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Abstract: Eleven cores from DK—2 gas hydrate borehole in Qilian Mountain permafrost, located in the north of the Tibetan Plateau,
were investigated to find out the difference between gas hydrate samples and non—gas hydrate samples by microbial community analy-
sis. Of all the genes often found in marine gas hydrate samples, i.e., bacterial and archaeal 16S rDNA, merA (1, 1l), pmoA, mmoX and
mxal’, bacterial 16S rDNA could be observed in all of the eleven samples, resulting in the detection of a great quantity of bacterial se-
quences belonging to 5 phylums, i.e., Proteobacteria, Actinobacteria, Bactemides, Firmicutes, and Deinococcus—Thermus. The bacteria
diversity decreases with the increasing depth. A study of gas hydrate sample DK2—-19 and non—gas hydrate sample DK2—-25 selected
for phylogenetie analysis and diversity comparison shows that the two samples are remarkably different from each other. A comparison
between gas hydrate samples and non—gas hydrate samples show that the percentage of y—Proteobacteria in gas hydrate samples is
lower than that in non—gas hydrate samples, and Arthrobacter could be found mainly in non—gas hydrate samples.
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Fig. 1 Sampling depths
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1.2 DNA RYIREUAIAE . & & 16S rDNA

S MInEEEE Y1

B 10g A FE BT A G E AT DNA $2 5L, $2 Bl
H PowerMax Soil DNA Kit(Mo Bio Lab, Inc.), LA
FrOFE S DNA BN, 4351 % FH4HTE 16S tDNA |
W H 16S tDNA merA (1, 11 ) \pmoA .mmoX F1 mx-
aF 519 (£ 1)3847 PCR P78, B4 i 5% 2
PCR & & .LA Taq(Takara)0.5uL,2XGC Buffer |
25uL,dNTP 8uL, 51¥)4 1pL,DNA £tk 1pl, &
AR 50uL, 40T 16S rDNA PCR 4" 14 i J2 )i 4% 14
Jy AR 94°C, 5min; 2P 96°C,30s; 1Bk 52°C,
30s; HEAH 72°C,50s;34 DEH G 72°CH- R 10min,
W 16S tDNA , mxal 1 merA W) PCR P 34 25 {4
R TAEE 94°C, 5miny A2 PE 96°C,30s; 1K kK 50°C,
40s; FEff 72°C, 505538 MG T 72°CHR IR 10min,
pmoA Fl mmoX 1 PCR 473§ 4 1 Jy Fil 28 ¥ 94°C,
5min; 48 PE 96°C ,30s; iR Kk 47°C ,30s; fE fiff 72°C ,
50s ;34 MEW G 72°CHE IR 10min,
1.3 TEPEXEME PEMETEREIFIE R HF 5NE

PCR =¥ & 4ife)5, 5 pMDIS—T #HAKE
# DH5a 3% 57 25 20 M0 (Takara) , & W 1 B O o€ )5
PCRFH M 56 UF , 3K 15 BH P s B, 22 i = L R 2
H

1.4 16S rDNA ERFJILBERERZLBEMIGE

W AR A 19 )7 51 % 5 GenBank U5 5, N H
Blasm 27 595 FEh A A H 16S rDNA 3751
PEAT EL 353 AT . d5eJ5 R ClustalX (Version 2.0) X ¥
GIHEAT X W AT R R R B, AR
Neighbor—Joining ik,

2GR

21 HBEEPCRIyEHMER

11 RS B DNA 40 305 Bk 6 A~ 356 N ik
FTPCR U738 . B 5 W Bk 0 vl VKRG I 245 21 s, 11
PR b R A E K A 16S rDNA, T H g 3%
PR B A A M AR BIF 9 2 Rk e A OG5
FIPCR RWARFR, S5 R E AR 11 R 5
HEAME 16S rtDNA, A EF i E 16S rDNA il
FGEAR I A SR FE B merA (1, 11) .pmoA .mmoX |
mxal . 7% 3CFE HT R A I 4H TR 16S rDNA HE [
AT AT o
22 RESHEZHUENXR

XF 11 RS A 16S rRNA 3 [H g [ SC )% o
BE LR AT 100 4> BH P s BE 1 #0470 )7, A5 5
NCBI £d X b, MR 38 % R AR U K T4 T 97%
FE XA OTUM I OTU 114 %5 nl B0 2

F1 AWRT PCR A AEKSIMRERFFIM

Table 1 Oligonucleotide sequences of PCR primers used in this study

HAREER EIEZESL

Ikl

. Bac349f
41 16S tDNA

5"-AGGCAGCAGTDRGGAAT-3"

Uni806r 5-GGACTACYVGGGTATCTAAT-3"
n Arc349f 5-GYGCASCAGKCGMGAAW-3"
& 16S rDNA
Arc806r 5-GGACTACVSGGGTATCTAAT-3"
MELf 5"-CGMATGCARATHGGWATGTC-3"
. ME2r 5-TCATKGCRTAGTTDGGRTAGT-3"
Al M IR R B nerA)
AOM39f  5-GCTGTGTAGCAGGAGAGTCA-3"
AOM40r  5-GATTATCAGGTCACGCTCAC-3"
. . A189f 5"-GGNGACTGGGACTTCTGG-3"
R TR R e B ISR (prmoA) ) )
A682r 5"-GAASGCNGAGAAGAASGC-3
o . mmo882f  5-GGCTCCAAGTTCAAGGTCGAGC-3”
AJ ¥ 28 B e D0 A B (mmo X) ) )
mmol403r  5-TGGCACTCGTAGCGCTCCGGCTCG-3
o mxal003f  5-GCGGCACCAACTGGGGCTGGT-3"
PP e i 2L B (moxa ) , ,
mxal561lr  5-GGGCAGCATGAAGGGCTCCC-3

HD=ATHG H=ATH C; K=T# G; N=AT.Cad G; M=C{ A; R =A G;
S=GH C;V=ACH G;W =A T;Y =Cs{T
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Fig. 2 The relationship between OTU and sampling depths
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F2 AN FERG R, MR 22 PR
JEAT T 22 [RFAPE R . H BB A ]
(Proteobacteria) 5348 T a— P— . y—F1 -2 LT
SR 2 TG AL 1 5 (G+C)mol% Y ik
L] (Actinobacteria) & (G+C)mol% MY J5E B 1 7]
(Firmicutes) .CFB #HRERY AT & 1] (Bactemides ) F1 57
HERE WG [T (Deinococcus—Thermus ) o 2845 15 HL
FERGWIERE DR2-19 (IlTUA ) FK G Y2 R
DK2-25 (I 5 ) it — 22 934

DK2-19(161.20m, AE /KA W)JZHF b ) i 70
Bl AR BT R 50208 41 4 OTU, b A7 35%
PSR A IE R, Horp vy B AT O HE Y
Pseudomonas migulae TE 2 & Jit A1 77 91 h 3 B A
15,15 18%, Pseudomonas migulae J& T 5L & |
WRTE T WROK TEKIEE PR W TE H AR
YR g ) HEEWEM ., Btk a2
I AR AR IR PR 5 R B8 2, M Pseudomonas
migulae AU VER B REYE, JF B AT LARE A& A
BB LR A LY BT A D B A R S
TEd3—BILFF R, A 3 5KIFH 5 Acineto-
bacter lwoffii AL B 99%, Seung S5 1P7E + IR
B4 B Acinetobacter lwoffii, Fi& AT 5% ¥ 5
H2E 0 oI FF R A, 12 0 fF O S 3R 85 F T
K B85 v G SRR B R Y 91 4 35 < Methy-

lobacterium populi Hyphomicrobium facile subsp. tol-

erans fll Ochrobactrum anthropi, Methylobacterium 1
FARIREE A AT (S AR, EE A e 3 rh s
Hyphomicrobium facile subsp. tolerans {4 Hi Noah &'
KIF EHEIRSE R Ochrobactrum anthropi 53 i 1€+
SR EE TR B =8 JE A TR A AN §— L8 JE AT T A
FE# N 4% - BIEAT WA (9 3 P 51 #8 5 ok
B AR A WA 56, Herh DR2-19-42 Fl DK2—-19-82
5 — BB IR S—BIEA A K AR T A 12%
WP AR 2E i 2k 1], b DR2-19-96 5
Arthrobacter agilis FLEE IR 99% ., Arthrobacter agilis
FH Fadwa S51™100 58 F AR R £h A FE v, B 8G FFIFong
8 T i vk P . DK2-19—1 5 Kocuria
rosea WAL I8 99% ., Kocuria rosea J&— ik Vi fig
FIRR B A9, W] LA 338 R OK i VDU W A
ZFh HARIREE P oy AR R, A 19% R 51 A2
JEREE ], HH Bacillus niabensis B 1 #) R =452
73 BT R i VD TR TP AR S AR TR
PR R, N 34%. TEZHE M e 74 h A
10% U 2& B Spirosoma panaciterrae . Spirosoma
panaciterrae 5 H Leonid 55270 8 F A& H - | F
JERE ST AR 0T o S R W AR
VY F BB i, 2 A 45 B 0 T 48 5 8 Deinococcus
sp., LB B HI Arjan 5P BTG RV D

FEdh DR2-19 48 R T ILE 3,

DK2-25(235.80m, /K& ¥ JZ B il ) B 8 il 00
FEGL R B T RAAUKG IR LR B Z AR T
DK2-19,0TU XN 16, ZLIFFEIT 25%, 46
a— Bl y= =ANERE K 8% Y I3y a8
AT BE , @ 4E Bradyrhizobium elkanii 1 Methy-
lobacterium populi, Bradyrhizobium elkanii Ef]
Fernando %2153 85 T~ I P4 % JLAY L35 rp , 14% 110 )7 51
HZE R B—2 T FF WA/, H T Hydrogenophilus
hirschii /1 Rudiger 551738 256 [ B 0 F KA M,
B TR B R R R SR R R A
T A= 4% . Burkholderia tropica ¥4 HH A% REFPVE T R
IR EX, 5350, 7E B—W AP il BB T —Fh KRB LA
— itk H B Ak G W A b 8 8 R R Y 40 T8 Methylophilus
leisingeri™ , T} y—"EIEFFWAE K i 3%, 7EFE AL T
5% 0y S A R R T, H P Blastococcus
saxobsidens HH Oscar PR T A AMHEM T A 16%
A A A JRERE R T], A9 20 B T Bk 85 Bk
) Bacillus sp. Fl 1 BRABG TR A0 AH R, FAFF 8T 1AL
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Fig. 3 Phylogenetic diversity analyses of bacteria in DK2—-19 with 16S rDNA
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Fig. 4 Phylogenetic diversity analyses of bacteria in DK2—-25 with 16S rDNA
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FEah DK2-25 A1 R & B W LKA 4,
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25 X HE A B, aX 2 AR dl e PEAR R AT 8 AR W Y
P RN TR A, 8 40 Methylobacterium populi Spiroso-
ma panaciterrae # Deinococcus sp.., Deinococcus sp.
o — R S Y R S ) AR R, LR A RE A 2 T A
5 TS5 0 g 5 R A O AT SCHRAIR B, e A e B A T

R S A TR AT RE AT AR TR AT O, X LA TR Rl AR TR
B MRS R B, BEUTEAT AT BE 2 DK-2 #5
(RRAE B RE o PR BT 5 AT 0, 2 SR Sl e VR 45 P AH 22 3
Ko Hrh DR2—19 HU A 1R y—28 JE AT B A
(= BE 4301 34% 1 22% , R RE Sl I AR BT A L
£ DK2-25 HX 2 FRHEAS A 3%, ZZHIBOR . 1E
DK2-19 " & Bl K 5 1) £ 1 B % 8 Pseudomonas
migulae , 7€ DK2-25 HHIFK LM Pseudomonas migu-
lae , 3% W] G5 K AR TR G WS — LE 4 03 P g
A 5,

T KA SOK G W B 5E 2 BB B2k % R
SRAKAE W T 2 4 455 B AL FR e 17 £ 0 ol DAL A
Z 5 H B RAE AL (AOM) it 2  Hor ™= HBe i il
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AW FE R W R, 25 RN RN R
CO,+4H,~CH,+2H,0 il CH;COOH—CH,+CO,,
AOM i 2 4 35 5 IR £h 36 JF 41 7 (SR B, sulfate reduc-
ing bacteria ) I F ¢ K 4 48 £k i 1 (ANME, Anaer-
obic Methanotrophs)2 FEiAEY), 25 N g =X
4 2CH,+2S0,/—2HCO; +2HS +2H,0, ANME #]I
A G At e A iR B — 20 SO A R ) ]
merA (ST 5HHE M PP RE 3R TR ) 11T merd =098
B IR A 6 7 23101 BT T W B R AU A T T
IHZE 5317, AOM i 72 5 %2 19 55 AL 46 pmoA (4
R AU R e B0 S ) mmo X (A% R I R
PN ) A movad” (G 5 B R ST ), pmoA Al
mmoX & W e S A0 AR Rl 0 AR A S B R R mcal”
S PP S A o R ) R PR ) AR IS AE AR i L
i X R AR KA DK—2 B 3F 11 2R & 20 1
YA OR K BE SRB TR A, T B AR LR XK
SRR G W) T A AR R B 20 2CH, +280,7 —
2HCO; +2HS +2H,0 MY BEiHFE . I 16Sr DNA
55 B AR O Y Ty BE B DR ARG I 25 2Rt 9 — A5k
B AR GE LR £ X RARAUK & W Th AT AE AOM, H
TEARBFTE A R T RKE ML —Bk CL LB Y N g
U8 . Wk IR B Methylobacterium populi } /b & 1
Methylophilus leisingeri, /481 SCHR UL Methy-

lobacterium populi 5 Methylophilus leisingeri &5 1]
DA B R T e, (HL 3 2 Fofr FERE BT %68 R 0 1) 404 7
Py PP I T IR 5 ) M) 7Y, A DA D Sk R X R Y
AL A TE I . 5 2, 188 B I TR B9 A7 7 X
T YRR RARAUKE W W e sh 565, T3 2= 7%k
PR Y AR S P BT O L A 16Se

DNA 5 H B ACH A 3G 1Y Ty BE S P50 46 I 25 2R
LT, AR WD A AT B A B L R XK AR

KGR FE R 5 PRSP AR I L R AR
KAWL a5 R A, I R RS
IKE WA P RE TR S I T A AR AE

AN OTU S5 mEERCHR (K 2) i F i,
Bl R DR BE S I, 2R TR 2 R R R BRI Y
B AH B BB I Y RE S TE DK R DX ORI ) 5 7R
A B SR B AOCR, BUEBIRL C HLO NS,
PAETUR N EEMBE R, R BRI 0 A %
BN R AL &R EORANE, HERE b
W) J51 T 3R G5 AR TR 8 B PR T A W) R R TR A5 A
I OTU 50 5 IR JB G 28 1Y R P 04 Jit A ]
R, 7E M T PREE v Bt 25 % 52 1) 484 o, 4 I3 1 s 3
A% R AR ZE BB LSRG B — R
75 0 Z R 2K

HE V& S A8 SR b R X PR S5 1 2B A N, B
—JE R A g — 8 W REVR 4540 . DR Rt
fiff T A My TP i A2 2% 1) DK -2 B b il o 2 6
PR S RIS (] 2), DK2-25(235.80m) ¥ [
TRIRAKEWRESIEKREYEN LA, %
ai HY BCAE B BE G N DK -2 AL R IR 4R 4%
1 | SR A v B WV A AR AR . X R AR A
X TR 1) AR A SR i, AR Y 2 REPE AR, T
R HY A0 T B S KRR UK B S ARGt
B4 B& , W Bacillus \Methylobacterium A quabacteri-
um Deinococcus . Thermus Meiothermus % , % & &
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