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Abstract

China is the largest producer of shellfish aquaculture, and the coastal waters around Shengsi serves
as an important production area of mussels in China. A comprehensive marine ecological environ-
ment survey was carried out around Shengsi mussel farms in order to provide technical support for
the sustainable development of marine aquaculture industry. In this study, metagenomic analysis
based on the Illumina Hiseq 16S rRNA high throughput sequencing technology was applied. A total
of 33 phyla, 271 families and 425 genera of Bacteria, and 6 phyla, 14 families and 16 genera of Ar-
chaea were detected from the sea water samples. At phylum level, Proteobacteria was the dominant
group, comprising 82.4% of the total bacterial sequences, other abundant groups included the phy-
lum Actinobacteria, Bacteroidetes, Cyanobacteria, and Verrucomicrobia; and Thaumarchaeota was
the dominant archaeal group, comprising 96% of the total archaeal sequences, Other abundant ar-
chaea groups included the phylum Euryarchaeota, Nanoarchaeaeota, Crenarchaeota, and Diaphero-
trites. At family level, Rhodobacteraceae dominated the bacterial abundance, and other major com-
positions included Burkholderiaceae, Actinomarinaceae, Alteromonadaceae, Flavobacteriaceae,
and Pseudomonadaceae; Nitrosopumilaceae was the main archaeal group, and other abundant taxa
included Haloferacaceae, Nitrososphaeraceae, Methanomethylophilaceae. The compositions of mi-
crobials in stations showed greater specificity, and bacterial and archaeal compositions at G4 site
were largely different from those at other sites. Water temperature, suspended matter and pH were
the most influential factors shaping the microbial community, bacteria and archaea included.
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1. 5|8

TR AR 2RI B 1 B BB R L RUR,  BE A AT i 7 R 3K DL R O B R )
BAE TR, WK IR R K RE . EA S i R, KRR R R, A B 1
X ST A IR IE, R TS ERIBESEREMZ TR, WREE K a2 s, (2R
RIS T R TTER (1], DURFRBEALE K IR 5 EEAL, WP R E, Ak I
& EEAZE 70%LL F[2]. FAO FishStat) ¥4 £ 8], 2017 FEIRE K P8R 1362.7 i t, 2945 G4EMH R
TRET=EH T7%. VIRH O ER 21.9 F5 t, d7 985 IR DU S 23%, HHE00IA 13.9 123 7T,
L FT 0,  E BE T J Ldme KH) DU A = ], SR s K I T3]

WL ORI Stk B AEIR . TERE S, AR RN S BT, ORIE I FRFEIR A T R AP A
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KIREE, LM AT & 2 3R EE 1 DU, BEFCOAIG D12 2 o Rl DL B SR PR 57 i o 2017 AR5
UG DUFRFE ARG 1333.3 hm?, /=& 8 J7m, 4500 T H Fak 3000 B, T DUIN T2 2 i Sop =k

AP R MR A iy R S, B (A R BN A BRE FRIG IR (1 R M BR Ak 25 S B DA K 5 AR R L
A EAER, REEHEANESRGIRSG (4] BETAEEMEEZWMEY, (ENEFES RGN EE
Ry, XLV ANE S TG WA 0 0 a A, YR RBE R A, EPRIGEHA
ReE PR B T A RIMERI[S]-[7]. TR S A YIBE S TR AR AR R, Al BAE R
FHE R o BEAE RIS B9 RN TR % B 14 &, AR R TR R 87 i 2 0/, Wi e 58 )
I, A AIAEEEAL AR S RS [8]-[9] .

TFPEIREE P 2R Z AR R R AL TR T B FRIRAS, 52 T 0 IR BE A MIIR AR FE[10]0 TEARZ
MR AEY T R A B 1% A RE NS I8 15 R I 5 S Bk [11]. Rk, FESSBREM R AR %
74 e B 2 O T 4 T M S B A R S5 A B A B BEE L LR FAEM R BRI &, A DNA /K°F
WA P ) 2 1 OO M AT Al R B R AR TF B, R T PR E M = M s R e [12]. ALk
PRI DS R0 = — WUt DR E DX O B A0 R, SR AT Tllumina AR HiSeq rid &0
F7F- 6 0 Sl 5 M S A 1 R oty TR B VA A AT T AR NI, RN 2R G S R T L
B, SHE IS M s SR 7 I I R AT TIRAWE L. 0TI VLR 58 DX Sl A P ahE v 25 46
2R ATRRAE . HE s TR IS H I KRR R T SRR T AR IR, DA e R B 1) i T R4 K
JR PRt —E S HE .

2. R 55*%
2.1. HmRE

FE| WV 48 A LU T R A AT s DL R X AL . ARy B AR 4 NS TS AL, W85
B 1. 2021 £ 7 AR EERER “ERS” 5, FRIBFEASHIESGZSHE. PRty
FEE S5 AR B K T KA 50 mL S, —80CIREA A IRAF I Bl 926 = .

Table 1. Latitude and longitude of survey stations of Shengsi Gouqi mussel culture area

= 1. IFEAACTE AR EX BB L HE

uhifir ZPE() ()
Gl 122.7130 30.7124
G2 122.7648 30.6979
G3 122.7790 30.7398
G4 122.7490 30.7470

2.2. 5 DNA 12H

AR S DNA R MPbio DNA Kit 377 £ (MPbio A &), 3EENREL, % U PARMER AR e,
F£FIFH Thermo NanoDrop One &l T #2EX DNA 440 & FIK FE .

2.3. WX EEHIESMF

MFERE A T R ERRIEE B E R AT, #8 16SIRNA =il & Febr e A R M E Y 16S
rRNA 3£ [ V3-V4 0] 28 X5 SCE (B 55)): 411 338F-ACTCCTACGGGAGGCAGCA, 806R-GGACTAC-
NNGGGTATCTAAT; i # 519F-CAGCCGCCGCGGTAA, 915R-GTGCTCCCCCGCCAATTCCT), 4T 4H
R B ], S Tllumina Nova 6000 36 4 52 BT 51 E o
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2.4. MFEBERDHT

FIFH fastp (v0.14.1)+ cutadapt (v1.14)H1 usearch (v10.0.240)%% T B} L aG FF BE #E4T 8000 . iy
PHz, FRERTH. N usearch10 F 4% 97%)7 FIAHALLE K 4> OTU (Operational Taxonomic Unit), 11
HZFPER . @i HEX) Silva. Greengenes 25540 FE BEAT W R ERE

STIREL OTU KRR s, N R 155 vegan F2 R HET 0 (PCAYV I T, R RTIE M RETS
(EER RN 2R (B 22 s G5 GBI T, #HATTURRDA) T, KAB I SIREE IR ERL R .

2.5, SR EN

ARSI ASER: KR 3HE. pH. BFY. THA. RS, (¥ FEE. A
Ky m, HL B HY. PRIEHESE. WRISREERI AT QR RIIETE) (GB 17378-2007)F1 (iiE
VAAIIE 25 9 ¥y WEEAES AR (GB/T 12763.9-2007)i4T, 4L St 7 i &%) .

3. BZR5R
3.1. BEHEEF

pH T(°C) SS(mg/L) S
Gl G a3 G4 Gl G2 G3 G4 Gl G2 G3 G4 Gl G2 G3 G4
AP(mg/L) COD(mg/L) IN(mg/L) Oil(ug/L)
| | .III I [ I I . m
Gl G2 G3 G4 Gl G2 G3 G4 Gl G2 G3 G4 Gl G2 G3 G4
Cu(ug/L) Pb(pg/L) Cd(pg/L) As(Hg/L)
an G2 G3 G4 Gl G2 G3 G4 R G2 G3 G4 Gl G2 a3 G4
Zn(pg/L) Chla(ug/L) Cells(/1000) Species
Gl G2 a3 G4 Gl G2 G3 G4 Gl G2 a3 G4 Gl G2 a3 G4

Figure 1. Distribution of main environmental factors in study area
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¥ 1.5 $#ER W ETF A SR A, W TS AR SR B, B IR Eh. EA RS IR bR AR
HEE GEAKFARMEGB 3097-1997)) —ShrAEMRAE o 38035 LR DR 1 AN i A ) el &5 SR an 1<) 1
FI AR N AR EZE R, Hb G4 WA S e S ERE KR, G4 WS FY(SS) /Kil(T). 1
2% 2 (Chla) iy T Hoe =Nk, A S (0i) M E & B #E(Zn). EEJRH(CA) X RALT HE =M. [
FERIE DL, G4 W R A AR ECH 30 B, B & T HAR =ANS(G A8 164 10 F1 14 Fiy, G4 &1
I AP 2 FE R 2.7 < 103 AN/F, R =AM 814, 1.6 F11.4) x 104 4N/ F-.

3.2. SBEREYEE

3.2.1. FEogit

AHI TN SRAT Y IF R S K I E W iR 06 e 91 28 Jod e 4 o) A e S A A 530k S v Bl B 91 4% 97%
FEAUARAAREBEAT 2043 2 OTU, %0 i 4 B A ot 1 91 VA B LK 2.

Table 2. Summary of sequence information of marine microbes

2. BEMEMFIIEESRT
L JR 45 A5 il A #RAES FE AL OTUS
Gl 99466 98885 92282 356
- G2 108064 107457 100057 379
G3 127096 124104 102766 419
G4 88657 88208 82125 436
Gl 84087 83181 74108 56
s G2 84693 84065 77740 26
G3 91798 91096 83920 37
G4 90944 89990 80746 44

3.2.2. EYFELE R
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Figure 2. Species composition of bacteria and archaea (phylum level)

B 2. S mE S E AR K F)

0..
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WU S E AT IR 33 171 71 40 169 H 271 425 J&; i 6 119 A 12 H 14 B 16 J&. MK
VLB, 4 AR IR B T (Proteobacteria) 7E &3l 7 M ZR I HH B R AR 55, JCAH O 32 B o BT 82.4%, HE
BONFEE BB FE R B T 1(Actinobacteria).  fUFF & [ ](Bacteroidetes). # 4M& |'](Cyanobacteria) FIJE
I"J(Verrucomicrobia); 7 i 1 & 7 B [ ](Thaumarchaeota) 75 & 3l 6735 2 I HH B R ALHS, FOARXS 325 5 3
1) 96.0%, HEHAFEMITREHE & HE ] (Buryarchaeota). 447 & [ ](Nanoarchaeacota) . 1 it B [
(Crenarchaeota) ! Diapherotrites. -3t {37 21 & A1t B R T 1R Ve WL IR 20 IWRDKE B, 4T P 2040w
FH(Rhodobacteraceae) & 5 1 5 5, FAHXNTF B 5 S ELH 25.6%, H e 3 R 284 H Burkholderiaceae.
Actinomarinaceae. Alteromonadaceae. 3 #T % £l(Flavobacteriaceae) iR .l % £l(Pseudomonadaceae). Cy-
anobiaceae %5 7 & A AL £ 47 18 Bl (Nitrosopumilaceae) /& i B (A A B , HARXS E 1 5 B 50H) 95.8%,
Hew T BRp2RIEF Haloferacaceae. Nitrososphaeraceae. Methanomethylophilaceae 25(/4 3).

ZHE baterial community 15%‘ archaeal community
17 .
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Figure 3. Species composition of bacteria and archaea (family level)

[ 3. B AmE M E EMELEREIKE)
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Figure 4. Differential analysis on bacterial and archaeal community community
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KM OTU /K-F L H Venn-Diagram 7 B &I sl AEMREE O Z2 R A0 E 4 o SR BRI STHE A
TR AER R R R, DA R 2 TICE R, Rl G4 A1 Gl ki. B THER OTU /KT
EAFEICAE 133 MILAYIR, G4 A EAE 178 M AR, FFE, HE A 13 MEEWR, G4 M1 Gl
M S 275 18 F1 25 NMREEWF

3.2.3. MEYMSHMY

1% 97%)F 5 ALK P11+ 5 chaol. rishness. shannon Al simpson ZFEVEFEH(FE 3). 45 F AT, LAY
B YIM Z PR B T B B AR RS BEFR 2K chaol FREUH rishness 1, ¥ME 5 7H 397.6 HHI
397.5, T AN 44.2 K1 40.8. BRI SITEM ZAEIER shannon FEECHN simpson fE¥(, 4HE )
shannon F8 43478 5.20, RN 1.21; 11 simpson FEEANEE 38 0.068, HEH 0.594, #PEisHHT
FOHFIRA 0 2 FEE G, R ) 2 REPE AR AU

Table 3. Biodiversity of microbes

=3, BERMEYSHMTER

chaol 8% rishness F84 shannon F8 %\ simpson F5 4
Gl 356.2 356 5.26 0.0616
G2 379.2 379 4.72 0.109
M G3 419.1 419 5.20 0.0592
G4 436.1 436 5.63 0.0432
a2 397.6 397.5 5.20 0.068
Gl 59.1 56 1.36 0.559
G2 274 26 1.11 0.59
R G3 38.4 37 1.12 0.627
G4 52 44 1.26 0.599
Ty 442 40.8 1.21 0.594
- 1% bacteria it archaea
B L e 6 0
10 [ X 0
G Y}
5 LA 3 [ X<
3? %
% g
0
5 )
N N
0 4
10 -3-‘
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Figure 5. Principal Component Analysis of bacterial and archaeal community
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PCA 43 #7(Principal Component Analysis), B 5704, 8 AT A FERE S OTU (97%AH B )2 Bk
AT DA R i R ) 22 S AR . 6] S BOR 4 NSRRI AEE S B E R, Hidh G4 S R4 R
HREE AR, HAREAMSNI ST, W G4 WS ERE S AR A E R BOR: HE
Gl F1 G4 WS H6E, G2 Al G3 MIXHEUD, Bk LA 70 I A R 5 M A7 A0 3 LA B B 1 22

=X
It o

3.3. MTEETF RN

T EM A S ETE  Z BIAH GG R, HEMN A R BAEXT OTU A8 e 7 Hodfs AT 2%
‘N 5387, B DCA (Detrended correspondence analysis) 7 H7, R4 45 5 2 1 FH FE T 2R PEAR AL A 0 &%
43 HT(Redundancy analysis RDA)ZEATHEFF o B 78R B A B R KPR 5 3 B3R5 (1) RDA HEF .
T A IR RDA 2358 — BRI SE — 4 73 AR 1 AR 1 95.7%H11 99.5% (4 6. &l 7), XRIIEE
WA FAER KRR EARRE T RE R A e o B S 8 AR TUAE 128, WK T
b2 P R 2 8 S SR EAPS e R OIS0 Y S oy N 1 e = 7 | B2 AP e e =R SRR S RV
E TP AR DG RIS, SRR AT A DGR, R BB DGR BR /N . ML 6 RIS 7 T 50, &4
pH FZK IR A VIR R 73 AT S R, 408 )58 5 T FH(Alteromonadaceae) . Idiomarinaceae
BEHI Cellvibronaceae £t 51X =R 47— € A G, o B H ML AH AL £k 175 1 FH(Nitrosopumilaceae) 5

M= 5 >
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Figure 6. RDA ordination of bacterial composition and environmental factors (family level)

Bl 6. MEHEMKSIFEEF RDA HEFF(BKF)

4. it
HEPERUE YRR RS RGN B I TS, RN EERE . B BRSSP A L AR h AL

A RBEAEHI[13]. FREKIE P RCEZ R0 325, TR KRB K AR SR S it A PR R AN 2 FR A
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HYIRE AR R K ) G R 2 [ 14], (RIS FRGENE 31 AT 52 Man i /K A A 4 25 R A DL RO D v 16 2H R
I3Af, HETTPLELAENK B AP AR TIRE[ 151 25 B B W AR Ve A e bR s I L E R, B
M DIRE, RS RGOR. B AT RIMEIR[16]. AHEFUEL 0 F I # 2 D FRE
B HTTLAE A LTI, BT 16SIRNA FP A1 50T, 435l Xof I3 B I 7K rh 440 T A0y B8 9 45 1) S PR 5 1
TR SLEEAT T AR A . A5 SRR B, RN DL TR AE DX K A B AR T B ) S b R AR S R, AE Rk
AR RS HEBONF M RO ORI W4T IR 1145, &R
Al R EERARE, HEBAFENIREREEET. M@ SR TH Diapherotrites
o B A SRR S R, &SRR R 2 T XA YR . BIEY) . pH AUKIR 2 AR
W& S UK 1) =N LR

pH
T
0.6
SS
< 0.4
X
?_: Group
= ® a1
3. ® a2
< ® G3
a ® Ga
&
0.2
(Unassigned) qlitrosopumilaceae
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O g :
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Figure 7. RDA ordination of archaeal composition and environmental factors (family level)

7. HEERSHEETF RDA HF®IKF)

KR B, H AR DR IR B AR AR A R i A B = o 2R i S WA L T AR
R AN G D175 W S B A VR T & TRIFSE, A RRIUVRTE BT BIAFEE ] T BT TR
R FOHEIR E BLE K128, BT TR BRI T128[17]. S5t 55010 A48 B I DU IR E X 40
PR IFEVA 2500 SRR IR AT T A 08, RIRE R IR TE 1] R 1], Mactinobacteria« IMFE ] J&
BEB] SRSR1] PERBETI55 18] 4h, XUSREEZ AT 1Ak WL BF S AN [F) D) BE X RIS A B B IS 451,
FER R AN 1K e ARTERR 1] SUFFBE T TS SR T. AR IR 1155 [19], FHoK B S AE eI # fc & i
FREEH A PR BE B R [20]. RIRIRIE S A SIS RAEE —8, NTTKE BB, RURRE B HE
VAR B BB, TR T AT TR ) SRR B VR BE |) 45 2 A A R X — g St AR
MEZIFE 125 WNBDKE BE, TR BHE AR RS R EIRAE, (DH S b R R IX
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RIZM K ED ZAEVEN R I, LEH TRl i P DR 3 X R 2 K ) 58— A B (21

R ARTE TRm PSS R iR K pH AR, 5 0 T IR AR AR R I S S A ) = ORI
[22], TEFAESRENYSReEEIA P IEE ELZM O3], RRHEKIEHE 2 E R EZER
#4715 . Brochier-Armanet 55 2008 A= WO R IR IR R IE & BRI 73— A8 1T, AR A B S = A
FE A ——Thaumarchaeota (7 i []), X —XI5r RGUHEH 5 0GELF 2 & 07 0T 0 RS SR8, R0
W e 48 S 7R 1 AT o TR A 2 SRR [ B 7 T R IR RE T (240 3R/ 5 0 Bk = A1 IR BEIK AR (R B A P e
SERBE AU ORI, O TR R AR I (250 S AMEBRYL VR I I TAR A ) R AN B R A 1
EEER, ROAHE LN E N LB E1(72.73%), FF H A B KT B A4 Ok 175 3 B 05 2 )8
(Candidatus Nitrosopumilus) & fi 2 L R EF[26] [27], XL 5ACERIER — 8. EALLE R 55
. X5REE NI RA AR, X0l ee5 Pk i & 78 fSLEG 722 A k. R . B ER I A Y
P AN R S AT 93, AR KE S SN B e ik B B S e T iR T .

gi i 2 nTCURIL, G4 sk pHy 23FY. KR AMERERER T 5H e &8 ZRBK,
FHH G4 M EYEE . PR RRIKRES HE =W AE IR KM ZER . E8 (B 6)KILTE it 4
BRIE 2 RS, ARBE AU AN S R G4 S H AR A RO CAVHRURY, AR S 53
RAEZAAEZEVINKER, ANEPHRER T S2E 7 AEHRE R 2. AR X B AR5
A AR AE K A A B EI B S AR . AR 2 25 IR G R W R AR P o0 A (1) 32 B
BNFEA: K . pH[28][29]. BVFMIB0IMENEFRRAE[31], IF HIABE 752 T EIR5H X
PRV 225 1 X ) T AR IR B X 35 = BRI 2R (32« VLI R A FH v 188 & 0 3 07 V0 3R ) 2R 1 Vg /K e R B i
S YR T R RIORE B 5 A0 R A VR AT TR, SRR B B LGN B R K AR AN B RLRORE i
BLWA B, BRI AH S 2 A S s e P A S e X A R T B A E R R [33]. SR, A @
RDA HE7 0 BT A 2 FEVE(RK ) 5 35 R 1 HAH SR 7), 25 RO IRAE DL 558 [X ¥ 3800 1 41 B
WA, KR SRR pH 2 S MR SO UM A PR VR o AT B E IR ER (R IN R IR A B R G DL
FROA X B E B o B HEIEAL TV DRI T S S IC AL, W e KSR R A, KL, AL
S NN R B IR B SE M AR, ACHIE FU I 45 R UE T VLI AR A T R . 5 ik, B, K
T ER RN pH AR 520 U0 s DT 55 5 DX 40 1 0 oy TR VR A R e B A R &R
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