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B F: Oy T RIORE AR E IR RO T AR G B R ( Eriocheir sinensis ) Iy i T A L S5 F1 AL IR RUBR S 1,
T[] — YR R % ) T AR G BEAE S R 10 X0 i T TRTR: | S i TEHS ARUL PR 30 B R R RR R A T 7E
SRR e ol B S TE LS R R FORE T 1] SURF I T] TR R T I RSRE T ] o 721 IR A AR A )
FA I R UM 1S D0 T, 22 1 A AN TR RS AR O RE R . NS H 2 10 H i I FRFE RS rh AR
T T TR AR 19 BE RN A B T e Tt 8 R AR T M T R 119 S R R G
o PIRHIRFE AR T v AR A i 8 P 1 SR A AL (SOD) 7 5 H IG5 T 10 H 16 10 H YA
AT B 2 WG P B Tl (LZM) MR RIR I (ACP) 35 TAE IR, AL LI R A i 14 Fh BRI
SR, SRR P TR IR R (TSAA) > B IR LR (TBAA) > GEEIRZIE R (TUAA) , H itk IR
BT ARG JLPA Hh TSAA FIELIF B 2 LR TFAA & T8 I SRR St o I, il SR A e A A
PSRBT A rh AR S g 3 T AR ) b SERGE , S e I o, JULPAY RUBR B A

REEIA): PR SRIEBE I IE TR SR s WUA T B R

hESES: S 961 XHEIRERS: A

Fer v 23 5 i 5 0 — o B s 801 AR 250G 2R
FpFRAEC, B AR AR 25 4 A 2 Al 1 i 55
Fiab, BRTTETR B A A e L P ARG
( Eriocheir sinensis) &3¢ B A 09 & LK 72 i, 18
FEE AR AR A IR R A TR E =
eI, LAV B R ESE T T, R
REWS hy h AR G o S A AR I 58 OB IR, ie ™
KT HIE G A 6], 4 B R A i A S 3R B I 40k
FRA L OIEHHE M

o B PR 2 BB R R e A
B S G i B, W 18 TR A 2 AR
AEFr e DI RE Jy T A H5 G AR T R 3E 4
A TR BB 1S 9 A A T, T TR S R ] BB
AT I KU o A BT S B A LR A
F9 A e R A R S 3 TR 22 R A e
I BELZE A A 5% (white spot syndrome virus ) ffJ 7]

Y75 B EE: 2020-07-05 & E BHE: 2021-09-16

B Gk /By I o3 -aa o' | A S
VI DA 52 22 ol DR () S M), IR RV 4R
FIBIR Y HATC Ao & PR H B
T oL G R AR ( Procambarus clarkii) i T8 1 7 7F
AV ST E R — e B B T A 1
P FRFE I b A GBI 1 1 TE AT TR ( Bacteroides )
F18) = B TR R G A R 2 R 2 AR R Y 4 ~ 10
5510 R AR 2R A S 0 B 1 R T )
(Tenericutes ) # #t B AE K1Y F &H JE £
21.9% " . il W BE R AR AL S 1 38 SR
DI, IR B T B R IR
TS A A B AR EE . AR 3% 5 e EG R
R4 S H 5 LA KUK 2 B IR & B 0 2 5 Tt o
FRFH, TR IR E AR A g 0 DL T 0 5 B R B
T T 5 B LA e R B
TR, 5 B A Y 2R R T S

BEEUH: BRESVIE EORE" HRLEE M T H (2019YFD0900305 ) 5 Ui 4k K24 3114 (2121993197 )
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A TR AR T ) R X G G 5 AL PR XA 3 i
SN AR T F AT A [ 3 SR SO0 rh 4 Gl s
H B AW | SR s X i T ) B — el BT
WIS, A G T BTSN 2 o ASHIE 5T I T8 Bk
AW RS IS rh R GRS E TE A SR A AR
5 L9 SRGE N o 1 T AR AL A Tl
LWUA B E 5, IR R AR SR N il it
DA O R T 2 v i 88 ) UL P XU ) 488 1
A2 K

U RPRS ik

L1 it 5tEm*

ARG TE 75 MR I 7 B i R AT [R] it
BR300 B A I 5 8 AT 4 5, b g it
AR FH 3 A A2, 0 1 () vl % 97 4 4 R AR 2
IR BEDRL, R IR A . B R A%
FERFHE A 9 000 H/hm?, b 30Ky 15 000
H/hm?, 5 AREG IR 10 HE S THGRE ; 5 4
JJECEN 10 J1) 2050 3 o % 5 8 B AT IORE o S
JIMIELH (MP) (R BTy (15.35 2. 81) g,5 A F4
HIZH(MR) R (15,15 +4.04) g, 10 3%
H(OP) KTty (32.52 £5.25) ¢ 10 JFHHA
(OR) {RJ5iH Jy(26.06 £6.38) g, HE4IHUEE 10
H W alykiz B9 s M e, ) B2 m
W7 A54RH L, WL BB R AL, & T e
BLOE ST - 80 CUkAAPIRAT
1.2 #mibiE
1.2.1 [l DNA 3201

HRAE RARAE W) 22 ) Y FEME L 41 DNA 42 1)
PR GRS 4 ZHAE AL (R 10 DREAS) 1
T FEMEAE W) 3R 4 DNA
1.2.2  DNA it | af b A sy il 5

PCR 3" 34 Hif >R FH BB W BRE 1 HL vk ( AGE) Al
OD 5 ¥ 46 ) DNA &0 B2 15T o, 1) FH 45 1 35k
519 (341F . 5'-CCTAYGGGRBGCASCAG-
3'%1 806R :5'-GGACTACNNGGGTATCTAAT-3") §~
i 16S rDNA V3-V4 =745 X, ffi F| Ion
Fragment Library Kit 48 rxns ( Thermo Scientific) 4=
BNy SCPE it i Fi @ 2.0 55611 ( Thermo
Scientific ) #F47 H B VAL , 5 )5 1E Ton S5 TM XL F

5 1RSSR I 55 400 bp/600 bp 119 4
S, T A A PR 7] TonSSTMXL -
£ (Thermofisher, USA) i#4T 16S DNA 7= 3W £ il
58
1.2.3 ARG i I E

R AR 5 A8 U o, PRI, H4 3
SR 129 In AR LK, 515, HE.OHLE 4
CFLPA3 000 r/minl #3250 10 min, B FIETH
VE PRGSO , 73 591442 BE R ot g o iy A0 I 1K)
GV A3 I E 1 B (LZM) | R A 5 1
(SOD) i AL Z B (CAT) | Bl PEBERR B (AKP)
FNBR IR (ACP) H B o
12,4 FEAE RS LD 0% 25 2 B

¥ OP 41701 OR ZH I LPAREA I 6 M
P A UAREA T HITIRZY 0.1 g, A 9 A5 AR
AR A K S L, B LA 22 LA 12 000 1/min
Fe B0 10 min, U EVEW, LRSI K RIS
T 3L 7K 4 R AR B LE 2l 3002 900 YR A5 )5 #it & 30
min BHRE A WA 12 000 r/min 753 B 0> 10 min,
SR ETE, 2 JUL PR 90 g R 5 Ty 1, A Y
e 4 A Bl Z AL IR 43 BT (LASO80 ) HEAT 2 Jk IR
B E
1.3 HiEREXEER

Jo i B A ) I e KA Dy fastq A% 5, Al
Cutadapt FPFHEAT 328 08 A1 5585 43 %1, e i3 B 18
F QIIME, Microbiome Analyst ( https://www.
microbiomeanalyst. ca) 52 i, fR#E OTUs E 254k
B, — XA OTU WK 75 #1749 Fh b
75 30 A B 1 ) B B AL T A R Ry
A7, [R5 OTUs F2J5 | Alpha ZHEME, 15 BIFEA
PR £ E RIS AR R, LA AR SRR
Z ) H UL AiE— Ay OTUs {5 &0 75 —Jr i, &
OTUs 17 Z ¥4 b X, iff — 2515 2R [A A
AFFER R HE R 451 22 5, P i ad PCoA [ 4E 5]
BTN

J i S IS KL A B HE R 45 R R TP 1
B = FrifE 22 ( X + SD) %7~ , f# ] GraphPad Prism
v8. O X Jy 3 B J5E Wt % 45 SR R AT 07 22 73 Bt (Two-
way ANOVA) XS JLY 2 HE FR 45 SR A7 S R T
223 #1 ( One-way ANOVA), I FH /K FEH P <
0.05,
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Fig.1 Alpha diversity of the intestinal microbiota of Eriocheir sinensis from two modes in May and October

AR S PCoA Jr 25 R (181 2) Al A,
AN [ B TR IURE 14 v A 8 8 20 T A v A B 50 T
ANTRIIRBETAE 2T A0 BB v X LA DX 5], 271 4 224k
X F A G 2R 88 I T TR P2 I B R

MP OMR @©O0P OR

0.2

(=]

Axis. 2[13%]

-0.4 -0.2 0 0.2 0.4
Axis. 1[81. 1%]
MP.5 [ b8 ; MR.5 JFFH & ; OP. 10 J ¥ #%; OR. 10
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2 5AM10 AE BEAMMHAFEEXT
HAE G BB AEE B PCoA 4T
Fig.2 PCoA of the intestinal microbiota of
Eriocheir sinensis from pond

and rice field in May and October
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Hi & 3 AT, LuA S A 10 H AR SR AR
(] R AR B R 1] KV AR Y 2E I, P R A
N v A8 G0 2 B 10 00 35 T 1) 38 8 BBE T T
(Tenericutes ) . A ¥T # ] ( Bacteroidetes ) | 7% Ji2 B
["]( Proteobacteria) FllEBE [ ] ( Firmicutes ) , A4S [A]
N B A SRS LT T AR i R AP e 22 %, OF L
ITFEA——XTR . 5 7 MiyEs s hAe sl
PR T BE T 1] (51, 32% ) (4UFF
WI1(22.24% ) ZSIEEETT(13. 14% ) FHEEETR ]
(10.40% ) ,5 A HFRFEMCE h ARG i 18
DR T 9 BCORE TR T (77. 44% ) | J& BE & 1)
(12.63% ) AHF B 1T (7. 17% ) FAZTE W]
(1.97% ) ,10 J I FRF AT rh A g 8 i gy i
R T AT (41 62% ) AT 1]
(29.42% ) FIEREETE 1] (24. 78% ) , 10 J i H 77
BT rh AR SRR T B LA TR T D BOBE T 1)
(37.24% ) . = @i 1] (36. 91% ) U +T I 1]
(17.96% ) FIERER ] (6.12% ) . 5 H A1 10 J,
et FE R AR AR X v A Gk 2 B T 1 v 2R T R R
RE TR A~ B2 X g Tt R IR AR, I T Y R
U gyt IR A e = TR AR AR, NS
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210 H, BOBE B[] 1) = B2 78 P A IR G AR SR 1
REAR, T AZ TR R 1] AT B 1) R0 R BE B 1] %) = i
B BT, Bt n) 22 5w s 2N Vibrio (I
J&) . Dysgonomonas (45 Bl B B+ T 1) — J& )
Bacteroides (1T & ) 55 AR H 100 £ ELER
IR AR P AR, A 1. 97 %, AHAE L 37 57 5l
BEATNEIL 13 14%, 2 R WE FE R
Dysgonomonas , Bacteroides , i 1£ 10 A , Wb 3 21 &
BERR [ ] BEFIRS A1 (6. 12% ) AH HE AR, A
3.58% (F 1),
2.2 MAFEEAPEHREEGESRHEEGT
teB 5 #h

WS AEN10 J, R FRaaasl R hAe gl i
JiE ) SOD 78 5 H s & T 10 A (P <
0.05),1fii CAT F1 ACP (LI H 10 H =&
TS5 A(P<0.05), 51, FHFEHEEXT 4
GE R 7 E T SOD JE P T B SR A (P <
0.05) ;10 J], s F st ii= T h AR o 2 B fi i v
LZM 71 ACP {f P TR I SR A A (P <0.05) o
W2,

« B I
o

0 2X10° 4X10° 6X10°
Actual abundance
| Ry

. p Tenericutes - p Firmicutes
Phylum . p_Proteobacteria- p_Cyanobacteria [ p_Fusobacteria
. p Bacteroidetes pﬁActinobacteria. p_Chloroflexi

MP.5 H iy, MR.5 A FSH%&; OP. 10 A ihy#%E; OR. 10
HFEHE,
3 SAMI0 AiE FEEAMAREEXT
rRAL G BERR R E W B ) K S E
Fig.3 Structural characteristics of intestinal

microbiota in Eriocheir sinensis from

pond and rice field in May and October

*1 AEEATS A0 FAFEEZEREHILA
Tab.1 Significantly different bacteria groups in different modes in May and October
I 2% %70 H7 Significant difference analysis of Metastats

25
5] 7] Phylum J& Genus
. N . . r Bacteroidetes 8 fT B '] : Dysgonomonas %% .l 3 Bt T (1 — J& .
R AR
e s ﬁn;ml:tes. f\:ﬁ" Iij\ I*J?‘Erl?jte()badena LT Bacteroides $) #F 1 J& ; Firmicutes J& B 1% ] : Clostridium 12 % J& .
\Bacteroidetes ] Lactococcus FLIR1F &
MP 5 OP Tenericutes EE[ | ]  Proteobacteria 25 J& 1# Proteobacteria & J& [ '] : Vibrio JK & J& ; Bacteroidetes 14T B 7.
' 5 Dysgonomonas 4 UL} Hg— & Bacteroides 10LFF 1)
} Proteobacteria ZF T | ] : Shewanella 75 FU I i J& ; Bacteroidetes {1
M . P o N . ] =
R 5 OR roteobacteria AT '] il Dysgonomonas SEEHATERL T 1) —J& Bacteroides U )&
) 3 R gy — &,
OP 5 OR Firmicutes JFRE ] Bacteroidetes 41 T 7 ']: Dysgonomonas 5% F. Jf 1 B+ T ) — Ji ;

Proteobacteria 28T 17 | ] : Acinetobacter ANEhAT
H:MP.5 Jih Y58 ; MR.5 A FGHEE; OP. 10 HiJs%; OR. 10 H g HIAE,

R2 SAMI BEEEHAMFREEX THERAEETEREEEN

Tab.2 Intestinal immune enzyme activities of Eriocheir sinensis from pond and rice field in May and October

LZM/ SOD/ CAT/ ACP/ AKP/
(pug/mL prot) (U/mg prot) (U/mg prot) (U/g prot) (U/g prot)
Aty - - - - -
Month g e sk i s Fal sk e i Fli
Pond Rice Pond Rice Pond Rice Pond Rice Pond Rice
on field on field o field on field o field
?Vl)azjy 53.89+1.39 54.26 £0.79 0.38 £0.03 0.46 £0.003* 0.14+0.02 0.19+0.01 0.24+0.03 0.28+0.01 0.16+0.03 0.20+0.03
10
O(tojlje 55.56 +0.39 40.48 +1.85% 0.22 +0.0320.29 £0.02"> 0.66 +0.04> 0.59 +0.10> 0.74 +0.13> 0.66 +0.032> 0.15+0.09 0.13 £0.03

TE - a FOR A H A R BOE ] 22 5 .35 (P <0.05) b FR AR [R] A ol 7] 22 5w B35 (P <0.05) ¢
Notes: a represents significant differences between the data of different modes in the same season (P <0.05), b represents the significant
difference between the data of different seasons in the same mode (P <0.05).
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2.3 AMFERXTHEAEBEINARSRE
BRAM L ST

e B A SR T — Rl KUK ) Jo , B o (I 4
EWR , TG R 1) SRR B R 95 (B (TAV)
PR, 4 TAV (ERT 1, U6 2 22 bR Y JBOxt
7 b 8 R S R R, ELRCE R, BTk
KU 0 3 R, FE b RS MR SR AR
A SRR LA R SRR 14 ol B R
Mo FEMIEFRFEAE T LA rh iy B a1 A
o 17 703 mg/100 g, HoAP A& R (4 543 mg/100
g) JEE R (4 443 mg/100 g) AT 2K (4 247
mg/100 g) 7 5 45 = 0 59 ol 1 1 4 PR A 1Y
26.47% \25.88% Kl 24. 75% , N A W8 . A A Bk

IR 5 L 2. 44% 2. 14% F12.03% .,
Hh R AR N R H =B & R0
WEFRPARLA T h AR g B LA P v TR
FRPAAR i, AR 1 1 3 B R 5
PR T AR g B R LA rh & i T YR SR A
H 2% 3 AT R BR Z LR (TSAA) > RS IR
LR (TBAA) > SR 2 HE R (TUAA) . b5 5%
BT ARG B JUL P v TSAA 5 T HH 7 5
B (P <0.05) , H b R FE AR rh A of 2 1
LA H TFAA (007 25 2 FE R ) /o T HH SR i A
Ko RELLERYEIR M5 IR AT rhAe gk 2
Joge EL A i B 1 UL PR XU

R3 10 At EEHAMFRERX THEAEEIATEREERNSE

Tab.3 Content of delicious amino acids in fresh muscle of Eriocheir sinensis from pond and rice field in October

Wi Pond FiH Rice field
‘ i/ HORTEIER WORELER
43%% Category £ %K Name Threshold &1 Content/  Taste active Percentae/ 2 H Content/  Taste active Percentace/
(mg/100 mL) (mg/100 g) value/ %ab (mg/100 g) value/ % 8
(mg/mL) (mg/mlL)
ﬁ%%%ﬁ&@? RAGE R Asp 100 26.23 £5.83 0.26 0.15 39.50 £10.31 0.40 0.24
ECT(?“ e REM Glu* 30 419.41 £36.59  13.98 2.44 282.70 +37.92 9.42 1.71
TR Ala® 60 4543.20 £127.85  75.72 26.47 3449.87 +143.90  57.50 20. 89
zﬁ‘ii%@ HEm Cly* 130 4247.71 £235.68  32.67 24.75 3344.14+153.91 25.72 20.25
oo acid LR Ser 150 179.55 +15.79 1.20 1.05 151.28 +15.15 1.01 0.92
4R Thr 260 179.84 £9.19 0.69 1.05 115.40 £6.29 0.44 0.70
KR Arg 50 4 443.18 +425.00  88.86 25.88  3592.28 +514.85  71.85 21.75
Y4 R His 20 184.72 +25.17 9.24 1.08 191.93 +16.24 9.60 1.16
o StER e 90 72.52 £6.57 0.81 0.42 64.42 £5.09 0.72 0.39
gt‘iiﬂ%n@fw L4 Leu 190 115.07 £12.92 0.61 0.67 111.22 =11.44 0.59 0.67
acid B 4% Met 30 243.57 £21.93 8.12 1.42 208.77 +24.24 6.96 1.26
SN Phe 90 143.62 +29.19 1.60 0.84 210.35 £17.27 2.34 1.27
S Val* 40 47.12 £2.62 4.56 0.27 76.97 £4.71 3.12 0.47
W44 Tyr - 71.31 £14.35 - 0.42 97.42 £22.10 - 0.59
Sl B S SR TFAA 5761.89 100. 00 4 809. 44 100.00
e SRR S LR TUAA 17 703. 11 £633. 66 2.51 14 626 £849.53 2.20
A3t Total JLFIBR 2 LR TSAA ™ 445. 64 51.69 322.20 48.27
MRS TBAA 9 150.30 32.54 7 060. 68 32.88

TE + o 7R AT AR F A P oo A AL A 28 2R 75 A7 AE 22 5% (P <0.05) o

Notes: #* represents difference between pond and rice field mode (P <0.05).

3 ik

3.1 AMFERATHEGEBEFRHEN

IKTEBI) by 5% IR 25 A 5 R i A E B
AFEE , IR WA AL A P i o SR A=A
PRIE N 7 25 34 n] AE — 5 PR BE L R I 4828 1 S
Bt 3, T PUCTE TR RE 8 0 2o 7 9y 400 1 45 32 1
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RHE AR AL A G | Sy 5 A bR
REDRESE ", T B A B TR 0 R
W, A G AR A LR A S e R Ge K 5 T Y B
ko S BN 10 AR SRR T A sk
ST N TE RN F B R 2R BT B T R
ZAEER IR R SR R UAR R IR REK VA A T 1
EfRE I B 2 Y K R P RS B
H AR G B gy T TR AR Y AR PR B v, R T 4E 7 Pl
AR

X5F FLEN XU ( Litopenaeus vannamet ) FBWTSE
PR, Shannon F§ $i0Bk =, 4 B 1 V& 19 Fo o P
U RGBT ASHFST R B
Fror AR i 38 1 FE Shannon #5878 5 H A1 10
¥ TR RGN (P <0.05) , H7ES A
10 H e 724k, Ui Wb 3 A U 1 rh AR 4
B R AR R AR AR E . mIE T
T 9 9 K AR Bl 1 9 R e AR 2T B A
KB IR IR E AR R EE . TR
W T R B2 A A 45 3 R, AP SR G AR R
HEGY BB 3 b ) DL 2 R BBE TR ] R T T
] AR T I REEBERR 1] o 3 5 7RV T 7 T8
S5 117 v A2 S Ji 3 TR R Y DG TR R 4
RIS H U AR H SRR R R
TR F AR = T 10 H 7S A R SR A
ik 77.44% , AL S W] rh AR S8 8 vh U LS IE 1
2N 43% ~50% ", 2 S5 K, ol g 5 i
A 0 23 B D5 A A — A G, S W T Y J2
16S rRNA )77, i 4% SC FH Y 16S DNA 573 St il
v o RIS P [RIRE 23 BT J7 i, VL IR A8 %Ak 1 i
JERER IR F] 90% L BT SARHR AN R 25
SRR, U S T A W R A 5 AR 0 R/ Bk
A BB

10 APiFh SR AT B IE W T F= R4 S
A¥Tm, B S 10 7 s FRaasi T hAesk
B8 h AR TR TR 1 0 BE AR TR R G AR
Ko BT R, AT B A £ B E0m 4
W [FINEAEIE ] 5 VIR OC ., BTE T T
TR A A AR MRS AR E AR AR, A
RESEUE FE R A EAL. BB W] IL-10
Il TNF-o 19338 % DIAH O, W] 51 & i 18 A AE [
NE, 3 B I N A ER BT ZE AL, AR K M R
W0 LR T AN ST R A R L T ST R
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Effects of paddy field and pond culture on intestinal microbiota, immune
capacity and muscle free amino acids of Eriocheir sinensis

ZHAO Liulan', LONG Yanan', ZHANG Leji', ZHANG Chun’, XU Lai', LIU Qiao', LUO Jie', DU
Zongjun' , YANG Song'

(1. College of Animal Science and Technology, Sichuan Agricultural University, Chengdu 611130, Sichuan, China;
2. Agricultural and Rural Bureau of Cuiping District, Yibin 644000, Sichuan,China)

Abstract; In order to explore the effects of pond and paddy culture modes on the intestinal microbiota,
immunity and muscle flavor of Eriocheir sinensis, the intestinal flora, immune enzyme activity and muscle free
amino acids of Eriocheir sinensis from the same batch of ponds and paddy fields were measured in May and
October. The results showed that the dominant intestinal flora of Eriocheir sinensis were Firmicutes,
Bacteroidetes , Proteobacteria and Firmicutes. In the case that both season and breeding mode had an effect on
the intestinal microbiota of crabs, and the seasonal change had a greater effect on the flora change. From May
to October, the richness and diversity of intestinal microbiota of Eriocheir sinensis in paddy field culture
showed an increasing trend, but there was no significant change in the richness and diversity of intestinal
microbiota in pond culture. The enzyme activities of SOD in May were higher than those in October in the two
modes. In October, the immune enzyme activities of LZM and ACP in pond mode were significantly higher
than those in paddy field mode. The total sweet amino acid content ( TSAA) > total bitter amino acid
(TBAA) > total umami amino acid (TUAA) was detected in muscle of all groups. The TSAA and total free
amino acid TFAA in muscle of Eriocheir sinensis under pond culture were higher than those under paddy field
culture. Therefore, compared with the paddy field culture, Eriocheir sinensis cultured in pond culture mode
has more stable intestinal microbiota in terms of time, stronger immune enzyme activities, and better muscle
flavor.

Key words: FEriocheir sinensis; culture mode; intestinal microbiota; immunity capacity; muscle free amino acid
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