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£ %5 pmoA LR 1514 A189F F1 mb6e61r X 'E PCR
JLARZ 25 pl: 1 pl #2250 DNA,5 pL 1 5 GoTaq
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Figure 1.
representative of the oil field at the beginning of SHB.

Sample collection diagram of shunbei area. The Numbers 1-30 represent the sampling site and the

x1 TERVBUFEMNE

Table 1. Determination of physical and chemical properties of soil

Sample number  Site TOC/% Moisture content/% Hydrocarbon (C,—Cs)/(uL/kg) pH

CK1 Background  1.23+0.21 6.25+0.04 488+21 7.40£0.11
CK4 Background  2.61+0.10 3.74+0.07 503+18 7.56+0.23
0G6 Oil field 1.5440.15 8.61+0.02 610425 7.67+0.02
0G24 Oil field 2.89+0.33 3.1240.02 87340 7.2740.05
CK17 Background  0.71+0.47 7.97+0.01 67027 8.4140.31
CK28 Background  3.04+0.25 2.3240.01 579+33 7.68+0.10

1.3 pmoA E:E M LH P tE & PCR

SR FH Rotor Gene-Q 4%} PCR =¥ i1t
T RbfERhZe b . A E §t PCR(S149741 A189f Al
mb66.1r)1 2 12 EEIE (Ct {E) -5 5 R #5 DL 4L
(BN, M bR e o BRI 2 4P
Xif B o ARAE T AOFR T 2, R BRI A -
1 DNA FERPE NN, HdEE & PCR 15311 Ct

{ETT5 pmoA FER % DB, Ll ikdn FM.:
WA Z (20 pL): 10 L TB Green PCR Master Mix ., 1 pL
IEMSI. 1 ul 5140, 1 ul DNA &tk 7 ul
ddH,0. JZRigcfF: 94 °C 7R EL 10 min, 94 °C
50 s, 55-60 °CiB-k 50's, 72 °C 4E{f1 50 s,
I 40 MEER, TEHLERIE 72 °C FEff 10 min, ]
pmOA JEIKHE DU A th e AL AT 22
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Shunbei Profile
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Figure 2. pmoA quantitative and methane content map in Shunbei. CK stands for background area and OG stands for
oil field area. Each sample is made in two parallel rows, and the error bars indicate the degree of difference in the
samples.
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Figure 3. Correlation analysis diagram of surface methane content and methane oxidizing bacteria abundance. A:
correlation between pmoA gene and soil methane content. B: correlation between plate count results and soil methane

content.
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Figure 4.

Number of Shunbei methane oxidizing bacteria OTU. SHB1-1H and SHB1-5H represent the two

horizontal sections where the sampling points are located, respectively. The dotted line indicates the 1l methane

oxidation bacteria.
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98 'Uncultured Methylobacter sp. clone SP11H04 (AY203747)
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Uncultured bacterium clone FL.95 (HM481338)
Methylothrmus thermalis (AY829010)

76 Methylobacter tundripaludum (NR042107)
\;‘—T Uncultured gamma proteobacterium clone G29 (DQ837226)

99 Methylohalobius crimeensis (AB687535) 1

CK15
93 Methylocaldum gracile (MF614616)

Methylobacteriaceae bacterium DB-821 (MF526644)
Methylococcus capsulatus (AE017282)
CK28

CK7
Methylosinus trichosporium (AF150804)

Methylocella silvestris (NC019520)
9£ Methylomonas methanica (EU722434) i

Uncultured bacterium clone P8 (AB661620)

89

CK19
g9 Uncultured bacterium clone LGHO02 (JX648577)

0G21
Uncultured bacterium clone ML110 (EU723730)

Uncultured bacterium clone ML 144 (EU723733)

97 |CK4

Uncultured bacterium clone SNN37 (MF94O2731%
Uncultured bacterium clone HH-pmoA-CK-99 (FR799367)

100 lyncultured bacterium clone HH-pmoA-CK-3 (FR799326)
Uncultured bacterium clone WBC1 (KY 130269)

100 —— Nitrifyving bacterium clone AMOA1GI2 (KP265193)
Nitrosomonas eutropha Nm 57 (KU747123)

5. HixELE pmoA EREMRFLERRN

Figure 5.

Phylogenetic analysis of pmoA gene of methanotrophin. The tree was constructed using the

neighborjoining method in MEGA software. The scale bar represents 1% sequence divergence; values at the nodes are
the percentages of 1000 bootstrap replicates supporting the branching order; bootstrap values below 70% are not
shown. Representative clones obtained. in this study are shown in different sample number which represent different

methanotrophic groups.
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Figure 6. Map of geological section and source of microseepage in Shunbei area. A: relationship between the

abundance of methane oxidizing bacteria and geological faults. B: source of microleakage hydrocarbons. Os: Late
Ordovician rock formation; O1.,: Middle Ordovician and Early Ordovician rock formations; Z: Sinian rock formation.
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Figure 7. Influence of soil factors. A typical
correspondence analysis (CCA) sequence map of the oil
and gas microbial community was determined by the 16S
rRNA gene. The arrow points to a variable related to the
composition of the community, and the length of the arrow
indicates the percentage of the variable as a percentage of
the data. Hereinafter referred to as the sample name and
environmental factors: MC: water content; HC:
hydrocarbon content; TOC: total organic carbon.
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Characteristics and exploration significance of soil methane
oxidation bacteria above typical oil and gas reservoirs in Shunbei
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Abstract: [Objective] Methane oxidizing bacteria are important indicators for oil and gas exploration. For
example, characteristics of methane-oxidizing bacteria can be used to predict deep oil and gas reservoir. [Methods]
We studied the distribution of methane-oxidizing bacteria above typical reservoirs in Shunbei by using molecular
biology techniques combined with geochemical hydrocarbon indices. [Results] The copy number of pmoA gene
above the oil and gas field was positively correlated with the content of acid-hydrolyzed hydrocarbon, and the oil
and gas region was 0.5-2 orders of magnitude higher than the background region. The results of high-throughput
sequencing of 16S rRNA gene and cloning library of pmoA gene showed that the oil reservoir was mainly type |
methane oxidizing bacteria in Shunbei, as the distance from the oil field increases, the type I to type 1l phenomenon
of methane oxidizing bacteria exists. The abundance of Methylomonas sp. was quite different in the background
area and the oil and gas area. [Conclusion] The characteristics of methane oxidizing bacteria during long-term
micro-osmosis of hydrocarbons have certain indications for predicting deep reservoirs, Combining geological
profiles and surface hydrocarbons can effectively predict favorable reservoir areas.

Keywords: methane-oxidizing bacteria, abundance, acidolysis hydrocarbon, pmoA gene, population structure
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