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SR I (5 [ 2 UF) 2 R [ A i 2r 5 Fh 7R 1 32
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2910 em 7KEE, WRATFER 1 AFEAR, R4
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FEALZET A (COD,) . AR (NOs-N), WA
A (NO, -N). Z & (NH,-N). A& (TN). M #k
(TP). MEJEWURY) (TSS). WilRh (PO, -P) Filit
4% a(Chl-a) W JESE K BidEbr . — 0 o Rk
SRR H L5 %, 0.2 pm JE ML 8 5 $2
HUDNA, ST . 00 i A 4 K
RFESH S ok, = A HLIX 405 WHS, YZS
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1.3 ERHEEXE
i F G ZE SR DU R RS R B VE, H
TR 2] DNA $EH, i H HOSC R R E SR
EVER 1AREA, AL 3 MR, (RET
—-80°C, #EHUDNA 5H FRUAED M. HTFIE
WAE RIS N R, =X 4 51h
WHN. YZN F1 SGN,
1.4 BEMGEXESEEL DNA 128
BEHLIEEE KNS AR . IR s . B F
4 TRBE R O IO AR A TR S R A
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25.0 g, FEHRE M EHE 3 BRI ST I ERE SR A
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REFMEN VAFEA, AKX 3 R, #
R AR5 T —80 °C fRAF . i HIZN T DNA 421Ut
7 & (MN NucleoSpin 96 Soi) H&HUiz i PN 254 2 T
DNA, #XJ5 Fi] PowerSoilDN Isolation Kit(MoBio)
Kl DNA Y, BN BEEE e r Tk 40 5 J5 kA 7
Fe 3B O A B o T T A A v P TR
CFR, =M HIX735028 WHC. YZC 1 SGC.
1.5 PCR¥EMSBENF S

fifi Fl DNA 2 Bia(0] & MR AR Fr R L DNA,
{#i ] PowerSoilDNA Isolation Kit (MoBio) £l DNA
We ¥ . L 20 ~ 30 ng DNA SRR, &6
T "CCTACGGRRBGCASCAGKVRVGAAT” J %
(1 I Ji# 51 %) il 42 % "GGACTACNVGGGTWTCT
AATCCIFAI B T 51 919 14 5% A= W) 16S rDNA
V3 K va iy 2 A R A2 X . PCR PR
25 L MR R, 4G BN IES 145 1 L. dNTPs
2 uL. TransStart Buffer 2.5 pL. TransStart Tag
DNA 0.5 uL FIf4% DNA 20 ng, dd H,0 #h A&
25 uL. i#Jid Qubit3.0 Fluorometer (Invitrogen, ¢ [F)-
xS PRV BT o SCPE E i F)] 10 nmol/L, i
[llumina MiSeq (Illumina, 32 [¥) #f 17 PE250/FE300
Xl 7, B MiSeq H 47 #Y MiSeq Control Soft-
ware (MCS) Z2HUF FI5 B o = 2 U P SCE A4
AL T Tllumina MiSeq “F- 5 (9 I 17 6 75 M1 71 o5
K v A YRR FRA 7 58 .

ARWEFEARAT T E K B2 T B R TLK ™
F 5% Jor A 3 R0 feff A B 25 DR S b o (A LS
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K& ESFAR SR, I BE b [ K™ R 22 B 5T B
VLK WIS B A8 B 2% B 2 il 5 1) 90 o 1 32 HhUAT
1.6 RS

X WU A B 0 JE G T A A T DR Lk, AR
FNEBT I SRIE BT A SO AT 43 S5 o
(operational taxonomic unit, OTUs) 5 J& F14) F 43
2530 RH Canoco 5.0 FA4XF PR 85E R F- 5 7K 14
170 TGl A O 2 LR A A DG 3 A T U AR 3
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B2y BT - 14 207 5150k 60 514 %% 97% #H
L K SE T OTUs UM 19 407 4> o A A REAS (1)
OTUs 0 510~4 121 4~; BEEEH R Ace F55L
M 774.91~5356.00, Chao 1 $55CH 750.83~5162.90;
HEK ZFEVERY Shannon 15400 4.21~10.23, Simpson

BHCH 0.821~0.997., HEA YR 5 KT 96%
(96.5%~99.3%)(F 1), FHIARWIM FIHEAMNEK T
PEAS B A W ) L L o

[ —HbIX, FEAS 4 B REVR 1 2R HEIT

JEJe>/KAE>l7iE . Shannon. Chao 1 Fl1 Ace 75 %%
¥rIohwle s, WmiasAk, HARFEA ZE 2% R
3 (P <0.05); Simpson #85 NETE B & & T
KAEFNIE (P < 0.05), 1M i 5 /K R 22 6] G . %
PEZESR (P> 0.05). AFRIHLIX TR I LNEBEE £ &
FEFNZFEVEARRL B # , Horf Shannon. Simpson
Fl Chao 1 H8 8 L EMEZE S (P> 0.05), Ace 15
BRI B3 T AN AU G4 (P < 0.05), AN
[Fi) b, DX ) K AR B A 9 Z RE M B0k, Simpson il
Chao 1 $5 4070 i M 2% 5 (P > 0.05); Shannon g
BRI 2 T R4 (P < 0.05); Ace $R 5T
Tt 3 5 T AN LRI 540 (P < 0.05), Wil %
W Z e FE Ko, A RIHLIX ] Simpson $5 %G
WEPEZE S (P> 0.05); Shannon Fl Chao 1 #5%k i,
TUZH 5 358 TR0 5640 (P < 0.05); Ace F8Bal i 40
B R TSR M 4L (P <0.05), BRI,
RIS REA G R YR 45 By, 208 2k
feHUR R
22 EFITKFRMEESEY

AN TR) Ml DX A Bl A= 0 B T I A TR o A T
14417, Hf 16 NI EE KT 1%, HFEE
=T 10% Z it s, A2 JE 1] (Proteobac-
teria) Al J5BE B [ ] (Firmicutes) 75 =~ Hi [X #f hy 45
X BT, HoAE s AL R4 3R 30.53% FiI
17.84%; KM 2H 1y 19.88% Fll 24.44%; #RKH K
19.27% Fi1 24.26%.,

TE RIS X R AR 25 5 FP 95 R 4eh, WHS
HWHA T HZIL T (38.36%) FL ]
(Actinobacteria, 17.35%); WHN 4 B E 5 # 1 TH
AL (22.76%); WHC 2H PR32V 1T R 28 I 1
1] (30.49%). JEBEREI] (43.63%) AIHLFTFEE ] (Bac-
teroidetes, 14.25%). TEACM b X [ FEEF LR & Fh I3
R24ih, YZS HIILRAET T 2L R (28.18%) .
W 40 B '] (Cyanobacteria, 17.03%) il it £k B 1]
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®1 7% HUEKF EERTEENFEEEMS ML

Tab.1 Richness and diversity index of bacteria in samples at the 97% similarity level
o —
di%jrisi%ﬁ?éx sampltf cz{fizgijtzi{:ation X WH AM - YZ LEESIES

Observed_Species(OTU) C 1458 +37.39“ 978 £ 62.26° 510 + 42.80
S 2858 + 34.66™ 2180 + 44.43™ 1512 +48.26™
N 4121 £41.62 3953 +73.60" 3915 + 84.65™

Shannon C 5.45+0.13“ 479 +0.42° 421+0.24°
S 8.16 £0.15™ 7.88+£0.15%° 7.26 +0.16*
N 10.23 + 0.06™ 9.85+0.11" 10.14 + 0.14™

Simpson C 0.896 + 0.013" 0.858 + 0.05™ 0.821 +0.03™
S 0.983 + 0.002* 0.982 + 0.001* 0.980 + 0.002"*
N 0.997 + 0.001** 0.996 + 0.001** 0.995 +0.001*

Chao 1 c 2212.74 + 86.72% 1964.42 + 110.46% 750.83 + 44.04
S 4118.14+161.93™ 3143.08 + 156.96™ 2076.61+139.65™
N 5162.90 + 78.63" 4706.32 + 56.83" 445132+ 68.34"

Ace C 2266.79 + 76.14% 1723.07 +75.78 774.91 + 44.29%
S 4339.67 + 96.52™ 3303.29 + 172.48% 1804.64+117.75™
N 5356.00 + 64.33" 4870.00 + 118.11* 4641.73+105.03"

MR % Goods coverage C 0.982 £ 0.003* 0.985 + 0.006™ 0.993 +0.001*
S 0.965 + 0.002° 0.974 + 0.003"% 0.987 + 0.002%
N 0.967 + 0.002" 0.968 + 0.003" 0.970 + 0.004

Ee W AT ARNEG FRERRARIMX Z R 82, WSS FRER R A XK, REMpEZ R R, BEMEKT80.05.
Notes: Different lowercase letters in the same row indicate significant regional difference, while different capital letters in the same column indicate
significant differences in water body, sediment and intestines in the same area, and the significance level is 0.05.

(23.10%); YZN AR THIEETT (18.36%);
YZC AP A ERER ] (65.11%) FKZ
17 (12.93%), TEHR &M X FEUFLE & F 5 R G,
SGS ML ATE TN AIE T (20.17%) . #5240
1T (23.36%). HUATF B 17 (11.97%) 1l 26 14 1]
(10.95%); SGN LA THIEEIT (22.19%);
SGC A MPLHR T HERETE ] (63.94%) FIAE I A
17 (23.19%)(&] 2-d).

T 5 A ) 16S rRNA V3~V4 X 7 25 FL 4
& Venn &, 2087 T AEIHLIX KK TR LI I7iE
HAETE AR RE (1 3)0 BRI KR IRTe LK
W 18 B A [ REAS SE 47 12 791 AN 4HT8 OTUs, 075
3702 34 OTUs, FHrf WHC HAF7E 613 4
A OTUs, WHNH 177 3786 4~ %FH OTUs,
WHS 4 A71E 1 418 IR OTUs (& 3-a), KN4
ARAK LRV S B AR B 13 509 4~ OTUs, 43
3147 M3 OTUs, A 11394 OTUs HAF1E
T YZC 41, 43774 OTUs HAF7ET YZN 41,
13734~ OTUs HAF1ET YZS 4 . &R KAk |
Ve M Wi A R B 12 1354 OTUs, 7 964

https://www.china-fishery.cn

MEH OTUs, A 673 4> OTUs HAFAET SGC 4,
59734~ OTUs HAF7ET SGN 41, 15774 OTUs
HAFTET SGS 4l 3 - X H  30 H i Ufe sh &
LMD TR R AU B 22 o AN [R) b X [R]— 2R R RE AR
H, KR E 2 606 445 OTUs, 2264 4~ OTUs
HAEAE T WHS 4, 1 5994 OTUs H 7 1£ T
YZS 41, 999 4~ OTUs HAF1E T SGS 41, Kt
& 4582 M OTUs, 25884 OTUs HAE7E T
WHN 41, 25194~ OTUs RAF7ET YZN 41, 2877
A~ OTUs RFFEFET SGN 41, il fl & 1220 43k
4 OTUs, 17374~ OTUs RAF7ET WHC 4, 2118
A~ OTUs RAEAET YZC 4, 6174 OTUS RAFEAE
T SGC 4, Lk 3 FARES T, A CHLIX [ FE
vt BRI A 1 A T T R SRR AR X A
23 ETRKENMEEEELEN

AR HEIX 9 ZHARE S HO AR 20 A T 1301 N,
Hp 14 ANEWFEEKRTF 1% fEEAKF L, RFH
BEH AL S AN (CF B >3%) 2H B K B A7 7 B
2R, AR IX ISR IR RS, WHS
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Fig. 2 Relative abundance of bacterial community in the samples at phylum level

(a) Pie chart of the overall bacterial community in Shaoguan group; (b) pie chart of the overall bacterial community in Yongzhou group; (c) pie chart of

the overall bacterial community in Wuhan group; (d) bacterial community composition of the top 10 relative abundances at phylum level.

WHC WHN YZC YZN SGC SGN
3786 l 4377 ' 5973

SGC YZC

2118

-

WHS WHN WHC
(d) © ()
B3 kif. KERBEMEY OTU K Venn &
(a) RBUAL: (b) KN () HRRHAL: (d) KHE: (o) JRIB: () BpiE.

Fig.3 Venn diagrams of the OTU of microflora in water, sediment and intestine

(a) Wuhan group; (b) Yongzhou group; (c) Shaoguan group; (d) water; (e) sediment; (f) intestine.
i [E 7K 7= 2% 22 32 /) sponsored by China Society of Fisheries https://www.china-fishery.cn
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H BRI E N Heel clade (8.13%) . ZA%FF &
J& (Polynucleobacter, 5.94%). Cyanobium PCC-

6307(3.52%) Hl Candidatus Aquiluna(3.98%); WHN
BAT G M FRERT 3% MR R ;s WHC 4L
P B AT TR AT )& (Citrobacter, 10.85%). X,
NI JE (deromonas, 9.88%) Fl [Anaerorhabdus]
furcosa_group (8.43%) 5%, TEAKIMN HFFERZE G Fh 7
R, YZS AW L% & R Cyanobium_PCC-
6307 (8.23%). Hgcl clade (13.66%) 1% ¥+ i &
3.51%); YZN ZH A0 34 i e
Dechloromonas (3.54%); YZC 4 B9 1 #H & 2
ZOR0006 (9.78%) . #UFTF 1 J& (Bacteroides, 5.41%)
F [Anaerorhabdus) furcosa_group (3.98%). £ #f
KBYFHREE G IR RS, SGS HMILH HIE &
Sphaerospermopsis BCCUSPS5S5 (8.83%). Hgcl clade
(5.36%) FIELHR HAJI R & (Roseomonas) (4.75%) 25 ;
SGN A F KT 3% HwE; SGC Ay
W B BT R AT H & (Citrobacter, 9.31%). #AFT
H JB (4.29%) 1 [Anaerorhabdus) furcosa_group

(4.58%) %5 (& 4)o 8 1 X AN [i) s DX AH [] Fob A6
XM, & B WHS 4l Candidatus Aquiluna F
2 KR T T Al TR AR DO R IR 35 T SGS 4 (P <
0.05); YZS# Hgcl clade 1 Cyanobium_ PCC-
6307 Ji 4 A X 2 B R R T WHS 211 SGS 4
(P<0.05); SGS #H Sphaerospermopsis BCCUSP55 ,
F B A1 1 8 A Pseudanabaena_ PCC-7429 J& 41 1
AR W BT WHS 4 f YZS 4 (P<0.05),
YZN 2 Dechloromonas J& 41 b AH X = B . 3% & T

(Polynucleobacter,

m JLfih  others
ZWJE  Pantoea
Anabaena_XPORK15F
Microcystis_ PCC-7914

B Luteolibacter

m Methanoregula

m P\ SIKEJE  Methanosarcina

SGN 411 WHN 4 (P<0.05), WHC A<M EE .
K& . [Anaerorhabdus) furcosa_group FlDysgono-
monas &M FEANXT B 25 T YZC 4 f SGC 4,
PG R A A R AN B AR X T B T YZe 4
(P<0.05); YZC ZH ZOR0006 Ja& 4l [ A Xof = B i 35
T WHC 41 #1 SGC, AT & J& 40 B AH X = B
FET WHC 4 (P <0.05); SGC AR AT H &
A AR B B = T YZC 4 (P<0.05),

2.4 BEEGEN)EAERSAT

fE OTU /KF- L, FIHMAY UniFrac 5 25315
EAT 0 A 0 T 45 P B 3 AR bR 43 AT (PCoA 43 #T),
o g6 A A R AR W X R RV Al (B 5). T
PCoA [ I+, BEAAR N —FMebr, TR —1E
A, PARAR R AR, Ko — D FERS,
B RN T AR 25 5 DTk E ;. P
B SRE—DHERWHEDX R, HPE L
P55 2Z 8] FR) R B8 S B 1 B 25 40 P AR AN TR B
AR BT, Ron PR s as A AL, Rk
TV S5 A AE DL RS o P RE AR 1) T SR AEFE —iE . [F)
— AU REAS A R — A e R . & Sl
B — AR AR R REAS 22 5 B DTHERE A 32.96%, 5
FE AR AE A 22 7 1) DTRREL N 24.07% 0 [F]—HBLIX.
ARIFEARZ 0], R FKIARG A 9 X 2R B 3 T,
ot BH A A 0 2 5 R R AL A B A A T s
Hvg 22 5800, SCIRIRE IR 7 B FAKR | VK
AW N 2ZE IR . RIZRAEASAR [A] M X 2 (8] b 4%
KB, v IR BR8P X R AN [ Hb X 2 []
fii 1) FREAE —&, FEEMALER R, AM5R

Pseudanabaena_PCC-7429
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Dechloromonas

m Z40E 8 Rhodobacter
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PR JE  Roseomonas

VERSES
relative abundance
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Fig.4 Bacterial community composition at genus level
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PUREA I B W 4230, Wb 2l s ARl 7K AR+
HEfR AR W X 2R BRI K M AR DL 350 G 1 o

25 MREREFHEES TR

AN TR b X FR KA pH Ry 7.02~9.64, V%5 i 4
H 3.26~4.84 (% 2), FIAE v R FEE AR O] LA AE )
JEFE, (HE G pH R T v FC B R S5 il A A7
Fil, 33X AT i S B0 G i X 77 9 v [ JR AR R AR K
RN | AN RARA RN 22— AN [ H X 3R
o QR B IR AR i 22 Sk, INAHZKAK DO TSS
A1 SPC #4 2 T M L A 4L (P < 0.05), i
KKK pH, TSS. COD,. Chl-a#J¥ . NH,-N
FTTN & i i 3 8 TR DAL Mk M 4 (P < 0.05).

R2 FREMXKE

I KR PO, -P FI TP & 8, W& Tk
AL FER KR4 (P < 0.05). 7K H 417K & NO;™-N FiI
NO, -N &t s, W& & TR e (P <
0.05)

TEFE &8 KV AR X 3= BE HT - 0 T A T K AR
Wi TR S IR B T Z B X R A HT . AR IR 3R BE
BTN & K- i K AR A0 B T S 85 R T 22 1]
) RDA 455 4n1& 6-a fTn, Rl g fig Be (0 4 Fh s
R 59.35%; HAHIRE MR RERI PR AS £ 30.11%,
JKAR (G TSS. NO5 -N FI TP % A 5] Hl [X 7K 44 20
BEIE A S IR . SRR B B 10 25 R R
B, IREE R F TSS FI TP i 2K 44 20 B B 45 52 i (g
F (P<0.05). TSS I TP X Ff V% A8 S 1 i B 15 - 1)
1 55.7% Fl 22.1%, 0] LLIA A S 9K B K 1A B 9 AR
S EEIREE T, TSS X CAF R4 4 Fh FR i
T ARG B 2R 1 5 R 2R M o AN
) Ml X (A 320 8 hgel clade 5 NO3-N Fl NO, -N
BIEME, CL500-29 marine group 5 TSS. TN Fl
T 2IEHME, Polynucleobacter 5 NO;-N, NO, -N
TP RIEAHC,

AN [ 1, DX 7K P 194 o G i 28 i 1 200 R
7% SIE T2 A Y RDA 25560, BEhbemm R
FIHI RS TR 52.57%, NN AE M RE R 9 Fh AR 1>
25.16%., ¥4 [HF PO, -P, CODcr, NO, -N Xf A
[Fi) b, DX MR 255 5 P R A2 5T e [ S B i 1 400 7

BFRELER

Tab.2 Comparison of water quality inedx in different regions

I HRFR HI TR (HES
water quality index WH YZ SG

##E/(mg/L) DO 4.84 +0.14° 3.85+0.19° 3.26+0.14°
5% /(us/cm)  SPC 191.65 + 4.74° 174.5 +6.31° 94.93 + 1.80°
BRI A/(mg/L)  TDS 122.07 £2.25° 110.36 £ 1.95° 60.48 £ 1.68°
pH 8.61 + 0.09° 7.02+0.07° 9.64 + 0.06"
b2 AR/ (mg/L) COD,, 24.70 +3.24° 31.70 £ 2.63" 73.20+3.97
BEFER/ (mg/L) TSS 21.00 + 1.36" 13.80 + 1.19° 45.70 + 1.65°

4% %a/(ug/L) Chl-a 0.027 + 0.002° 0.024 + 0.002° 0.037 +0.001°
JB%/(mg/L) TP 1.72 £0.05° 0.71 £ 0.04° 1.29 +0.04°
W E/(mg/L) PO, -P 0.41 +0.02° 0.21 +£0.02° 0.24 +0.02°
AR/ (mg/L) NH,-N 0.13 + 0.004° 0.20 +0.007° 0.26 + 0.009*
&% /(mgL) NO;-N 0.21 +0.02° 0.40 + 0.02° 0.18 +0.02°
WAYAE/(mg/L) NO, N 0.022 +0.001° 0.037 +0.002" 0.017 +0.001°

M%/(mgL) TN 2.88+0.11° 2.85+0.10° 4.65+0.12°

W AT AN 7 RRRER BE P <0.05).

Notes: Different lowercase letters in the same line indicate significant differences (P < 0.05).
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Fig. 6 Redundancy analysis(RDA) of bacterial communities and environmental factors in
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A de R Tz W R AT 2R, a] DAAR G e ik
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AR BB AL fEAR T, BB
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BNRSRIE . HLAh, AR TR RE R ]2 s iE
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Analysis of microbial community structure in rice-shrimp integrated culture
system of three different areas

JIA Lijuan ’,  WANG Guangjun >, XIA Yun’, ZHANG Kai’>, XIE Jun?
YU Ermeng °, LI Zhifei’, GONG Wangbao’>, TIAN Jingjing *
(1. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China,
2. Key Laboratory of Tropical & Subtropical Fishery Resource Application and Cultivation, Ministry of Agriculture and Rural Affairs,

Guangdong Key Laboratory of Aquatic Animal Immunity and Sustainable Aquaculture, Pearl River Fisheries Research Institute,
Chinese Academy of Fishery Sciences,Guangzhou 510380, China)

Abstract: Environmental microbiota plays important roles in the intestinal microbiota of aquatic animals. Procam-
barus clarkii has become the most important commercial species of shrimp in China with high commercial value,
and the main culture mode of P. clarkii is rice-crayfish co-existing. P. clarkii culture is an important economic
mainstay in Hubei province, China. However, information on the gut microbiota of P. clarkii is limited. To study
the difference of bacterial community structure in the intestinal tract of P. clarkii and the environment of rice-
crayfish comprehensive culture system in different areas, and to provide some basis for improving the comprehens-
ive culture strategy of rice in different areas, Illumina MiSeq high-throughput sequencing method was used to
sequence and analyze the two high-variation regions (V3-V4) of 16S rRNA gene of microbia of the water, sedi-
ment and intestine of P. clarkii in different regions (Wuhan, Yongzhou and Shaoguan). Redundancy analysis
(RDA)was used to analyze the relationship among water, intestinal microorganisms and environmental factors. The
results showed that the diversity of the bacterial community in the water, sediment and crawfish gut of rice shrimp
integrated culture system in Wuhan area was higher than those in Yongzhou area and Shaoguan area. The bacterial
community structure in the water and sediment of the rice shrimp integrated breeding system in Wuhan area was
similar to those in Yongzhou area and Shaoguan area. Actinobacteria, Cyanobacteria, Proteobacteria and Bac-
teroidetes were the dominant phylum in water, Proteobacteria was the dominant phylum in sediments. The domin-
ant bacteria in the intestin of P. clarkii in Wuhan area were Proteobacteria, Firmicutes and Bacteroidetes at the
phylum level, and Citrobacter (10.85%), Aeromonas (9.88%) and [Anaerorhabdus]_furcosa_group (8.43%) at the
genus level. The dominant bacteria in the intestin of P. clarkii in Yongzhou area were Firmicutes and Actinomy-
cetes at the phylum level, and ZOR0006(9.78%), Bacteroides (5.41%) and [Anaerorhabdus] furcosa_group
(3.98%) at the genus level. The dominant bacteria in the intestine of P. clarkii in Shaoguan area were Firmicutes
and Proteobacteria at the phylum level, and Citrobacter (9.31%) , bacteroidetes (4.29%) and
[Anaerorhabdus) furcosa group (4.58%) at the genus level. The results of correlation analysis between environ-
mental factors and bacterial communities showed that TSS and TP had significant effect on the bacterial com-
munity structure of water, and PO,” -P and CODcr had significant effect on the intestinal microbial community
structure. The results show that there are some differences among the gut of P. clarkii, water and sediment of dif-
ferent regions, and the microbial structure of water bodies and sediment is more similar. The microbial diversity in
the water body of rice shrimp integrated culture system in Wuhan area is the highest, which is beneficial to the sta-
bility of the breeding system.The culture environment in different regions did not affect the core phyla of microor-
ganisms in the culture system, but changed the relative abundance of dominant phyla and genera. The nutrient con-
tent of culture environment will affect the microbial community structure to a certain extent.

Key words: Procambarus clarkii; integrated shrimp in rice field; water; sediment; intestine; microbial community
structure; high-throughput sequencing
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