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Analysis of methanogenic community and pathway of coalbed
methane fields in the Qinshui Basin based on mcrA gene
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Abstract: [Objective] To analyse methanogenic community and the pathway of biogenic methane in
the formation water from coalbed methane (CBM) wells in the Qinshui Basin. [Methods] Based on the
methyl coenzyme-M reductase (mcrA) gene, the diversity of methanogens from different CBM wells
formation water were investigated by 454 pyrosequencing and aligning mcrA sequences from NCBI
functional genes library. [Results] The high-throughput sequencing indicated that the numbers of
OTUs (Operational taxonomic units) were 64 to 157 in five detected methanogens communities, only
22 OTUs were identical in all samples, which accounted for 14% to 34% in each sample. According to
the alignment results of high-throughput sequencing data and mcrA library, four genera were detected
in five formation water, including Methanobacterium, Methanomicrobium, Methanolobus and
Methanospirillum, the dominant genus was Methanobacterium. Phylogenetic analysis indicated that the
majority of unidentified genera were closely related to Methanobacterium, Methanomicrobium,
Methanococcus and Methanoculleus. Although the percentage of methanogens was different in five
sample, the detected genera were about the same. The hydrogenotrophic methanogenesis was main
pathway of methane formation in the Qinshui Basin. [Conclusion] The methanogens species were
obvious different in different CBM blocks of the Qinshui Basin. However, methanogenesis pathways
were similar and had no correlation with the geographical location and reservoir conditions.

Keywords: Qinshui Basin, Coalbed methane (CBM), mcrA gene, High-throughput sequencing,
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2 ZFR5454 %1 5 DNAREBNE
o Table 1 The measurement of samples DNA concent
2.1 EF4H DNA B2HNE -
Samples ID OD»g0/OD»g Concentration (mg/L)
A 1.88 172.8
DNA DNA B 1.99 47.4
C 1.93 112.1
2 23 kb D 1.60 38.2
S DNA E 1.65 2438
1
OD:60/OD»s 1.6-2.0 OTU 64-157 ( 2)
20 mg/L PCR 97% OTU
Chao 1 ACE
22 SBENFHFIISHT Shannon
2 Chao 1
69 891 ( 2 OTU D Chao 1
5 9 389-22 480 ACE  Shannon
bp M1 2 3 45
23 FIIS
NCBI SRA

(Sequence read archive)

SRA495307

24 SBENFSHFRIRERNSHTK
241 FHREERFEARS -

« 3 3A
A

Methanobacterium (2.63%) Methanomicrobium

2 S5AEHKAEEFE L DNA REER

Figure 2 Genomic DNA in five formation water samples

of the Qinshui Basin (0.01%)  Methanolobus (0.06%) 3B
Note: M: ADNA/Hind I11; 1: Sample D; 2: Sample A; 3: Sample E; 4:
Sample C; 5: Sample B. B Methanobacterium (48.25%)

R2 BBEENFMEIZKE. OTUs REHIHERILE

Table 2 Summary of reads, operational taxonomic units (OTUs) and diversity estimates

Chao ACE
Samples ID Reads OTUs Chao index ACE index Shannon index
A 22 430 98 109.333 109.303 2.340
B 9743 129 177.750 168.192 3.157
C 9389 64 90.250 87.122 2.415
D 12 629 157 193.250 176.189 4.139
E 15 620 83 93.929 97.481 1.495
97% OTU.

Note: The operational taxonomic unit (OTU) was defined with 97% similarity.
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Figure 3 Relative abundances of genus level methanogens
based on sequencing of mcrA gene in five samples
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Sample E.
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Figure 4 Phylogenetic tree showing relationships of mcrA gene sequences obtained from five formation water samples by
454 high-throughput sequencing
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Note: The mcrA gene sequences derived from 454 pyrosequencing are deposited in the NCBI SRA (Sequence Read Archive) under
accession No. SRA495307; Numbers at the node are the bootstrap values (%); Bootstrap values (1 000 replicates) less than 50% are not
shown; The scale bar represents 5% sequence difference; Accession numbers of partial sequences of mcrA gene from these genera are shown
in parentheses in GenBank; The digital in bracket represents the number of the genus’s sequence reads in each sample.
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