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ETRERAFHRESZEEFREIBYE
IR A M BE TR LA A TN T BE AR S HT

gjﬁ 71@ 1,2 )%:[ ﬁﬁ 1© }%‘Z /@( 1 ﬁﬁ%ﬁﬁk 1 EE /@\ 1
giE#®R REFS x R EHF' KILF’
(1. EEm L REB A SHE R PUIE Big AL TREARR PO B 201403;
2. RIBFR2E ISYEEHI S WIRA Y B A E S LR E B 200092;
3. BT Rl B A T S R R bR E S ARSI T B 201403)

M= FIARER T AENBHEEM R ARTREAESRAEREEER AT 20 RARIT
fh o Ho 48 24 (Eriocheir sinensis) IR 78 F Ja K Ak 4 B FE 2 AR Fn T b 41 %, T 2022 4 6—10 A
ZA N LT R X P AR E R E N K e, BT EEEAAFR AT REH A
AR P A R B M ARAE, AR T ZH SR E TR R, ERET, BT
EREFEMEEEAKTIAA N pH, BamBHEE. SR ML A, ERAMAKFY, 68 AH
WMAEMBHELSHEUARL 7—8 AMMAENHEFEELATREAT, RETAAEFHELET
(Proteobacteria) . #L 4T # |](Bacteroidetes) . 7 % H |1(Actinobacteria). # 1% % |1(Verrucomicrobia)

15 48 7 |1 (Cyanobacteria) #7 i 2 7 By & % 1 fK | T(Uroviricota), & B KF L, £E SHT 10 H14%
BDREESHZ B FEREZR, 07 AR EEEMicrocystis) A A1 8—10 A WA B H
{& H (unclassified_o_Caudovirales)) # ¥ & ¥ B & T 2 At A . BE W0y £ Eh e h R E 2y i & 18
HERA. 2RABEE,. EaXRAHE, FTRAGNIGBARGFEREZR, LEEZ 6—7 AR
WREFEWNEF T8I0 A, MEHAFEREIT. HREFIIMPATEITE LRGN EEZ T
Ho FEEFAMAENFHEEMTG A RNZ AT -, 5% a1 pH ZE¥ WKL F NI
BF, A, SBNPHERAME. EXRAKEY, FESURANBIFRHEIHED TRE
(Salmonella enterica). % {&4 X & (Edwardsiella ictaluri) %1 4 ¥ & 74 % 2K # (Staphylococcus aureus).

B G R R o A G R R TR S KR A A B R G A A o A AL R BT AR R R B, OF T b R
ATV HE RS R G AR I R AR

KR Y PAEAER;, BFREEMAY; MAENHEE; W TRET

FESES S965 XEAFRIREE A XEHRS  2095-9869(2024)04-0112-13

* E R E A AT RI(2021YFC3201503) , KA A SR EE BCA IS — 9151 H (2022-LHYJ-020304) . FifgEiiRlZ
“BHE AT T H (21DZ1202204)F1 1 7 A lb B2 B s i A B 52 31 R/ B it R0 35 5 (B sl (2022 ) 023)
HE e, 5% JB, E-mail: zhangxu@saas.sh.cn
O WfEfEH: M W, RIWFFEE, E-mail: zhouli@saas.sh.cn
Wk B 9: 2023-11-21, Wk H 191: 2023-12-18
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ARSI ER R G, WEY AR HE WA
REZR, HEE MO BELS X A R G H A 81k
FH o K72 FRFE I BE i A= W0 ) 3 2R A 46 B 77 5
MG IKAR R G A SRR L K= A G a5 | R A2
JAMT, H8 R T AEAK I AR Bl 4t e K P25 (N 35
%, 2022), MAEMENESRE T ELES 55 M5
fife 5, BETR TN T BEAS 14 1) 3 251 i b SR 23 Bl AR 7K AR 1)
B IR UK BT 2 B0 4 38 N R 5 AR ) T m # 5
JERER K AR S AR B . BRI, TR AT K™
TR FE A8 TR I W T T RN BB 45 A X T R B A B 1Y
IR AR S H A EEE L,

FRIE KA A Wy B 2R AR AL 5 SR B A S SR A
WU, &%, A RREAL S 07K 7~ 54
i TR E MR T8 R AN R, X R K AR R AR
FEARIE B A B, DT R4S R RS R L 5 SR A
WEE S RGN R . WA 2% (Pelodiscus
sinensis) 1.] ALFRFE KA LLASJE R[] (Proteobacteria)
FEE B 40 18 ] (Patescibacteria) 40 & & £ (I 1R T 45,
2022), 1 LR WF (Litopenaeus vannamei) T.] LF#
B KA DL ASTE B T TR AT B 1] (Bacteroidetes) 4 147
RECERGSE, 2023); HIR, [F—FRGE 5 BN [F] 57
B BRI A, 25 5 W K A v Bl A e O AR AR A T ]
FEUNTE = PEMR T 1& (Portunus trituberculatus)FE 58 1 F
o, U R 2 R R IR B (PR RS I D R ) 7K
A Hr H 26 B T (Actinobacteria) = 5 1) W5 B R ]
(Cyanobacteria) XL W ] 3 7484k, MiAEiE5 13k
SR NEE R A W e A RS A e ot e f e Rl = W N
I FE JE K ARG A WA T 53 A 52 P58 0 52 0 R0 AN [
(FRiRAESE, 2015), ik, TEOFFEFRIES RGN
HEWIRETR S5 AR ATy SRR A P BRI T, BT
R AE B TR B i PRI SR BB AR T J LA 4 AT o

1 55 () T ) B T W 92 O 1 AN e % 38 43 24 T B
ARG SR A B A3 A e ST AT, I AT BT B SR AR )
& A 1% (Quaiser et al, 2011), 53 M1 &5 R A — &
1Y R BR M o 7 R 4 2 4 AR A B8 Th A W T
MR ALME B, AT LA BB il A W e I 25 A R 7 4
M. RE0HT. BT, CFHZIERA2EXREK
BT IR RN RESS KR AT T IFSE, L =k g
(P H54E, 2019). WHEEFRFKB(RABUHTSE, 2019).
AR AR TR DRI S AR (303 47 55, 2023) % o {FURI 2 3
IR 21 27 4 AR X6 57 5 2k 2 K (A Y Bl A P B V% ) e
SRR B B =

BT DL E T T 5% W IX v A 5% 2 B8 (Eriocheir
sinensis)FEFEMIE MW TTXT L, 0 6—10 H KCHESF
PN K AR B FR AR 0 Bh ARk, I 2% i PR 2 2

AW FE 758 N R D T A R S BE L 21k
WU DR DI REZ ) SR I TR R, B
G AT IR BRI R R UL B0 Y R RE, B O R
PRIE N ¥ B b s i B R i A 25 R e S B A A

1 #MRl5F%®
1.1 RS SHEER

KA Ml T TR T S5 B DX v A 0 R R S
oM (31°44'N, 121°14'E) , RFEEIE K 140 m %% 85 m,
MR 11900 m?, JKIE 0.7~1.0 m. 3 N RhAE DR
#:(Elodea canadensis)F5 ¥ (Vallisneria natans),
TN 70% 25407 WIHEHABLE 1 5 5 kW BESHL,
BRIES 6 h; B 8H 3 kW HERIL, EEEEER
W@ DFEEIFE 3 &, BRizfr 3~4h, 2022 4 3
H 10 HCHT, TR R 1000 H/m . 4—6 H WM,
B RPEMRAARL 0.5~1 kg/mi; 6—10 H ], A KA
TR 2~3 kg/Hi o

1.2 #@mRESNE

2022 4F 6—10 H, & A REIRFH MM KR
PRI XML 3 A RAE AL, [T 5 L AP R K
RS KA, pH. /KiR (water temperature, WT) .
i 4 (dissolved oxygen, DO)S4E bl i 2 S 40K it
53 H1 AX (Hach, HQ 4300) HL 37 Ml & ; M4t £ a
(chlorophyll a, Chl-a). % (total phosphorus, TP). B
fik £ (phosphate, PO4) . & % (total nitrogen, TN)., Z{ %A
(ammonia nitrogen, NH;-N) | A5 25 % (nitrite nitrogen,
NO,-N). fHZA % (nitrate nitrogen, NO;-N)., EfmlREE
18 % (permanganate index, IMn). T H 4 b5 & &
(biochemical oxygen demand for 5 days, BODs)Il % /7
B¥S OKRMBE KW 2 GEMR) (FI%
IR AR B Ry /K R 7K WD o3 B 5 ¥ w2 23, 2013),
3 AL S A 200 mL KAE)S 0.22 pm JEREHIE,
AR URIG UE T80 CUKFETRAE, FEM AL L
T 2675 A W B2 25 BH A BR S ml AT 2 B 2 Y . B
RPN . FhERIERE LA # B Y DNA, JfXHE
AT AT PEAS . DNA FEAKG I GA% IS, B H Rl L
Jr BRI 0 6 38 K/ DR A Be i AT SRR . 1
I 1) SCPE TR A A% JTRE If E it S, T Tllumina
NovaSeq 6000 il Jf* R Ge i 47 2 BL L ZH I )7 o

1.3 RS

il SPSS 20.0 K4 v iy B K U7 2% (one-way
ANOVA) S F# B K AR R B FE b, AN [R] R 25 i £
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¥ B 545 4%

ZHE WECKR A Duncan K35, 4558 LOFHELbRMEZE
(Mean+SD) /R o 7 5k A 20 B4l ik 47 2 40 b 85k A
Kruskal-Wallis % FIK % , Post-hoc #5567 & Tukey-
Kramer, 2K -8 P=0.05,

X A5 21 Y S AR B s (raw data) BEA T JEALBE
ZBRTT g KR B B A, 45 B0 SO (clean
data), PR PHEABIFGEITHRELR . X HEH
(contigs)HFAT BRI T I 22704y, H AL H 5 (gene
catalogue), ffiffl BLASTP (Altschul, 1997) (V2.2.28+,
http://blast.ncbi.nlm.nih.gov/Blast.cgi)5 NR (nr_202109)
B FEEAT X, PR AN Best-hit, 3RAHY)
FERAEE ;1 BLASTP ¥R TUA M TS
KEGG (Kyoto Encyclopedia of Genes and Genomes,
http://www.genome.jp/kegg/) i 3L K 4 ¥ 4 (GENES)
FEXT AT 2 B VE R 5 8 ] Diamond #) {4, 3@ it BLASTP
B HARE IR P55 PHI B 2 (Pathogen Host
Interactions Database, http://www.phi-base.org/index.
Jsp)FEAT LR A B E0 T TE RS A . BT AR R Y 2
FHRARR, A R 1EF THREVA3.0ERIZHIREE
TEE ;s B A  R B, i R 55 (V4.3.0)
WGCNA JRETE & /K AT £ AL bR /3T (PeoA) ; i
Mothur 1.30 (Liu ez al, 2020)#47 o ZREMEFE BT
FIFH R i 5 (V4.3.0) Vegan f#EFTHEV% Heatmap [ F17T

x1

4353 Fr(Redundancy Analysis, RDA); F]H] LEfSe # {4
(http://huttenhower.sph.harvard.edu/galaxy/root?tool id
=lefse_upload) % A [A] 3 i 2E M ) Feh RO R A T2k
PEH 3T (LDA) (3R ] all-against-all 22 40 HL A5 IS ) ,
DL AN [+] 453 55 GE K A oh ) < AR Wi > A 0 9
FPAECRTE . B TREARNYFF KEGG e Hr A
[E] D RERY T 1K E b 5TERIE Heatmap [l AN [6] H 4y
FRFEAKAR i e A AR R R A R R B 2 e =
NCBI M3l (& %5 . PRINA983952),

2 GER59Hh

2.1 K[RIEHR

ARG S SR B R AR SR S B (6—10 J1)IY
KSR ILEE 1o FELCIVIE] , ASIEH 43 18] 17K B 6 b
WIIEAE W # E 22 S (P<0.05), Hd, 6 A, pH. DO
M BODs ffi; 7 A, WT Ml Chl-a f&&; 6—8 i
IR, PO,. TN, NH3-N., NO,-N Fl IMn ¥J7£ 8 A i1}
A ;8 H 1Y DO W35 1 7 H (P<0.05); 1 9—10 A
{RIRHH, TP, PO,. NO;-N. IMn #l BODs H! ¥ & i o
8 K FibriE ) (GB 11607)F1 { Hb K BRES
HPRUE) (GB 3838-2002)f%) 2K brif, 4TI IETE
FEAE 5 W E @ ARTE AR pH. IMn. TP Fil TN,

rh A 4 B B R TH it B K AR 3B L FE 4R (n=3; Mean=SD)

Tab.1 Physicochemical parameters in the water bodies of the Eriocheir sinensis culture ponds
i H Items 6 H June 7 H July 8 H August 9 H September 10 A October
pH 9.97+0.06° 9.15+0.25" 8.65+0.44° 7.92+0.39° 8.62+0.13°
KiE WT/C 33.75+0.43° 33.78+1.27° 29.63+0.04° 22.00+0.02° 20.04+0.54¢
#R4E DO/(mg/L) 11.88+1.61% 6.61+1.00% 11.07+1.45° 5.23£0.95¢ 9.37+£2.62%
44 % a Chl-a/(ug/L) 1.33+0.58¢ 50.67+2.08" 20.67+8.08¢ 33.33%6.11° 7.00+1.00¢
B TP/(mg/L) 0.11£0.01¢ 0.23+0.02¢ 0.34+0.01° 0.43+0.04° 0.09+0.01¢
WEEREL PO,/ (mg/L) 0.08+0.01° 0.16+0.03° 0.300.02° 0.28+0.02° 0.03£0.00°
M TN/(mg/L) 0.89:£0.03° 1.14£0.09° 2.41+0.24° 1.25+0.10° 0.78+0.02°
%% NH;-N/(mg/L) 0.65+0.01° 0.550.04¢ 0.88+0.07° 0.75+0.04° 0.21£0.01°
PG AR NO,-N/(mg/L) 0.01+0.00° 0.01+0.00° 0.05+0.00° 0.01=0.00° 0.01=0.00°
i 25 % NO5-N/(mg/L) 0.02+0.01¢ 0.01+0.01¢ 0.23+0.02¢ 0.46+0.04° 0.37+0.04°
15 B FR AT 5 4% IMin/(mg/L) 5.59+0.07° 7.43+0.20° 8.04+0.39° 8.06+1.20° 5.53+0.15°
H H AL % & BODs/(mg/L) 5.20+0.00° 3.50+0.10° 3.57+0.06° 4.07+0.25° 5.00+0.53°

T AT Bl A ] _E AR 7 2 AAEAE 25 22 53 (P<0.05)

Note: Values in each row with different superscripts are significantly different (P<0.05).

22 WEMBEARKRERSH

6—10 H, "oy B F7 58 it B REAS v ARG I 3]
AP 15517, 258 4. 468 H. 990 B, 4272 & ; &
BrEY 5077, 190 49, 564 H. 1236 B, 2011 J&;

W 2207, 4349, 72 H., 106 B, 233 J&; A
1707, 2340, 31 B, 67F}. 881 J& . fETAAREAT,
B F TR, 5 AR 75%LL F, U HELE
7 AREA RS & ik B 93.06%; HR SRR, (hE
VI 5% L, JUHOE 9 AMEA -3 ik #)
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17.83%. 14l 1a 11 PCoA 73 HT(ANOSIM, P=0.001)7H],
T W B I8 S5 A TEAS TR) A 0 Z IR TE b 5k 22 5% [+
B, 6. 7 HAHEET 8—10 JH Mt Yrmek 45 4 1) 22
S, b AT, 6—8 AMEYIREE 2
PELL K 7—8 H BT i v 4= BE AL TR KT .

Bl 1c Bor, TIKFEL, AREAGHEATHEY
PEHT TR AL AR AR TS, N 0.11%%] 49.11%. 1k
PV EL WA PRI FFRET] T
PER ] (Verrucomicrobia) . 4 20 B8 ] A1 5 H 1Y) 2
W R AR T T (Uroviricota) (/D 7E 1 ZUREAS R BETE S 34
Fb>10%). FERTARES Y, ABTE BT TA B T o L i3
ki, JUHOE 6 oKk, BB E T T4 BE o ik 5
49.11%, FIH] Kruskal-Wallis B A5 53 H1 m 01, HE
AT 10 PR VI A W TE 2 240 Z IR 3 A7 7 35 2
5o FERKE L, FEGHET 10 BIRIREZAZ
[ AE e B 22 5 (R 1d). 6 AR E T IR
FE P Nanopelagicaceae FF4H B =F & B & & T HiAth H
By, FEEL N 4.89%, [FIES 5 A —Fh AT ]
Limnohabitans JEMWEEELE 6 A hbim, FE
di ik 7.05%. 7 HEATE 58 (Microcystis)
S S T = R N [ I S o - Sl B v |
15.94%; hi—Fh R JE 00 )8 T RV 14 R R Ik
H (unclassified o _Caudovirales)RE7E 7 H A4 1
AR FHAA G, FBE 5 o 4.23%, XFMREELE 8—
10 AW FEW R, JLHAE 9 AFE Sk
13.96%. 8 HER T A M A H i F B AR LA,
— P AR TE B 1T R 4 25 4 AT B B (unclassifed
Caulobacteraceae) 4l B i Hb AR =AM H 4y 32 5 o b
w5, h3.66%. 9 ABRT A RMEREK B iR RS
Hh, — PRI 1] P R 432 4 T X (unclassifed_c_
Opitutae) 3B d7 LU=, 4 6.14%. 10 ABR T A B
PR B 8 R A A R WA B A, — Pl R 1]
B E R Planktophila 5 LR, N 4.38%.

W TAET A REA T 40 TR = B34 i 31 75%L 4
A FEA R R FEE T AR . G, @id LEfSe
ST A A Z B B W3 22 R AR P Fh . LEfSe
PApZ R (LDA>4)GE 1 T I8 & 45 43 KK T
BARZEZSWNYF . HE le ATH, 6 HR2EE
H AR T )RR B T AR, AN [R) H oy =2 8] 22 5+
S fe K B R 43 S A V6 B B TR BT AR s IR H
(o_Burkholderiates), B-“ZJE [ 44(c_Betaproteobacteria) .
ME RN E RN Comamonadaceae)d J o-22 1 1 40
(c_Alphaproteobacteria)®s; 7 H 23 & 4102 15 40
IJFIF B ) (p_Planctomycetes) 2 & , X AS[E] H 47 2
(1) 25 575 1) S5 K AN ) A3 S 4 TR 86 B B A TR 1] L Bl

PP R . B0 3 Bl (f Microcystaceae) . {0 Bk % H
(o_Chroococcales)%; 8 H i3 & £ M S PR 1
M PE 1 B 4N (c_Verrucomicrobiae) . FE fif # H
(o_Verrucomicrobiales) . ¥t i # #} (f_Verrucomicro-
biaceae) Al 42 ¥ W ] 1 B9 4% #F & H (o_Caulobac-
terales), T B #H(f Caulobacteraceae)ss; 9 H b3
HAEMEEMETT . FHEN . 5K E R
(f Burkholderiaceae). /% Zk#%:H (o Nostocales). BT
W 49(c_Flavobacteriia)®s; 10 H & & A0 2 AT i
1. B & ™ Planktophila J& . y- % ¥ W 2

(c_Gammaproteobacteria),
2.3 WEMRARKERSN

Wity KEGG Qi iE %454l e i 47 % be 43 B
(K 2a), AN[A]H 13 57 58 58 % N 3 0 56 D D e Ao 4
R (metabolism) . 55 B AL P (environmental
information processing). 4 ¥{K & % (organismal
systems) A2l il 72 (cellular processes)VU il #%, &
SAE AT RE 1Y BE £ {14 (energy metabolism)
4= )R FIAE Y 1€l (global and overview maps)Fl 2 JEfR 1
i (amino acid metabolism)%, & 2b Hox, A[EH G
R SE TP R AE Y Y KEGG I 7E — 512K
SEETE 3 2 R (P<0.05), AR (amino acid
metabolism) I RERH B & T 6 A A ; RE AT,
WK AL A W45 (carbohydrate metabolism) ., 4% iz
(membrane transport)UJREH W & £ T 7 HAEAT; 4
Jifg A= K FIBET (cell growth and death) . {5 5 %% 5 (signal
transduction) . #14 & 4t (nervous system)IJHE EEH
$F 8—10 H. st KEGG UIHE B 1 = 926K
bR AEERT 20 BITIREM AT (A 2¢), BR TACHIRE
H A A58 % 425 (metabolic pathways)7E 2 4 22 W] 6 22 5+
Hb, HAth =9 FoKEife A2 S, it
UIge ™ B A AR = 90 9 4 9 & i (biosynthesis of
secondary metabolites). ZH ML FENHE T YN 2R |
KA QR MA QBRI (alanine, aspartate and
glutamate metabolism) ¥4 {5 B AL LI HE T (19 2 3t
PR 1) 4 )& i (biosynthesis of amino acids)fE Z4H kb
B AR ELES, FHYE 6 AYIReFEE R
[ A B, FAAE 22 7 1 = 251 20K F B Tie &R o
J& TSR, H 6.7 HMIIREEE KT 8—10 H.
LEfSe >R &2 5153 BT (LDA>2) KAl 3544~ D) g
JE (R KT )X 22 BRI R/ K 2d
i, SAHAGHA 11 A hREFER EZES . 6 A
W AEBE R AR AU AR R A B L
W2R . REARMA A RAISE; 7 A EYhRe
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S —oasf ©7HJuly | Joot6® 17 i
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o005l ®9H September | 10.014 g 160 £
030} 7108 .°°t.°"e.r . l e fooz & |53
5 D B D B S 6O b D 10,0103
oD R P P SO 5
PPN U N Lo By Dy g 0g
o, \\’9 A ¢§ &OQ P
PC1 (50.25%) W&
o
H 4 Month
c d

on Phylum level/%

AT TRT-EREE S LA 50 %
Percentage of community abundance

100r M Proteobacteria* . Microcystis*

ol : 3::::23::‘5** . . . unclassified o Caudovirales**
B Actinobacteria** . . unc1a.ssiﬁed_f_Candifiams_Nanopelagicaceae**

60 - I Verrucomicrobia* Candidatus_Planktophila*
I Cyanobacteria** . Limnohabitans*

40 Planctomycetes** unclassified_c__Opitutae**
M Chlorophyta** . Polynucleobacter*

20l u Firmicut.es* . unclassified ¢__Actinomycetia*

Gemmatimonadetes* . unclassified f Caulobacteraceae*
[ Others .
_ = ——

0
(3’@ '\%\% %%x q%é QQ’ m:bm:gm‘a'm:fduz$
& < ¢§' =2 0.3 w0 o o
s $ & T2 ETE
v eﬁ& 00 < g0
< ]
H 4y Month u 6 June = p__Cyanobacteria N 3
= 7HJuly = p__Uroviricota
= 8 August m p__Actinobacteria -1
m 9 September w p__Proteobacteria 0
¢ = 10 H October p__Verrucomicrobia -1
@ 6 June
© 7Hnly Y\,ﬂc\nﬂ‘w 2 = a:p_ Actinobacteria = b: p_Bacteroidetes
@ 8F August — % P == c:p_ Cyanobacteria = d: p_Planctomycetes
g » Cleyy, = e:p_ Proteobacteria = f:p_ Verrucomicrobia
° 9A September 7 4 N = g:c__Actinomycetia w= h: c__Alphaproteobacteria
© 104 October = i: c_ Betaprotcobacteria = j:c_ Chitinophagia
N y = k:c_ Flavobacteriia = 1: ¢_ Gammaproteobacteria
= m:c_ Opitutae w= n: c__Planctomycetia
== 0:c__Verrucomicrobiae ws p: ¢ unclassified p_ Cyanobacteria
= q: 0_ Burkholderiales w= 1: 0__Candidatus_Nanopelagicales
== s:0__Caulobacterales w= t: o__Chitinophagales
== u: o__Chroococcales == v: 0__Flavobacteriales
< == w: o__Hyphomicrobiales = X: 0__Micrococcales
= y: 0_ Nostocales == z: 0__Opitutales
== al: o__Rhodospirillales == bl: o__Sphingomonadales
: 0__Synechococcales ws dl: o__Verrucomicrobiales
% unclassified_c__Opitutae ws f1: f__Acetobacteraceae
=3 = gl: f Aphanizomenonaceae w= hl: f_Burkholderiaceae
4 = il: f_Candidatus_Nanopelagicaceae = j1: f_Caulobacteraceae
== kl1: f_Chitinophagaceae w= 11: f Comamonadaceae
o = ml: f_Flavobacteriaceae == nl: f Microbacteriaceae
= ol:f Microcystaceae w= pl: f Sphingomonadaceae
= ql:f Verrucomicrobiaceae m r1:f unclassified ¢ Opitutae
== sl:f unclassified o Burkholderiales = t1:f unclassified o Opitutales
= ul:g_ Aphanizomenon = vl:g  Aquiluna
= wl:g_Candidatus_Planktophila = x1: g_ Falsiroseomonas
= yl:g Flavobacterium == z1: g_ Limnohabitans
= a2:g_ Microcystis = b2: g_ Polynucleobacter
y /‘6 - c2: L\mclasslﬁed c Opltmxe - d2: g_unclasslﬁed f Burkholdmaceae
4 = e2:g uncl d f ( lagi w f2: g uncl
g%q: a “ M = g2:g unclassified o Opltumles
g
!Ja‘,.\d

B SR SRR PR A A (@)K PCoA; (b) a ZHEME; (o) TKFREE N (B I FIE>1%); (d)JE KR
% (B I EE>3%); () AIE H 0 5% 40 M T2 JE K1) LEfSe Y112 9 F (2 41 L3R I all-against-all, LDA>4)
Fig.1 PCoA of microbial communities (a); a diversity indices (b); composition of bacterial communities at the phylum level
(consolidation abundance >1%) (c); composition of bacterial communities at genus level (d) (consolidation abundance >3%);
the LEfSe analysis results from phylum to genus level among water samples collected in different months of
cultured crab pond (e) (all-against-all, LDA>4)

0.01<P=<0.05*, 0.001<P<0.01**, P<0.001***, TF[d], 0.01<P<0.05% 0.001<P<0.01**, P<0.001***, the same as below.
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= Metabolism
a2 =" Environmental Information Processing b
= Organismal Systems
= Cellular Pr(?cesses Energy metabolism m 6 June
Energy metabolism m 7H July
Global and overview maps Amino acid metabolism m 8 August
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AR H Gy B4 — 2 Tk

24 WEMBERNEEARSHAERFHXER

FIFH R B XHRUEYT KRS S5 F S EREE R
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HF#E17 RDA /¥, Jeiliid VIF iHHE i VIF<10
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5 T A W B i 5 0 S 3 AR OGS A FH RS 59
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Fig.3 RDA analysis of microbial community on Phylum level and environmental factors (a) and
RDA analysis of KEGG pathway (Level 2) and environmental factors (b)
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FRIA M YE N AN V% B M ASE R AR,
RETE ] . WA T T4 L (PRik 255, 2015), FEMLAY
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PR B T (B SC RS, 2023) BRI [R] 37 58 i A
T 22 = A X U W e B M (Adair et al,
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Tl ) 5 B K AR v AR P A O 2 A AR MR R .
6 AW ] Limnohabitans J& 5 LK, EB R
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ERE LA, 2022), 7 H TR SR & g
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TR, FHAME R RO MR B R AR, AHF5E
3 3k 7% S DRV AL I R T A o R I KA P e B
R TR AT ] L RETR, T 5.67%~17.54%, JUH:
PR A B AR B e 7 AR
AT HAB A 6y, mire 8—10 H WL BT W
PR JE— DL AN A5 1 E R T, BEAS I T K73
PRI e g RN 48 A 32 0 G0 A= M R, DT o005 Bl A P
TESEHE o T 95%0Y 1M s A SR 8 T8 R W A H
(Caudovirales), Ff H W 54 1 4 73 5 A= W1 £ 4153
FETIKF B A — S0P 555, 2023), AR EM,
B LA SR AR T O TRV T IR L AR L 4
OO AT BR A . 2R TR TR S B AT R W A AR B i
(ZFFEE, 2023), MIMIBkmeE R AR S0, WERRIAR T Sl
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PRI TR RE M HBE, XK AR A A 1 2 2T e ma ik
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AW HIN N, Chl-a A pH 500 fie i 3 1Y PR EE
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YRR F TR AR, TR 405 7E i B K A
1 i 7K A U ) AF G 32 5 B 7K 48 2% K T R AR (R 25 4,
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PETTRN 9 H SRe I 140 T = B 5 e T B, AT 1A 1 4
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2022), XU EAMR P RAWEELETT. WFFETT.
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H NH;-N 2 S8 7K R v A E P 3 5 245 4 1) 2 22520
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HEBRE (Streptococcus parauberis)3F (FERTA 45, 2023),
ABIFE 5 GE B PH K A b s SR R B BR T, 7T RE R AE SR
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Metagenomics-Based Analysis of Microbial Community Structure and
Function Composition in Aquaculture Pond for
Chinese Mitten Crab (Eriocheir sinensis)

ZHANG Xu'?, ZHOU Li'", CAI Min', CUI Naxin', PANG Si', ZOU Guoyan',
ZHAO Zhiyong’, YUAN Quan', HUANG Weiwei', ZHANG Yalei’

(1. Institute of Eco-Environmental Protection Research, Shanghai Academy of Agricultural Sciences, Shanghai Engineering
Research Center of Low-Carbon Agriculture, Shanghai 201403, China; 2. State Key Laboratory of Pollution Control and
Resource Reuse, College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China; 3. Institute for
Agri-Food Standards and Testing Technology, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China)

Abstract The structure and function of microbial communities in aquaculture water bodies are
important in the aquaculture ecosystem. To comprehensively and systematically evaluate the structure and
functional composition of the microbial community in the water during Chinese mitten crab (Eriocheir
sinensis) cultivation, the water quality indicators in the crab pond in Chongming District, Shanghai were
monitored monthly from June to October 2022. The microbial species and functional structural
characteristics in the water environment during the breeding period were analyzed based on
metagenomics technology, and their relationships with environmental factors were discussed. The results
showed that the major water quality indicators that exceeded the standard in the breeding pond were pH,
permanganate index, total phosphorus, and total nitrogen. During the breeding period, the diversity of the
microbial community in the water body from June to August and the richness of the microbial community
from July to August were high, and the dominant microbial phyla in the water body were mainly
Proteobacteria, Bacteroidetes, Actinobacteria, Verrucomicrobia, Cyanobacteria, and Uroviricota. At the
genus level, the top 10 dominant genera regarding abundance were significantly different among multiple
groups. For example, the abundances of Microcystis bacteria in July and unclassified o Caudovirales
viruses in August—October were significantly higher than those in other months. The primary function of
microorganisms is metabolism, including energy metabolism, global and overview maps, and amino acid
metabolism. Notable differences are present in the functional composition of different months;
particularly, the abundance of metabolic pathways in June—July was significantly higher than that in
August—October, and the dominant bacteria (Proteobacteria, Actinobacteria, and Bacteroidetes) were
major contributors to the aforementioned functions. The influence trends of environmental factors on the
structure and functional composition of microbial communities were consistent. Chlorophyll ¢ and pH
had the most significant impact on the structure and functional composition of microbial communities,
whereas dissolved oxygen and total phosphorus had a slightly weaker impact. The pathogenic bacteria
with a relatively large abundance in aquaculture water bodies are Salmonella enterica, Edwardsiella
ictaluri, and Staphylococcus aureus. The research results provide basic data for the study of microbial
community structure and functional composition in water bodies of Chinese mitten crab breeding ponds
and can provide a theoretical basis for aquaculture water quality control and ecosystem construction.

Key words Aquaculture pond; Chinese mitten crab; Metagenomics; Microbial communities;

Functions; Environmental factors
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