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Methanogens, a key contributor in global carbon cycling, methane emission, and alternative energy production, generate methane
gas via anaerobic digestion of organic matter. 	e methane emission potential depends upon methanogenic diversity and activity.
Since they are anaerobes and di
cult to isolate and culture, their diversity present in the land�ll sites of Delhi and marshlands of
Southern Assam, India, was analyzed using molecular techniques like 16S rDNA sequencing, DGGE, and qPCR. 	e sequencing
results indicated the presence of methanogens belonging to the seventh order and also the order Methanomicrobiales in the
Ghazipur and Bhalsawa land�ll sites of Delhi. Sequences, related to the phyla Crenarchaeota (thermophilic) and	aumarchaeota
(mesophilic), were detected from marshland sites of Southern Assam, India. Jaccard analysis of DGGE gel using Gel2K showed
three main clusters depending on the number and similarity of band patterns. 	e copy number analysis of hydrogenotrophic
methanogens using qPCR indicates higher abundance in land�ll sites of Delhi as compared to the marshlands of Southern Assam.
	e knowledge about “methanogenic archaea composition” and “abundance” in the contrasting ecosystems like “land�ll” and
“marshland” may reorient our understanding of the Archaea inhabitants. 	is study could shed light on the relationship between
methane-dynamics and the global warming process.

1. Introduction

Methane is an important greenhouse gas because it is 25 times
more powerful than CO2 in global warming potential (i.e.,
the ability of the gas to trap heat in the atmosphere) and
thus plays a crucial role in climate change and carbon cycling
[1, 2]. Methane emission has contributed approximately 20%
to global climate change frompreindustrial times [1, 3]. About
500–600Tg of methane is emitted annually to the atmo-
sphere of which 74% is biogenic, produced by methanogenic
Archaea [4].

	e methanogenic Archaea (methanogens) usually oc-
curs in highly reduced, anoxic environments such as land�lls,
wetlands, rice �elds, rumen, and marine sediments where
they serve as a terminal electron sink [5, 6]. Methanogens
are strict anaerobes and the presence of oxygen leads to the
formation of reactive oxygen species (ROS), which damage
their cellmembranes, DNA, and proteins [7, 8].Methanogens

are phylogenetically divided into 5 familieswithin the phylum
Euryarchaeota and are comprised of 31 known genera [9,
10]. Methanogens can utilize a wide range of compounds
for methane production, but, in most natural systems, there
are two major pathways for methanogenesis, reduction of
CO2 (hydrogenotrophic methanogenesis) and cleavage of
acetates (acetoclastic methanogenesis). A third pathway for
methane generation is calledmethylotrophicmethanogenesis
that occurs inmarine sediments and salt lakeswheremethane
is produced from methylated compounds such as trimethy-
lamine [11, 12].

Land�ll sites are the third largest source of methane. It
constitutes about 30 and 24% of the anthropogenic methane
production in Europe andUS, respectively [4, 13]. In compar-
ison to the western countries, the composition of municipal
solid waste (MSW) in developing countries like India is
higher (40–60%) in organic waste. 	is has more potential
to emit higher GHGs (Green House Gases) per ton of MSW
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Table 1: Sampling point from Delhi land�ll site (Ghazipur, Bhalswa, and Okhla) and Southern Assam marshland (Silcoorie Lake (Silchar),
Badarpur, and Karimganj) areas.

Feature Ghazipur Bhalswa Okhla
Silcoorie Lake

(Silchar)
Badarpur Karimganj

Location
28∘37�22.4��N
77∘19�25.7��E

28∘44�27.16��N
77.9∘9�27.92��E

28∘30�42��N
77∘16�59��E

24∘45�178��N
92∘46�58.3��E

24∘54�00��N
92∘36�00��E

24∘52�00��N
92∘21�00��E

Type Leachate Soil and leachate Leachate Lake sediment Marshy pond Rice paddy

Depth 150 cm 200 cm 150 cm 40 cm 100 cm Surface

compared to the developed world [14]. Moreover, land�lls
in India are neither well planned nor engineered and are
o�en found in low-lying open areas, where municipal waste
is haphazardly and indiscriminately disposed. 	ese sites
have neither land�ll lining to avoid percolation of leachate
to groundwater table nor leachate collection facility. 	e city
generates about 6000 tonnes of solid waste per day and the
expected quantity of solid waste generation in Delhi would
be about 12,750 tonnes per day by 2015 [15]. Due to scarcity
of land in big cities, municipal authorities are using the
same land�ll for nearly 10–20 years. 	us, the possibility of
anaerobic emission of GHGs further increases [16].

Microbial decomposition, climatic conditions, MSW
wastes characteristics, and land�lling operations are among
themany factors that contribute to the generation ofmethane
[2, 17]. 	e migration of gas and leachate away from the
land�ll boundaries and their release into the surrounding
environment present serious environmental threats, includ-
ing potential health hazards, �res and explosions, damage
to vegetation, unpleasant odors, land�ll settlement, ground
water pollution, air pollution, and global warming [18–20].

Wetlands (marshland) are the largest source of natural
methane emissions contributing about 10–231 Tg methane
per year accounting for 20–39% of annual global CH4
emission [4, 21]. Methanogens in the moist, anoxic (oxygen-
free) wetland soil produce CH4 as they decompose dead plant
material. 	e methane emission from wetland was increased
by 7% from 2003 to 2007 [2, 19]. Methane production in
wetlands is a�ected by the acetate supply through acetate
fermentation or the CO2 reduction potential [22, 23]. 	e
exponential increase in the rate of CH4 production with
temperature is due to the availability of more substrates
and is not associated with changes in the composition of
methanogens [24]. Methanogens belonging to the groups
Methanomicrobiales andMethanosarcinales performing ace-
toclastic and methylotrophic pathway were found to be
dominant in land�ll sites [25–27]. In acidic conditions, due to
the presence of acid tolerant hydrogenotrophicmethanogens,
H2/CO2 is e
ciently converted to methane compared to
acetate, andmethanogenic activity decreases with decrease in
pH regardless of the substrates [28].

	e prokaryotic diversity in our planet dictates our
planet’s ecosystems by acting as key functional drivers [29].
	e understanding of the functional potential of the most
individual microbial �ora residing within the ecosystem
is extremely limited because of our inability to isolate
and culture them in laboratory conditions [30]. Since the
methanogens are anaerobes and are di
cult to culture, they

are identi�ed by culture independent molecular techniques
like PCR ampli�cation, denaturing gradient gel electrophore-
sis (DGGE), and quantitative real-time PCR, usingmolecular
markers such as 16S rDNA genetic locus [31–34]. Hence,
the present study was aimed at detecting the methanogenic
Archaea inhabitants (richness) (by DGGE), identi�cation by
DNA sequencing, and quanti�cation by qPCR in both the
land�ll sites of Delhi andmarshland sites of Southern Assam,
India.

2. Material and Methods

2.1. Collection of Leachate and Sediment Samples. Leachate
samples were collected from three land�ll sites (Bhalswa,
Okhla, and Ghazipur) in the area of New Delhi, India. 	ese
sites are active land�ll sites and are still in use. 	ey do not
have the leachate collection facility or land�ll liner to avoid
percolation of leachate to the ground water table (aquifer).
Soil, sediment sample was collected from marshlands (Sil-
coorie Lake (Silchar), Badarpur, and Karimganj) of Southern
Assam, India, in sterile falcon tubes.	e details of sites along
with criteria and physiochemical parameters are shown in
Tables 1 and 2.

2.2. Nucleic Acid Extraction, PCR Ampli�cation, and Cloning.
DNA from both land�ll leachate and marshland sediment
samples was extracted on the same day of sampling using Fast
DNA Spin Kit for Soil (MP Biomedicals, CA, USA). DNA
from themarshlands and land�ll leachatewas ampli�ed using
the primer set 86FWD and 1340REV (Table 3).

	e ampli�cation pro�le was 94∘C for 5min, 94∘C for 30 s
for 30 cycles, and 58∘C for 1 minute, elongation at 72∘C for 2
minutes, and �nal extension at 72∘C for 10 minutes followed
by a cooling step down to 4∘C [35, 36]. Obtained 16S rDNA
PCRproducts were puri�ed by PCRpuri�cation kit (Fermen-
tas, UK) as recommended by manufacturer protocol. PCR
amplicons of 16S rDNA gene were cloned inside PTZ57R/T
vector using the Insta-T/A cloning kit (Fermentas, UK)
and transformed into Escherichia coli DH5�. 	e positive
clones were selected using blue-white screening on Luria-
Bertani plates containing Ampicillin (100mg/mL), X-gal
(20mg/mL), and IPTG (100mM).	en, positive clones were
sequenced using M13 FWD primer.

2.3. DNA Sequencing and Phylogenetic Analysis of 16S rDNA
Clones. Sequencing was performed for all the clones with
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Table 2: Chemical analysis of leachate samples obtained from three land�ll and marshland sites. All parameters are in mg L−1 adapted from
Ghosh et al. 2015 and Roy and Gupta 2012 [37, 38].

Parameter Bhalswa Ghazipur Okhla Silcoorie Lake (Silchar) Karimganj Badarpur

pH 8.1 8.4 8.3 6.27 6.89 6.69

TDS 31,469 29,700 33,657 53,282 68,293 65,312

COD 29,930 31,600 29,020 NA NA NA

Fe 10.32 9.81 6.51 2.81 6.17 3.89

Cl 227 1174.2 264 9.11 12.60 16.31

Table 3: List of primers for PCR ampli�cation of 16S rDNA gene and DGGE used in the present study.

Primer Sequence (5�-3�) Reference

MET86 F GCT CAG TAA CAC GTG Wright and Pimm 2003 [36]
MET1340 R CGG TGT GTG CAA GGA

519FWD CAGCCGCCGCGGTAA Cheng et al. 2009 [35]
915REV GTGCTCCCCCGCCAATTCCT

915GC
CGC CCG GGG CGC GCC CCG GGC GGG GCG GGG
GCA CGG GGGGTT GTGCTCCCCCGCCAATTCCT

Cheng et al. 2009 [35]

Table 4: List of accession numbers of the sequences submitted in NCBI and their percent similarity with database along with the sampling
sites.

Accession number Sample ID Tentative organism name Location

KM041239.1 MET1 LAND Methanoculleus thermophiles (99% similarity with JF330114.1) Bhalswa land�ll

KM041240.1 MET2 LAND Methanoculleus thermophiles (99% similarity with JF330114.1) Bhalswa land�ll

KM041241.1 MET3 LAND Uncultured archaeon clone (99% similarity with AB535355.1) Bhalswa land�ll

KM041242.1 METG1 LAND Uncultured archaeon clone (94% similarity with JF807145.1) Ghazipur land�ll

KM041248.1 METK2 MARSH Uncultured euryarchaeote clone (98% similarity with KF360011.1) Karimganj

KM041249.1 METK4 MARSH Uncultured archaeon clone (100% similarity with JQ245687.1) Karimganj

KM041250.1 SD1 MARSH Uncultured archaeon clone (97% similarity with JF304136.1) Silcoorie Lake (Silchar)

KM041251.1 SD3 MARSH Uncultured archaeon clone (97% similarity with JF708703.1) Silcoorie Lake (Silchar)

KM041252.1 SD4 MARSH Uncultured archaeon clone (91% similarity with AB364893.1) Silcoorie Lake (Silchar)

KM041243.1 MetG2 land�ll Methylobacillus 
agellates (97% similarity with NR 074178.1) Ghazipur land�ll

KM041244.1 MetG3 land�ll Methylobacillus arboreus (99% similarity with NR 108851.1) Ghazipur land�ll

KM041245.1 MEtG4 land�ll Methylobacillus 
agellates (99% similarity with NR 074178.1) Ghazipur land�ll

KM041246.1 MetG6 land�ll Methylobacillus 
agellates (98% similarity with NR 074178.1) Ghazipur land�ll

KM041247.1 MetG7 land�ll Methylobacillus arboreus (99% similarity with NR 108851.1) Ghazipur land�ll

the ABI prism 3130 Genetic Analyzer (Applied Biosys-
tem Inc., CA) at Department of Biochemistry, South
Campus, Delhi University. 	e sequences were edited to
exclude the PCR primer-binding site and manually corrected
with Sequence Scanner 1.0 (Applied Biosystems) and were
checked further for vector contamination using the Vec-
screen tool (http://www.ncbi.nlm.nih.gov/tools/vecscreen/).
	e sequences showing similarity with vector sequences from
both ends were trimmed. Sequences were then compared
with the available nucleotide database from the NCBI Gen-
Bank using the BLAST program [39]. 	e partial nucleotide
sequences of 16S rDNA genes were submitted to NCBI under
accession numbers KM041239 to KM041252 (Table 4).

Partial 16S rDNA sequences obtained from this study
were used for similarity search in NCBI database using

BLAST program. A�er performing BLAST, sequences show-
ing similarity above 90% were used and aligned in MEGA
so�ware version 6.0 [40] using ClustalW. 	e phylogenetic
relatedness among clones was estimated using the Maximum
Likelihood tree using Kimura K2P+G model with 2000
bootstrap value [41]. For model selection Bayesian analysis
was performed and the model with lowest BIC value (i.e.,
12104.8604) was chosen for tree construction. All positions
containing gaps and missing data were eliminated from the
dataset (complete deletion option).	e phylogenetic analysis
was carried out using MEGA so�ware version 6.0 [40]
(Figure 1).

2.4. Denaturing Gradient Gel Electrophoresis. For denaturing
gradient gel electrophoresis genomic DNA extracted from
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Figure 1: 	e phylogenetic relationship of 40 partial 16S rDNA sequences (the con�rmed 14 sequences of clones are generated in this study,
recovered from both Delhi land�lls (marked with black circle, grey circle, and grey triangle) and Southern Assam marshland sites (marked
with black triangle)) was inferred by the ML method using K2P+G parameter model with 2000 bootstrap replicates using the MEGA 6 tree
building program.

land�ll and marshland was ampli�ed using primer 519FWD
and 915GC which gave a product length of about 500 bp.
DGGE was performed with a D-Code universal mutation
detection system (Biorad, Hercules, CA, USA) using 16 cm
by 16 cm and one mm gels. PCR products were loaded onto
7% (w/v) polyacrylamide gel. 	e polyacrylamide gels (Bis-
Acrylamide, 37.5 : 1) were made with denaturing gradients

ranging from 30 to 70%. 100% denaturant contained 7M
urea and 40% formamide. Electrophoresis was initially run at
200V for 10min at 60∘C and a�erwards for 15 h at 85V. A�er
electrophoresis, the gel was silver-stained and scanned under
white light using Gel Doc (Biorad) (Figure 2). DGGE gel
was further analyzed using Gel2K so�ware (Svein Norland,
Department of Biology, University of Bergen, Norway).
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OK BH GZ SON SIL KRM BDR

Figure 2: Community pro�ling of methanogens using 16s rDNA
based onDGGE: the community pro�ling ofmethanogenic diversity
present in the leachate sample of Delhi land�ll site (OK, BH, and
GZ) and marshland sample of Southern Assam (SON, SIL, KRM,
and BDR).

2.5. Quanti�cation of Methanogens by Quantitative Real-Time
PCR Analysis. Real-time PCR was done for absolute quan-
ti�cation of methanogens. 16S rDNA fragments obtained
from pure culture of methanogens (DSMZ) were cloned and
serially diluted for making standard curve as was previously
done by Steinberg and Regan [27]. Real-time PCR reaction
was carried out in triplicate using the temperature pro�le as
recommended for the Agilent 2x master mix, that is, initial
denaturation at 95∘C for 3 minutes, subsequent denaturation
at 95∘C for 30 seconds, annealing at 60∘C for 10 seconds, and
elongation at 65∘C for 1 minute. Melt curve analysis to detect
the presence of primer dimer was performed a�er the �nal
extension by increasing the temperature from 50 to 95∘Cwith
0.5∘C increments every 10 s.

3. Results and Discussions

3.1. Identi�cation of Methanogenic Archaea in Land�ll and
Marshland. Sequences of MET1 LAND and MET2 LAND
obtained from the Bhalswa land�ll site are clustered with
Methanoculleus thermophilus methanogens belonging to the
order Methanomicrobiales which are hydrogenotrophic in
nature. 	ird sequence of MET3 LAND from the Bhalswa
land�ll site clustered with the Candidatus Methanomethy-
lophilus alvus Mx1201, which is H2-dependent methy-
lotrophic methanogens. In Figure 1, it is shown that these
three sequences from the land�ll sites of Delhi are clustered
with Euryarchaeota cluster (Cluster I). Sequence METG1
LAND obtained from the Ghazipur land�ll site, Delhi, clus-
tered with Methanomassiliicoccus luminyensis (Cluster II).
Sequences obtained frommarshland sites of Southern Assam
were clustered (Cluster III) separately with Crenarchaeota
(Cluster IIIa) and 	aumarchaeota (Cluster IIIb). 	ere are
�ve more sequences from the land�ll sites of Delhi. 	ey are
related to two di�erent species of methanotrophs (methane

oxidizing bacteria) (see Table 4), Methylobacillus arboreus
(marked as grey triangle) and Methylobacillus 
agellatus
(marked as grey circle), and are clustered separately, as shown
in Figure 1.

Phylogenetic analysis of 16S rDNA clones indicates the
presence of methanogens belonging to the phylum Eur-
yarchaeota, order Methanomicrobiales, Methanobacteriales-
1, and seventh order of methanogens in the land�ll sites [42–
44]. Both Candidatus Methanomethylophilus alvus Mx1201
and Methanomassiliicoccus luminyensis represent a mono-
phyletic lineage that is not phylogenetically associated with
any of the previously known orders of methanogens or the
anaerobic methanotrophic ANME1 lineage [43, 45]. 	ey
belong to the Mx order clusters with two lineages: the plank-
tonic Marine Group II (MG-II) and the sediment dwelling
Marine Benthic Group D (MBG-D) [45–47]. 	e other �ve
sequences from Ghazipur land�ll sites revealed presence of
methanotrophs belonging to class Betaproteobacteria, family
Methylophilaceae. 16S rDNA clones obtained from marsh-
land sites of Southern Assam revealed a cluster of Archaea
that are distantly related to twodi�erent phyla, Crenarchaeota
and	aumarchaeota. Microorganisms belonging to the phy-
lum 	aumarchaeota (recently proposed) are thermophilic
andmesophilic in nature and are found to be present in awide
variety of ecosystems, including marine and fresh waters,
soils, and also hot environment [44, 48–52].

3.2. Culture Independent Molecular Analysis of Methanogenic
Diversity. Microbes dominated in the history of living organ-
isms and they are a fundamental part of the biosphere. 	e
study of microbial diversity has been, therefore, essential for
understanding the evolution of life. Traditionally, cultivation
based methods have contributed to our knowledge about
their whereabouts and diversity of microbes in naturally
occurring communities. However, only a small fraction of
the prokaryotes has been cultivated in vitro by standard
methods.	erefore, this knowledgemay not reveal the actual
composition and/or diversity associated with an ecosystem
[31, 33]. In the present study, we used culture indepen-
dent molecular techniques like 16S rDNA PCR, cloning-
sequencing, DGGE, and qPCR for estimation of the richness
and diversity of the methanogenic Archaea in the land�ll
site of Delhi and marshland areas of Southern Assam. 	ese
techniques arewidely used formolecular community analysis
of microbes present in various types of habitats [32, 42, 53–
56]. A combination of DNA sequencing, DGGE, and quanti-
tative PCR (qPCR) can provide valuable information about
microbial consortia associated with a speci�c ecosystem.
Denaturing gradient gel electrophoresis (DGGE) is used to
determine the genetic diversity of microbial communities.
	e procedure is based on electrophoresis of PCR-ampli�ed
16S rDNA fragments in polyacrylamide gels containing a
linearly increasing gradient of denaturants. In DGGE, DNA
fragments of the same length but with di�erent base-pair
composition can be separated. Separation is based on the
electrophoretic mobility of partially melted DNA molecules
in a polyacrylamide gel and resulting into a band pattern [57–
60]. DGGE can reveal 1-2% of the actual diversity present in
the samples [61].
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Table 5: Copy number of methanogens present per gram samples of Okhla and Bhalswa land�ll site, Delhi, and Silcoorie Lake, Assam, India.

Pure culture Okhla Bhalswa Silcoorie Lake (Silchar)

M. arbophilicus 3.98� + 014–6.8� + 014 5.38� + 014–9.7� + 014 2.78� + 011–7.8� + 011
M. bryantii 1.14� + 017–1.8� + 017 4.6� + 016–8.2� + 016 1.2� + 013–2.1� + 013
M. mobile 6.67� + 015–7.5� + 015 3.42� + 015–4.8� + 015 3.97� + 012–4.1� + 012
M. mazei 1.89� + 014–2.5� + 014 2.21� + 015–2.8� + 015 1.13� + 012–1.5� + 012

Table 6: Methanogenic pathways and microorganisms that are associated.

Domain: Archaea; kingdom: Archaebacteria; phylum: Euryarchaeota

Methanogenic pathway Orders Reaction

Acetoclastic Methanosarcinales CH3COOH→CH4 + CO2
Hydrogenotrophic Methanosarcinales 4H2 + CO2 →CH4 + 2H2O

Methanobacteriales 4HCOOH→CH4 + 3CO2 + 2H2O

Methanococcales

Methanomicrobiales

Methanopyrales

Methylotrophic Methanosarcinales 4CH3OH→ 3CH4 + CO2 + 2H2O

3.3. Estimation of Methanogenic Richness by Quantitative
Real-Time PCR. DNA extracted from the three sampling
points, that is, two land�ll sites Okhla and Bhalswa of Delhi
and Silcoorie Lake (Silchar) of SouthernAssam, was screened
for the quanti�cation of methanogens. 	e copy number of
all methanogens (pure culture) was higher in the two land�ll
sites than that of marshland in Southern Assam (Table 5).
Methanogenic pathway associated with the methanogens
order and its reactions involved in the process are included
in Table 6.

	e copy numbers ofMethanomicrobium mobile belong-
ing to the order Methanomicrobiales and Methanobac-
terium bryantii belonging to the order Methanobacteriales-
1 were found to be higher in both land�ll sites in com-
parison to the Silcoorie Lake (Silchar) of Southern Assam.
Copy number of Methanobrevibacter arboriphilus (order
Methanobacteriales-1) andMethanosarcinamazei (acetoclas-
tic) (order Methanosarcinales) was found to be higher in the
Bhalswa land�ll site than Okhla land�ll site and Silcoorie
Lake (Silchar) marshland site. 	e value of �Sq and slope ��
for standard curve was 0.948 and −2.641, and the e
ciency
of the reaction was 139.1%. 	e �Sq and slope �� values for
“absolute” quanti�cation of Methanobrevibacter arboriphilus
are 0.903 and −2.128. �Sq (��) and slope �� values for this
quanti�cation of Methanobacterium bryantii are 0.877 and
−1.384. �Sq (��) and slope �� values of Methanomicrobium
mobile are 0.956 and −2.563, respectively. 	e values of �Sq
(��) and slope �� forMethanosarcina mazei were 0.394 and
−2.051, respectively.

Methanogens pertaining to both acetotrophic and hy-
drogenotrophic decomposition pathways were detected in
MSW land�lls, which have been reported earlier [25, 26, 42].
Acetate serves as a precursor for more than 70% of CH4
(methane) formation in the most anaerobic digestion pro-
cess [62]. 	erefore, acetoclastic methanogens, which utilize
acetate as substrate, play a key role in stabilizing the pollution

load of wastewater by methanogenesis. In the present study,
quantitative PCR indicates the higher methanogenic richness
in both land�ll sites of Delhi compared to marshland of
Silcoorie Lake, Silchar.

3.4. Diversity of Methanogenic Archaea by Denaturing
Gradient Gel Electrophoresis. Abundance and diversity of
methanogenic Archaea were studied in three land�ll and four
marshland sites situated at di�erent location in Delhi and
SouthernAssam, India. 16S rDNAampliconswere cloned and
then analyzed on the DGGE gel for estimation of the archaeal
richness in respective samples as shown in Figure 2.

Band patterns of 16S rDNA amplicons obtained from
the land�ll sites (OK, BH, and GZ) of Delhi and marshland
samples (SON, SIL, KRM, and BDR) of Southern Assamwere
compared for methanogens richness and diversity analysis
using Gel2K so�ware. Analysis of DGGE image revealed the
presence of total 38 bands. 	ere are some unique bands in
each lane, which indicates the variation ofmethanogens com-
munity residing in those particular samples. Cluster analysis
of bands using Jaccard analysis indicated the presence of three
main clusters consisting of localities that di�er in number of
similarity versus DGGE bands (Figure 3).

In the �rst cluster, Badarpur beetle-nut pond and Sil-
coorie Lake (Silchar) of Southern Assam clustered together
showing similar band pattern. In the second cluster, inter-
estingly, despite being two di�erent ecosystems, Ghazipur
land�ll sites of Delhi clusteredwithwetland of Sonbill, South-
ern Assam, India. In the third cluster, the two land�ll sites
of Delhi (Okhla and Bhalswa) clustered together showing
similar band pattern. In terms of richness, number of bands
from the respective samples fromBhalswa land�ll and Sonbill
wetland have maximum of 11 bands, followed by Ghazipur
land�ll site and Silcoorie Lake (Silchar) having 10 bands each.
Okhla land�ll and Badarpur beetle-nut pond showed 9 bands
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Figure 3: Jaccard cluster diagram of DGGE bands obtained from land�ll sites of Delhi and marshland of Southern Assam, India.

each in the cluster. In the Karimganj rice paddy �eld sample,
only four bands were observed showing the least diversity.

Microbial diversity within contaminated ecosystems like
land�ll should be less diverse than those in natural systems
like a wetland because the diversity may be in�uenced by the
complexity of toxic chemical mixtures, heavy metals present,
and duration of time the populations have been exposed. In
the present study, a�er analyzing DGGE gel banding pattern
and the number of bands, we found that the methanogenic
diversity present in both land�lls (anthropogenic system) and
marshland (natural) is quite similar, except for the samples
obtained from the Karimganj rice paddy �eld where only
four bands appeared. 	e number of total bands observed
in this study was in accordance with the number of DGGE
bands reported previously [42, 51, 56, 57]. It strongly indicates
that the methanogenic Archaea diversity in both land�ll and
marshland is in�uenced by sampling location rather than
type.

4. Conclusions

In the sequencing of themolecular marker for archaeal diver-
sity, 16S rDNA identi�ed the orders, named as Methanobac-
teriales and Methanosarcinales in both land�ll sites and the
phylum Crenarchaeota (thermophilic) in marshland. Quan-
titative PCR indicated a higher abundance ofmethanogens in
land�ll compared to that of marshland sites. 	e knowledge
about the composition and abundance of methanogenic
Archaea in a land�ll may provide information on the
decomposition mechanism of municipal solid waste and the
subsequent generation of methane. 	is information can
be exploited for controlling methane emission from land-
�ll by mitigation process. 	e increasing knowledge about

the genomic content of microbes belonging to the phylum
	aumarchaeota (mesophilic) will enrich our understanding
of their adaptative behavior in the transposition from ther-
mophily to mesophily. 	is indicates whether they follow a
similar or di�erent evolutionary pattern with respect to the
phylum, Euryarchaeota.
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DGGE: Denaturing gradient gel electrophoresis
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