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16S rRNA library-based analysis of ruminal methanogens diversity
in Dechang water buffalo
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(1.Guangxi Buffalo Research Institute, Chinese Academy of Agricultural Sciences, Nanning 530001, China; 2.Key
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Abstract: Three femal Dechang water buffaloes were used in this study. Total DNA were extracted by bead-beating method.
Primers of Met86F/Met1340R were used to amplify the 16S rRNA of archaea for the construction of library. Results showed
that 99 sequences were obtained. RDP analysis showed that 94.2% sequences are classified to genus Methanobrevibacter.
Based the 97% similarity, these sequences were assigned to 19 OTUs. Ninety-six sequences showed =97% sequence
similarity to known species, three sequences had sequence similarity to known species in the range of 90% to 97%.
Phylogenetic analysis indicated that 75.8% archaeal sequences in the rumen of Dechang water buffaloes belonged to SGMT
clade, only 1.0% sequences belonged to RO clade. There are some sequences far from all known species on the phylogenetic
tree. They may represented new species in Methanobrevibacter genu in the rumen of Dechang water buffaloes. It can be
concluded that Methanobrevibacter genu is the dominant archaea in the rumen of Dechang water buffaloes. Further study

should be done for the isolation of uncutured methanogens and their function analysis.
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16S TRNA

1 #MREFHZE
1.1 Rk RER
3 5

08:00
16:00
( 5.0kg)

53.5% 6.0%
15.0% 17.0% 1.5% 1.0%
2.0% 3.0% 1.0%

NE 6.83 MJ/Kg CP16.75/% Ca0.80/% P
0.94/% CF 4.54/% V-E 3 000 IU/kg
V-D 150 kIU/kg V-A500kIU/kg Cul.3 g/kg Fe
4.0g/kg Mn3.0gkg 180mgkg Zn6.0gkg Co
80 mg/kg Se 50 mg/kg

1.2 A &%
30 d 30
250 mL
~80 C
1.3 = DNA B2
(
250 mL) 1.5 mL( ) 120009
5 min [12]
DNA
1.4 PCR ¥ #8% 16S rRNA ST EME
Met86F/Met1340R®
16S rRNA Met86F

5'-GCTCAGTAACACGTGG-3' Metl1340R 5-CG

GTGTGTGCAAGGAG-3' PCR

10xBuffer SuL.  dNTP(10 mmoL/L) 1 pL. MgCL,(25

mmoL/L) 4 uL. TagDNA (5U/uL) 0.8 uL 1 pL
DNA(1~10 ng/mL) Met86F  Met1340R (10

pumoL/L) 1uL 50 uL

94 °C 3min 94 °C 30s 58°C
30s 72°C 90 s 40 72 C
10 min (
Promega) PCR 3
PCR
pMD19-T( Takara)
pMD19-T M13-47

(5'-CGCCAGGGTTTTCCCAGTCACGAC-3") RV
-M(5'-GAGCGGATAACAATTTCACACAGG-3")
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PCR

2 HERE5SR
2.1 16S rRNA ERAZEXED

1.5 16S rRNA EEF5I4 16S rRNA
Decipher 107
[13] Ribosomal Database Project (RDP) 99
Release 11 Classifier i RDP 99
Mothur (OTU) (Archaea) 93 (
[15] .
97% OTU OTU 94.2%) Methanobrevibacter ~ 16S rRNA
Blast Genbank 5 ( 4.8%) Methanosphaera
Clustal X Version 1.83 ( ) 16s rRNA 1
MEGA 4.0(Molecular evolutionary genetics 1.0%) unclassified_ Methanobacteriaceae
analysis MEGA
e ) ( ) 16S rRNA 97%
Neighbor—Joining
Mothur 99
1 000 (Bootstrap) 9 OTU .
S
DDBJ ( )
AB905615~ AB905718
F1 EEKGTBEB-RREE 16S rRNA EEFIIS
Table 1 Sequence analysis of archaeal 16S rRNA gene from the rumen of Dechang buffaloes
OTUs GenBank /%
1 32 39 Us55239 Methanobrevibacter gottschalkii 98
2 30 10 U55239 Methanobrevibacter gottschalkii 98
3 D6 8 U55239 Methanobrevibacter gottschalkii 98
4 D62 8 NR_042785 Methanobrevibacter millerae strain ZA—10 99
5 7 8 NR 042785 Methanobrevibacter millerae strain ZA—10 98
6 35 5 NR 042785 Methanobrevibacter millerae strain ZA—10 98
7 19 3 NR_042785 Methanobrevibacter millerae strain ZA-10 99
8 6 3 NR_042785 Methanobrevibacter millerae strain ZA—10 99
9 D4 1 NR_042785 Methanobrevibacter millerae strain ZA—10 97
10 D59 1 NR_042785 Methanobrevibacter millerae strain ZA—10 98
11 D64 1 NR_042785 Methanobrevibacter millerae strain ZA—10 97
12 D24 1 NR_042785 Methanobrevibacter millerae strain ZA—10 97
13 D16 1 NR 042785 Methanobrevibacter millerae strain ZA—-10 97
14 D51 4 NR 115171 Methanosphaera stadtmanae strain MCB-3 97
15 D66 2 NR 115171 Methanosphaera stadtmanae strain MCB-3 95
16 D49 1 NR_042784 Methanobrevibacter ruminantium strain M1 99
17 D11 1 NR_043024 Methanobrevibacter olleyae strain KM1H5-1P 96
18 3 1 NR_118565 Methanobrevibacter boviskoreani strain JH1 97
19 D17 1 NR 115169 Methanobrevibacter smithii strain PS 98
99 Genbank stadtmanae  16S rRNA 1 OTUs(
Blast 99 96 1.0%)  Methanobrevibacter ruminantium
(17 OTUs) 97.0% 16S  16S rRNA 1 OTUs( 1.0%)
rRNA =97% 3 OTUs( Methanobrevibacter boviskoreani  16S rRNA
57.6%) Methanobrevibacter gottschalkii 1 OTUsg( 1.0%) Methanobrevibacter
16S rRNA 10 OTUs( 32.3%)  smithii  16S rRNA 3 (2 OTUs)
Methanobrevibacter millerae 16S rRNA 16S rRNA 90%
2 OTUSs( 4.0%) Methanosphaera 97% 1 OTUs( 2.0%)
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Fig.1 Phylogenetic analysis of methanogens 16S rRNA gene sequences from the rumen of Dechang water buffaloes



386 (

http://www.hunau.net/qks 2014 8

RO 75.8% 1.0%
D17 D16 3 35 7 D59

Methanobrevibacter

3 W it

[16]

NADH
NADH

Methanobrevibacter
2/3(61.6%) 1/3
Methanomicrobium
C RCC

14.9%

15.8%!!7!
[18-19] [7,20]

[21-23]

(Methanobrevibacter
ruminantium) (Methanosarcina
barkerii) 16S rRNA

Methanobrevi-

bacter (
) ( )
[14,18,24-26] Chaudhary [21]
Methano-
Singh 7]
Methanobacteriales

microbium

(Surti)

Hook [B¥
Shin [30]

Methanomicrobium (

Tajima

85.6%  60.9%) Methanobrevibacter

[31]
Methanosphaera(26.8%) Methanimicrococcus(14.6%)

Methanobrevibacter (58.5%)

Methano-
brevibacter Paul D3
Methanobrevibacter

Rea [34]
Methanobrevibacter millerae

[35]

Samuel Methanobrevibacter smithii PS

Denman 7
Methanobrevibacter
smithii
Methanobrevibacter

Methanobrevibacter

[36] Methanobrevibacter

St—pierre
Methanobrevibacter
smithii(S)  Methanobrevibacter gottschalkii(G)

Methanobrevibacter millerae (M)  Methanobrevibacter

thaurei(T) SGMT M.
ruminantium (R)  Methanobrevibacter olleyae (O)
RO
SGMT RO
SGMT (201



16S rRNA

387

SGMT
75.8%

RO
1.0%

SGMT

[11]

SGMT RO

1987 36-38
Samuel B S Gordon J I A humanized gnotobiotic mouse
model of host-archaeal-bacterial mutualism[J] Proc Natl
Acad SciUS A 2006 103(26) 10011-10016
Johnson K A Johnson D E Methane emissions from
cattle[J] 1995  73(8)
2483-2492

Jarvis GN Strompl C Burgess DM etal Isolation and

Journal of Animal Science

identification of ruminal methanogens from grazing
cattle[J] 2000 40(5) 327-332
Miller TL WM Kusel E Isolation and characteri- zation
of methanogens from animal feces[J]
Microbiol 1986 8(3) 234-238
Wright AD G Williams AJ Winder B etal Molecular
diversity of rumen methanogens from sheep in western
Australia[J] 2004 70(3)
1263-1270

Denman S E

Curr Microbiol

Syst  Appl

Appl Environ Microbiol

Tomkins N W  Mcsweeney C S.
Quantitation and diversity analysis of ruminal metha-
nogenic populations in response to the antimethanogenic
compound bromochloromethane[J] FEMS Microbiol Ecol,
2007 62(3) 313-322

PeiCX MaoSY ChengY F etal Diversity abundance
and novel 16S rRNA gene sequences of methanogens in
rumen liquid solid and epithelium fractions of Jinnan
cattle[J] 2010 4(1) 20-29

DiBaise ] K Zhang H Crowell M D Gut
microbiota and its possible relationship with obesity[J].
MAYO Clinic Proceedings 2008 83(4) 460-469
LuoYH SuY Wright AD etal Lean breed Landrace

pigs harbor fecal methanogens at higher diversity and

Animal

et al

density than obese breed Erhualian pigs[J] Archaea
2012 http://dx.doi.org/10.1155/2012/605289

Shi PJ Meng K ZhouZ G et al The host species affects
the microbial community in the goat rumen[J]
Applied Microbiology 2008 46(1) 132-135

Denman S E  Mcsweeney C S Development of a real-

Letters in

time PCR assay for monitoring anaerobic fungal and
cellulolytic bacterial populations within the rumen[J].
FEMS Microbiol Ecol 2006 58(3) 572-582

[15]

[18]

[20]

[21]

[24]

[25]

Wright ES  YilmazLS Noguera DR DECIPHER a
search-based approach to chimera identification for 16S
TRNA sequences[J] 2012
78(3) 717-725

Cole J R Wang Q Cardenas E
database project
rRNA analysis[J] Nucleic Acids Res 2009 37(Sup.1)
D141-145

Schloss PD  Westcott SL Ryabin T etal Introducing

Appl Environ Microbiol
et al The ribosomal

Improved alignments and new tools for

mothur Open-source platform-independent community-
supported software for describing and comparing
microbial communities[J] Appl Environ Microbiol
2009 75(23) 7537-7541

Hungate R E Hydrogen as an intermediate in rumen
fermentation[J] Archives of Microbiology 1967 59
(1/3) 158-164

Janssen PH Kris M Structure of the archaeal community
of the rumen[J] Appl Environ Microbiol 2008 74(12)
3619-3625

Wright AD Ma X Obispo N E Methanobrevibacter
phylotypes are the dominant methanogens in sheep from
Venezuela[J] Microb Ecol 2008 56(2) 390-394
Wright A D Toovey A F Pimm C L Molecular
identification of methanogenic archaea from sheep in
Queensland  Australia reveal more uncultured novel
archaea[J] 2006 12(3) 134-139

KingEE SmithRP St-pierre B etal Differences in

Anaerobe

the rumen methanogen populations of lactating Jersey
and Holstein dairy cows under the same diet regimen[J].
Appl Environ Microbiol 2011 77(16) 5682-5687
Chaudhary P P Sirohi S K Dominance of Methano-
microbium phylotype in methanogen population present
in Murrah buffaloes (Bubalus bubalis)[J] Lett Appl
Microbiol 2009 49(2) 274-277

TanHY SiecoCC LeeCM etal Diversity of bovine
rumen methanogens in vitro in the presence of condensed
tannins as determined by sequence analysis of 16S rRNA
gene library[J] J Microbiol 2011 49(3) 492-498
Tatsuoka N Mohammed N  Mitsumori M

Phylogenetic analysis of methyl coenzyme-M reductase

et al

detected from the bovine rumen[J] Lett Appl Microbiol
2004 39(3) 257-260
Hook SE Wright AD Mcbride BW Methanogens

Methane producers of the rumen and mitigation

strategies[J] Archaea 2010 http://dx.doi.org/10.1155/
2010/945785
Evans PN Hinds L A Sly L I et al Community

composition and density of methanogens in the foregut of
the Tammar wallaby (Macropus eugenii)[J]
Microbiol 2009 75(8) 2598-2602

Appl Environ



( )

http://www.hunau.net/qks

2014 8

(30]

(31]

An D Dong X Dong Z Prokaryote diversity in the
rumen of yak (Bos grunniens) and Jinnan cattle (Bos
taurus) estimated by 16S rDNA homology analyses[J].
Anaerobe 2005 11(4) 207-215

Singh KM Pandya PR Parnerkar S et al Methanogenic
diversity studies within the rumen of Surti buffaloes
based on methyl coenzyme M reductase A (mcrA) genes
point to methanobacteriales[J] Polish Journal of Micro-
biology 2010 59(3) 175-178

Hook SE Northwood K' S Wright AD G et al. Long-
term monensin supplementation does not significantly
affect the quantity or diversity of methanogens in the
rumen of the lactating dairy cow[J].
Microbiol 2009 374-380

Shin E C Choi BR Lim W] etal Phylogenetic analysis

of archaea in three fractions of cow rumen based on the

Appl Environ

16S rDNA sequence[J] Anaerobe 2004 10(6) 313-
319
Tajima K Nagamine T Matsui H etal Phylogenetic

analysis of archaeal 16S rRNA libraries from the rumen
suggests the existence of a novel group of archaea not
associated with known methanogens[J] FEMS Microbiol
Lett 2001 200(1) 67-72

Whitford M F  Teather RM  Forster RJ Phylogenetic
analysis of methanogens from the bovine rumen[J] BMC
Microbiol 2001
2180/1/5

http://www.biomedcentral.com/1471-

[32]

[36]

Tymensen L D Mcallister T A Community structure
analysis of methanogens associated with rumen protozoa
reveals bias in universal archaeal primers[J]
Microbiol 2012 78(11) 4051-4056

Paul K Nonoh J O Mikulskil L

matales,” thermoplasmatales-related archaea in termite

Appl Environ

et al. “Methanoplas-

are the seventh order of
methanogens[J] Appl Environ Microbiol 2012 78(23)
8245-8253

Rea S Bowman J P Popovski S

guts and other environments

et al. Methano-
brevibacter millerae sp nov and Methanobrevibacter
olleyae sp nov methanogens from the ovine and bovine
rumen that can utilize formate for growth[J] Int J Syst
Evol Microbiol 2007 57(Pt3) 450-456

Samuel B S Hansen E E Manchester J K et al Genomic
and metabolic adaptations of Methanobrevibacter smithii
to the human gut[J] Proc Natl Acad SciUS A 2007
104(25) 10643-10648

St—pierre B Wright AD Molecular analysis of methano-
genic archaea in the forestomach of thealpaca (Vicugna
pacos)[J] BMC Microbiol 2012 12(1) doi 10.1186/
1471-2180-12-1

FrAE G 45
FEX IR T4



