DW14M was the most similar to the type
strains of Penicillium chermesinum, Penicillium cud-
dlyae, Penicillium lunae, and Penicillium indicum
within the Penicillium section Charlesia series Indica
[32]. In addition, BLASTn search was performed
against the strain DW14M. ITS and RPB2 sequence
analyses showed that DW14M was the most similar
to the type strain of P. cuddlyae with 99.7% and
97.7% sequence identity, respectively (Table 3). LSU
sequence analysis showed that DW14M was the
most similar to the type strain of P. lunae with
99.5% sequence identity (Table 3). BenA and CaM
gene sequence analyses showed that DW14M was
the most similar to the type strain of P. chermesi-
num with 99.1% and 98.8% sequence identity,
respectively (Table 3). Sequence analysis with a
combination of four DNA regions (ITS, BenA, CaM,
RPB2) (Table 2) showed that DW14M was the most
similar to P. chermesinum with 91% sequence iden-
tity, P. cuddlyae with 90%, P. indicum with 88%,
and P. lunae with 86% (data not shown).

3.2. Morphological feature

The colony of various plates and the photomicro-
graphs of morphological structures of the DW14M
strain are shown in Figures 3 and 4. The detailed
fungal morphological descriptions are in the
Taxonomy section. Distinct morphological features
between P. vietnamense and its related species are
summarized in Table 4.

3.3. Taxonomy

Penicillium vietnamense V.D. Nguyen & T.T. Pham,
sp. nov. (Figures 3 and 4)

Typus: VTCC 930029¼NTU DW14M¼NITIA
DW14M

Table 2. Details of the strains used in phylogenetic and identity analyses.

Species Strain

Sequence accession numbers

ITS LSU BenA CaM RPB2

Penicillium vietnamense VTCC 930029¼DW14M MT102836 MT209882 MT230561 ON209438 MT222288
Penicillium chermesinum CBS 231.81 AY742693 MH873092 KJ834441 AY741728 JN406581
Penicillium lunae PPRI 25881 MK450725 MK598746 MK451088 MK451660 MK450863
Penicillium cuddlyae PREM 623302 MK951942 MN388754 MK951835 MK951908 MN418450
Penicillium indicum CBS 115.63 AY742699 AY742699 EU427263 AY741744 JN406640
Penicillium charlesii CBS 304.48 AF033400 JX091508 AY741754 JN121486
Penicillium fellutanum CBS 229.81 AF033399 KJ834450 AY741753 JN121460
Penicillium coffeae CBS 119387 AY742702 KJ834443 AY741747 JN121436
Penicillium phoeniceum CBS 249.32 KC411711 KJ834483 AY741729 JN406597
Penicillium costaricense CBS 140998 KT887873 KT887834 KT887795 MN969173
Penicillium eremophilum CBS 123361 GU733341 KY709170 KY611931 KY611970
Aspergillus oryzae NRRL 447 EF661560 EF661483 EF661506 EF661438
Penicillium sp. CBS 140613 KX961204 KX961227 KX961262 KX961286
Penicillium sp. CBS 140614 KX961205 KX961228 KX961263 KX961288
Penicillium sp. CGMCC 3.18173 KX961206 KX961229 KX961264 KX961287
Penicillium chermesinum CMV011D8 MK450679 MK451202 MK451596 MK450829
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Figure 1. Phylogenetic tree based on the neighbor-joining analysis of the ITS sequences for Penicillium species classified in
the Charlesia section. Penicillium eremophilum as the most related to the Charlesia section was included as an outgroup.
Bootstrap analysis was performed with 1000 replications with values of at least 50% indicated at the nodes. The bar indicates
the number of substitutions per position. Each branch indicates taxon name, strain name and GenBank accession number
sequentially. (T) indicates the type strain of the species. The isolate in this study is marked as ( ).

Figure 2. Phylogenetic tree based on the neighbor-joining analysis of the combined ITS, BenA, CaM, and RPB2 dataset for
Penicillium species classified in the Charlesia section. Penicillium eremophilum was added as the most related species to the
Charlesia section. Aspergillus oryzae was included as an outgroup. Bootstrap analysis was performed with 1000 replications
with values of at least 50% indicated at the nodes. The bar indicates the number of substitutions per position. Each branch
indicates taxon name and strain name sequentially. (T) indicates the type strain of the species. The isolate in this study is
marked as ( ).
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Mycobank: MB840587

Etymology: The name refers to the country where
the type specimen was collected (Vietnam)

DNA barcodes: ITS MT102836, LSU MT209882,
BenA MT230561, CaM ON209438, and
RPB2 MT222288.

Colony diameter (mm), 7 days, 25 �C (unless stated
otherwise): CYA 33–35; CYA 30 �C 37–39; CYA
37 �C 27–28; MEA 32–33; YESA 40–41; CYAS
32–35; CREA 19–21; CZ 30–32; OA 28–30;
PDA 38–42.

Colony characteristics: On CYA 25 �C, 7 days.
Colonies nearly circular, low, radially sulcate, raised
centrally; margins low, narrow (1mm), white, entire;
mycelia white to gray; texture floccose; sporulation
sparse, conidial color en masse gray-green; soluble pig-
ments absent; exudates clear to light brown; reverse
orange with light yellow margins (Figure 3(A)). On
CYA 30 �C, 7days: Colonies similar to those on CYA
25 �C, 7 days but larger scale, exudates clear; reverse
light brown (Figure 3(B)). On CYA 37 �C, 7 days:
Colonies similar to those on CYA 25 �C, 7 days but
smaller scale, exudates light brown; reverse blackish
brown (Figure 3(C)). On MEA 25 �C, 7 days: Colonies
nearly circular, low, plain, concentrically sulcate, raised
centrally; margins low, narrow (1–2mm), white,
entire; mycelia white to gray; texture floccose; sporula-
tion sparse, conidial color en masse gray-green; soluble
pigments absent; exudates clear; reverse light brown
with light yellow margins (Figure 3(D)). On YESA
25 �C, 7 days: Colonies nearly circular, low, radially
and concentrically sulcate, raised centrally; margins

low, narrow (1mm), white, entire; mycelia gray, bright
gray at center; texture velutinous and floccose; sporu-
lation sparse, conidial color en masse gray-green; sol-
uble pigments absent; exudates clear to light brown;
reverse orange to pale yellow (Figure 3(E)). On CYAS
25 �C, 7days: Colonies nearly circular, concentrically
sulcate, raised centrally; margins low, wide (2–3mm),
white, entire; mycelia gray; texture floccose; sporula-
tion sparse, conidial color en masse gray-green; soluble
pigments absent; exudates clear; reverse milk-white
with white margins (Figure 3(F)). On CZ 25 �C,
7days: Colonies nearly circular, raised centrally; mar-
gins absent, entire; mycelia light gray; texture floccose;
sporulation sparse, conidial color en masse yellowish
green; soluble pigments absent; exudates clear; reverse
white (Figure 3(G)). On OA 25 �C, 7 days: Colonies
nearly circular, concentrically sulcate, raised centrally;
margins low, wide (2–3mm), light white, entire; myce-
lia gray; texture floccose; sporulation sparse, conidial
color en masse gray-green; soluble pigments absent;
exudates clear; no sclerotia; reverse milk-white to
yellowish orange with white margins (Figure 3(H)).
On CREA 25 �C, 7 days: Colonies moderate growth,
acid production strongly present with color reaction
from purple to yellow (Figure 3(I)). On PDA 25 �C,
7days: Colonies nearly circular, concentrically sulcate,
low, plain; margins low, narrow (1mm), white, 2/3
entire; mycelia gray-green; texture floccose; soluble
pigments absent; exudates clear; reverse light yellow,
reddish-brown at the center (Figure 3(J)).

Micromorphology: Conidiophores monoverticillate,
miner proportion biverticillate; stipes smooth-walled,
13.5–31.1� 1.5–3.1lm; vesicle 3.5–4.0lm wide; phia-
lides ampulliform, usually 8–15 per vesicle,
9.3–10.8� 1.7–2.8lm; conidia smooth-walled (light
microscopy), delicately roughened with very short

Table 3. BLASTn search against the strain DW14M (VTCC 930029) compared with the closest relatives and type strains in
Genbank based on the ITS, LSU, BenA, CaM, and RPB2 sequences.
DNA sequence name GenBank accession No. Closest relatives and type strains (T) GenBank accession no. Identity (%) Coverage (%)

ITS MT102836 Penicillium sp. CGMCC 3.18173 KX961206 99.5 99.8
Penicillium sp. CBS 140614 KX961205 99.5 99.8
Penicillium sp. CBS 140613 KX961204 99.5 99.8
Penicillium cuddlyae PPRI 26355 (T) NR168823 99.7 97.6
Penicillium lunae PPRI 25881 (T) NR168788 97.8 99.8
Penicillium indicum NRRL 3387 (T) NR121311 98.2 94.2
Penicillium chermesinum CBS 231.81 (T) AY742693 98.0 94.2

LSU MT209882 Penicillium lunae PPRI 25881 (T) MK598746 99.5 100
Penicillium gerundense CBS 179.81 (T) MH873084 99.0 100
Penicillium chermesinum NRRL 2048 (T) AY742693 99.1 99.5
Penicillium indicum NRRL 3387 (T) AY742699 99.0 99.5
Penicillium cuddlyae PPRI 26355 (T) NG067917 100 95.7

BenA MT230561 Penicillium chermesinum CMV011D8 MK451202 99.1 100
Penicillium chermesinum A1S4-D39 KJ767035 99.1 100
Penicillium chermesinum A1S4-D3 KJ767033 99.1 100
Penicillium chermesinum CBS 231.81 (T) KJ834441 99.1 91.4
Penicillium cuddlyae CMV016A6 (T) MK951835 95.7 94

CaM ON209438 Penicillium chermesinum NRRL 2048 (T) AY741728 98.8 100
Penicillium cuddlyae CMV016A6 (T) MK951908 97.6 97.9

RPB2 MT222288 Penicillium chermesinum CMV011D8 MK450829 99.7 99.8
Penicillium cuddlyae CMV016A6 (T) MN418450 97.7 97.7
Penicillium chermesinum CBS 231.81 (T) MN969111 99.7 94
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ridges (scanning electron microscopy), subglobose to
globose, joined into chains, 1.9–2.5� 2.1–2.7lm.

Type strain: VTCC 930029¼NTU DW14M¼NITIA
DW14M, isolated from the deep waters (N: 12�1803100,
E: 109�3106700) at the depth of 40–47m, pH 7.0, the

temperature of 22 �C and salinity of 3.44% in Nha
Trang Bay, Khanh Hoa province, Vietnam, June 1,
2017, collector V.D. Nguyen. The culture is preserved
in Vietnam Type Culture Collection (VTCC) in
Hanoi, Vietnam, as well as in Microbiological Culture
Collections at Nha Trang University (NTU) and Nha

Figure 3. Characteristics of Penicillium vietnamense (VTCC 930029¼DW14M) grown on different media. Colony on (A) CYA
25 �C; (B) CYA 30 �C; (C) CYA 37 �C; (D) MEA 25 �C; (E) YESA 25 �C; (F) CYAS 25 �C; (G) CZ 25 �C; (H) OA 25 �C; (I) CREA 25 �C;
(J) PDA 25 �C (top: obverse, bottom: reverse). (K–M) Conidiophores; (N) Conidia (Scale bar ¼ 10lm in (K)–(N)).
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Trang Insitute of Technology Innovation and
Application (NITIA) in Nha Trang city, Khanh Hoa
province, Vietnam. Molecular markers for the species
are MT102836 for rDNA-ITS, MT209882 for large
subunit ribosomal RNA, MT230561 for b–tubulin,
ON209438 for calmodulin, and MT222288 for RNA
polymerase II second largest subunit.

Note: BLAST search against a type reference
sequence dataset placed the new species in the
Penicillium section Charlesia series Indica [32]. An
ITS-based single phylogeny and a multigene phyl-
ogeny based on ITS, BenA, CaM, and RPB2 resolve
P. vietnamense as sister to P. chermesinum, P. indi-
cum, and the recently described species P. cuddlyae
[33] and P. lunae [36]. All markers LSU, ITS, BenA,
CaM, and RPB2 distinguish these species.
Morphologically, P. vietnamense is the only of the
five that can produce subglobose to globose (vs
ellipsoid to subglobose) conidia delicately roughened
with very short ridges under scanning electron
microscopy [37]. It usually displays shorter stipes
(14–31 vs up to 40–100mm), smaller vesicle (3.5–4
vs 4–7 lm wide), and longer phialides (9–11 mm vs
6–8 (P. chermesinum), 7–9 (P. indicum), 8–10 mm
(P. cuddlyae and P. lunae) ). While P. lunae can not

grow on CYA at 37 �C after 7 days [36], P. cuddlyae
can grow with colony size at 19–21mm [33] and
the new species can even grow more rapidly at
27–28mm in the same condition. Penicillium cud-
dlyae displays weak growth and no acid production
on CREA but the new species has moderate growth
and strong acid production. Sclerotia are produced
in P. indicum only, but not in the remaining
four species.

Additional strains studied: Penicillium spp. strains
CGMCC 3.18173, CBS 140614, and CBS 140613,
China, Beijing, indoor air, May 2014, Chen, A.J.,
Sun, B.D., Houbraken, J., Frisvad, J.C., Yilmaz, N.,
Zhou, Y.G. and Samson, R.A. (unpublished data but
available on NCBI Nucleotide), which shared the
most similar to DW14M with 99.5% identity (ITS)
(Table 3), distinguished with DW14M on the phylo-
genetic tree based on combined ITS, BenA, CaM,
and RPB2 regions and thus they can belong to P.
cuddlyae or a novel species (Figure 2).

4. Discussion

With four DNA sequences (ITS, CaM, BenA, and
RPB2), phylogenetic analysis was processed to study

Figure 4. (A–D) Conidial morphology of Penicillium vietnamense (VTCC 930029¼DW14M) using scanning electron microscopy.
Scale bar ¼ 10lm in (A). Scale bar ¼ 5lm in (B). Scale bar ¼ 4lm in (C). Scale bar ¼ 2lm in (D).

MYCOBIOLOGY 161



Ta
bl
e
4.

M
or
ph

ol
og

ic
al

co
m
pa
ris
on

be
tw
ee
n
Pe
ni
ci
lli
um

vi
et
na
m
en
se

an
d
its

cl
os
es
t
sp
ec
ie
s.

M
or
ph

ol
og

ic
al

fe
at
ur
es

Pe
ni
ci
lli
um

vi
et
na
m
en
se

Pe
ni
ci
lli
um

ch
er
m
es
in
um

Pe
ni
ci
lli
um

cu
dd
ly
ae

Pe
ni
ci
lli
um

in
di
cu
m

Pe
ni
ci
lli
um

lu
na
e

Ty
pe

st
ra
in

VT
CC

93
00
29

¼
N
TU

D
W
14
M
¼
N
IT
IA

D
W
14
M

N
RR
L
20
48

¼
CB

S
23
1.
81

PP
RI

26
35
5
¼
CM

V0
16
A6

CB
S 11

5.
63

¼
N
RR
L

33
87

PP
RI 25

88
1
¼
CM

V0
06
E6

Co
lo
ni
es

on
CY

A
7
da
ys
,2

5/
30
/3
7
� C

33
–3
5/
37
–3
9/
27
–2
8
m
m

G
ro
w
th

at
37

� C
24
–2
6/
31
–3
3/
19
–2
1
m
m

G
ro
w
th

at
37

� C
34
–3
6/
28
–2
9
m
m
/

no
gr
ow

th
Co

lo
ni
es

on
CY

A
w
ith

5%
N
aC
l(
CY

AS
)

7
da
ys
,2

5
� C

32
–3
5
m
m

19
–2
0
m
m

33
–3
5
m
m

Co
lo
ni
es

on
CR

EA
7
da
ys
,2

5
� C

19
–2
1
m
m
,s
tr
on

g
ac
id

pr
od

uc
tio

n
12
–1
4
m
m
,n

o
ac
id

pr
od

uc
tio

n

Sc
le
ro
tia

pr
od

uc
tio

n
N
o

N
o

N
o

Ye
s

N
o

Co
ni
di
op

ho
re
s

M
on

ov
er
tic
ill
at
e,
m
in
er

pr
op

or
tio

n
bi
ve
rt
ic
ill
at
e

St
ric
tly

m
on

ov
er
tic
ill
at
e
w
ith

no
br
an
ch
ed

st
ru
ct
ur
es

ob
se
rv
ed

M
on

ov
er
tic
ill
at
e

Al
m
os
t
en
tir
el
y

m
on

ov
er
tic
ill
at
e

an
d
on

ly
oc
ca
si
on

al
ly

sh
ow

in
g
a
br
an
ch

M
on

ov
er
tic
ill
at
e,

m
in
er

pr
op

or
tio

n
bi
ve
rt
ic
ill
at
e

St
ip
es

Sm
oo
th
-w
al
le
d,

14
–3
1
�
1.
5–
3.
1
l
m

Sm
oo
th
-w
al
le
d,

m
os
tly

20
–4
0
(�

50
)
�

2.
0–
2.
5
mm

Sm
oo
th
-w
al
le
d,

20
–4
5
�
2–
3
l
m

Sm
oo
th

or
fin

el
y

ro
ug

he
ne
d,

50
–1
00

�
2.
0–
2.
5
lm

Sm
oo
th
-w
al
le
d,

13
–6
0
�
2–
3

(�
3.
5)

l
m

Ve
si
cl
e

3.
5–
4.
0
l
m

w
id
e

4.
0–
4.
5
mm

w
id
e

5–
6
lm

w
id
e

5–
7
l
m
;m

et
ul
ae

tw
o

w
he
n
pr
es
en
t,

18
–3
0
�
2–
3(
�3

.5
)

lm
Ph

ia
lid
es

Am
pu

lli
fo
rm

,u
su
al
ly
8–
15

pe
r
ve
si
cl
e,

9
�
11

�
1.
7–
2.
8
lm

St
er
ig
m
at
a
cr
ow

de
d,

of
te
n
in
cu
rv
ed
,

us
ua
lly

10
–1
5
pe
r

ve
si
cl
e,
6–
8
�
2.
0–
2.
5
mm

Am
pu

lli
fo
rm

,1
0–
20

pe
r
ve
si
cl
e,

8–
10

�
2–
3
lm

(9
±
0.
7
�
2.
6
±
0.
2)

St
er
ig
m
at
a
m
os
tly

in
co
m
pa
ct

cl
us
te
rs
,

up
to

12
or

15
pe
r

ve
si
cl
e,

7–
9
�
2.
0–
2.
5
mm

Am
pu

lli
fo
rm

,1
0–
20

pe
r
ve
si
cl
e,

(7
.5
)

8–
10

�
2–
3
l
m

(8
.8
±
0.
8
�
2.
5
±
0.
4)
;a
ve
ra
ge

le
ng

th
m
et
ul
a/
ph

ia
lid
e
2.
5
mm

Co
ni
di
a

Sm
oo
th
-w
al
le
d
(li
gh

t
m
ic
ro
sc
op

y)
,

de
lic
at
el
y
ro
ug

he
ne
d
w
ith

ve
ry

sh
or
t

rid
ge
s
(s
ca
nn

in
g
el
ec
tr
on

m
ic
ro
sc
op

y)
,

su
bg

lo
bo

se
to

gl
ob

os
e,

1.
9–
2.
5
�
2.
1–
2.
7
mm

Sm
oo
th
,e
lli
pt
ic
al
,2

.0
–2
.5
�
1.
5–
2.
0
mm

,
ap
pe
ar
in
g
fa
in
tly

gr
ee
n
in

m
as
s.

Sm
oo
th
-w
al
le
d,

el
lip
so
id
,o

ft
en

al
m
os
t

ap
pe
ar
in
g
cy
lin
dr
ic
al
,2

–3
�
2.
5–
2
l
m

(2
.5
±
0.
2
�
1.
8
±
0.
2)
,a
ve
ra
ge

le
ng

th
/

w
id
th

¼
0.
73
,n

¼
54

Sm
oo
th
,e
lli
pt
ic
al

to
su
bg

lo
bo

se
,2

.0
–2
.5

(�
3.
0)

mm
,

ap
pe
ar
in
g
sl
ig
ht
ly

gr
ee
n
un

de
r

th
e
m
ic
ro
sc
op

e

Sm
oo
th
-w
al
le
d,

su
bg

lo
bo

se
to

br
oa
dl
y
el
lip
so
id
,

2–
3
(�

3.
5)

�
1.
5–
2

(�
2.
5)

l
m

(2
.2
±
0.
4
�
1.
8
±
0.
2)
,a
ve
ra
ge

w
id
th
/

le
ng

th
¼

1.
2,

n
¼
70

Re
fe
re
nc
e

Th
is
st
ud

y
[1
]

[3
3]

[3
4,
35
]

[3
6]

162 V. D. NGUYEN AND T. T. PHAM



the relationship of Penicllium section Charlesia
[3,32]. The construction of the phylogenetic tree
was done with two kinds of versions: a single ITS
region and a combination of ITS, BenA, CaM, and
RPB2 regions. The result for individual and com-
bined markers showed a close relationship of P. viet-
namense with P. chermesinum, P. cuddlyae, P. lunae,
and P. indicum as confirmed by results of
Neighbor-joining phylogenetic trees (Figures 1 and
2). It has been known that ITS works well as an
official barcode for placing a Penicillium species into
one of the 32 sections but only sometimes provide a
species identification [3,32]. However, in this study,
ITS is good enough for distinguishing all closely
related species within the section Charlesia and with
P. eremophilum as the most similar species to the
section [32]. The phylogenetic tree based on the
combination with additional markers such as BenA,
CaM, and RPB2 agrees well with that based on sin-
gle marker ITS but provides better resolution. The
results also confirm the molecular phylogeny of
Penicllium section Charlesia with new series and
species included recently [32]. In this study, P. viet-
namense is added as the 10th member of the section
Charlesia which includes the series Costaricensia
(Penicillium costaricense), series Fellutana
(Penicillium charlesii and Penicillium fellutanum),
series Indica (P. chermesinum, P. cuddlyae, P. indi-
cum, P. lunae, P. vietnamense), and series Phoenicea
(Penicillium coffeae and Penicillium phoeniceum).

Along with molecular characteristics, Penicillium
species could be distinguished according to the
morphology of the conidiophores, stipes, vesicle,
phialides, and conidia, as well as growth tempera-
ture [3]. In the result of comparison with
Penicillium sister species, P. vietnamense was mor-
phologically similar to all other species within the
section Charlesia series Indica. The colonies grow
moderately fast or spread with conidial color en
masse dull green or gray-green. The conidiophores
are mostly monoverticillate, conspicuously vesicu-
late, and smooth. The stipes are smooth-walled,
mostly 2–3 lm wide. The vesicle ranges from 3.5 to
7 lm wide. The phialides are mostly ampulliform,
10–20 per vesicle, ranging 6–11� 2–3 lm. The coni-
dia are subglobose to ellipsoidal, smooth-walled
under light microscopy, mostly 1.5–3 lm in size.

However, not like the section Charlesia series
Indica sister species, P. vietnamense has a unique
conidiophore structure that composes of subglobose
to globose conidia delicately roughened with very
short ridges under scanning electron microscopy, as
well as shorter stipes (14–31 mm), smaller vesicle
(3.5–4.0 lm) but longer phialides (9–11 mm). It
grows rapidly on CYA at 37 �C, whereas others can
grow moderately and P. lunae not. It also displays a

strong acid production on CREA while this activity
is not found or not determined in others yet. White
to cream sclerotia are produced in P. indicum, but
this structure was not observed in P. vietnamense
and its other sister species.

On extrolite profile, P. chermesinum is reported
to produce costaclavin [38], potential ribotoxin pro-
teins [39], chermesinones and terphenyllins [40],
penicilliumolides and PR-toxins [41], and cherme-
sins [42]. Some of them come from diverse marine
origins such as mangrove endophytic fungus [40]
and marine algal-derived endophytic fungus [42] in
the South China Sea. As the most similar species to
P. chermesinum and the first novel marine fungi
species described from Vietnam, P. vietnamense is
expected to express a unique extrolite profiling and
ecological function in tropical marine ecosystems.

The roles of marine fungi are diverse but their
ecological functions are still open questions and
unsolved problems, resulting in a lack of under-
standing of their ecology [43]. Especially, the diver-
sity of marine fungi in tropical coastal systems such
as Vietnam has been not fully discovered yet. Our
current studies have shown that marine fungi at
Nha Trang Bay and Van Phong Bay in Vietnam
belong to at least 40 species, of which 29 species
have been identified and several species are likely
novel [11]. Among unidentified species, the strain
DW14M isolated from deep waters at Nha Trang
Bay is described in this study as a novel Penicillium
species. The strain DW14M has shown an ability to
degrade protein with moderate protease activity but
no activities of amylase, phytase, cellulase, and chiti-
nase were monitored (data not shown). Other
Penicillium isolates from marine sediments collected
in Vietnam were found to express diverse secondary
metabolites [44], thus novel species become an
invaluable source of novel active secondary metabo-
lites possessing various biological activities. In add-
ition, along with Candida, Aspergillus, and
Cladosporium, Penicillium was among the most
dominant genera in both surface coastal marine and
deeper waters at Nha Trang Bay, which suggested
the contribution of marine saprotrophic ascomycetes
fungi to the degradation of organic materials in
marine ecosystems [11]. Therefore, the present study
contributes to a comprehensive understanding of
the taxonomy, phylogenetics, morphology, and geo-
graphical distribution of Penicillium species in trop-
ical coastal systems such as Vietnam.
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