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HEE: S50 B R FA KPR B3R 8 A6 o QR BN (Procambarus clarkin) T8 7 AT B AH O3 R K 52
Wi o FEARELR IR0 (GO4L, VE AN IR 4. 1.82% (GLAL). 3.64% (GHI14H). 5.46% (GH24H)#17.28% (GH3
) TR AN R 7K 1 K G BR A R e IR SR MR (PSR B 20 4.3 ) 4)8] o IR B S8 45 R Je D E  TE A AE )
PR ZEL AT R AR DG B R R R IE o 285 SR R ()P o (0 DK S BR 2R 0T e I 5 286 0 7 T 1 B 119 Alpha 22 FF 14 72
HEEMRm, B T B R . GLYA Cloacibacterium Vv 2 % Ml 16 (deromonas sharmana)$ 14
BERARST E R B2 m T HAR4 . 5Go4LMH b, 24 1# J8 (Rhodobacter). BIERH J&(Paracoccus). THIRIT H &
(Propionicimonas) AL 22 18 J& (Hyphomicrobium) % 25 A2 1 J2 F IGHAAT B (Caulobacter henricii) FIARR 3 BEAE
GH2BGH34H H 18 25 T B#; T GH3ZH 3 %5 1 J& (Agromyces) B2 IRIYUFT B (Microbacterium barkeri) B 8 L H.
it B J& (Pseudoxanthomonas) 1 ZE A AT B J& (Legionella) S V100 R B AT £ B & TG04l. Q)FEEKE
BREE B KT BT e, 5 2H R 2 Bt T R DG R DR ) T 7K ST S I — IR R At A0 ke S PR AR A e 3 . 5 GO AR L,
GLAFEZHER T (alf)s T 723 (cru) MU B A (hem)ZE R I R IEKF B35 TR BRE R E ABE-B (cst-b)Ak,
GHI1. GH2ANGH3 4 H At 7T 5 AH 5% 2k B () A8 A1 il o5 DR K LR ER 1 7K1 I T e i 2 25 1T GH241
est-bIRIE IV 35 5 T H R4 . (3) Wi B IR B AR DG 73 Hr 45 SR 3% B i 11 A RN 70 18 A DG ik B 2 TR A7 1 S 25 1
MRK R crus alfv CHUEEE R (lec-c)« TEHEE(lys)s HAIMIAN IG5 1455 T2 (iebf-2) hem. KL
HH-70 (hsp-70)Mest-bIFRIEAKT-5F IRIWF B BIBREJE . ZATHEJE. W BEE. Desulfovibrio putealis-
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bacterium ML 22 Y J& S WA AN F R R A B EN AR, MEREEIE . 7R & (Clostri-
dium Perfringens)~ B IR« FLEK B (Lactococcus)~ B B Bk B J& (Leuconostoc)~ 25 R K J& (Nocar-
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HE(1.82%)E— E PR REBS (L i iz 3E rh 2 A2 B AR, o838 Bl o A e, [0 B T TR 470 81 AH DR JE DR ) Rk
T e 7K R K S BR R 1 (=3.64%) AT eI 1 2 28 T 1 AR K, 3 350 I B AR 19 B, AT 1 i B R AR S,
I H B T PUREAH R R ik . AR Mgl R W BT AH G FE R 5 3l B (B AT REARAE — E I EAE G R
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¥ Af (Ctenopharyngodon idella)[g]\ HHELR B (Erio-
cheir sinensis)' " %% 41 Bt f1(Epinephleus lanceo-
latus & x E. fuscoguttatus 9)[1 U il (Carassius
auratus xCyprinus carpio)[lz]\ &t 8l (Cyprinus carpio
var Jian)" V5K = SR AN WD A A, VR R BURME R
TERIE. 5% 0K ZERE EX 2 IRTE AN Macrobra-
chium rosenbergii) )£ KA G T2 5, 78
REZWH(Scophthalmus maximus L.)FIFHRIEFEH, 12%
() K G BRER A A 51 W E 4 M= i s A 5 n A
i R A 2% H14.5% 1K) K L ER 8 1 T 4
1 12 2% 52 A Bt RN /)17 1 B £ (Epinephelus coioi-
des)f1AE KR 1 DL ERF TS SRR K E R R
16 7K = IR FE BN 2 e B A PRl RE e i, HS
I FIAAAE TR AUE B AR OC

B M AEY BA TSR ERKR KT TR
W S S NS 2 M AR D Re, dERE I E AR
Fa A A TRt K 7= FR i sh i st e e . oK
TEREE 51 IR 8 20E 1) R E 2 —
TER A EB R, dRE, 4%—
16%M) R TER R A T R BRI A B, i AR g
. B ER RN A BE i (Epinephelus fuscoguttatus Q%
E. lanceolatus3) e K32 8 gyt H JG € B & (Achro-
mobacter). SN J& (Vibrio). < . i 1 J& (dero-
monas)~ 3 . 5. i 16 )8 (Pseudoxanthomonas)
RIGHT B J& (Photobacterium) 35 7% 15 B0 B ¥ I AH
X FER 2 T E AT RS ERE o T
P 5L 0Ty T R B PRI B2 3 1 R R . B AR, R
2 B 5T SR AR AE I TE AR )t 18 S5 I SE 0 J7 T, 1T
KT1E F SR T8 A BAE F——R1 18 3
4] VB 1 T 2 R B S B g A0 e b 1
T 32 T 38 28 R o0 Rl B 2 DR 2Rk 1 Y A E 2
BT AR, dERE I E RE RS RS . BEAE
S8 JRAIEBH: Th1 740 i r= A= i — b 2 4 28 i 20 A A
TAl-17A/F1R] Y5 FI4ERF H AT 6 (Oryzias latipes)
)il R R AE T SEE T, Siis 2R T
(Anti-liposaccharides factor, alf). F7¢5(Crustin, cru)
FI% 1R B (Lysozyme, lys)S5AH B R o] 7= A4 — 2 1)
SR TIE R . A, CRIBHE R (Lectin-c,
lec-c)™\ AL S FE 3 38 D T 45 4 72 (Interleu-
kin enhancer binding factor 2, iebf-2)"". #1417 1
fif B (Cathepsin B, cst-b)"". 1L ¥ %& 1 (Hemocya-
nin, hem)”"F1 #4k 55 & 14 -70 (Heat shock protein,
hsp-70)"7 5 JE R S S R T BIESE 2 5 T 4t
TR S8 o T DR 2 BR A 1 6] X S8 45 B A 5 26 DR 1) 52
Wi B 1K 6 471 P AH 5% 25 DR 5 iz T8 A 0 AR AL 17
ROV P

e IS iR B R (Procambarus clarkii) R 55 55 <
BRFE, BZREWRETKR. 5K AHE
FEVSEEAJ 5T HE 40 £ 1 U A AR Ok B LG TRk i A

ME5FMEAMEMEARGEELALDENR
33.8% ) F A IR R A2 32 e PG 26 110 A R B
fe, SRTTHEE86.7% M x| LA K, phah, S
B AR AR 1 B AT AS BT T v 3 BT R KN J R
(Astacus leptodactylus) {14 KIR G2, 16 7 1 J5 2%
AN Ak S e S il = 7 5 S TSR = e 7 B 5/ =l
At 2 0 e A K R B e A A s BRI T
P JiE 2 A R B 1 A R B2 ] A F SR R
SHREAMAE 2R EHE RE T,
DRI I, A0 7 b D S 2 B L) s R S A ] K- 1
KEEREE A, 187 K 5Bk 0 IR 2 0 )
T8 B R ZEL B PR S, S5 4 i R B A T JRAE o B
R TRDRE A A 5 N B S B R B
o BEAN, IR TT T KIS ERER A% 0 B 20T i
PO AH S FE R R AL A B2 . WP IR &R K
JER T 1 388 A B 5 T 11 A 50 R DR TAT IR AH SR R R,
M =5 A 32 R0 P T8 A ) 2 TR ELAE R B
WEIE, N4 Ja oo PR T iy T i e AR e 7 32 1L 312
Z%,

1 #MR57EE

1.1 RIEER

e, PG5 2 0 56 PR R R D 1 K Bk B 0
PEASEEG % CUR R ARG 73R8, i BRI R
TIRE AR A BI85% L . DK . XS AR
FOKER B N 8 ERIE, & 75 T A KA & 4k
TR, SIAE G 7 kIR ) & X ae k) . IR AL 4
BRI T 0. 1.82%. 3.64%. 5.46%K117.28% 11 i
ANFIKFERREERE A, 2l S TSR ER T
0. 25%. 50%-. 75%F1 100%F Ky, IR 1K fir 44
NGO. GL. GHI. GH2RIGH3. XY K =Bk
8 H (Glycinin) ELISAKE WA & (5 2 R A
PR 2N 7], ER350M 52 %% 41 K B BR AR (1 S B 1 1 43l
HNO. 1.47%- 3.02%-. 5.00%K16.67%. ¥ 1A &
Bloe S HE, 60 H T . 2 )5, ¥ A LRk ™ 4
2 FROZ 2% TR IR R & 39 57, Ii NS T T#4,
B IINIE & 28K AR S . s Ryl CE 2
KRR A ML, A200)/% Hl 52 mm ) 50k 7 B, 45°C 4t
TZRIEE, T-20CH R H . SRR 7 I
1.
1.2 FrESLW

M EEE 1 = B B e N N TR S S | iy =2
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I ER I FE He . T4 rp fROD K 27 7K 77 2 B e B
FLH Y = WG IR IRTE R G0 9 R SE IR R 1E, 2R
J 358 BURTT U6 1 1) K 55 40 4.3 g i B o FG JR R AR
3004, [l AL 73 3 154 37 38 6+ (1.20 m>0.60 mx
0.45 m), B NFLIEEL20 HUF . K T D 78 KR EAR
(RIFR AT 2}, FEREAN BE T CE T 108RE B K

®1 ARES REFER(% TR
Tab. 1 Formulation and nutritional composition of experimental
diets (% dry matter)

2H 5 Group
4/ Ingredient
gt Ingredien G0 GL GHI GH2 GH3
9 4.8} White fishmeal 28.00 21.00 14.00 7.00 0.00

¥ PI# Chicken powder
FRE AH#rCorn gluten flour

12.00 12.00 12.00 12.00 12.00
10.00 10.00 10.00 10.00 10.00

K2R A Glycinin 0.00 1.82 3.64 546 7.28
fi% 5% A Casein 0.00 2.40 4.80 7.20 9.60
.l Soybean oil 2.80 335 3.90 4.45 5.00
1 5T High gluten flour 34.20 36.43 38.66 40.89 43.12
SALNEFL Choline chloride 1.00 1.00 1.00 1.00 1.00

%E ZTRIEYI Vitamin premix’ 2,00 2.00 2.00 2.00 2.00
)% R Y Mineral premix”  2.00 2.00 2.00 2.00 2.00

FALHINaCI 1.00 1.00 1.00 1.00 1.00
R~ #5Ca(H,POy), 2.00 2.00 2.00 2.00 2.00
P& L 71 Antioxidant 1.00 1.00 1.00 1.00 1.00
7% 7 Anti-mildew agent 0.50 0.50 0.50 0.50 0.50
PRI Sodium alginate 2.00 2.00 2.00 2.00 2.00
fll & Betaine 1.00 1.00 1.00 1.00 1.00
=M A Cr05 0.50 0.50 0.50 0.50 0.50
& 7% 40 iNutritional composition

#H 2% (A Crude protein 35.72 35.67 35.66 35.97 35.18
KL i Crude lipid 7.82 734 775 791 8.01
#/K 3 Crude ash 8.83 875 885 845 829

T Y E TR R me/kg): 4R A, 1.67; 4H4EED, 0.027;
44 KE, 50.20; 484 KK, 11.10; 4E4= 3% C, 100.50; HFR, 5.20;
ZBREY, 50.20; LA, 100.50; MHER, 100.50; P, 0.12; Wik,
20.50; %, 20.50; 4E4 KB, 20.50; 4E4E By, 0.02; £F4E %K,
645.25; "5 EE TR K (mg/ke): AN, 500.15; LK & RRIREE,
8155.55; /KA WM —&4M, 12500.51; BifE —&(4T, 16000.51;
— KB TEIR 4, 7650.50; LK ABRER &L, 2286.15; TLK A
FLIREY, 1750.12; -L/K SRR EE, 178.12; — /K& WL, 61.35;
FKEBRIR, 15.45; L/KABEREY, 0.89; UL, 1.50; AN
4, 0.59

Note: 'The Vitamin premix (mg/kg): Vitamin A, 1.67; Vita-
min D, 0.027; Vitamin E, 50.20; Vitamin K, 11.10; Vitamin C,
100.50; Folic acid, 5.20; Calcium pantothenate, 50.20; Inositol,
100.50; Niacin, 100.50; Biotin, 0.12; Thiamine, 20.50; Riboflavin,
20.50; Vitamin Bg, 20.50; Vitamin B;,, 0.02; Cellulose, 645.25;
2TheMineralpremix(mg/kg):NaCl,500,15;MgSO4-7H20,8155,55;
NaH,PO,-2H,0, 12500.51; KH,PO,, 16000.51; Ca(H,PO,),-H,0,
7650.50; FeSO4 7H,0, 2286.15; C¢H;(CaO4 5H,O, 1750.12;
ZnS0,4 7H,0, 178.12; MnSO,4-H,0, 61.35; CuSO,-5H,0, 15.45;
CoS04 7H,0, 0.89; K1, 1.50; Na,SeOs, 0.59

/NIPVCKE » TERIGI], MRIEARE . SEFIR
AORBLEE, 43 9] -5 K 8:001118:00 1] M 77 £ J5 25 R
BHNE . BRICKEN B  ERE R E . 1
TAME3h ), AR 2 R E4S C AR TR R fE B
KRR ER BT FEHE LI RFE4 R, 5 R WA i
SIS URAEIE S L, S5 AR T SR aR i . fEFR
PEAE R G H5.G0. GL. GHI. GH2MIGH3HI &
4y HIN3.56+£0.03. 3.90+£0.08. 3.10+0.03. 3.03+
0.02F11.67+0.02. £ 7758 W 1A], 7K i (25+2)°C, pH
7.4£0.5, #ARE(DO)Y>5.4 mg/L, SNH; -N<0.25 mg/
Lo B3R 1/3 A5 1 E RK, LR FFFF
BRI R 7K .
1.3 #HmRESHH

ESLIR T FRAE Ja, H 5, B PATREHLEG A
U, FETCER 251 N RN TE N A, WEGER, T
R BB A 2 . A, SRAE AR S A 45 1k
MR, {240 5 R AR AR SCHE M e T 5L, BT
AT REALEL6 R B Tk g, s 4, St
W2 BT 1%, WEGE R, F T 18 s A G R R 3%
K HT. DL EATERE T E T—80°C %A M RAFAFH
1.4 BFEREBRNE

B8 NSRRI R LI IRAR I AE YR
JBEAR A IR 2 =) 33 AT 1 38 Ak A2 4 1) I 5 R0 23 A
HMEINFEA . B 5K H OMEGA Soil DNA Kit
(D5625-01) (Omega Bio-Tek, Norcross, GA, USA)ix
FEF2EUDNA. 16S rRNA V3—VA[X Ji B4 18
5| 4% 4 338F (5'-ACTCCTACGGGAGGCAGCA-3")
HIB06R (5-GGACTACHVGGGTWTCTAAT-3"). 1E
[lumina NovaSeq#/L# FF]HNovaSeq 6000 SP Rea-
gent Kit (500 cycles)if172x250 bp X0l 77 . JiR

G 7 5 B 8 FH demux Al cutadaptddi £ 43 751 3E4T i@

T A0 5 VU1 B4, S8 )5 A8 FH DAD A2 4 Xt )5 41
BEATEOIE AT (R . RME . PBHEMR &K%
BREE)o A EIR RIS IT 51142 100% 1) 7 51 AH LA BE i3E
ATV IE, 2y 3G ¥ 7 51 22 /& (Amplicon sequence
variants, ASVs) & F FEHUE £ A% . AR P3RS 17
G155 A BEAT AlphaZ I FR 200 BT . BetaZ FEME
Mr BT 3 K545 B, TR0 20K Bt AT B
P BN 22 43T
1.5 ERRAEEPCR

RNAFIHEEL . cDNAF 5| #) 1 & % S qPCR 4>
T i B AR © ok R r T R A&
(Servicebio RT First Strand ¢cDNA Synthesis kit)if
17 cDNA) & i, % cDNAE T-80°C % . X H
QuantStudio' © 6 Flex % % (Life technologies, Grand
Island, USA)ik 47 RT-qPCR ¥ . B Ak 77 1% 5 [
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2xSYBR Green qPCR Master Mix (None ROX;
(G3320-15; Servicebio, FIX ). 20 pLJ AR R 45
10 uL 2xSYBR, $f 573 1% 51 % (4 FE 4 10 pmol/L)#%
0.4 uL, 7.2 uLICEE K 12 pL cDNARH . PCRIEA
R FR T N 95°C T4 #4308, 95°C A M 155, 60°C IR
KIZEAH 308, 40N o LhB-actinF: KN 2, H
2 NE S WT Wi iebf-2 alfs hsp-70+ crus lec-c
hem . cst-bAllysZ5 47 # AH 5 FE R mRNAF% 5 7K P 1)
Al . BRI E MRS, BEARE 4T 31X qPCR
Gtre FRE SIS E Bl T A THEAR
NEER, I AR 2.

1.6 HURALIEFI S

T A Bt 8 R AS A B A 7 2 55 A e )
K HISPSS R27.0.1.08K 1 2E47 # IR 32 U7 2 70 # AL
222 Wt b3 M o i i DuncanZ2 546 36 5 VA A
6 20 1) 22 5 1) 2 25 M, P<0.053R07R 2 57 0 3, Bl
DL (B 4 18 % 7R (mean+SE) . 718 B B (1) 4
KA 73 M AR AR v 2 K < °F 65 (https://www.gene-
scloud.cn/home) 47 o f H 2K il °F ) ASV/OTU
&, tH S ik Alpha % FEVEFR L, FHE I 75N
Kruskal-Wallis#% 14 56 Fl Dunn’testf %, P<0.05%
NS RE . P JE B ASV/OUTR, 2 T
Bray crutisfh & 515317 BetaZ FEIE 04T
%2 BEREEXEENSIEFT

Tab. 2 Primer sequence of genes related to antimicrobial in the
intestine

H R 2E ElE gl HRS
Target gene Primer sequence (5'—3') Accession No.
iebf-2 CGTTCTCAAGAACCTCAGG XM_045761176.1

CAAACCATCGACTGTGTC
alf TCCTGAATTGCTCCTCGTCA XM_045767708.1
GCGGTGGCAACTGTACTTCA

hsp-70 GGTGTTGGTGGGAGGGTCTA XM_045748943.1
GGCTCGCTCTCCCTCATACAC

cru CCATGCCTAAGTTTGAACCC XM_045741367.1
TGTCACATAGCACCTCCCTC

lec-c ACTTTGCTAACGCCAATCCA XM_045765165.1
C
CTACGCTGTCATCGACGAAC
C

hem CAACCACTATGGCTACCGAG XM_045767168.1

AAGCATCTATCAATGGGGAA
AT
cst-b AGGCTGGTCGCAACTTCAAC XM_045758676.1
AAAC
AATGCCCAACAAGATCCACA
CGAC
lys GTCAACCCACCCTCAATAAC XM_045753411.1

CTTGTGAATCAGGGCGTA

GCATCCACGAGACCACTTAC XM_050843216.1
A

CTCCTGCTTGCTGATCCACAT

C

S-actin

2 #£R

21 NFERFMFRE
W 56 Be L3R 15162732856 JR 4R 2 1), 4 id i

L BN, PR, HiRAMAE —HL3k15101253%
mREFY, P Go. GL. GH1. GH2FIGH34AH

S35 7 I BN T2047 61851, 64594, 68615
F70401%%, 73 J& T281 1. 7549, 151H . 279%}.
525)@ \ 674%M . X AR EEAR ASVSEEAT Al AL FE,
-1 R BE A B IR AR 7 41 B 95% . HH AL 1T 0,
WP BF A A ) s i fh 22 38 8 T 7 22, H Goods
coveragefR 205 T-1, ULEAHRE S8 B M, )7 3L
B2, WP IR EEARTE SR A B A 1, e
HmmT T — 2.
22 AXEKEBXNRKEEIZEREE Alpha®
FEMERY 2

J¥7 18 0 Bf Alpha 2 ¥ 14 55 117 168 B B (1) 1 e 7%
ERIEL. H, Chao 1F1Observed speciesfi éﬁ?%
fiIE & &, Shannonf Simpson#g £ £ 1iE £ FE 14,
Faith’s PD¥5 £ RAE 5 T 240 1 2 1, uPlelou S
evennessfi LR A 21 FE, LLGood’s coveragets %1
RALBEE . SR EIR: SA 0 AlphaZ FE TR
BIRA B3E 2E 5(P>0.05). {HFEE KT EREE K
() F 51, Chao 19E 5. A RAE LRI HSAR Z I
Jesnis FRERES, HPGLARNFEEE. 2
PRI 5] B B, TIGH2AL & . 2R
O B B A Wb a5 AU ) A e B S A A
3 Z 7 (P>0.05; % 3).
23 KEKREAXNRKEZEIFERE BetaZ i
g0

BetaZ FE M i%E A 1 32 43 (Principal coordinates

1.0
o 08 F
£
5
>
8 06 |
3
Q
o
ﬁ 04
b
e = @ G0
= 021 == @ GL
] == @ GHI1
== @ GH2
o0 F == @ GH3

0 10000 20000 30000 40000 50000 60000
J¥ %1% Number of sequence

1 3 R B U M o 7 s A T

Fig. 1 Coverage rarefaction curve of intestinal microbiota in P.
clarkii



1304 K& A& Y ¥ 48 %

analysis, PCoA)F19E & & £ 4 R 43 HT (Nonmetric
Multidimensional scaling, NMDS) i Ff 43 ¥t /7 %, H
INMDS 73 HT ) stress<0.2, 2 B A T & 0] FE 1), 4
Mrat Ranle 257 o PFIAS [ A1 5 k3 R [A) —
ANREFRH 2 TR REAS B R AR K S ERE A
KA B A FEARZ AR X . Hr,
GO. GHIFGH2H i W #FiE A2 Al HAZE X, &
B IX = 2 1) i 38 B T O P b A 22 SR/ o T
GLANGH3Z 1) I3 B B A 5 G0 GH1AIGH241
J¥ T8 TR BERE AR AN E A, R GLAGH3A 1718 B
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Tab. 3 Effects of glycinin on alpha diversity of intestinal microbiota in P. clarkii

AlphaZ FEE 484 Alpha diversity index GO GH1 GH2 GH3 P-value
Chao 1 #8%(Chaol index 1743.94£141.57 1764.60+303.76 1728.58+326.16 1628.78+272.58 1671.64+£159.46 0.99
Egﬁﬁ f,l‘ﬁzn dex 87.57+2.88 93.85+14.09  89.85+11.98  83.75+8.35 89.89+8.81 0.80
YIFh7E 75 Goods coverage (%) 99.44+0.04 99.55+0.07 99.49+0.14 99.54+0.05 99.51+0.06 0.69
MMPIFPTEE Observed species index  1609.43+131.97 1689.37£299.81 1623.07+300.15 1532.50+284.49 1555.13+156.28  0.99
Pielou 5] #(Pielou’s evenness index 0.69+0.02 0.71=0.05 0.69=0.03 0.60+0.07 0.69+0.01 0.75
7 A% F5 5 Shannon index 7.40+0.30 7.60+0.21 7.33+0.12 6.34+0.86 7.33+0.17 0.75
2 FxF5 $Simpson index 0.98+0.00 0.98+0.00 0.96+0.02 0.89+0.05 0.97+0.00 0.67

T R B3R R IME, [F— AT T3 R 7 B T RN RN B 8 35 2 51 (P<0.05); TN

Note: Data are means of triplicates, treatments without a common letter or no letter are significantly different in the same row (P<0.05),

the same applies below
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Fig.2 Effects of glycinin on beta diversity of intestinal microbiota in P. clarkii
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(P<0.05).
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Fig. 3 Effects of glycinin on intestinal microbiota composition in P. clarkii
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A. venn diagram; B. phylum level; C. genus level; D. species level; E. heatmap at genus level
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Fig. 5 Variation analysis on the relative abundance of intestinal microbiota at genus and species level in P. clarkii
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Fig. 6 Effects of glycinin on the expression of genes related to antimicrobial in P. clarkii
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A represent the P-value analyzed by One-way ANOVA; L and Q represent the P-value of the Linear trend and Quadratic trend analyzed by

orthogonal polynomial contrasts, respectively
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Spearman correlation analysis between intestinal microbiome and antimicrobial related genes in P. clarkii
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GLYCININ ON INTESTINAL MICROBIOTA AND ANTIMICROBIAL RELATED
GENES IN RED SWAMP CRAYFISH (PROCAMBARUS CLARKII)

WANG Si-Ru, YI Lin-Yuan, YANG Hui-Jun, XU Qian and YUAN Yong-Chao

(Key Lab of Freshwater Animal Breeding, Ministry of Agriculture, College of Fisheries,
Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Glycinin found in soybean meal has been identified as an antinutrient factor, capable of impeding the growth
and health of aquatic animals. However, limited research exists regarding the impact of glycinin on the intestinal micro-
biota and antimicrobial related genes in red swamp crayfish (Procambarus clarkii). This study aimed to investigate the
effects of five different glycinin levels on intestinal microbiota and antimicrobial related genes of crayfish. Crayfish
with an average body weight of approximately 4.3 g subjected to diets containing five graded levels of glycinin (0,
1.82%, 3.64%, 5.46%, and 7.28%) over a period of 4 weeks. The groups were designated based on the level of dietary
glycinin as follows: GO (control group), GL, GH1, GH2, and GH3 group, respectively. Following the feeding trial,
alterations and distinctions in the expression of intestinal microbiota and selected genes were evaluated. 16S rRNA
gene sequencing showed no significant difference in alpha diversity among the groups. However, the beta diversity was
affected by different levels of dietary glycinin, indicating a shift in the composition of intestinal microbiota. Relative
abundance analysis demonstrated a significant increase in Aeromonas sharmana and Cloacibacterium in the GL group
compared to other groups. Conversely, Rhodobacter, Paracoccus, Propionicimonas, Hyphomicrobium, and Caulobac-
ter henricii exhibited a significant decrease in abundance of GH2 or GH3 groups compared to the GO group. Additio-
nally, Agromyce, Microbacterium barkeri, Pseudoxanthomonas, and Legionella were significantly enriched in the GH3
group. In addition, the expression of antimicrobial related genes displayed a complex trend of linear and quadratic
responses with increasing levels of dietary glycinin. Initially, all selected genes were down-regulated, followed by up-
regulation, and finally down-regulation. Specifically, compared to GO group, the GL group showed a significant
decrease in the expression of alf, cru, and hem. However, with increasing levels of dietary glycinin, the expression of
iebf-2, hsp-70, alf, cru and hem, lec-c, and lys in GH1, GH2, and GH3 groups significantly increased. Additio-
nally, the expression of cst-b was significantly enhanced in GH2 group compared to other groups. Spearman correla-
tion analysis demonstrated a significant correlation between the intestinal microbiota and antibacterial related genes.
The relative expression levels of iebf-2, hsp-70, alf, cru, hem, lec-c, lys, and cst-b were significantly negatively corre-
lated with the relative abundance of Caulobacter henricii, Paracoccus, Rhodobacter, Propionicimonas, Desulfovibrio
putealis, Thermomonas dokdonensis, Aeromonas sharmana, Aeromonas, Chitinilyticum aquatile, Chitinilyticum taina-
nensis, Cloacibacterium, and Hyphomicrobium, while significantly positively correlated with the relative abundance of
Agromyces, Clostridium Perfringens, Microbacterium barkeri, Lactococcus, Leuconostoc, Nocardiodes, and Peredi-
bacter starri. In conclusion, to a certain extent, a low level of glycinin in diet (1.82%) could promote the growth of
intestinal probiotics and enhance the health of intestinal microbiota, accompanied by down-regulation of antimicrobial
related genes. However, high levels of dietary glycinin (=3.64%) could inhibit the growth of probiotics while promot-
ing the reproduction of pathogenic bacteria in the intestine, thereby destroying the homeostasis of intestinal microbiota
and up-regulating the expression of antimicrobial related genes. The results of correlation analysis suggest potential
interactions between antibacterial related genes and intestinal microbiota.

Key words: Glycinin; Intestinal microbiota; Antimicrobial related genes; Red swamp crayfish (Procambarus clarkii)
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