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1.1 Hmin

973-4 S (AR A I 2011 AR5 3R MG PR IS5 MR
AL HY6-2011-1 MK TR Vb HE S U e W be i
BT (21°54.3247' N, 118°49.0818" E) ik, WK 1,
JKIR 1666 m, B5FLIEEE 13.95 m, RS RAE G IR
AT VI, BT IR B O A7 T -20°C  He i R
BSURE 28 B S AE A A T 40 B URE | IT AR S AN [ TR B2 X6 1
FR )57 I, W5 R BUAY 12 N REAL 20 )2 (20~
386 cm) S LA, FZE (552~800 cm)4 NEES: KR
(862~1200 cm)3 MESIATAISE , IFFERE AN 1,

F1 BERER
Table 1 Depth of samples
973-4 HFEHUFE R BIE/cm
1 20~25

192~196

236~240 2

326~329

382~386

552~556

592~596

716~720

796 ~ 800

862~ 866
1082~1 086 w2
1 196~1 200

=

FIz

O 0 N AN AW

—_ = =
N o= O

1.2 MERFME

K 973-4 FEARAE 12 DARITREERE iy A7 2L
X R R A N AR I E A LR TOC, i i
Mastersize2000 FEATITARYPRLAR 4387, R T T 4 T8
BERYA LI N. dutertrei #E4T AMS™ C M 4F i 4F i v
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Fig.1 Station of 973-4 Core,the dot stands

for the sampling site
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1.3 DNA #2EUK PCR # 18

K FH Power Soil DNA Isolation Kit 357 &5 , #4 Fefd
FHI7 54T DNA $2 580, FLyk Al , 3R 45 /9 DNA A 5
HAEFEAT PCR 73, DL4E HUTS 3 DNA B854
16SrDNA 3 514 27F/1492R #E4T PCR §" 14, 2 )5
FH VLI 519 341F/534R #-AT kP48, P ik
%} 25 wL:10xPCR Buffer 2.5 wL,dNTP (2.5 mmol/
L) 2 nL,DNA AR 1 ML,E&W%I%%’ 0.5 pL,Taq
fit 0.5 pL, 7 ddw 2 25 pL, PCR "8 &2 W3
BB ARG g R TS A B BE R R 1500 bp
200 bp, ¥4 5 FE AT HL VKRG I 2l Ak Bk, B F R —
£ DGGE K T-RFLP 25643 #7
1.4 T-RFLP &S

20 7 16StDNA 4l £k [l i J5 1 PCR 7= ¥ 7F
37°CH Msp 1 WYIEEEE DI 3.5 h, 65°C 2 1k i 15
min, BEA AR T A8 TREA BRA W] 3E4T STR A&
W, e L5 R Peak scannerl.0 #KF0#1, B304
SHERNDE S BEE 5 Mica3 B 128 k00 ] V8 v 3
AR FERE(S) , FRIEE(H) XI5 % (E) I
1 T AT LA R R O AR A0 400 v A 5 R AR AR
1.5 DGGE Hik5 DNA [l

K DGGE 43 B 973-4 HURAE A W] IR BE 19 R AiE
PERUAE Y, AR PRI E R 8% , A8 M R 30% ~
60% ., T£ IXTAE ZZ i+ 30 V Hi# 30 min /5 60 V
AT 13 h, Bk e R Gk A e o, B UV B
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RY AT IEIEIA IR, X DGGE ¥ e B3 v iy 41 3
DNA Z%7 FURFAE 25415 4T DD I [mllie, 7 T I8 1.5
mL B0, A 20 wL JEHE K, 65°C L E 15 min,
ACHFEA . ZJa VAR DNA B9 s alifk, 4l
Aer=9 e LA T A TR BRS BIE TN

2 4

21 MEREFUNESER

973-4 FEARFE DLW B HLEK 43 B B DT R A
B an &l 3. R)ZEZHWZA LK (TOC) & & 2/
S RAE 0.20% ~ 1.83% 2 8], PLARYI R EE K/
XN 6~8 pm ZE], EEDRL D, A AR A
] 220~ 230 cm, 456 ~ 462 cm, 750 ~760 cm, 1 280 ~
1 290 emIREEDTRRIAENS , IFXF 973 -4 FARFE AT
BRI G, 43 9l 38.51, 34.60, 33.72, 31.57
em - ka™ AR 2 s BRI Z AN SR

VA L S AR RRE SR N 3R 2, d# &F SPECMAP
800 ML Xt b AT 45 Hh AU R AL R AR, 973-4 FLIKAE
1% 43 431 a, /R B RO R WY, &£ 5 HD-
319PC 3 43 AH T, 51 FH 30 37 00 X 45 3] 19 e 7
11716 om HBE ST RGA 1499 pg - L7,
2.2 A [RERE T-RFLP SR

T-RFLP [#135% H ik 04 B30t | e 06 1 AR LA R 0 1)
T-RFs KB B AERIEV 2 FE 1, Tl D A X 2R )
A A 43R 12 A TR R BE 4 T-
RFLP (317504, R )2 2R E 12 MRER
Ff T-RF %53 %)M 24 .18 10,18 .9 .14 .8 .21 9.8,
1017, ¥RJZ T AE W 3 B AR X 3, v 2 3 B A G 3
/N, B 716 em AMUAEY F BRI Z 5 BIRIZ K
YRR T R RS 8 P N Y B
VTR AR, X4 TR BE I A A8 5 (H) I3 5T B8 (B ) 4T
A RIEL . K2R REERIEEE L TRE

HLHAE N (ka B.P.) DU i (cm/ka) MIS
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Fig.2 Stratigraphic framework and sedimentation rate of Core 973-4
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Fig.3 Sediment particle size and TOC distribution of Core 973-4
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Table 2 Age of foraminifera, TOC content, methane content and sediment type of Core 973-4 in different depth

BRI /em ) o Z kY 4E%/a B.P.? w(TOC)/% p(CH) P/ (g - L7Y) kAt e
20~25 1.1 593 2.17

192~196 1.1 5038 0.79 iR
236 ~240 6 255 0.80 3.08 ERUE Wity
326~329 9095 1.67 3.1 Fh+
382~386 1.1 10 887 1.36 3.4 RO O
456~462 2 13 266 0.79 ERUE Wiy
552~556 16 194 1.13 2.87 b+ O
592~596 — 17 426 1.25 2.8 DL O
716~720 2.21 21 248 0.89 1 499.1 B+ B
796 ~ 800 2.23 23 874 1.23 L
862~ 866 3.12 6 154 1.57 i+ e

1 082~1 086 — 33 756 1.26 ik

1 196~1 200 — 37 695 0.75 TR B
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Fig.4 Phylotype richness(S), Shannon-wienewe Index(H) and Evenness(E) values for the bacterial communities

from T-RFLP profiles of 973-4 cores and bacterial clusters of Core 973-4 different depth
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HIR)ZENRZ 5] FE AR HIRE 796 em % 1 082
em ¥ 5T BERAAR, U A AR W) A AR A AN 5

X 12 ANTRBE ik B (9 28O0 i B B iEA T UL B,
A T R A AR A= TS TR R 4 T R 1
R 4) BT RIE 1192 em 5 20 em #H
LB K 52% ,236 cm 5 1 196 cm AHIIE R & ik 76%
382 cm 5 1 082 em WRFEARINEIL 38% , 3155 326 cm,
552 ¢m,796 em A AN, 592 em 5 796 em R
YRR 1K 58%,716 cm 5 862 cm AHMBIMERAR,
M 41% ,592 em 5 996 em FARIE 71%,

X 12 AR BE A 35 oK o ' i BE K BE (89 bp,
91 bp,92 bp,489 bp,493 bp) MAFHET 6 LI FIEE
AR IRDEN B K & 716 em FRAE Fy Bl 3 Ho v e
ARERY IR PR AR 25 Rk 3, EENA TR K
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Fig.5 Proportion of different bacterial in three layers
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AL, HoR N Actinobacteria ; R 2 F 8K a- | v-
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SAACTR B AR IR Eh ik I ol 22 1 BLAE236 cm (716 cm 862
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Table 3 Alignment of characteristic T-RFLP fragment-size to its possible GenBank sequence

Jr B (bp) AT REVC L)Y 51 (mica3 A4 2 ) F & JZ L/ em
89 APO011529; Deferribacter desulfuricans 592
91 AB121109; uncultured &-Proteobacterium 192,326,382,552,796, 862,1 082
92 HQ132471; uncultured Desulfuromonadales bacterium 716,236,1 196
114 AY163571; uncultured type Il Methanotroph 192,326,236,1 196,716
120 EU328089 ; uncultured y-Proteobacterium 592,382,1 082,192,552,1 196, 236, 716
121 AB519265; uncultured bacterium DSSCN110TU1 592,382,1 082,192,552,1 196,236,716
67 AJ567596; uncultured a-Proteobacterium MBAE43 592,382,862,1 196,236,716
97 GQ452894; uncultured Actinobacterium 716
69 EU104839; uncultured Firmicutes bacterium 2R2U10 192,716,1 196
130 EU328027; uncultured Desulfuromonas sp. B93 862
131 DQ867001; Desulfovibrio alaskensis HEB223 862
135 AM774314; 8-Proteobacterium JSSRBS0Hy 192
142 EU523092; uncultured sulfate-reducing bacterium BpP93 20,192
179 AY684080; uncultured Thermoanaerobacteriaceae 716
181 HQ672507; uncultured bacterium F9P4500SP05 716
200 (GQ249578; uncultured Chloroflexi bacterium D36 592
308 EU107485; uncultured y-Proteobacterium B59 716
313 FJ189565; uncultured bacterium EUB44 716
317 EU181472; uncultured bacterium SBAVA3]JS1 716
424 HQ397143; uncultured a-Proteobacterium 326,552,592,796
493 AY951932; Methanotrophic bacterial 20
495 AJ567559; uncultured Proteobacterium MBMPE45 326,552,796
496 AY360527; uncultured Methylophilaceae bacterium 10-3Ba03 326,382,552
466 ABO013262; uncultured a-Proteobacterium 1196
473 AY251063; uncultured Proteobacterium FT17B33 1196
484 AYO007296; Methylosarcina lacus (T) LW14 20
490 DQ394993; uncultured 8-Proteobacterium VHS-B4 20,1 196
499 GQ472814; uncultured y-Proteobacterium b45 192,552,796
507 DQ767884; Desulfovibrio sp. FSR12B 20,1 196

5 6 101211 8

151

(.50

(.48

046

A B C
6 ANFITREEE 16STRNA S Bt DGGE HLIK i (A, B) SERFEHTAA (C) (1-12 53 1 HURETRBEAIO B )
Fig.6 Image of DGGE gels containing bacterial 16STRNA gene fragment( A,B) and clustering of different deeps(C)
(1-12 corresponding to the sample number of the Table 1)
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Table 4 Alignment of DGGE band to its possible GenBank sequence

Ere] ARLEE f5 2 2 T ARALLEE T I TR
SCX_04_01 Unculture bacterium AB770304.1 MD179_57_MD3329G_0_632cm_28 99% #Z
SCX_04_03 Uncultured bacterium FN296085.1 clone Clueless (52 ROV 5-7) X-C03 99% =2 F2
SCX_04_06 Uncultured bacterium AB275987.1 96% )2
SCX_04_08 Uncultured bacterium KC631527.1 99% FZE
SCX_04_09 Uncultured Proteobacterium isolate alb024 AF420343.1 99% FLZE PR HE
SCX_04_11 Uncultured epsilon Proteobacterium clone b1pl2B11 EF092699.1 97% )z W2
SCX_04_12 Uncultured bacterium clone ABEsIN_E7 KC682703.1 99% Tz RZE

em J2 1196 em VREEAL, 552 em £ 716 cm b4 TE 5
O3S R ARLER | S A BB 1T IR A e
. 2 U P A7 T 7 S5V SIG U AR ) 200 T AH DG vy, TNt
BB Desulfuromonadales bacterium (92 bp) K W BiAH
KW type Il methanotroph (114 bp) . Methylophilaceae
(496 bp) . Thermoanaerobacteriaceae (179 bp) 3 H.H JZ
e & B 85 , T DU HH 5 T BEAR ST E M 22 i
A ot 3% kv 110 DI
2.3 AERE DGGE B o
ANIRIRBERE i 53 B B 10 B 25 AN TR) I 26707
a6 frzs, Horb 26 B H B 2 1 3 A2 72 20 em, #%
D IAE 862 em, HIE 6B FIE I, RJE 2 IR
JE A WiV A0 22 S 0K [R)— J2 AN [RITR B 2
PIREREMMUTER R, WERJZ 20 em 5 192 ¢m 326 cm
15 382 cm 456 em MR ZRAVERZ (HRZ 5 MRIES
H1)2 592 em 716 em 796 em AR, LIARRE
BT B E o A MR B0, A5 21 R 2 70 B 245
20 em 5 192 em IR, 592 em 796 em AH
®,716 cm 5 862 cm ik 60% LA I+, 5 T-RFLP £t
HA—H, MR DCGE F5 LU RS, X 12 MR
PR 4% 2l B BB o3R8 i 4%l HEAT DU 7, i i S
GenBank 4 2 #E 47 LU X, DT HE [R] P51 B 5 1Y) 2 971
GERIF 4, MU LEXT, IER 2 250 A5 Bl 1 b ok
FE R B S P AR L 96% ~ 99% 1 B s [ I, 04
_09 573 B A Guaymas Basin D4 H g S840 X 2B )
ABGRHIARRIE,04_12 54} 85 H Lau Basin #i1L%)
JH 1A X 19 Methylococcales MRS, 04_11 5405
H Guanabara Bay 1] Uncultured epsilon Proteobacteri-
um A B AL, [ A5 B S 4l 22 45 e AR
ARG, W R IXBRAEER 5 ML

3 e

31 MRMRERFSREM SN
TR SR TCER ) B BEAL IR 5 X ol A W 1) 22 e R e

TREEHAA RIS W, B2 TE LR IRSOK S W07
TCR , WA WA T & RS Sh i e, 1L
T A BILBT & 10 AR ) OB O B 2, e 1
U AP & 5 >0.5% , BERE R RIR K E
Y i) AR Bk 2% A, AR IE S A LB i 0.20% ~
1.83% 2 (8], 554 3 FEHFITRRY) 0.39% ~ 1.26% F B,
T A2 RAR K G WA, IF BAHARFE P 54750
BUEZ N 34.6 cm - ka™' , KT 3 em - ka™' | ¥ /2 KER
SUKEUIE R DU B R 55, b, PRI

b, HVBE & B AR ) T B S 2 R A A R
mit s E e AT AR K e, AT X 2
TR R T, DU AR IR TS Ll 13 266 a &2
23 874 a, UMRFEVS R WIS I, H. e 76 A 1 265
DU 22 DASK 1 1 F- 1 32 S BR AR AR AR S e KU Vg
ST N R 150 m, HYEE JIRRIE 1.5%10° Pa'" | 5
TP THT AR AL R AR K B W) SR R R TS R e 11 5 ek 480
—£, HD319PC 5 973-4 3 i #07 F /¥ AR AL 4R
Vitg 3, 500 cm = 800 em J& T A F M FE T, 5
973 -4 AT I A5 AN ) T 2 4 [m) A2 3R WU AF , HLTOAR
YIS Ik tth | A L R A DU R B
P KB PIRAF S5 0, T HD-319PC 3 v I 75 620 ~
730 em FRBE O R BE A 5 Y p O A I AR 3 07
Wb FARIRVKIA I 552 ~796 em VR R & BEIX B
FERM, [F]— S A i 2 8 5 H o ok A%
ARG, a5, S 2 B R, IR Z AR
AFDIRFE 716 cm AP B 2 SR 3G R, S 5] FE
%, A AAREE B, AT Be SR G BT R b O,
IKE R B R B BE T v e 1) R o S B
R £h—H ¢ BL 1 ( sulfate methane interface, SMI) #l
FHJ5e IR 48 48 4L (anaerobic oxidation of methane, AOM)
A R R R A W e S A SRR R R 3 TR A 52 T A
AW A BRI A (A T B G R i ok DI
e, HC A Bl W A A 8 B8 52 B ], S BOAR [ A
AP RMZERR, RIZTIRYERE R 2 10 887
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CE HG

a, FEF AR BRI R Z b T4 R AR 1,
BEAE AR UUIIASE o, SR 2 02, A LS A,
Jo8 5 /AN o A [ ol Gl A 0 B4 R TN B 0
RO, B RAGBOR AR RIS I HRZ T
PR R A v, DA e 4 = 1k 38.51 em - ka™,
AP B , A A8 R o B, BUE Y
Bom . R AL T4 R A0 3R I, e i vz
A BB & BB U AR R JZBARE Y
FEZMAKR,1 200 cm ZEA0 P F B AR R, HA
Plas & 2 —2
32 AEREMEWEZRIUES T

T-RFLP 5 DGGE J5 ik fE AW 5T LAY b AR
PR S5 R v AS B R E T 4 RARAT , DA 5T
TR AR R RO ) A AR T AR AN W)
TR (AR 53 B 45 SR B8 2 A il 5 1 U 2E )
V&34, T-RFLP Fl DGGE 5250 ) 38 25 43 #r 45 S 1
KW 716 em 5 862 em A ARMIME , LRI I & H
BEREE A W) TR N Methanotroph , Desulfuromonas
52 5KG W 5T ARG DRI A AR DI P 3 v T g
S S A 0 th 2 TR b T Rl 67 = 149, K
BV Z R P b & T, BA LS &+
&, PR P AN [ R B A AR A3 e s 22220 em
% 192 em WAEYIREE AR RS R AL T TR — S E A2
U, AR TR A RS 251 A HLCS R T i A 22
AR, PR F B TR A AR R )2 SR 2
Sy FAE RN R M T3, SRR g, Ak,
531082 em.1 196 cm 5 236 cm % 382 cm BE{& 45
PR PR PTG e v A 22 S m B 5 Pk
AR EEAT O, DURRMI R I i 284k | Y e &5 e A [m) 1) g
S Y BETE SIS TR I, U B S
Y 22 K G WIAE S & Wk & S 2 T
ERBBE YRR SO | [l U PR 25 S B A (A
ztE,
33 AEREMEMEEENSHT

WG R T-RFLP F1 DGGE %553 T4 W24 7
2 0 LR P BT AT T A MR T 4
WEFEHIIHT . TR AKERE 12 DS REE A Py s 45
P53 HT, AT 7 AR X R e e VR A5 4 7 A T R
o, WUE I RETE 5 RN SOKG WA K, il it by
DGGE F840 &1, PRI 8 N9 om B ik M R ik 4547
Xt DGGE A&7 Wi, 7 I R AT [ D5 LE A, AR A
DR FNAN TR & S5, (05 H AR UK &Y
X Guaymas Basin HIRITFRY) S5 1A P Il k4 e

RUNZX MY 2 5K YA, @it T-RFLP 73
B, 5 R, 973-4 PRI i vh A8 FE AT T4 ( Pro-
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PR, W Thermoanaerobacteriaceae (179 bp) | uncul-
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Vertical Microbial Community Structure Characteristics of Sediment in Gas
Hydrate Potential Area of Northern South China Sea Jiulong Methane Reef

SHI Chun-xiao' LEI Huai-yan'® ZHAO Jing' ZHANG Jie' HAN Chao'

(1. College of Ocean and Earth Sciences, Xiamen University, Xiamen, Fujian 361102;

2. State Key Laboratory of Marine Environment Science, Xiamen University, Xiamen, Fujian 361102)

Abstract; Although the marine sediments bacteria play an important role in marine environment, a comprehensive
view of community characteristics is still lacking, to understand the characteristics of microbial community structure in
gas hydrate potential region and to evaluate how bacterial community structure response to gas hydrate, we used PCR-
based technology: terminal restriction fragment length polymorphism ( T-RFLP) and denaturing gradient gel electro-
phoresis ( DGGE ) , combine environment parameters such as sediment grain size, total organic carbon( TOC) , dep-
osition rate and sediment age to research the diversity of bacterial communities and structure in sediments from the ad-
jacent region of Jiulong Methane Reef 973-4 in the northern South China Sea, and we divided the 973-4 core into
three parts in the base of environmental parameters: surface layer, contain 20 em, 192 em, 236 c¢m, 326 cm, 382
cm; middle layer, contain 552 ¢m, 592 c¢cm, 716 cm, 796 cm; and deep layer, contain 862 cm, 1 082 cm, 1 196
cm.

The environment parameters show that the total organic carbon content decrease from surface to deep, and the
content was between 0.20% to 1.83%, mostly greater than 0.5%, it can provide source for the formation of gas hy-
drate ; the average sediment grain is between 6 pum to 8 pm; the age of the bottom of 973-4 core is 43 431 a, reveal
to oxygen isotopic Il period, and the average deposition rate of this core was 34.6 cm - ka™ | meet the deposition rate
of natural gas hydrate formation conditions.

The result of T-RFLP show that there were much higher values of richness, Shannon-wiener index and evenness
index in surface layer sediments and deep layer than the middle layer, but 716 ¢cm was higher than other depths sedi-
ments in middle layer by the analysis of terminal restriction fragment( T-RFs) . The Shannon-wiener index in some
depth was lower than 2.0, show the low diversity of microbial. The three parameters have the same trend. Three pa-
rameters increased initially then reduced from deep layer to 716 cm, and the trend from 716 cm to surface layer was
decrease and then increase. Though clustering result on the terminal restriction fragments( T-RFs) areas and denatu-
ring gradient gel electrophoresis patterns shows that: the surface sediments 20 ¢m to 192 ¢m have higher similarity,
the value is 52%, 236 cm were similar to 1 196, the similarity is 76% , 382 c¢cm to 1 082 cm similarity is 38%, be-
sides have similarity with 326 cm, 552 c¢m, 796 cm; the different depths in middle layer have similarity, simultane-
ously 716 c¢m and 862 cm were higher similar, this is connection with the methane level in middle layer, and methane
can affect the community composition of microbial. Middle layer located in oxygen isotopic Il period, the template is
cool, it led to the sea levels drop and made the change of the methane, and the change of methane concentration lead
to great difference of microbial community structure in middle with surface and deep layers. The deep sediments micro-
bial community has higher similarity with the surface layer because of the methane concentration was lower than mid-
dle layer and the similar total organic carbon content. Through clustering analysis and sediment environment parame-
ters indicated that the vertical distribution of bacterial was coincided with the sediment total organic carbon content,
grain size and methane concentration. And the difference of microbial community structure related to the geologic con-
ditions for example depth, the change of sediment properties, methane concentration.

Through compare T-RFLP chromatogram to Mica3 database and sequencing the DGGE bands to analysis the di-

versity of the sediments and the result showed that ; Proteobacteria were the dominant phylum, and a-,7y-,8-Proteobac-
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teria were the main class within Proteobacteria, other bacteria include Actionmycetes, Firmicutes and Chloroflexi. The
dominate bacteria in surface layer is 8-Proteobacteria, most of microbial were related to the hydrothermal vent of
deep sea sediments, and &-Proteobacteria have related with sulfur cycle, indicated that sulfide metabolism especially
the sulfate reduction was important process; in middle layer a-Proteobacteria , 6-Proteobacteria were the dominant bac-
teria and almost related to the deep-sea methane seep and pacific deep-sea sediment, suggest that sulfate reduction
and methane oxidation were the main process in middle layer; a-Proteobacteria was dominated in deep layer, we con-
clude that methane oxidation was the main process, indicating that our deep-sea sampling might be influence by the
gas hydrate. In addition, methane oxidizing bacteria such as Methanotrophs and Sulfate-reducing bacteria occur in
middle layer where has higher methane concentration areas, and the bacterial were related to the bacterial retrieved
from sulfide chimneys, hydrothermal vent environment and areas where has confirm existing gas hydrate, indicated
that the microbial community structure in core 973-4 have relation with gas hydrate decomposition and release, suggest
that this zone maybe exist gas hydrate. Our data suggest that other bacteria are also involved in methane oxidation in
these environments, and combine with the environment parameters we conclude that this zone exist gas hydrate, and
conclusion the sulfate reduction methane oxidation transform zone located in the depths of 500 cm to 900 cm.

Key words: Jiulong mtheane reef; gas hydrate; molecular biology; formation and decomposition of methane



