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METAGENOMIC ANALYSIS OF MICROBIAL COMMUNITY
IN COAL SAMPLES FROM KAZAKHSTAN
USING ILLUMINA NGS TECHNOLOGY

The development of micro- and biotechnological processes for fossil energy utilization has received
increasing attention in recent years. There are abundant coal resources in Kazakhstan; in particular, low-
rank coal resources of lignite and leonardite. These coal types are not exploited commercially due to
their low energetic power. However, they are considered as a rich source of humic substances (HS). The
HS in the soil play an important role in physical and chemical quality, carbon capture and stabilization
and in the inactivation of pesticides, heavy metals, as well as other polluting agents. Bioprocessing of
lignite also involves the production of clean energy.

Research on coal microbes is essential for microbial ecology and applied microbiology with regard to
the sustainable utilization of coal resources. Nevertheless, the inability of culturing vast amount (around
99%) of microorganisms in vitro counteract the research procedures. Currently, there is tremendous
advances in using non-culturing techniques based on omics to the examination of microbial diversity
of environmental compartments, such as soil, sediment, minerals, etc. Different omics tools, including
FISH, SIP, next generation sequencing (NGS), microarray, mass spectrometry, etc., evolve instant results
to provide comprehensive insight of the coal microbiome.

This paper discusses the findings and challenges in the study of Kazakhstan coal microbes, highlight-
ing lllumina NGS platform. Based on the results of the metagenomic analysis of coal samples (Oikaragai,
Lenger, Karaganda, Yekibastuz), 10 taxonomic groups of bacteria belonging to Proteobacteria, Teneri-
cutes, Actinobacteria, Firmicutes, Bacteroidetes, Nitrospirae, Chloroflexi, Gemmatimonadetes, Acido-
bacteriaand Fusobacteria were identified and analyzed.

Key words: lignite, leonardite, microbial diversity, microbial community, metagenomics, lllumina
Miseq sequencing
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BroAorms xxeHe B1MOTEXHOAOTUS MOCEAEAEPIHIH FBIAbIMM-3EPTTEY MHCTUTYThI,
an-Mapabu atbiHAaFbl Kasak YATTbIK, yHuBepcuTeTi, KasakcraH, AAmarbl K.

Illumina 3amaHaym TEXHOAOTMSICbIH KOAAAHA OTbIPbIN Ka3aKCTAHADIK,
KOMIp YATiAepiHAeri MUKPOOTbIK KaybIMAAQCTbIKTbIH, METareHOMMKaAbIK, aHAaAU3i

CoHFbl XXbIAAAPBI Ka30a aHepropecypcTapbiH KanTa OHAEY YLLUiH OMOTEXHOAOTUSIABIK, MPOLLECTEPAI
AaMbITyFa 6aca Haszap ayaapbiayaa. KasakcTaHaa KeMip KOpbl XKETKIAIKTI eKeHAIrT >KaAmbiFa MaAIM,
COHbIH, ilWiHAE, Carnacbl TOMEH KOHbIP >K8HE TOTbIKKAH KOHbIP KOMIp TYpPAepi KenTemn Ke3AeceAl.
KOHbIp KOMip (AUTHUTTEP) dHEepPreTUKaAblK, KYHAbBIAbIFbI TOMEH GOAFAHAbBIKTaH ©HEpPKaCinTe KeHiHeH
namaasatbiAMaiabl. COHbIMEH KaTap, oAap F'yMUHAI 3aTTapAbiH, (I3) eH 6ai ke3i GoAbIn TabblAaAbl,
COHAbIKTAH KeMipTeriHi 6ipKaAbINTbl ycTan Typy >X8He TypakKTaHAbIPY, MECTULMATEPAI, aybip
MeTaAAapAbl >XeHe 0acka Aa AacTarblll 3aTTapAbl MHAKTMBAUMSAQY CUSKTbl (PU3MKA-XMMMUSABIK,
NpouecTepAe MaHbI3Abl POA aTKapaAbl. AUTHUTTI BMOBHAEY Tasa SHEPTUsIHbI BHAIPYAI A€ KaMTUADI.

KeMipAiH MUKPOGTBIK, aAyaHTYPAIAITiH 3epTTey MMKPOOBTBLIK, SKOAOTUSI MEH KOMIp pecypcTapbliH
TYPaKTbl MarMAaAaHy YLiH KOAAAHbBIAATbIH MMKPOOGMOAOTMSHBIH KaAmMbl MIHAETI GOAbIN TabblAaAb.
Taburn >karpanmAapAa TIPLWIAIK eTeTiH MMKPOOPraHM3MAEpAIH 99%-bl 3epTXaHaAblK, Taxipubeae
namAaAaHbIAATbIH KOPEKTIK OpTaAapAa in Vitro »karaarbiHAQ ©CE aAMalTbIHABIFbI ABAEAAEHA. Kasipri
Ke3Ae KOopLlaFaH OpTaHblH HbICAHAAPbIH, MbICaAbl, TOMbIPAK, >KayblH-LIAWbIH, MWMHEPAAAAP >KoHe
T.6. CUSKTbl MMKPOOTbIK, aAyaHTYPAIAIKTI 3epTTeyre apHaAfaH OMMKaAapFa Heri3AeAreH ASCTYPAI
eMeC BAICTEPAI KOAAAHY YAKEH MYMKiHAIKTep Tyfbidyaa. FISH, SIP, 3amanaym cekeHupaey (NGS),
MMKPOUMIT, MAaCC-CMIEKTPOMETPUS >KaHe T.6. dPTYPAI 8AICTEP apKbIAbl XKEAEA HOTUXKE aAyFa, COHbIMEH
KaTap KemMipAiH MMKPOOTBIK, NMei3axk AapbiHbIH KYPbIAbIMbI MEH KYHi TypaAbl ManAaAbl aknapaTTapMeH
KamTamacbi3AaHAbIPAAbI.

ByA >kymbicTa lllumina NGS TeXHOAOTrMsIAbIK, MAATOPMACh] MANAAAAHbIAbIMN, Ka3aKCTaHABIK, KOMIp
YATIAEPIHIH MUKPOOTbIK, 8PTYPAIAITIHIH HOTUXEAEPI KOPCETIAreH >kaHe api Kapan TaAKblAaHaAbl. KOHbIp
kemipaepaiH, (Orikaparan, Aerip, KaparaHabl, ExibacTy3) metareHomabl capanTtamacbl OGOMbIHLLA
10 TakCOHOMMSIAbIK, TomKa Proteobacteria, Tenericutes, Actinobacteria, Firmicutes, Bacteroidetes, Ni-
trospirae, Chloroflexi, Gemmatimonadetes, Acidobacteria >keHe Fusobacteria >kataTbiH GakTepusAap
MAEHTUPMKALMIAQHADI XOHE CapaAaHADI.

TyHiH ce3aep: KOHbIP KOMip, TOTbIKKAH Kemip, MMKPOOTLIK aAyaHTYPAIAIK, MUKPOOTbIK,
KayblMAACTbIK, MeTareHomuka, Illumina Miseq cekBeHupaey.
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MeTtareHOMHbIi aHaAM3 MUMKPOOHOro Coo61LLLeCcTBa B 06pa3L,ax Ka3axXCTaHCKOIO Yras
C UCMOAb30BAHMEM TEXHOAOTMU CEKBEHUPOBAHMSI HOBOIroO nokoAeHus lllumina

B nocaeaHue roabl Bce 6GoAblLIee BHUMaHMeE YAEAGEeTCA pa3pa60TKe OUOTEXHOAOTNYECKUX
rnpoueccoB AA9 YTUAM3aAUMN NCKOMaeMbIX 3HEPropecypcos. Kak Mn3BeCTHO, B KasaxcTtaHe aocTatouyHO
YIrOAbHbIX peCypcCoB, B TOM YNCAE, HU3KOKa4YeCTBEHHbIX 6yple N OKMCAEHHbIX 6yprX yr/\el7|. Bypble YIrAn
(AMUTHUTBI) HE HAXOAST LLIMPOKOIro npnMeHeHmsa B NMNPOMbILUAEHHOCTUN MN3-3a UX HU3KOM 3Hepl'eTl/lquKOl7l
LleHHocTun. B 1o ke BpeM4, OHN ABAAIOTCA HanboAee 6oraTbiMU MCTOUYHMKAMM 'YMMHOBbIX BelleCTB (FB),
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M MOTOMY UrpaioT BaXKHYIO POAb B (DM3UKO-XMMMUYECKMX MPOoLLeccax, MPOUCXOASLLMX MPU YAABAMBAHMM
M cTabrAM3aUMK YTAEPOAQ, UHAKTMBALMM NMECTULIMAOB, TIXKEAbIX METAAAOB M APYIMX 3arpsI3HSIOLLMX
BelecTB. buoobpaboTka AUrHUTA Tak)Ke BKAIOYAET NMPOM3BOACTBO UMCTON SHEPTUMN.

M3yyeHne MMKPOOHOrO pasHOOOpasust yraein SIBASeTCs oOulein 3apavert 3KOAOrMYeCKOM U
MPUKAAAHOM MUKPOOMOAOT MU AAS 3HEKTUBHOMO MCMOAB30BAHMS YTOAbHbBIX PECYPCOB. AOKa3aHo, YTo
A0 99% MMKPOOPraHM3MOB, OOUTAIOLLMX B NMPUPOAHbBIX YCAOBMSX, HE CMIOCOOHbI PaCTM Ha MMTaTeAbHbIX
cpeaax in vitro, MCNOAb3yeMbiX B AaBOpaTOPHON NpakTUKe. B HacTosiee BpemMs UMEIOTCS OrPOMHble
BO3MOXXHOCTW B MCMOAb30BaHNMM HEKYABTYPAAbHbIX METOAOB, OCHOBaHHbIX Ha OMMKC-TEXHOAOTMUSIX
AASl M3YYEHUsl MUKPOOHOTO pa3Ho06pasns 06beKTOB OKPYXKAIOLLEN CPEAbI, TAaKMX Kak MOYBa, OCAAKM,
MWHEpaAbl U T.A.

B AaHHOM paboTe npeacTaBAeHbl M 06CY>KAAIOTCS pe3yAbTaTbl MUKPOOHOro pasHoobpasus npob
YIASl Ka3aXCTAHCKMX YTOAbHbIX MECTOPOXKAEHMIA, B KOTOPbIX NpUMeHsieTcs naatgopma TexHoAormu Illu-
mina NGS. o pe3yAbTatam MeTareHoMHOro aHaAm3a 06pasios yras (Ovikaparai, AeHrep, KaparaHaa,
IkmbacTys) 6bIAM MAEHTUDUUMPOBAHDBI U NMPOaHAaAM3MPOBaHbl 10 TaKCOHOMMYECKMX rpynn GakTepui,
npuHaaAexaumx K Proteobacteria, Tenericutes, Actinobacteria, Firmicutes, Bacteroidetes, Nitrospirae,

Chloroflexi, Gemmatimonadetes, Acidobacteria n Fusobacteria.
KatoueBble cAOBa: Oypblii YTOAb, OKMCAEHHbIM YrOoAb, MMKPOOHOE pasHoobpasue, MMKpoOHOe
coo0111ecTBO, MeTareHomrKa, cekseHmposanue llluminaMiseq.

Introduction

Due to the limited oil and gas resources
worldwide, coal will become the most important
energy source. With the consumption of 2007, in
terms of volume, coal reserves will be maintained for
146 years, while oil will be exhausted within 50 years
and natural gas within 63 years. After depleting oil
and gas reserves, the coal will monopolize the entire
fossil energy market. Obviously, coal, especially
lignite (brown coal), which accounts for 47.3% of
the world’s coal reserves, will become an important
research issue (Yong et al., 1995: 437-47).

At present, 96,4% of the world’s brown coal
output is obtained by burning electricity and heat
energy. It is a serious environmental pollution. The
harmful substances released by the combustion of
lignite are mainly sulfur oxides (SOx) and nitrogen
oxides (NOx), carbon dioxide, and some trace
elements. Statistical results for 2005 show that in
Canada25% of sulfur oxides, 10% of nitrogen oxides
and 17,2% of carbon dioxide present in atmosphere.
All come from the combustion of lignite; in China,
87% of sulfur oxides, 67% of nitrogen oxides and
71% of carbon dioxide is derived from the burning
of lignite (Xu et al., 2000: 153-160).Therefore, in
terms of environmental protection, combustion is not
a suitable technique, currently; chemical methods
are mainly used for gasification, liquefaction as
fuel or chemicals instead of oil substances to
achieve lignite. The conversion is not effective, as
it is carried out under high temperature and high-
pressure conditions, high-energy consumption,
harsh reaction conditions, and cost.

Due to the fact, new conversion technologies
are urgently needed to achieve the clean utilization

of lignite. Bioconversion technology uses microbes
to transform solid lignite into clean, cost-effective
products and energy. In contrast, microorganisms
have mild conditions of action, simple methods,
low equipment, and, more importantly, are
environmentally friendly.

At the same time, the complex structure of
lignite also indicates that the implementation of
this method can encounter greater difficulties.
Lignite biotransformation has opened up a new
way for efficient and clean use of coal, and it has
become a research subject. Most lignite have high
ash (about 30%), high moisture (20-50%), low
calorific value (about 14 MJ-kg-1), low ash melting
point, poor thermal stability, and susceptibility to
spontaneous combustion, etc. (Yuan et al., 2002:
13 — 17; Dai et al., 1998: 4-7; Nakagawa et al.,
2004: 719-725),meanwhile, it is considered a humic
substance (HS) rich source.

HSs are polyelectrolyticmacromolecules which
play a crucial role in global C and N cycling and
in the regulation of the plant nutrients mobility
and environmental contaminants (Weber: 1988:
165—78; Murphy et al., 1995: 103-24; Christl et al.,
2000: 617-25). The HS are important for physical
and chemical quality of soil, carbon capture and its
stabilization (Piccolo et al., 2004: 329-343), and in
the neutralization of pesticides, heavy metals, and
other polluting agents (Bandeiraet al., 2009: 78-
91). HSs also stimulate plant growth (Badis et al.,
2009: 997-1007), as they induce root proliferation,
and stimulate root system (Barros et al., 2010:
3681-3688). It was reported that some microbes
couldgrow on coal and modify it with both non-
enzymatic and enzymatic processes by producing
humic acid and water-soluble humic material,
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including fulvic acids (Fakoussa, 1981: 634-642;
Cohen et al., 1982: 437-47).

Research on biological processes for the
utilization of fossil energy has received increasing
attention in recent years. Microbial treatment has
been considered as an economically effective
and environmentally safe way of processing low-
rank coals via degradation of the macromolecular
network into simpler molecular products (Fakoussa
etal., 1999: 25-40; Gupta et al., 2000: 103-5; Helena
et al., 2002: 17-23). Thus, one of the advantages of
biotechnological processing of coalsis to detect,
identify and enumerate the microbiota, potential for
bioconversion of lignite and leonardite.

There are abundant lignite and Ileonardite
resources in Kazakhstan and coal with low calorific
value and high ash content is piled up as rubbish
causing a serious waste of resources as well as
environmental pollution. Kazakhstan needs to
acquire new technologies for coal processing,
especially green-based approaches. Certainly,
the micro- and biotechnological means of coal
processing has a number of advantages, which
dictates the need to study microbial diversity of coal
as an essential source of environmentally friendly
energy and products (Crowford et al., 1991: 577-80;
Polman et al., 1995: 249-55; Yong et al., 1995: 437-
47; Davison et al., 1990: 447-56).

Relatively little studies have been conducted to
evaluate microbiota of Kazakhstan coal. However,
no research has addressed the microbial community
diversity and structure using novel culture-free
molecular techniques, especially Illmina MiSeq
sequencing. The present work is intended togenerate
an inventory of the microbial diversity, particularly
differences in the distribution of specific taxonomic
bacterial groups in coal samples by means of
[llumina Miseq approaches.

Materials and Methods

Coal samples. Thelignite and leonarditesamples
werecollected in four points of Kazakhstan
coal deposits. The top layer of 1,5-2,0 cm coal
removed with a sterile knife and 500-600 gams
of lignitesamples gathered with sterile spatula to
the depths of 30 cm. The leonardite samples were
placed in a sterile container and transported to the
laboratory. Each sample waslabeled indicating the
date and sample number. During transportation and
storage of coal samples the rules have been followed
in order to prevent the possibility of secondary
pollution. The coal sampling points are shown in
Fig.1.

ISSN 1563-0218; eISSN 2617-7498

No.1. Leonardite “KLE”: Karagandy

No.2. Lignite “KLI”: Karagandy

No.3. Lignite “LLI": Lenger

No.4. Leonardite “LLE”: Lenger

No.5. Leonardite “OLE”: Oikaragai

No.6. Lignite “OLI”: Oikaragai

No.7. Lignite: “YLI”: Yekibastuz

Sequencing:

1. Extraction of genome DNA. Total genome
DNA from samples was extracted using CTAB/
SDS method. DNA concentration and purity was
monitored on 1% agarose gels. According to the
concentration, DNA was diluted to Ing/puL using
sterile water (Hess et al., 2011: 463-467; Avershina
al, 2013: 211-216).

2. Amplicon Generation. 16S TRNA genes of
distinct regions (16SV4 were amplified used specific
primer (e.g.16S V4: 515F-806R ) with barcode.
All PCR reactions were carried out with Phusion®
High-Fidelity PCR Master Mix (New England
Biolabs, England).

3. PCR Products quantification and qualification.
The same volume of 1X loading buffer (contained
SYB green) with PCR products were mixed and
detected on 2% agarose gel electrophoresis. Samples
with bright main strip between 400-450 bpwere
chosen for further experiments.

4. PCR Products cleanup and purification. PCR
products were mixed in equidensity ratios. Then,
mixture PCR products was purified with Qiagen Gel
Extraction Kit (Qiagen, Germany).

5. Library preparation and sequencing. Sequencing
libraries were generated using TruSeq® DNA
PCR-Free Sample Preparation Kit (Illumina, USA)
following manufacturer’s recommendations and index
codes were added. The library quality was assessed on
the Qubit@ 2.0 Fluorometer (Thermo Scientific) and
Agilent Bioanalyzer 2100 system. Finally, the library
was sequenced on an [lluminaHiSeq2500 platform and
250 bp paired-end reads were generated.

Data analysis

1. Paired-end reads assembly and quality
control

1.1 Data split. Paired-end reads was assigned to
samples based on their unique barcode and truncated
by cutting off the barcode and primer sequence.

1.2 Sequence assembly. Paired-end reads were
merged using FLASH (V1.2.7,http://ccb.jhu.edu/
software/FLASH/) (Caporaso et al., 2011: 4516-
4522), a very fast and accurate analysis tool,which
was designed to merge paired-end reads when at
least some of the reads overlap the read generated
from the opposite end of the same DNA fragment,
and the splicing sequences were called raw tags.
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9 - The numbers of sampling locations
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Figure 1 — The location and number of coal (lignite and leonardite) sampling points

1.3 Data filtration. Quality filtering on the
raw tags were performed under specific filtering
conditions to obtain the high-quality clean tags
(Youssef et al., 2009: 5227-5236) according to the
QIME(V1.7.0,http://qiime.org/index.html)  (Hess
etal., 2011: 463-467) quality controlled process.

1.4 Chimera removal. The tags were compared
with the reference database(Gold database,http://
drive5.com/uchime/uchime download.html)using
UCHIMEalgorithm(UCHIME Algorithm,http://
www.drive5.com/usearch/manual/uchime algo.
html) (Asnicar et al., 2015: 1029)to detect chimera
sequences, and then the chimera sequences were
removed (DeSantiset al., 2006: 394-399). Then the
Effective Tagsfinally obtained.

2. OTU cluster and Species annotation

2.1 OTU Production. Sequences analysis were
performed by Uparse software (Uparse v7.0.1001)
(Ondovet al., 2011: 385). Sequences with >97%
similarity were assigned to the same OTUs.
Representative sequence for each OTU was screened
for further annotation.

2.2 Species annotation. For each representative
sequence, the GreenGene Database(http://
greengenes.lbl.gov/cgi-bin/nph-index.cgi)
(Bulgarelliet al., 2015: 392-403) was used based
on RDP classifier (Version 2.2, http://sourceforge.
net/projects/rdp-classifier/) (Liet al.,, 2013:

4207-4216) algorithmto annotate taxonomic
information.

2.3 Phylogenetic relationship Construction. In
order to study phylogenetic relationship of different
OTUs, and the difference of the dominant species
in different samples(groups), multiple sequence
alignment were conducted using the MUSCLE
software (Version 3.8.31http://www.drive5.com/
muscle/) (Lundberget al., 2013: 999-1002).

2.4 Data normalization. OTUs abundance
information were normalized using a standard of
sequence number corresponding to the sample with
the least sequences. Subsequent analysis of alpha
diversity and beta diversity were all performed
basing on this output normalized data.

3. Beta Diversity.

Beta diversity analysis was used to evaluate
differences of samples in species complexity, Beta
diversity on both weighted and unweighted unifrac
were calculated by QIIME software (Version
1.7.0).Cluster analysis was preceded by principal
component analysis (PCA), which was applied
to reduce the dimension of the original variables
using the FactoMineR package and ggplot2
package in R software(Version 2.15.3). Principal
Coordinate Analysis (PCoA) was performed to get
principal coordinates and visualize from complex,
multidimensional data. A distance matrix of
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weighted or unweighted unifrac among samples
obtained before it was transformed to a new set of
orthogonal axes, by which the maximum variation
factor is demonstrated by first principal coordinate,
and the second maximum one by the second
principal coordinate, and so on. PCoA analysis was
displayed by WGCNA package, stat packages and
ggplot2 package in R software (Version 2.15.3).
Unweighted Pair-group Method with Arithmetic
Means(UPGMA) Clustering was performed as a
type of hierarchical clustering method to interpret

the distance matrix using average linkage and was
conducted by QIIME software (Version 1.7.0).

Results and Discussion

Currently the challenge in isolating the whole
microbial biodiversity is not conditional with
traditional methods of cultivation, but this approach
allows the clearest and most detailed study of the
microbial structure and stepwise characteristics,
particularly the functional groups of microorganisms.
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Figure 2 — The statistical amount of sequences of each coal sample at various classification level
(Y-axis: the tags number of each classification level, X-axis: the samples name)

In our study, in general, 75777, 86518, 84434,
76929, 80420, 73629 and 73857 sequences were
obtained from the seven coal samples, indicated
as KLE, KLI, LLI, LLE, OLE, OLI and YLI. As a
result, the abundance of bacterial species sequences
(BSS) was considerably higher in samples of KLI,
LLI and OLE; while lower BBS was observed in
OLI and YLI samples (Fig.2.)

(Total Tags number (red) indicates the splicing
sequence number. The taxon tags (blue) indicates
the number of Tags for building OTUs. Unclassified
Tags (green) refers to the building OTUs but without
classified information access. Unique Tags (yellow)
refers to the frequency is 1, but cannot be clustering
to the OTUs. Number of OTUs (purple) refers to the
Number of OTUs finally received) (Fig.3.).
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It is known that operational taxonomic
units (OTUs) can be constructed by clustering
sequences de novo, essentially based on their
similarity, which is computationally much more
intensive. Here, in order to study the species
composition of each sample, the Effective Tags
of all the samples were clustered into OTUs with
97% identity, and species annotations were then
performed on the representative sequences of
OTUs.

Of those sequences, total 77015, 87037, 84761,
78590, 81889, 73885 and 78690 Tags, and 1019,
709, 628, 1212, 682, 551 and 799 OTUs were
found in KLE, KLI, LLI, OLE, OLI and YLI,
respectively.
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In order to study the resemblance between
different coal samples, clustering analysis are
used to build a clustering tree. In environmental
microbiology, UPGMA (Unweighted Pair-group
Method with Arithmetic Mean) is a more commonly
adapted cluster technique, which was first used to
solve the classification puzzle. Thismethod was used
to visualize the interrelationship of test samples. The
distance matrices were detected through Unifrac
analyses (Fig.4.).

Top ten bacterial genera abundance in phylum
level of seven samples were also compared (Fig.5.).

In general, top 10 bacterial phyla were identified
in coal samples, with Proteobacteria, Tenericutesand

0.754

0.59

Relative Abundance

0.254

Actinobacteria mainly being dominant among
samples. The relative abundance of Proteobacteria,
the greatest plentiful phylum in the samples, ranged
from 20,3% to 95,5% of the total bacterial 16S rDNA
gene sequences. Actinobacteria was the second
abundant phylum in the samples of KLE, LLE and
YLI with a relative abundance of 25,3 — 43,0%.
The relative abundance of Tenericutes was rich
in OLE, showing 65,4%. The relative abundance
of Firmicutes and Bacteroideteswere around 3,2-
45%, Nitrospirae phylum showed 20% abundance
only in LLP. Chloroflexi, Gemmatimonadetes,
Acidobacteria and Fusobacteria were not significant
in all samples.
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Figure 5 — Relative abundance of various bacterial phyla in coal samples

Moreover, some previous studies also found that
Proteobacteria, Actinobacteria and Firmicuteswere
also among the most abundant phyla in the
wastewater from coal-mining industry analyzed by
[llumina high-throughput sequencing (Lozuponeet
al., 2005: 8228-8235).

A total of 100 bacterial genera were identified
via taxonomic summary. Among the all coal
samples, the relative abundance of Phyllobacterium,
Pseudarthrobacter and Leptospirillumwere

ISSN 1563-0218; eISSN 2617-7498

observed, while Candidatus Bacilloplasma showed
maximum level in OLE.(Fig.6-8.).

A large majority of Phyllobacterium are plant-
associated nitrogen-fixing bacteria and occupy
diverse ecological niches (Avershinaet al., 2013:
211-216). Their great variety of habitats suggests
that these genera have evolved essential adaptive
properties to the environment. Additionally, their
nonpathogenic status and their ability to promote
plant growth has made them attractive.
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Conclusion

Currently, there is a steady trend towards a
transition to systemic biology, which is strongly
pronounced in the field of ecology of microbial
communities. Recognition of the impossibility of
considering an integral system from the point of
view of the properties of its individual components
allowed a completely different look at the approaches
used in biological research.

The main advantage of the metagenomic
approach is its comprehensive framework -
it allows to study not only the functions of
individual components of the microbiome, but
also the integral roles of the microbial community
as a whole, treating it as a set of interacting
microorganisms. The conducted in-depth work
in this field reveled several fundamentally and
crucial features of microbiota in Kazakhstan coal
samples.
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