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Table 1 The rumen Archaea clones obtained with primers Arch f364/r1386
OTU Size of clone No. of clones Nearest relative, Similarity/% Nearest known species , Similarity/%
INAL 1029 24 Uncultured Methanobrevibacter sp. CSIRO1.07, 99.5 Methanobrevibacter sp. 1Y, 99.4
INA2 1029 23 Uncultured Methanobrevibacter sp. CSIRO1.07, 99.8 Methanobrevibacter sp. 1Y, 99.7
INA3 1029 1 Uncultured Methanobrevibacter sp. CSIRO1.07, 99.3 Methanobrevibacter sp. 1Y, 99.2
INA4 1028 1 Uncultured Methanobrevibacter sp. CSIRO3.10, 99.5 Methanobrevibacter sp. SM9, 99.2
INAS 1027 1 Uncultured Methanobrevibacter sp. CSIRO3.10, 99.2 Methanobrevibacter sp. SM9, 99.1
INA6 1027 4 Uncultured Methanobrevibacter sp. CSIRO1.23, 97.7 Methanobrevibacter sp. SM9, 97.2
INA7 1029 10 Uncultured Methanobrevibacter sp. CSIRO2.07, 99.8 Methanobrevibacter sp. 1Y, 99.4
INAS 1029 9 Uncultured Methanobrevibacter sp. CSIRO3.10, 98.3 Methanobrevibacter sp. SM9, 98.3
INA9 1086 1 Uncultured Methanobrevibacter sp. CSIRO1.07, 97.8 Methanobrevibacter sp. 1Y, 97.7
INA1O 1086 1 Uncultured Methanobrevibacter sp. CSIRO1.07, 97.8 Methanobrevibacter sp. 1Y, 97.7
INAITL 1027 1 Uncultured Methanobrevibacter sp. CSIRO1.23, 97.7 Methanobrevibacter sp. AK-87, 97.1
INAI2 1027 1 Methanobrevibacter sp. AK-87,96.9 Methanobrevibacter sp. AK-87, 96.9
INAI13 1029 1 Uncultured Methanobrevibacter sp. CSIRO2.07, 98.2 Methanobrevibacter sp. 1Y, 97.8
INA14 1027 8 Uncultured Methanobrevibacter sp. CSIRO3.10, 95.7 Methanobrevibacter sp. SM9, 95.6
INAILS 1027 1 Uncultured Methanobrevibacter sp. CSIRO2.14, 98.3 Methanobrevibacter sp. NT7, 98.2
INA16 1027 13 Methanobrevibacter sp.NT7, 99.6 Methanobrevibacter sp. NT7, 99.6
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Methanobrevibacter sp. SM9( 99%); 3 nosphaera stadtmanae(3%) , 8%
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Table 2 The rumen Archaea clones obtained with primers 1Af/1100Ar

Size of No. of

OTU clone clones Nearest relative, Similarity/% Nearest known species , Similarity/%
INB1 1051 65 Uncultured Methanobacteriaceae archaeon clone 6, 99.7 Methanobacterium aarhusense,  94.5

INB2 1051 2 Uncultured Methanobacteriaceae archaeon clone 6, 99.6 Methanobacterium aarhusense, 944

JNB3 1051 1 Uncultured Methanobacteriaceae archaeon clone 6, 99.7 Methanobacterium aarhusense,  94.7

INB4 1051 2 Uncultured Methanobacteriaceae archaeon clone 6, 99.6 Methanobacterium aarhusense, 94.6

JNBS 1051 1 Uncultured Methanobacteriaceae archaeon clone 6, 98.7 Methanobacterium aarhusense, 94.2

INB6 1054 1 Uncultured Methanosphaera sp. clone 3, 96.2 Methanobacterium aarhusense, 94.1

INB7 1055 4 Uncultured Methanobrevibacter sp. clone 17, 97.1 Methanosphaera stadtmanae DSM 3091, 94.4
JNB8 1050 6 Uncultured Methanosphaera sp, 99.3 Methanosphaera stadtmanae DSM 3091, 97.0
INB9 1054 1 Uncultured Methanosphaera sp. clone 3, 99.5 Methanosphaera stadtmanae DSM 3091, 96.6
INB10 1051 1 Uncultured Methanosphaera sp. clone 24, 99.3 Methanosphaera stadtmanae DSM 3091, 96.6
INBI11 1054 5 Uncultured Methanobrevibacter sp. clone 26, 98.7 Methanosphaera stadtmanae DSM 3091, 96.3
INB12 1049 1 Uncultured Methanosphaera sp. clone 3, 98.7 Methanosphaera stadtmanae DSM 3091, 96.4
INBI13 1055 7 Unidentified methanogen ARC62, 99.2 Methanosphaera stadtmanae DSM 3091, 96.2
INB14 1055 1 Unidentified methanogen ARC62, 99.0 Methanosphaera stadtmanae DSM 3091, 96.2
INB15 1055 1 Unidentified methanogen ARC62, 99.1 Methanosphaera stadtmanae DSM 3091, 96.3
INB16 1055 1 Unidentified methanogen ARC62, 99.0 Methanosphaera stadtmanae DSM 3091, 96.2
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3 Met86F/Met1340R
Table 3 The rumen Archaea clones obtained with primers Met86F/Met1340R
ouT Size of No. of Nearest relative, Similarity/% Nearest known species , Similarity/%
clone clones
LGMIN1 1262 28 Uncultured Methanobrevibacter sp. CSIRO2.05, 99.4 Methanobrevibacter sp. 1Y, 99.1
LGMIN4 1262 8 Uncultured Methanobrevibacter sp. CSIRO2.07, 99.5 Methanobrevibacter sp. 1Y, 99.1
LGMIN6 1262 6 Uncultured Methanobrevibacter sp. CSIRO1.09, 99.3 Methanobrevibacter sp. 1Y, 99.2
LGMIN24 1262 1 ‘Methanobrevibacter sp. 1Y, 98.4 ‘Methanobrevibacter sp. 1Y, 98.4
LGMINI11 1262 1 Uncultured archaeon clone CSIRO-QId10, 99.5 ‘Methanobrevibacter sp. 1Y, 99.2
INC1 1262 2 Methanobrevibacter sp. 1Y, 98.3 Methanobrevibacter sp. 1Y, 98.5
LGMIN18 1260 1 Uncultured euryarchaeote clone PE-CAN.11, 99.7 Methanobrevibacter sp. SM9,  99.4
LGMIN20 1260 22 Uncultured euryarchaeote clone ON-CAN.11, 99.7 Methanobrevibacter sp. SM9,  99.5
INC2 1260 1 Uncultured euryarchaeote clone PE-CAN.11, 99.6 Methanobrevibacter sp. SM9, 99.3
INC3 1260 2 Uncultured euryarchaeote clone ON-CAN.11, 99.7 ‘Methanobrevibacter sp. SM9, 99.3
INC4 1262 1 Uncultured euryarchaeote clone LGMIN11, 98.5 ‘Methanobrevibacter sp. 1Y, 98.5
LGMIN28 1264 8 Methanobrevibacter sp. AK-87, 96.5 Methanobrevibacter sp. AK-87, 96.5
INC5 1260 1 Methanobrevibacter sp. AK-87, 99.2 Methanobrevibacter sp. AK-87, 99.2
INC7 1260 2 Methanobrevibacter sp. AK-87, 99.8 Methanobrevibacter sp. AK-87, 99.8
JINC6 1260 3 Methanobrevibacter sp. NT7, 99.8 Methanobrevibacter sp. NT7, 99.8
LGMIN41 1255 2 Uncultured archaeon clone CSIRO-QId23, 100 Methanomicrobium mobile, 100
LGMIN37 1264 1 Uncultured Methanobrevibacter sp. clone 4, 98.7 ‘Methanosphaera stadtmanae, 96.7
INC8 1264 1 Uncultured Methanobrevibacter sp. clone 4, 99.5 Methanosphaera stadtmanae, 96.8
JNC9 1258 1 Uncultured methanogenic archacon clone 16, 98.2 Methanosphaera stadtmanae, 96.9
LGMIN33 1259 1 Uncultured Methanobacteriaceae archaeon clone 6, 99.5 Methanobacterium aarhusense, 94.8
LGMIN54 1288 4 Uncultured Methanobacteriales archaeon, 99.6 -
INCI10 1257 2 Uncultured euryarchaeote clone ON-CAN.18, 99.6 -
INCI11 1256 1 Uncultured euryarchaeote clone LGMIN50, 98.5 -
4
Table 4 The compare of nearest known species of clone with three pairs of primers
Primers
Nearest known species
Arch 364/r1386 1Af/1100Ar Met86F/Met1340R
Methanobrevibacter sp. 1Y 61 - 47
Methanobrevibacter sp. SM9 23 - 26
Methanobrevibacter sp. AK-87 2 - 11
Methanobrevibacter sp. NT7 14 - 3
Methanomicrobium mobile - - 2
Methanobacterium aarhusense - 72 1
Methanosphaera stadtmanae - 28 3
No matched known species - - 7
23 BEHEARZHNSH 3 ,
(Euryarch- 99% , LGMJN41 Methanomicrobia
aeota)!'s, (Crenarchaeota) , Methanomicrobium mobile
Sulfolobus acidocaldarius( U05018) ; LGMIN54 JNC10 JNCI11
Thermoproteus tenax( M35966) , ;
(outgroup), (D), , Methanobacteria
1000 1 , Methanobacteria JNA1-JNAI16

© FERZERMEDHARFATIKSHELL http://journals. im. ac. cn



12

Caixia Pei et al. /Acta Microbiologica Sinica (2008) 48(1)

005

JMA S

g [IMAT

Methanobrevibacter sp. 1% {DE135938)
WA 2

3 MR

FEL LGMING

— Jha 4

Methanohrevibacter sp. SMY{AJ00G958)
LGMIMNT

JHA S

o

JMHA12 Methanobrevibacter

JNA G

hethanobrevibacter ruminantiomay 196666) Methanobacteria

Methanobrevibacter sp. AK-B7(AY B15202) 4 Euryarchaeota
| 85— JNA2
B8 | GmJn3a
a7 g1
99 JrMB3

nb-JrB4
a4 L.JNBS Methanobacterium

hethanobacteriumale aliphium (DQE49335)
Wethanobacterium aarhusense{DOE49334)
Methanohacteriumformicicurm{AF169245)
hethanobacterium sp. ChiDQE49331)

93 36 MBS
JHBEY
Methanosphaera stadtmaniifM591 39
33 ! Methanosphaera stadtmanae (AY 196654)
JMBTD
789? ‘IJ_[\(JB%SJNST Methanosphaera
LNV TR
JMET 2
JMET3
JMET 4
87 |umens
LEIW Y=
JMNCE
LGMJN2E -
— LGNS 4
JNC0 unidentified Eury archaeata
* I¥|:JNC11 }
99 | LGkt
I Methanaricrobium maohile (M53142) Methanorricrobia
EE] — Methanasarcinag barkerifAY 196682
99 L— Methanosarcina raz ei (A BOGS29E6) i
Thermoproteus tenax (M3596E)
@ Sulfolobus acidoc aldarius(U05018) ]cm“ar""““a

1 B4 EEHFIRE 16S rDNA F B RFHELH

Fig.1 Phylogenetic tree of rumen methanogensis 16S rDNA clones from Jinnan cattle.
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Molecular diversity of rumen Archaea from Jinnan cattle

Caixia Pei, Shengyong Mao, Weiyun Zhu®

(Laboratory of Gastrointestinal Microbiology, College of Animal Science and Technology, Nanjing Agricultural University,
Nanjing 210095, China)

Abstract: Molecular diversities of rumen archaea of Jinnan (South Shanxi Province, China) cattle was analyzed
and compared by 16S rRNA gene sequencing from three clone libraries generated using three different ar-
chaea-specific primer sets, respectively. DNA from rumen of 4 Jinnan cattle was extracted, and methanogen 16S
rRNA gene was amplified using archaea-specific primer sets. Three clone libraries were generated by using vector
pGEM-T and cloning into E.coli IM109. One hundred clones were randomly picked up for each library and RFLP
was analyzed for each clone to obtain OTUs. Sequences from each OTU were analyzed and compared with avail-
able sequences in GenBank. The first library, generated with primers Arch £364/1386, produced four groups of
sequences, affiliated with 4 Methanobrevibacter strains, 1Y (61% of clones), SM9 (23% of clones), NT7 (14% of
clones), and AK-87(2% of clones). The second library, generated with primers 1 Af/1100Ar, two groups of se-
quences, one affiliated with Methanobacterium aarhusense(72% of clones) and the other with Methanosphaera
stadtmanae DSM 3091 (28% of clones). The third library, generated with primers Met86F/Met1340R, produced a
high degree of diversity. It included the sequence groups found in the first and the second libraries, as well as se-
quences affiliated with the Methanomicrobium mobile (2% of clones) and uncultured euryarchaeote sequences (7% of
clones). The phylogenetic analysis indicated that archaea found in the three libraries were clustered in Methano-
brevibacter, Methanobacterium, Methanosphaera, Methanomicrobium, and unidentified euryarchaeote of the Euryar-
charota. There were 25 unidentified sequences belonged to Euryarchaeota. This suggests the existence of novel
methanogens in the rumen of Jinnan cattle.

Keywords: Jinan Cattle; methanogens; clone; molecular diversity
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