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Abstract

Microorganisms, as successive members of the food web, play a major role in biological 
processes. They are found in environments ranging from extremely hot to harsh cold 
temperatures. Thus, the study of bacterial communities in various ecosystems is of great 
concern around the world. The glacier is one of the parts of the cryosphere, which is the 
key component and sensitive indicator of climatic and environmental changes. A glacial 
ecosystem is a habitat for various microorganisms, i.e., autotrophic and heterotrophic. 
Different physicochemical parameters like temperature, pH, electrical conductivity, the input 
of nutrient concentration, precipitation, ions concentrations, etc. influence the microbial 
diversity in the glacial ecosystem for their metabolic processes. Successive studies of bacterial 
communities in the Himalayan glacial ecosystem are reliable proxies to know the relationships 
between microbial biodiversity and climate change since the Himalayan glaciers are free from 
anthropogenic activities. After the study of the relevant literature, it is clear that the researches 
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have been carried out in the Polar Regions, and the Tibetan plateau mainly focused on the 
glacial ecosystem. This review concluded that Proteobacteria, Bacteroidetes, Cyanobacteria, 
Firmicutes, Verrucomicrobia, and Actinobacteria were the most dominant bacterial phyla via 
16S rRNA clone libraries and Illumina MiSeq. Alter in landscapes, nutrient cycles, exposure 
of light, shifting on the concentration of different elements, glacier retreats were the major 
components for survival strength of dominant bacterial phyla. However, limited studies on 
the glacial ecosystem of the Himalayas have been published. Thus, the study of bacterial 
abundance, diversity, and community in the Himalayas will help plug this research gap. 

Keywords: Glacial ecosystem, Glaciers, Illumina MiSeq, Microbial diversity
�

Introduction

Earth’s system comprises five major components, i.e., hydrosphere, atmosphere, biosphere, 
lithosphere, and cryosphere, that exhibit an imperative role to exchange mass and energy in 
the whole universe. The cryosphere is the portion of Earth’s system which includes a glacier, 
snow cover, glacier ice, ice sheets, and permafrost (Stocker et al., 2014). A glacier displays the 
profound indicator of climate change that is globally distributed at low to high latitudes and 
accumulates the high snowfall. Continuously melting of the glacier due to the variations on 
different physicochemical characters shows the notable signal of climate change (Liu et al., 
2019a) Glaciers occupy approximately 16 million km2 (~10 %) of the Earth’s total land area, 
and the remaining 500,000 km2 as ice caps, ice fields, and glaciers located at high latitudes 
above snowlines around the world. These sites are mainly located in the northern hemisphere, 
i.e., the Arctic, and in the southern hemisphere covers the Tibetan plateau, and sub-Antarctic 
islands (Shakti et al., 2013). Glaciers harbor different vital ecosystems through the varied 
microbial communities (Anesio et al., 2009), which support the life of several distinct biomes 
(Anesio & Laybourn-Parry, 2012; Hodson et al., 2008). Different ecological regions are 
classified in the glacier ecosystem, which contains disparate habitats for microorganisms but 
mainly dominated by bacteria, eukarya, and archaea; they are: supraglacial (snow and ice), 
englacial (ice), subglacial (sediments), proglacial (streams and lakes) and glacier forefields 
(Anesio & Laybourn-Parry, 2012; Boetius et al., 2015; Hotaling et al., 2017). Microbial life on, 
in, and underneath of glaciers is generally imposed by a combination of organic and inorganic 
matters where interactions between bedrocks, sediments, incident solar radiation, and seasonal 
melting influences the role of the glacier on the downstream level (Lutz et al., 2015; Boetius 
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et al., 2015; Chuvochina et al., 2011; Hodson et al., 2008). 
	 The surface of glaciers is termed as a supraglacial ecosystem that comprises a heavy 
range of microbes in their surface snow, ice, cryoconite holes, supraglacial streams, and 
moraines (Boetius et al., 2015). Due to the strong radiation from the sun and less oxygen 
from the atmosphere, autotrophic, chemolithotrophic, and heterotrophic bacteria were found. 
Where heterotrophic bacteria like Proteobacteria, Bacteriodetes, and Actinobacteria dominated 
in these regions, play a key role in the nutrient cycle ( Lutz et al., 2017; Franzetti et al., 
2016). The Englacial zone is located a few meters deeper than the supraglacial region. In this 
habitat, the availability of sun rays and liquid water is low, and only a few nutrient sources 
are available (Wilhelm et al., 2014)Ribosomal, 16S/genetics</keyword><keyword>*Water 
Microbiology</keyword></keywords><dates><year>2014</year><pub-dates><date>Aug</
date></pub-dates></dates><isbn>1462-2920 (Electronic. That is why a few organisms can 
survive, and biological activity is likely insignificant compared to other zones (Hodson et al., 
2008). The temperate glacial ice transfers in the form of liquid water and passes through the 
means of drainage channels (fractures and cavities) from the supraglacial surface (Boetius 
et al., 2015; Lütz-Meindl & Lütz, 2006; Fountain et al., 2005). Viable microorganisms 
like diverse metabolically active archaeal, bacteria, fungal species, and few viruses are 
likely found in the basal zone and subglacial region (Butinar et al., 2007). Proglacial lakes 
are formed by the moraine’s damming during glacier retreat, a glacial dam, or melting of 
glacial ice meets and exceed beyond the glacier terminus, accumulates a large amount of 
water, nutrients, and microorganisms which affecting microbial composition in lakes due 
to the variation on different physicochemical parameters ( Liu et al., 2017; Jacobsen et al., 
2012). Inter connections between microbiological and ecological ventures on, in, or below 
the glacier directly influence the ecosystem of the glacier-fed stream and lakes, which render 
the microbial diversity of proglacial streams and lakes geographically diverse ( Hotaling et 
al., 2017; Fellman et al., 2015). Proglacial streams and lakes are the important components 
of the glacial ecosystem, which strongly controls the geomorphology and ecology of these 
systems through the connection between glacial processes and downstream levels (Hotaling 
et al., 2017; O’Neel et al., 2015; Wilhelm et al., 2014). The shifting of elevation (higher to 
lower or lower to higher) comprises the variations on different environmental parameters like 
temperature, nutrients, pH, electrical conductivity, etc. indicates the random composition of 
microbial diversities in glacier habitat (Wilhelm et al., 2013). In polar and alpine lake ecosystem, 
metabolism processes are restricted by the availability of physicochemical parameters which 
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play an important regulatory mechanism for the bacterial growth and metabolism (Pomeroy & 
Wiebe, 2001) where, airborne transport and atmospheric deposition on glacial surfaces is main 
nutrient matters for the bacterial diversity (Granéli et al.,2004). 
	 A few studies related to High Throughput Sequencing methods, also called Next-
generation sequencing (NGS) in glacier ecosystem which provides a systematic classification 
of bacterial community composition and diversity as compared to traditional culture and 
clone library methods in mountain glaciers. This research gap helps to promote the possibility 
of life on mountain glaciers according to their landscape of biodiversity. It helps to explore 
microbial biodiversity on glacier’s surface and underneath during harsh climatic, atmospheric, 
or geological conditions. 

Nutrients and Environmental Factors

Glaciers, a primary and important water source for many living organisms in the universe which 
contains different sources of macro/micro-nutrients where microbial activities depend on the 
concentrations of dissolved organic carbon, nitrogen, and phosphorous (Dubnick et al., 2017; 
Stibal et al., 2008). This system consists of distinct and well-studied biogeochemical cycles 
in the surface of the snow, glacier ice, cryoconite holes, supraglacial and proglacial stream/
lakes, and sediment (Hodson, 2006). Different researchers studied the glacier explore and 
highlight their form, role, availabilities, and cycling of nutrients from upstream to downstream 
( Lawson et al., 2014; Hood et al., 2009). Various microorganisms are present in glacier play 
a potentially active role in numerous biological and ecological processes through numerous 
nutrient cycles in the glacial ecosystem ( Møller et al., 2013; Moller et al., 2011; Larose et al., 
2010a; Larose et al., 2010b; Simon et al., 2009; Hodson et al., 2008). In pristine environmental 
conditions like low temperature, high solar radiation, pH, less oxygen, strong winds, high 
altitude, etc. help to stimulate the microbial habitats of biome for functional ecosystem 
(Hauptmann et al., 2014; Maccario et al., 2014; Larose et al., 2013; Møller et al., 2013). 
Allochthonous carbon sources help to support the growth of heterotrophic and photosynthetic 
microorganisms in cryoconite holes (microbial hotspots) using different exogenous organic 
sources and autochthonous extracellular polymeric substance (EPS) (Hotaling et al., 2017). 
The energy source for heterotrophic and photoautotrophic organisms is mainly represented by 
EPS (Cook et al., 2016; Takeuchi et al., 2010). 
	 For the activation and functioning in the ecosystem, microorganisms uptake the energy 
sources from basal melting, which comprises of fine powder of rocks and sedimentary organic 
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carbon, geothermal energy, and supraglacial input serves as a hotspot for microbial life (Hotaling 
et al., 2017). Light source plays an imperative role in the glacier ecosystem, but in the absence 
of light, some chemolithoautotrophs fix the inorganic carbon through the dark fixation at the 
base of the subglacial region and offer food webs (Christner et al., 2014). The composition 
of minerals and carbon substrates in bedrock influences the structure and functional activities 
of a microbial community through redox chemistry with microbial metabolism (Skidmore et 
al., 2005). Unambiguously, sulfate reduction, sulfate oxidation, nitrate reduction, nitrification, 
and denitrification occurred in a subglacial zone where the release of methane from the labile 
carbon source act as the energy sources for microorganisms (Hodson et al., 2005). The glacial 
ecosystems are geochemically diverse in community composition, which helps to determine 
through different factors including variations of stream water, electrical conductivity, pH, 
temperature, seasonal weathering, which affects in physical conditions of glaciers, energy 
loads in sediment, redox conditions, and many more (Hotaling et al., 2017; Fellman et al., 
2014). 
	 The growth of a dominant microbial community and richness in proglacial lakes 
and streams (Fig. 1) seem to depend upon the biological existence of various microbial 
habitats, sediment, hydrogeochemical sources and limnological compositions (Mojib et al., 
2009), different stream characteristics, particular concentrations of Ca, SiO2 and Fe, specific 
appearances of local geology and bedrock compositions (Fegel et al., 2016). Differences in 
various compositions from supraglacial towards proglacial indicate the amount of input that 
contributes to each source for the bacterial community (Fountain et al., 2005). Physicochemical 
parameters of surface snow, glacial ice, streamwater (run-off), and biofilms have a remarkable 
role in colonized the bacterial community across the habitats. Variations of stream water 
(run-off) along the proglacial possess strong control on the physicochemical parameters like 
electrical conductivity, pH, and high incident UV radiation (Fellman et al., 2014; Hood et al., 
2009). These properties play a highly significant role which influences bacterial diversity along 
with microbial association even at small magnitudes (Wilhelm et al., 2013). The structural and 
functional properties of bacterial communities are also linked with the physicochemistry of 
bacterial taxa (Freimann et al., 2013). Changes in the rate of flow of stream water (run-off), 
temperature, sediment load, pH, and many more parameters have an important role for the 
residential and non-residential biota (Hotaling et al., 2017; Sheik et al., 2015; Milner et al., 
2010; Brown et al., 2007). 
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Figure 1
Microbial Diversity in the Proglacial Ecosystem along with the Proglacial Environment

Diversity and Taxonomy of Bacteria in the Proglacial Ecosystems of Different Region 
Overview from Polar Region
 	 A study conducted by Amato et al., (2007) revealed ten distinct isolated bacterial strains 
from snow cover composed of Proteobacteria, Firmicutes, and Actinobacteria by culture-
based method from a polythermal glacier in Svalbard (Norway). These bacteria are highly 
active in the degradation of organic compounds found in surface snow with the ability to 
metabolize substrates like formate, acetate, and propionate for sustainable growth during 
the melting season. A study on snow and meltwater on Ny-Å lesund (Svalbard, Norway) 
by Larose et al., (2010a) using the clone library found Betaproteobacteria, Sphingobacteria, 
Flavobacteria, Acidobacteria, and Alphaproteobacteria as dominant classes. Both the samples 
were sampled in the early spring and late spring, which shows the diversity in microbial 
community composition. The study on bacterial diversity in a glacier foreland of high artic 
on Ny-Å lesund (West Spitsbergen, Norway) by Schutte et al., (2010)Bacterial/analysis/
genetics</keyword><keyword>Ice Cover/*microbiology</keyword><keyword>RNA, 
Ribosomal, 16S/genetics</keyword><keyword>Sequence Analysis, DNA/methods</
keyword><keyword>*Soil Microbiology</keyword><keyword>Time Factors</keyword></
keywords><dates><year>2010</year><pub-dates><date>Mar</date></pub-dates></
dates><isbn>1365-294X (Electronic using 454 pyrosequencing of 16S rRNA gene where 
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Acidobacteria, Chlamydia, Nitrospira, Chloroflexi, Bacteroidetes, Proteobacteria, Firmicutes, 
Spirochaetes, Actinobacteria, Cyanobacteria, Verrucomicribia, and Drinococcus-Thermus 
are identified but Spirosoma, Sphingomonas, Terromonas, Hymenobacter, Gemmatimonas, 
Brevundimonas, and Sphingopyxis were dominated one. The 454 pyrosequencing and PCR 
amplification were used by Wilhelm et al., (2013) revealed that Proteobacteria, Bacteriodetes, 
and Actinobacteria were the dominant bacterial phyla whereas Verrucomicrobia, Nitrospira, 
and Cyanobacteria were specific to glacial ice and stream water along the main chain of 
Austrian Alps where bacterial communities exhibit different levels of spatial variation and 
response to some variation on environmental factors. Peter & Sommaruga (2016) discovered 
Sphingobacteria, Flavobacteria, and Betaproteobacteria as abundant phyla using the 16S 
rRNA gene on 454 gene sequencing on the Austrian Central Alps at glacier melting. The study 
conducted in the Revelva River and the Lake Revvatnet (Southwestern Spitsbergen, Norway) 
incorporating Illumina Miseq by Kosek et al., (2019) reported that variations on a landscape, 
nutrients, and the effect on environmental parameters due to seasonal changes helps to fit 
the phyla like Proteobacteria, Actinobacteria, Bacteroidetes, Firmicutes, Verrucomicrobia, 
Tenericutes, Cyanobacteria, and Acidobacteria as dominant classes . 
	 Worked out by Mojib et al., (2009) in the different categories of lakes in Schirmacher Oasis 
(Antarctica) like land-locked, proglacial and epi-shelf lakes was reported that Proteobacteria, 
Actinobacteria, Bacteroidetes, Fusobacteria, Verrucomicrobia, and Chlorobi show dominant 
phyla by using culture-independent and culture-dependent methods based upon bacterial 
16S rRNA gene analysis. Study of Huang et al., (2013) on East Antarctica through culture-
independent bacterial tag encoded FLX Amplicon Pyrosequencing (bTEFAP), clone library, 
and culture-based analysis targeting the eubacterial 16S rRNA gene. The most dominant 
bacterial phyla obtained from bTEFAP were Proteobacteria, Bacteroidetes, Actinobacteria, 
Chloroflexi, Actinobacteria, Firmicutes, Gemmatimonadetes, and Verucomicrobia, whereas 
Deinococcus-Thermus, Nitrospira, Candidate Division OP10, Planctomycetes, Candidate 
Division TM7, and Fusobacteria showed comparatively lower abundance in snow meltwater 
samples. Proteobacteria, Actinobacteria, Bacteroidetes, Fusobacteria, Verrucomicrobia, 
Chlorobi, and Candidate Division OP as dominant phyla while using the 16S rRNA gene. 
Hodson et al., (2017) discovered Proteobacteria, Bacteroidetes, Firmicutes, Acidobacteria, 
Cyanobacteria, Actinobacteria, and Verrucomicrobia were dominant bacterial phyla by using 
Illumina Miseq in Livingston Island of Maritime Antarctica. Weathering of dust and basal 
debris is likely to be an important contributing factor for biogeochemical and bacterial habitat. 
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A study carried out on Taylor Glacier (Antarctica) by Campen et al., (2019) using Illumina 
Miseq revealed Proteobacteria, Bacteroidetes and Actinobacteria were dominant bacterial 
phyla. Among the selected sampling sites from the Polar Regions, i.e., Arctic and Antarctica, 
for the study of abundant phyla using via different biological tools were shown in (Table 1 and 
2) respectively. 
Table 1 
Summary Table of the Arctic Region
Arctic Sampling site Biological tools Abundant phyla References

Arctic
Kongsvegen 
glacier

Culture-based 
Proteobacteria, 
Firmicutes 
Actinobacteria

Amato et al., 
2007

Arctic
Svalbard 
(Norway)

Clone library

Betaproteobacteria, 
Sphingobacteria, 
Flavobacteria, 
Acidobacteria 
Alphaproteobacteria

Larose et al., 
2010a

Arctic
Midre Lovén 
glacier

Clone library 
and 454 
pyrosequencing

Spirosoma, 
Sphingomonas, 
Terromonas, 
Hymenobacter, 
Gemmatimonas, 
Brevundimonas 
Sphingopyxis

Schütte et al., 
2010

Arctic
The Austrian 
Central Alps

PCR amplification 
and 454 
pyrosequencing 

Proteobacteria, 
Bacteriodetes, 
Actinobacteria, 
Verrucomicrobia, 
Nitrospira 
Cyanobacteria

Wilhelm et al., 
2013

Arctic
Fasel fad lakes 
(Austrian Central 
Alps)

Clone library 
and 454 
pyrosequencing

Sphingobacteria, 
Flavobacteria, 
Betaproteobacteria

Peter & 
Sommaruga, 
2016
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Arctic
Southwestern 
Spitsbergen 
(Norway)

Illumina MiSeq

Proteobacteria, 
Actinobacteria, 
Bacteroidetes, 
Firmicutes, 
Verrucomicrobia, 
Tenericutes, 
Cyanobacteria 
Acidobacteria

Kosek et al., 
2019

Table 2 
Summary Table of the Antarctica Region
Region Sampling site Biological tools Abundant phyla References
Antarctica Schirmacher 

Oasis
Culture-based 
and Clone 
library 

Proteobacteria, 
Actinobacteria, 
Bacteroidetes, 
Fusobacteria, 
Verrucomicrobia 
Chlorobi

Mojib et al., 2009

Antarctica East Antarctica 
(Lake Tawani)

Clone library 
and Culture-
based 

Proteobacteria, 
Actinobacteria, 
Bacteroidetes, 
Fusobacteria, 
Verrucomicrobia, 
Chlorobi Candidate 
Division OP 

Huang et al., 2013

Antarctica Livingston 
Island

Illumina Miseq Proteobacteria, 
Bacteroidetes, 
Firmicutes, 
Acidobacteria, 
Cyanobacteria, 
Actinobacteria 
Verrucomicrobia

Hodson et al., 2017

Antarctica Taylor Glacier Illumina Miseq Proteobacteria, 
Bacteroidetes 
Actinobacteria

Campen et al., 2019

Overview from the Third Pole Region
The third pole region covers the Tibetan plateau, and adjoining sites consists of high 
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mountains and snow covers with an average of 100,000 km2 and 46000 glaciers and called 
Asia’s water tower, supporting the livelihood of about 1.3 billion people (Adhikari et al., 
2019a; 2019b, Adhikari et al., 2020; Zhang et al., 2015; Yao et al., 2012). An early study in 
glacier meltwater on the East Rongbuk Glacier (Mt. Everest) revealed that Proteobacteria 
(Alpha, Beta, and Gamma), Actinobacteria, and Firmicutes as a dominant phylum using 
16S rRNA gene sequencing (Liu et al., 2009)350 m on the East Rongbuk Glacier, Mount 
Everest</title><secondary-title>Extremophiles</secondary-title></titles><periodical><full-
title>Extremophiles</full-title></periodical><pages>89-99</pages><volume>13</
volume><number>1</number><keywords><keyword>Bacteria/genetics/growth &amp; 
development/*isolation &amp; purification</keyword><keyword>Base Sequence</
keyword><keyword>DNA Primers</keyword><keyword>Microscopy, Electron, 
Transmission</keyword><keyword>Nepal</keyword><keyword>Phylogeny</
keyword><keyword>Polymerase Chain Reaction</keyword><keyword>RNA, Ribosomal, 
16S/genetics</keyword><keyword>Species Specificity</keyword><keyword>*Water 
Microbiology</keyword></keywords><dates><year>2009</year><pub-dates><date>Jan</
date></pub-dates></dates><isbn>1433-4909 (Electronic. The research carried out on 
bacterial diversity by Liu et al., (2011) concerned about microbial diversity of three different 
environments, i.e., surface snow, glacial stream, and moraine lake in Yala glacier (Nepal). 
Moraine Lake and stream environment were dominated by Bacteroidetes, Betaproteobacteria, 
followed by Actinobacteria using 16S rRNA gene clone library and flow cytometry. This 
showed the variations in microbial patterns in different ecosystems where nutrient availability 
is the major factor. A study of Srinivas et al., (2011) in proglacial soil from Kafni glacier (India) 
by using the 16S rRNA gene clone library reported that phyla Proteobacteria, Bacteroidetes, 
Actinobacteria, Chloroflexi, Spirochaetae, Tenericutes, and Verrucomicrobia were abundant 
ones. A study in vertical variation in large stratified lake Nam Co (Central Tibet) by Liu et al., 
(2016) revealed Actinobacteria, Proteobacteria, followed by Cyanobacteria and Firmicutes 
were dominant phyla using 454 pyrosequencing which indicated that bacterial abundance (BA) 
decreased along with depth while the viral abundance increased. A study of Liu et al., (2017) in 
the alpine glacial-fed lake from Western Tibet (Kalakuli) using 16S rRNA gene-based Illumina 
MiSeq sequencing reported Actinobacteria, Proteobacteria, Verrucomicrobia, Firmicutes, and 
Planctomycetes as dominant phyla, which shows the bacterial diversity was significantly 
affected by the ratio of water nutrients (TN and DOC) but bacterial community compositions 
were significantly correlated with both biotic and abiotic elements of BA, temperature, and 
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pH. Bacteriological study in a glacial-fed Tibetan lake conducted by Liu et al., (2019a) using 
16S rRNA gene sequencing and Illumina MiSeq observed that Bacteroidetes, Actinobacteria, 
Proteobacteria (Alpha and Beta), Firmicutes, and Cyanobacteria were dominant phyla in lake 
samples. Proteobacteria showed comparatively higher abundance in glacial melting (summer) 
time, where temperature and conductivity show a strong correlation with bacterial community 
composition. An investigation on bacterial diversity and abundance due to elevation pattern 
in mountain streams (Gangrigabu, Southeast Tibet) by Liu et al., (2019b) in the southeast of 
Tibetan Plateau using Illumina MiSeq showed that Proteobacteria (Alpha, Beta, and Gamma), 
Bacteroidetes, Actinobacteria, and Acidobacteria were dominant phyla. While all of these 
phyla were decreased with elevation but the bacterial phyla of Acidobacteria tend to decrease 
with increasing elevation. (Table 3) shows a summary among the sampling sites selected from 
the Third pole region for the study of abundant phyla using different biological methods.
Table 3 
Summary Table of Third Pole Regions
Region Sampling site Biological tools Abundant phyla References

Tibetan 
Plateau 

East Rongbuk 
glacier (Mt. 
Everest)

Clone library 

Proteobacteria 
(Alpha, Beta, 
and Gamma), 
Actinobacteria 
Firmicutes

Liu et al., 2009

Tibetan 
Plateau 

Yala glacier 
(Nepal)

Clone library 
and flow 
cytometry

Bacteroidetes, 
Betaproteobacteria, 
Actinobacteria

Liu et al., 2011

Tibetan 
Plateau 

Kafni 
Glacier(India)

Clone library

Proteobacteria, 
Bacteroidetes, 
Actinobacteria, 
Chloroflexi, 
Spirochaetae, 
Tenericutes 
Verrucomicrobia

Srinivas et al., 
2011

Tibetan 
Plateau 

Lake Nam Co 
(Central Tibet)

454 
pyrosequencing

Actinobacteria, 
Proteobacteria, 
Cyanobacteria 
Firmicutes

Liu et al., 2016
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Tibetan 
Plateau Lake Ranwu

Clone library 
and Illumina 
MiSeq

Bacteroidetes, 
Actinobacteria, 
Proteobacteria 
(Alpha and Beta), 
Firmicutes, 
Cyanobacteria

Liu et al., 
2019a

Tibetan 
Plateau 

Gangrigabu 
mountain 
(Southeast Tibet)

Illumina Miseq

Proteobacteria 
(Alpha, Beta, 
and Gamma), 
Bacteroidetes, 
Actinobacteria 
Acidobacteria

Liu et al., 
2019b

Figure 2 
Global Study of Microbial Diversity in the Glacial Ecosystem (Antarctic, Arctic, and Tibetan 
Plateau)

Conclusion

Although having different significant research carried out in the various fields on the Earth’s 
surface, but mountain glaciers are one of the most understudied areas, which tend to bring an 
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endangered and rapid change on the Earth’s topography and ecosystems, among them glacial 
ecosystem was underestimated. It is particularly interesting that deep mountain lakes occur 
at the base of glacier terminus and that these rapidly developed hydrological systems provide 
a unique opportunity to study the initial formation, colonization and, growth of microbial 
diversity in the glacial environment. This review will contribute to extending the role of 
microbial diversity that how microbial community will shifts the resources like nutrients 
and different cycling processes, i.e., nitrogen, sulfur, and carbon from glaciers on, within, 
and beneath of glaciers. From these, we can know that how these resources from glaciers 
affect the downstream ecosystems. This review concluded that Proteobacteria, Bacteroidetes, 
Cyanobacteria, Firmicutes, Verrucomicrobia, and Actinobacteria were the most dominant 
bacterial phyla. Such bacteria have a strong affinity to environmental parameters such as 
nutrients, temperature, radiation, electrical conductivity, pH, discharge volume of stream, 
and sediment load. The aforementioned dominant bacterial phyla showed a strong ability for 
survival in atypical conditions. Different biological approaches were used to revealed diverse 
results in bacterial communities. For the general approach to reviewing bacterial communities 
from Polar region and Third pole regions using 16S rRNA clone libraries and Illumina MiSeq 
from published papers. As we know, mountain glaciers accumulate the snowfall and exceed 
seasonal melting where different factors linked to climate change may favor significantly 
altering landscapes, nutrients, exposure of light, shifting the concentrations of different 
elements, and much more association which is interconnected with glaciers helps to alter the 
bacterial diversity, ecosystems, and their functions. Polar Regions and Third Pole regions 
are located in high altitudes and experience climate change, which contains diverse bacterial 
communities. Thus, high coverage biological analysis tools need to be used to study the exact 
picture of microbial diversity and community compositions. 
	 Mountain glaciers are the key components of varied ecosystems with different 
physicochemical aspects where microbial diversity plays a dominant role in it. Global warming 
brings changes in the role of geo-microbiological, biogeochemical, and ecological processes 
in the habitats of different bacterial communities. Since mountain glaciers are at a high risk of 
climate change-induced global warming, microbiological studies in mountain glaciers need to 
be prioritized. Similarly, methodologies also need to be optimized; our review uncovered that 
most of the studies were primarily focused on traditional culture methods and 16S rRNA clone 
library; besides these, we did not found the new types of emerging technologies like NGS tools 
were applied to finding the different results in the bacterial community. The NGS technique 
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allows the sequencing of DNA and RNA much more quickly than other ones to get a better 
result on specific bacterial groups and their relationships with environmental parameters. 
Moreover, all regions like the Arctic, Antarctic, Greenland, and Tibetan Plateau were located 
in the high elevated zone, which is immaculate, influences, and affected by climate change 
where the microbial community cannot remain unaffected. If we use the latest high coverage 
methods like NGS and other technologies, which help to expose the significantly different 
results and bacterial shifts from the previous studies in those regions. 
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