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BRI EE S FE ST
TRE BIE THH FH
(PEFFE R A bE IR Hi 266003)

B E: [86)] REFALEIARE ST G BREABRYRERA S M. [k 4T %
B RBOTAY 2 A F L DNA, FIRAARRA 454745 ¥R KH 16S I(RNA KE 57, #)
XK A 16S IRNA L /5%, X %% RFLP (Restriction fragment length polymorphism)a-#7
J& BRAAREST 5| M 7 F AT S AR IR I AT A R R K F T TR B AR 8 AR AT R
WMo B, MHEE B RIAT 16S IRNA K EF5] S AF oA, [4R] MEGAAIREALE 6
16S rRNA XA %, % S E A& H 1] 69304 F 99 (Actinobacteria). BRHK H X (Acidimicrobiia). A Ak
M fi% ) 4R (Nitriliruptoria) =% #é ) 4% (Thermoleophilia) 4 AR 398 oA, PAML S F 69 FF BE 4L
MIA £, NA0-4 f5 5 69k HFrBE RN K A RNe4E E F B (Streptomycetales); N63-4 4,5 6948 %
Fh B S B AR 4R 4 I SR T AR ) Bl (Nitriliruptorales). 8 #3323t 403 i 41 AR EKH, RiE
S ARHEE B T2 19 KA A T 10 NRREGE, 12 ARRE 69, P A KR E &)
B3, Bk OAct400 A 2 b HAT B B (Microbacterium)#i# . (458 @R ERARMBLEF
TR E B YA TRAK T R A BE, BA#—F AR IE.

F8R. bk, RKH, RITR, TR, SHR

Actinobacterial diversity in the deep-sea sediments of
the South China Sea
WANG Jing-Jing CHEN Zhi-Rong GUAN Ying-Ying LI Jing’
(College of Marine Life Sciences, Ocean University of China, Qingdao, Shandong 266003, China)

Abstract: [Objective] The purpose of the study was to analyze the actinobacterial diversity in the
deep-sea sediments of the South China Sea by using culture-independent and culture-dependent
approach. [Methods] Actinobacteria-specific 16S rRNA gene clone library was constructed. Representative
clones selected based on the restriction fragment length polymorphism analysis were sequenced and placed
into operational taxonomic unit (OTU) groups according to the 16S rRNA gene sequence similarity.
Diversity statistics were analyzed using SPADE analysis software. Eight media were used to isolate
actinobacteria strains from 11 sediment samples. 16S rRNA gene sequences of the representatives were
sequenced to analyze phylogenetic diversity of the actinobacteria. [Results] Forty and ninety-nine
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positive clones were obtained from the two libraries and placed into 16 and 34 OTUs respectively. Both
two libraries contained class Actinobacteria, Acidimicrobiia, Nitriliruptoria and Thermoleophilia. The
dominant population of site N40-4 and N63-4 were order Streptomycetales and Nitriliruptorales
respectively. Forty-one strains were obtained by the culture-dependent approach. Analysis of the 16S
rRNA gene sequences of 19 representative strains showed that these strains belong to 10 different
genera and 12 different species. [Conclusion] The deep-sea sediments of the South China Sea harbor
abundant and diverse actinobacteria. The result also implied that there may be large numbers of

unknown actinobacterial groups.

Keywords: The South China Sea, Actinobacteria, Culture-independent, Culture-dependent, Diversity

RN 2 —, ZiUE B TR i
REZMAEYTHR, MY P R RN —K,
TR VDRI OB AT B AR A7, TR T s
O LE BRI S AR =, BAT L E R RO (E A2
TrTIE, BT RAGSEEEASE T B A My AU
H AT A AR = i i i S — , dR IR AR
W) PEVRPF 5 VAR T 1A 1% B 5 T B A A s o
R E e — A I ER A IR, P
PR BT PR R T 5 52 T, e A
B 2 T3 Z R IR BACE Y1, 2 70%52
TR TR =R IR VR IR B T R B UL Y
R, U IR TR BT R B
Yris ) R BRI, R RAA R IR
W PRI SEEIRAMIEIAEEY, I T X R
e i PRI 18 R TR T T 2 SR AT AR O 1) A8 i A2
PRI AR A, B2 & BT A T Al
A DL R TR X — R R PR 50 2 A B AN i 3 3 14 T £
R VIR AR QI 0 ) 5 SR

P PU R PP R I St , R IX It
FIGREE B FE [R5, R ZE WUy B T3
W, (RN, R ERAL T PRI, X Bk
AL B ORI A DY, A5 25 5 J BRI DT
BRI L T R 25 5 (9 3 5 A0k T S A AV A
R RS FA =) . RGEHTT R VIR
R HZHER ST, PRI E A R e, X
T FR E 25 A DS IR A 20 S iAok,
VARG IHERERIT ST T M 2 B RPN O, BERS
19 T P R T ) o 5 0 B R A 7 W A T
TRERFIFRAG T EEOECR, KT 74

WH. 13 R 28 MBI RE; KBMLE
T 14 AR EHFN, Hb g 7 4ARIET 1000 m LA
TGRS, SR TR E G R
PR R TR . (HE BT Rk, X re ek
B, FEBE TR PR BT i i e U e R
PERBFIE A AR AL R 37K b, Bl RS 4m )
SN, BTG ARE TR R R, BRI R
YR ASRFPESIN 1%, (URZiRE Rk
TF R 2 REME A B AN I LA 25 U 3t 2 Wl AR 855 b A )
FEIENE L. L, ABEZE A 16S rRNA F[H U7
HR 5 A E R B LA 1) F- B B i R TR
VIR IR ZFEE R R G R B RT3 HT
I B G] R TR R R TRTR A BT, DA B 4 1
PRTELEGEUR, by VO B R R ) e A 3R
PEE SR

1 MES Tk

1.1 #8

L1l #aRiR: FEMIEHIATIZL2 5 2011 4F 8 A
AR 11 DM TS, REFREIL
F 1o ME SR T - TR DU PR il 2 N40-4
(3235 m, 14.5°N, 118°E); N63-4 (4242 m, 15°N,
114°E), FERREER T-20 °C fRiE

1.1.2 FEIEHE. Raffinose-Histidine agar™
Starch-casein agar™ . A1P1, M2 M3 Mgttt
o4 R TG — S 7l A 2216E 1 8 Fhay B4 3%
3, LB 1218P2M ) ArESRESR I FHRIEAK E I
1x10° Pa KB 30 min J&7, AHINZUHEEH 100 mg/L
HIH B R . 50 mg/L FIZSRERRRLFI 25 mg/L A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1440 A% B4R Microbiol. China

2016, Vol.43, No.7

*1 mERRYERER

Table 1 Information of sediments of the South China Sea

i KR g TR HhE FERR T
Serial number Depth (m) Location (cm) Temperature (°C) Salinity (%) Sample types

N20-3 3004 eI 2.343 3.462 5 IS
N39-3 1996 xKE 2.464 3.453 8 TLAR
N40-4 3235 xRz 2.354 3.462 8 IS
N42-5 2093 TJZ 40 2.531 3.461 8 A
N44-3 2 441 E 2.349 3.462 6 L)
N46-3 1471 E= 3.023 3.459 4 RS
N60-5 2595 E 2.365 3.3595 TR
N63-4 4242 Kz 2.483 3.462 1 IS
N78-4 3 695 E 2.385 3.462 9 TUFRY)
N78-5 3695 TJZ 40 2.385 3.4629 LR
N88-4 4145 E= 2.460 3.463 1 LR

1.1.3 FERXFFOMEE: QIAEX I Gel Extraction
Kit, [ QIAGEN AH]; Gel Extraction Kit, [
OMEGA A 7); pMDI19-T Vector, HZX TaKaRa /A
Al 51 A R A BR A F A, H
TKAX(AC100-240V), 7 BB BB A TR A
A BRI (GBOX/CHEMI-XT16), ¥ i) %%
BHAEY TRARATH.

1.2 16S rRNA EEREXEFEHMERRZLE
R

1.2.1 #&E DNA BY#ZBUFAZE {4 : R SDS-CTAB
VTR MR PR B G TR RE B DNA IR
F 200 pL TE 25 /i #142 DNA K H QIAEX 1T Gel
Extraction Kit Zlifb i &4tk mlie, 0.8%Bifghiit
JBE EL R

1.2.2 SERESCEEROMIER: PR 1Rk 4t
X EE AR DNA #E4T PCR §74 , PCR U 44442 1R
Stach 25559k, ¥ BE K /N 640 bp., FIRYAS
i F OMEGA Jig RIS @ 4lifb 5 il it T4 i 4
5 pMDI19-T #idki% 4, ¥4k Escherichia coli DH50.
BAZ ML AR S A AN EEER.

X-gal # IPTG 1Y LB [{ARFFREE o BP0
SERETRSR, M3 #ARD AT RS, TFH
HTHESCE . H Hha 1 F1 Hae T A 5 BT XU
2 WY AR [ DD R 1-2 MR TR RO%
s T A AR BRAA R

123 RZ{RED: BWLEHTA 16S rRNA
LR ) 2% 4 EzBioCloud I GenBank (4
4T BLAST HoXf, I MEGA 5.01°! (Molecular
evolutionary genetics analysis) ¢ 14 & FH 4B #% ¥
(Neighbor-Joining) RIS 43#T, IFHyHE R G .
FIAH Mothur DOS! " T HEATHE/E /325 IC(OTU)
X151, 5 S5 HAWRE T Z AT SRR T 98%
—ANFAAlA) OTU, i1 EstimateS 8.0 #X 4K 51 2
() Py B 5t A A B, S A R S, T
1.3 HAIEFRERE S HF R

1.3.1 E#HS B, GUFRE: BUIBYRES 05 g
T 4.5 mL 1Y 1/4 4% B, ek )G,
BAEERFRR 107, 107 BB . BB 90
RIS AR 51 0 A T Ay s s g Bk |, 28 °C
PEIRIGFE 2-3 A, PRSI B D 7 e 4 B A W) 35
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FEIAE M AT ok alifh . Ak Y B AR 4 R T
121SP2 FH s FRIES IR, BISFAHEET 20%A9 HAm
TR, F-80 °C KIMEAT

WMIEWEHFILAS . g, AERZ ., HNHZ
T 22 MR 2 080 k23 B bk R AT 0 2 3k
WHEEE .
1.3.2 & FE FERE ELH DNA 28X, 16S rRNA £
EFFI1E: PO IR DNA, DIFERY
DNA MH#it, F 16S rRNA JEH 4K 511
AL )5 Y B RS pMDI9-T 34k, k=
E. coli DHS50 JEAZAS20MI . 24 0 TC IR I e b+
16 R A W E R AT FRA RN o 45 R A
EzBioCloud #1 GenBank %(#& /% 1T BLAST X
38T o

2 HR5450

2.1 16S rRNA ERELES

2.1.1 STEEXEMMEMNIS. RIS S DNA
(I 1A), . DNA #2815 kb, Ziisi—, &
RS 1, 3RS 640 bp K/ H B A Be(F
1B). 4lifk DNA F=#5 pMDI19-T #kikif$z, ik
E. coli DH5o JEZAS4ML, BREA MR, F M13
I TS PCR, HEBRMRBAMETERE . N40-4 Al
N63-4 {37 sSAEA A5 2] 40 4 BHYETERER 99 A~FH
PEVERE , W3 LA Hae 11, Hha 1 ST RS 2),
£l Sy AVt oo R o WL D GO U 2o Sl W oy 2
Xt ZBRAEL T A, P AR o BE T
16 F1 34 A~A[F] ) OTUs,

2.1.2 MEZHMIRES T FIH EstimateS 8.0 X
PR SCPERR A FE M, WE 3 s, Kemp
RV LE RER, FEE JEZ5 (Library size)H34
K, OTUs WY¥CH B2, JLT-EAM—43C
FERERS I R P R E I AR . Ik, AR
£ 01T 16S rRNA FL[H FafsE %, Coverage C
ATTREIRE] 100%, MihdkaTFrEgE e e
WIRT R AT AN PEZR EL 22 2% . AL 3 ik rpT A
FEilh, 0y B B e A S in OTUS

bp

23130

9416
6 557
4 361

2322
2027

564

E1 RS DNA RALZE 145554 PCR #1874
Figure 1 Total DNA of sediments and PCR amplification
products of Actinobacteria-specific primer

T A: BREUR S DNA; B: JERTET1RES 514 PCR & 4474,
MI1: ADNA/Hind I 514 DNA 43 845ifE; M2: DNA 73
FrifE DL2000; 1-2: 75 N40-4, N63-4.

Note: A: Total DNA; B: Actinobacteria-specific PCR product. M1:

ADNA/Hind 1II DNA marker; M2: DL2000 DNA marker; 1-2:
Sites N40-4, N63-4.

M 2526 27 282930313233343536 3738394041
2 000—p=.

B2 #B5sebEFEsYBikE

Figure 2 Electrophoretogram of enzyme digestion of
partial clones

TE: M: DNA 4hFfhsifi DL2000; 25-41: FibEF4i5.
Note: M: DL2000 DNA marker; 25—41: Number of clones.

BN, MR e g, h&BT
V2%, FHIBLES I R 20T LU 3220 8 A 46 R
TR ISR
FIH SPADE (http: //Hchao.stat.nthu.edu.tw)4}
PR X6 SO Z2 PR AR BGHFA T 04T (3R 2) AT B X
6] 4 95%MYTH LT, N40-4 F1 N63-4 FIAM 5 7
T SE (O 85.4%H1 81.8%; v 1, N63-4 FAA
f4t(Shannon index). fx KZHEMEFEE(Hmax) L+
& PR R (Sace) 4 TV 4 N40-4, [ W H 2Rt
FA7 5 N40-4; i 25 N40-4 A5 PVEFE$ (Evenness
index). ¥ #ARF5 80 (Simpson index)¥ & TV &
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>

20

15

OTUs ¥ Number of OTUs
=

0 1 1 1 1

B 40

0 10 20 30 40 50

FELRE 7 Number of clones

OTUs #{ Number of OTUs

0 1 Il L Il )
0 20 40 60 80 100

FEF 3 Number of clones

B3 N40-4 550 N63-4 i 16S rRNA EE T CERE E ik
Figure 3 Rarefaction curve of 16S rRNA gene clone library of N63-4 and N40-4

Note: A: The site N40-4; B: The site N63-4.

F2 mEXERZEZHFMEREL

Table 2 Diversity indexes of the 16S rRNA gene clone library

(=) RYIS i TR Z R B e Fo o R A R EEL B
Sites Shannon index Hmax Evenness index Sace Simpson index Coverage (%)
N40-4 2.526 4.00 0.632 76 0.901 85.4
N63-4 2.818 5.09 0.554 87 0.868 81.8

N63-4, 43509 0.632. 0.554 F10.901, 0.868. LA I
RV, 15 N63-4 ZH & I 2SR L
715 N40-4 THFE

2.1.3 16S rRNA ERFECEZH#MESH: 4 N40-4
7RI N63-4 35 S B By 91 A 7[RI L 3
B, XF XTS5 R T4 1T (GR 3). N40-4 37 s TR
FEfb T 40 DFEBER ARG OLILIE 4, 25K
N40-4 [ 16S rRNA HEF SCEE M P HIFE R
4 (Actinobacteria) . B2 44(Acidimicrobiia) , i3
M f# H #W (Nitriliruptoria) A1 Fg # 3l B 24
(Thermoleophilia) 4 ™A A, H itk 40
(Actinobacteria)fg 10 1> OTUs F1 27 oo, AL
OTUs ) 62.5%, HFLFER 67.5%, HrhaEaER H
(Streptomycetales) OTUs FAIwpETHURZ, JEi%
BRI o HUCH BRI 49(Acidimicrobiia) ,
4 NFET AT 4 4 OTUs., WA H 4
(Thermoleophilia) 1 ii5 2 [ fi# & 29 (Nitriliruptoria) &5
HA 14 OTUs, Ui BE7ETZ M X B SRR
Ao HZFEEEAR

15 N63-4 {7 ORI AL 99 S se im0 A
THOLULIE 4 it HERE A T 29 (Nitriliruptoria) A it e
f# & H (Nitriliruptorales) & 48 Prafs, R TaRER
48.5%, LA RILHATERE; 25 D yEkEsr i Tt
28 T8 X (Actinobacteria)f¥) 7 /~H Y, Hp Gk 2
0 [T H (Frankiales) . T2k & H (Actinomycetales) |
¥ FF W H (Corynebacteriales) . f# Bk B H
(Micrococcales) . 14 H (Streptosporangiales) |
i i = =X B H (Pseudonocardiales) . %% %% # H
(Streptomycetales), 7 ~H 5 R TEHER) 25.3%, &%
BREMhSEHE X, HPhlt&kwH
(Actinomycetales)fix/>, 10 1 oals, #E%EHE H
(Streptosporangiales)ix %, A 10 PFifE, PRI
WP AR H (Acidimicrobiales) A 18 N3EfE, 10 4>
OTUs, 435I iR 18.2%F1 29.4%, w] LU
AL A5 R 4K (Acidimicrobiia) 2R PR

AU RS HTRI, PR 16S rRNA £
SCHEEAR R P 9 HE i 4k 1 4R (Actinobacteria) . FRTH
P4 (Acidimicrobiia) , i JE R4 74X (Nitriliruptoria)
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%3 N40-4 0 N63-4 5L SR YIHE ML E 16S rRNA £ E SLES T

Table 3 Analysis of the 16S rRNA gene clone libraries of N63-4 and N40-4 site

N63-4 (N40-4)
% E M) N
Class Order OTUs %% TERETHL
Numbers of OTUs Numbers of clones
JHERE Y Actinobacteria =25 [R H Frankiales 2(1) 2(1)
TR H Actinomycetales 1(0) 1(0)
¥EFFH H Corynebacteriales 2 (0) 4 (0)
TBRTA H Micrococcales 2(0) 2(0)
BE#ETE H Streptosporangiales 2(2) 10 (8)
{B3# 1 1% B Pseudonocardiales 2 (0) 4(0)
T H Streptomycetales 2(6) 2(14)
SMRFFTA H Propionibacteriales 0(1) 0(4)
FRT4TAI2N Acidimicrobiia 214 H Acidimicrobiales 10 (4) 18 (4)
ELREAR AN Nitriliruptoria i R4 A# B H Nitriliruptorales 8 (1) 48 (8)
FEHIM P49 Thermoleophilia P& B H Thermoleophilales 3(1) 8 (1)
B
Propionibacteriales  Thermoleophilales
2.5% Frankiales
2.0% Actinomycetales
1.0%

B4 AMIRBIMEKEEFTS s

Figure 4 Sequence distribution of Actinobacterial clones of two sites

Corynebacteriales
4.0%

Micrococcales
2.0%

Pseudonocardiales
4.0%

Streptomycetales
2.0%

Note: A: The site N40-4; B: The site N63-4.

FIHE P 1 49 (Thermoleophilia) 4 244 434
N63-4 fii s 3455 99 NFefE, 5k 34 4~ OTUs,
N40-4 i i A5 40 ~3efE, H4 16 4~ OTUs,
MR FAAT, N63-4 s ik B 22 T
N40-4 o7 R T . WAL AR I EAR 32 |
SR, P R AR ER SR A TR, BEE £ A BT
PGERE, Hr N40-4 7 515545 14 H (Streptomycetales)

HiRH, N63-4 (75U HEREA% I H (Nitriliruptorales)
A

22 FHERHEES LR

221 BEHWRSBFRWHE: 200 Eaifb i
HEE, A5 T 41 BRIBSE I, 280aH
T TRIEAS 5 Rl i 4 v 22 Aok, oA MRl i
T2 55, WiEILSEMREIES.
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222 HEHREZHEMESH. 22 WHEE, X453 97.73%., — ki 5 , 5B EF—BPELE 99%LL I,

19 #REIEAT 16S rRNA JER P8, P4
1t EzBioCloud %d % #EAT R LUXT . 19 Bk oAl
T 5 & W B (Streptomyces) . W W B
(Microbacterium) . %+ K& (Pseudonocardia) .
% v [N & (Kocuria) . AT 16 & (Arthrobacter) . 10
Wi R B (Nocardiopsis) . 1FER# & (Micrococcus) |
Mok K W R (Dietzia) . S BE L W B
(Actinoalloteichus) FIAk 2218 5 J& (Saccharopolyspora)
10 AR S, 4G 12 DAFEFN, Hrh k24
AT A

HIe 4 W0, A 17 #RE S 2 AR AR 1Y
KIFHN—FMEAE 99%LL [0 OAct400 5 E Ik
Microbacterium amylolyticum N5 [l K—2tE N

A LA N ] — A Bl B2 B DL A AT DL A
OAct400 M AT & —A~Fl, HErRIIC &5
B R BT 4 TAE . OActdl5 5 Mk
Pseudonocardia kongjuensis LM157" [R5 Rk— 251t
N 98.96% , HHEIH N —MRIEERENEA, (2 ER
BRI E, BT 2 —8 DNA (Z450) [R5
PO, FRah A HAN A BRA A FE bR A2 S8 52 FE R
A fietfiE
3 i

FERIR BT A R WA I BaE W R, £
PR R AL AR E A, AT e AR
F= & W T Z R B PR A )

x4 TFHEFERSHEST
Table 4 Diversity analysis of culturable strains
bR Gi > 16S rRNA F: P FFHICR 5 — B R H IR e R—Etk
Strain number of representatives  16S rRNA gene accession number The closest strain Identity (%)

OAct400 KC505174 Microbacterium amylolyticum 97.73
OAct401 KC514114 Micrococcus yunnanensis 99.86
OAct402* Micrococcus yunnanensis 99.79
OAct403 KC514115 Kocuria sediminis 99.15
OAct404 KC514116 Arthrobacter gandavensis 99.72
OAct405 KC514117 Nocardiopsis dassonvillei subsp. albirubida 99.86
OAct406* Nocardiopsis dassonvillei subsp. albirubida 99.79
OAct407* Nocardiopsis dassonvillei subsp. albirubida 99.79
OACct408 KC514118 Nocardiopsis dassonvillei subsp. dassonvillei 100

OAct409* Nocardiopsis dassonvillei subsp. dassonvillei 99.93
OAct410 KC514119 Streptomyces badius 99.93
OAct411* Streptomyces badius 99.93
OAct412 KC514120 Dietzia maris 99.52
OAct413 KC514121 Pseudonocardia carboxydivorans 100

OAct414 KC514122 Actinoalloteichus hymeniacidonis 99.93
OAct415 KC514123 Pseudonocardia kongjuensis 98.96
OAct416* Actinoalloteichus hymeniacidonis 99.93
OAct417 KC514124 Saccharopolyspora gregorii 99.50
OAct418* Saccharopolyspora gregorii 99.57

T R R A B AR R 16S rIDNA WGRSARFIH, Lixpril.

@k

Note: The strains with no accession number were marked with

because of the same closest strain.
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IRk B A A P B R . TR R (R )
IRBE TR R GEUR SR G A ) A 9 T 2%
SO FEANE R B D, WU BT | R
K, M EHIERRE A 63.5% A4, HEHRFEE .
JE B I S B, SRR R A 1 A ) B
B, NIRRT, B
2003 4F Stach 251t DNA Kl , sEiiFBH T ¥R
FREREE P A7 7 = B BT T ) AR e Bl T4
TR E AR B R, AT EERR Y B YE ik
MR I R RTE, NIRRT TP R T2
N[5 T il K T PR P T R R 2RO
AHFFE R 16S rRNA K P SC 4% AR X N40-4
FIN63-4 PIA 5 IR R AR A TR 20 347
WS 05 N40-4 (KR 3 235 m)Fl N63-4 (K IE
4 242 m)¥ MG IIRY, 16S IRNA FE[K va i SCF
KW, WAL BE T S TR 2 W N
(Actinobacteria) . PRI E 4 (Acidimicrobiia), L%
i B 4 (Nitriliruptoria) A1 B # 3 =
(Thermoleophilia) 4 44X H 476 704 o X & HETE K
I B 15 35 4 AR % R W T VR DR W R TR 2
PEHEAT LT T2, Stach Z ] 16S rRNA 3 [
SR AR XS RT3 814 m AL IRIGFITARY B2k
B EEEIA T 0T, e DR TR 33 ik £ i
TRATARN R AE AR, PR — TR A MR ) 35t
T2 REME, (B2 REERR BCR YR B B TR RS
s RIS RR B, B G A,
R R L5 R S 2 Rk, KR 3235 m )
N40-4 {7 15 H R i 4R ) 55 R 7 H (Streptomycetales)
diEgs, KR 4 242 m 1) N63-4 o7 o5 15 JE R oA
YR ) L R4 A% T H (Nitriliruptorales) (5 i3, X —45
5 Stach 25 & R —E01; (AFERA1MBESE
i, BEE TR, BRI DU Lk
PR ZFEEFR B = & AR B A G, e — 7
WS Stach SEMBFREE MR . RECHE MR E
WY, BHETEEUR BB IN, VR TP A Y
B 5L R a3 (B A RO I S A ek

AU PR B S SR LA, NTE Gulf of
Mexico™ I H A% {55 JT ¥ 1 (Nankai Trough)f7K &
PrUTRRIREE 1 30%—40% 114 J5UA% A= 1 Ay ikt 2k 1A 2%
TECSP AR g R AT R L T A
PE R R S5 RFE A fE O o A B 25 5%, W]
RERESZ 23 M PR BS (R s2 e, 32 IR S ok IR 2R 1)
AT

BATHYLE R SR T 25 R 7w i 3R e v R
MU A BE 25 5 36 =F 5 ELW A0 1) ik 4 o 9% T
ZREME, RAT 41 BRI, 28 16S rRNA JE 7
SRR X, HEEE 19 KRR E g T 10 4>
AFERJE, 12 DARRF, Ak mE s
s BN TEER R . R IR R AR R G
WBIX 3 M WL RS, HAR RN E B R
FEMMEIES, AP AEFEENERZ, X—45
5 HETC A MR A s 2 —20, B8
SCCPITERE KPR A (1 500-3 200 m) kA
136 BRI, 728 Tt ok [N & (Dietzia) . 4k
W& (Micrococcus) . X% R J&(Gordonia) . 75 7iIK
& (Kocuria) S5 & (Microbacterium)&5 8 41~ ,
Hovath % G B RVHOR R R A3 o o s i )
M3 AV OKEREITE 2 600 m LU F) g2
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