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(1. B oR A AR FRIRACK ™ BT IR 5280 %, B 2013065 2. BIHRIE RS /K7 Bhar [ XS
FNEHL, B 2013065 3. LIRS LK IR TARBORMISE L, Bl 201306)

M E: AERFEARNRE T ARG (Eriocheir sinensis) [ TE AW 5 A K B A E R il 16S rRNA 558
FFFHFTE 4 MR (26 °C 29 °C 32 C 35 C) NP ARGERE ) A K R il TR R AV 22 S0 B OR3RHT 4
A KR B e A G B R e BT R 2.2 2 1 JBE 2243 3y 82. 81% (84.38% 87.50% 25. 00% ;- 14t
70 18] P BB A IR T 3 T T 4 6 5 W38 5 49 1 SRR B KOR T i S T 5 e 5 4 D 7K IR ZH 1) I Tt 88 O A 7 I 35 1 25
(P>0.05) , JiE BEAEAIFPE5 R R 4 A KR 73 04K 15 1 929 744 1680 518 MMURMERY Bz 570 2K
BAIT(OTU) s ZAEIESEH R W3 G0 ) 2 8 B 22 PR BB K IR T 73 T REAIR 5 B 2 R MRS R s 4 KR 2H
BB A ) T AR 2 22 5 B (P < 0.05) o FETT/KF, 4 A K 4 B0 g 38 00 3 B 1 2 Oy JRE BE T 1)
(Firmicutes) . 480 FF B ] ( Bacteroidota ) #1748 JE [ '] ( Proteobacteria ) , = 3 |5 #& A v 4k 4% F% 52 Jl7 38 03 &% 19
96.26% ,26 C /KR4 18 B # ] (Patescibacteria, 0. 92% ) FIPELK A [ ] ( Verrucomicrobia,0.35% ) .29 °C /KR 2H
PR JSERET ] (58. 04% ) FITRZLH [ ] (Actinobacteriota,3. 44% ) (32 “COKIRZH AIHUAT 1] (41. 84% ) E45 A il
T b o 2 T KR (P < 0.05) s 7EJ& /K-, 26 “C/KIR A 1Y) 2 AT 18 ( Gemmobacter ,3.55% ) |
29 C/KIRZH AT BE R AT 1 & ( Citrobacter ,3.56% ) 32 °C /K IR 2H (A7 4% W @ ( Pragia ,8.47% ) 35 C /KR4
M) B AL 12 ( Psuedomonas ,8.77% ) E4 B I IE WA Y h 3218 825 5 T HAOK IR (P < 0.05) , WFFEER
La R RSB E A 30 °C Ay I AR KR AT, B AR W) 20 R P R 2 B X W AR 1 T i i T I, iR s
T2 A1 ( Campilobacterota) FEERAT [ J& ( Malaciobacter) S5A7 7 TREHT I, 5 1) Hh A 28 28 8 1) W 58 A A=
Ko

KRR . hARSEE; R MIEBUEY; K

FESES: S 966. 16 XHRFRERRD: A

ARG B ( Eriocheir sinensis) JGPRITEE , J2 15 CHE, SRR IFERHI NN 20 ~ 26 C B £ f E

TR FE B K IR I G, I AR R LR AR AR AT
TR R R BB % T 1 SR
W AR I A K R B IR K
LA B X el AORK, U 4 Ak T v Y PR 5 (30
CLLE) F TRy mtmBET: o 7638 B K
IREHI(10 ~26 C) I, Hh AR Gl i 4 B 1 2
KU BIEMDE ™, 858 52 1] Wt 23 B 25 7K i 1
Theaiii . A o oAk, WS R KR AE
5 ~10 Cif, g e (A D B R s 1K IR T
F 10 Cif, PARGEEIT I IEH B KR 2=

Wi EER: 2021-03-10 f&E HEA: 2021-05-31

T TR T 28 °C I, rh AR R 1) A R
FeoxZ BIINE  fE i 35 C i, P ARG R g — R
e,

[ A Wy 2 18 N RN S i T8 Y A7 AE 5L
HERIBUEY), Wi 5 BE e Y R IEE IR
PyJst PO AR AP LA S 5 45 i A R e ik
EEMAEREE T . 16 5 R 8 B P 4L
J32 20 PN R IR 24, He Al BE 2k R R Sl
T A AL A AR R R B
RO 55 A9 A2 A 2 T S a8 1w 1 2 fiE & 2R e

EEWE: RiEfRHORIE (FRFHIT(2019]55 34 %) 5 Rl P Aol B AR I BOR R R BT B QrRph™ 5
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A5 WIS e ™ . AR %
B 7E— 2 0 I B Y L P, B O B8 1Y T v, T 52
F1X B 38 %) SUBE AT BT ( Bifidobacterium ) FIE,
R ( Lactobacillus ) 5547 % 16 & & B JF, 04 79
5T ) AL, AT R 2 1 2 68 2 0 ) T A e
LA, g o BB I P A G Tt
TR A W) 2 FE VA B g I, T LA A AR
W, e R E X R,

X ARG T B U E I IE R A B %
O, B A P AR 8 G Y DL S B Y 3 2R
YE T IR BESE T b ERR X SR A Y
Hr e G B R iy 3 P O TR SO AT
( Bacteroidota) AFJE & | ] ( Proteobacteria ) | JEB¥ [
[ ( Firmicutes ) 1 ZZ I 5 ] ( Tenericutes ) , [ /)
JEU ST A5 E T[] B A5, T K I 2 SR
PETIEE S8 T h AR o B i 3 o8 1 P 3
BEEE R v T 1 49 ( Gammaproteobacteria ) , {H
X6 T 5 M v A 8 T i T A 0 T TR R TR
) PR, MRS EENER KT S
T B VIR, A K 28 S 2 1 R Dy il 3 1 22 4k
0 57 | 762 G M T8 Al A T 18 28 A Bk = TR A
G0 AWML FTHA A w0 20 U B I A R,
T4 AR EE (26 .29 3235 C) X e gz
A8 AR R S A 1 TR R E R AT LU 320, R TR
JIEXof v b S TR Tl 3 LA 0 Y R e A R g T TR
FESAEKMCR,

U RPRS ik

1.1 XRENEFSERE

SIS 1 HI 1Y 7% 56 ) 8 Dy Ak I e [ 1Y
A YRR T 217 2B Ok A IR RS AOK
Pl Yy R g (T AR DORT 8, AL
R (13.84 £3.07) o/ H 45 BRI L fE 4, 1757
M EANAERFE RSN BEZRGLE
T2 SR E (9 1T x 8 81 e B — AT R A R 2
VAR B, /T 64 D FRFE @A HIGR 1| HSE
KB MR —F  JRIE &9 K 35 em (FE 30 em,
12,5 em BYRIFAIZAR, KA 10 em, A5
BILBE T 4 MR (26.29.32.35 C) , B4R
1 BT ARG, AR AR 64 ALk
B, IR R P AR 1800 HEMEERL, 5 2 K
8 : 0047 HURI 2 Tl o 55 26 il o 3 RSB B 1Y
Wise B, et A KRditn . AHORASIT -

Ryw=(W, =W, _)/W,_, x100 (1)
Sur =Sun/Noe x 100 (2)
Cy =W/L* x 100 (3)
Ry WG A, % s W KRBT, g5 L 3k g
R, ems Sy MB35 S oy IR AT B 7
T IMAB Vo 2 5250 T IR I A SRS ARG 0
Wi B Cr S AE G BE, % o SR JRUAY W58 7 ) Fr
(MID) 37520 - TR H AR 26 1 i 2R
1Y SE R B, AEF 1 58 250 2 Y52 5 2
YR WS [ B , - 257 450 ¢ [ B 31550 07 48 A T gt e
(1] B AN I BB 4 HE Al A= 8 A o 4%t
BIE
1.2 BEMEMHERARERNF
TEAR SR AT 52 1A 2 S8 IR IS 15 KR,
TS TKIRZHVEER 10 2y 88 3077 fi 3 3 A
(T35 CoKIRAH Bmise 1R, BORFE SN ES 1
ST SE IEE 15 K)o TERWMAEE T, T4k
BB G 1.5 mL B0, bl ED i A W
R, IFHET - 80 CUkAH NARAE% .
1.3 P7iE®E B S DNA f9I2ERS PCR 418
TN 1 DNA 19 42 Bt 2 B FastDNA® Spin
Kit for Soil 1877 & Ui B 5 47, DNA 28 J5i k6 5 4%
J& , Al F 338F (5'-ACTCCTACGGGAGGCAGCAG-
3') f1806R(5'GGACTACHVG GGTWTCTAAT-3")
SR g TE AR P Y 16S vRNA 47 PCR 4
W ko WK s PE-300 (W R S E, &
MluminaMiSeq -6 1571 &0 7 .
1.4 BRiERAEWRIN FF 4R A0 22 A0 40 4
JE AR I R e 1) 48] Fastp 0. 19. 6 B Bifs,
i ] FLASH % {647 PFH2 , 48 97 % H AR
XFFEA ] UPARSE 7. 1 B 7z H 3 28 5ot
( Operational Taxonomic Units, OTU) B2, 375 &
Ry 3o B v 25 BR B 81 AR & iR # U RDP
classifier (http: //rdp. cme. msu. edu/) XJ4%E4%
FP AN BEAT IR0 3 280 WAL & T 97 % 1Y FP
AR —A> OTU, e it & A dh i iy OTU, L ERTC
203261 OTU J5 AT R A Fy a7 2 2307 o
FIH Mothur 1.30. 1 AR DHEAT o ZHE
PEFE 50+ Y Chao, Ace ,Shannon Fl Simpson 5 %i(,
FH] QUME 15 B AL, AT AE S Bk 5
(ANOSIM AL 1TE 43 #r) 3 F unweighted _unifrac
PREY RS dH ] (HS ) ZR 2B RERT
HNZER L IREFI R E S FEAT AR H7 F i
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2.1 AEAKEFHFTHEHEBWERIELE
16 121 d iR, 26 .29 32 C /KR4
(1) Fp AR Y B B B A 2 YR, 35 °CoRIRALU 52 1
W, S 24y 5 Hy 82. 81% . 84.38% .87.50% FlI
25.00% ,~F-¥Wi5e m fe 53 0 42.73 d.37.01 d,

33.04 d F133. 13 d, 26 °C 7K & 41 14 - 458 5 7]
b K T A K R ZH (P <0.05) ,29 CoKi 4
(1) - F47 5t 7 () B o, 2 1 F 32 “C RN 35 CKR 4
(P<0.05), 29 CKELZL V-3t 72 3 8 R i
1R, HARCR 32 CoKRAL, P& Y B35 T 26 C Al
35 CIKIRLL(P <0.05) ,35 CK R4 F- 158 5
W R AR BLAh,4 A KR R BE AN A e
BEMEZER(P>0.05) , BARZERINE 1 PR,

1 REERAR TR EREEGE 5 R

Tab.1 The molting and growth characteristics of Chinese mitten crab cultured at different water temperatures

AR JK i Water temperature/C

Growth characteristics 26 29 32 35
T FEEL Stocking number 64 64 64 64
VIUEA TR Initial body mass/g 14.62 +3.23* 13.65 £3.10* 13.22 +2.86" 13.77 £2.83*
KA Final body mass/g 24.19 £5.59" 28.83 +6. 82" 26.92 +5.42* 17.24 +3.51¢
i 5% YK B Number of molting 2 2 2 1
J8i% R Survival rate/% 82.81 84.38 87.50 25.00
H{R%)ﬁiﬁ‘i}i . 29.77 +12.79" 42.12 +11.68* 41.80 £9.71* 25.50 +8.41"
Weight gain rate after molting/ % 28.42 +10.77°¢ 48.99 +11.32° 44.74 £10.57"
S H4 18 E R Average weight gain rate/ % 29.10 £9.17" 45.56 £9.69* 43.27 £8.52* 25.59 +8.41¢
B4 Mioin interl wasas melsie  ewaom e
S 458 5% 6] B Average molting interval/d 42.73 +8.85* 37.01 £8.03" 33.04 £8.16° 33.13 £12.47°¢
ﬂﬁﬁ@)}ﬂiﬁg - 53.83 +£2.40" 54.04 +1.73* 54.04 £2.17* $4.19 £2.21°
Condition factor after molting/ % 54.09 +3.12° 55.13 £2.41% 55.66 £2.99*
S NE T EE Average condition factor/% 53.96 +2.40° 54.58 +1.69* 54.85 +2.19* 54.19 +2.21*

I R ARG FRER R B #2257 (P <0.05) ¢

Notes: Different lowercase letters in the same row indicate significant differences( P <0.05).

2.2 AREKEEZHTRBEREY OTU Fn & ##
PR

it 16S tRNA I, L4551 974 125544
SOPH, P HIH BE A 401 1 440 bp 5§, P37
HIKBE Sk 423 bp , Hirr 82. 89% 1) F K BETE 421
) 440 bp Z [a], XTIRIFI T I LRI HT G ,26
C.29 C .32 C.35 C5 4 D/AKIEA D HRG
929 744 680 518 MR HE OTU, K W] pi
FHIREEW LT, OTU 30 H Z #id . 4 KR4l
A4 OTU by 249 4, i 45 A 19 OTU 43 5 A
183 .44 69 97 4~ WHE 1,

R (R 2) B ARKRA SR T 8%
251 o ZREMFRE, Hoh Ace il Chao 1 #5453
IR B KR T v 1 B R R R g, R A R
JEERE 7K R T 5 T AT BT R A R4S Shannon
Simpson FEE07E 29 C 132 C/KIRLH A T H
& Ace Fl Chao 1 F8EURLEM: |, (H W) & S0 (A
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WAL, SR BRI Shannon 15 ECHE K IR T
1111 F , Simpson $5 8K TR M TH R o B 24
PECANOSIM) 73 &5 58 7 4 AN 4H A i T8 1

AR ANZE S B (P <0.01) R BLH T A
[l i B AR, WL 2.

x2 AREKEBTHEREEGEMEY o SEMER
Tab.2 The « diversity index of gut microbiota in Chinese mitten crab at different water temperatures

KR Ace F5%L Chao 1 $5%4 KRR FE IR
Temperature/ °C Ace index Chao 1 index Shannon index Simpson index

26 557.20 +157.51° 519.99 +158.44° 3.23 £0.48° 0.09 +0.03"

29 427.18 £138.41° 364.76 +115.19" 2.77 £0.31" 0.13 £0.03"

32 379.09 +116. 88" 341.58 +105. 07" 2.79 +0.23" 0.11 £0.02"

35 316.46 +98.66" 246.25 +77.01° 2.35+0.41° 0.19 £0.09*

I : ARG FRER R B 22 5 (P <0.05) o

Notes: Different lowercase letters in the same column indicate significant differences( P <0.05).

R=0.582 5, P=0.0010
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IREREY B Z R ( ANOSIM)
Fig.2 The B diversity (ANOSIM) of gut
microbiota in Chinese mitten crab

cultured at different water temperatures
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S
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2.3 AEKBRFGHTHRESEEGEREY
ERE AT
2.3.1  [IKF-HY v AR 9 2 i R RE LS
FME2E S UL

PrRh 2 o Al 2R (I 3) s, 4 K4l
Ry A B 3B L TR R X D R BE TR ) DLRF
TRV, =3 5 A th AR Y 2 e g 1 A
Ry 96, 26% , H Ay E R N HK W (]
oo Il
( Campilobacterota ) F1%#75 &[] ( Chloroflexi)

G3 BT 1KY g 3 Tl A 0 T R A R B, %
IK U 2H 1) TR R ZH BRI = AR 3 22 5,26 C
KU 4H ) B¢ B 187 1] ( Patescibacteria ) FUYE R 7]
( Verrucomicrobia ) 3 i i &5 T HAKEAH (P <

(' Actinobacteriota ) |

At Others At Others At Others i Others
1.0 y/ 1.29% 0.31% 031% ——_/026%

0.51%

26.71%

41.84%

30.22%

BEEER ] Firmicutes

B FFH ] Bacteroidota

BZFEH ] Proteobacteria
N4 ] Aatinobacteriota
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BiAh Others

38.54%

35.59%

26 29 32

JK#E Water temperature/‘C

3 AEEAFKETHREREEGEMEYEVKFENEFREE
Fig.3 Abundance at the phylum level of gut microbiota in
Chinese mitten crab cultured at different water temperatures
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0.05),29 CoKiRZH (Y RERR | TR ZR BT 1] 2
BE T HAKEAL(P < 0.05) ,32 C/RIRALM
PURFRRT ] B 225 i T At K 41 (P <0.05)

BEEEWE ] Firmicutes

51.84%
L
35.59%

35 “COKLZH 25 AT 3 B2 T At L2, (5
AFAE R FENIER (P> 0.05) . WLIE 4,

.018 8 = 26 C
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3197
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Names of gut microbiota at the Phylum level
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0.05%
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0%

o5
&M Planctomycetota 3;-91%

0%
BT 1] Acidobacteriota 0.03%

0.01%

’.",,S.-ll‘%- — o
L 1 22.17%

*0.0250
0. 580 0
0.542 0

#%0, 007 1
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“0.036 3

*0.025 7

*0.026 0
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Fig.4 Comparison of difference at the phylum level of gut microbiota in
Chinese mitten crab cultured at different water temperatures

2.3.2 JEIKH e YR T T R 2 S
FPEZE S AL

TEJE KT 4 A 7K L2 1) v e 48 5 1% iz T A
POWE OB N & B J& ( genus Candidatus-
Bacilloplasma ) 1 H k& B B B H &
( Dysgonomonas) . 3 4b, I 3% 45 2k i J& ( genus
w o W OB
( Roseimarinus ) %5 I J& - FE WA B R o WAL S,

2% 7K U 20 7 i 38 A= 00 o A 2E RSORT

Candidatus-Hepatoplasma ) |
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FAAE B Ve 22 5,26 C KR 411 25 #0 T 1 JR
( Gemmobacter) £ It & & T H AL KIEH (P <
0.05),29 C/KiZH AIATATRFT 18 )& ( Citrpbacter )
F R B THAKIRAL(P < 0.05) ,32 CKIf
LA RIAK TH 8 ( Pragia) 3252 .25 & T HAB /K IR
4 (P <0.05),35 C /K49 1B 5 s
( Pseudomonas) F- 5 B Z 5 T H A K IR 4H (P <
0.05)., WEl6,
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BYHEFEH
Percent of community abundance at the Genus level

JB KT H i 1 B e 42 R

Names of gut microbiota at the genus level

N . - ==
0.8 i — . .
- 9. 54% _2.31%
o6 B e o
. 70% 10.58% | | 6.87%
7.18%
0.4 10, 24% 8. 46%
25. 30%
26. 3%
0.2 o 35.13%
18. 75%
12. 06%
0

2 35

JKi#& Water temperature/°C

B &¥H@ Candidatus Bacilloplasma
WERBERE)R Dysgonomonas
B P &K Candidatus_Hepatoplasma
n B A _c_ K43 unclassified c_Alphaproteobacteria
B 3% 3kH)® Roseimarinus
TihikE WiR Pragia
B ¥R Pseudomonas
M ZOR0006/& ZOR0006
B KFTH)R Bacteroides
B )JEREEJ8 Enterococcus
W FI40E)® Parabacteroides
FrEMRFT R Citrobacter
B JEE £ RS4% norank f Mycoplasmataceae
B FATHR Tyzzerella
WFENER Gemmobacter
B AFFFHJE Acinetobacter
N BIBRPJE Paracoccus
B ILAER Lactovum
B S HfE R Aeromonas
WIESATHJE Malaciobacter
B WEHEE)R Thermomonas
21407)8 Rhodobacter
B HURFHIFFE Clostridium sensu stricto 1
B AYE f K54 unclassified f Rhodobacteraceae
B HYER—f AR norank_f Rhizobiales_Inccrtae Sedis
WAL £ R unclassified f Demequinaceae
BARE/RME o KDY unclassified o Burkholderiales
B 3Ah Others

BS AREAFKBRTHPEAEEGEMENERKENGERFEE
Fig.5 Abundance at the genus level of gutmicrobiota in Chinese mitten crab
cultured under different water temperatures
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Fig. 6 Comparison of difference at the genus level of gut microbiota

in Chinese mitten crab cultured at different water temperatures
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ASBIFFE N A A1 i 57 5 2R 0 ) e D), R
T4 A (] Kk 25 A4 %ok Yo 18 A K K i 3B T AR )
IREN o BIFFE 4 R B, B /K AN 26 °C T} i
F| 32 °C, Y] 8 1) B3 R AN 7 3 1R i
HiEE I 32 C I, T B 0 R R 32 31 1 4], w7 (A
B R R 2 AR AR 25 e kA5 BTG B i 45
T XA e e A WIS BEE 1Y B R O S
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Effects of different temperatures on growth and gut microbiota of Chinese
mitten crab ( Eriocheir sinensis )

ZHANG Kaijun"*? | JIANG Pengfei'** , WANG Jun'*”*, CHEN Xiaowen'*”, WANG Chenghui'*"

(1. Key Laboratory of Freshwater Aquatic Genetic Resources Certificated, Ministry of Agriculture and Rural Affairs, Shanghai
Ocean Unversity, Shanghai 201306, China; 2. National Demonstration Centre for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China; 3. Shanghai Engineering Research Center of Aquaculture, Shanghai
Ocean University, Shanghat 201306, China)

Abstract: To explore the relationship between gut microbiota and growth of Chinese mitten crab ( Eriocheir
sinensis) at different water temperatures, the growth performance was tested and gut microbiota composition
was analyzed by 16S tRNA high-throughput sequencing of this crab cultured at four water temperatures (26
C, 29 °C, 32 C, and 35 C). The results showed that the molting times of Chinese mitten crab in four
water temperature groups were 2, 2, 2 and 1 respectively, the survival rates were 82. 81% , 84.38% ,
87.50% , 25.00% respectively, the average molting interval shortened gradually with the increase of water
temperature, the molting weight gain rate increased first and then decreased with the water temperature
increasing, and the condition factor had no significant difference among different water temperatures (P >
0.05). The sequencing results of the gut microbiota showed that 929, 744, 680 and 518 Operational
Taxonomic Units( OTU) were obtained for the 26 C, 29 °C, 32 °C and 35 °C water temperature groups,
respectively. The « diversity results showed that the abundance and diversity of gut microbiota decreased with
the increase of water temperature, and the results of B diversity analysis showed that there were significant
differences (P < 0.05) for the gut microbiota composition among the four water temperature groups. At the
phylum level, the dominant gut microbiota for the four water temperature groups were Firmicutes, Bacteroidota
and Proteobacteria, which accounted for 96. 26% of the total microbiota, for Patescibacteria (0. 92% ) and
Verrucomicrobia(0.35% )in the 26 °C group, Firmicutes(58.04% ) and Actinobacteriota(3.44% )in the 29
°C group, and Bacteroidota(41. 84% ) in the 32 °C group, and the abundance of their gut microbiota was
significantly higher than that of other water temperature groups (P < 0.05). At the genus level, Gemmobacter
(3.55% )in the 26 °C group, Citrobacter(3.56% )in the 29 °C group, Pragia(8.47% )in the 32 °C group,
Psuedomonas(8.77% ) in the 35 °C group, and the abundance of their gut microbiota was significantly higher
than that of other water temperature groups (P < 0.05). The results of this study indicated that the best water
temperature should be about 30°C for growth of Chinese mitten crab, the diversity and abundance of gut
microbiota would decrease with the increase of water temperature, and under high temperature condition,
some harmful flora, such as Campilobacterota and Malaciobacter, would increase and affect the molting and
growth of Chinese mitten crabs.

Key words: Chinese mitten crab; water temperature; gut microbiota; growth
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