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King George Island (KGI) and Deception Island (DCI)
are members of the South Shetland Islands in
Antarctica, each with their own landscape and local
environmental factors. Both sites are suitable for longterm monitoring of bacterial diversity shift due to
warming, as temperature rises relatively faster than
East Antarctica. This study was conducted to determine and compare the baseline diversity of soil bacteria in KGI and DCI. 16S rDNA amplicons of bacteria
from both sites were sequenced using Illumina next
generation sequencer. Results showed that major
phyla in KGI and DCI were Actinobacteria, Proteobacteria, Chloroflexi, Verrucomicrobia, Bacteriodetes
and Acidobacteria. The distribution and evenness of
the soil bacterial communities varied at genus level.
The genera Sphingomonas sp. was predominant at
both sites while the subsequent six major genera differed. Two bacterial genera, Legionella and Clostridium were also found in low abundance in both sites,
both of which may contain pathogenic members. Further verification will be required to determine
whether the pathogenic members of these genera are
present in both sites.
Keywords: Antarctica, South Shetland Islands, soil
bacterial diversity, 16S rDNA, pyrosequencing.

Introduction
ANTARCTICA represents one of the most extreme environments on earth, where aspects such as temperature,
precipitation, humidity and nutrient availability are low1.
Despite such hostile conditions, diverse microbial communities are able to thrive and form an integral part of
terrestrial trophic interactions in Antarctica2. King
George Island (KGI) and Deception Island (DCI) are
members of the South Shetlands archipelago in Antarctica. KGI represents the largest of the South Shetland
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Islands (1310 sq. km) with a rich biodiversity and is
strongly influenced by the local climate3. DCI is a caldera
of an active strato volcano, that is significantly smaller
(72 sq. km), with a unique landscape and environment.
The thermal activities in DCI along with fluctuations in
temperature gradient, oxygen level and other environmental conditions promote the proliferation of microorganisms with varying metabolic profiles4. On the other
hand, an increase of human activities in KGI resulted in
high concentrations of trace elements in soil samples5. It
would therefore be interesting to determine whether the
differences in local environmental factors between both
islands would result in spatial heterogeneity of soil bacterial diversity6.
The warming of Antarctic soils is affecting the microbial diversity and is expected to alter the diversity of
bacteria in the terrestrial environment7. Currently, there is
limited data on the profile of diversity. It is important to
determine the baseline bacterial diversity to continue
monitoring the effect of warming or anthropogenic influence at those sites. Both KGI and DCI are located in
West Antarctica which is known to warm up relatively
faster than East Antarctica. Both sites are therefore ideal
for monitoring the current and future bacterial diversity
shifts due to warming.
Studies on soil bacterial diversity were previously
dependent on traditional culturing methods, which were
inadequate and biased as only about 1% of bacteria can
be cultured in vitro. The present molecular approaches,
such as denaturing gradient gel electrophoresis (DGGE)
and next-generation sequencing (NGS), target phylogenetic markers such as 16S rDNA allow a more
comprehensive analysis of bacterial diversity. DNA
amplification targeting the V3–V4 hypervariable region
of 16S rDNA is commonly used for the analysis of bacterial communities, because this technique provides an
overview of bacterial diversity in the samples8.
The use of PCR-DGGE to analyse soil bacterial diversity has revealed similar richness9,10. However, the true
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extent of soil bacterial diversity in Antarctica, could not
be fully elucidated through PCR-DGGE analysis as minor
bacterial groups were most likely overlooked11. The use
of NGS platforms such as Illumina MiSeq and Roche 454
allows higher throughput sequencing of DNA suitable for
more in-depth analysis of soil bacterial diversity7,11.
Therefore, this study aims to determine and compare the
baseline soil bacterial diversity in KGI and DCI using the
Illumina MiSeq NGS platform.

Present study
Soil samples were collected from KGI (S62°11′35.3″;
W58°56′6.2″) and DCI (S62°59′023″; W60°40′51.7″),
Antarctica in February 2007 and stored at –20°C immediately after sampling. Sampling sites in KGI and DCI are
shown in Figures 1 and 2 respectively. The pH of soil
samples as measured using a pH meter (pH 2700, Eutech
Instruments) with a 1 : 5 soil-to-deionized water slurry
ratio12. Total bacterial genomic DNA was extracted from
soils using a previously described method13. The concentration and purity of the extracted genomic DNA were
measured using the NanoDropTM 2000 spectrophotometer
(Thermo Scientific Inc., Waltham, MA, USA).
The V3–V4 region of the bacterial 16S rRNA gene was
amplified using locus-specific primers, S-DBact-0341-bS-17 (5′-TCG TCG GCA GCG TCA GAT GTG TAT
AAG AGA CAG CCT ACG GGN GGC WGC AG-3′)

Figure 1.
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Soil sampling site at King George Island, Antarctica.

and S-D-Bact-0785-a-A-21 (5′-GTC TCG TGG GCT
CGG AGA TGT GTA TAA GAG ACA GGA CTA CHV
GGG TAT CTA ATC C-3′)8. The 16S rDNA amplicons
were subjected to paired-end sequencing on Illumina
MiSeq platform using 2 × 250 bp MiSeq Reagent Kit v2
(Illumina® Inc., San Diego, California). Raw sequencing
reads obtained for KGI and DCI soil samples were
processed and assembled into single contigs using the
make.contigs command of MOTHUR v.1.37.0 (ref. 14).
The assembled contigs of both samples were aligned using Basic Local Alignment Search Tool (BLAST) against
NCBI’s nucleotide collection (nr/nt) database. The
BLAST output files were imported into MEGAN5 software15 for taxonomic classification using default LCA
(lowest common ancestor) and analysis parameters. The
GI mapping file used for taxonomic identification of
sequencing reads was updated as of February 2016. The
raw sequence reads for KGI and DCI samples are available at NCBI with accession numbers SRR5138461 and
SRR138462 respectively.

Table 1.

Genomic DNA
concentration (μg/g of soil) A260/A280 A260/A230

Soil sample
King George Island
Deception Island

Figure 2.

Soil bacterial DNA yield and purity

34.3
6.1

1.90
1.91

2.17
2.30

Soil sampling site at Deception Island, Antarctica.
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Figure 3. Rarefaction analysis of V3/V4 pyrosequencing reads of 16S rDNA amplicons in soil samples
from King George Island and Deception Island.

Figure 4.

Major bacterial phyla found in soils from King George Island.

Figure 5.

Major bacterial phyla found in soils from Deception Island.

Results and discussion
The pH values of KGI and DCI soil samples were 6.4 and
7.3 respectively. Bacterial genomic DNA yields from
KGI and DCI soil samples were 34.3 μg/g and 6.1 μg/g
respectively (Table 1). This was relatively higher than the
CURRENT SCIENCE, VOL. 115, NO. 9, 10 NOVEMBER 2018

yields obtained in previous studies2,9. The genomic DNA
purity of both samples, based on the A260/280 ratio, was
within the desired range of 1.80–2.00 (Table 1), indicating that the extraction method used in the study13 was
suitable for soil samples.
The primer pair S-DBact-0341-b-S-17 and S-D-Bact0785-a-A-21 was used in this study, because it has minimal bias and optimal overall coverage for PCR-based
microbial diversity studies8. The assembled contigs of
both samples were aligned against NCBI’s nucleotide
collection (nr/nt) database updated15 on March 2016 (ref.
15). A total of 609,991 out of 626,552 reads (97.36%) of
KGI, and 690,730 reads (99.73%) out of 692,534 reads of
DCI had hits to sequences in NCBI nucleotide database.
The total number of reads assigned to each bacterial
taxon represented the number of times the same sequence
was observed within the bacterial community. This allowed the estimation of relative abundance of each bacterial taxon classified in this study. The Shannon-Weaver
indices of both KGI and DCI samples were calculated15
and displayed similar values of 4.305 and 4.299 respectively. This showed that soil bacterial communities at
both sites had similar levels of diversity. Rarefaction of
the sequencing reads obtained for KGI and DCI was
analysed using MEGAN5 software15. The rarefaction
curves of both samples were reaching a plateau but did
not achieve species saturation (Figure 3). Hence, the data
generated gave a general overview of major bacterial
phyla from the two sites. Nevertheless, the generated data
had higher precision and gave a more accurate overview
of bacterial diversity compared to DGGE, which relies on
a limited number of representative 16S rDNA sequences
chosen selectively.
Major bacterial phyla from the two sites in KGI and
DCI are shown in Figures 4 and 5 respectively. The major
phyla from both sites at KGI and DCI in descending
order are Actinobacteria, Proteobacteria, Chloroflexi,
Verrucomicrobia, Bacteriodetes and Acidobacteria. These
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Figure 6. Bacterial genera found in soil sample from King George Island. Only taxa assigned with ≥0.5% of total reads
were included in the analysis.

Figure 7. Bacterial genera found in soil sample from Deception Island. Only taxa assigned with ≥0.5% of total reads
were included in the analysis.

phyla represent the major bacterial community of Antarctic soils which have adapted to the harsh and extreme
environmental conditions16. The predominance of Actinobacteria in both Antarctic soils was expected, given
their roles in essential ecological functions such as
degradation of organic matter and maintenance of
environmental stability17. The presence of Verrucomicrobia as a major bacterial phylum in both soils is in
accordance with a previous claim that the relative
abundance of Verrucomicrobia in soils was underrecognized while its predominance was evident across
various biomes18. A substantial portion of the bacterial
communities in both KGI (26.87%) and DCI (36.70%)
soil samples were classified as uncultured. This emphasizes the need for efforts to characterize and identify
these bacteria in order to understand their roles and functions.
At genus level, only 10.21% and 11.69% of the reads
were classified for KGI and DCI samples respectively.
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This was expected because the targeted V3–V4 region of
16S rDNA is short and provides lower confidence for
classification at lower taxonomic levels. Most of the bacterial genera were classified as uncultured bacteria that
could only be identified at higher taxonomic levels.
A total of 37 (Figure 6) and 40 (Figure 7) genera with
relative abundance equal or more than 0.5% were found
at KGI and DCI respectively. The overall composition of
soil bacterial community in the KGI sample was more
evenly distributed when compared to the DCI sample.
The heterogeneity patterns in soil bacterial communities
at lower taxonomic levels (genera level) are more obvious
than those at higher taxonomic levels (phyla level), as
bacterial species are more sensitive to spatial and environmental factors16,19.
The six major genera in KGI were Sphingomonas,
Janibacter, Chitinophaga, Solirubrobacter, Knoellia and
Lentizie, while the major genera in DCI were Sphingomonas, Ferrimicrobium, Flavobacterium, Marmoricola,
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Nitrospira and Arthrobacter (Figures 6 and 7). Sphingomonas sp. was common at both sites and its predominance was more apparent in DCI. This could be due to
their ability to survive in low-nutrient environments
inherent to Antarctica16, which allows them to thrive better than other bacteria. Apart from that, differences in
genera predominance at the two sites, were mostly due to
local characteristics of the soils. Soil samples collected in
KGI were in close proximity to a scientific station, and
contain high levels of heavy metals such as Zn, Pb, Cd,
Cr and Ni (ref. 5). This could have an impact on the relative abundance of certain bacterial genera, where the preliminary data showed the presence of Janthino bacterium
in DCI but not in KGI. Lower relative abundance of Arthrobacter in KGI was also observed, while this group
was the fifth most commonly identified bacterial genera
in DCI. A recent study displayed the differential sensitivity of bacteria towards heavy metal concentrations, where
Arthobacter and Janthino bacterium were more sensitive
than Geobacter and Fusibacter20. The bacterial genera
Legionella and Clostridium both sites, both of which may
contain pathogenic members were also detected at both
sites. But, their population was relatively low and insufficient to cause pathogenicity, if any.
The results of this study provide a baseline of soil bacterial diversity of KGI and DCI. Spatial heterogeneity of
soil bacterial diversity between both sites was observed at
the genus level. Any variations between soil bacterial
communities are to be observed at lower taxonomic levels and these data can be obtained using NGS. NGS sequencing will be important in monitoring diversity
change due to warming as the exercise requires precision,
which cannot be achieved using DGGE analysis. In future
studies, it will be interesting to monitor how the major
genera at both sites such as Sphingomonas sp. and minor
genera with members that may be pathogenic, such as
Legionella and Clostridium are affected by a rise in temperature.
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