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i OE: RN BN PRE VRN 50 KRIRRIZ UK IR C ARG AIERRIC Y POM, 1% # 0. 1,10 30
160 MPa 4 AR B BE , LI & 9 75 2RSS BOR Py TR R A T 8 A 3 3% SR EE B B A HILASURL)
T Ut AR 2 PR [T A A R R A R B A o 25 G AR W R EH AR (DNA-SIP) Fi1 16S
rRINA JE[R f o 3 0, 25 2 W0, 19 36k OTUs #5° C rdRic, 2 )8 T a-Proteobacteria A I Y-
Proteobacteria, fEAN [ JJHERETS B AE 2L B il A& PG M OTUs WS BURI = A B 25 5 bAh, A M
L4548 (network ) FAE BAE FRAE S B RAE 0y 3, R B VRIG P AEAE B B YR 55 4 A IR AL = £
T I B S B o s A AL, BAR R I network $hEMEFAE R B SRR E R o BEADUBURL RS R R G IR
S50 B SRR T AE DTS R ook R 0 R T B TR ) I ik A D G2 ) AR U 45 A R B e ) R A

H

HESES: Q938.8 XHEARER: A

T VER E AR Y E SO A E R A A
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Rre oy D T A 0 At A BIL B A At B 3R )
J U MUEI R SR BRI B ) POM 1E
et AR A — A R RS FE
BRI LR A b, POM SR AR W DIt SE 4 UL B 5
1% [ A= T ( particle-attached mode, PAM) T & 5H FF
SR IAT G T A i POM, ] i B U T L)
(dissolved organic matter, DOM ) (38100 b 1
DOM 7E T JURURL IS J5 T8 1 s ik 8 78 7= 0P, A
T S = /N 7 NI S S B ( free-living
microorganism, FLM ) f £& 35 /5 " &,
FANG 4 #2114 7 PDPMC # %1, 45 7% “ POM-
DOM- I 5y Hs 4 ] i 22— (AR Ab LR
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TR IR B, B il % B 8, K I g 38
EIR BT BA ad F rP AR W R A v R S D) RiE
A

U BRI

1.1 REREXRSEH

R R 5K 2019 AR ICT T B 4 ¥ 1
f M Az (11°19.79'N, 142°11.96'E) , i 1 £h-
1R CTD {4345 ( #15- sea bird SBE 911 ) %4
250 L ) 50 K2 Mg K AT A WU RETE 2047 o
180 L g K 15 Jeilfi it FLA% 10 pm b P8 8% (RUA% 142
mm , Merck Millipore Ltd. ) #4733 3% DA 2= B K
UKL 5l , FRd Lt 3.0 F10. 22 pm fLAR SR
B TR T 10 FE AR Vit 2, o i) WS R A T A L
B0 SV K (in-situ water, ISW) fi A= 4
FER LN AR 70 L /KT DNA-SIP #Rid
e 3 IR SR A R SR AN 5 B IR SR, BT A S
BIPefs bty o
1.2 AT S EE W

RIS LIU 270 T 2020 4R K K5
FeIr i AR = RS T C-ARic R C-X B
Thalassiosiraweissflogii. CCMP 10517 TR . Tk
BEREJE 78 1E SR SR B 08 AR R AT B, OFAE
121 °C &R KA 20 min JGHET 8 F7E —20 C oK
i o AU T 9" C-FRiC R C-Xd B
Pk SRR I i C P AR B 1 43 3 R 79. 2%
F1.59%

B BRI )2 (0. 1 MPa) |
TUENTHE (60 MPa) (13 #2 , B SR g 7E % 1 (0. 1
MPa) Fil#E (10 30 1 60 MPa)4 Fift [ /3 444 F
AT A ESA 6 MREFRIRR AL C hricdl
FIZCXTHEA, B 3 A4, WIRIERZ
IKRE G T U YU RE TR 45 E B R 84k, CTD SR AR
VKR it Je B 220 T T 85 37 1R 3R OF B 647 AN [+
I 400 PR I, B IR KR i B o g 4%
(Kapak,ZE[®) #i1 A 200 mL 50 m #&7K,0.06 g
BC R C RS, B 67 mL T AT A 4 h
4 Fluorinert( FC40, 3M™ Corp. YR E
BrgR it Ay Iy BE 5%, LUK R A BB g, LA
BN P AR E R RS W mEEE T4 C
IR, 4 ADTRBEALE I IT da 55 5%, T UE D A=
KR 1,0, 1 MPa 1) 6 ANFE S B a2 R RE 7%,
AR it k23 B PAML 5 FLM R 47 )5 2203 #7 5

HAth 3 2 % 10 MPa (1 000 m), It B 4 +f
1 000 m 5 £ T /K i RS A1 R ) A7 P AT 35 57
Mg KR B R E S 1 000 m AL 6
AFEER RIS BURE A TS 2250 M. IR 2 A
DRI UR M HE AR 2 I TR 55 535, R s 1 AT
FEALNEF] 60 MPa(6 000 m)
1.3 POC %1 DOC Hy4L 224347

FEREPARRE IR AR, T 4 28 45 BROF 2 7 A
IO B 5 st ) a5 BBUR A 5 R R 20 mL 23
LN S B FR 1A R Y POC 5 DOC A e i A8 Ak
WL 0.7 wm (1) GE/F 3% 35 25 24 58 5 43 ) A5 0
B RP POC) 583 (B DOC) , POC . DOC e
072 53 2R TOC-Lyyy A HLER 53 AL ( H 2 8
HvE]) A TOC-V S AL A ( H A B A
) o POC A AR P T

C = Cpe ™™ (1)

Xf:C 0 ¢ /N POC ¥R 5 €, Sl POC 4] 4R ¥
JE 5t MEEFRHE] bk ok POC Y FRA R
1.4 DNA {2EXR PCR 31

{fiFf] Fast DNA Spin Kit for soil ( MP Bio,
USA) 431 48 BB A& B i E Bl A B DNA, 168
rRNA JEPRIF L V4 Xk H bR X0t 1751 4%
2 fE 515F (5'-GTGCCAGCMGCCGCGGTAA-
3") oI M 806R ( 5'-
GGACTACHVGGGTWTCTAAT-3") J& 3 43 Wl it 432
Kk 6 ~8 bp 1 Barcode J¥ HIAR%E DL I X 73 AN
[ RE D 938 H BER/IN S 291 bp, PCR KR N
50 pL, EFALSE  Premix Taq™ IRA Yk} 25 pl,
10 wmol/L Fs 55|44 1 pL, DNA 1 pL, T
B ddH,0 22 pL, PCR J5#::94 °C 3 min,94 °C
45 5,50 °C 60 5,72 °C 90 s, 72 °C 10 min, 3£ 35
MG o
1.5 BEEEOHEMBREIRKAEEE PCR

WA B Ot FE S BB AR 2011 4R R
1) DNA-SIP #3008 B A0 ik o SR A S o
e PCR (qPCR) Kl DNA £ 5 1955 3 2 14
20948 DUEL, qPCR BT FH 5149 Sk 248 o8 36 FH 5 | 0 ok
338F(5'-CCTACGGGAGGCAGCAG-3") ,518R (5'-
ATTACCGCGGCTGCTGG-3") 1 | 5% it 4 5 2 e
PCR 4R AEAL 7 i - (5 AR o TR il 25 6 NV i
BHIE (4.3 x 10 ~4.3 x 10°) B b o i B il £k o
qPCR {& & Ky 20 pL, F 415 Go Tag qPCR
Master Mix [iff 10 wl,2 pwmol/L B G o | 4% 2
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31 &

uL, DNA H#if 4 uL, o8 ddH,0 2 uL. qPCR %
IR A% 7 500 Real Time PCR System Amplifier
(ABI,USA) , qPCR §" B4 F2 )55 : M R 28 14 (95 C,
10 min ) ;40 WG 254 (95 C, 15 s;60 C, 1
min ) ;95 CiB & 15 5,60 °CiE kK 1 min;95 °C fiE{d
30 s, 60 CHEfH 15 s, AUANE 16S tDNA Fk[H
(Y R K T 99% , R® {6/NTF 0. 99, PAM
55 FLM {200~ B2 e AR 40 41> 40 1 40 P 2
i 4.08 4~ 168 rRNA JEPH$5 DUBGH3E10 7
1.6 TluminaMiSeq il FF K EIE 517

5 B IR B S AR 2 R IRA
A AR UE D SGHEATBCR I Y . I UCHIME X
AFI JEIR Y S A T4 T KRR . {8 1] UPARSE
(7. 0. 1090 R 7, http://www. drive5. com/
uparse/ ) W HRAE 72 BATT (OTUs ) #4752, A
PERUE RN 97% o, A~ OTU 194325 B 7E Silva
16S TRNA ¥4l J (SSU123) kAT, EAS BAH N
70% o AYHHE 53 A 3 TR ik 2= DA — A
HAHXS = 1% 1Y OTU A7 —2L 03 #r . SR
MOTHUR (V(1.30.2 JjiiAs, https ;//www. mothur.
org/wiki/Download _ mothur ) §} 2 Chaol 35 %%.
Shannon F5 4 Simpson 84055 Z FEPEFE ¥, (#
F VENNY 2. 17 I4E Venn [&], JEBA [F) 1 37 4
T 5 ISW 2 FUA[E) 4 53 18] OTU 4347 2246
ET YA KA OTU /K F E 444 Bray-Curtis JE
BIFEME R 7R Beta Z A, R ] QUIME (1.9. 1
R4S http : // giime. org/install/index. html) #4722
4 RZ NMDS 4341, >Rk ] ANOSIM AR AL 73 4

FH A6 56 2H 1) FIZH N 22 5%
1.7 MBS

FEBET FEALAE B B8 (RMT) 19 73 1 2E 5
&0y ¥ 5 ( MENAP, http://129. 15. 40. 240/
mena. cgi) , FI| H} OTU Z2F1 16S rRNA & [Kll /3> 2%
SERIAR B reads 44 LB A S R 4500 LT
Pearson FH5C B33 I A7 W0 28 #1 FIMRFALE 19 AH 5C
E S B e Sl G ST I 5 S S I R ¢
Cytoscape ( JiA 3. 8.2) #EAT rl WAL K, T8 B
BLRI L AT o e 3 3 P ( Z,) AN e
[ PE(P,) 2 S EGHEATHH SR ELEE, 1 o )
25T AR N R PR Y 2 2 B AE 2R 2% (module
hubs,Z,=2.5 H P, <0.62) ; £ HEZL 4% ( network
hubs,Z,;=2.5 H P, <0.62) ; ZE# % ( connectors ,
Z,<2.5 H P, =0.62); J& il 5% ( peripherals,
Z,<2.5 H P <0.62)%,

2 4k

2.1 POC #1 DOC iR BTk

HEAFFK T T, AP X POM [ 53 fif
Fll fi S 5 POC F1 DOC ¥ B bt i i) 25 4k .
0.1 MPa i} POC ¥k EETE 12 h JefE G m A, H
fE 71 POC ¥ B2 BB I [R] RE AR . DOC ¥ i A8
AERL A e U S, A Bt e ) S 0 i R 9, 7
60 MPa I}, DOC FLEJE B (& 1) o S
& , POC ¥ i Fifi Fsf [B] A0 7 52 F Rk %4, i DOC
e R 2 EIb

316 316 ~16 316

<P —— poc poc = [ ——rpoc poc < [——PoOC poc S [ — poc DOC

o N 0 &

E E E E

~ 12 >12 12 S12

8 E H k

2 - iz 2

< < o <

58 58 g8 58

g 5 15 3]

) [ o Q

Q Q o L=>

§ 4 I § 4 S 4 s4

id id Fi : R g Bp———

X0 21 36 48% 0% 66 82 102 120% %120 156 192 228 264> U264 324 384 444 504
1A Time/h WfA] Time/h i E Time/h I iE Time/h
(a) 0.1 MPa (b) 10 MPa (c) 30 MPa (d) 60 MPa

1 5 E7E POC #1 DOC iREE
Fig.1 Variations of POC and DOC concentrations during the incubation

2.2 MEMFEEMSHEME
JELASE T 7K H R A T A 20 7 S BE A 2,96 x 10°
cells/mL, F HE AN FEREEN K 2.9 x 107 cells/
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[FIRE 55 J5 A 45 10 4 B, B 3% )5 i W) Fh 3w R
(Chaol 45%50) K WE K, Z )5 BEFE 15 11 (9 54
P BEOR AR RE [ 2(b) 1o B A TR AN
A 2143 19 Alpha Z2H£44: (Shannon 45 %50) F14y
P51 (Simpson even 45 %) FE AR 1 F A Bir

TR < 78 JEA 7K HORT 60 MPa FE 3T, R A= R 1)
Alpha ZFEPEW] S & F A i, e Al 3 4k
J3(0. 1,10 F130 MPa) |, JuJ Ji& B Hi #5124
(K 2(c) s 1ERR 60 MPa SN BT A 71 F, A H
B P 2] AR TRTAE R LR 2(d) 1.

JRAiEK \ SRk / AR ZS P JRAT K
0.1 MPa 0.1 MPa 7 0.1 MPa 0.1 MPa
10 MPa 10 MPa ’ 10 MPa 10 MPa
30 MPa { 30 MPa ) 30 MPa 30 MPa
60 MPa / 60 MPa | ¢ 60 MPa \ 60 MPa \
'é "e "3 “S “S 0 250 500 750 1.5 2.0 2.5 3.0 3.5 0 0.04 0.08 0.12
,>_<< zé c>,<, é é (b) FEE (Chaoldg®) (c) AlphaZ ki (ShannonfE#) (d) 51 (Simpson evendg#i)
Richness (Chao, A-diversity (Shannon Evenness (Simpson even,
(a) SHMuRE

Cell abundance

e —

13C-PAM

13C-FLM

B2 BruEMERMBEHEASNARFES SRR
Fig.2 Cell abundance and diversity index of PAM and FLM before and after incubation

2.3 DNA-SIP #&illiE R 4%

SRR i B BN I ) B - OO 7S Tl 1]
DNA, 4B 1) e ] e R H% DL R BRTESR 5 ~7 )2,
Bp“#” DNA 184, #4362 OTU & L K" C-H
DNA {8843 OTU = i 5 C-Xit B v 52 2 06 i J2
I OTU B AH )5, A X F 2 = 1% 1Y
OTU™ o ARWILSETE Y 19 AN OTUs, F 254
J& T Gammaproteobacteria ( 14 4~ OTUs ),
Alphaproteobacteria(2 f~ OTUs) , LA M Bacteroidia
(34~ 0TUs) o AN[FHE 3 F B3 M BEAE BT A= T
5 R Z A &) oA AR 1 3 v 2 3
oA, 8 LU LR,

T 5, — SR R AR P B T R O i S
WA ) T B8 2 O LAl X6 R %
Ay -Proteobacteria ff, 3= %4 OTU333 ( Vibrio ) |

OTU370 ( Alteromonas ) . OTU210 ( Pseudoalteromonas )
1 OTU369 ( Pseudoalteromonas) . H.IK, 5 —Lb
FRETE S 77 1A 2% R0 M 7 08 J 12 30 B L X T jA
A EC A E R R — 4, W OTU129
( Lesingera ) . OTU158 ( Neptunomonas ) , OTU548
( Oleibacter ) . OTU338 ( Vibrio pomeroyi ) . OTU215
( Methylophaga ) . OTU211 ( Leeuwenhoekiella ) V) J
OTU 220( Mesonia ) ; T A7 19 /1>y 7ol DU 7 i 1 )5 522
IA—FE A 75 5 2 OTU239 ( Pseudomonas ) Fll
OTU313 ( Aliiroseovarius ) , B B 35 & 7 59 3401, %
AU T AR RS . R, SN TE AR T AR
F AR P TR = T eI 1 B s M, A
1% OTU297 ( Cobetia ) 5 OTU326 ( Shewanella ) , #E
N 3 S Gl A ) 7 TR A AL S P A R vp 4
THEBEME.
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v | OTU297

Cobetia marina strain JCM 21022 (CP017114.1)

| ,oTu1s8
—_— T' Neplunomonas sp. strain SM11A-09 (KY914257.1)
0oTU238

1 ” Sp. strain voy

= OTU37
Marinobacter flavimans strain SW-145 (AY517632.1)
= 0TU548
o | Oleibacter sp. strain N10 (MN794548.1)
= OTUS81
<| Alcanivorax borkumensis strain SK-2 (MN186614.1)
| |, 0TU161
= L u\‘l Alcanivorax nanhaiticus strain 18-m-6 (KM453740.1)
w  OTU333
- -I Vibrio harveyi strain MFBG5 (MT605272.1)
| ,otu33s
T[ Vibrio pomeroyi strain LMG 20537T (AJ491290.1)
e | OTUS70

1 (MT626360.1)

x 1 OTU326
Shewanella sp. strain BAP2 (MT197171.1)
oTu210

| OTU215
| Uncultured Methylophaga sp. clone 12S 113 (KP183018.1)
= OTU313
iAlifmﬁomrius sp. strain PrR0016 (MF348946.1)
)

oTu129
v | Leisingera sp. strain MBL0O307 (MT187840.1)
.~ OTU184
— Bacteroidetes bacterium swS05 (KP412936.1)
= - OTU211

0.050

Alteromonas macleodii ATCC 27126 (CP003841.1)

=
Pseudoalteromonas sp. strain C40 (MT645483.1)
® |, OTU369
e« | Pseudoalteromonas haloplanktis strain 393 (MN713444.1)

" Leeuwenhoekiella blandensis MED217 (AANCO1000011.1) 50
- oTU220 =
[ 0o
w» | Mesonia mobilis strain KMM 6059 (DQ367409.1)

oTU297
oTU158
oTU239
oTu37

0OTUS48
OTU981 Gammaproteobacteria
oTu161
0TU333
oTU338
[em] oruszo
oTU328
oTuU210
OTU369
oTu215
oTU313
Alphaproteobacteria
oTU129

oTU184

oTu211 Bacteroidia

0oTU220

0.00 || o

)
0 10 20 30 40 50

RO E W B AR A I8 1] MUSCLE 3847 22 751 LU XS, F ] bootstrap 23477 (500) 374l T4 (R AE M , 00 VT 23 LU B B
e mi b Bar =45 100 MEHIRA 5 MU, MeiFMAE LS A b B LR OTU 205 AL G RIRE AR IR . A MK 5
HEE R THE0. 1,10 30 160 MPa ', %1 (_EJ7) FLEAKRZ (R I5) Higymh B AR 4252

Phylogenetic relationship was inferred by the maximum likelihood method. Multiple sequence alignments were performed with MUSCLE. The

robustness of the tree was evaluated using bootstrap analysis (500). Percentage values are indicated at the nodes. Bar = 5 substitutions per

100 nucleotides. PAM and FLM are indicated in red and black text on the left side respectively. Boxes on the right show the relative

abundance of active (upper) and total (lower) microorganisms at 0.1, 10, 30, and 60 MPa.

3 DNA-SIP i EiEEREYNRERERSENFEE
Fig.3 Phylogeny and relative abundance of active microorganisms detected by DNA-SIP

2.4 WEMEFEAINEWL

AR B R EE (OR) SR8 % fUAE P %
TR A hE) s, lLE S
% L1 A Bk v 5 i, OR > 0 Mk PAM ffi
I ,0R <0 4 FLM fi&f-, OR =0 Bl 4y 76 9 Fl A= 15
JrAXTC W A 4o Qi 4 Fir s, A D B Y 75 BR
PAM T % fX #f Gammaproteobacteria ( Cobetia .
Shewanella . Alteromonas F1 Pseudoalteromonas ) #
S, T FLM G HE N i 58 2208 0935 R 48, b
$i Gamma-, Alphaproteobacteria FiI Bacteroidia
Marinobacter |

( Tenacibaculum .,  Alcanivorax .
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Oleibacter . Vibrio, Neptunomonas, Methylophaga .
Leeuwenhoekiella , Leisingera  Aliiroseovarius ) L) i A
43251 Favobacteriaceae, % — 4% H- 3 B | ¥EAS W)
FERIN ) I A5 s 3 B W ) AR 2SS o BE R
AU o AUHE— B AR T 2T B B 4 0 26
HERZ Z ARG P OTU, 4 PAM i 47 1y OTU329
( Halobacteriovorax , AE % £ ) 1 OTU297 ( Cobetia ,
W), FLM i i i) OTU176 ( Marinomonas , 3F 3%
PE) .OTU220 ( K 43251 Flavobacteriaceae , 15 1% )
1 OTU132( Olleya , AE3ETE) o
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Alphaproteobacteria, Unclassified Rhodobacteraceae ,OTU607
Alphaproteobacteria, Nautella, OTU384
Bdellovibrionia, Peredibacter, OTU41+

Bacteroidia, Tenacibaculum, OTU1844
Gammaproteobacteria, Alcanivorax, OTU161+
Alphaproteobacteria, Shimia, OTU3484
Gammaproteobacteria, Marinomonas, OTU176+
Gammaproteobacteria, Alcanivorax, OTU981+

A Bdellovibrionia, Halobacteriovorax, OTU329
Alphaproteot ia, Ascidiaceihabitans, OTU157+
Alphaproteobacteria, Unclassified Rhodobacteraceae, OTU1604
Gammaproteobacteria, Alteromonas, OTU396
Gammaproteobacteria, Marinobacter, OTU374
Bacteroidia, Unclassified Flavobacteriaceae, OTU2204 .
Gammaproteobacteria, Cobetia, OTU297
Gammaproteobacteria, Shewanella, OTU326
Alphaproteobacteria, Thalassospira, OTU2134
Alphaproteobacteria, Sulfitobacter, OTU214+
Alphaproteobacteria, Ruegeria, OTU360
Gammaproteobacteria, Oleibacter, OTU548
Alphaproteobacteria, Ruegeria, OTU1734
Alphaproteob ia, Thal: occus , OTU484
Gammaproteobacteria, Vibrio, OTU338+
Gammaproteobacteria, Neptunomonas, OTU 158+
Gammaproteobacteria, Methylophaga, OTU215+
Bacteroidia, Polaribacter, OTU314+
Gammaproteobacteria, Pseudoalteromonas ,0TU369
Gammaproteobacteria, Pseudomonas, OTU2394
Bacteroidia, Olleya, OTU1324

Bacteroidia, Leeuwenhoekiella, OTU211+
Gammaproteobacteria, Halomonas, OTU344
Gammaproteobacteria, Marinobacterium, OTU3324
Alphaproteobacteria, Leisingera, OTU1294
Alphaproteobacteria, Aliiroseovarius, OTU313+
Gammaproteobacteria, Alteromonas, OTU370
Gammaproteobacteria, Vibrio, OTU3334
Gammaproteobacteria, Pseudoalteromonas, OTU2104

0.1 10 30 60
IEEMOTUS JEA] Pressure/MPa
M EmEFRIEMEOTUs O EERF (OR>0) 08 O 16 (24 @ (AMIER
BHERFASEEOTUs O BEHERIF (OR<0) : N : ® WHhBEHEE

AT T B YRR TR S B =1% 19 OTUs BYXTECL A M =GR IE], b 216 R 308 BAT IE LU ELHY OTUs , R 47450k B
A5 EERAE T LAY OTUs, Rty B i E A A 435 7o AL RIREE (T 0 AR AU AE T PAM Fil FLM 1)

HHY OTUs,

Odds ratio for each of the OTUs with relatively abundance ( =1% ) in the total microbial communities at different pressures. Red bubbles

represent OTUs with a positive odds ratio, i. e. , preference for the PA lifestyle. Blue bubbles represent OTUs with a negative odds ratio, i.
e. , preference for FL lifestyle. Scale is shown at the bottom. Dark red and dark blue bubbles represent OTUs that existed only in the PAM

and FLM fraction, respectively.

4 BEUNTEFAX(MERSEHE) HIRT
Fig.4 Microorganism’s preference for lifestyle (PAM or FLM )
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25 113 S MR T, 0 2% v /DT S A
MZ AR ZMES:, HRH 1 S Z B
RN A 2 B I 4% BB L IR 45 1 - 3
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Tab.1 The topological properties parameters of the co-occurrence networks
N ﬂiﬁks 'ﬁ%ﬁéﬁhﬁmﬁkvﬁig“ 0.1 MPa (0.833) 10 MPa (0.834) 30 MPa (0.830) 60 MPa (0.902)
Total OTUs 147 154 166 146
Total nodes 24 44 54 42
Total links 43 104 174 89
Positive links 30 89 144 41
250 ] 4% Negative links 13 15 30 48
Empirical R square of power-law 0.557 0.718 0.570 0.793
networks Average clustering coefficient (avgCC) 0.541 0.506 0.578 0.530
Average degree (avgK) 3.583 4.727 6.444 4.238
Average path distance (GD) 1.953 3.663 2.982 2.244
Total modules 6 7 5 9
Modularity 0.382 0.411 0.453 0.409
FEHLIM 2% Average clustering coefficient (avgCC) 0.348 £ 0.069 0.277 + 0.039 0.261 = 0.033 0.267 =+ 0.045
Random Average path distance (GD) 2.412 + 0.105 2.566 + 0.085 2.456 + 0.071 2.648 + 0.077
networks Modularity ( fast_greedy) 0.314 £ 0.019 0.309 £ 0.015 0.276 + 0.017 0.329 + 0.014

P25 FE L A PR AR L 25 T 2 I 2 A
BUH R BT R TEAS YR 1 1Y) 4% Hh A
FLH W 28 R L AR B AR L 2%, 7E 10 MPa [0 4%
MRS He 2 o & B — A & 4 28 OTU1238

( Photobacterium) ,

B R AR R AR DG

KAERAIEMKLE S5 (b) ]o

60 MPa [ 2 B %

fb, Fat B A 6 AN iE AR, 40 2 0TU944
( Marinobacterium) ,OTU1390 ( Leeuwenhoekiella) .
OTUS ( Alteromonas ) . OTU637 ( Shimia ) . OTU708
( Ruegeria) F1 OTU914 ( Vibrio) [ Kl 5(c) ],

A
o B ‘*("‘/ oye

LR

7] i [ ] [ ] O Alphaproteobacteria

@ Aliiroseovarius @ Neptunomonas @ Shimia ([ Bacteroidia

] ) O [ ] i ia
 Dokdonia 0 Oleibacter 0 Sulfitobacter

@ Erythrobacter @ Olleya @ Tenacibaculuom T np

[ ] 0 o PR Module1
# HIMB11 8 Photobacterium @ Thalassospira B Modue2
1) Halomonas @ Polaribacter @ Vibrio ¥ Module3
m iella @ ] ified f_Al # Moduled
0 Leisingera (] [} ied_f_ Nitri ® Module5
¥ Lentibacter 0 Ralstonia 8 undiassified_{_Rhodobacteraceae o
B Marinobacter J Ruegeria | unclassified_f_Vibrionaceae 8 Modules
® Mari i [ ] i ] ied_o__ 1! 8 Module9

60 Mpa
L

10 MPa—Connectors

660 1530

60 MPa—Connectors 311

IR L5378 1 (a)4 ADEJ(0. 1,10 30 F1 60 MPa) TR OTUs (9 i) Z ] B S AL W0AR AT 5 76 10 MPa(b) F1 60 MPa(c) 1%

25 H R BT i HE 4% ( Connectors)

RERIEASCR AR, PP-TEAR I ; NP-HURH G

The co-occurrence networks reveal microbial interactions between different OTUs (species) at 0. 1

identified in the 10 (b) and 60 MPa (c¢) networks.

, 10, 30, and 60 MPa.
More information about the connectors is shown in Table A2 and Table A3.

TR BUREAIF ) OTU, 3 g /N 595 R PSR 3= R Lo S RIAL (6 1 28 7331

Connectors were
The node

color represents different OTUs, and the node size is proportional to its average relative abundance. The black solid lines and red dash lines

represent positive and negative links respectively. NP, negative links;
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PP, positive links.

£ M5 F W L&

Fig.5 The co-occurrence networks and subnetworks
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Interaction and successional dynamics of microbial communities associated
with sinking particles in the Pelagic Ocean
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(1. Shanghai Engineering Research Center of Hadal Science and Technology, Shanghai Ocean University, Shanghai 201306,
China; 2. Key Laboratory of Marine Mineral Resources, Ministry of Natural Resources, Guangzhou Marine Geological Survey,
Guangzhou 510760, Guangdong, China; 3. State Key Laboratory of Geological Processes and Mineral Resources, Department of
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Biotechnology, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237, Shandong, China;
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Abstract: The effects of changes in microbial communities and microbial decomposition of particulate organic
matter ( POM ) during simulated sinking and incubation were inverstigated under progressively increased
hydrostatic pressure. DNA-stable isotope probing ( SIP) and high-throughput sequencing of 16S rRNA genes
showed that 19 OTUs were labelled by "C, and were affiliated mostly with Bacteroidia, «- and -
Proteobacteria in situ water. The types and abundances of active OTUs in PA or FL faction differ significantly
under several pressure gradients. The results revealed the clear compositional differences between the active
PAM and FLM communities. Dynamic succession between PAM and FLM occurred with increasing hydrostatic
pressure. Microbial network interactions changed dramatically with pressure, dominated by positive
interactions at low pressures (0.1, 10 and 30 MPa) and by negative interactions at high pressure (60 MPa) ,
suggesting strong species competition in the deep ocean. The results further showed that microbial
communities exhibited clear separation and compartmentalization at high pressure, indicating network
resilience and stability. The results significantly expanded the understanding of how pressure during simulated
sedimentation affects the community structure and function of microbes associated with the descending
particulates in the ocean.

Key words: particle-attached microorganism; free-living microorganism; particulate organic matter;

hydrostatic pressure; network analysis; DNA-stable isotope probing
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