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(R ZH A B 55, B BRI R SR 5 I, 817 L
AP, ZHARC B YT 1R

B A v [ R VA ) T U0 R S P AR R I 3,
HARILLE 9°, ZRZ 11S°MHIT . SEBFRE Mk [ 26
T, RPEKZ 9 km, L9 6 km, FRHEFZHE
FR— KR 20 A LZS 30 km? BA L 03881125,
WHER S RIPERIERA 3 AT T R v
JC A BF L BBl e, 1T AR e A PR A v, AR RS
OrTERER H KT, S B R A0t e e 5 0 By
KRR HE, ORI S Y A T & A5 T 4R
PFo ARk, Hh KR AE S B R W K RS
Bt . =YD ST R A RS A A5 A 7 SE T At
TE M 355 X I 745 # £ (Rochycentron canadum)™ |
[ 4171 (Scianenops ocellatus)*” | £THE H(Lutjanus
erythropterus)”! | fif: 15 17 5 11 (Epinephel us fario)™ |
W) 4t (Lates calcarifer)®' | & 2k £F 11 (Pteria
martensii)*1 % 2 R IR I I RS T, MR Lk
T T ) T & B S SR . AR ST X 55
THE RS I R R A 7R 0 XA [R] K2 K B AT 1 4
P e e i DU H R A T4 16S rRNA kA
1 V3-V4 X, it AW fE B2 R T 4B
FEVE AN . ZREME L ThRE, 45905 55 T ik iR
T 51X W 7K 2N R 22 A B HL 5 R IR B A
DAY Ay 5 5 B K a1 ot A 2 B 5 1 6 Atk 4 H
WRHFE M ED IR GBI LR . ES RS
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1 HREH %

1.1 HRHRXR&ESHE
TERE DR W FRAE X & T 3 MRS S1.S2,
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K1 RTHEIRMIRAEAL SR
Fig. 1 Schematic diagram of sampling sites of Mischief Reef lagoon
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G-3', 806R: 5-GGACTACHVGGGTWTCTAAT-3"),
5| 9 v A RSB barcode JEAN, DUIX AN H]
FEAR) PCR 97347, B )5 24 PCR =#y4lifk &
w5 —1k  Miseq SCEME, R Miseq PE300
WS- % PCR P45
14 E£YEESH

2 Miseq il #3545 PE reads, L) overlap &5
BEAT DR, [RIBEXT RS0 AT i g, S8k
FEH . SRMIRIES 97%MAE & F S k4T OUT
(operational taxonomic units) 25, X H RDP
classifier U1t sEPY%r OTU %590 347 4
F2f o, IFAEA TR 5 2 2F K BT R AR b Y
RIS, HET OTU Mt R, RAXREAR T
FIHEATREALHIFE /) 7%, #6474 & & (Chao/Ace) .
4 15 % (coverage) F1 ¥ 7% Z F£ 14 (Simpson/Shannon)
GHRBOT I o BT I3 A2 {5 EEA T 20 TR A 5 254
FIGETH A, FE LR X RE VR 2 N R SR
H 5 BT 200500 M 22 57 0 B ERG I 5 at 12
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15 KEEF. HEE a REEHFERIENUE
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ITCIEE, WK REETT R a WS E R
e R, EARERAE v S IR A LS
GBI12763 i#47,

2 HR5HH
21 EFHERHMBKEEKRESH

TR KA VE AR R 2, KA A R
76 6 mg/L L |5 7KK pH S 55587 (8.14~8.19), 4%
KIZ pH 53R, #SKIZER B IRFRTE 35 22 44;
NH;-N & &#41%, 50.052~0.078 mg/L; NO,-N 28k,
6 Bl M 0.0051~0.0069 mg/L; NOs-N & & Hy
1.70~2.10 mg/L; 7KAAK S04 0.33~0.52 mg/L; SiO;-Si

RV E 2 TR £ T S A0
ZREVERC R, ME TR F245 Rk 1 s
RIZ KBRS, HRATE, BMCHRZE, B8
A AR, FKIZKEYYERAE 28CLL L, 52

4 0.057~0.099 mg/L; 7K{A& COD 4 2.10~2.53 mg/L;
M4 a & EAREIR, N 0.96~2.15 mg/m’, {H
SKRIZEAEREES, Hhh KK RE a
i, HUCHREK, SIRHIRZEK.

x1 BEFEFERNEKEEKEEFRNLER

Tab.1 Thewater quality parameters of Mischief Reef lagoon in summer

N, Jayc: . MR
W/ C DO/ - HhE NH;-N/ NO,-N/ NOs-N/ B (“}g/ D siogsi Jri/%f‘/ CoD/
temperature  (mg/L) P salinity (mg/L) (mg/L) (mg/L) tota (mg/L) (mg/mr) (mg/L)
phosphorus chlorophylla

S1_U 28.82+0.03* 6.95+0.08* 8.18+0.03 35.05£0.03™ 0.059£0.007"0.0062:£0.00051.77+0.11 0.33£0.02* 0.057£0.006* 1.52+0.09° 2.10+0.10°
S1_M 28.63+0.04° 6.99+0.13* 8.18+0.03 35.07+£0.03* 0.064+0.007° 0.00660.0003% 1.76+0.18% 0.37+0.05® 0.069+0.006™ 1.88+0.09° 2.12:+0.10°
S1 D 28.41£0.03° 6.50£0.13" 8.16£0.03 35.07+0.02" 0.069+£0.010°0.00570.0006"2.10£0.13°  0.40£0.06™ 0.074+0.004> 1.31+£0.06" 2.28+0.09"
S2 U 28.79+£0.04* 6.84+0.18" 8.15+0.03 35.0120.03% 0.070::0.008>0.0055+0.0010° 1.88+0.10°* 0.45+0.03% 0.090:£0.007% 1.44+0.09% 2.37+0.05"
S2 M 28.62+0.05" 6.80£0.06" 8.19+0.02 34.99+0.03° 0.078+0.004° 0.0068:0.0007™ 1.70£0.16" 0.50£0.05¢ 0.081£0.006™ 2.15+0.14" 2.19+0.07%
S2 D 28.38+0.03° 6.46£0.12° 8.15£0.03 35.0120.02 0.061£0.005°0.0069:£0.0006° 2.02+0.17* 0.52+£0.03° 0.077+0.010°¢ 1.15£0.06° 2.23+0.11™
S3_U 28.85+0.02° 6.92+0.09° 8.14+0.03 35.02+0.01% 0.052+0.006* 0.0051:£0.0004* 1.77+0.11%° 0.41+£0.04> 0.099+0.006° 1.22+0.16° 2.22+0.11%
S3_ M 28.65£0.03" 6.83£0.07* 8.14:0.04 35.00+0.03° 0.064=0.002"0.0064::0.0006> 1.74=0.17* 0.39£0.02™* 0.099+0.011° 1.76+0.08° 2.47+0.20%
S3 D 28.40+0.04° 6.52+0.16° 8.15+£0.04 34.98+0.03° 0.060£0.003%0.0066+0.0010* 1.86+0.16™ 0.41+0.02* 0.087+0.010°* 0.96+0.08* 2.53+0.11¢

i AN[EFREFRR 25 57 1 3 (P<0.05).
Note: Different letters indicate significant differences (P<0.05).
22 OTU 4 #k

N 27 AN ST 5 VR I DU AR A v AR A
1052189 45 it reads, PHE/FILIRE 1243 4
OTU, ET 29 A1, 57 4. 152 1~H | 256
B 439 NE; ST A RIZ L )= RIZKIEREE
i OTU B350 4: 732, 667 il 785 A4, S2 3l i 43
HISA: 637, 712 1711 A4S, S3 439l ks 721, 655 FiI
728 1>, 16S IRNA [J5HIT 4 [ % GenBank,
S5 PRINAT42824 , NRFEAN RIS A [l K 2
A ZREPE, XF OTU #47 Venn E43#7 (1 2).
SR BN, IAFEARIA M OTU b 333 4y, ¢ f
OTU i i S1_D (67 4Y), Hkh S1 M (34
AN, AR S2 U, B4k, S1. S2. S3 uli i AR fR 7k
JZE A OTU iz 4301l 4: 464 . 462, 489 1>, 1M
FZK . HEK L EZEKAR S S RHA OTU
B9 451, 422, 4714,

23 HEABRSHT

A3 T K SF AT B AKF X6 36 B B IR TR K AN
[ 7K 2 A WA T R B Vs S5 A0 o3 A, R BAS
mnE K- (B 3)REVR A i AR L, D381 A8
JETE [ ](Proteobacteria) . # 4 i | ](Cyanobacteria) .
AT ] (Bacteroidetes) . JZ I [ ](Actinobacteria),
X 4T THERTARES P  LEBI 89.68%~91.51%.

MRS H K EEEl: REREH
(Synechococcales) . 75 #T & H (Flavobacteriales) .
Puniceispirillales . £ #2 7 H (Rhodospirillales) . fi{
28 {22 1H H (Actinomarinales) . Chloroplast, £f-4
9K B H (Cellvibrionales) . 4L 41 # H (Rhodobact-
erales) 52 WL (& 2).
2.4 B Alpha SIS

532 ST 1 U 1 DX 7K A T 22 R M R R
R 2, Fr ARSI TR EIEHRRTE 0.995 LI L,
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eS1 U
®sI M
®sID
S2 U
es2 M
®s2D
s3p ®S3_U
S3 ]
S3 D
1] |
600 732 667‘785 637 712 711 721 655 728
3\93\31\%.\?@9@%193’59@}]\%3?
Kl 2  Venn
S1. 82, S3 4p5IfUaR 3 A ulisi, U, M. D /Ml R RJZ2K
2K HREK.

Fig.2 Venn diagram of groups
S1, S2 and S3 respectively represent 3 stations; U, M and D
respectively maen surface water, middle water and bottom
water, the same below.

i TN e 2 SRAR A BB T 1 AR SO, R B
O AAC L T RE Alpha ZARPETE RS R R 45
AU 3 AIKIZZ A Ace 1580, Chao $8%K

A AR E 43T community barplot analysis

S1_U 1

S1_ M 1
< S1.D nm
§ 22U (R
® 2 M nn
= S2D nn

nim
nm
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community abundance on Phylum level

= Proteobacteria

= Cyanobacteria

= Bacteroidota
Actinobacteriota

® Marinimicrobia SAR406 clade
SAR324 cladeMarine_group B

= Planctomycetota
Bdellovibrionota

= Verrucomicrobiota

= HAth others

Shannon #§#{. Simpson $§5IfF#E 25, AR
SRE KT AN ) o 5 R DK 2 22 ] bk
K, FEEEEIREOE: BESI M5S3 U.S3 D
FETE .35 22 5 (P<0.05)71, Ace $8%7E HoAth &A%
[ JG i 3% 225+, Chao 8B HTAHIHAHBILE R, BR
S1 M 582 M.S3 U.S3 D f£7E i & 25 5(P<0.05)
Ab, HAh A5 FE i B JC 2 25 5. VR 2R FE 5L
JriE, BRS3_M 5 S1_U.S2 M 257 i 3 (P<0.05)
Ab, RS AR K JZ Z [B] Shannon #8402 A 8
=, AR S AR ZEZ [E] Simpson $E502 5 A
=, HE S2. M 5 S3 M [H{77E 3% 22 57(P<0.05).,
25 EFBRHEKAREEELER

Sk A AN [R) it A5 AR [ 7 JZ R AR 1 40 1 A v A
U, 47 T F B 53 H7 (principal component
analysis, PCA, & 4), #EAS[R] I 2 H00T  BAEAR
TF1) 0 40 BT 5 445 P B D00 2 = 40 TR R
AL AR R K B REATE S — B — o B
5, FEA SR I s e i W R AR R B 22
SlORPT . B REAHT 2 AR PCLL PC2 FT
Fefilhy 81.86% . 4.83%, UiHHIX — & M it
Ytk 2 R EERE, H PCl eh %, 45

A FEIE AR E 2T community barplot analysis

S1.U
S1 M
S1. D
S2 U
2 M
S2 D

FEALZFR samples

S3_ U H § N
S3_ M H ENIm
S3 D . . H B
0 0.2 0.4 0.6 0.8 1.0
EREEEE(BAKP)
community abundance on order level
® Synechococcales Oceanospirillales

= Parvibaculales
= SARI11_clade
= Phycisphaerales

® Flavobacteriales
® SAR86_clade

Puniceispirillales = Rickettsiales
® Rhodospirillales = Alteromonadales
Actinomarinales - g;{'kho{deriales
itutales
" Chloroplast ® Salinisphaerales
Cellvibrionales = Corynebacteriales
= Rhodobacterales u

HAh others
®norank ¢ norank p_Marinimicrobia_ SAR406_clade
mnorank ¢ norank p_ SAR324 cladeMarine_group B

B3 B AR B —— T A H K

Fig. 3

Relative abundance at phylum level and orders level of bacterial communities of samples
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Tab. 2 e-diversity indices of each sample

5 group  TWFIREE coverage  Ace $8%X Ace index Chao #§% Chao index Shannon #§%% Shannon index Simpson #5%{ Simpson index

S1_U 0.997+0 662.00£109.40™ 613.19+67.58™ 3.92+0.16° 0.069+0.013"
S1. M 0.998+0.001 500.79+67.77 502.71+63.66° 3.85+0.27% 0.077+0.044%
SI D 0.997+0.001 627.86+76.46" 622.66+67.47" 3.78+0.46 0.101£0.071*
S2. U 0.997+0.001 667.23+129.30™ 639.96+83.92% 3.81£0.13% 0.07£0.019

S2 M 0.997+0.001 689.32+81.90™ 655.32+34.70° 3.96+0.29° 0.058+0.025°
S2 D 0.997+0.001 651.14£97.75" 631.72+97.46™ 3.60+0.42% 0.105+0.057"
S3 U 0.996+0 757.49+58.85° 680.39+42.09° 3.53£0.15% 0.112+0.018™
S3 M 0.996+0 655.83+87.72% 632.11+41.74% 3.33£0.32° 0.15+0.053°

S3 D 0.996+0.001 781.98+161.83° 734.34+123.49° 3.67£0.09™ 0.089+0.007"

e W=, ERR R R 2 5 53 (P<0.05).

Note: Different superscript letters mean significant difference (P<0.05).

PCA on OTU level
2000 R=0.1161, P=0.082000
o S1 U
1500 - ASI M
s 4 ¢ 4SID
1000 ° S2 U
I +s2 M
o S00F A v vS2D
2 v oS3 U
< or + °® S3 M
g * ¢ 83D
O 500 , o
[ ]
-1000 | . 6 ¢
v
-1500 |
-2000 |

—8000—6000—4000—2000 O 2000 4000 6000 8000 10000
PC1(81.86%)

K4 PCA 4
Fig. 4 Principal component analysis (PCA)

FEATE PCL Bl B2 45 R W, HEa S1 I S2
1) 3¢ 2 /K BTG Fl 249 —-2000~0, HJZ 7K H—6000~
1000, 1fif S3 HEpi 5 S1 M S2 frfE e sy, HREK
A 0~4000, HZEKH 1000~8000; #F45 S2 Fil S3
JRJZKFE PCL B85 53 51128-2000~4000 . —1000~
2000, S1 FEAAFEMFEE), H-6000~ 6000, M
ik A, PC1 Al PC2 ¥IAREIRIF I &S FES S
FIKZ I REAS X431, U BA 26 T 5 8390 T 7K 2L
A= YIRETE S BN AR .
26 INEETFREDH

S 5 2% 5 U RV W /K A0 B 2 R R R
Rz, it TUA 5 M (redundancy analysis, RDA)
W B TR SRE . pHL A &AL
WAKFRER A . MHRREh A . TEMERERREY . BB, &

etz | R, COD. ZKIURSE) S B HE] 1Y AH
KB Sa). i8I A HT Sk A R, X RV
THE Y53 10 Vg 7K 200 AT T 532 W) ke A 1) 7K B DR - 6 B
HKH COD/NOs-N., if PEERRE:L . COD, T4
NO>-N. it J# . s . ZKIESF /K 5 R 1852 i AH
ST/ ISR, 5% RDAL ] ff B 68.26%41 H
FEVEAE S0, 45 " RDA2 W] f#R¢ 4.00%., 54
— W 2 B IEAHCHAE R F & COD. WHPERER
. COD/NOs-N, Ui 55X 3 1 HEE
KR IEAHDG; Mi#hE . NHs-N, SR 55—
WU W AAAHOC, VAN F e R 3 NI
FAE RS AR, 5550 5 I IR A DG A
BT RERE . pH. NOs-N., RIFEEER, 1 Bwk
COD/NOs-N, {&PEAERRER . COD 555 "2 U 2
Y AE G o BT S F BEET 20 B9 40 R 5 /K B
B AH S DU 25 S B B (K] 5b), Bk A i B
H5ELE | pH 2B E IEMAHC, 5iGPERRE: . COD
B EAMX, IMRAREERS COD R #
11 FH5%; Actinomarinaceae 5 NO5-N & I & 11 #H ¢
Phycisphaeraceae 5k & 5 i & AH K, EATEF
5iE MR L 2 W EAR G, 5 E R WA A
2%; Cyanobiaceae 5 COD &£ 3 IEAHC, 5 NH;-N
B WM AHIE; Puniceicoccaceae S5GHERERRER .

COD 2 W FIEMK, SR P& M AHK;
Halieaceae 55 NH3-N 2 . Z 1EAHK, STHMERERRLR
B EAHSE; Cryomorphaceae 5 NOs-N, 7K¥E .,

FEiEREFEEMX, S5HE. BAERF
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RDA2(4.00%)

G

(a) relationship between bacteria and environmental factors; (b) hot map of the reationship between bacteria and water factors.

RDA on OTU level
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Fig. 5 Relationship between water quality factors and microbial community
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TR, AR SRIRE BFIEMKE, S
LANE ST E b PSS R RSE N T

T C
2.7 BEEIEET

i i PICRUSt Xf OTU F B Rk hrifl, 2
% 16S marker gene TEYF03E K41 11 copy %L H
FIRZ IR, SR il B OTU XA [1) greengene id,
Xf OTU #47 COG Hhfigii ke, k45 OTU 7 COG

COGHfEST2E COG function classification

sl | N
sl 1 EOE
sof I E N -

e vl 1 EEOE

govm 1 EOE O

& 20l 1 R
sl | N -
syl 1 EE
sofl 1 H N - EEE—]

0 01 02 03 04 05 06 07 08 09 1.0

X FE relative abundance

FIIREK I TE RS 2 LA D REAE AN R AR A i
FREFRPY, ZIRILE 6, 4R AIHTIAE I W
FH2ES, EEIREANN F AL, IS A
AWK R B4R E A D REAI L . AN 2 AR
5%LL ER R EINEEA : REE A SR (2
M2\ woKACEY) . HHlG . JCHLES 155 )i f ARG |
FEARBIE S5 DNA ZHELAMBE . F5
e B2

A: RNA processing and modification

B: chromatin structure and dynamics

C: energy production and conversion

D: cell cycle control, cell division, chromosome partitioning
E: amino acid transport and metabolism

F: nucleotide transport and metabolism

G: carbohydrate transport and metabolism

H: coenzyme transport and metabolism

I: lipid transport and metabolism

J: translation, ribosomal structure and biogenesis

K: transcription

L: replication, recombination and repair

M: cell wall/membrane/envelope biogenesis

N: cell motility

O: posttranslational modification, protein turnover, chaperones
P: inorganic ion transport and metabolism

Q: secondary metabolites biosynthesis, transport and catabolism
R: general function prediction only

S: function unknown

T: signal transduction mechanisms

U: intracellular trafficking, secretion, and vesicular transport

V: defense mechanisms

W: extracellular structures

Z: cytoskeleton
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Fig. 6 PICRUSt function prediction of microbial community
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Analysis of bacterial diversity and correlation with environmental
factorsin the aquaculture area of Mischief Reef Lagoon in summer
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Abstract: Mischief Reef has unique landforms and rich biological resources, and its marine microorganisms and
fishery resources are being developed and utilized. To understand the bacterial diversity in the aquaculture area of
Mischief Lagoon in summer, as well as its correlation with environmental factors, the community structure of
seawater bacteria were analyzed through high-throughput sequencing technology, the main environmental impact
factors were explored, and its functions were predicted by PICRUSt. The results showed that the bacteria of
Mischief Reef lagoon had rich community composition. A total of 29 phyla, 57 classes, 152 orders, 256 families,
and 439 genera were detected. The dominant bacteria include Proteobacteria, Cyanobacteria, Bacteroidetes, and
Actinobacteria. There were differences in the alpha diversity index between the three water layers of each site, but
none of them reach a significant level. Using redundancy analysis, it was found that the main environmental
impact factors are salinity, COD, COD/NOj3-N, and active silicate. The main functions, determined by PICRUSt
functional prediction, included metabolism (amino acid metabolism, carbohydrate metabolism, energy production
and conversion), genetic information processing (protein translation and modification, DNA replication,
recombination and repair), and information processing (signal transduction mechanism, coenzyme transport,
inorganic ion transport). This study analyzes the marine community structure of the Mischief Reef Lagoon
aquaculture area in summer and its relationship with factors, providing a scientific basis for understanding the
microbial diversity and rational development and utilization of the South China Sea, marine fisheries development
and protection, and ecosystem protection.
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