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Abstract Deschampsia antarctica Desv. (Poaceae) rep-
resents one of the two vascular plants that have colonized
the Antarctic continent, which is usually exposed to
extreme environmental conditions. In this work, we have
characterized the endophytic fungi associated with the
leaves of D. antarctica. Endophytic fungi were recovered
from 91 individual plants from different points of Admi-
ralty Bay at King George Island, Antarctica. A total of 26
fungal isolates were obtained from 273 leaf fragments. All
isolates were identified by analysis of the sequences of the
internal transcribed spacer region (ITS) of the rDNA. Alter-
naria and Phaeosphaeria were the most frequent genera
associated with the plant. Other fungal isolates were identi-
fied as Entrophospora sp. and several undescribed Ascomy-
cete species. An interesting result was obtained for the
isolates UFMGCB 215 and UFMGCB 262, which were
related to fungi associated with bryophytes present in
boreal ecosystems. Some isolates showed low identity in
the ITS sequences to sequences of fungal species deposited
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in GenBank, suggesting that these fungi could be new spe-
cies. This work is the first report on fungal endophytes
associated with leaves of the Antarctic grass D. antarctica.
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Introduction

The Antarctic continent is considered to be one of the
harshest ecosystems in the world and is the second smallest
continent after Australia. This continent is like no other
place on earth, and in the last years several studies have
been conducted in different scientific areas, including
studies with bacteria, protists, fungi, bryophytes, plants,
and animals. In general, the flora of Antarctica is restricted
to few species of moss, lichens, bryophytes (mosses
and liverworts), micro- and macroalgae, and vascular
plants. Only two angiosperms are present in Antarctic eco-
systems: Deschampsia antarctica Desv. (Poaceae) and
Colobanthus quitensis (Kunth) Bartl. (Caryophyllaceae).
These angiosperms are highly freezing-tolerant plants
(Alberdi et al. 2002) and are found on the Northern and
Western parts of the Antarctic Peninsula. Many researchers
are interested in D. antarctica due to its ability to live in
these extreme conditions (Barrientos-Diaz et al. 2008).
Some works have reported on the mechanisms by which
these plants resist low temperatures (Gielwanowska and
Szczuka 2005). We believe these plants are a target for
finding interesting extremophile fungal endophytes.
Endophytic fungi are microfungi that live for all, or at
least a part of, their lives inter- or intracellularly and asymp-
tomatically in plant parts without causing apparent symp-
toms of infection (Petrini 1991) and represent an important
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Fig. 1 Map of Admiralty Bay at
King George Island, Antarctica
showing locations (A) where
samples were obtained for this

study (Simdes et al. 2004, with
modifications)

3120000

3110000

Emerald P1
Cardlozo
Covwe

Cremiliden
Conw

3100000

® Swtions and refuges
T Historical Monument N* $1(a grave)

Legend
1 Contours interval: $0 meters

- i 14
~ Harrel P1 Ezc“"ﬁ\“‘c

Warszawa Icefield

z :
] [
) > T
\\\\"‘\ % g 1 . &
o - =
ot ® = i ‘; |'j
\E.“‘\\ e | | ok -:Jg &/ g =
i Mot b |
W Flagal]] peccne,
¥ - ‘om. Fermaz
L) 1
Machy Picchu " 4 An % (el Int€
= ﬁ Crepin Pt ‘Qﬁ tany iy

@ﬁc\\-..

F
&
[

Valiey

Mo 1.5 30 45km |
UTM Projection - WGS 84

portion of fungal diversity. Antarctica is one of the last pris-
tine environments on Earth; as such, it offers unique oppor-
tunities to study the diversity and ecology of fungi in
extreme environments (Malosso etal. 2006). Molecular
analysis of the diversity and phylogenetic relationships of
fungi obtained from Antarctic soils show that fungal species
are distributed among the Basidiomycota, Ascomycota, and
Zygomycota phyla (Malosso et al. 2006). Ruisi et al. (2007)
showed an important and complete panorama of different
fungal species obtained in Antarctic ecosystems; however,
microbial communities, especially fungi, that are present in
the Antarctic environment are still poorly characterized. The
aim of this study was to recover and identify fungal endo-
phytes living in leaves of D. antarctica collected at different
points of Admiralty Bay at King George Island, Antarctica.

Material and methods
Study area
Specimens of Deschampsia antarctica Desv. (Poaceae)

were collected in the Antarctic specially managed area
(ASMA) in Admiralty Bay, King George Island, South
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Shetland Islands, Antarctica (62°09’S, 58°28'W). This
ASMA was proposed by Brazil and Poland, in coordination
with Ecuador and Peru, with the purpose of preventing and/
or minimizing the risk of cumulative impacts on the marine
and terrestrial environments. Seven separate collection sites
were chosen along Admiralty Bay (Fig. 1).

Plant material and isolation of the endophytic fungi

Fresh leaves of D. antarctica were collected from plants
growing under natural conditions in Admiralty Bay
during the Antarctic summer in December of 2006 and
January of 2007. The leaves were then cut into pieces
and stored in plastic bags for no more than 24 h at 10°C
before the isolation of endophytic fungi. The leaves
were surface sterilized by successively dipping them in
ethanol 70% (1 min) and 2% sodium hypochlorite
(3 min), followed by washing once with sterile distilled
water (2 min) (Collado et al. 1996). Then, the fragments
were plated on Petri plates containing potato dextrose
agar (PDA, Difco, USA) plus chloramphenicol at
100 pg mL~!. The plates were incubated up to 60 days at
18°C, and individual colonies were transferred to PDA
and stored at 4°C. Long-term preservation of mycelial
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pieces was carried out in cryotubes with 30% sterile
glycerol at —80°C. The fungal isolates used in this work
were deposited in the Culture Collection of the Departa-
mento of Microbiologia, Instituto of Ciéncias Bioldgi-
cas of the Universidade Federal de Minas Gerais
(UFMGCB).

The frequency of endophytic fungi growth was calcu-
lated by the following formula: Ny/N, x 100, where N, and
N, are the number of leaves from which the fungi were
detected and the total number of leaves, respectively. Per-
centage abundance of each taxon was calculated according
to the following formula: percentage abundance of taxon
A = occurrence of taxon A x 100/occurrence of all taxa.

DNA extraction, amplification and sequencing

The protocol for fungal DNA extraction was adapted from
De Hoog et al. (2005). The dried DNA was re-suspended
in 100 pL. TE-buffer (10 mM Tris, 10 mM Na-EDTA,
pH 8.0) with 2.5 pL. RNAse-solution, which was prepared
by adding 10 mg of pancreatic RNAse 20 U mg~' to I mL
0.01 M Na-acetate, heating to 100°C for 15 min, cooling
slowly to room temperature, then adjusting the pH to 7.4
with 100 pL Tris—HCI. The sample was incubated for
30 min at 37°C and then stored at —20°C until use (Cota
et al. 2008).

The ITS domain of rDNA was amplified with the univer-
sal primers ITS1 (5'-TCCGTAGGTGAACCTGCGG-3")
and ITS4 (5'-TCCTCCGCTTATTGATATGC-3") as
described by White et al. (1990). Amplification of the ITS
region was performed as follows: 95°C for 5 min, followed
by 40 cycles of 94°C for 60 s, 50°C for 60 s, and 72°C for
60 s, and a final extension at 72°C for 5 min. The amplified
DNA was concentrated, cleaned using the Wizard Plus SV
Minipreps DNA Purification System (Promega, USA), and
sequenced in a MegaBACE™ 1,000 automated sequencing
system (Amersham Biosciences, USA). The sequences
obtained were adjusted using SeqMan II of Lasergene soft-
ware (DNASTAR/Inc.), and a consensus sequence was
obtained using the software Bioedit v. 7.0.5.3. To reach
species level identification by rDNA sequencing, the con-
sensus sequence was aligned with all sequences of related
species retrieved from the GenBank database using the
Fasta 2.0 program (Altuschul et al. 1997). After sequenc-
ing, the consensus sequences were deposited in the Gen-
Bank under the accession numbers EU747133 to
EU747158. Phylogenetic relationships were estimated
using MEGA program Version 4.0 (Tamura et al. 2007).
The phylogenetic tree was constructed using the neighbour
joining (NJ) algorithm with bootstrap values calculated
from 1,000 iterations. The Kimura 2-parameter model was
used to estimate evolutionary distance among the species
(Kimura 1980).

Results

In this study, we used a culture-based approach to examine
the endophytic fungi associated with leaves of
D. antarctica in different sites of Admiralty Bay. From 91
individual D. antarctica specimens collected, only 26 iso-
lates of fungal endophytes were recovered from 273 leaf
fragments, corresponding to an isolation frequency of
9.5%. The 26 endophyte isolates were grouped into five
distinct morphospecies taxonomic units. Identification by
ITS rDNA sequencing of all endophyte isolates showed
that the most abundant fungal taxa belong to the genus
Alternaria Nees (57.7%), followed by Phaeosphaeria 1.
Miyake (19.2%), which were obtained from samples of
four and three distinct sites, respectively. The identification
of six isolates was not conclusive at taxonomic genus level
(Table 1).

A total of 15 isolates were identified as belonging to the
genus Alternaria. These isolates showed between 82 and
98% nucleotide sequence identity with Alternaria triticina
Prasada & Prabhu (Table 1). These fungi formed a cluster
supported by an 84% bootstrap value with Alternaria spe-
cies but presented 148 (26.2%) and 154 (27.3%) nucleotide
differences with A. triticina 1A245 and the type strain of
A. alternata ATCC 13963, respectively (Fig. 2). The iso-
lates UFMGCB 60, 61, 62, 63, and 102 had identical ITS
sequences, and the isolates UFMGCB 103 and 214 differed
from them by only one nucleotide (Fig. 2). These isolates
were identified as Alternaria sp. 7. The isolates UFMGCB
64, 65, 356, and 360 were very similar with less of 1%
difference in the ITS region among them and were identi-
fied as Alternaria sp. 5. The isolates UFMGCB 355 and
UFMGCB 359, identified as Alternaria sp. 1 and Alternaria
sp. 2, respectively, formed a separate group in this cluster.
These isolates showed 13.6% nucleotide differences
between them. The isolates UFMGCB 261 and UFMGCB
216 presented 4.2% nucleotide differences between them in
the sequences of the ITS region and were identified as
Alternaria sp. 3 and Alternaria sp. 4, respectively.

The isolates UFMGCB 377 and UFMGCB 378 pre-
sented 97% identity in ITS rDNA sequences with Entro-
phospora sp. (Genbank access number AY035665), a
mycorrhizic fungus (Table 1). This isolate, however, pre-
sented six nucleotides differences when compared with
both Entrophospora sp. and Phaeosphaeria pontifomis.
The isolates UFMGCB 213, 215, 357, 358, and 379 were
similar in the ITS rDNA sequences (range to 92-98%) with
genus Phaeosphaeria, with a 64% bootstrap value, and 9%
of differences in the ITS region to P. dennisiana Leuchtm.
(Fig. 2). The isolates UFMGCB 213 and 379 showed 2%
nucleotide differences in the ITS region between them, and
the isolates UFMGCB 215, 357, and 358 presented seven
(1.2%) nucleotides among them. The isolate UFMGCB 215
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Table 1 Location, isolate code, closest related species, maximal
identities, identification,
endophytes fungi species associated with Deschampsia antarctica

and Genbank accession number of

Desv. (Poaceae) collected in different locations in Admiralty Bay at
King George Island, Antarctica

Location in UFMGCB?* Closest related species/ Maximum Identification Genbank
Admiralty Bay Genbank accession number identities (%) accession
number
Demay point 59 Ascomycete sp. DQ683971 86 Unidentified EU747133
(62°12'S, 58°19'W) endophytic
fungus
60 Alternaria triticina AY 154695 94 Alternaria sp. 7 EU747134
62 A. triticina AY 154695 95 Alternaria sp. 7 EU747135
63 A. triticina AY 154695 95 Alternaria sp. 7 EU747136
102 A. triticina AY 154695 95 Alternaria sp. 7 EU747137
103 A. triticina AY 154695 95 Alternaria sp. 6 EU747138
Punta Plaza 61 A. triticina AY 154695 98 Alternaria sp. 7 EU747139
(62°05°S, 58°23'W) ¢4 A. triticina AY 154695 94 Alternaria sp. 5 EU747140
65 A. triticina AY 154695 94 Alternaria sp. 5 EU747141
Botany point 213 Phaeosphaeria dennisiana AF439478 98 Phaeosphaeria sp. 5 EU747142
(62°05°S, S8°19'W) 214 A. triticina AY 154695 95 Alternaria sp. 6 EU747143
215 Fungal endophyte DQ979616 93 Phaeosphaeria sp. 2 EU747144
216 A. triticina AY 154695 92 Alternaria sp. 4 EU747145
261 A. triticina AY 154695 90 Alternaria sp. 3 EU747146
Punta Ullmann 262 Uncultured fungus AM999748 78 Unidentified EU747147
(62°05°S, 58°20°W) endophytic
fungus
380 Uncultured fungus EF434086 97 Unidentified EU747148
endophytic
fungus
381 Uncultured fungus EF434086 93 Unidentified EU747149
endophytic
fungus
Arctowski station 355 A. triticina AY 154695 82 Alternaria sp. 2 EU747150
(62°09°S, 58°2T°'W) 356 A. triticina AY 154695 94 Alternaria sp. 5 EU747151
359 A. triticina AY 154695 84 Alternaria sp. 1 EU747152
360 A. triticina AY 154695 95 Alternaria sp. 5 EU747153
Macchu Picchu station 357 P. dennisiana AF439478 97 Phaeosphaeria sp. 3 EU747154
(62°07°S, 58°23°'W) 353 P. dennisiana AF439478 95 Phaeosphaeria sp. 1 EU747155
379 P. dennisiana AF439478 92 Phaeosphaeria sp. 4 EU747156
Punta Hennequin 377 Entrophospora sp. AY035665 97 Unidentified EU747157
(62°05°S, 58°24°W) endophytic
fungus
378 Entrophospora sp. AY035665 94 Unidentified EU747158
endophytic
fungus

# UFMGCB, Culture Collection of Fungi of Departamento of Microbiologia, Universidade Federal of Minas Gerais

was identified as Phaeosphaeria sp. 2, since it presented
91% sequence identity with Phaeosphaeria sp. B3B
(Genbank access number EF432300). This isolate also
presented 93% identity in the ITS rDNA region but only
30% of the query coverage with an undescribed fungal
endophytic isolate (Genbank access number DQ979616)
recovered from moss Huperzia selago (Linnaeus) Bern-
hardi ex Schrank & Martius. The isolates UFMGCB 380

@ Springer

and UFMGCB 381 presented 97 and 93% identity in the
ITS rDNA region sequences, respectively, with an uncul-
tured fungus (Genbank access number EF434086).

The phylogenetic analysis of the isolate UFMGCB 262
showed that it is related to an uncultured fungus (Genbank
access number AM999748) recovered from a bryophyte in
the boreal forest. This fungal endophyte from D. antarctica
showed 16.6% nucleotide differences in the ITS region
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Fig. 2 Phylogenetic tree show-
ing the relationship among
Deschampsia antarctica endo-
phytic fungi and other fungal
species. The tree was con-
structed based on the rDNA
sequence (ITS1-5.8S-1TS2)
fragment sequence by using the
neighbour-joining method
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when compared to the uncultured fungus from the
bryophyte.

The isolate UFMGCB 59 was grouped into high taxo-
nomic levels when its sequence was compared to sequences
in Genbank. The taxa most related to this isolate presented
85% identity and only 21% of query coverage in the ITS
rDNA sequences with an unidentified Ascomycete fungus
(Genbank access number DQ683971) obtained from the
hyperarid Atacama desert, Chile.

Discussion

Our results raise a number of questions with respect to the
diversity of fungi associated with Antarctic plants (angio-
sperms, moss, and bryophytes). Are there fungal species
recorded that are unique to the Antarctic grass studied?
How similar is its endophytic fungal community to those

Bjerkandera adusta (U59061)

grasses living in temperate and tropical regions? Saikkonen
et al. (2000), who studied endophytic fungi from wild and
cultivated grasses, obtained a low incidence of endophytes
from Deschampsia flexuosa and D. cespitosa in extreme
drought and cold regions of Finland. Their data are similar
to our results and support the hypothesis that the low fre-
quency of endophytic isolates as well as fungal diversity
found in D. antarctica leaves may be due to the extreme
conditions of Antarctic ecosystems.

According to Petrini (1986), the major group of fungal
endophytes is represented by species of Ascomycota and
their anamorphs, which were found in this study. The most
frequent genus found associated with D. antarctica is Alter-
naria, a polyphyletic genus classified in the class Hyphomy-
cetes, order Moniliales, and family Dematiaceae (Thomma
2003). This genus is widely distributed in decaying organic
materials as well as in many food and feed crops and wild
plants and has approximately 50 known species (Kirk et al.
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2001). Species of this genus are mainly saprophytes that are
commonly found in soil or on decaying plant tissues; some
of them have acquired pathogenic capacities (Thomma
2003). Many recent studies have also shown that species
belonging to the Alternaria genus are true endophytes asso-
ciated with temperate and tropical plants (Morakotkarn
et al. 2006; Wang et al. 2007), and our study demonstrated
their presence in an Antarctic grass. The identification
using BLASTn searches (Altuschul et al. 1997) comparing
the sequences of the ITS1-5.8S-ITS2 regions of rDNA has
shown that the species most related to our Alfernaria iso-
lates is A. triticina. This species is known to cause signifi-
cant yield losses in wheat on the Indian subcontinent, from
where it originated and has spread throughout the world
(Prasada and Prabhu 1962). The molecular analyses of all
Alternaria isolates from D. antarctica showed significant
differences, however, from A. triticina and A. alternata.
These Antarctic endophytic isolates are probably new spe-
cies belonging to the genus Alternaria.

The second fungal genus most abundant in leaves of
D. antarctica is Phaeosphaeria. This genus is known as a
fungal pathogen that causes leaf blotch diseases on wheat.
Ernst et al. (2003), however, recovered from a perennial
grass species Phragmites australis, an endophytic fungus
of the genus Stagonospora, which is a teleomorph stage of
Phaeosphaeria. The most related species to our endophyte
Phaeosphaeria isolates is P. dennisiana, but the differences
in the sequences of the ITS region between the fungal endo-
phytes and the last species suggest that they also represent
new species.

The isolate UFMGCB 59 was found to be related to an
Ascomycete fungus obtained from the hyperarid Atacama
Desert in Chile (Conley etal. 2006). The nucleotide
sequence obtained from this isolate, however, was not suffi-
cient to identify it in a specific hierarchical taxonomic level,
and more molecular studies are necessary to correctly iden-
tify this fungus.

Interesting results were obtained for the isolates
UFMGCB 215 and UFMGCB 262, which presented
sequence identities to a fungus obtained from a moss living
in boreal ecosystems. The isolate UFMGCB 215 showed
93% sequence identity in the ITS region to an undescribed
fungal endophytic isolate recovered from Huperzia selago
(fir clubmoss; Lycopodiaceae), an herbaceous with
evergreen microphylls collected at the boreal forest at
Schefferville, Québec, Canada (Higgins et al. 2007), a sub-
artic region. The isolate UFMCB 215 was also found
included in the Phaeosphaeria group (Fig. 2), since it pre-
sented 91% sequence identity to the endophytic fungus
Phaeosphaeria sp. B3B recovered from Brassica nigra
(black mustard). The isolate UFMGCB 262 is related to an
uncultured fungus (78% identity) obtained from bryophytes
of a boreal ecosystem. This isolate also presented low
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identity to an ectomycorrhizal fungus obtained from the
moss Hennediella heimii (Hedw.) Zand. in Dry Valleys of
McMurdo Sound, Antarctic. These results show that more
work is necessary for correct taxonomic identification of
the endophytic fungi associated with D. antarctica.

All fungal endophytes were obtained from leaves of
D. antarctica after the Antarctic winter. A total of 21 iso-
lates (80.7%) were black moulds, which are able to produce
melanin in their hyphae. The melanin is darkly pigmented
polymers that can protect microorganisms against a broad
range of environmental stresses; according to Robinson
(2001), this compound could protect fungi from extreme
temperatures and play a significant role in their persistence
from year to year in the environment. Recently, some
research has shown that melanised fungi increase their
growth after exposure to ionizing radiation, raising ques-
tions about a potential role for melanin in energy capture
and utilization by black moulds (Dadachova et al. 2007).

According to Ruisi et al. (2007), geographic isolation,
combined with environmental stress, make Antarctica a
potential place to search for endemic and new fungal spe-
cies. Studies of endophytic fungi in relatively extreme envi-
ronments and from phylogenetically distinct lineages of
plants are promising sources to recover novel species,
which will be important in turn for understanding fungal
diversity, the cryptic ecology of microfungal symbionts,
and the evolution of plant-fungal symbioses (Higgins et al.
2007). More taxonomic studies are necessary to clarify the
correct identification of the fungal endophytes from
D. antarctica obtained in our work. Several reports have
characterized endophytes fungi from plants living in tem-
perate and tropical regions; however, this study is the first
report on endophytic fungi present in leaves from the Ant-
arctic plant D. antarctica.
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