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 Methanotrophic bacteria play a role in methane oxidation in rice fields. Methanotrophic 

bacterial isolates of BGM 1, BGM 5, BGM 9, and SKM 14 were known as methane 

oxidizer in rice fields. Differences in methane-oxidizing microbial community 
composition in the soil affect CH4 emission in rice fields. This study investigated 

methane-oxidizing microbial communities succession based on pmoA gene using 

DGGE (Denaturant Gradient Gel Electrophoresis) technique and compared 
measurements of actual and estimation of methane emission. The DGGE result showed 

methane-oxidizing microbial community succession during the vegetative phase to 

generative phase. The treatment whose rice clumps was soaked by biofertilizer showed 
both the highest diversity and the lowest emission than the control treatment as well as 

the treatment which only spread by biofertilizer. The blast result of DGGE bands were 

closely related to uncultured bacterium pmoA gene clone 18f_9H, uncultured bacterium 
pmoA gene clone 16-2000yo-B, and uncultured bacterium pmoA gene clone 32-

2000yo-B. Phylogenetic tree showed those bands were clusterred to Methylococcus 

capsulatus strain BL4 and Methylocystis sp. strain H9a. The actual result of methane 
gas emission measurement in this study had similar trend to the estimation result 

analyzed by DNDC 9.5 software. Methane gas emission rate was decreased from the 
vegetative phase to the generative phase. 
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INTRODUCTION 

 

Methane gas (CH4) in the atmosphere showed increasing concentration from 715 ppb to 1732 ppb in 1970 till 

early 1990 and has increased again as of 1774 ppb in 2005 [1]. CH4 gas can absorb infrared radiation 25 times 

more effective when compared to CO2. Based on data in United States Environmental Protection Agency's for 

Greenhouse Gas Report in 2010, Indonesia is the seventh largest contributor of methane gas emission from rice 

fields in the world. Setyanto reported that flooding activity in rice fields and other wetlands are one of the sources 

of the emergence of CH4 emission [2]. Flooded soil conditions caused reductive condition in the soil then the 

growth of methanogens increased. Along with the increase in rice production, CH4 emission will also be 

increased if the management is not accompanied by efforts to reduce the emission.  The utilization of 

methanotrophic bacteria can be used to reduce the emission.  

Methanotrophs are unique bacteria which can use methane as their sole source of carbon and energy. The 

ability of methanotrophs to oxidize methane is due to the activity of the enzyme methane monooxygenase. There 

are two distinct forms of this enzyme viz the cytoplasmic soluble methane monooxygenase (sMMO) and the 

membrane-bound particulate methane monooxygenase (pMMO) [3]. The pMMO is commonly found in all 

methanotrophs rather than sMMO. The pMMO is coded by three contiguous genes  viz pmoA, pmoB, and pmoC. 

The pmoA gene is highly conserved and often used as a functional marker for analyzing methanotrophs in the 

environment [4]. Based on their cell morphology, ultrastructure, phylogeny, and metabolic pathways, 

methanotrophs can be divided into three taxonomic groups: type I, type II, and type X. Type I methanotrophs 

include the genera Methylobacter, Methylomicrobium, Methylomonas, Methylocaldum, Methylosphaera, 

Methylothermus, Methylosarcina, Methylohalobius, Methylosoma, and Methylococcus, which belong to the 

gamma subdivision of the Proteobacteria. The type II methanotrophs include the genera Methylocystis, 
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Methylosinus, Methylocella, and Methylocapsa are in the alpha subdivision of the Proteobacteria [5]. 

Methylococcus capsulatus is the species of type X methanotrophs. 

The CH4 oxidation activity in rice fields is closely related to the their diversity, however ± 99% of bacteria in 

environment is classified as unculturable bacteria [6]. It makes the bacteria could not be isolated in artificial 

media but can be determined by using the metagenome technique. One technique that can be used is DGGE 

(Denaturing Gradient Gel Electrophoresis). The introduction of DGGE to microbial ecology provides a valuable 

molecular fingerprinting technique for studying microbial community structure. DGGE facilitates separation of 

mixtures of PCR-amplified gene fragments based on sequence differences and allows large numbers of samples 

to be analyzed simultaneously. Eventhough this technique is ideally suited for monitoring the dynamics of 

microbial communities influenced by environmental changes escpecially in rice fields but the microbial 

community succession which related to pmoA gene in rice fields based on the time change during the crop phase 

is still unknown. The major aims of this research were to study microbial community succession and also to 

measure the CH4 emission in rice fields. 

 

MATERIAL AND METHODS 

 

Bacterial Isolates Preparation: 

 Isolates of methanotrophic bacteria BGM 1, BGM 5, BGM 9, and SKM 14 [7] were purified in Nitrate 

Mineral Salt (NMS) +1% methanol. Each isolate of bacteria was incubated at 27
o
C for 3-7 days. One loop of the 

bacteria was cultured  in 300 ml media. The culture then incubated in rotary shaker (± 37
o
C) for 10 days until the 

total of cell was 10
8
 cell ml

-1
.  

 

Rice Planting: 

Rice planting was done at Cidahu Village, Sukabumi, West Java. Each plot measured approximately 150 m
2
 

with 2020 cm of planting distance. Control treatment used a patch while soaking and spread treatments 

respectively used four patch. The rice clump then planted in rice fields. In the control treatment, the patch was 

given by 300 kg ha
-1

 of NPK fertilizer. In the soaking and spread treatment, the patch was given by 200 kg ha
-1

 of 

NPK fertilizer and biofertilizer but in the soaking treatment the clumps were soaked with biofertilizer liquid for 

15 minutes before being transferred to the patch. 

 

Soil Characteristic Analysis: 

One kilogram of soil samples were taken from each plot then sent to the Soil Laboratory at Center for 

Agricultural Land Resources, Soil Research Institute, Bogor to be analyzed its physical-chemistry characteristic. 

 

DNA Extraction and Quantification: 

Soil samples which taken at 30 DAP, 60 DAP, and 90 DAP from each treatment were extracted to get the 

DNA template using PowerSoil
TM

 Soil DNA Isolation Kit, MO BIO Laboratories, USA. DNA template was 

quantificated using Nanodrop. 

 

PCR Amplification: 

PCR amplification reactions were performed in 25 µL (total volume) reaction mixtures in 0.2 ml PCR tubes 

using ESCO DNA thermal cycler. All PCR amplification of the pmoA gene used the GC-A189f (5’- CCC-CCC-

CCC-CCC-CGC-CCC-CCG-CCC-CCC-GCC-CCC-GCC-GCC-CGG-NGA-CTG-GGA-CTT-CTGG-3’) and 

A682r primer (5’-GAA-SGC-NGA-GAA-GAA-SGC-3’) [8]. Individual reagents and their concentrations of 

amounts were as follows : 12.5 µL of Taq DNA polymerase (supplied by KAPA 2G Robust Hot-Start, KAPA 

Biosystems USA), 1.25  µL of each primer (20 pmol), 3 µL of DNA template (~100 ng µL
-1

), and 7 µL of 

ddH2O. The PCR steps were optimized and consisted as follows : 95 
o
C for 1 min, followed by 30 cycles of 95 

o
C 

for 15 s, 59 
o
C for 15 s, 72 

o
C for 15 s, and final extension at 72 

o
C for 10 min. PCR products were 

electrophoresed on 1.5% agarose gel at 80 V for 60 min. Agarose gel then stained using 1% EtBr for 15 min and 

visualized by Gel Doc 1000 (BIO-RAD, USA). 

 

DGGE Analysis of the pmoA Gene: 

 PCR products amplified with GC-A189f and A682r primer set were separated on a gradient of 35-80% [8] 

using a DCode
TM

 Universal Mutation Detection System (BIO-RAD, USA) on 1-mm-thick polyacrylamide gels 

(6% [wt/vol]) acrylamide-bisacrylamide [37.5:1]) (BIO-RAD, USA). The gel was electrophoresed in 1XTAE at 

60 
o
C and 150 V for 6 hours. The gel then stained using SYBR Safe for 60 min and scanned by Gel Doc 1000 

(BIO-RAD, USA).  
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DGGE Bands Extraction and Re-PCR: 

Samples of individual DGGE bands were excised from ployacrylamide gel using sterile scalpel then inserted 

to a microtube consisted of 50 µL of sterile biquadest. The microtube was incubated at 4 
o
C overnight and 60 

o
C 

for 2 hours [9] [10]. A 10 µL (~30 ng µL
-1

) of template was used for PCR nested reaction. The reaction used 

A189f (without GC Clamp) and A682r primer set. The PCR steps were used as the protocol from KAPA 2G 

Robust Hot-Start and set as follows : 95 
o
C for 1 min, followed by 30 cycles of 95 

o
C for 15 s, 55 

o
C for 15 s, 72 

o
C for 15 s, and final extension at 72 

o
C for 10 min. The  Re-PCR products were sent to 1

st 
BASE Malaysia to be 

sequenced. Nucleotide sequences were blasted in www.ncbi.nlm.nih.gov and analyzed to get the phylogenetic 

tree using the neighbour joining program in MEGA 5 software. 

 

Methane Gas Emission Measurement: 

 Gas sampling was taken by closing the sample plots in the fields with the lid box. A box was placed in each 

treatment. Gas samples then taken from the inside the box using a 100 ml syringe then stored in vacuum glass 

bottle. Gas sampling was conducted on vegetative and generative phase. At 30, 60, and 90 DAP (Days After 

Planting), the gas was taken in two different times, shortly after the laying of the lid (t0) and 3 hours (t3) after lid 

box covering. Gas samples then were sent to Greenhouse Gas Laboratory, Environmental Research Institute of 

Agriculture, Jakenan Pati, Central Java to be analyzed the CH4 concentration. The CH4 concentration results 

converted to obtain the flux rate of gas change emission during the cropping time. The CH4 emission was also 

simulated by DNDC 9.5 software to obtain the flux rate of the gas concentration through the year of cropping. 

 

Results: 

Soil Characteristic: 

Soil characteristic plays an important role on biogeochemical systems in nature. Based on the United States of 

Department of Agriculture soil criteria, the analysis result showed that the composition of the soil with 16% of 

sand, 33% of silt and 51% of clay then categorized as clay loam soil. Soil contained 1.81% of C. Based on the 

result obtained, it can be seen that the carbon content in soil was classified as low category. In addition to the soil 

organic content, the pH value also played an important role in influencing the development of microorganisms. 

Soil pH value obtained was 5.2 and categorized as acidic soil pH.  

 

DNA Concentration and PCR Amplification: 

Quantification results obtained from the DNA template extraction process indicated that the DNA 

concentration of all samples were not much different. The result showed that the concentration ranged from 24.4 

to 28 ng µL
-1

 (Table 1). The average concentration of DNA template observed was around 26.27 ng µL
-1

. The 

result also showed that the size of all samples using GC- A189f and A682r on 1.5% agarose gel was around 508 

bp (Fig 1).  

 
Table 1: DNA template concentration. 

Treatment Day DNA concentration 
(ng µL -1) 

A260/A280 

 30 26.0 1.96 

Control 60 24.4 1.97 

 90 24.5 1.90 

 30 28.0 1.94 

Soaking 60 24.4 1.95 

 90 27.9 1.98 

 30 27.4 1.99 

Spread 60 26.6 1.92 

 90 27.2 1.98 

 

 
 

Fig. 1: PCR amplification of pmoA gene. K (control), C (soaking treatment), and TC (spread treatment). The 

following number 1, 2, 3 : 30, 60, and 90 days after planting respectively. 

  

DGGE Profile: 

The DGGE analysis showed some bands which appeared on the gel (Fig 2a,b). Overall the soaking treatment 

showed the highest diversity compared than other treatments. Due to the crop phase, the highest diversity at 30 

DAP was obtained at the soaking treatment followed by control and spread treatment. The same pattern was also 

http://www.ncbi.nlm.nih.gov/


53                                                                        Hendri Sutanto et al, 2014 

Advances in Environmental Biology, 8(14) Special 2014, Pages: 50-56 

obtained at the soaking treatment which showed the highest diversity than other treatments at 60 DAP and 90 

DAP. The control treatment showed the second highest diversity at 60 DAP but became the lowest diversity at 90 

DAP. There were twelve different bands obtained; however, there were only four bands (band no 1, 4, 8, and 12) 

chosen to be sequenced in this research. The  band no 8 was recalcitrant to be extracted from gel.  The blast result 

showed the band no 1 had 99% similarity to uncultured bacterium pmoA gene clone 18f_9H while band no 4 and 

12 had 98% and 96% similarity to uncultured bacterium pmoA gene clone 16-2000yo-B and uncultured 

bacterium pmoA gene clone 32-2000yo-B respectively.  

 

 
 

Fig. 2:  DGGE band profile on the polyacrylamide gel (a) and the band pattern illustration (b) with the pmoA 

primer set targetting the gene of pmoA. The thick bands referred to the sequenced band. K (control), C 

(soaking treatment), and TC (spread treatment). The following number 1, 2, 3 : 30, 60, and 90 days after 

planting respectively. 

 

The Phlyogenetic Tree Profile: 

 There were five genera of methanotroph used as clustering comparation in this phylogenetic tree. They were 

Methylomonas, Methylobacter, Methylococcus, Methylosinus, and Methylocystis. The band no 1 was closely 

related to Methylocystis sp. strain H9a while the band no 4 and 12 were closely related to the Methylococcus  

capsulatus strain BL4 (Fig 3). The phylogenetic tree also showed Methanogen sp. TM 20-1 as outgroup of this 

clustering result.  

 
 

Fig. 3: The phylogenetic tree constructed with pmoA gene sequences. The scale bar indicates the estimated 

number of base changes per nucleotide sequence position. 

 

Methane Gas Emission: 

 The lowest methane gas emission in the generative phase was obtained at the soaking then followed by the 

spread and control treatment respectively (Fig 4). The estimation gas emission rate was increased at the early day 

of planting phase then decreased significantly. The rate was showed to increase again till around 35 days after 

planting then decreased slightly till the generative phase. The soaking treatment showed 12.29% lower emission 

of methane while the spread treatment only showed 2.29% lower emission of methane compared than control 

treatment (Table 2). 

 

 
 

Fig. 4:   Flux rate of CH4. Symbols: (     ) the estimation result of the control treatment; (    ) the estimation result 

of the soaking treatment; (     ) the estimation result of the spread treatment; (     ) the actual result of the 

control treatment; (     ) the actual result of the soaking treatment; (     ) the actual result of  the spread 

treatment. 

 

 The decreasing percentage comparation of methane emission from vegetative phase to generative phase was 

not slightly different at all treatments. The methane gas oxidation at the soaking treatment showed the better 
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percentage than spread treatment compared than control treatment. It can be seen from the methane gas emission 

which produced from all treatments. The soaking treatment showed 12.29% lower emission of methane while the 

spread treatment only showed 2.29% lower emission of methane compared than control treatment.  

 
Table 2: Comparation of estimation and actual result of CH4 emission. 

Treatment Day Estimation result 

(kg C ha-1 day-1) 

Actual result 

(kg C ha-1 day-1) 

Total estimation result 

(kg C ha-1 yr-1) 

 30 20.72±0.75 19.66  

Control 60 13.66±0.56 12.87 2527 

 90 12.32±0.08 12.21  

 30 16.72±2.81 12.75  

Soaking 60 9.60±0.94 10.93 2256 

 90 8.32±0.98 9.71  

 30 19.22±0.93 17.91  

Spread 60 12.10±0.02 12.13 2469 

 90 10.82±0.08 11.93  

 

Discussion: 

 Based on the result, the soil was categorized as clay loam soil. The characteristic  of clay loam soil type are 

slippery structure, easy to be attached, firm ball may be formed, and a clot can be formed rather easily destroyed. 

Clay loam soil was known suited for rice fields because the clay particle acts a storehouse of plant nutrients that 

are retained by soil and gradually released for uptake as cations [11]. The soil also showed low content of C. It 

was reported the positive correlation between methane emission and C content in soil [12] . Methane emission 

will be decreased when the carbon content in soil decrease, on the contrary, reported there’s no correlation 

between methane production and emission with total carbon in rice fields soil [13]. This statement was also 

supported in observation which showed no correlation obtained with soil organic carbon content and suggested 

that other factors such as bacterial population of the soil were more important in production and emission of 

methane [14] . In addition to the soil organic content, the pH value also played an important role in influencing 

the development of microorganisms. Soil pH value obtained was 5.2 and categorized as acidic soil pH; however, 

this is an appropriate pH for the growth and development of bacteria. This result was supported that below pH 5.8 

and above 8.8, methane emission in the soil suspension was lower compared than methane emission in a pH 

range between 6.5 and 7.5 [12].  

 The DNA template was pure enough based on the spectrophotometer ratio of A260/280. This purity was 

important due to the template used in PCR step.  PCR amplification will be effective if the DNA template used is 

pure. The PCR amplification was obtained to multiply the fragment which encoded the pmoA gene. The result 

also showed that the size of all samples using GC- A189f and A682r on 1.5% agarose gel was around 508 bp (Fig 

1). It was similar to the previous report which stated that the PCR amplification which targeted pmoA gene using 

A189f and A682r primer sets will generate amplicon with the size of 525 bp [15] [16] . 

 The DGGE profile showed the succession of microbial community due to the treatment used and time 

change. The uncultured bacterium pmoA gene clone 18f_9H and uncultured bacterium pmoA gene clone 32-

2000yo-B were appeared almost constant from 30 DAP to 90 DAP while  uncultured bacterium pmoA gene clone 

16-2000yo-B appeared clearly at 60 DAP. It can be seen that the diversity was increased from vegetative phase to 

early of generative phase. It was consistent with previous research who stated that the methanogenic archaea 

population will decline during the vegetative to generative phase then the methanotrophic bacterial population 

will be increased [17]. The increased methanotrophic bacterial population was also due to the wetland drainage 

activities in the generative phase so the wetland conditions become more aerobic and become a suitable habitat 

for methanotrophic bacterial growth. The phylogenetic tree analysis showed the correlated results to previous 

researchs who reported that the dominance of Methylobacter, Methylomicrobium, Methylococcus, 

Methylocaldium, Methylocystis, and Methylosinus in the rice fields soil [18] [19] [20]. It was also stated the 

different pattern of methanotroph bacteria diversity between rice field soil and rice plant roots [21]. Genera of 

Methylomonas, Methylobacter, Methylococcus were found in the rice plant roots while genera of Methylocystis 

and Methylosinus can be found in both rice fields soil and rice plant roots. Different diversity of methanotrophic 

bacteria between flooded rice fields and drained rice fields also reported that flooded rice fields were dominated 

by Methylocystis and Methylosinus while drained rice fields were dominated by Methylomonas, Methylosarcina, 

and Methylomicrobium [22] . 

 The observation result of methane gas emission measurement seen to be higher in the vegetative phase, while 

the gas emission began to decline in generative phase. This was similar to observation who stated that methane 

gas emission increased in the vegetative phase and decrease towards the generative phase. The soil which begins 

to dry in the generative phase decreases the population of methanogenic archaea. This effect will cause the rate of 

methane production and emissions go down. The same result was also reported that high methane was produced 

during the vegetative phase, especially at maximum tiller, and tended to go down in the generative phase [23]. 

The decrease was caused by use of plant photosynthate at the process leading to formation of flowers womb and 
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also root exudates in soil were low in the generative phase. The lower content of root exudates was the higher 

inhibition of methanogenesis process so that flux of methane was down. Root exudates are organic compounds 

consisting of sugars, amino acids, and organic acids as constituent materials immediately available for 

methanogenic archaea. In the flooded condition, methane emission was higher than that in dry condition [24] 

[25]. The lowest methane emission was obtained at soaking treatment, followed by spread and control treatment. 

This result could be correlated to the methane-oxidizer bacterial diversity on DGGE gel. It was described before 

that microbial community at soaking treatment from vegetative phase to generative phase always clearly showed 

the highest diversity compared than spread and control treatment. That higher number of methane-oxidizer 

microbial community gave the positive correlation to its methane emission. The higher of diversity made the 

lower of methane emission. 

 The estimation result of total methane emmision at all treatments showed the same trend to the actual 

emission. The lowest estimation of methane emission was obtained at soaking treatment (2256 kg C ha
-1

 yr
-1 

) 

then followed by spread and control treatment (2469 kg C ha
-1

 yr
-1 

and 2527 kg C ha
-1

 yr
-1  

respectively). It was 

lower than total methane emission reported in previous observation which around 3494 kg C ha
-1

 yr
-1 

[26]. This 

result could be related to the methanotrophic bacterial isolates which given in this research then the total methane 

emission became lower due to the methane oxidation performed by methanotrophic bacterial isolates. The 

methane gas measurement system used in this research was be able to represent the methane gas emission 

simulated by DNDC 9.5 software. This result was also supported by previous research that the estimation of 

methane gas emissions in China and eastern Asia were able to be represented using DNDC 9.5 software [27] [28]. 

 

Conclusion: 

 The DGGE showed methane-oxidizing microbial community succession during the vegetative phase to 

generative phase. The treatment whose rice clumps was soaked by biofertilizer showed both the highest diversity 

and the lowest emission than the control treatment as well as the treatment which only spread by biofertilizer. The 

blast result of DGGE bands were closely related to uncultured bacterium pmoA gene clone 18f_9H, uncultured 

bacterium pmoA gene clone 16-2000yo-B, and uncultured bacterium pmoA gene clone 32-2000yo-B. The actual 

result of methane gas emission measurement in this study had similar trend to the estimation result analyzed by 

DNDC 9.5 software. Methane gas emission rate was decreased from the vegetative phase to the generative phase. 
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