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SOB) AR EARNMBA R ERZLXAH, —H¥ EwmE SRMaTFEa 20%04 £, HF
Desulfosarcinaceae & SRB % 50%VA L, Sulfurovaceae #= Sulfurimonadaceae 3£ & SOB &5 90%VA L ;
Hb b E XA T 10%8938H Gammaproteobacteria #= Chloroflexi. i® iT xF ¥ ke A& F o 8 X
mcrA (methyl coenzyme-M reductase alpha subunit). #L8 3k 3% & P& 57 L B dsrA (dissimilatory sulfite
reductase alpha subunit)é9 € & PCR 45 R & I mcrd AR N 44 10°-10" copies/g (B E), dsrd AR
M4 A 10°-10° copies/g (R E), ¥ @ TEARMBRAERY | 2N K TR, BESHERE T
ARERRARAGEEEMGESE 27, SR ESAOERIE TR AR T AW S 1
Fao- A 5 Fht . BAL AL FLER 3k VA B R M T ALEK (dissolved inorganic carbon, DIC)/RE 2 F 48 % .
[%8] KRB LA LR A B R XKL 5 R F R A kA4 3 FHEATHH, LN
ETRNMAENEBE AL LS FTIRORAT L)AL (FABR 318 R . LB R M A 4, 12 R F)
ABFMAEM SRR EZRNE, TR2HET TR, ARE. H{LAF DIC FIRKE T,

K AR, AR, ABEF; KA SN
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Abstract: [Objective] Global survey on microbial diversity of cold seep ecosystem pointed out that
cold seeps had developed specific types of microorganisms, the main groups were microorganisms
involved in methane metabolism, and their distribution were closely linked to the biogeochemical
characteristics of the certain cold seep. However, different environmental conditions and small-scale
habitats may present inside the cold seep, and studies comparing the microbial diversity and distribution
between small-scale habitats in cold seep were lacking. The purpose of this study was to analyze the
differences in microbial diversity among different habitats in the Formosa cold seep of South China
Sea, and to improve and understand the impact of different environmental factors on the microbial
community structure inside cold seep. [Methods] Sediment samples were collected from different
habitats including microbial mat area and carbonate rock area from the Formosa cold seep of South
China Sea. 16S rRNA genes of archaea and bacteria were sequenced and analyzed. Combined with
environmental factors, we compared differences in microbial diversity, and analyzed the impact of
environment factors on microbial distribution. [Results] We found that in different habitats in the
Formosa cold seep, anaerobic methanotrophic archaca (ANME) was the major archaeal group,
accounting for more than 70% of the total relative abundance of archaeca; ANME-1b and ANME-2a/b
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became the main ANME subgroups in microbial mat area, ANME-1b was dominant in the carbonate
rock area. Sulfate-reducing bacteria (SRB) and sulfur-oxidizing bacteria (SOB) were the main groups of
bacteria in each habitat of cold seep, and they both accounted for more than 20% of the total relative
abundance of bacteria. Among them, Desulfosarcinaceae accounted for more than 50% of the SRB, and
Sulfurovaceae and Sulfurimonadaceae together accounted for more than 90% of the SOB; other taxa
accounting for more than 10% of the bacteria were Gammaproteobacteria and Chloroflexi. The
quantitative PCR results of the conserved methane metabolism gene mcrd (methyl coenzyme-M
reductase alpha subunit) and the sulfate reduction conserved gene dsr4 (dissimilatory sulfite reductase
alpha subunit) showed that the copy number of mcrd gene was 10°—10'° copies/g (wet weight), and the
copy number of dsrd gene was 10°~10° copies/g (wet weight), which were 10~100 times higher than
those of the control area located outside the cold seep. The results of community analysis showed that
there were significant differences in community structure among different habitats, and the results of
multivariate analysis showed that the diversity and distribution of microorganisms in different habitats
were significantly associated with the concentration of methane, hydrogen sulfide, sulfate, and
dissolved inorganic carbon (DIC). [Conclusion] This research analyzed the microbial diversity of the
heterogenous habitats including the microbial mat area and the carbonate rock area in the Formosa cold
seep. We found that the main microbial groups were involved in methane (anaerobic methane
oxidation) and sulfur (sulfate reduction, sulfur oxidation) metabolism cycle, however, the diversity and
distribution of microorganisms in different habitats were significantly different, mainly controlled by
environmental factors such as methane, sulfate, hydrogen sulfide and DIC.

Keywords: cold seep; sediment; habitat difference; microbial diversity
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B2 B2 2] 5 v T BRI e DOAR W A A 3R
B BEAh, BV SR A B B W IR
eSO Ny By EE L4, ANME-1b
= EEHAEY R FE AR HH
FA g - R 5 AR5 7 Y Be vk B A v 1) 7K
GYAIX, FEMAEYERE ANME-2 #
Desulfosarcina-Desulfococcus 2B 7 B
DU R X, F KRR ANME-l1a Al
ANME- 16", X ¥ SRR W 43 A1 R I 19 A DG A
FAMFEAW 7B, B DK RS 3
O3 SR 0 25 TR R VS SR AR W o A T L
PRI, (B J2 2 A 2 RE ) I SRB 43 11
WG A B, oA 5 H R I R AR 5 1) 1
AW HE T B MR A SR YK, 7R
VG 2 B R R PR R B A2 AR, L
SR A ) P SR 5 W A ) 22 R T Y T K
shHEFUY e A SR IN Z B, R
67 PR F G RS TR e B 2 S o 5 i) = A
A=Y R T E I R Rl 2 B
HoA B AE BRI Chloroflexi 23 bifi B2
T — [ AR Ry PR BT R 7 A AR 4610 3 e xR
I R4 R BN, WAL IHRE2ZES, fildn
ORI TR B AN (] 7 ] 1) - S2 AR B T A
[l V& SR A W i o A 22 51, X2 B
IAFT S . HYR SRR 2% H R B PEAR 5 1Y
EBRG, WRNFTEARKIX , kRt s X
FEAMMES, WRETFAEER, XL
H A D REVE 10 Z AR R A AT BB A AE 22 5,
W FEAS ) A 55 B A ) Z A f o A, AT LAAE
T A 14 BRI ] N 8 S5 G A W S T 0 0 A 1 %
AR S b, SETA TR e 58 3%
Formosa & 5 T Rl JL FRRL 3L, 2 e T
HRTMBRTGIRAY 2 A8 sz —17, REixtizid R
P Z RV TS SRR, Proteobacteria
Bacteroidetes 1 Chloroflexi 32 4 W) T B HE
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Euryarchaeota M Crenarchaeota &% 7 ) £ %
A", Formosa W RINABEIX . TRITIX
iR A X 55 Z R IR BE S A [l i AR 55 1), il
it FIHXT Formosa ¥ SR b BTt £, KR R
PR P TR DX L Rt s DL sl e 6 o 40 78
AR R XS0 A SRR 2R

N T RIGEWEAE Formosa ¥ SR AN ] A 354
B R 53 AT 22 S 18 0, AHFSEIEHL T 7E Formosa
4 SR TR IS FI i B 2 DXR B AR 4 A IR DT RR
FEAS, P47 16S rRNA F& R4 14 7 =y 3 2 17
FIHTTE . 4074 16S rRNA LR DK S 2T gt
PRI e, S5 Wb, BilRih s LR
PRI r I 25258, 2 LU R (1)
3 SR DX N AN ] A B A 1) A R R A 42
FEMINREMAEYIRAE (I ANME) 2 & HA 73
A 257 (2) 50w FOAEE il G A= W) 280 o A )
BB A MR 7

1 #RE5xF*

1.1 HEARBREMBIKLFESENE
ABFFEREAT 2020 42 5 -6 HREAR
PUFd A Formosa ¥ SR IX Ik, W <Rl SR
M & <Rk B”%5 ROV (remote operated
vehicle) RAE T 4 UG EHARDURYIAEA . BUFE
MREE TR RN EEAR, EREETX . ik
TR A DX UTARY) , LA S % SR AMEB (G H 68 e X))
DR o Hrb B DXCIBORE G0 455 PR 48 B0 9 A 1
0 TR B0 i A DX, R XA WL 3 e I
B BAEA AR S A R),
MR A W45 1) AR B ok A8 AR LN, R R TR
JiE DX iy 44 A v R Wk B T G X (mat - with high
methane concentration, Mat HM), {5 X iy
% WA H g e B TR RS X (mat with low methane
concentration, Mat LM). fik iR £k & X BUFE &5
(carbonate) 7 KAk IREL , HIH BB . &
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e AETCH e 1B T X il (control R AE T 1 A AE
RUTEIREA, VB AT RS B L 1),

DU A BB AR S, 78 S50 2 i IR
2 em — JZHEA T4 TR b HGE VR B A
FERVIBR A 5 mL FES4%, 2 mL Ui
HFEATA 3mL 2 mol/L A LR T2 i,
PRI FERNGE 75 0 [ B 72 B, R AE o FLBK
FEi# I 2 cm [A]f A Rhizon (Rhizosphere,
Holland)#F A7, B 1 mL fLEEKIMAESH
1 mL 20%0 PR R W iR, 4 °C A7
ITiEseny e miail; B 5 mL fLE/K, —20 °C
AR TR R ; B 5 mL fLPR
K, S A A 2R ETH AR R TS i
R R T B 20 °C PR A T A R JCHLER
(dissolved inorganic carbon, DIC)AJM%E .

TEMY ARV B, VIR T A 5 mL
A%, RS 0 )2 AL TR WA A A
15 mL &0, B TRARE PR, Aikss
e T ukizkm bl L s, %% 280 °C AR
VKAEDRAT, T IR%: DNA R BULE .

1.2 IRMEEFNE

TURR PR o e 85 1 A T i DAARE it e v i
B 500 pL TS 22545 HayeSep 03844 Al ke HE
BRI (FID) Y SRIAUAR 151 P 58 i SO4*
B 7 i Dionex 1CS-900 & F 1% 2 ,
SO, ¥ B I 58 1 F BB 4l K HEAT 500 157 B,
4.5 mmol/L Na,CO; £ 0.8 mmol/L NaHCO; i &

"1 AP RDIER Formosa 2RI YHERER

VWS 11 mmol/L B ERIE N SO, I , Ton
Pac AS23-type F 1T BH &AM Y K g
+2% . NH, B F 0900 5 % A 6 B 5 4, i
Unico V1850 AYA] L30T E . B 1 mL
FLBRKRE S A 0.05 mL 2 B -fir 3 4k v v
0.05 mL NaClO B PR, RGN 1h, T
630 nm UK AL FEIT AW, W N
+1.8%.DIC #l DIC-8"C {E {4638 1 IsoPrime
100 3% 22 37 8h Eb [F) 3 & 3% (CF-IRMS)ill %
F5EH 0.5 mL FLBRKAEA S Ak B2 7E 40 °C T
K5 h PR B ALY, DIC W
MARAG LT 2%, DIC-8"C &}y VPDB #ifE,
KEREDL T 0.1%o0 AL S Jr ik Ry 751,
i Ak TE FH T 2 B v R 1 2 S D J 5 I 451
FH 5L W S 07 S 0, R A N i R 7K A
100 1%, Bt 1 mL F Eb (M DR 5000 435¢ 565
THE 670 nm M EFEAOSG KA THRE o
1.3 ZIRi%E DNA $2EUFA 16S rRNA £ [F ¥ 18
ARSI FEARIREE DNA (4 UK
A Power Soil Kit {7 & (MoBio Laboratories)if
ATHEE, ALt (1) B0.25-0.30 g U
FES, BEARAIEU R EOE, AR &
g C1IRH, e R IE B4R 1 min, #4107
BEE N 5 RS S X — 20 SR 3 2 H 24 0T
TR AR R TR AR G o (2) TR 4 L A i
AR XT A LA T TR, AR 70 Hz, af7hE
B4 30s, 47 3, BIKIEIRG 120 s, HEYZ

Table 1 Sediment samples at Formosa cold seep in this study

Sample ID Habitat Methane concentration/(mmol/L) Water depth/m  Sample length/cm  Sample number
D239 Control n.d. 1168 18 8

D231-4 Mat_HM 0-6 1224 18 9

D244-1 Mat_LM 0-2 1218 18 9

D244-3 Carbonate n.d. 1197 9 3

n.d.=not detected.
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W DU b i 4 B 78 43 RS, A 40 A ) DNA
BB W P T IS 2 0 Sl s

XA AT 16S rRNA FEK#EfT PCR
Pi, I ED 1 16S rRNA KN V4 X8 5]
Y, A 5 A R R IR 5F 41 (barcode) Y
515F (5'-GTGCCAGCMGCCGCGGTAA-3)/806R
(5'-GGACTACHVGGGTWTCTAAT-3")**", PCR

A Z (50 pL)N: 10xExTag buffer (Mg® plus)
5uL, 25 mg/mL 1 BSA & 5 uL, 2.5 mmol/L
dNTPs mixture 4 uL, 5 U/uL ExTaq fiff(TaKaRa)
0.5 pL, 10 pmol/L 31¥14 1.5 uL, DNA Eitk
2 uL, 2B 17K 30.5 uL.PCR 4/4:95 °C 5 min;
95°C30s, 55°C30s, 72°C 1.5min, 30 M
5 72 °C 7 min, H MRS 3 4117
B . PCR W4 1.5%B I8 FEE IS HL Ik (110 V
HL K, 40 min)Fl Qubit 2 YETTUEF T AR T
KA 4% 5, A i NG & Gel Extraction
Kit (Omega) X HL Pk 45 R M It alifl . glifb )5y
H Y R Bt PCR F=¥i%k IR ARG EW A AL, R
EM G, I NovaSeq (pair-end 2x250 bp)
B
1.4 16S rRNA EFEFThaeEE E =4
X 16S rRNA JER AT 1, 5190
Arch21F (5-TTCCGGTTGATCCYGCCGGA-3")Fll
Arch958R (5'-YCCGCGTTGAMTCCAATT-3")1*);
XTANTR ) 16S rRNA JERIEATY 3, 5190
Bac27F (5'-AGAGTTTGATCCTGGCTCAG-3")Hl
Bac1492R (5-GGTTACCTTGTTACGACTT-3");
Xif BB TR S SE IR merd WEA T3, 51900
mlas (5-GGTGGTGTMGGDTTCACMCARTA-3")
F1 mcrA rev (5'-CGTTCATBGCGTAGTTVGGR

TAGT-3")"V; Xeb i R £ 38 D 1 56 S I [R] dsrd F
7934, 51¥°K dsr-1F (5-ACSCAYTGGAARC
ACG-3")Fl dsr-4F (5-GTGTARCAGTTDCCRC
A-3P8 o F e i R R AL S R pmod FEIH
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EATP R, 51N A189F (5-GGNGACTGGG
ACTTCTGG-3")#1 mb661R (5-CCGGMGCAAC
GTCYTTACC-3)*1; st =Wy fkfralifh, #5555
3| Escherichia coli ) DHS5a B2 2540 i F
DI %2 (100 pg/mL)BiMEFIF S PCR
ERAME T, FH BRI BUR 5 & (Omega) [E11i
BHE se B R, 2R T /KBE B B IS Al I &2
qPCR J IV FAhm v i 28

qPCR MR Z4NF : SYBR™ Premix ExTag™
Il (TaKaRa) 10 pL, ROX [ 0.4 pL, ¥HEHAY
R BT AESIIH B UniS19F (5-CAGCMG

CCGCGGTAA-3")/Arch908R (5-CCCGCCAATT
CCTTTAAGTT-3")P", 4HE Bac341F (5-CCTA

CGGGAGGCAGCAG-3')/Bac519R (5'-GWATT
ACCGCGGCKGCTG-3)Y, merd H:N mlas/

merA-rev?” | dsrd [ dstF (5'-ACSCACTGGA

AGCACGGCGG-3")/dsrR (5-GTGGMRCCGTG
CAKRTTGG-3")*", pmoA 3[R A189F/mb66 1R

% 1 uL, A1 pL Jihh DNA, HEEF Kk
% 20 L. PCR 4 38 2544 : 95 °C 5 min; 95 °C
30s, Bk 30s, 72°C30s, 40 MEH., Hrh
BAREE . WHHh 60 °C, AIE N 56 °C, merd
BNy 55 °C, dsrd B:[H R 59 °C, pmod H:IH
55 °C. s B R bR e A0 3¢ R4k RTE
0.99 LA I, ¥ HBEEH 90%-110%.
1.5 MEFEERLERFEITHH

FIUAF A QIME2 (2020.11)P*% cutadapt
T, X G A I BL I 3 S 3 R R R 4
(barcode)XJ J¥ 41 747 /3 (demultiplexing), [F]H 2
K8 51 %) . barcode F1 adapter JE41, Fi|
JH DADA2 ittt B & p s, 15300 ASV
(amplicon sequence variants) A HLIT Y 4FAIE 2R LA
K ASV FP4I, Xt 29 MREA RSB TIH—1k
(AW 5% Hl P TR 2 32 Sy i A5 A A v ) 91 i
IR AE 34 628) . #HE 16S rRNA %4k & SILVA138,
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{1 classifier-sklearn 4 (24 Tl B o ]
feature-table {4 filter-seqs Jy 2Bt ¥4
LU RS I R AN AR T B A1, I ) 2 il
TR R DR A B AR S B AR IE . AT ASV
25 ZETE R 84 (https://www.r-project.org/) I i}F
FTARCHY o ZFEPERT B ZHEVE T, FEAH) o
Z FEE B Richness $5%( . Shannnon #§ %i Al
Simpson & HUOK AL, 43 #7 i FH “vegan”U 1 il
“picante” P 40 58 s BEAR (1 B Z BRI AK
FH “vegan” & ¥ U Y “vegdist” B8 % BH it &
Bray-Curtis JE 24, H# F“vegan” 1 F1“ape”
T2 P A JE 4T 3 A8 #5143 BT (principal co-ordinates
analysis, PCoA)MAli. ZH &R /3H KM RDA
(redundancy analysis)Z#7 5, {# F“vegan 2
J¥ 41 “dbrda” oF £ I 5 IR B N 1 5 R AR A
Y ZFEVE Bray-Curtis FE 25 09 F M, FREEE+
FEMER AR R FBEUR B | BRIRAR 2 YR L i
PSR B . R B VR B N R G LA (DIC) Yk
BE, H“car” B P A0 ) “vif” ol B PO 2 1l A T 3R
BeAs i Z M AR SR APl X IRBE IR 4 [ 3
17 T Friffk(z-scoring)Zb #

2 BEREAW

21 IREBEFMES 16S rRNA EEFOLNRE
EENFEEE=S

X BEIX. D239 [ AR Koy oA Ao I 381 FH e vk i
TR R M FE AR 45 7E 20 mmol/L 24y, BEIRIE TG
AH 308 A8 b 4 E R I 8 i fb S B . B
U JE I 40-160 pmol/L, FEITTA MR i 5
WA U0, {E 6cmbsf 4b & A 5575 DIC He i
4 5-10 mmol/L, DIC fY 8"C {HAEfkiL &
—10%0—15%o, DIC ¥ B F1 [F] 137 2% 7318 L BETTAR
Py R B 38 0 G B S AR AR R A (A 1) PR TR DX
MIFEA D231-4 HBeuk B2 TR B 52 BLJe 3 s
/D B RE Y, E 6 embsf Ab B Bk B TR 31 i KA

6 mmol/L, 7E 10 cmbsf IRALHGH [FAIL; g h
W A A I T 1 T S B R F, DA 2 embsf
Ab ) 9 mmol/L i3I8 3 8 cmbsf ZbIHAEFR R, H.
Tl E Rk FEFE TR IR EE RS /N, 7E 8 cmbsf 4bik
Flt KAL) 15 mmol/L, BEHR 25TV & R TR i 1
BB s, AAIEE 20-120 umol/L.
DIC ¥ J¥IEAAEFEAE 20 mmol/L, DIC 1 §"°C
YL —20%0—30%o0 (&l 1). £ TR il X FEAR
D244-1 [R)FE ReAer il B e i B Bl 10 AR 0 TR B 3
SIS RS R, TETIRY) 6 cmbsf
Ab ik B KAEZS 2 mmol/L, BH B AR T 22 4 73 i
DX 5 i P e vl i % 4 o ot B S B AIG, DA 3R
JZ 1) 3 mmol/L #] 8 cmbsf ALFER|F21E T 0, i
A S0V R D i R i S MG R b, 7
8 cmbsf Ab ¥k i 15 15 %] 18 mmol/L, {H 8 cmbsf
DATR BLAR AR I 2] kR Wk B, (EL AT e I &)
10 mmol/L =47 WAL SR . Bt s 1k 2Rl
REESE TN, VARG 20200 pmol/L .
DIC ¥ 4EF57F 20 mmol/L, DIC i §"°C {H72%
A6 98 il R —25%0—30%0 , 8 T BE 18 T i o A%
(1) BRR R A XA D244-3 Ak I 21 H e
W BE RN B Ak AR B, LB RR R Wk E RS E 1
25 mmol/L Z4y, FEURETCH B L, 45 R
EGXT R IX 25 R0 o AR B Uk B T AR b
1 50-100 umol/L, Bl TR E S inmiig i, DIC ¥k
JEAETF 10 mmol/L, H DIC ) §"C {HIE RN
—15%0—20%0 (& 1)

FET X EMAN R A0 16S rRNA AL
P2 LRI I Gl T 2 L NP 16S tRNA
FERFE DUECH 1.7, AR 4.7)57, FATK40
I R AY 16S rRNA JERE RS RN T
MIEECH, BALHN cells/g (FRE). XFHEX G H
AN B AR AL TE N 5%10°-3x10° cells/g, ANE 40
B 1770 F 1107 cells/g, 4 A T 20 i %1
PR R R 3 i s ok, EUTRR R )E
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WA ECE AN RS 2-3 15, H 8 em LAFJE
TR (B 2) 0 o B R DX A R AN B Y
H W 2R 10°-10"° cells/g (R ), 2% B IX 1

10 1%, 405 4 M B0 7 o 4 B B 2-3 4%,

T MBI BEUR B D s merd BEPEE DLECH
10°-10" copies/g ({ZHE), £ SMTZ JZ(8 cmbsf
B i) F= RIS Bl i KA o dsrd SEN$E DLECH
10°-10° copies/g (MPEE), KRR INHE U1 F0
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Figure 2 Quantification data of archaea, bacteria and functional genes of four sites sediment samples at
Formosa cold seep.
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R2 AMRPEHANFERR
Table 2 Sequencing information of each sample in
this study

Sample ID Total count  Feature count Percentage/%
D239-1 38217 36 158 94.61
D239-2 43350 41 140 94.90
D239-3 44 804 43 111 96.22
D239-4 50 897 48 581 95.45
D239-5 51103 45533 89.10
D239-6 50 742 48 652 95.88
D239-7 48 181 41 224 85.56
D239-8 37 598 34 628 92.10
D231 4-1 55737 52978 95.05
D231 _4-2 57438 54 658 95.16
D231 4-3 59380 56 862 95.76
D231 _4-4 64896 62 573 96.42
D231 _4-5 62089 59016 95.05
D231_4-6 61227 58 368 95.33
D231 4-7 62672 59 833 95.47
D231 _4-8 63570 60 970 95.91
D231 49 63105 60 474 95.83
D244 1-1 84749 82 240 97.04
D244 1-2 137299 132919 96.81
D244 1-3 112 417 109 438 97.35
D244 1-4 109 813 106 980 97.42
D244 1-5 100 801 98 170 97.39
D244 1-6 111603 108 288 97.03
D244 1-7 93592 90 429 96.62
D244 1-8 99578 96 571 96.98
D244 1-9 86325 83 787 97.06
D244 3-1 94772 92317 97.41
D244 3-2 102 891 99 948 97.14
D244 3-3 94 548 91 532 96.81
Total 2 143 394 2057378 95.97

ANME-2a/b il ANME-2¢ J& FE2R8E, 005
WA 30% 0 20% 25 47 5 A o 5 Rl IR
HEIM 3B ; ANME-1b WA X = B2 Bl T8 B2 34 hn i
BN, AEJ 2 B R Fh R PR R DLt
WA, SRR E e 50%; AN
N E 2R S S5 4AA L) Campylobacteria 25
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Figure 3 Alpha index of four sites sediment samples at Formosa cold seep (Richness, Shannon and Simpson
index). *: P<0.05; **: P<(.01; ***: P<0.001; NS.: no significance.
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Figure 4 Four sites sediment samples archaea and bacteria diversity changes at Formosa cold seep. The
sample number increases with depth, ‘1’ refers to 0—2 cmbsf, ‘2’ refers to 2—4 cmbsf, and so on.
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(principal co-ordinates analysis, PCOA), A R
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Pairs R P-value p.adjusted
Control vs Mat_ LM 0.552 876 5 0.001 0.002 0
Control vs Mat HM  0.345 5216 0.001  0.002 0
Control vs Carbonate 0.445 817 8 0.006  0.009 0
Mat_LM vs Mat HM 0.506 829 8 0.001 0.002 0
Mat_LM vs Carbonate 0.430 099 1 0.008 0.009 6
Mat_HM vs Carbonate 0.203 340 0 0.060  0.060 0

E 5 Formosa R RARFEIE 4 MImFARET
Bray-Curtis 25 89 PCoA 7347, MRk AHBESR
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Figure 5 PCoA analysis based on Bray-Curtis
distance of four sites sediment samples at Formosa
cold seep, the attached table showed the results of
Adonis significance test between groups. Dots
represent samples from different sites, colors
represent different habitat, and ellipses represent
different clusters.
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Figure 6  Redundancy analysis of four sites
sediment samples at Formosa cold seep. Dots
represent samples from different sites, colors
represent different habitat, and asterisks represent
major microbial taxa.

£ 3 IFEBEETF ANOVA HHEMHENLE R

Table 3 ANOVA correlation test results of
environmental factors

Item Df Variance F P (>F)
Methane 1 0.029 684 2.809 6 0.046
Sulfate 1 0.053 423 5.056 5 0.006
Ammonium 1 0.044 253 4.188 5 0.016

DIC 1 0.028 601 2.707 1 0.047

H,S 1 0.075 164 7.1142 0.002
Residual 23 0.243 004

P<0.01: extremely significant; 0.01<P<0.05: significant;
P>0.05: no significance.

3 itk

3 RRAREREBEEREMEBES S
mEF

i X RIS R EE G AT, ANME
KBRS R IAB R 2 — 1, ZEAR IS
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