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Abstract 
A total of 51 strains of rock-inhabiting fungi, which were isolated from rock fragments 
in the deglaciated area of James Ross Island, Antarctica, were studied and compared by 
sequencing the ITS rDNA region. Analysed strains were classified into two classes of 
the phylum Ascomycota. Specifically, 41 strains were classified within the families 
Teratosphaeriaceae (20) and Extremaceae (21), belonging to the order Mycosphaerel-
lales of the class Dothideomycetes. The remaining Dothideomycetes strains were found 
to be related to species from the orders Cladosporiales and Dothideales. Additionally, 
only four strains were related to the order Chaetothyriales, which belongs to the class 
Eurotiomycetes. On the whole, 29 analysed strains were affiliated with four genera of 
typical rock-inhabiting fungi, namely Oleoguttula, Rachicladosporium, Elasticomyces 
and Vermiconidia. The genus Vermiconidia was represented by the highest number of 
isolates among the studied strains, suggesting that it represents a common component of 
the fungal community of the investigated area. Out of the 51 analysed strains, only seven 
were successfully identified as the species Rachicladosporium antarcticum, Oleoguttula 
mirabilis, and Elasticomyces elasticus. Further investigation and characterization of the 
majority of analysed strains are necessary to determine their taxonomic position and 
describe potentially new taxa. 
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Introduction     
 
     Antarctic rocks represent an inhospita-
ble environment that provides several eco-
logical niches for extremotolerant microor-
ganisms. While various fungi can colonize 
rocks, not all of them are the primary in-
habitants of this niche. Black microcolo-

nial fungi are a specific group of micro-
organisms commonly referred to as "rock-
inhabiting fungi" (RIF) (Sterflinger and 
Krumbein 1995, Ruibal et al. 2009). These 
fungi are able to survive in harsh environ-
ments worldwide and the habitats where 
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RIF can be found are diverse, ranging 
from the dry, cold, and icy regions of Ant-
arctica to hot and arid areas like the Medi-
terranean (Ruibal et al. 2009, Selbmann   
et al. 2005, 2008; Egidi et al. 2014). They 
can be found on mountain massifs, des-
erts, historical monuments (Wollenzien et 
al. 1995, Sert et al. 2007, 2012; Sterflinger 
et al. 2012, Egidi et al. 2014, Isola et al. 
2015, Sun et al. 2020, Coleine et al. 2021), 
and even on solar panels or roof tiles 
(Martin-Sanchez et al. 2018, Ruibal et al. 
2018).  
     The ability of RIF to thrive under ex-
treme conditions and withstand various 
stress factors, such as nutrient deficiency, 
intense sunlight, high UV radiation, os-
motic stress, temperature fluctuations or 
low water availability is attributed to their 
adaptation evolution resulting to an effec-
tive combination of their morphological 
and physiological characteristics (Sterflin-
ger and Krumbein 1995, Sterflinger 1998, 
Selbmann et al. 2005, 2008). These unique 
traits have led to the use of different ter-
minology in order to describe them. These 
fungi exhibit restricted growth, resulting in 
the formation of small, compact black col-
onies, therefore are referred to as "micro-
colonial fungi" (MCF) (Staley et al. 1982). 
Another term used for this group of fungi 
is "black yeasts or black yeast-like fungi" 
(de Hoog and Hermanides-Nijhof 1977, 
Sterflinger 2006), which highlights the 
abundance of melanin pigment in their cell 
walls and the formation of daughter cells 
through multilateral or polar budding (de 
Hoog and Hermanides-Nijhof 1977, Selb-
mann et al. 2005). In such fungi, melanin 
serves as an essential protectant against 
UV radiation, desiccation and osmotic 
stress (Selbmann et al. 2015, Coleine et al. 
2018). The presence of melanin increases 
cell turgor, aiding RIF to penetrate rocks 
more effectively and facilitate colonization 
(Coleine and Selbmann 2021). Moreover, 
the meristematic growth of RIF, character-
ized by isodiametric cell expansion, con-
tributes to their resilience, enabling them 

to survive desiccation and extreme temper-
atures (Wollenzien et al. 1995, Selbmann 
et al. 2005, Ruibal et al. 2009). This nota-
ble characteristic has led to the designation 
of these fungi as "meristematic fungi" (de 
Hoog and Hermanides-Nijhof 1977). 
     Phylogenetic analyses led to the discov-
ery of numerous new genera and species 
of RIF over the past two decades (see 
below). The RIF is a polyphyletic group, 
with the majority of described genera be-
longing to the classes Dothideomycetes 
and Eurotiomycetes within the division 
Ascomycota, along with a smaller group of 
fungi closely related to the class Arthonio-
mycetes (Gueidan et al. 2008, Ruibal et al. 
2009, Egidi et al. 2014, Quaedvlieg et al. 
2014, Ametrano et al. 2019). Within the 
class Eurotiomycetes, RIF dominate the or-
der Chaetothyriales. This order is well-
known especially because of species caus-
ing opportunistic infections in humans, but 
the ecology of this order is much more di-
verse. Epilithic species of Chaetothyriales 
frequently inhabit the sites polluted with 
contaminants (Quan et al. 2020). They have 
been isolated from historical stone monu-
ments in the Mediterranean regions (Wol-
lenzien et al. 1995, Sert et al. 2007, Isola 
et al. 2015) and in various provinces of Chi-
na (Sun et al. 2020) but as well as from 
natural rocks of Spain, Mallorca, Italian 
Alps or China (Ruibal et al. 2005, 2008, 
Hubka et al. 2014, Sun et al. 2020). On  
the other hand, RIF belonging to the class 
Dothideomycetes dominate the orders Cap-
nodiales, Dothideales and Pleosporales, 
and they primarily colonize rocks in cold 
deserts in polar and high mountain regions 
(Sterflinger et al. 1999, Ruibal et al. 2009, 
Egidi et al. 2014). Recent phylogenetic 
study has led to the separation of the order 
Capnodiales s. lat. into Capnodiales s. str. 
and six other orders, namely Cladospo-
riales, Comminutisporales, Mycosphaerel-
lales, Neophaeothecales, Phaeothecales 
and Racodiales (Abdollahzadeh et al. 
2020). Consequently, some genera of RIF 
have been reclassified under the orders 
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Mycosphaerellales and Cladosporiales 
(Wijayawardene et al. 2022). The current 
classification and understanding of RIF are 
continuously evolving as new knowledge 
emerge. As scientific research progresses, 
our understanding of the taxonomy and di-
versity of RIF is likely to evolve, provid-
ing new insights into their complex rela-
tionships and expanding our knowledge of  

their ecological roles and adaptations. 
     Fungal communities occurring at James 
Ross Island are being investigated as a part 
of the Masaryk University's Polar Re-
search programme. This study aims to ex-
pand our understanding of the taxonomy, 
diversity, and ecology of rock-inhabiting 
fungi in this previously unexplored Ant-
arctic region.  
 

 
Material and Methods 
 
Sampling and isolation 
 
     A group of RIF strains was isolated 
from rock fragments collected during     
the 2018-2020 polar expeditions in the 
deglaciated part of James Ross Island   
(64° 10' S, 57° 45' W) and from adjacent 
islands in the region (Table 1). The sam-
ples were aseptically collected into sterile 
plastic tubes and preserved at 8°C until 
they were analysed. Isolation of strains 
was performed by directly inoculating the 
rock fragments onto dichloran rose-bengal 

chloramphenicol agar (DRBC, DifcoTM) 
and malt yeast extract agar (MYEA, Selb-
mann et al. 2005). The agar plates were 
aerobically incubated at 15°C and in-
spected weekly for a period of one month. 
Black colonies were then transferred on-  
to 2% malt extract agar (MEA, Difco TM). 
Obtained axenic cultures were subse-
quently preserved for long-term storage at 
-70°C. 

 
Molecular analysis 
 
     To determine taxonomic affiliation and 
establish the evolutionary relationships a-
mong the isolated RIF strains, the internal 
transcribed spacer region of the ribosomal 
DNA (ITS rDNA region) was sequenced. 
This region is commonly used in molecu-
lar taxonomy as a standard marker for 
fungal identification and classification due 
to its high variability. The taxonomic af-
filiation of studied strains was determined 
based on the current fungal classification 
proposed by Wijayawardene et al. (2022). 
    Molecular analysis involved the isola-
tion of genomic DNA according to the 
method described by Laichmanová (2020). 
The ITS rDNA region (ITS1-5.8S-ITS2)  

was then amplified using two sets of uni-
versal primers: SR6R and LR1 (Vilgalys 
and Hester 1990) and ITS5 and ITS4 
(White et al. 1990) following the protocols 
outlined by Marvanová and Laichmanová 
(2014). Resulting amplicons were purified 
using High Pure PCR Product Purification 
Kit (Roche, Germany). Sanger sequencing 
of purified PCR products was performed 
in Eurofins Genomics (Ebersberg, Germa-
ny). The obtained sequences were visually 
inspected and edited using the Chromas 
2.6.6 visualization software (available at 
[1]). All final sequences were deposited in 
the NCBI GenBank nucleotide database 
(Table 1).  
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Strain 
No. Locality GPS 

coordinates ITS * Taxon 

Cladosporiaceae 

P10353 Berry Hill, north slope, JRI 63°48′25″S, 
57°50′12″W MW222193 Cladosporium sp. 

P10377 Sekyra Peak, JRI 63°54′38″S, 
58°00′14″W MW222195 Rachicladosporium 

antarcticum 

P10413 Near Alfa Glacier, JRI 63°56′47″S, 
57°52′05″W MW222216 Rachicladosporium 

antarcticum 

P11108 Cape Lachman, JRI 63°47′48″S, 
57°48′53″W OR200610 Rachicladosporium sp. 

Teratosphaeriaceae 

P10109 Johnson Mesa, JRI 63°49′07″S, 
57°54′02″W MW222191 Oleoguttula mirabilis 

P10386 Lachman Crags, JRI 63°51′05″S, 
57°49′13″W MW222203 unidentified 

P10387 Lachman Crags, JRI 63°51′15″S, 
57°49′36″W MW222204 unidentified 

P10397 Lachman Crags, JRI 63°51′05″S, 
57°49′13″W MW222227 unidentified 

P10399 Berry Hill, JRI 63°48′28″S, 
57°49′45″W MW222207 unidentified 

P10401 Berry Hill, north slope, JRI 63°48′25″S, 
57°50′12″W MW222208 unidentified 

P10403 Berry Hill, north slope, JRI 63°48′25″S, 
57°50′12″W MW222209 unidentified 

P10405 Berry Hill, north slope, JRI 63°48′25″S, 
57°50′12″W MW222210 unidentified 

P10406 Near Panorama Pass, JRI  63°49′01″S, 
57°50′50″W MW222211 Oleoguttula mirabilis 

P10407 Near Panorama Pass, JRI 63°49′01″S, 
57°50′50″W MW222212 Oleoguttula mirabilis 

P10444 Johnson Mesa, JRI 63°49′07″S, 
57°54′02″W MW222225 Oleoguttula mirabilis 

P10463 Devils Rocks, JRI 63°51′14″S, 
57°49′04″W MW222221 unidentified 

P10481 Near JGM station, JRI 63°48′00″S, 
57°52′46″W MW222223 unidentified 

P11013 Johnson Mesa, JRI 63°49′00″S, 
57°54′00″W OR200611 unidentified 

P11099 JRI 63°47′34″S, 
57°48′30″W OR200612 unidentified 

P11100 JRI 63°47′34″S, 
57°48′30″W OR200613 unidentified 

P11101 JRI 63°47′48″S, 
57°48′53″W OR200614 unidentified 

P11106 Near JGM station, JRI 63°48′10″S, 
57°53′54″W OR200615 unidentified 

P11109 JRI 63°47′48″S, 
57°48′53″W OR200616 Elasticomyces elasticus 

P11215 JRI 63°50′15″S, 
57°49′13″W OR200617 unidentified 

Extremaceae 

P10439 Berry Hill, JRI 63°48′28″S, 
57°49′45″W MW222197 Vermiconidia sp. 

P10376 Johnson Mesa, JRI 63°49′00″S, 
57°54′00″W OR200618 Vermiconidia sp. 
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P10378 Monolith Lake, JRI 63°54′40″S, 
57°57′32″W MW222196 Vermiconidia sp. 

P10379 Monolith Lake, JRI 63°54′40″S, 
57°57′32″W MW222198 Vermiconidia sp. 

P10385 The Naze, JRI 63°55′52″S, 
57°30′01″W MW222202 Vermiconidia sp. 

P10391 Lachman Crags, JRI 63°50′09″S, 
57°51′02″W MW222205 Vermiconidia sp. 

P10392 Berry Hill, JRI 63°48′28″S, 
57°49′45″W MW222230 Vermiconidia sp. 

P10396 The Naze, JRI 63°55′52″S, 
57°30′29″W MW222206 Vermiconidia sp. 

P10410 Botany Bay, Trinity 
Peninsula 

63°40′43″S, 
57°50′32″W MW222213 Vermiconidia sp. 

P10411 Tail Island 63°48′48″S, 
57°50′02″W MW222214 Vermiconidia sp. 

P10412 JRI 63°51′14″S, 
57°49′04″W MW222215 Vermiconidia sp. 

P10415 Berry Hill, north slope, JRI 63°48′25″S, 
57°50′12″W MW222217 Vermiconidia sp. 

P10417 Berry Hill, north slope, JRI 63°48′25″S, 
57°50′12″W MW222218 Vermiconidia sp. 

P10418 Berry Hill, north slope, JRI 63°48′20″S, 
57°49′57″W MW222219 Vermiconidia sp. 

P10419 Near JGM station, JRI 63°48′00″S, 
57°52′46″W MW222220 Vermiconidia sp. 

P10459 Sekyra Peak, JRI 63°54′38″S, 
58°00′14″W MW222226 Vermiconidia sp. 

P10469 Lachman Crags, JRI 63°50′09″S, 
57°51′02″W MW222231 Vermiconidia sp. 

P10470 Berry Hill, JRI 63°48′28″S, 
57°49′45″W MW222229 Vermiconidia sp. 

P10479 Near Alfa Glacier, JRI 63°56′47″S, 
57°52′05″W MW222222 Vermiconidia sp. 

P11010 Berry Hill, north slope, JRI 63°48′25″S, 
57°50′12″W OR200619 Vermiconidia sp. 

P11098 Near JGM station, JRI 63°48′07″S, 
57°53′43″W OR200620 Vermiconidia sp. 

Saccotheciaceae 

P10184 Lachman Crags, JRI 63°51′23″S, 
57°50′19″W MW222192 unidentified 

P11107 Cape Lachman, JRI 63°47′34″S, 
57°48′30″W OR200621 unidentified 

Herpotrichiellaceae 

P10380 Sekyra Peak, JRI 63°54′38″S, 
58°00′14″W MW222199 unidentified 

P10382 Near JGM station, JRI 63°48′33″S, 
57°53′10″W MW222200 unidentified 

P10384 Near JGM station, JRI 63°48′33″S, 
57°53′10″W MW222201 unidentified 

P10464 Near Bohemian Stream, JRI 63°48′36″S, 
57°54′03″W MW222228 unidentified 

 
Table 1. List of studied strains. 
Notes: JRI – James Ross Island, Antarctica; JGM – Johann Gregor Mendel Czech Antarctic 
Station; *GenBank accession number of ITS rDNA sequences. 
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Phylogenetic analysis 
 
     To determine the taxonomic position  
of the isolated RIF strains, the obtained 
sequences were compared within the 
GenBank database using the MegaBLAST 
software (Morgulis et al. 2008). A total of 
49 reference ITS rDNA sequences of the 
closest related taxa were selected based  
on the results of this comparison. Phylo-
genetic analysis of a total of 100 ITS 
rDNA sequences was conducted using the 
MEGA version X software (Kumar et al. 
2018). To align the sequences, the ClustalW 
algorithm (Thompson et al. 1994) was em-
ployed. After the initial alignment, manual 
inspection and editing were carried out. 
The phylogenetic tree (Fig. 1) was con-
structed using the maximum likelihood 
(ML) method (Nei and Kumar 2000) with 
GTR+G+I substitution model. To assess 

the robustness of the phylogenetic inter-
ference, the bootstrap method (Felsen-
stein 1985) with 1000 replications was em-
ployed. Additionally, Bayesian posterior 
probability values (PP) were determined 
using the MrBayes 3.2.7a program 
(Huelsenbeck and Ronquist 2001). For the 
Bayesian analysis the model of evolution 
was estimated by the programs PAUP 4.0a 
(Swofford 2003) and MrModeltest2 v.2.4 
(Nylander 2004) using the Akaike Infor-
mation Criterion (AIC). Analyses of two 
parallel runs with four Markov chains 
were conducted for 1 000 000 generations 
and trees were sampled every 100th gen-
eration. The initial 25% of the trees were 
discarded as burn-in. The tree was root-  
ed with Saccharomyces cerevisiae CBS 
1171T (NR_111007). 

 
 
Results and Discussion 
 
     The taxonomic position of the 51 stud-
ied strains was determined by comparing 
their ITS rDNA sequences and conducting 
a phylogenetic comparison with 49 refer-
ence sequences of the closest related taxa. 
The phylogenetic analysis presented in the 
study indicated that the majority of the 
analysed strains belonged to the class 
Dothideomycetes. Specifically, 41 strains 
(representing 80% of the total number of 
studied RIF strains) were classified with- 
in the families Teratosphaeriaceae and 
Extremaceae, belonging to the order 
Mycosphaerellales. The significant pres-
ence of Antarctic RIF strains within the 
taxonomic group Dothideomycetes is in 
agreement with previous research con-
ducted by Egidi et al. (2014). In addition 
to the Mycosphaerellales order, the strains 
belonging to the class Dothideomycetes 
were related to species from the family 
Cladosporiaceae within the order Clado-
sporiales and the family Saccotheciaceae 
within the order Dothideales. The remain-

ing strains were classified within the 
family Herpotrichiellaceae, which belongs 
to the order Chaetothyriales in the class 
Eurotiomycetes.  
     The phylogenetic analysis divided the 
studied strains into five distinct clades. 
Each clade represented a different family 
within the Ascomycota phylum. This find-
ing suggests the presence of significant 
genetic diversity and evolutionary diver-
gence among the studied strains. The de-
picted phylogenetic tree (Fig. 1) was di-
vided into two parts.  The first part of the 
tree represented the families Cladospori-
aceae and Teratosphaeriaceae, while the 
second part included the families Extrem-
aceae, Saccotheciaceae and Herpotrichiel-
laceae. 
     Totally, four RIF strains of the fami-   
ly Cladosporiaceae were classified into    
two genera. These include Cladosporium 
(P10353) and Rachicladosporium (P10413, 
P10377, P11108). Two of the strains, each 
isolated from different locations, were iden-
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tified as Rachicladosporium antarcticum 
due to their high sequence similarity 
(99.6% - 99.7%) to Rachicladosporium 
antarcticum CCFEE 5527T (NR_144970) 
as reported by Laichmanová (2020). Strain 
P11108 had highest similarity (99.6%) to 
Rachicladosporium monterosium CCFEE 
5398T (NR_144968). Although these per-
centage similarities of ITS sequences are 
significant, phylogenetic analysis grouped 
strain P11108 in a tight cluster with         
R. mcmurdoi and R. monterosium. There-
fore, it is not possible to reliably as-     
sign this strain to a species level. Rachi-
cladosporium antarcticum and Rachicla-
dosporium mcmurdoi were previously de-
scribed from rocks in the Antarctic Pen-
insula (Egidi et al. 2014). Furthermore, 
Rachicladosporium aridum, another Ant-
arctic species was proposed by Selb-   
mann and Coleine in a recent study 
(Wijayawardene et al. 2021). Apart from 
Antarctica, other Rachicladosporium spe-
cies have been reported from mountainous 
regions in Italy. Rachicladosporium mon-
terosium (Ruibal et al. 2009, Egidi et al. 
2014) is one of them. According to the 
MycoBank database[2] (as of June 23, 
2023), the genus Rachicladosporium in-
cludes a total of 14 species. These species 
encompass not only rock-inhabiting micro-
mycetes but also epiphytic species. This 
may suggest that the genus Rachicla-
dosporium exhibits a diverse range of 
ecological preferences and habitats. 
     A total of 20 strains represented the 
family Teratosphaeriaceae. Among these, 
four strains (P10109, P10406, P10407, 
P10444) were identified as Oleoguttula 
mirabilis based on their high sequence 
similarity (99.2%) to the reference strain 
Oleoguttula mirabilis CCFEE 5523T 
(KF309973) as reported by Laichma-  
nová (2020). For the other eight strains,  
O. mirabilis was the closest taxon with 
sequence similarities ranging from 94.0% 
to 95.7%. These strains formed two dis-

tinct highly supported lineages, suggesting 
the presence of two potentially novel taxa. 
Therefore, further investigations and addi-
tional analyses are required to clarify the 
taxonomic status of this group of strains. 
Currently, the genus Oleoguttula is rep- 
resented by only one species originally 
described from rock in Antarctica (Egi-       
di et al. 2014) but additionally, it has    
been reported from the Greenland ice  
sheet (Perini et al. 2019). Strain P11109 
was identified as Elasticomyces elasticus. 
Sequence similarity of this strain to 
Elasticomyces elasticus CBS 122538T 

(NR_137023) was 98.0%. The affiliation 
of this strain to E. elasticus was supported 
by its high sequence similarity, which 
showed a close match to many other 
strains of the same species in the GenBank 
database. The genus Elasticomyces current-
ly consists of a single species Elasti-
comyces elasticus, initially isolated from 
rocks in Antarctica and subsequently dis-
covered in other regions such as the Andes 
or the Himalayas (Selbmann et al. 2008, 
Egidi et al. 2014). Its occurrence appears 
to be associated with lichens, as it is 
frequently found on stones in the presence 
of lichen communities (see below). The 
type culture of E. elasticus CBS 122538T 

was even isolated directly from the thallus 
of the Antarctic lichen Usnea antarctica 
(Selbmann et al. 2008). Other isolates of 
E. elasticus were reported from lichens    
of the genus Lecanora (Selbmann et al. 
2013). Additionally, it has been observed 
as part of the Antarctic lichen-dominated 
cryptoendolithic community, as described 
by Selbmann et al. (2008). Strains P10386 
and P10397 demonstrated high sequence 
similarity of 99.4% to the type strain 
Neophaeothecoidea proteae CBS 114129T 
(NR_157417), which is known to be as-
sociated with leaf spot in the Proteaceae 
family (Crous et al. 2008, Quaedvlieg et 
al. 2014).  
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Fig. 1. Phylogenetic tree based on ITS rDNA sequences of 51 studied strains (in bold) and           
49 representatives of the phylogenetically closest taxa. Phylogenetic relationships were inferred 
using the maximum likelihood method (ML) and the GTR+G+I model of evolution. ML bootstrap 
support ≥ 70% and Bayesian posterior probabilities ≥ 0.95 are given for the respective nodes. 
Saccharomyces cerevisiae CBS 1171T was used as outgroup. The scale bar indicates 0.5 expected 
changes per site.  
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Fig. 1. (Continued) 
 
 
     Although, the ITS sequence similarity 
between the studied strains and N. proteae 
is high, it is important to conduct further 
taxonomic investigations to classify and 
describe these isolates. This is particularly 
important because the strains and N. pro-
teae occupy different ecological habitats. 
Strains P10463, P11215 and P10387 were 
grouped together within a low-supported 
clade Teratosphaeriaceae. This clade in-
cludes the majority of Antarctic RIF gen-
era. The topology of this cluster is not 
reliable. Strain P10387 exhibited a se-
quence similarity of 90.1% to Recurvo-

myces mirabilis CBS 119434T (FJ415477), 
which was described from rocks in con-
tinental Antarctica and also found in the 
Italian Alps (Selbmann et al. 2008). Cur-
rently, Recurvomyces is represented on-   
ly by this species. Strains P10463 and 
P11215 exhibited a sequence similarity    
of 94.3% to Penidiella ellipsoidea CBS 
128773T (MH865097), a species isolated 
from leaf bracts of Phaenocoma prolifera 
in South Africa (Crous and Groenewald 
2011). Additionally, these strains showed 
a sequence similarity in the range of 
92.6% to 95.8% to species within the ge-
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nus Constantinomyces. This genus is rep-
resented by four rock fungal species iso-
lated in the Central Mountain System in 
Spain and Mallorca (Ruibal et al. 2008, 
Egidi et al. 2014, Crous et al. 2019a).    
The remaining two strains (P10481 and 
P11013) within the clade Teratosphaeri-
aceae showed a close relationship with 
Arthrocatena tenebrosa CBS 136100T 
(NR_144971), a rock-inhabiting fungus de-
scribed from the Italian Alps (Ruibal et   
al. 2009, Egidi et al. 2014, Crous et al. 
2019a). The sequence similarity between 
these strains and A. tenebrosa ranged from 
93.5% to 95.0%. According to the current 
fungal classification A. tenebrosa is as-
signed between genera incertae sedis with-
in the order Mycosphaerellales (Wijaya-
wardene et al. 2022). Therefore, the af-
filiation of our strains within the family 
Teratosphaeriaceae is uncertain.  
     Approximately 50% of the studied 
strains were assigned within the family 
Extremaceae. The strains revealed highly 
similar ITS sequences and were grouped  
in a well supported clade within the genus 
Vermiconidia. They were isolated from 
various locations on James Ross Island as 
well as from Tail Island and the Trinity 
Peninsula. The majority of the species with-
in Extremaceae are known to be rock-
inhabiting fungi. Indeed, two species that 
have been described from Antarctica are 
Extremus antarcticus and Vermiconidia 
antarctica (Egidi et al. 2014, Crous et al. 
2019a). Additionally, Vermiconidia com-
prises three other RIF species reported 
from different localities, such as Mallorca, 
the Italian Alps and Italian monuments 
(Ruibal et al. 2005, 2009; Egidi et al. 
2014, Isola et al. 2015, Crous et al. 2019a).  
     Two strains, namely P10184 and 
P11107 were assigned to the family 
Saccotheciaceae and exhibited the highest 
sequence similarity (ranging from 93.0% 
to 97.5%) to species within the genus 
Aureobasidium. This indicates a close ge-
netic relationship between these RIF strains 
and Aureobasidium species. However, fur-

ther investigation is needed to accurate-   
ly classify these strains within the Sac-
cotheciaceae family and determine their 
taxonomic position within the genus 
Aureobasidium. This genus includes black 
yeast-like species with Aureobasidium pul-
lulans being well-known biotechnological-
ly utilized species (Prasongsuk et al. 
2018). It is a widespread, oligotrophic or-
ganism capable of thriving in diverse ex-
treme environments (Gostinčar et al. 2014). 
It has been isolated from various locations, 
including Antarctic soil and rocks (Con-
nell and Staudigel 2013, Coleine et al. 
2018). Aureobasidium subglaciale is an-
other species within the Aureobasidium 
genus that has been described from cold 
regions, specifically glacial habitats in 
Svalbard, Norway (Zalar et al. 2008, Gos-
tinčar et al. 2014). This species demon-
strates the ability of the Aureobasidium 
genus to adapt and thrive in extreme en-
vironments, such as those found in gla-
ciated areas.  
     Four analysed strains were divided in-
to two well-supported clades within the 
family Herpotrichiellaceae. The family 
Herpotrichiellaceae comprises both well-
known human opportunistic pathogens (de 
Hoog et al. 2020) and species associated 
with various other habitats such as soil, 
plants, lichens, ants and rocks (Nepel et  
al. 2014, Isola et al. 2015, Muggia et al. 
2016, Tsurykau and Etayo 2017, Vasse    
et al. 2017, Costa et al. 2020, Sun et al. 
2020, Muggia et al. 2021). Strain P10380 
showed a close genetic relationship with 
species of the genus Capronia, which are 
associated with plants originating from the 
Andean Patagonian forests (Sánchez et al. 
2019). Additionally, it exhibited sequence 
similarities ranging from 86.0% to 92.8% 
with medically important genera such      
as Cladophialophora and Phialophora. 
Strains P10382, P10384, and P10464 ex-
hibited the closest similarity (90.6%) to 
Sorocybe oblongispora DAOMC 251618T 
(NR_166300), a resinicolous fungus pro-
posed by Tanney and Seifert in Crous et 
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al. (2019b). The formation of a separate, 
highly supported lineage by these strains 
suggested that they are genetically dis-

tinct from the other analysed strains and 
may represent a novel genus within the 
Herpotrichiellaceae family. 

 
 
Conclusions 

 
     This study presents the results of the 
classification of 51 RIF strains isolated 
from rocks in Antarctic region. On the 
whole, 30 strains analysed in this study 
were affiliated with five different genera. 
These included Cladosporium and Rachi-
cladosporium from the family Cladospori-
aceae, Elasticomyces and Oleoguttula 
from the family Teratosphaeriaceae, and 
Vermiconidia from the family Extrem-
aceae. The genus Vermiconidia was repre-
sented by the highest number of isolates 
among the studied strains. This indicates 
the significant presence and abundance of 
Vermiconidia in the studied area, sug-
gesting their ecological importance and 
adaptation to the rocky environment. The 
strains within the family Saccotheciaceae, 
order Dothideales, were closely related to 
the genus Aureobasidium. The strains be-
longing to the Herpotrichiellaceae family 
and 13 strains within the Teratosphaeri-
aceae family displayed the sequence simi-
larity values lower than 96% to reference 
sequences of type strains available in     
the GenBank database. This indicates that 
these isolates may represent novel taxa 
that have not been previously described. 
Out of the 51 analysed strains, only seven 
were successfully identified as the species 
Rachicladosporium antarcticum, Oleogut-

tula mirabilis, and Elasticomyces elasticus. 
It is worth noting that these species were 
described from the Antarctic region, pro-
viding additional support for their occur-
rence in the study area. 
     The findings of this study suggest that 
the melanised microscopic fungi inhabit-
ing the rocks of James Ross Island form a 
polyphyletic group with the dominance   
of representatives of the class Dothideo-
mycetes. Notably, the genus Vermiconidia 
was the most abundant, indicating that it is 
a common component of the microbial flo-
ra of the investigated area. These results 
contribute to our understanding of the fun-
gal diversity and microbial ecology in this 
particular Antarctic environment and point 
out the presence of unique and unexplored 
fungal taxa in this Antarctic region. 
     Further investigation and characteriza-
tion of the majority of the analysed strains 
are necessary for the designation of their 
taxonomic position in the fungal classifi-
cation, for a description of new taxa and 
for a better understanding of their ecologi-
cal significance in the Antarctic environ-
ment. This would involve molecular analy-
ses of additional genes, but also a thorough 
examination of their morphological and 
physiological characteristics.  
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