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Introduction. Marine sponges have established symbiotic interactions with a large number of microorganisms including fungi.
Most of the studies so far have focussed on the characterization of sponge-associated bacteria and archaea with only a few reports
on sponge-associated fungi. During the isolation and characterization of bacteria from marine sponges of South Australia, we
observed multiple types of fungi. One isolate in particular was selected for further investigation due to its unusually large size and
being chromogenic. Here, we report on the investigations on the physical, morphological, chemical, and genotypic properties of
this yeast-like fungus. Methods and Materials. Sponge samples were collected from South Australian marine environments, and
microbes were isolated using different isolation media under various incubation conditions. Microbial isolates were identified on
the basis of morphology, staining characteristics, and their 16S rRNA or ITS/28S rRNA gene sequences. Results. Twelve types of
yeast and fungal isolates were detected together with other bacteria and one of these fungi measured up to 35 μm in diameter with
a unique chromogen compared to other fungi. Depending on the medium type, this unique fungal isolate appeared as yeast-like
fungi with different morphological forms. *e isolate can ferment and assimilate nearly all of the tested carbohydrates. Fur-
thermore, it tolerated a high concentration of salt (up to 25%) and a range of pH and temperature. ITS and 28S rRNA gene
sequencing revealed a sequence similarity of 93% and 98%, respectively, with the closest genera of Eupenidiella, Hortaea, and
Stenella. Conclusions. On the basis of its peculiar morphology, size, and genetic data, this yeast-like fungus possibly constitutes a
new genus and the nameMagnuscella marinae, gen nov., sp. nov., is proposed. *is study is the first of its kind for the complete
characterization of a yeast-like fungus frommarine sponges.*is novel isolate developed a symbiotic interaction with living hosts,
which was not observed with other reported closest genera (they exist in a saprophytic relationship).*e observed unique size and
morphology may favour this new isolate to establish symbiotic interactions with living hosts.

1. Introduction

Fungi contribute a large share of the microbial community
on earth [1] and participate largely in organic matter de-
composition, nutrient recycling, and symbiotic interactions
with other living forms [2]. About 1.5 million species of
fungi are distributed worldwide, and most of the current
knowledge about them has originated from cultivable rep-
resentatives, primarily from terrestrial environments [3, 4].
Unlike their terrestrial counterparts, little is known about
the diversity of the fungal community in the marine envi-
ronment [5]. In marine environments, several families of
fungi exist, which contribute about 0.6% of the total fungal

community in the world [6, 7]. *ere have been attempts to
isolate fungi from different marine habitats including sea-
water [8], sea sediments [9], and very hypoxic deeper parts of
the oceans [10], where these species have been in association
with different marine plants and animals such as algae [11],
corals [12], and sea fans [13].

In addition to the above-mentioned habitats, marine
sponges can also provide a home for fungi. About 50% of the
mass of marine sponges is due to microorganisms which is
many times higher compared to the numbers found in
seawater [14]. *ese sponges have established close associ-
ations with a range of prokaryotic and eukaryotic microbes
[15–23]. So far, most studies have focussed on
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characterization of sponge-associated bacteria and archaea
[17, 23]. In contrast, information about sponge-associated
fungi is very limited [22]. Fungi are ubiquitous and it is
relatively easy to isolate them from the inner tissue of the
sponges [14, 24]. However, most studies of fungal isolation
from sponges have an emphasis on detection and charac-
terization of the compounds they produce as fungi are a
major producer of novel marine metabolites [14, 25–27].

Hundreds of fungal strains, representing three phyla of
Ascomycota, Zygomycota, and Mitosporic fungi, have been
isolated from marine sponges [26, 28, 29]. However, those
studies mostly characterized fungi based on their gene
profile, morphology, physical properties, or chemical
characteristics [30, 31], and no single study has attempted
the complete characterization of fungal isolates from
sponges.

While studying the diversity of bacteria in marine
sponges of South Australia, 12 types of fungal strains were
detected. One of these presented a characteristic yeast-like
and filamentous appearance, large size, and unique colour
compared to the rest of the group. *is study addressed the
morphological, physical, chemical, and genotypic properties
of this yeast-like fungus. As far as we know, this is the first
study to report the complete characterization of a sponge-
associated yeast-like fungus from the marine environment of
South Australia.

2. Materials and Methods

2.1. Sponge Sample Collection, Processing, and Isolation.
Sponge samples were collected from multiple South Aus-
tralian marine environments.*ese included sites at Glenelg
(34° 58′ 406″S, 138° 30′ 494″E) and Rapid Bay (35.5229°S,
138.1854°E) at a depth of 6–10m and a water temperature of
15°C at the time of collection.*e samples were placed in zip
lock plastic bags containing fresh seawater and transported
to the laboratory on ice. In the laboratory, sponge samples
were maintained in an aquarium system. Sponge samples
were processed and microbes were isolated following pre-
vious protocols [32–35]. In brief, all samples were placed in
sterile seawater to remove any external organic matter
followed by surface sterilization with 70% ethanol and
drying them in a sterile laminar flow. Approximately 1 cm3

of dried sponge pieces was removed and homogenized with
10 volumes of sterile seawater using a sterile pestle and
mortar. A 10-fold dilution series (10−1 to 10−6) was prepared
and 100 μl of the three highest dilutions was inoculated onto
the following media, prepared in sterilized natural seawater:
soluble starch yeast extract peptone agar (SYP), asparagine
peptone agar (APA), natural seawater agar (SWA), humic
acid vitamin agar (HV), nutrient agar (NA), marine agar
(MA), and tryptone soya agar (TSA) in six replicates and
incubated at 27°C in the dark for two months.

2.2. Purification of Isolates. Isolation plates were checked at
least once a week and microbial colonies that emerged were
picked individually, streaked onto fresh medium, and in-
cubated again at 27°C for 2 weeks. Vials of purified

microorganisms were stored in sterile 50% (w/v) glycerol at
−20°C [31].

2.3. Morphological and Molecular Identification. *e exis-
tence of yeast-like fungi was identified primarily by mi-
croscopic observation of the yeast form using wet mount and
lacto phenol cotton blue stain preparations [36]. Further
morphological identification was attained by growth on
standard fungal media of malt extract agar (MEA) [37],
cornmeal agar (CMA) [38], potato dextrose agar (PDA)
[30, 39], and Sabouraud dextrose agar (SDA) [40]. All
identification media were supplied by Oxoid. Colony shape,
size, colour and nature of hyphae, growth rate, and features
of conidia were the features considered for morphological
identification.

Sequence based phylogenetic analysis was employed for
molecular identification of the isolates. DNA was extracted
using a cetyltrimethylammonium bromide (CTAB) method
[41]. *e 28S rRNA gene was amplified and sequenced using
LROR (ACCCGCTGAACTTAAGC) and LR5 (TCCTG-
AGGGAAACTTCG) primers. Similarly, the internal tran-
scribed spacer gene (ITS) was amplified and sequenced using
the primer set ITS3 (GCATCGATGAAGAACGCAGC) and
ITS4 (TCCTCCGCTTATTGATATGC) [42]. All amplifi-
cation reactions were carried out in a Swift *ermal Cycler
(Esco GB Ltd.), with reaction cycles of 95°C for 10min, 35
cycles of 94°C for 1min, 52°C for 1min, and 72°C for 2min,
followed by a cycle of 72oC for 10min, and 12°C cooling.*e
PCR products were detected by electrophoresis on 1% (w/v)
agarose gels and, following cleaning of the products, were
sequenced at Macrogen, South Korea. *e nucleotide se-
quences were compared with the GenBank (NCBI and
EMBL) database using BLASTN (https://blast.ncbi.nlm.nih.
gov/Blast.cgi). Sequences were initially aligned using the
multiple alignment program CLUSTAL W version 2.0 [43],
and phylogenetic trees were constructed using the neighbor-
joining method (based on 1000 bootstrap iterations) with
MEGA version 7 [44].

2.4. Physical Characterization. Temperature, pH, and NaCl
tolerance of the isolates were examined using PDA medium.
A 0.5 cm diameter agar block was cut from a three-day-old
culture grown on PDA and inoculated onto freshly prepared
PDA medium for the following assays. Plates for the tem-
perature tolerance test were incubated at 5°C, 15°C, 20°C,
25°C, 30°C, and 37°C for 3 weeks, while those for the acid
tolerance (pH of 4, 5, 6, 7, 8, and 9) and NaCl tolerance (1, 2,
3, 4, 5, 10, 15, 25, and 30%NaCl) were incubated at 27°C for 3
weeks [30]. Each treatment was carried out in quadruplicate
and the mean diameter of the colony growth was used for
data analysis.

2.5. Biochemical Characterization

2.5.1. Carbohydrate Assimilation. Growth on the following
D-carbohydrates was assessed: inositol, glucose, maltose,
mannose, sucrose, fructose, melezitose, trehalose, raffinose,
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cellobiose, lactose, and xylose. A 20% solution of each car-
bohydrate was prepared in a 10x concentration of yeast ni-
trogen base (Difco) and filter sterilized (Minisart®, 0.22 μm)
[45]. Basal agar medium was prepared by dissolving 6.7 g of
Bacto Yeast Nitrogen Base and 20 g of high-grade agar in 1
litre of RO water. A 24–48 h old culture was used to prepare a
yeast suspension in 2mlMilliQwater andmixedwith 18ml of
molten agar and placed into a 90mm Petri plate. Following
solidification, 50 μl of each carbohydrate was placed into 12
wells (6mm diameter) and the plate was incubated for three
weeks. Dense growth around the well was assigned as positive
for assimilation of the particular sugar [46].

2.5.2. Carbohydrate Fermentation. *e following D-carbo-
hydrates were tested; glucose, maltose, sucrose, trehalose,
lactose, and galactose with a basal inorganic nitrogen me-
dium containing, per litre, (NH4)2HPO4 1 g, KCl 0.2 g,
MgSO4.7H2O 0.2 g, and agar 15 g. Fifteen millilitres of 0.04%
bromocresol purple medium was added, per litre, as a pH
indicator. After autoclaving, the medium was transferred to
sterilized 10ml tubes and filter sterilized carbohydrate was
added to a final concentration of 1%. A 24–48 h old culture
grown in PDA medium was streaked onto agar tubes with
carbohydrates and with no carbohydrates as negative con-
trol. For each carbohydrate, the experiment was designed in
duplicate and the tubes were incubated at 27°C for 2 weeks.
Change in colour of the medium to yellow was taken as a
positive indication of carbohydrate fermentation [47, 48].

3. Results and Discussion

3.1. Morphological Assessment. *is study was biased to-
wards the isolation of bacteria, including Actinobacteria,
from sponge samples obtained from Rapid Bay and Glenelg.
Filamentous fungi which emerged despite the use of cy-
cloheximide (an antifungal) were not picked up but yeast
with morphologies similar to bacteria would have been. *e
novel yeast-like fungi, together with another 11 yeasts, were
identified bymicroscopy.*ese 12 fungi accounted for 1% of
the total microbial isolates in the study and were isolated
from three sponge samples (RB 16, RB17, and RB18), col-
lected in the same site. *e new taxon was isolated from
sponge sample RB16.*ese yeasts were isolated from growth
on SYP (six yeasts including the new taxon presented here),
APA (four yeasts), and MA (two yeasts). During the mi-
croscopic evaluation, one of the yeasts, a yeast-like fungus
from a pink unidentified marine sponge from Rapid Bay,
South Australia, was noted to have a large diameter and was
selected for a complete phenotypic and genotypic charac-
terizations. *e morphological characteristics of this fungus
were assessed by culture onto four common fungal iden-
tification media. Each preparation grew very slowly on all
four media with an average colony diameter of 16mm after
20 days of incubation. During this initial period, the colonies
appeared as yeast (wet, nonfilamentous); thereafter the
colonies advanced to dry and moldy forms. As indicated in
Figure 1, the nature of the colonies varied depending on
the media composition. Pronounced colony growth was

observed in all media with the exception of those cultured
onto CMA. On PDA, MEA, and SDA media, significant
variations were observed in the appearance of the colonies,
in particular, the front view of the colonies.

*e front and reverse views of the colonies are among the
many factors considered for standard fungal identification.
At the early stage of growth, in all media, the colonies were
smooth, wet, and pale brown to black in colour. Gradually,
with the exception of those growing on CMA, the colonies
developed aerial mycelium and appeared as green, brown,
and black filamentous fungi. *is type of incubation period
dependent morphological dimorphism is not reported in
studies describing fungi from marine sponges [39, 47] or
other sources [30]. *is form of transformation is not the
same as temperature-dependent fungal dimorphism which
is commonly observed in some fungal species [49]. *is is an
important evolutionary observation of the isolate, and
further study is required to understand the mechanisms
behind this morphological variation and the specific role of
morphological forms in fungal biology and their interaction
with sponges.

Lactophenol cotton blue preparations from the yeast-like
form revealed elliptical conidia occurring in single, bicel-
lular, and short chains of spindle-shaped blastospores
(Figure 2). *eir size varied from 6 to 35 μm in diameter.
Similar preparations from mycelia showed branched, thick-
walled, smooth, and aseptate hyphae with aggregated mass
of conidia. Conidiogenous cells were observed within the
hyphae forming chains of conidia. Compared to related
fungal strains, this isolate displayed unique features in-
cluding aseptate hyphae, spindle-shaped conidia, and a large
size of the yeast form [30, 50–52]. Phenotypic observations
of morphological forms such as the nature of hyphae and
conidia are the most commonly considered characteristics
for Ascomycota taxonomy—the fungal phylum to which this
isolate belongs [53].

3.2. Phylogenetic Analysis. Genetic identification of the
isolate was achieved through sequencing of the ITS region
(MK55958) and the 28S rRNA gene (MK409743). BLASTN
analysis of the ITS sequence revealed the most closely related
strains were Eupenidiella venezuelensis (93%), Hortaea
thailandica (89%), and Stenella araguta (89%), which was
supported by the phylogenetic tree (Figure 3). In the same
manner, a BLASTN of the 28S rRNA gene sequence con-
firmed the close relationship with the same species but with
sequence similarities of 98%, 97%, and 96.5%, respectively,
with these three species, which was supported by the phy-
logenetic tree (Figure 4). As these data were also supported
with the genetic data, we assigned the name Magnuscella
marinae gen. nov., sp. nov., (meaning large (Latin) and Cell
(English), with the species named marinae, denoting the
source which was a marine sponge).

*e fungal species which are most closely related to
Magnuscella marinae belong to phylum Ascomycota, class
Dothideomycetes, order Capnodiales, and family either
Teratosphaeria (such as genus Eupenidiella and Hortaea)
[30, 54] or Mycosphaerellaceae (such as genus Stenella) [55].
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*ese two families are generally characterized by their
widespread presence as saprophytes, opportunistic human
pathogens, and phytopathogens [51, 54]. *e filamentous
form produced branched, septate, and chromogenic hyphae,
which measure about 2–6 μm in diameter [52]. Con-
idiogenous cells, which exist as integral or terminal parts of
the hyphae, appear as subcylindrical or slightly swollen tips
[30, 54]. It is important to determine whether this new genus
is pathogenic to mammals or plants given its taxonomic

relatedness to known pathogens. Neither this species nor the
most common phylogenetically related species to this isolate
have been reported from marine sponges, as most have been
obtained from the terrestrial environment and plants.

3.3. Physical Characterization. *e yeast-like fungus Mag-
nuscella marinae was capable of growing at temperatures
ranging from 5 to 30°C, with optimum growth seen at 25°C

Spindle-shaped
conidiaLength = 24.36 µm

(a)

Branched aseptate 

Spindle-shaped
conidia

(b)

Figure 2: Morphological characteristics of the Magnuscella marinae cells after 3 weeks of incubation. (a) Lactophenol cotton blue
preparation showing yeast-like colonies; (b) preparation from mycelium under 40x magnification and the scale bar of 10 μm.

(a) (b) (c) (d)

(e) (f ) (g) (h)

Figure 1: Morphological characteristics of front and back views of the isolate grown on four different media. (a, b) Potato dextrose agar
(PDA): yeast forms were globose, shiny, dark green turning to black, produced flat greenish grey spores surrounding green centre. (c, d)Malt
extract agar (MEA): yeast forms were globose, shiny, black, produced raised light green spores. (e, f ) Sabouraud dextrose agar (SDA): yeast
forms were globose, not shiny, light brown and turned from dark brown to black, produced raised grey spores with black centre. (g, h) Corn
meal agar (CMA): yeast forms grew poorly, with light brown colour, no spores.
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(Figure 5(c)). At lower and higher temperatures, the fungus
grew slowly with limited hyphae or mycelium production.
*e fungus grew well within pH ranges between 4 and 8,
with somewhat higher than average growth observed at pH 5
(Figure 5(b)). *e fungus tolerated up to 25% NaCl
(Figure 5(a)). It was also observed that growth was highly
restricted in medium devoid of NaCl (data not presented)
indicating that the fungus requires some degree of salt to
grow, a trait common to marine microorganisms. *e ob-
served survival under extreme environmental conditions
might explain their activity in the highly fluctuating marine
environments, including within sponges.

Similar to our findings, some related species in genus
Hortaea are known for their ability to tolerate a wide range
of temperature, pH, and salt concentrations. *ese species
have been widely studied to reveal the mechanisms behind
their survival under harsh environmental conditions. A

number of unique pathways have been identified that could
attribute for this adaptation [30]. Similar to the members of
the genus Hortaea, Magnuscella marinae can be used as a
potential model organism to assess the mechanisms behind
survival in different harsh environmental conditions in-
cluding high salt concentrations.

3.4. Biochemical Characteristics. As indicated in Table 1, the
isolate displayed a capability of fermenting almost all the
tested carbohydrates with the exception of lactose. In ad-
dition, they were able to utilize about two-thirds of the tested
sugars. No data are available in the literature regarding
carbohydrate assimilation and fermentation profiles for
the closest phylogenetically related species. *e findings of
this study, therefore, could form the basis for a compre-
hensive comparative study of related fungi. *e ability of
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Magnuscella marinae to assimilate and ferment several
carbohydrates may make them a good candidate organisms
for the production of lipids, proteins, or antimicrobial
compounds via industrial-scale fermentation, if they do not
possess pathogenic determinants [56].

Since the sponge environment is quite unique, it is
likely that Magnuscella marinae has adapted to form a
relationship with its host and other microorganisms
present in the sponge tissue. *eir ability to utilize a range
of carbohydrates might help them to survive in a com-
petitive environment like sponges, as their metabolic di-
versity provides for the uptake of an alternative nutrient

source in the absence of others. Apart from their impor-
tance to fungi, this metabolic diversity together with their
large size could make Magnuscella marinae as a potential
biological catalyst or producer of feedstock in the fer-
mentation industry. Furthermore, the isolate could be a
model organism to study the effect of cell size on the ef-
ficiency of cellular processes and whether a large cell size
offers any advantages for bioprocessing or as a host for
recombinant protein production.

4. Conclusions

*e fungi constituted about 1% of the total “bacteria-like
colonies” isolated in this study, indicating their existence at
very low levels in marine sponges. Since none of the closely
related species have been reported frommarine sponges, it is
unusual to find the largest reported fungus residing within a
marine sponge. However, this new taxon isolate may have
evolved within a living macroorganism. *is indicates that
the symbiosis between fungus and sponge appears to
function well and it would be worth looking for other
members of this new fungus genus in the same and related
sponge species. Furthermore, the unusually big size and
metabolic versatility of the new isolate could be a significant
evolutionary phenomenon which contributes to their exis-
tence in a competitive environment like sponges.

*is is an important evolutionary observation as sym-
biotic “mycorrhizal” fungi are known to form strong in-
teractions within terrestrial plants. *is new taxon widens
the existing knowledge on the ecology of marine fungi. It will
create an opportunity to investigate the potential factors that
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Figure 5: Growth ofMagnuscella marinae after 3 weeks incubation with variation in (a) NaCl concentration, (b) pH, and (c) temperature.

Table 1: D-carbohydrate fermentation and assimilation pattern of
the Magnuscella marinae isolate.

Carbohydrates Fermentation Assimilation
Glucose ✓ ✓
Maltose ✓ ✓
Sucrose ✓ ✓
Trehalose ✓ ✓
Lactose X X
Galactose ✓ ND
Inositol ND X
Mannose ND ✓
Fructose ND X
Melezitose ND ✓
Raffinose ND ✓
Cellobiose ND X
Xylose ND ✓
ND: not done.
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provide the evolutionary changes which favour their survival
within harsh environmental conditions such as high salt.

*is study could be the base line for future comparative
studies. Marked genotypic variations accompanied with
unique properties such as large size, aseptate hypha, and
spindle-shaped conidia compared to the most closely related
species, the isolate was considered to be a candidate for a
novel genus.
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M. W. Taylor, “Sponge-specific clusters revisited: a compre-
hensive phylogeny of sponge-associated microorganisms,”
Environmental Microbiology, vol. 14, no. 2, pp. 517–524, 2012.

[24] G. M. König, S. Kehraus, S. F. Seibert, A. Abdel-Lateff, and
D. Müller, “Natural products from marine organisms and
their associated microbes,” ChemBioChem, vol. 7, no. 2,
pp. 229–238, 2006.

[25] P. Jensen and W. Fenical, “Secondary metabolites from
marine fungi,” in Fungi in Marine Environments, pp. 293–315,
Fungal Diversity Press, Hong Kong, China, 2002.

[26] T. S. Bugni and C. M. Ireland, “Marine-derived fungi: a
chemically and biologically diverse group of microorgan-
isms,” Natural Product Reports, vol. 21, no. 1, pp. 143–163,
2004.

8 BioMed Research International



[27] J. W. Blunt, B. R. Copp, R. A. Keyzers, M. H. G. Munro, and
M. R. Prinsep, “Marine natural products,” Natural Product
Reports, vol. 32, no. 2, pp. 116–211, 2015.

[28] U. Höller, A. D. Wright, G. F. Matthee et al., “Fungi from
marine sponges: diversity, biological activity and secondary
metabolites,” Mycological Research, vol. 104, no. 11,
pp. 1354–1365, 2000.

[29] Q. Li and G. Wang, “Diversity of fungal isolates from three
Hawaiian marine sponges,”Microbiological Research, vol. 164,
no. 2, pp. 233–241, 2009.

[30] J. Chen, X.-K. Xing, L.-C. Zhang, Y.-M. Xing, and S.-X. Guo,
“Identification of Hortaea werneckii Isolated from mangrove
plant Aegiceras comiculatum based on morphology and
rDNA sequences,” Mycopathologia, vol. 174, no. 5-6,
pp. 457–466, 2012.

[31] F. Laich, I. Vaca, and R. Chavez, “Rhodotorula portillonensis
sp. nov., a basidiomycetous yeast isolated from Antarctic
shallow-water marine sediment,” International Journal of
Systematic and Evolutionary Microbiology, vol. 63, no. 10,
pp. 3884–3891, 2013.

[32] W. Sun, F. Zhang, L. He, L. Karthik, and Z. Li, “Actinomycetes
from the South China Sea sponges: isolation, diversity, and
potential for aromatic polyketides discovery,” Frontiers in
Microbiology, vol. 6, 2015.

[33] L. Xi, J. Ruan, and Y. Huang, “Diversity and biosynthetic
potential of culturable actinomycetes associated with marine
sponges in the China seas,” International Journal of Molecular
Sciences, vol. 13, no. 5, pp. 5917–5932, 2012.

[34] G. Ekiz, E. E. Hames, V. Demir et al., “Cultivable sponge-
associated actinobacteria from coastal area of Eastern Med-
iterranean Sea,” Advances in Microbiology, vol. 4, no. 6,
pp. 306–316, 2014.

[35] R. Gandhimathi, M. Arunkumar, J. Selvin et al., “Antimi-
crobial potential of sponge associated marine actinomycetes,”
Journal de Mycologie Médicale, vol. 18, no. 1, pp. 16–22, 2008.

[36] S. P. R. Basava, S. Ambati, K. Jithendra, N. P. P. Sreenivasulu
Reddy, and C. Kumar Mannepuli, “Efficacy of iodine-glycerol
versus lactophenol cotton blue for identification of fungal
elements in the clinical laboratory,” International Journal of
Current Microbiology and Applied Sciences, vol. 5, no. 11,
pp. 536–541, 2016.

[37] N. M. Al-Enazi, A. S. Awaad, M. R. Al-Othman, N. K. Al-
Anazi, and S. I. Alqasoumi, “Isolation, identification and anti-
candidal activity of filamentous fungi from Saudi Arabia soil,”
Saudi Pharmaceutical Journal, vol. 26, no. 2, pp. 253–257,
2018.

[38] V. Nerurkar, S. Khan, S. Kattungal, and S. Bhatia, “Identifying
Candida and other yeast-like fungi: utility of an identification
algorithm in resource limited setting,” Journal of Clinical and
Diagnostic Research: JCDR, vol. 8, no. 12, pp. DC01–DC04,
2014.

[39] M. S. Calabon, R. B. Sadaba, and W. L. Campos, “Fungal
diversity of Mangrove-associated sponges from New Wash-
ington, Aklan, Philippines,”Mycology, vol. 10, no. 1, pp. 1–16,
2018.

[40] S. Das, S. Sharma, S. Kar, S. K. Sahu, B. Samal, and A. Mallick,
“Is inclusion of Sabouraud dextrose agar essential for the
laboratory diagnosis of fungal keratitis?,” Indian Journal of
Ophthalmology, vol. 58, no. 4, pp. 281–286, 2010.

[41] C. P. Kurtzman and C. J. Robnett, “Identification and phy-
logeny of ascomycetous yeasts from analysis of nuclear large
subunit (26S) ribosomal DNA partial sequences,” Antonie
Van Leeuwenhoek, vol. 73, no. 4, pp. 331–371, 1998.

[42] T. J. White, T. Bruns, S. Lee, and J. Taylor, “Amplification and
direct sequencing of fungal ribosomal RNA genes for phy-
logenetics,” PCR Protocols, vol. 18, no. 1, pp. 315–322, 1990.

[43] M. A. Larkin, G. Blackshields, N. P. Brown et al., “Clustal W
and clustal X version 2.0,” Bioinformatics, vol. 23, no. 21,
pp. 2947-2948, 2007.

[44] K. Tamura, D. Peterson, N. Peterson, G. Stecher, M. Nei, and
S. Kumar, “MEGA5: molecular evolutionary genetics analysis
using maximum likelihood, evolutionary distance, and
maximum parsimony methods,” Molecular Biology and
Evolution, vol. 28, no. 10, pp. 2731–2739, 2011.

[45] M. Huppert, G. Harper, S. H. Sun, and V. Delanerolle, “Rapid
methods for identification of yeasts,” Journal of Clinical
Microbiology, vol. 2, no. 1, pp. 21–34, 1975.

[46] C. P. Kurtzman, J. W. Fell, T. Boekhout, and V. Robert,
“Methods for isolation, phenotypic characterization and
maintenance of yeasts,” in 4e Yeasts, pp. 87–110, Elsevier,
Amsterdam, Netherlands, 5th edition, 2010.

[47] N. Saitou and M. Nei, “*e neighbor-joining method: a new
method for reconstructing phylogenetic trees,” Molecular
Biology and Evolution, vol. 4, no. 4, pp. 406–425, 1987.

[48] D. Yarrow, “Methods for the isolation, maintenance and
identification of yeasts,” in 4e Yeasts, pp. 77–100, Elsevier,
Amsterdam, Netherlands, 1998.

[49] K. J. Boyce and A. Andrianopoulos, “Fungal dimorphism: the
switch from hyphae to yeast is a specialized morphogenetic
adaptation allowing colonization of a host,” FEMS Microbi-
ology Reviews, vol. 39, no. 6, pp. 797–811, 2015.

[50] U. Hölker, J. Bend, R. Pracht et al., “Hortaea acidophila, a new
acid-tolerant black yeast from lignite,” Antonie Van Leeu-
wenhoek, vol. 86, no. 4, pp. 287–294, 2004.

[51] P. W. Crous, C. L. Schoch, K. D. Hyde et al., “Phylogenetic
lineages in the Capnodiales,” Studies in Mycology, vol. 64,
pp. 17–47, 2009.

[52] P. W. Crous, B. A. Summerell, A. J. Carnegie, M. J. Wingfield,
and J. Z. Groenewald, “Novel species of Mycosphaerellaceae
and teratosphaeriaceae,” Persoonia—Molecular Phylogeny
and Evolution of Fungi, vol. 23, no. 1, pp. 119–146, 2009.
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J. Armengol, and A. Vicent, “Characterization of Mycos-
phaerellaceae species associated with citrus greasy spot in
Panama and Spain,” PloS One, vol. 12, no. 12, Article ID
e0189585, 2017.

[56] B. R. Gibson, C. A. Boulton, W. G. Box et al., “Carbohydrate
utilization and the lager yeast transcriptome during brewery
fermentation,” Yeast, vol. 25, no. 8, pp. 549–562, 2008.

BioMed Research International 9


