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(1. B reoRss WPepbrse e , Bifg 2013065 2. RHGERINRR: LRECRDITE .G, B 2013065 3. el 5E
URATHFEETT A A WAL BT A AT SE 0, B 2013065 4. [ Zam vl TRESORBE TS L, EHE 2013065 5. Bl
R AR R B A R 7], EilE - 201306)

O B AR TS ARG AN S AR 8 AR T B AN B B YA R AR 4 SRR R 3 Fh AR AL
120 A, F ] 16S rRNA-RFLP 23 M7 05 5 R AN )R it (8] B SRAE ) A AT T 5, O L AE 1 4 S SRAE AR 4
WHRERE A Z R A5 R R4 DRI I E W BUE Y Z R 5 B34 2200, 5 BT 90
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bacterium, & 553 5 (5 2| 50% F144.44%  Fi A5 Hi b B A gigantean ) W g 18 40 T A G R RE
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03 I YRR ) SRR LR B 022 5, 5 B H. gigas 3308 Y B 90y R
H AL R % BRI S, schellenbergi SMFHUHT ANFNARIEFA A, gigantean $HFRZ o

KR WINIEL ; B90F; 4055 16S rRNA-RFLP
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VEVE & TRV G AR SRR IIG TR 2 000 m 19 2% o T8 IR 8 1 B85 Y R TR 30 455 2F W) B

PAERYBRA MR o KBS 6 000 m T
ARAT LI ABGEE VA o H R RO BIFFE B B, die TR B 96 1)
2T LRI KIRAE 11000 m 2247 g 7F
IR 1 DX ISR S VR DK X VRN X 2 B2 i 7
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WL mE

TEA I B oh, o i R E S P 8 R A2
15, S R E TR A R . TR
BRI ZREE A BT AT T %110 7 1
AEZS XTI 5T I 8 05 LA A7 IR B 0 AR W
BESSHIRT R B AR KRS B . 0 ARG AT
FE DA () 5 42 A P 0 4 SCEL B A3 b 7 ik v DL
T Al B i 108 M BB 9 20 TR, AT Ao i 3 9
T Bt B B BT, M 16S rRNA PCR-
RELP J7 1217 LA 350 S B36E 72 5 4 A= 490 1 0
s,

WEH > TAE R R R, NIRRT —
PSR T2 ) 22 R B 07 35, BRI A 16
rRNA HAR , AT &4 5 IR AL G807 1 10 R R 1520
Ui A 16S rRNA-RFLP H A X 8 2 3 o (1 SLAT
BEHEAT A RS iz 2| A B Rt i NI s
AR A 55 P o B 168 tRNA f30 77 1
KA Z R B AR . AL
16S rRNA 7 AXS I 38 B AP A TRE B 2 1, & 0N
WFSE s e E Y 2R B 7Y

N T AR DRI VE 7 A ) W T A W 2L
HETFE 16S rRNA-RFLP (177 i, A HF5E % A )
R IR Y 3 FEL 2K 2 0 4 i T A ) LR S R T
CEMHEATIRSE o AR W58 20 A7 045 1) TR DK 965 3/ o
JEZSEUT B B 8 A W) 22 R 2 S B Vs A5
FRAE 5 A5 BT 3 S0 UK o o 1 i R O
A5, R JE IR TR UM s A 25 AR 0 14 W 2 A 2 g
TR ST B AL TR

U BPRS ik

1.1 HmxRE

2016 412 J #2017 42 | 453k “ k%" 5
P2 G0, AV B B S0 ) A0 42 i R R Rl
5 TE 5 A 407 75 ( Mariana Trench, MT) (¥4
{378 (Marceau Trench, MCT) A8 AGtiEE {5 2R 7
(East New Britain, ENBT) | # A %) B i 74 7 &
( Central New Britain, CNBT) ¢ 4 >R 5 1T
DREERHE . 4T3 R4 Rl a0 P B 0 Y
VEE , LAG f8 2 TR SO HE S UG TR, M
SRS BEM A, 7R IR 10 R/
Je T [ 8 25 B, Wi B SR 4R 3 1 B R A i, o7
R ~80 “CUkAE , 1 fa 2EWT 5T
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1.2 {5

JERIZH DNA 4257 £ ( Fast DNA Spin Kit
for Feces, MP /] ) ; PCR rTaq Jiff LA . T4 % i
(REFEY TR ], TaKaRa) ; Msp T FR 4%
WY ( TaKaRa) ; 2N % & ( B4 ) s Ecoli
DHS o JR 37 40 M ( R AR EE A R A A ) 5
pMD 18-T #k f& ( i A= 1) i ol i ik 7] &
(OMEGA ) ; Bt ( LifgA:10) \EB ¥ ( i
T) 5%,
1.3 EFZH 5 DNA f9hi2 LK 16S rRNA E[F
OE7

FIH B2 5L 2 DNA 4 075 & (MP
Biomedicals 73 7] ) , $2 HU 4 >R AL 2554 R 1) i 18
FEHZH DNA | BARERAE D BE 2 B ) G il W -
1o $EHUHAY DNA fRAFT - 20 C ok b 5
53 DASR B LR 1 9 W i 0 A= 4 TR 4 5 DNA
R B, AL A B GE A gl B 27F (5'-
AGAGTTTGATCCTGGCTCAG-3") 1 1 492R (5'-
TACGGTTACCTTGTTACGACTT -3') #4737 PCR ¥~
1) 453 16S rRNA SN H B

PCR " H4{A % (50. 0 pL) 4245 :2.5 ul 10 x
F IR LR A (TaKaRa A H]) ,2. 0 wL B[R 40 5
DNA #i4%, 27F F1 1 492 5[#) (10 pmol) 44 1.0
pl, G KR AL S 1 £ 8 77K #h 52 50. 0 pl,
PCR 479 W4 (1) 2544 4 : 95 C AR % 5 min; 94
CAx M 45 5356 C1B k45 s;72 °C,2 min,35 MG
I 72°C R4S 10 min, 4 CORAE, Firds = Py fifi
FH 1% BI3ERRWEEE A THLIK A3 85 0 43 B8 4501
DNA &fifb i) & ( Ackgen 23 #]) 2k Bl

W i atifb iy PCR 7= 4 i 42 31| 2 fA& pMD18-
T(TaKaRa /v ) Hr, 78 42 C &M W& ™
Wik AL 3] Ecoli DHS o JE& 32 2240 g ( KR A A )
oL FE LB/ Ampr PR B R FR. B2 R,
LB/ Ampr ~F-H b HREFHM: e A LB 8555 5k rh
HEAT 6 h R IGFE . A M13 5149 %5 58 B 5
B, BRI SRAE Sk EE 63 A FHME ik .
1.4 #H 16S rRNA-RFLP 4 #f

A BH P SERE B VRO AR, #1 AT pMDI18-T Z{4
(TaRaKa 23] ) i FH 514 M13 558§ 1S 48 A
16S rRNA JE[H F B, PCR 7= R by it 42 2] 2804 I
B 16S TRNA H L, K/NZ)2R 1 000 bp, # PCR
P Msp T A% 2 B ) 1 PN V0 Tl 47 B il 1) I
N, Y] SRR F2 4 BRUE BT 15 617 . 45 3 A B 1)
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P 2% BAR B BEI HEAT FLIK 20 1, 20 B ) ik
AR M i B B £ 25 M (restriction fragment
length polymorphism, RFLP) 43#7, 15 H A [R] 1 i
DRI, 55 Fh 3 880 25 A Sy — B oA M i 2R
A,
1.5 E£YERESH

I 35 oI5 R AT FE AR 8] 1Y 2 S UK, it
Mothur £E )22 514, FIARALEE 95 % (A 43 S5
JG (operational taxonomic unit, OTU ) #1718 3%
A=) W HE 23 BT (Shannon 5 $§, Simpson 35 %4,
Evenness $5%0) 1B ( Chao 484K, ACE 8% />
Br(32 1), FFHI I QUME HF il e B h £k (4]
o

16S rRNA JE[H |- B ) i 248 86 o 2 i 1 A% R
JRE RN o BRIEAR R v B 47005, K DU
J7 45 57 NCBI ( National Center for Biotechnology
Information ) §it4f 12 Hh -5 S AR BL Y PP 91 64 LR o

3.0
5
E 2.5 MT
g 2.0 CNBT
8 1.5 MCT

= 1.0 ENBT

0 5 10 15 20 25 30
J£51% Number of sequence

El1 Alpha {5835 fh £

Fig.1 Alpha index shannon rarefraction plot

B BT LU 20 B PR AT o 2R e T, IR BEAT 32 B
4343 81 (principal component analysis, PCA) . i
TE IS R AT A5 B4 AR i 38 S AR P 1 OTU 21 i
AT LS e R i TR) ) 25 S S, DA T UL AN [+]
RAF R AN [AVRE it ()RR WD RE VR Z R 0 2R
ZE S AL H R

x1 HEHoSHEE
Tab.1 Alpha diversity of samples

GG Ir BRI BARAGEL F AR ACE #8551 B Yirp A w BEARAL
Sample OTU Shannon Simpson ACE Coverage/ % Chaol
CNBT 9 1.17 0.3856 6.79 88.9 5.5
ENBT 5 1.91 0.1534 13.35 85.7 15
MCT 8 1.83 0.1522 10.48 87.5 9
MT 14 2.22 0.1425 134.54 63.0 29
) sk PCR ¥4 i Bt ¥ 2lifb )5 iy PCR =Pt 4T TA

2.1 PBEREY 16S rRNA KR X E R EF
PCR-RFLP 434

FEXF 4 ASRAE RUR B ARAF R B ARAEAS, B 58
AT K€, A4 2L mtDNA 16S rRNA Al
CO 1 BERFHATYIRNEE o 4 D RAF L — ARG 3
ANEIR Y B S BV 44976 74 1Y) Hirondellea gigas |
I 2 VR 1Y Scopelocheirus schellenbergi L) I 8 A
| Ei VA Y8 2 SR AT FR S ) Alicella gigantean

BEXF BN SRAE A, 23 0 X 30 8 4 R A AR ik
FrAERIZH DNA (194250, DL 4 A SRAFE A 3R B 1 K5
[RZH DNA ShAsip, A 40 16S rRNA e i
14T PCR 74, 15 2K /N2 R 1 000 bp )

velE, IR T MI3 51y %8 5 B ok, B4R A
S E 63 AN B vw B A AT RR ) U
Msp 1 ¥ FiRFHME s pE M13 5 Beab AT DI, A4~
SEEBRAT: it DR A5 R T] 18 Tl 170 52 I Y0 80 % g D7) S )i
GAE, AR E 2 ~ 5, H B 40
Hirondellea gigas $WF 7B A YA 20 /Y1 E
ik 2); 32K W R RS B9 Scopelocheirus
schellenbergi B RFIZIERUAEY) &4 12 FhGY) & &
(B 3) s 7 AN B FGUIE T8 2R3 38 BT AN 9] B it 3 v
Alicella gigantean $WFGIEMAYI B &H 9 Fb .
LT FhEEUI R G (181 4 F15) o AR B2 E
— TP
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M. DNA Marker; BT {f1 %07 ARAN R A AGD) [ 155
M. DNA Marker; The Arabic numbers indicate different restriction patterns
B2 LDETHEGME RFLP 2p Msp 1 B EE

Fig.2 Msp I restriction map of predominant RFLP patterns in Mariana Trench
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M. DNA Marker; BT 55 R4 A ) Al 2 0

M. DNA Marker; The Arabic numbers indicate different restriction patterns
3 IMERBGME RFLP Bpy Msp 1 YIRS

Fig. 3 Msp I restriction map of predominant RFLP patterns in Marceau Trench
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M. DNA Marker; Bl {A %050 A ] i AL P 3 2

M. DNA Marker; The Arabic numbers indicate different restriction patterns
El 4 #FHAFIEGARIMBAE RFLP 2 Msp 1 EgPIEIE
Fig. 4 Msp 1 restriction map of predominant RFLP patterns in East of the New British Trench
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2 000
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M. DNA Marker; BT {F 807 AR R A U] 11 35 2

M. DNA Marker; The Arabic number indicate different restriction patterns

B S #ASIEEGHEME RFLP 2K Msp 1 BRYIEE
Fig. 5 Msp 1 restriction map of predominant RFLP patterns in Central of the New British Trench

2.2 MEREY o SHEMES

BT FEAS 3 51 4% B8 4 18] 1) B B 2R 17 2R
25 R 41 Z 18] ) AR AP 7 41 0 BROAS [ g 4
YE5r2RHIT(OTU) , Coverage J2 45 il SCJ%E Y
523, LSO R 2 DO AR A v P 8 A e s 1) AR
FHAK, L Mothur 3443 #7, L 95% A Ik
T RRER] 73 OUT (1 6) |, S ILA5.51 36 1~ F 4%
OUT, CNBT .ENBT .MCT .MT #b[X )44 HF Ji7 38 1%
A5y HINAE 9 4~ .5 4.8 A~ Fil 14 4~ OUT,, 4 4
RAERALA R OTU A48 14>, MT  MCT ,CNBT
FENBT #4119 OTU 43524 11 4~.5 4~ 3 A~F10
4~, OTU #£ CNBT .ENBT .MCT Fl MT %4 55 f
R H 88.9% 85.7% .87. 5% F163.0%
(F% 1), FRIPkIE Y B 5o B 1500 O RE 8 S WLk
mn SCE LA R R AR G R .

CNBT MCT

11

E6 MA~RiERHE OTU AL HHEE
Fig.6 Amphipod samples

Operational Taxonomic Unit

AT FE A o Z2RETE AT AT LS B R A )
HEF M Z % . Shannon il Simpson 4 /&

FHRAL A A UAE Y Z T B —
Shannon $EXIGEBCR , i WAV 22 FEPE R ; Simpson
FEROHUR , Y VR ZREPE IR, i ACE 5%k
il Chaol FEECFT LU T it i 3E 7% 5 8, HBUE
R, UL 25 A0 Z RE PR . the 1l J, 4
ASSRAE FURE i ) REVE ZAEE RN EAATE AR
RIS (K1) o B BN RAE 0 SR
EMAEYITETR Z2 R A F K Y oAt 3
A RAE S ZFEE A P AR AR (R 1) .

Alpha 55500 i 1 2 7T LLHIE Ay $ciis
TR R REAS T A ) T 6 R, SRR A e £
R A, MG m P38, BT R B A
L 2 BE R R o A b T OTU, ez
I8 ) 4k 282 0 30 PT BE 7 AR B 2 B i) OTU, iy
K6 n DL Y, th4R & T30, BB a5 2
2.3 MEMEYTEST

TEU AN R B D) 25 70 1) v b A T Y
JEAE NCBT _E#AT)F A LR o 43 B AN [FLRAFE AN
FRAE TG LB (B 7) o S5 53R3R0]: & 44
1574 Hirondellea gigas %% I8 G5 4= 9 b & 2 B
P 6T B2 R VG VL 5 1R & (Psychromonas sp. )
(37. 05%), H ¥ & Uncultured bacterium
(10.52% ) , WLI& Ta, 7E¥ZR U Scopelocheirus
schellenbergi % IF figy 18 ', Uncultured Mollicutes
bacterium X — B £ ¥ & i B O FOE, &k
62.50% , H: Y% &y Uncultured deep-sea bacterium,
FHREE] T 25.00% (& 7b) o SRAETH A G
W15 W 3B Alicella gigantean %5 W Jigg & Tk A= 4
Psychromonas sp. & & 5 i (39. 29% ) , oIk h
Uncultured Mollicutes bacterium (32. 14% ) , WL Tc,
AL AN B V8 2R A S8 1Y) Alicella gigantean
R, o A 9 B Uncultured  Mollicutes
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bacterium & B 55 (50.00% ) , H.yk & Uncultured
Mycoplasmataceae bacterium (44.44% ), WK 7d,

FHEC T HAts 3 A RAF AL, 5 B 4016 v
KRR E YR 2R i 5 (B Ta) o D HEES
TR TR SRAE A5 10 3 Tl AR v g v BN T e S I 3

7.41% Alcaligenes ip.
3.70% Granulicatella sp.
7.41% Propionibacterium acnes
37. 05% Psyt Mas Sp.

7.41% Ralstonia sp.

I{. K eraceae Sp.

i
8. 52% Uncul tured bacterium

(a) 55 EL L4378 (MT)

Bt =

[ 7i% Trmailtutrerd Tecteetn
Uncul

() FAFBitg ¥4 H55 (CNBT)

BRI V& B TR ) JEUREFL IS T R g v
2 — AEARIR S 1 T 45 50 ORI e >, 3%
WIFEDR DRI A5 10 T, g 8 B0 17 i 0 TR K2 3
VA B G - (D

sea bacterium

chromol
0% Rhodobac
3.70% Uncultured gamma proteobacterium 5. 00% Uncultured d
3.70% Uncul tured Mollicutes bacterium 2. 50% Uncultured Mollicutes bacterium
3.70% Uncultured Propionibacterium sp. 12. 50% Uncul tured Mycoplasmataceae bacterium
3. 70% Uncultured Streptococcus sp.

(b) % (MCT)

e W
i i icutes bacterium bacterium
[ tured M]'b}él;ﬂmfg“g gmm [ 44. 44% Uncul tured Mycoplasmataceae bacterium

(d) T AFI BG4 4R 355 (ENBT)

B7 AERERBEMRT GG

Fig.7 The intestinal microbial community in different sampling sites

3 e

TR UREE T8 e 5K 1 B 058 2% 1 3 BOR IR T 08 7
PRt o RN A 0 AT A0 1) B 5 33k
P AT 2L 16S rRNA-RFLP J5 i 48 5E T 2K
B 4 AR RAE A3 bR DR B8 R A 3 A 1 2H
AR B LA S 8 G A PR T S A AL

FEl N Ahp 2 51 I X K AR Bl ) i 1 40 T R A
T =5 % NP - D ST VA S )
iR v 55 1100 0 iz 18 v 23 85 Y 106 B AR 2% B 4
PS5 PR 2 PR BR . 3X 2850 B TR AR 2 0 R Tk
JEAT I & ( Photobacterium ) 55 13 Mg (FF) o 45 ]
AR RELP 7 30 55 90 58 FR A4 08 T 119
2 EIXFER B A0 AT 00T, KB 2 Bl AN TR A A
IEAE 2 TP 40 14 1] ( Proteobacteria ) 1 J52 BE 4
["1( Firmicutes ) , 3%~ %5 FLEC B & ( Shewanella ) |
Z B )& ( Pantoea) . Aranicola J& . % 2o ML H &
( Pseudomonas) K & J& ( Vibrio) . T #4121
B A= v [0S fi 38 v 73 T 8 RO
JR5E 8 N E . LA EFE R B T R A AR T
I KAE SN Y B b o AT A R X
SET TR TR o R UMD , TR UK Vi v/ ) 3 Mg 3 ol

http: //www. shhydxxb. com

AR T T 1 i T A ) R S 25 S R
D3 AT BE 55 TR UK 480 0 A A v TR IR L a6 401
Wi T Bk Z B R XK,

MR 1 T A 0 2 BN 2 7 2 R 52 i
SHAEAF IG5 BRgE S R e
WIHELIA E 1 38 W oK & B o8 4 1 B Bt T 16 A
AT KA B IR 0 5 KA b B Bl 2 W B o K
TAHEAR SETE U 2 WA e . T LA
I, GRH B AR 18 v i A 5 AR 3 R K
PRI AE W B VTR O o BL I 48 ¥ 38 ok 7
Mr Pa s ity | & R PE AR BT op 31 JE A 22 AR
B2 IR o BTN 4 AN [RSREE
R BB A 00 2 B B, LT 400 ) RS R
VRV AN B B0 TR 3 AR T AN 91 5 9 v R 43
A 2.2.2 A HHIE S OUT (&1 S) |, 3k i3 B B HELATE.
YT YR TN At 3 VY8 1) 4 W iz T A 0 A T
HETE S AR DL EE BAIC, T2 Py R A 25 A A A 3
KESF . X0l 685 ) B 40165 78 30 R 14 T2 87
2 HIR R (10 840 m) D) R g4l A= 4 BRI 22
SRR A Ko B AN B i 1 2R A o R g R
Alicella gigantean Ji7 18 fUAE W) AT 85 O ARALL 4
AR EEGE A AR AL, I R AT RE 2 ()@ 8 AN 41
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FREEIA S0 R AR B IR B 22 S A K, B[R] —
Pt PR 38 T A D AR AL

WEYS BT Psychromonas sp. J& By HL WV 44 6F
TE 3 IXE B i 2 AR v e R AR R, A
A3 FE AN F Uncultured bacterium 3 5 F 1R K119
FeHE (7)o X UEHITE S BG4 16 h g T A
ST RE SR A0 B 0B Rl (A SR,
Uncultured Mollicutes bacterium X — Z2 JI& 41 & 7E
FRUGVE 7 T 62.50% , 7851 AN 51) 55 0 98 7R 3 7
HON 50. 00% , 7E 8T A 51 Hi i 1R R R S RO
32.14% AE S BRI L 3.7% (K 7). X
FER LA W) FEREA Ty 70 T B 20 T 30 A A
Lh WV NI I 4 A RAFE s P B R L IXC, AT LU
AT BA b I R B W] BE S 20 Uncultured Mollicutes
bacterium X — % I 4 & AR KR R HL T
Uncultured deep-sea bacterium jX — 28 BEN 7E &R
ML ST IE T A B CIE T)  HEI AT RE 5 B A 1
FARHK,

WEVR TR A MBI A RE 6 AR I TR K A TEVE 1Y
IS T (5] LA it R TR AV 8 ¥ O DX 3
AR AT RREAHMEY . B %M,
SRR AR B T s e Y 5 S sl W g 3 v e i
DL TR AR K B PRl i LT JE . A
b, HA PR R 2 e 2K 7 Sl ) s 18 A ) B A
AP NN = AL /= 114 = S E|
AR AN AR 592 PR I 8 K 2 A i 38 N 1Y
PRI 8 AE 2, AR 45 R0 2 R T R K T
o JE BT 04 i T8 A A, o S S —
IR A W B T — o 09 B e B A AR
o
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Gut microbiome composition and community structure of three hadal
amphipod species

GENG Daogiang' , CHAN Jiulin', PAN Binbin'?, XU Qianghua'***, LIU Zhiguo’

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Hadal Science and Technology

Research Center, Shanghai 201306, China; 3. Key Laboraiory of Sustainable Exploitation of Ocean Fisheries Resources,

Ministry of Education, Shanghai 201306, China; 4. National Distant-water Fisheries Engineering Research Center, Shanghai
201306, China; 5. Shanghai Rainbowfish Ocean Technology Co. , Lid. , Shanghai 201306, China)

Abstract; To explore the gut microbiome composition and community structure, we collected 4 amphipod
species sampled from four sampling sites were collected including Mariana Trench, Marceau Trench, the East
of New Britain Trench and the Center of New Briton Trench. The gut microbiome communities of the
amphipods were analyzed by 16S rRNA-RFLP ( restriction fragment length polymorphism) method to compare
the gut microbial community between the different sampling sites. The diversity index and rarefaction curves
showed significant differences among these four sampling sites. For Hirondellea gigas sampled from Mariana
Trench, Psychromonas sp. and uncultured bacterium were the dominant bacterial communities with the ratio
of 37.05% and 18.52% , respectively. For the Scopelocheirus schellenbergi sampled from Marceau Trench,
Uncultured Mollicutes bacterium and Uncultured deep-sea bacterium were the dominant communities with the
ratio of 62.50% and 25. 0% , respectively. For Alicella gigantean sampled from the East of New Britain
Trench, the dominant communities were Uncultured Mollicutes bacterium ( 50. 0% ) and Uncultured
Mycoplasmataceae bacterium (44.44% ). As for the A. gigantean sampled from the Center of New Britain
Trench, the dominant communities were Psychromonas sp. (39.29% ), Uncultured Mollicutes bacterium
(32.14% ), Uncultured Mycoplasmataceae bacterium ( 14.29% ) and Uncultured bacterium (10.71% ).
Uncultured Mollicutes bacterium possess different ratios among four sampling sites, 62.50% for S.
schellenbergi from Marceau Trench, 50% for A. gigantean from the Center of New Britain Trench, 32. 14%
for A. gigantean from the East of New Britain Trench, and 3.70% for H. gigas from Mariana Trench. There
existed great differences between the the gut microbiome composition of the hadal amphipods sampled from
four sites. H. gigas sampled from Mariana Trench possessed the highest diversity and complexity, followed by
S. schellenbergi from Marceau Trench, and A. gigantean from the New Britain Trench was the least.

Key words: hadal zone; amphipod; bacterium; 16S rRNA-RFLP
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