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Microbial isolation and biodiversity analysis of water samples at
different depth in the Mariana Trench

HUANG Ying QIN Wen-Jing DAI Hong ZHANG Ru-Yi QUAN Zhe-Xue'
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Abstract: [Background] The Challenger Deep in the Mariana Trench is the deepest known site in the
earth’s ocean. Understanding of its microbial community structure and bacterial isolation are important for
mining of deep-sea genetic resources. [Objective] Various types of bacteria were isolated from water
samples at different depths in the Mariana Trench, and these microbes were compared with
high-throughput sequencing results to know microbes that should be further isolated. [Methods] Different
media were used to isolate bacteria from water samples, and [llumina MiSeq high-throughput sequencing
system was used for the diversity analysis of bacteria and archaea. [Results] A total of 783 strains were
isolated from 6 water samples at different depths and stations. These isolates belonged to 4 phyla,
6 classes and 28 genera. Among them, Proteobacteria was dominant and 67.8% of total strains belonged to
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Gammaproteobacteria. The microbes were mainly belonged to Sulfitobacter, Pseudomonas and
Pseudoalteromonas. These types of microbes were widely distributed in all samples and detected by
high-throughput sequencing. High-throughput sequencing results showed that Cyanobacteria was the
major bacteria in samples at shallow depth and Proteobacteria were dominated in other samples. The
microbial community structures of samples at different depths were quite different. [Conclusion] Not only
bacteria with relatively high abundance in Mariana Trench water were isolated, but also some bacteria with
relatively low abundance. The isolated microbes in the Mariana Trench water samples will be helpful for

the mining of functional microbes and enzymes.
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TR TE 7 MR R R T A 71% A0 A Py e AR AR
1 90%, HHER [ 90%A /K FEIEFN 80% A= #1055t
B IE TN S R TR A e S
H, Y ERL AR h iy s R M,
S B R G B L RGP AR e
YA R s A a5 AV CIh& A, AT e A
R AT e RS AR UE I I, AR B2 0T
K. IRBERNEHL. BORBTIA S T HATER M
TF 5% AR T RER

VEPE KB A2 2 000 m LA FIREERITRTE, A
FEAR BRI AR AT =, XHEREE A
6 000—11 000 m FRINA SIS MY TR IR X2 51
WM IAR A R L4, BARIR
TR RN B A 1 2 A ARV 2 1 R B 1 g IS 3
BRAA A, A RIRE | SR . R
SASE A BN Ak 2 A5 Pt S — SRR PR AR AL,
R Y LA 5 v ) /A R AR X ol 35 118 7K
SCHURS T, MR R RO AL, TR
(R R b T T e 5 3502 X B8 i A 1) A S PR
A YIRS BN TE R AT R P A
DRI R8T Y 3

EAROAXE ZRAEE . H AT A S
TR R MR BT S A M B2 RIS
EAE R E AT HbER SR ] Ao, X ) BT 40 1A
&) (Mariana Trench) g 3 (1) Bk 5 2 TR R 0 B A 90 A
AR R ST R P o IR A A B
(T S o H AT D L R R A TR UK s
IKALE R MR S O — s, 3
KT — B R RO B A

i XA b BRAFIR BRI o AR P Y AR AR RN UE
YIgtili . ASBIFFEON E B A4 T 1A Pk % DRI R >l
LRI FITRBE R FESA T A ) 0 15 97, 95 TR
AR AR IEUR, i 16S rRNA K i
FEARRINA FR B P 3 A v, LA T iy
3 B 240 TR %) TR 3 50 A AR PR vh R B A Y Y
B, ULty B R i F Y
BRI
1 MES Tk
1.1 #FmRESAE

2018 AF-F b HLE N I AP A3 TR IR AT 14 7
(KR 11 000 m)FIEE AL (4 /KIR 5 900 m)ufi{i R
EARIREER KRR, — BR3P KEETE 4 °C /A7, HIT
Ao B R SR s — BRI 7KAE 0.22 pm JEEEIE,
THIE S BN IETE-80 °C T ORAF, F T I Myitis 4
T FERLIUEEAF R IR 1.
1.2 EFE. FERFIUE

Marine 2216E $5575E | BRI R S RIEIRAE, 1
A H ARG R/ ; 2xTag PCR Master Mix, K
AR AR A R A5 Premix ExTag, 5 HEE
HEPFEAR AL A BRA ] ; PowerSoil DNA G
&, PN A R ) A R v 5 AxyPrep DNA
BEE ISR &, 2 I E IR (MDA R A F]

BERCAGAR, LIS HRHCA R R ey
DAL, FEECRA IR (R E)ABRA A5 kA,
R A ARG R A B R, R
Sk AR A R A F] s EDC-810 PCRAX, %R
JHE I B 52 2 AT BR A 7
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*1 HRREER
Table 1 Information of collected samples in this study

TR i3 E2ta )3 RAF KR
Samples name Site Longitude and latitude Depth for collection (m)
MTD50 Deepest site in the trench 142.2°E, 11.3°N 50
MTD1000 Deepest site in the trench 142.2°E, 11.3°N 1 000
MTD3000 Deepest site in the trench 142.2°E, 11.3°N 3000
MTDA4200 Deepest site in the trench 142.2°E, 11.3°N 4200
MTD7000 Deepest site in the trench 142.2°E, 11.3°N 7 000
MTD11000 Deepest site in the trench 142.2°E, 11.3°N 11 000
B50 Sea basin 130.1°E, 22.2°N 50

B1100 Sea basin 130.1°E, 22.2°N 1100
B3300 Sea basin 130.1°E, 22.2°N 3300
B5900 Sea basin 130.1°E, 22.2°N 5900

1.3 WEYHIBEELE

WAEYI R o> B R B SR Y BOR R B ZE 10%
() Marine 2216E V78 3% 5EUVFn s o o b 35
FEPO S AR R A R R e R PR 6 Ak A
AL A R R B 7K AE(MTD3000/4200/7000/11000
F1 B3300/5900)7E 4 °C #ECAIE T 24T R 2 FA
MAEYIRESR . IR TR TR FRAE, BRBCR TR
TR — S s sk S 4% . RABEME Y
27F (5-AGAGTTTGATCMTGGCTCAG-3")F1 1512R
(5'-ACGGYTACCTTGTTACGACTT-3") ¥ 14 4 14
16S rRNA JE[H . PCR KW AR F (25 pL): 27F 1 1512R
51¥7(10 pmol/L)% 1 uL, 2xTag PCR Master Mix
12.5 uL, ddH,0 10.5 uL, FHTCH 42 BREUR) PR TR VR
YEABNR . PCR W E5F: 95 °C 10 min; 95 °C
30s, 55°C30s, 72 °C 90 s, 30 PMEH; 72 °C
10 min, PCR F=H1% 1%3IEWHEEIE Ha vk A B0 A%
Je ik B SR AR W I A BR A W) A T 4l Ak A
¥ #ASF 5 EzBioCloud Database (https:/
www.ezbiocloud.net) S LAY 16S rRNA KA
JE A HEA AR P4
1.4 K{AHS DNA ZEUREH 16S rRNA £[F
11

K H PowerSoil DNA HHGAFH S0 8 BEAE &

(MTD50/1000/4200/11000 F1 B50/1100/3300) i# 17
DNA 2, R4 FI TR 1) 16S rRNA K58
5% Pro341F (5'-CCTACGGGNBGCASCAG-3")fll
Pro806R (5'-GGACTACNVGGGTWTCTAAT-3') i/
P9 1 PCR WK Z (25 uL): Pro341F Fl Pro806R
S1#1(10 pmol/L)4% 1 pL, Premix ExTag 12.5 pL, 1
Hx DNA2 pL, A1 (BSA, 20 mg/mL) 1 pL,
ddH,0 7.5 puL, PCR 5514 : 95 °C 10 min; 95 °C
30s, 55°C 30s, 72 °C 45 s, 35 MEH; 72 °C
10 min. ¥ 3#4J5 1) PCR j= % 2 & MR ERHE A
B2 ) 22 A1 Tllumina MiSeq 15 3 2 5 A
WA TINT o
1.5 16SrRNA EESBENFERHH

i I O E A5 45 R i2 A QIIME 1.8.0
(http://www.qiime.org/) X} JE iR E I T . B
STPEIERBRI ARG, BT SRR AR LR
97% I J¥ & 3 17 e 1E 4r 25 5 JG (operational
taxonomic unit, OTU)EZE, 153/ OTU LR F3)
F Silva B8 )% (https://www.arb-silva.de/)iHE1 T HE 4T,
FHERS 3 AP GETH I S A U I 2
HAE OTU FIRH &AM PR FREREN, 57 o
ZFEVEFE R (Chaol $5%0F1 Shannon $5%%), Jf3&F
I3 AT DR EFEA M YIFH BHA TR AT o
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2 FREHH
2.1 HEMMISESEE

T BTG 44 1 VA ZKARE A it v 43 B AR A 1) 448 TR ol
JERAY | EARECEE ML 2. SR EzBioCloud
TEL FEXT 73 B ek S5 A R R ] 1Y) 16S rRNA JE K]
FRAIRRLEE, 255 RTAARY 16S TRNA JE K75
SR EMRA IR 97%LL . Zr BRI R AR B R

*2 LETHNED6 MKEFRIBRINARSXEER

JET 440116 19 28 1N & : BB (Proteobacteria)
FH Ry v T 2 (Gammaproteobacteria)i) 121 &
531 BR(E B BRI 67.8%), oI R4
(Alphaproteobacteria)ff) 4 ~JEIL 233 £k, B-AEH
N (Betaproteobacteria)f’) 1 A~J& 1 A~TRE ; B H ]
(Actinobacteria) 5 ML H M (Actinobacteria) )
T AN EIE 14 ADTRRK ; JERETR | | (Firmicutes) F 250 2F

Table 2 Taxonomy of isolated bacteria from 6 Mariana Trench water samples

gl J& /R RECRE AT R
Class Genus Species/Number of strain Proportion (%) Sample number
Actinobacteria Agrococcus 2/3 0.4 2
Kocuria 2/2 0.3 1
Rhodococcus 3/3 0.4 1
Curtobacterium 1/1 0.1 1
Dietzia 1/2 0.3 1
Micrococcus 1/1 0.1 1
Microbacterium 1/2 0.3 2
Gammaproteobacteria Alteromonas 4/23 2.9 2
Marinobacter 2/28 3.6 3
Psychrobacter 4/84 10.7 4
Pseudomonas 8/173 22.1 6
Pseudoalteromonas 9/139 17.8 3
Cobetia 1/18 2.3 1
Halomonas 1/3 0.4 2
Neptunomonas 12 0.3 1
Pantoea 1/1 0.1 1
Paraglaciecola 1/3 0.4 1
Stenotrophomonas 1/1 0.1 1
Vibrio 1/56 7.2 1
Alphaproteobacteria Sulfitobacter 1/227 29 5
Brevundimonas 1/2 0.3 1
Erythrobacter 1/3 0.4 1
Pseudohoeflea 1/1 0.1 1
Betaproteobacteria Variovorax 1/1 0.1 1
Bacilli Bacillus 1/1 0.1 1
Planococcus 1/1 0.1 1
Staphylococcus 1/1 0.1 1
Deinococci Deinococcus 1/1 0.1 1
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TR R A (Bacilli)f 3 A& 3 DEbk; AR Bk
WA ] (Deinococcus-Thermus) i) 1 /> AR o 1E
JEAKE I, WAL R 5 & (Sulfitobacter) AR EN &
Z, A 227 Bk, 5B BRRECN 29.0%, HA»
), Bk MTD7000 FF S A HAR 5 AFE G iy
BB X KWk, HR BB YW E
(Pseudomonas), A 173 tk, sEF 8 MF, &
AR LEEL 22.1%, HAOATMELE)™, 6 DHEhH
B izmmtk; TR MER
(Pseudoalteromonas) F1%g ¥3 ¥ 1 J& (Psychrobacter)
IR R 2 R, a9 R
139 #RA0 4 AR 84 BR; BEAh, HEHAIE U E R
(Stenotrophomonas) . - fFF 15 J& (Bacillus) 1 Ek
W& (Micrococcus) AL B 345 1 BRI
A3 B AR AT 1Y 20 T TR B K F E 2 R
BLULEE T (B HE EUR T 1% UAE YD) B4
I EARIS E R R 2508 TSR], R y-A8
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TEWEA, HRE o-ZTE Y. MTD3000 F i 4
2 5 ANE, RRE HER 8 A AR R AT TR
J&, 53] o PR S B RIAR I 47.7%F1 43.2%

MTD4200 #5445 3 440 10 Mg, B a-fll y-A5 8
PRIMAA TR N o 24 i B YA R
HiE, (A ES R 48.6%, HUKIE VAR B
JB(23.2%) 0 BTN H o B 2 3O i 8
(Microbacterium) () —Fhig A ¥ H B>, Hb
MAYBIHERE 0.7%, MTD7000 £ 54358 A5 0 1
B AREL), AdE 3 A 6 &, Kk E T
BN P, BRI T3 SR TR & (Halomonas)
2% 5 [ & (Kocuria), 43 b7 B0 2 T K )
68.2%. 9.1%F1 9.1%. {HASEREMIZE, MTD7000
FE it H il 43 28 Bl — ik 5 BK TR & (Deinococcus) A
Yy, AR DT RORR ST IR, W A
D435 . MTD11000 A 43 2 I E P2 il &

WHE 5 AR 14 ANE, EEMAEY 6 R

MTD3000 MTD4200 MTD7000 MTD1100

B3300 B5900

Samples name

B Pseudomonas

B Pseudoalteromonas

m Halomonas

m Kocuria
Deinococcus

m Microbacterium

m Others

1 DETHEIKERIBEREDERKF LN H

B Sulfitobacter

u Vibrio

® Marinobacter
B Agrococcus

m Paraglaciecola
u Brevundimonas

® Psychrobacter

u Cobetia

m Alteromonas

u Stenotrophomonas
Erythrobacter
Staphylococcus

Figure 1 Distribution of cultivated microbes of Mariana Trench water at genus level

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



WA B OV NIEEA N I R B AR R E ) o 8 5 2 A 2725

FEE, & BERE 35.9%, HICRZLRR
PO MR R RO M R, A o A T R SRR
26.3%711 23.2%. B3300 FEih G 3 1~ 8 M@, i
W& (Vibrio) y FE4 A, U AR R AT 14 )& Fl
AN, R B TR AR AR 41.8% .
31.3%F1 19.4%. B5900 H 73 2§ I TR G035 v- 2 IR 1R
W, oI AR ZEHIFTF IR 3 0 5 Ma, F
BRI NG AT R R A I A R,
RO BRI 69.0%H1 22.6%. AFIGAEYIELE
FES I B IS A E I B 225 IR M & eIl
Wk h sy sz, JEHUZRTE 4 200 m 17 000 m;
B = RN ) e o YN ey WA B ol I YAt
A7 HAT 11 000 m 43 55 2IAHSCTHUAEY) s WEVRAT IR R 72
MTD3000 F1 B5900 it 13 B4 % . A w57 il
T FE S A R LR YA AR R 22 5, YA
A LA AR ERAT 14 &8 A SR TR s ARy, i
A D) LA A R 1 P R i A 4 TR T A AR B
Y.
22 EERHRNBMENS HEEREETESW

¥ H umina MiSeq W75 X 7 M UEHEFE i
17 16S tRNA BN ER@E Iy, %P ol 7o
L yE 5 3545 131 716 A RUFH, #7258 97%H)
X AIE T OTU B2k, JH3ET OTU R2KH
MrEs RATERFERE o ZRRPEFE SR IEFE & i
BT IVERRHEALIE TR, G5 3. hEs R

*3 LETNESISFRNMENS HFIEES

FTLAE Y, BT A Vg ) R 2l (S KA O 2
ZRAETEARIREE ) 22 AR K, JF HRETREE 281k
FEEA—2

TET I XA [R5 i i 26 0 2H A 7 O
Mr(&l 2)o IWE 2 el LIEH, FERTA ARG, 4l
AAERT BB B S T . ROKEFER MTDS0 Al
B50 HTA A B AARRL,  JLPL AR AE o i 2
W (Cyanobacteria), H X E 4558 41.1%F1
38.8%; HUKEARILWI]. Il R | (Euryarchaeota)
FPERAEA T 1 (Verrucomicrobia) . FABTR FERE S (1 324
WEEH R T AR, FlE v BIEENM o-
IETEA . MTD1000 A4 F1 B3300 F i AR IE B
TR RIS TR0 46.8%H1 33.3%, ki) iy
I'] F &% 25 B ] (Chloroflexi) . MTD4200 .
MTD11000 F1 B1100 ¥ i o 22 2 B 1 1A= Py ) AH
Xf SRR R T AL, IRUCH 82.5% . 70.5%
F191.6% AW TFERESL H T 7 FEBAAIE, Gk
W) . A & ) (Thaumarchaeota) N il 3& f T8 1]
(Nitrospinae)% .

R T LR UE M REIE AL, AR
IR B b BB W 2 G 1T, 4 R LI
3 (AR A =F BE R F 1% UE P2 RIPER)
HIEL 3 AT, HoKJZFRE: MTDS0 Fl BSO (19 3264
AV o EME, LHE R R SRR
(Prochlorococcus), MTD1000 1 B3300 #£ i AIHL

Table 3 Microbial diversity indices in each sample from Mariana Trench

FEAL TR 27k (B S iDT ¢ Chaol 5% FARAREL
Samples name Reads number OTUs Chaol index Shannon index
MTD50 28 336 414 528 5.28
MTD1000 18333 1126 1 544 7.8

MTD4200 17 699 653 1020 3.91
MTD11000 8 837 811 1196 5.33

B50 21727 486 645 5.57

B1100 12 025 459 873 4.06

B3300 24759 1 041 1531 7.96

T VRS BRI AL S I & B DA 07 51 (8 837 ZR b LI ST 5.

Note: The calculation of microbial diversity indices was based on the number of least valid sequences (8 837) contained in samples.
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u Gemmatimonadetes B Firmicutes
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B2 SEITMEGKEEKTE ERMMEYER

Figure 2 Phylum level microbial composition of water samples in the Mariana Trench
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® Marine group Il
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B50
Samples name
u Cyanobiaceae
= SARI11 clade I
Saccharospirillaceae
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AEGEAN-169 marine group DEV007
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® Nitrospinaceae

® Arctic97B-4 marine group
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B3 DETMEDKEERKTE LRMENEMN

Figure 3 Family level microbial composition of water samples in the Mariana Trench

SAR116 clade
B Rickettsiales
® Magnetospiraceae
= Puniceicoccaceae
= Bdellovibrionaceae
m Unassigned

B1100

B3300

u Euryarchaeota

W Thaumarchaeota
® Bacteroidetes

B Nanoarchaeaeota
i Tenericutes

w Margulisbacteria
u Spirochaetes

B1100 B3300

u Pseudoalteromonadaceae

= SARII clade |

m SAR202 clade

® Rhodobacteraceae

“ Flavobacteriaceae

» Moraxellaceae

u Microtrichaceae

®Marine group Il
Anaeerolineaceae
Alcanivoracaceae
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EY 4 R B Marine group T1. 8% H i B R
(Alteromonadaceae) 1 =& % fix B ML W FF
(Pseudoalteromonadaceae)fE. MTD1000 F£ ki L4y
i 2 , B3300 Ffi SAR1I clade 1T A9FEXSF (X
KT Marine group 11, MTD4200 F 5 i) 264044
NIRRT s, HO
Marine group 11 FIZEE I FEHE, MTD11000 i
HY R E YD S B R, e R Sy se
Mo &, HykJE Marine group 11, B1100 A5 i) 25
WA A AR, DU R S IR A T
JB s HUCRSSE MR, L3R NS R RERE
23 REBHERAERAESSBENFERILE
HE— 2 XHURERE & MTD4200, MTD11000 J
B3300 FY E 7318 £ -5 v e 100 e 45 R P ) 400 ol
KT T TCI I 4y B s IR g R e il

MFFEER, 3 MR LA BRI E T -

WA o-BIEEA . 43 E3ide RIS T el A
i P R W DA T — S i R A X
FERARIIRAEYI (3R 4). N3 4 ATLIE H, MTD4200
A1 MTD11000 # & H 3 B AR T i fAf i FhAR X
FREIITE 66.5%F1 47.6% A2 M F &R . HAk,
DL AR G P8 A3 5 B R AT T R . B AR
MTDA4200 A5 Hr AT TR DL S B3300 FE il
B TR e FE VR A R B A R B E 1-3 ANk, (E
P N 2 R ARG 2 X e R X
SERI ISR F 2 B AR AR S AN 25 5

1T B3300 A1 5 i el i g R A B 2 i E
RITCIEE 50 )E, iR 4 h B/R THI
6 RO EE AT B g . NG 8 FIAg R
AL SR AE B3300 338 tRFE i H AR AR X = BEAR
I, (ASIhiE oy B SR AT . SR TR HAR
7£ B3300 A 5 i el s U e 4 R A I 2, (AR

*4 SDEIHNSIREMRZAEARPEEREDNS BFR

Table 4 Isolation of major microbes in microbial community in Mariana Trench samples

TR FEJE [kl S Q= g5 progi eyl
Samples name Major genera Proportion in high-throughput sequencing (%) Whether to be isolated
MTD4200 Alteromonas 66.5 Yes
Pseudoalteromonas 3.1 No
Sulfitobacter 1.6 Yes
Halomonas 1.6 No
Prochlorococcus 0.8 No
Oleibacter 0.7 No
MTD11000 Alteromonas 47.6 Yes
Oleibacter 3.8 No
Sulfitobacter 1.8 Yes
Pseudoalteromonas 1.7 Yes
Acinetobacter 1.3 No
Halomonas 1.0 No
B3300 Prochlorococcus 4.4 No
Pseudoalteromonas 2.9 Yes
Alteromonas 2.4 No
SARI1 clade Ia 1.5 No
Vibrio 0.7 Yes
Oleibacter 0.7 No

e Ferp R AR AR R R P AN T BRSO AN R, B3300 RS /R A2 T 6 2850 K 5B i A ).
Note: The table shows the top six bacterial genera in the high-throughput sequencing results of the sample. The table only shows the top six

microbes that can be classified into genus in B3300.
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B 5B . B3300 FF b v il A SR SR B
Marine group II AEEGHEY), (HARR > EEFF
MRS G, RO BT . B3300 i HALTE
AT TR & b, (HHAE S A B il
SrHEC, EICHIN F R A . b,
Oleibacter . JRZEBREEJE (Prochlorococcus) FIASBlIFT
T & (Acinetobacter) 5 T A= W) &8 43 v 38 F A i o
WA F], [AIFRBELN I8
3 WikE4R

T X D B 9 VA Pk A R TR T A
PRI B KR AT 7 B e, AR T R iR
TP R AT . 653 BRI 783 FRAHTE
FENBILAET ], Hrh y- BRI A R i 2
di B BT PRIY 67.8%, X5 HLHTE N AMRIE A
WIAIG IR ST 45 22— 8. Rk P 3
WA FERRPMEE . SRS . WA
FRAF B S R AT R &, XS YITE T R e
P AN R TR EERE S rh s ke A [ g s [
PR R A P AR (IR R AT ), AT T AR
PR A0 RS DR 20 KPR 508 T AN [ TR B e
IR E YN R

AWy BARAT WSS I B L T & B BT
PRI 17.8%. BFERM, 2@ MY AR RS 73 i
Wb Z2 A S R v 2 e, AT TR L B2
A T RIREIR ST > TR iz B T HiE R
FAYITEERI BT AL ™, A TG TEAR SV A Y
BT TPk 0 A R AR B KRR R I RE
J1, BORARE Y R E SR . 41 Abdel-Mageed
5 IS BLIE N5 11 000 m LR Hh s i Wbk
P T RGBT A MR RO BRAR YR S s
FAPAGFT 14 HIKE, Bo05)E T HI3EREE
(Agrococcus) . ZL.ER & (Rhodococcus) . THERH &%
7 A&, XA R — P T A
RGBT YA T BT o

XKPRE 16S rRNA kPR vy i o I o 45 2R 35

B, AL 2 KA AR P e, A
MAEYHERE IR, J8 T IRakEs)E , AR FR N
35%—40%. iX A] RESE RAEOK 2R i b TR G R
7(0-200 m)7, WA I A VER . S35, A
fF 5% 3 T 5 2 52 M T Do 2 R g A K iy o 2
HEP ) HoK)Z R BG)Z 8, AT )5
LRERBEIR A . JRSRERIE R TV A T Y
R ORI IRER | R B R T
RETE S E TR PRI h S AE ), AT RE S T RN
B RIZ I 2 AR SRR —2L, BR
RIZFEERAL, HABDRHERE S AR ) E 2R
ySIE A, HARXS F R & TREE . B
AN TRV RS TR IR GRS i -8 B TR AR R 28
R R o5 T WA BT S R AR RN
Wik A TR R ML, TR 53 B bR 1Y)
L DR 20 4 A 45 2R 3 BH A2 85 BRI T 1 8 T IRl ST
REMEXER AL, IXARE RSS2 B B T
B A TR A R ok AR RPN s, ok
J. 7 AT B 52 5 e A A I ) A i R 23 i
XA A P HE RS - 3R P AL R
il A A e ARSI RRALG AR SRR IR
JEAEY o TE N AT, SO AE Y, AR
Xt REHENEY, Marietou ZEAYRIFTE A R a- A8 FEAT
P yEIEAT RN A T N TR ) 3 s A T
SERERE DY AT P IR ERE v AR A A
FREW & TEREFEA, X5 Marietou ZEHIHF5E45
FAARF . SERTRIE T s T BT ANTEA 11 000 m AH
Xof 2 B Fe e A T PR H (Oceanospirillales)®* B
BTz mEeEELERREH
(Alteromonadales), WFEHEEHE R 5 5.7%, BRX
P SRAE AR 2 T B ANIETA 11 000 m P4k, B
MHHEN B AR 10 km A4, BEBHEARAL
WAEE— WL, H/ NS R EIR K22 5,
TR 2 S S A B 22T A A A AR R AR
22,
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— SETE R R AE P vh 49 T A A AR )
7E 16S rRNA JE K f) il 12 I iy R gl I 21, {H I
KRB 53 15 o T RE FLAAAELL T ILRME DL : (1) #F
W ] (Thaumarchaeota) MRS FE A B 1 ZEBR T k3%
JZ(50 )8/ A A TR B o 190 1 308 U 23 SR
AN, XSG A Y TE R Z AL A R T A2
AT B CHEVE AT, SR, ASBSE i E MY
SYESIRTE 4 °C 1537 2 JASE T T, 3K Ak (]
MIEFRAE S A RKEENMAEY) . 5hh, Xk
HFEMAEAE S TAIY S RFEE R, W
IWARREI A3 1. A 1 ARAX 2L § SRR Yo A,
T OB AR AR B A, A I A AR VR A A
FRHATESE, TR B A FRE Y I
(2) Oleibacter T£ MTD11000 Ff i H A AR % = 5 15 5]
3.8%, {HRAEREFRAGH . %8 e —B i 3 B 1Y)
R Oleibacter marinus DSM 24913 & MENE JE Y
DRGNSy R SR 401 1 5 Vi
WIEDS N T B B Rk e BAT R TR 0 i
AW, DOZARE AR ST PR R, B A
YT E Y . (3) SARII (clade 1 1 INTEFT A
i 18 1 20 ) P 235 SR P ARt B, AR
A, SR T R R SR AN R AR
REHH T E BT iz, BHEC 25850
WHECR T AR, XAlgeeR N ElEKEE,
IHE N TR E FEIAEEY, O AT IR S (P e il
15 7% (high-throughput culturing, HTC) ik, R
KNERBESRA T, 505 T SARLL AL SR G
A BORAIE ST Hh G RS B SR R
FEAR 2 W AR IR I 10%, (X F—Lesi B K
A =, B SR BRI R, PITE
DUG iR 73 B 355 35 v R 8 35 1) o s e 22 s IR g ok
B, G ARG FR . (4) JHET TR Marine group
I TR 2 00 A, AR I i 1
iR el| A g s Rk alll B AR 2t 7/ I S B PO SN
Ko EARZFE A 53 Hr & R IAEA HLY) 1R 2
LA R AN, E R TR EREE

N PR MEY . I, XSERAEYIRY
ARG IR SR L TR ST 1), BRI
A A AR AR AL, IRRA TR RS R
PR WD RS BRI PR AN WAL, DT )™
A AN TR T AL A Ol 2R AR A, I
WEIRFPE BT 3 AR N BT, MR A M
DI RERE T2 S P R R D TRR FH R A O kst
AR ) SR BT IR AT T Tl AR 7™ | BRESTT
P B ARBEE SRR A AR SGE Sy B sk
7 FE R AT, JFild 16S rRNA JE[H
F14 e 2 00 P AT T AT 0 ) 20 T R DR A A
TREE AR R GE P I A0 A LA B R B 1 A=)
R, XL AR TGN E B N9 A i AR
PN R DRI T E W RE R B DR AR — 242 4l
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