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Development and application of a fluorescent quantitative real-time
PCR technique for detection of methane-oxidizing bacteria in oil and
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Abstract: [Objective] We developed a rapid SYBR Green I fluorescent quantitative real-time PCR
technique for detection of methane-oxidizing bacteria for microbial prospection of oil and gas.
[Methods] The recombinant plasmid containing pmoA gene was used as standards to optimize the
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experimental conditions and generate a standard curve. The sensitivity, reproducibility and specificity
of the technique were evaluated, and practical soil samples were detected using the technique. [Results]
The correlation coefficient (R%) of the standard curve was 0.999 9 and the amplification efficiency was
99.976%. The detection range was from 3.897x10' to 3.897x10° copies/uL and the sensitivity was
about 40 copies/pL. All variable coefficients of Cr values in the reproducibility test were better than
3%. In addition, no amplification was observed in the templates of 12 non-methane-oxidizing
bacteria. The technique showed good sensitivity, specificity and reproducibility. Soil samples
collected in the gas field, the oil field and the non-oil and gas field were detected using the technique,
and the gas field had high anomalies of methane-oxidizing bacteria. [Conclusion] The fluorescence
quantitative real-time PCR technique developed here could rapidly and exactly detect
methane-oxidizing bacteria for oil and gas exploration. At the same time, this technique could
contribute to detection of other indicator bacteria in oil and gas field soil.

Keywords: Methane-oxidizing bacteria, Fluorescence quantitative real-time PCR, pmoA gene, Oil and
gas field soil
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Figure 1 PCR amplification results of soil pmoA gene
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Note: M: 2 000 bp DNA marker; S: Soil sample.
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Figure 2 PCR amplification results of recombinant
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Note: M: 2 000 bp DNA marker; 1-10: Positive clones; 11:
Negative control.
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Figure 5 Standard curve of fluorescence quantitative PCR sensitivity evaluation
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Table 1 Results of reproducibility evaluation

Cr
Coeemimion (Eesin) Cr value Mean Star.ldzflrd Variable coefficient
2 3 4 5 6 value deviation (%)
3.897x10° 18.55 18.69 1834 1826 18.16 18.19 18.36 0.21 1.14
3.897x10° 25.76  26.11 26.08 26.10 25.54 25.65 25.87 0.26 1.00
3.897x10" 32.77 31.78 32.11 31.73 31.88 33.95 32.37 0.86 2.66
27 HRMREER T 74 °C 7 84 °C
Tm
DNA S 12 DNA

C 0
Tin 89.93 °C
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Table 2 Contents of pmoA gene of methane-oxidation bacteria in different depths of Xiaoquan gas field

Cr
Number of samples Depths (cm) Mean value of Cr Measured value (copies/pL) Gene content (copies/g)
XC6-1 5 24.04 2.72x10° 6.81x10°
XC6-2 20 24.04 2.74x10° 6.47x10°
XC6-3 40 24.90 1.53x10° 3.53%x10°
XC6-4 50 24.80 1.54x10° 3.80%10°
XC6-5 100 31.93 1.38x10" 3.19%10°
XC6-6 150 31.88 1.64x10" 3.96x10°
XC6-7 200 25.64 9.28x10? 2.00x10°
XC6-8 250 26.04 7.08%10% 1.42x10°
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*3 ANHBATRRRELEFRECEMNIEERSE

Table 3 Contents of pmoA gene of methane-oxidation bacteria in different depths of Xiliu oil field

Cr
Number of samples Depths (cm) Mean value of Cr Measured value (copies/pL) Gene content (copies/g)
XL1-1 5 28.92 6.10x10" 1.09%10*
XL1-2 20 28.49 7.83x10" 1.54x10*
XL1-3 40 24.57 2.67x10° 4.75%10"
XL1-4 50 25.57 1.44x10? 2.76x10"
XL1-5 100 29.68 7.18x10° 1.33x10°
XL1-6 150 28.79 1.42x10" 2.79x10°
XL1-7 200 33.26 1.10x10° 1.77x10?
XL1-8 250 28.44 1.71x10" 3.55%10°

*4 FHRSHAFRRELRFRECENIEERSE

Table 4 Contents of pmoA gene of methane-oxidation bacteria in different depths of non-oil and gas field

Cr
Number of samples Depths (cm) Mean value of Cr Measured value (copies/uL) Gene content (copies/g)
HF1 5 31.32 1.69x10" 3.07x10°
HF2 20 33.89 3.08x10° 4.47x10*
HF3 50 25.80 6.90x10° 1.26x10°
HF4 100 30.17 3.61x10' 6.44x10°
HF5 150 31.19 1.78x10" 2.31x10°
HF6 200 32.28 8.75%10° 1.14x10°
HF7 250 31.33 1.63%10" 2.33x10°
(1)
pmoA 100 cm C2-C8 2)
pmoA
( 9
50 100 cm
3
y, Y
Gene content (copies/g) 3 ﬁ‘h@
100 1000 10000 100 000 1000 000
5
20
5 50
2100
2150
200
250
mXiaoquan gas field =Xiliu oil field oNon-oil and gas field
. (
8 SH.HEMIEASHESTFIm AR BR RS ) [19-20]
pmoA £ F & 2RERE R T

Figure 8 Change in contents of methanotrophic pmoA
gene with depth in sediment of the vadose zone profile
above the gas field, the oil field and non-oil and gas field,
respectively
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