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Tab. 1 Alpha diversity index of intestinal microbiota in P. clarkii
of different sexes (mean+SD)

BUREZ PRI HepiMate PI

Female

Alpha diversity indices P-value
gif% index Chao 902.0+£182.6  1066+£1099 0.26
ié(% index ACE 927.4+£190.0 1098+111.8  0.26
32311*5%@“ 2.97+0.54 3.30+0.50 0.51
FHAER 0.12+0.04 0.14+0.04 0.58
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Fig. 1 Composition of intestinal microbiota of P. clarkii of
different sexes at the phylum level
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Tab. 2 Alpha diversity index of intestinal microbiota in P. clarkii
at different stages of growth (mean+SD)

Group Simpson index Chaol index ACE index Sl;a(rimon
GO EMARISH  Chao 13EML ACEfR#  _NISX,
FRIEH
Larval 0.93+ 934.6+ 959.4+ 6.47+
Btk 0.01 47.1° 60.21° 0.23
Adult 0.96+ 765.2+ 765.2+ 6.01+
Ak 0.02 30.9° 30.92° 0.22

VE:PBIEUE ERRANE RN ZE e W35 (P<0.05)
Note: Different superscript after average means significant
difference (P<0.05)

stats 73 AT S 7~ F o B B el M, A S M
P T 1A 134, B4 Thermis BRAF BT, £
[Ty WAFE ] KRR TChlamydiae. 2 .l
["JGemmatimonadetes. GNO2. V¥ % [ [ ]Planc-
tomycetes. A B 1. SR1. #KEELE 1. TM7HI
P 1(K 4b).

TEJE 7KV b, BRI R0 ) fizp 2 0 35 T R 2 i
ZRIOK, FESUT I TE A R L B A
A% IR H #9—N A V2 & Unclassified Burkholde-
riales (21.1%)~ ZW& M J& Hydrogenophaga (7.6%)-
AT B & Flavobacterium (7.4%)~ M\ 5 M & BT
— /N RIJHZKJE Unclassified Comamonadaceae
(5.4%) FIWE B, 15 J8 A lkaliphilus (5.2%); AR i
AT = B B 3 Ja A7 0T B R (12.5%) 34T
B JE(10.8%) Paracoccus (9.1%)F1ER B BHE) —
A~ FJHZK )& Unclassified Lachnospiraceae (5.5%; K
5a). Metastats7) #7227, 768 KF b AR A2 iR A
B ZE S I JE A 704, HT204 22 S B K M4
B B B3 R B 6 JE Mycoplana A & Astic-
cacaulis TR EE .M Sphingomonas « W& T, &
J& . W AT I B Novosphingobium Methy-

lopila #80I5 W& J&Sphingobium X 1 J& Dya-
dobacter ZL¥KTH J&Rhodococcus BN J& Hy-
drogenophaga. 77 KM # J& Mycobacterium. Tepi-
dibacter~ W R J& Demequina. Kaistobacter-
i AT 5 B Ancylobacter FJRAE%E H J& Delftia. 15
M 1 J& Ochrobactrum Rheinheimera~ Methylo-
versatilisflSediminibacterium ([ 5b).

MEER BetaZ 1t PCAZMHT IR %
HRAR AT B, BV RS AR I 73 73 SR 2R B 25 SR (] 6a).
To1e % T Unweighted UniFracli 2518 /& Weighted
UniFracii B iPCoAJ3 #r, #B W7 H W] M AR 4t A=
KB B AT R 45 R (B 6bATE] 6¢). XM
- 45 B 147 Adonis/PERMANOV A 53 #r, 3T I
AR INAL UniFraci#E 2 [ 73 Hr 45 R 35 2 75 H s A
LT i TR AT 35 22 5 (P<0.05).

NMDS 73 7 FTUPGMA 2R 25 43 #7827 tH 3 2
AR A2 KB Bt AT SRR RO E O BE— 2Bl e
45 AT Anosim 73 At 2 T IBCF A I UniFrac
P TS ) A 5 SR 2 SR 7 H RS AN 4 i A R
322 5 (P<0.05; K 7).

FR AR AN S SN A7 B B RV LB S AR PLS-
DA 73 Bt Sk 735 SN R A0 fi 38 TR 1 25 4 AT S 2
Z2 55 A FHRIAT, % =F BRI SORL Y & #EAT R 370 M
Izl B, 45 R0 R 8 AR A KBy
B AT BRI DL 8)

LENFARENAE E R OThRETUN  fEKEGG
pathway databaseZ4f ¢ H %t 4R A1 RSCHTR 1 7 18 4
FFHEAT PICRUSt) A 0, 58 FHR B, X = 2 Ay
S00L [T BE SR HEREAT B Hr I el H B (B 9)e
ﬁEﬂFfD@JﬂF%LIﬁiﬁ‘]f%?ﬁﬁﬁ@ﬁ?ﬁﬂﬂ@ﬁiiﬂ\

B, AR SIS, 8% E



6 3] A AR

Sl R A B BORT 5 B i B 7 T TR R 22 R R S )

1247

BEHAE MG EARSE, 2 E K B R &
RENDRAARIZE) . Bigk. K LEmR
W A R A BRI i B NS S
Fe'335,
3 1hig

X AN [ P 531 B B i 2 O P T T R AT v i R
M DL, AEET AN IRAE T 1) 5 IR BN ) i iE
BAEAN IS RAEREIE S PoFh 5 BEIE 2 B 2D
RE T b, R AR S A ) ) 1) 22 e, LI 3 T
I 22 SRR o 0T AR AN 48 P P T T AT
e 38 B PP A, AN RN B i T A M RS 2
FEVE R IREEAT & .
3.1 AEMH 5 RREIEEE T

A R 2R W, e A G5 R B S A 1) P T T
LB 27, BAMFE AR, B

a

—_
[
(=]

(o]
(=}

(o)
[«

[\
(=]

= B B AR K B B R AR 1) 78 A A T R rp I
R B g, R A S 06 b A T G JR 2
I i 38 B B B Alpha 2 4 14 48 2 (Chao 145 2
ACE#8 %L Shannon#g % f1 Simpson?i £0)3%) 7k &
EMES . EYMH B ZR E, HIA R
HEBERN—, TR EOFEERRET. &
TE WA & 1T 5, JE K F B AL R U
& MK EE . BT R E B S,
XSG S B AE R i TE o TR, B SR
B, 5§ 3 71 %) N F0 2 R R (Penaeus monodon)Z&
g AR AL,
3.2 FREKMEL R KR E R 24
1E % JF a1 1A 5T ORI, B 7R 5 A 0 HE
%, KW w2 AR e B TR E
5, A [ 2B K i B 00 9 1 T 4t A T 2
FEAS LI v 0 B Ji K UF 4 U F) Chao 145 $UFTACE

m Others

AHXFF5H Relative abundance (%)
B
(e}

M Proteobacteria
W Bacteroidetes
Firmicutes
Tenericutes
Actinobacteria
® Verrucomicrobia
u Planctomycetes
u TM7
B Chloroflex;
u Gemmatlmonadetes
u C‘}/lnerglstetes
amy iae
l SRI
= Cyanet
aélobactena
l Acndobactena
u WPS-2
M Fibrobacteres
H ODI

0 L1 L2 L3 L[4 Al A2 A3 A4

i Sample

[Thermi] Acidobacteria Actinobacteria Bacteroidetes
b 15 8 8000
6 900 ? 7000
10 . 6000
s 600 5000
0 = 0 _ o= 3000
Chlamydiae Gemmatimonadetes GNO02 Planctomycetes
g 15 20 15 60 $
g 15
< 10 10
E 10 40
2 5 5 5
< 20
5 0 0 _ 0 _ =18
& Proteobacteria SR1 Tenericutes ™7
= 12500 20 w0
Ej; 15 2000 60
#= 10000
@ * 10 1000 40
7500 5 20
000 &= 0 _ 0 e _ .
Verrucomicrobia
150 mL
100
50
0 — 21 %I Group

Bl 4 IR BRI A KB B o K i 2 T 7 T R 2 AN 22 S

Fig. 4 Intestinal microbial composition and differences of P. clarkii at different stages of growth at the phylum level
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Intestinal microbial composition and differences of P. clarkii at different stages of growth at the genus level
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THE INTESTINAL MICROBIOTA DIVERSITIES OF PROCAMBARUS CLARKIA
AT DIFFERENT SEXES AND GROWTH STAGES

XIE Meng-Qi', ZHANG Shi-Yu', XU Li-Li', JIANG Fei’, YUAN Jun-Fa"*, WU Zhi-Xin"” and CHEN Xiao-Xuan"’

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China; 2. Hubei Engineering Technology Research
Center for Aquatic Animal Diseases Control and Prevention, Wuhan 430070, China; 3. National Demonstration Center for
Experimental Aquaculture Education, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: As one of the most important economic animals in China, red swamp crayfish (Procambarus clarkii) has
been in short supply in recent years, and the market has put forward higher requirements for the production and quality
of red swamp crayfish. To study the intestinal microbiota in red swamp crayfish at different sexes and stages of growth,
we collected male and female adult crayfish of (27.00=1.50) cm in length from the natural environment and larval cray-
fish of (2.00+0.20) cm in length from lab, respectively, 16S rRNA high-throughput sequencing. The results showed that
there were no significant difference in the diversity or function of the intestinal microbiota between different sexes, and
the composition was relatively consistent (Independent sample #-test, P>0.05). The dominant bacterial phyla included
Firmicutes, Proteobacteria and Bacteroidetes, and bacterial genera included Bacteroidia, Shewanella, Clostridium and
Citrobacter. The abundances of dominant bacterial groups varied greatly among individuals. These dominant bacterial
groups tended to be conservative in adult crayfish intestine as resident microorganisms. The analysis of Beta diversity
showed that male and female crayfish samples were not clustered separately, which indicated no significant difference
between male and female crayfish. Among the intestinal microbiota at different growth stages, the Alpha diversity in-
dexes of intestinal microbiota in larval crayfish were significantly higher than those in adult crayfish (Independent
sample #-test, P<0.05). In terms of the composition and structure at the phylum level, the dominant bacterial groups in
two stages were relatively consistent, including Proteobacteria, Bacteroides, Firmicutes, and Actinobacteria. The ratio
of Firmicutes to Bacteroides in adult crayfish was higher than that in larval crayfish, indicating that the adult crayfish
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has a greater potential to digest foods and absorb nutrients. At the genus level, the composition of the dominant genera
in the two stages of growth were quite different. The dominant genera of larval crayfish included Unclassified Burkhol-
deriales (21.1%), Hydrogenophaga (7.6%), Flavobacterium (7.4%), Unclassified Comamonadaceae (5.4%) and Alkali-
philus (5.2%). The dominant genera of adult crayfish included Bacteroidia (12.5%), Flavobacterium (10.8%), Paracoc-
cus (9.1%) and Unclassified Lachnospiraceae (5.5%). The top 20 most diverse genera of adult and larval crayfish in-
cluded Mycoplana, Asticcacaulis, Sphingomonas, Alkaliphilus, Novosphingobium, Methylopila, Sphingobium, Dya-
dobacter, Rhodococcus, Hydrogenophaga, Mycobacterium, Tepidibacter, Demequina, Kaistobacter, Ancylobacter,
Delftia, Ochrobactrum, Rheinheimera, Methyloversatilis and Sediminibacterium. A large number of Flavobacterium,
Bacteroidetes and Hydrogenophaga in the intestines of adult and larval crayfish help the body to carry out a variety of
nutrient metabolisms and there were more bacteria related to carbohydrate metabolism in adult crayfish. The Beta di-
versity of intestinal microbiota showed that adult and larval crayfish samples were clustered separately in PCA analysis,
PCoA analysis, NMDS analysis, UPGMA cluster analysis and PLS-DA analysis, indicating great difference between
adult and larval crayfish. In addition, the analysis of Adonis/PERMANOVA showed significant difference in the intes-
tinal microbiota between adult and larval crayfish. PICRUSt function prediction showed that the relative abundance of
nutrient metabolism function was the highest in the functions of intestinal microbiota in crayfish. The dominant func-
tions of intestinal microbiota in adult crayfish included membrane transport and carbohydrate metabolism, the domi-
nant functions of larval crayfish included cell movement, biodegradation and metabolism of xenobiotics and lipid meta-
bolism. The abundance of metabolizing carbohydrates in adult crayfish was significantly higher than that of larval cray-
fish. During the breeding cycle of red swamp crayfish, the diet habits will change from plankton to granular feed as the
development of crayfish. The capacity of secreting various digestive enzymes in the intestine is enhanced, accompa-
nied by the changes of intestinal microbiota in composition and function to adapt to the shift in diet habits. Our results
provide reliable data support and theoretical guidance for the subsequent improvement of the production and quality of
red swamp crayfish, the selection of intestinal probiotics and the study of probiotic preparations.

Key words: Procambarus clarkii; Intestinal microbiota; High-throughput sequencing; Sex; Growth stage
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