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PREE A WU & A It 8 5 R R e
MU At 0« $7 XKk, IR BUEI N S A
B0 P9 o3 i TR 2 A I R T o J) B 2o R 1) T 22 3R
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Fs HHA: 2021-06-16 EE HHA: 2021-08-11

A RFIENIEE TR R B B A AR K B T R
HBETE ST o 755 U ANIRE A T K, A7 18 LU R
W figk 1 (4 Oceanospirillales ) S fJE 9428 1 1 (o A2
LS RPN TP ¢ S PRUTITE 3is R
Xt LY A A T K 1Y) 3 — BT 52 2 I, TR DK 73
HE EE0E S SR, HAL AT Rl 4L CO Sk
ARICRER ™ o oA, o HE T v 30 1 BF 5 2
7K (5 000 m .5 700 m 16 000 m ) 3§ 4= 9y e 3=
AT U S IR AU (BT RE i R fL & 4 ke
RAEYATT TG W) HIUBA (4 435 m,
4 568 m 16 578 m) i My iy FEZATH 7 S n]
AR RALRE F IR0, 3 40, W 3 OB PP I B3
A WIEAFAE S F W | SR A L SR B ) R R
N TR IE - Grae SIS R

I NSNC 2T 8 B 5 T TR IR TR P i A=

EE&UIH: LT AAREEEE (20ZR1423700) ; [ 5T 04 113 (2018 YFC0310600 )
EE® ST B A(1995—) & WL A, BFF 07 6 R AEY)% . E-mail :3056386893@ qq. com

BEEE . X WK, E-mail ; 1lliu@ shou. edu. cn

http: //www. shhydxxb. com



1236 (S R Ty N S S 1 31 %

HREAR I 0 BT 5% 2 4 vh 39 K Bl ek 0
6 000 m DAERAGRIH TR v ik 9 i A 7
MIRFFEAR A R o ASBIF 58K iz 2 ik 1R 4 2 AR
WGBS A B J7 %, o0 B B L 9496 ) < Pk
EETRIN” (TREEIS 10 853 m) R Z TR i1y
TAEYIRE T AL DL B Dy e AR 1. DR g R
VA B 148 78 5 5L 4900 VA R IR A 0 B ) A
YIRETE 25 A AR T 2 A, 3R T X R VA A
b IR 27078 B RIS LE SR ) B SRR %) B A% o

1 Me5I5k

1.1 #HmERE

AU oA 2016 4F iy SRS " BR o 25 5
165 B g4 6 75 MT ( Mariana Trench ) % {37
(11.403 7°N,142.363 0°E, /K%K 10 853 m) %
£ o DU A i AR FE T4 i 25 19 4R =0T AR
Py IRE AR S G BE 30 em (42 3.5
em TG IBOREREFEAT BEALIE A, B S FHJC AR
FEGEATE DARAF o SR AR 58 I L HORE RE i BT
-80 CHATIRAT, HEIT RIS ELWTH
1.2 REFEE DNA fiRENEEE AN F

SR TG B IBORE A R TR PR A R R )2
ZRZ T HEAT YT, FFFRE 10 g 0 ~2 em
JEUURY o A58 R 76 B H 20 DNA $2 15U
% (FastDNA® SPIN Kit for Soil ,MP /A #]) ,# 10 g
TURIAE S E TN & AR R S, 2 R &
VP 1§ 75 5 SR S BT AR A o 1) 2 Rk 1A
21 DNA,FfA 50 pL B JC 7K ¥ DNA A5k I
b A7 VR B, AR 5 1l A DNA 44k 2l 7] &
( DNeasy® PowerClean® Pro Cleanup Kit, QIAGEN
oy ) XU % R 2 DNA #4744k, (i
1. 2% BB N8 B 5E i f 9k A Invitrogen Qubit 3. 0
352963t ( Thermo Fisher Scientific ) X #f 4L J5 19
DNA FE G AT ks, PR UE DNA f) T o Wk 3 =
10 ng/ L H DNA F i 1 H KA 257 175 1 G 1)
AT o I R A P B ME Y 5 BE R 2 DNA
FEh ik 2 BGIL 23w, 37 ] BGIseq 500 ~F- & #E4 T
M
1.3 REFEAHESHT

ABIFFERE DU 7 J5 AR Ao 00 I ek K000 2 A o 42
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(1), {# ] trimmomatic (v. 0.38) ' ¢ fip
P8 AT 25 4 Sk A2 BR A BT B R (S 800
LEADING. 30; TRAILING: 30; CROP. 90;
HEADCROP. 10; SLIDINGWINDOW. 4 : 25;
MINLEN:50) ., 3 i IDBA-UD (v. 1.1.3)P )%
T T (clean reads) FEAT2H % PF 0 H & 1
(contigs) (Z% ;. kmer range 50 ~ 80, step 15) )7,
TEPFE 25 P i v K =500 bp B ZHEE N
A AL e g R AR I ] prodigal
(V2.6.3) I3t PRk 5 v (1 7 & BE AT F L)
VEAE (Open Reading Frame, ORF) i ( 251 -p
meta) IRE AL 4], T KAIJU (http ; //kaiju.
binf. ku. dk/ ) X 7 3 [F 4 7 54T 00 R0 43 2 (2
B BN Y RIS AR R K R R R R
% % 7 %) 38 i BlastKOALA™ (https://www.
kegg. jp/ ghostkoala/ ) FF H X 2 HUAR A [H] 5 5%
HH B4 F ( Kyoto Encyclopedia of Genes and
Genomes, KEGG ) ™ | & ¥ Bk 1A ; {#i A} blastp™®
(ZH0:-E le-5, Hofth: BN K 2 i 7 51 5 82 A
4B 25 ) B 7% ( clusters of orthologous groups,
COG) "B I (B4 -E 1e-5) $EAT Hoxt s #1 F
hmmer(v. 3.1b2) " TH.(Z%:-E 1e-5) ¥4 hd
F 8 5 B oK AL 40 1 1 1 U4 P ( carbohydrates-
active enZYmes database , CAZy) "™ ¥4 1647 e
XF, 345 75 L RLAH P 20 i) D REE e R JF T
WEeE B R RE B FEE R T
BTV < W X IO 30 5 AT 1) P 9 28 A ko g 38 38
SR A 751405 RNA {4 JiE (reads per
kilobase million, RPKM) "**' | ¥4 > reads/10° kb,

2 4

2.1 SERETWNEARETHEDEYFNERK

AW 5E 4K 15 409 408 006 2% JF 4h ¥ 4
(reads) , MAFILECH 18.42 Gb, LIS 3k
137 340 227 304 4750, AL id L 40h 17. 70
Gb, RBP4 73 o5 J5 b 7 1 (raw reads) /) 96% LA
b PHEASES R T 403 297 EERE, KE
KF 500 bp B ESHEA 290 563 4~,GC F &N
55.8% ., AW G, BiE T 238 154 PH K
B SEAE P A (L 1) .



5 B} RS DR WA R BRI T Y TR 2R D) B R E 1237
x1 REENFS5ARER
Tab.1 Metagenomic sequencing and assembly information
FEEL oy PERBOERC IO ot w SR
iltered Number of N50/bp GC/ %
Sample Raw Reads (= 500 bp) Numbers of ORF
Bases/Gb clean reads
MT1 409 408 006 17.70 340 227 304 290 563 2 350 55.8 238 154

TE :N50 $5444% contigs FFFHE I BER/IHERF , R 2 /N —F19i 4% 26 FP 8 A K BE (L, 64T 200, 5 0% RANES — Yot Tl P8 S K
50% I, 47485 2 9 FF SIS BEAEL

Notes ; Sort each contig by length, scan the length value of each contig from largest to smallest, and accumulate. N50 refers to the contig length

value when the accumulated value exceeds 50% of the total length of all contigs for the first time.

T KAU Pydhficdss g, X AT AR A 19 2
FEN AT YR o028, SRR 49 45177.90
YY1 565 A&, Horr 4w e ) LG 85% it A
JPo 5 L 14% W #5780 LG 0. 2% o AR TE
BB W FhAH X R T 1% 714 11 A (B
la) , H 32 A4 4528 JE 18 1] ( Proteobacteria ) |
Aol Il ( Thaumarchaeota ) . 1 # & []
( Bacteroidetes) | Jilt 26 1# [ ] ( Actinobacteria ) | ¥ %
B 1] ( Planctomycetes ) A1 J& BE 5 '] ( Firmicutes )
85 o5 BT A 3 RE R 42, 44% (13, 12% |
7.92% 7.43% .6.55% F15.93% (& 1a) , TE4
IR b A R M 1% B9 404 11 A4S (K 1b)
Horp AR JE 1 ] ( Proteobacteria ) B v 7% & 4
G £l
( Alphaproteobacteria) | Zk & 44 ( Actinomycetia) |
% 8 W 4N ( Planctomycetia ) , B 28 B B M
( Betaproteobacteria ) F1 § A& & 2
( Deltaproteobacteria ) JAy it V4 22 /2 LR HH A9 (G
YR, o 5 B o 2R 15, 62% (15.30%
6.42% 5.48% 5. 19% F14.39% , AR5 EH
S3AT T AR S EETERT 25 A (K Le) , Horp g
A AR A 1 8 ( Nitrosopumilus ) 78 )&
IRV b B e, AR R B R 9. 32% 5 (BT T
J& (Woeseia ) 555 T4 J& ( Streptomyces ) FME B 18]
J& ( Pseudomonas ) . R JZTIRRWH LR , 43
WG RER1.79% 1.12% F11.01% ,
2.2 EF COC HUREREAKTIEE TR

£ T COG Bl PE iy Dy Re TE B 45 2R i /s (
2), SARHHAH S I Zh RE L I v, s L IR iR 2 5 AR
(8. 53% ) By BE R ARG 3= B f i, BB A IR RN
e BEA A F R Z (7% ) o JEAb, & 1R 2

( Gammaproteobacteria ), «

20 B R/ S/ B TR ) A A R B (6. 38% ) (b
TREEH 5 A4 W) K A (5. 85% ) |l g s AR i3
(4.62% ) B/KAL G Wik iz A (4. 49% ) g
U7 %% 15 AR (4. 40% ) | B 1 R % i A AL
(2.17% ) TohLE ¥ ¥z F4LE (3. 80% ) (K%
PR E FIACH (3. 07% ) ST RELERA
2.3 AR

BT KEGG I CAZy %405 e R AT DI RETE BE,
TR 2 R 40 e 9 v i B 3 5 ik K A6 & 4
WA A7 G 1Y 2% 2 T, T W% 1 7K ff 1§ ( glycoside
hydrolases , GHs ) . & 7K k. & #) lig 1if ( carbohydrate
esterases, CEs ) Fll £ ¥ 2! % i ( polysaccharide
lyases,PLs) , ULIEl 3, IR, A 5500 1 R 3] 5 i
DGV (D5 BRI EY)) A KB , F
TN 2B 3 fifk <8 2% — W IR £5 ( Phthalate ) 4 G il 1
pht3 \phtd \pht5 ligA I ligB( 8] 4) S5 JE [N, X 4L I
R4 A 6 = BE (DL RPKM 3 7R, B {37 ; reads/10°
kb) 43524 126.78 27.74 98.65 .13.30 Fi122. 46,

(EAFHE R RS A SRR IR Z TR Y
A= e vE b A B T B e r AR A (181 5, 4%
2) o TEFTR I 2B A 5 h i B B e By R
IR ( Calvin cycle ) iy B (1) BIr A 4 i 5L 1A -
prk .rbe . pgk . gapA . gap . aldo . fba . fbp . glpX-SEBP
tht M pi(K5) o oD, AWFFEATERER] 3-2 5
M/4-5 BT MR
hydroxybutyrate ,3HP/4HB) {9 [& fiic g 45, HH i
FEN WA B A AV B ( methylmalonyl-CoA
mutase, memA ) | Wt & 5 B2 B ( acetyl-CoA C-
acetyltransferase , atoB ) 4 [ifF 1Y Z 15 355 [R] 26 B0 4%
B AR R RPKM {54351 638. 20 F1538. 57
reads/10° kb(32) .,

(' 3-hydroxypropionate/4-
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. FE%I] femmatllhmlozr;:i etes Others
uryarchaeota 8. 62%
1.12% yAUEA
i ?*Jﬁl] Gammaprlostez)z"l?écterla
cidobacteria 3
1. 40%
Y] Al
Cyanobacteria Others
1.88% 35. 90%
cﬁg%{] E37 0]
oroflexi /f AT —A5
2. 47% Proteobacteria i hll 35%%@ .
JEREE ] 42. 44% phaproteobacteria
Firmicutes 15. 30% -
5.93% Z
FEE Actinomycetia
Planctomycetes Gemﬁgﬁﬁzﬁtes 2 6. 42%
6.55% %% FREN
TRERBET] Planctomycetia
Actinobacteria YR B4 5. 48%
7.43% Cytophagia BN
PRI e 2.13 i P Betaproteobacteria
Bacteroidetes & 1 o FFE - TN 5.19%
7.92% Thamilg:rclzg;eota Clozs.t?’rslii laBaciHi Fla%g%giiaDeltaproteobacteria
10 ' 208 T 310 e
9.32 (a) I Phyla (b) 4 Classes
® 9
$ s
3
g 7
| 6
)
S b
5]
3 4
3
# o, 1.79
?"? 1.12
2 L01 g 770 11
1 L1 0-63 0.59 0.53 0,48 0. 47 0.47 0.440.41 0.41 0.410.410,38 0.350.34 0.34 0.33 0,32 0. 32 0. 32
0
MBS MO MY mE MO MY SSMIMS S Mg B 3 § MSKH SOMS S MY MIME © K3
GiigiE s s iaisase f2 s L CEDEE ISR E
I g ESEimiEs s mE O w2 S 8 FUIESEiES Y mAigS sk §
32 Smfimisg S3EESE  =£ § % I IRER | o=l wEEE g
5 ST SEINCEREdy B Y g8 5 iR S EIEEE R
g 3 F % faeEg H = w3
B= 2 & = =3 = - &
YyFp2H % Composition of microbial community
(c) Genera
E1 ARESEKETRRY PREY R FRER

Fig.1 Composition of the sediment microbial communities at different classification levels

2.4 HARENYRIRER

W R B, BEINTTAR Y vh ) e A 24>
o Bt B0 o T Y R DAL, A A b AR e R B o
(haloalkane dehalogenase ) . i 1 Z & i =< [
(haloacetate dehalogenase) FI 2-p<j 114 Hit. 17 it ( 2-
haloacid dehalogenase) , ZiA%iX 3 F{ At 3 R AH XoF
FREEAN179.29 29.88 Fi1154.3, (F£3), &
IR B9 A= 0 3 A7 0 031 D ) T P 0
( Aldehyde dehydrogenase ) Fl Z, i it & i ( Alcohol
dehydrogenase ) i) ALDH ,adhP FI yiaY £:[R, HAH
X2 B 435 295. 52,199, 85 Fi1 22. 05 reads/10°
kb, ILZE 3,
2.5 gmRig

AN RZ IO Y bR R T[4k
iy g 5 1A Ji ( assimilatory nitrogen reduction,
ANRA) | S AL i 2 £ i JR ( dissimilatory nitrogen
reduction, DNRA) | % fi§4k ( denitrification , DNF ) £l

http: //www. shhydxxb. com

IS5 AT B A SCBEIE R (3R 4) o 452
B, DURR ) v 16 B A W0 A7 78 2 B ANRA (56 A
nirA . narB F nasA) F1 DNRA ( £ K nirB ., nirD |
narG \narl \napA \nrfA I nifHl 25 ) 33 72 b Jr iy
MARTREE (R 4) o oAb, 07 B 2 gn it i1k i
fiF At 3k R 09 5 B il — 0 i 92 348 J5 7 ( nitrite
reductase ) [¥) nirK .nirS LK (£ 4) . HETEN
I&, B & B (hydroxylamine dehydrogenase ) #il
S BN & i ( ammonia monooxygenase ) & filf fb 17
TR 1Y O B , 2 L) 3 8 o i ) 6 PR3- 311 hao AT
amo , FoAHXFBE (A RPKM 2671, B4/ ; reads/10°
kb) 4331 48. 10 FI 112,92 (£ 4) . WAh, EA
T BT R4 SR P IR B0 T WA R kAR b AR
OO fiE R A b & JE B ( nitrite
oxidoreductase ) , Zt it 12 il 4 o noor HE DR, HOAH X
FJE Ay 35.47 reads/10° kb,
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COGHUHE FE I ThRE 43 2
Classification of functions in the COG database
>PW OO0 mTMOT AN RCOCEZOUORN S C <= <N

JHFEE Gene abundance/%

A: RNAJNT4&4fi RNA processing and modification

B: Yufa R MIANBN /1% Chromatin structure and dynamics
C: e B Bf#E#n Energy production and conversion.

D: 4Uff IS ARG e A3 Cell cycle control,
cell division, chromosome partitioning

E: & EHE 15 8 Amino acid transport and metabolism
F: % EE B A Nucleotide transport and metabolism
G:RR/KE Pz R Carbohydrate transport and
metabolism

H: 4l s A Coenzyme transport and metabolism

1: 65 @ Lipid transport and metabolism

J B S R Y E AL Translation, ribosomal
structure and biogenesis

K:#3 Transcription

L: &, BEZHMEEReplication, recombination and repair
M: 2 ek / Jis /B R K A= & iCel 1l wall/membrane/envelope
biogenesis

N:4UH1E5) Cell motility

0:BIREEEME, BARYTSMMEEED Posttranslational
modification, protein turnover, chaperones

P: ML 74515/ Inorganic ion transport and
metabolism

Q:IREA A E R, FHEFURH Secondary metabolites
biosynthesis, transport and catabolism

R: FEDEETM General function prediction only
S:ARHNTHEE Function unknown

TS5 5 Signal transduction mechanisms
U:Jap9sia. SMRI/MNGESH Intracellular trafficking,
secretion, and vesicular transport

V: 3414 Defense mechanisms

W: fu4hg5t Extracellular structures

Y: #%BREE#) Nuclear structure

Z:4HffE 4 Cytoskeleton

YAERR S COG B A AN R DI RE I 43 255 5, HE T BTN S 2 5 %0 L B B A S RB A4 B o B AR DAy o 17 S REHE R o5 BT A D R (R

E .

Ordinate is the classification number of different functions in the COG database, and the contents in the box are the functions corresponding

to the letters. The abscissa is the percentage of the corresponding functional genes in all the functional genes.

BROKAL & Yy R

Carbohydrate—Active enzymes

Polysaccharide Lyases (PLs)

PR BER
Glycosyl Transferases (GTs)

PEE K IREER
Glycoside Hydrolases (GHs)

&3

KA WG BB
Carbohydrate-Binding Modules (CBMs)
B R g

Auxiliary Activities (AAs)

PEK AL & PR m R
Carbohydrate Esterases (CEs)

E2 COG HjgEERarE
Fig.2 Bar diagram of COG function annotation

0 500 1000 1500 2000 2500 3000 3500 4000 4500

F: K FEE Gene abundance/ (reads/10° kb)

kL &4 R XERRY B E F & (RPKM)
Fig.3 Gene abundances involved in the carbohydrates degradation ( RPKM)
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0 9 0
HO( SBE -4, 5K~ HO
OH  ar—mpg OH " m—miiams OH
OH 4, 5-XUm4 A HO” OH Phthalate 4,5-cis- HO OH
Phthalate 4, 5— dihydrodiol
o] dioxygenase o} dehydrogenase le]
» A
SMKZEM (BC:L1412.7) POV 4 2 ﬁg‘% ¥ k13,160 - - HR
Phthalate pht3:126. 78 pht4: 27.74 4, 5-Dihydroxy-—
Phthalate—4, 5—cis— phth'alate
dihydrodiol !
J
_ e I
, 5- IR o) OH
—_HREREE o JRILE -4, 5- (o}
4, 5-dihydroxy- 5 XU S e
phthalate— Protocatechuate ~
decarboxylase 4, 5-dioxygenase o OH 2K R £ B Bft
oH 777 Benzoate
degradation

(EC: 4.1.1.55) 3 4R TR (5C:1.13.11.8)
ligA+1igB: 35.76 A4-¥R3E-2-¥AEHLEE
[

pht5:98. 65

Pl o A S o 5 Sk b D7 D WA A 48 — P R

37 3 reads/10°® kb,

3, 4-Dihydroxy—
benzoate

o T R T R A4 B, T 7 D R A

4-Carboxy—2—
hydroxymuconate
semialdehyde

O 1) 0 5 PR A X 5 B

(%] RPKM %) , HiH

The names of related enzymes of Phthalate degradation with their genes annotated are indicated over the reaction arrow in the diagram. The
functional genes encoding the corresponding enzymes and relative abundance (expressed as RPKM) are below the reaction arrow, the unit of

which is reads/10° kb.
4

PEMRBE_RRENNHEREXBIRERNFE

(RPKM)

Fig.4 Gene abundances involved in the Phthalate degradation ( RPKM )

TV HP R BOSE T Sk Ak SR T A AR SR B o AT S ) 228 D 4 R B G PR =R (5

The name and abundance (RPKM) of the genes encoding the enzymes involved in the Calvin cycle are shown in the reaction arrow

of which is reads/10° kb.

glpX-SEBP:11. 43

5 FRIERRIKEHTE

Fig.5 Metabolic process of Calvin cycle

http: //www. shhydxxb. com

2
HhR-3-BER = HARE-1, 5~ R DA% HbE -5 BERR
Glycerate— < Ribulose—1,5- |« D—Ribulose-5-
3-phosphate rbe:1.92 bisphosphate prk:12. 34 phosphate
pgk: 227.25 rpi:276. 54
v
1, - H MR BiRE-5-BER
1, 3-Bisphospho— Ribose-5—
glycerate phosphate
VA
gapA: 204. 38 ‘E;J(B‘Cﬁﬂ:
e " 46. 62 Calvin Cycle tkt:390. 96
A3 B RAEEn
Glyseialdﬁhyde— Sedoheptulose—T7-
3-phosphate phosphate
aldo:115.01 glpX-SEBP:11. 34
DS, 60U | D-mE-o-mm | D -a-miE AR L=
D—bF_rut:htoseh—1£ 6- D—Fhructgsi—ﬁ— D*Elgfotshrﬁ:tzﬂlf Sedoheptulose-1, 7-
isphospnate |p, ,.gg. 35|  PROSPRate  |¢rt:390.9] PSP fba:34. 51| bisphosphate
aldo:115.01

3 RPKM %) , FL B3 g reads/10° kb,

, the unit
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Tab.2 Related enzymes annotated in 3HP/4HB cycle
FEK/ iR KO 5 e D] F2 )8 (RPKM)
KO number of Gene/Enzyme Annotation Gene abundance/ ( reads/10° kb)

K15036 LW/ NI A BRALRE 0.33

K15019 3R ARG A LK 73.51

K15020 PIIRTE ARG A I SR 2.719

K05606 FHBL TR IBEAH G A/ BP0 RS G A 22 10) SR 196. 17

K01848 FHBE TR R4 TG A 75007 i , N-R S 45 44 35 318.12

K01849 LD b4 A AR (LA, C a2 eI 123.91

K14534 4-F2 5L T Fk-CoA /K i/ 252 2. TE-CoA-5- S i 134.34

K15016 WG A KA B/3- RIS A AR 36.10

K00626 ZEHEG A C-Z BT 538.57

3 SEREMSERHMERSE
Tab.3 Chloroalkane and chloroalkene degradation
SR HEAR o SEIA-FE (RPKM)
Chloroalkane and ? A d:*(% Gene abundance /
chloroalkene degradation ene nnotation (reads/10° kb)
dhaA i AR K i i it 179.29
e e adhP LR 199. 85
Trans-Dichloropropenedeg. yiaY ey 22.05
(Trans-1,3-Dichloropropene — A. ADH5 . o o
Trans-3-Chloroacrylic acid) S (;dhC ' S-CF R ) I H R JBE S0 B/ 2 et U W 143.57
ALDH Tk it & il 295.52
dhaA i A AE R B it 179.29
WL~ R O adhP RS 199.85
Cis-Dichloropropene deg. yiaY YN 22.05
(Cis-1,3-Dichloropropene — mA . ADHS5 ) N . L
Giv3-chlomacrylc acid) frmd, ADIS, S-CHEHIIE) % KIS0 2. Wb 143.57
ALDH 1% 5t 1 i 295.52
dhaA b FRAE B 1 179.29
! ;D:%]U%ﬁ? F‘%ﬂff exad e ) Rak ) 126.95
,2-Dichloroethane deg. .
(1,2-Dichloroethane— ALDH REfE ﬂ\@@ 295.32
Glycolate ) dehH K Z R 29.88
— () 2-pa R B i 154.30
2.6 R (R5), 2L 5 Fion B I E ks R 2 AL i

TEASBIFTE 1 7 Bk R A B8 vh T R 3 T () 4k
TR £h 18 i (assimilatory sulfate reduction) | 554k
iR £ 1A 7 ( dissimilatory sulfate reduction ) FIERAY;
iz Eh 4k ( thiosulfate oxidation ) 4§ 5 i /1A
KM RBEFE (£ 5) o TRBEIRE], TP+
AR A= ) A 5 D B8 B TR It Tt 7 7% 1 (sulfate
adenylyltransferase ) Y] sat/met3 F& K, H: 3 R AH T
FBE (L4 RPKM 75 ) 4 239. 54 reads/(10° kb)

FRER IR e B v (9 25— AT, 0 RE A8 i L[] Ak it
PRERIA I FR (K 5) o HAh, R4 ik 3 B
2 g 1 ¥ H B G BR 6 S B ( adenylylsulfate
reductase) 1Y apr K& [H, % 3k A A9 AH X5 3 5
114.37(45) o HARTE R, TURY T ry i
Wb A AE Z2 A o0 R A IR #h A Ak i 2 I, 2
soxA soxB s0xC soxD soxX .soxY Fl soxZ(F5)
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Tab.4 Annotation of related functional genes in nitrogen cycle
AR % o LR F B (RPKM
j‘lg?—tzgj;ecrj (%i An?(:;t*jiion Gene abundance/ )
cycle pathway (reads/10° kb)
G NO, ~ N0, - nasA T A i R 3 D e A 7 0.82
AR AEH ) narB BRAUA T B - IR I 5 Bl 9.54
Assimilatory nitrate )
reduction NO, " —NH, * nirA R EE - R I S 1.38
narG TERRIL G 1, o W HE 22.97
narl THRRIAJ5HGE 1,8 Ak 12.50
NO, N0, - narl TR Sl 1,y M 8.18
o narV BRI S5 2,y WA 8.18
PG R I P napA JE RSS2 NapA .85
reduction napB JE TR R S T B Wk 2.50
nirB TP P 8 A I 5.65
NO, - NH, * nirD VA R S /N 6.83
nrfA YRR o I ASER I TG IV o552 14.26
nrfH ML ER ¢ A ARIE B il 5 8.89
narG SRR JEEG 1, 0 WAL 22.97
narl THRRILJ5HGE 1,8 WA 12.50
NO, N0, - narl ﬁﬁ@ﬁ‘@ﬁ% 1,y I3 8.18
’ narV TS BRI it 2,y Ak 8.18
RARACAE napA JE| A BR 340 i [t 7.5 NapA 8.85
Denitrification napB JVEL R A L, T B T 2.50
NO, - +NO nirk AR IA )5l ( NO-forming ) 179.26
nirS Al 2 34 J5L i ( NO-forming ) 1.22
NO—N, 0 norB — AL BIL VSR B 12.45
norC — S AL RE A SE C 13.87
amoA SIS A 31.64
NH, * >NH,0H  amoB SIS B 37.26
g fE A amoC SEIER T C 44.02
Nitrification NH, OH—NO, ~ hao Hydroxylamine dehydrogenase 3 Ji#% it % fif 48.10
NO, ~ >NO, - narA A PR ER AAL IR I , o 7 I 22.97
narB LA ER R FAL IR 5, B Ik 12.50
3 W FEARHE I RN E I N W v 2 R A

3.1 HEYHRFERE

AW T KAJU PRt 1, & BUTAR
HH R A IR DA A A o EL A AR T TR 1T BT B
] IR TR R AR R 4 IR R
Yy, Hob A2 I T TR Y y- - B~ S-Z8 T 1 49 7
VI 32 )2 DR b A 0 B 7 1 O 5 ol (&
1) o [RIER 30 3 4o 7 35 R 4 ) D g A B A4
L, TEASBIE TR B TR DK AR P A i v A7 A8 Rt 1Y 4
TS5 A R I 7 6 T 0 56 DR, b K e 1 L ik 7k
G VTR T A 220 2L A S (18 2, &1 3) o iX—
455 DAL AT — 2, BRI TR i e
Yy SR RN TS TE 5 PR Vs A8 LA S 5% Sl A ) FD
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R FIZREA B 454 SCRr T 72 DR UK T Y TR
JIr LA ) 1) e 7K P ) Bl A 0 S8 AR SR I BR
P E B R e i AT — i TR VT A
AR 1A HLIURL Y T VA 3 D B i gk
TET IR 3 1) 18 S R AL B 3 R U,
L5 A M3 LR 38 T V1 B B A TR R
A Z A YU TUER, D9 TRIR AR P i A A7 S 41t
TR AU 5 10 55— 7 1, PR OH R
Yreb B AR B A U A S B A IR 75, 2 A1
XA LK . X S8R Y S R A e
DRUMDUR ) s 20 e o e oA A D A
TRUMDUAR ) v Bl A 0 vy AR T 3 A 1 b 2R AL
AR A F 2
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Tab.5 Annotation of related functional genes in sulfur cycle

BifEIH R

B (RPKM)

Sulfur cycle (%i Anﬁfjion Gene abundance/
pathway ’ (reads/10° kb)
sat, met3 L TR T TR A F% il 239.54
S0, 80,2 cysNC I fiEF CysN/CysC 47.00
cysN Tt BRI I 2 R I 1 5.35
P eysD R TFREE T3 2 37.83
Assimjili.au)?:l/ﬁ;te 50,2 80" cysNC XL CysN/CysC 47.00
reduction eysC R R 118.16
80,°"—80,*"  eysHl A R WA A LR R 3 5 131.79
cys] VLA ERER I S (NADPH) B R B H o 12.77
80,2~ 8%~ cysl MEBRAR £ S il (NADPH) I 208 1 B 45.51
sir AR ERER I R i (B AR ) 131. 60
80,2~ —80,%"  sat, met3 TRBR BT BE i Fo T 239.54
SURBBEEN o2 50,2~ ¥ RATRLGLRIE R, LI A 69.70
Dissimilatory sulfate aprB A% B R 10 R B, I B 44.67
reduction S0 s dsrA AL B PR S o S 7.06
s dsrB S A STV A PR A I B RIS 3.16
soxA LB S-fn U5 F i 13.23
soxX L2 iR S-Bi AU A B i 11.54
e sonB SR I AR KA 18.05
ﬁf}ﬁgﬁﬁﬁm 50,2580, soaC Bl U SoxC 77.03
soxY Wi H SoxY 24.53
soxZ A LE 1 SoxZ 14. 65
soxD S- i b - L-2 e 22 18 R AL i J5L Bl SoxD 63.28
AR, TP AR A BEN R SR EREINERZ TR Y i SR 5 S R 2

JEAE AN ShE O SRR R IS B e
URE R b2l bR A R I A Py e A T
T35 F WAL A R AT DL S b 5 2
AR5 0 U3 RS 2 Bk TR T DR AE TR T A DL I
R A HIEE R MR TUAR W) v A 2 1
Wﬁ’%%@‘ﬁ%ﬁ%’*%ﬂ’]ﬁ%’ﬁ%@@w HLAE A
TR b K B T I i QB8 28 — F R #h 25 07
%ﬁ%%lmo$mﬁmiwgiﬂﬁﬁﬁm
TR v 1) 580 A ) - e B o fge 0 2R — P R 6 1)
AR T B BT T ) Fﬁﬁﬁ. (pht3 .pht4 .pht5 |
ligA F1 ligB) , DLI&] 4 , 3% SEEE R A DL 4 5%# H
TR W A Ol 4-3R K298 SR R IR oK BE (4-
carboxy-2-hydroxymuconate semialdehyde, HCMS) l
HI TR R ER 1T 2 05 B R AL & W K fife ik
R DL AT DR, TR B B ] g AR
A LRE AR A5 AR S 2 R 05 B R AL G . IeAh, B
READIFERN], DRI b 8L W) A 1 2
i AR o 11 2 TR I e P S R
B H IS 9 oA X % UK 78 TUAR ) vh 35 0 1) 1
FA LY B W V5 1 AT IR A ST AR WEFERY

HFEAE 1o = 1) G K e 06 et T i AR e A
e il | 11 2 T I et Tt R 2- e A T I i ) ) 3
P, 3 3 ity 6 % 1) 2 R O i AR A ML v 1
KEN T NSk AT (i 1,2-—
A hE - E N - SN 1
WFE(F3) o HEBRLAD A YL A
Ve B o SRR A B T 2 I TR
DHUTR P 16 35 A 40 mT R o 3 26 7 8 30 P il
Wi A ) L B85 v R R 1 AR A A I, 3 X e
VIR B EE
3.2 WA e R

A= P A i A e i ER 0GB A A2 0 41
oy, MR E AR (NH,—NO, ™) 2 i id B Y 56
AL R R AT R i A A R
(AOM) 4 T G A AL W 40 ol R A AL 20 o
(AOB) FIZ AL T (AOA) 23 4t 147 1T v A S A
PRI B ( Nitrosopumilus ) Je 28 A T8 Y S Y
B o FEAR SCHT IR ST 4 T DK 22 )2 DT 1
AP o, WA AL PR 175 TR I8 ( Nitrosopumilus ) J2:
X R m e R (B 1) o i — B F50E
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AR AL 3K T ( Nitrosococeus ) VA A 0 T g
( Nitrosomonas ) FN VA A0 48 1 J& ( Nitrosospira) s
X 3 A C R A , AR 30
0.21% 0.17% F10.08% , 53X & A AL
TR DA AR X I, 7E A BIF 53 Pl 45 1) 2 36 A
HEE T, HRTITA O L 2 A At o oy
) O& B BF—a B %A B ( Ammonia
monooxygenase, AMO ) H. 7 e & ) 45 % £ &
(RPKM {4 112.92 reads/10° kb) , i3 4, x4t
R R E A R A R TR U R E TR
(0 AT AR

A PR R 10T A iU RE i, IX SERE
A DT CO, JE U L & W) A 4E+r 4
fiA K55, i, AOA I AOB 7E [ ik J7 THI A7 7F
WE 22 5, AOA il i 3- LN IR/4-55 2k T R
(3HP/4HB) i 46 [ ™, i AOB W if 1 - /%
SCAGHR (calvin eyele ) AT ik ™ o 16 L4
TR R ZTORY) B % S R 2 e 5 v, JRATT P
R3] 3HP/AHB [ ki 12 I i 1) Y 5 P — 19 4t ity
A 75 (57 Jif# ( methylmalonyl-CoA mutase ,mecmA ) 7
FLELEFL W (acetyl-CoA C-acetyltransferase , atoB ) 45
T %) 2 A BE PR (3R 2) , L3k 2 5 R 7 % A Bk A
AR FE B, Ui W] 3HP/4HB 3R 4% (1Y [ ik
A RAETURYI U EY T B EEAEA ., Fm, X
— LR A R T TTE RN R Z DU Y
FEVR LR P 0 BE G R AR E A o [R]A, BRA
GIHTIE K BRAE TR K 3 )2 DT AR W 1) 7 55 R 4 v A7
TEA SERE I R JR SCUE B0 07 1 i A R R (TS )
X P Y A I 5 RV 2H O3 B b BT 4
7R B RS AL 3K # & ( Nitrosococcus ) VA 44 B8 it &
J& ( Nitrosomonas ) Fl V. filf AL W2 1% J& ( Nitrosospira )
EWEAER AOB ZERFAHXT N o 3ok, 767 KR 41 4K
P 8 g PR B2 T ( carbonic anhydrase ) ) 2 5
FLIN, HOEE AR T 32 B (RPKM) 2y 88. 10 reads/
10° kb, ftk 2 B 1t 7T LA A 168 /K st AR L B K
ff) HCO, ~ 4k i CO, ), Sy IR SCOE 3R 4 416 i
Yo X 28m FEEE BY A SR B 5C ) RE Bk A K i
TEWAE Y RO RE B & 2 B 5 [ B AT E 2 TR UK
RIZ TR B BRI A Yy 72, W] DA
DROTRRY) A BILIR P28 £ A1 1% R 65 v 1 A BIL B AL &
o
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3.3 StOIFTmFMEAREEN

TEFITA 1) 72 5 R APy 81 o A A R 1 O oK
CERE R Y 5 o i 1y 51 (68. 56% ) , Al BEJE: A
SRR EUR B H SR X Rk
EARBTEH A S SR R s R e A
AW RGO 28 AT REAR H 3 , 7E RN TR Y B
A= WA v Hh B A R EE B B R R e X — T
A S5 I AN TR DR b 2 R R B 9 43 A
R, SEIR SCRE T M TR il 8 AR o 14 R 058 2% 1 2
SECR M X R AT R
PR R TR MARAA TRt — 2T 1t
b, FATid R BUR A (4 4 e 51 R AR BUA T REX
P AP ARARIE RS, I U A IS AP A B 2R ) T
ISAFAEHABIEAE DI RE , o vl e PR Oy 2 e PR 44 o
ANF AT AN R B 5 85 i e P R o o S 1
HEPH, PR i O B ) I B o HL AT
WS A, DR R 25 AU IL G
SIS FAFAERLE D REVE 7, (HE 15 FOIEAT (X 4t
DhRER T 258 1 55 97 SR 45 5 e [A) 2 R AR
FLAP LN F Bk — ARl

L5 b AR By ML AN 322 DU I B A 1)
V& BOR AR Z 0 S R Al T (A Y- 40) 2 2
SRR WOD TR0 7R S AL P 9 P A7 AR
GO S Y R Y RO R A
KBFEDA, F B RN AR ) BA T 2 BloA BLak
WA T o AT 9T 30 3 B B 9 i 70 36
JEDURD i 2 AR B (Rl I ] SRR
PERE [ IR 2 BIHG 88 AR X =R B2 [ i 2
b 3HP/4HB IR SCOE 3045 [ FR AU B AR 7E
RN A AR 5 R R, U T R [ A A ]
RETETRINZZ URR Y it JA & v ot 40 i A
WFFEAE RAUESE T ORI A 0 AU 2 B, IR 5T
TR JE DU P (R AR P 21 8 e AR
AEXS PRI A TR A ER (s R ARG 2R ) 1P
SO X R R DR A 1 2 i i e S Rl R U A
Pyt R GFR Y A A LR B AT 23 5
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Composition and metabolic potential of microbial communities in the surface
sediments of the Mariana Trench

WEI Xing'?, WANG Li'?, WANG Zixuan’, PENG Qingqing'”, LI Yonggi'®, XU Yuanqgi'?, FANG
Jiasong">*? | LIU Rulong'”

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Engineering Research
Center of Hadal Science and Technology, Shanghai 201306, China; 3. Tidal Flat Research Center of Jiangsu Province,
Nanjing 210036, Jiangsu, China; 4. Laboratory for Marine Biology and Biotechnology, Qingdao National Laboratory for

Marine Science and Technology, Qingdao 266237, Shandong, China; 5. Department of Natural Sciences, Hawaii Pacific
University, Honolulu HI 96813, U. S. A)

Abstract; The hadal zone remains one of the least-explored marine biospheres on Earth. Accumulated
evidence suggests the existence of abundant microbial communities and active microbial carbon turnover in the
sediment of hadal trenches, making the hadal biosphere a “hotspot” of organic carbon degradation in the deep
ocean. However, little is known about the composition and metabolic potentials of hadal microbial
communities. In this study, we utilized metagenomic sequencing and in-depth bioinformatic analysis to study
the composition and functional capacities of microbial communities in the surface sediments of the “Challenger
Deep”, the Mariana Trench ( water depth 10 853 m). The ultimate goal was to reveal the potential
mechanism of hadal microorganisms to drive the biogeochemical cycles in the deep ocean and the
consequential ecological effects. The results showed that Proteobacteria ( Gammaproteobacteria,
Alphaproteobacteria,  Betaproteobacteria,  Deltaproteobacteria ),  Thaumarchaeota, = Bacteroidetes,
Actinobacteria, and Planctomycetes were the dominant taxa in the surface sediments of the Mariana Trench.
Functional annotation with particular focus on the metabolism related to carbon, nitrogen, and sulfur cycles
showed that the studied microbial communities in the Mariana Trench dominated by heterotrophic processes,
with the capability to degrade a wide range of organic carbon (OC) compounds, including some recalcitrant
OC, such as phthalate or other aromatic compounds. The findings suggest a strong capability of the analyzed
microbial communities for degradation of organic carbon compound, supporting their active roles in processes
of organic matter degradation. In addition to the heterotrophic metabolism, the results also showed that
autotrophic metabolic processes such as ammonia oxidation may occupy an important position in the analyzed
microbial community, suggesting that the microbially fixed carbon may be an important source of organic
carbon in the hadal sediment of the Mariana Trench.

Key words: hadal sediment; Mariana Trench; microbial communities; metabolic potential; heterotrophic

metabolism; autotrophic metabolism
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