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Transcriptomic analysis of hepatopancreas of Eriocheir sinensis infected
with Aeromonas hydrophila

ZHANG Gaowei, WANG Xuanpeng, WU Chun, WANG Xinhai, GAO Dandan
(Sugian Institute of Agricultural Sciences, Jiangsu Academy of Agricultural Sciences, Sugian 223800, China)

Abstract: To investigate the regulatory mechanism of gene expression in Eriocheir sinensis ( Chinese mitten crab) upon
infection with Aeromonas hydrophila, we compared the differential gene expression profiles of hepatopancreas tissues between
male and female individuals at 24 hours post-pathogen infection through RNA-Seq, and preliminarily analyzed whether there is
immune dimorphism between male and female Eriocheir sinensis. The results showed that a total of 3 447 differentially ex-
pressed genes (DEGs) were identified between the infected group and the control group in female crabs, including 1 424 up-
regulated genes and 2 023 down-regulated genes. In male crabs, 3 035 DEGs were enriched between the infected group and
the control group, with 1 462 up-regulated genes and 1 573 down-regulated genes. The immune-related DEGs enriched in both
female and male crabs mainly included ubiquitin-protein ligase genes, Toll-like receptor genes, C-type lectin genes, heat
shock protein genes, and lysozyme genes. GO enrichment analysis revealed that a large number of DEGs were enriched in im-
mune-related biological processes. KEGG enrichment analysis indicated that DEGs were significantly enriched in 118 path-
ways, and the immune-related metabolic pathways mainly included lysosome, extracellular matrix (ECM)-receptor interac-

tion, peroxidase, and phagosome. In addition, nine immune-related genes from the transcriptome data were selected for qRT-

PCR validation. The results were consistent with those from

rFE B #9:2024-11-04

HEETE il EHE {15 H (SQCX202310) RNA-Seq. This study preliminarily explored the molecular
TEE R IS (1993-) 3 T AN Wi+ BTG 5, 1 mechanism underlying the hepatopancreas of Eriocheir
WFHF Y RIS, (E-mail) 656421404@ qq.com sinensis in response to Aeromonas hydrophila infection.
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Table 1 Primer sequences used for validating differentially expressed genes by quantitative real-time PCR

FEH 2K SIHF5(5'—3") T BE (bp)

C TR T il KL 1R F:CTGGCGAAGGAACTTGAGAC 195
R:ACACGTTCTTCCCACCTGAC

peages) o= 55| F: TACGTTTCAAGCGATGGATG 179
R:TCACCGTGAGCTCGTTACAG

C BIBEE R AL F:GGCAGCAAGCAAGGAACTAC 166
R:CCAGTAGTCGGCGATCTCAT

Toll FEZ AR K F:CCATCTGACCAATGCCTTCT 222
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VTR B BA SRl ( GILT) L F:GAGACGCTATGCCCCTACAG 212
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R:ACCGGAAGTTTCCATACCTAAG
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Table 2 Summary of sequencing and transcriptome assembly
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Fig.1 Volcano plot of differentially expressed genes in the hepatopancreas of female and male Eriocheir sinensis
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Fig.2 GO enrichment analysis of differentially expressed genes between the control group and the infected group of Eriocheir sinensis
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Fig.3 KEGG pathway enrichment analysis of differentially expressed genes between the control group and the infected group of Eriocheir sinensis

2.5 EEHEXEERE qRT-PCR WiE

FIFH qRT-PCR A5 C 175 P B JE R 78 o il ik
N .C RIBEE R ILN Toll FEZIRFED] T HE4E 3L
B PR SE A R R ISR IR 12 R S
E3 JEPA A B A B J il R DN A 9 5 B Be A G
25 S FIRFER | DAE— 20 B e S A D0 A
LER (K 4) %W, qRT-PCR K F45 5 5 RNA-Seq 16
25 R BA — 3k,

3 17 i

WE K T R R P AR R IR AR P L
TR, HE G 2 S BT S BT PR A e
SFHLUR AIRIE SRS B, BT 5 | A ek
B AT PRI SRR R SEE
FiA 1 Z2 DI RETH AL IR AAS, b AR oL T IR 2 &
o B AREAC TP AR S S B i A B A,
SN B RN, 2% A BRI e Y DA (0 R

101

Sk

B HAART FIB K
(=

1
a b c d e f g h i
FEA
B RNA-seq; (0 qPCR

a;C RUA R EEILR ;b S EEIE N 0. C RUBEE R ILA ; d. Toll Ff

ZARIE e HTHESE FRHE R 5 0 IR SE 8 P TR o TR 11 G

sh o Z R B3 HEH ;i A AR B IE S RERE A

4 HEIEXER qRT-PCR 874 R 5 RNA-Seq #ill 45 R
XFEE

Fig.4 Comparison between qRT-PCR and RNA-Seq results for

immune-related genes

P450 it} 2 R0 LE IR AL I 2% | IR 2 = i 75 B



2024 AN N (A R

2025 4F M5 41 & 4 10 1

TR ok SE B MR T AIE B , iR i 5 e R e &
GRS 32 AR U R VR, A8 AT HE AR 0 S A
RIEZ TR AW B 7R i X g K
SRR YL ST 1) rh AR Gl T I R 4 S SR ALY
IS, At SRRe D 2 AH DG BE K], S rh e f 2 g
FIRAE I 7K A B B TR R U 1 3 AL i B R R Al

H T, e 38 I 52 AR B 52 0 1 G g8 B A
AREE FAEINA 5L B RORIE T g SO S
G2 N, AR AR R R A OGS R Rk A
Xuan 45 AT 2 W ST LR ARAE g S5 AR 1 o
GBI H A TAE T BT B A A DL 3 i o 7 sk 2
JPAe 3] 324 NTEP ARG B A | g DL S A K AR
WS R RO E IR 22 R R A, AR
TSR R 7 | P v A Gl 1 R e 21 R0t i 2 3
RT3 447 22 RIS AR 1 424 BRER
IRFEPIRN2 0234 T 8RR 5L [ 5 e v A 4% 2 1 )k
YLl G HR A s AR 33 035 22 S kLA Hirp
1 4624 B GAFE AL 57340 F A E R FEH , X
WG KM E ARG T T P Ao 8 1 AR Ry
SRR TRRE I A MR ) 25 S 3R OR SR N A T g o X
TR 8 1 T 2 2 4 1 e 1 ML ) A T g
225, Ren 25 A5 B AR P B A, X B 8l 75 1
SINEE RN 1 BE 25 5 E o 743 D Mt JE R A8 A B A X IR
( Penaeus japonicus ) JFJFRIR G sk 40 #E 4TI 5 | A 90 25
SR FE DA 5 22 PP A | 4N R A R R B 1 K i T
TEAE A Al 78 vh & 4558 e B AL DD RE ; PR 2R
PG AE AP AT LAAR 19 G 2 B A0 EL A o B 3 S5 7 R A K
HH E2 Z 54N & A BB 58155, Fang
SN ERIE AN FHR W R X = JE M T ( Portunus
trituberculatus ) FF IR G52 0, 78 = PE M & 1R Bt rp
BINT AEFIIRIITR , 50 56 d J5 AT A RAE
0T, KIFEA T 126 BRI B RGR B T 2 R
o ABIFGE i SRR 035 0 1 R D) 3 S w4
PN ARG (Toll HEAZAR) WSS G 1T (C RIBE
) N NS (VRS ) PURERON A
(AHEE) DU iE N+ (TR B E A
RIELIRG) FHIReA I, 1% 3 W] vh A2 44 5 1 e
% 368 o) 22 A J3E S 95 4R B T i 1 I K A< TR R
e R A U B2 AR A 5 99 SR 5
KA A% 388 % ) IR ) S

TH S SR 2H AR A 1Y 22 S AR P B AT e
F A I B B 5 B A e R R R T A A

Bl A TR R R R A B ) R B AN AR
PP ik 252 Toll 3@ B% | fyE B (IMD) i
% S JAK/STAT {5 53 i i 11 . ARWE5E , Toll
FEZ R BE R A FRak HE 7R Toll 38 1% T ik 1o V8 5 40 v
JURIE DR A i, ol 7 T G 5 A 4 L A R T T e
AT I e g 7K BRI TRT (AR G, BiF 5 45 SRAIE 52, T4
RS Hsp70 7T T 42 5% (0] 52 2 5 BH B> e oK 4
RS AR ARG, YR T 1 Hsp70 3
IRk ir 0 25 L, P2 AR ok 2 8 A 1N X g 7K <
RPN A AR G, T 3 gk L DB 21 e R 4% iR A8 8 4
MR K AEGIEVE R, FEESE R (HL) )& T C
TUEEEE F M FE (CTL) B 5, /8 A6 3R 51 52 1A
(PRR) ,CTL fE[Ef R KRG h i i O MA 6, 1E
YRR, CTL iz 2 5760 & s R 300 J
TR PRI E Y B O SR I Ca® BOBR K
A B RO, ST A S 24 e 1) A EAE R Y
PR R B R N R A R W
T, WA R AR b A 0 B 8 PR Y G g vh & P A
FH AR B 32 AR DI RE

AW HE T 2R RKIBIFLHFM GO /453K W
T, MEE A Gl R R R 2 3 AR I 4 B 3 R
Yt #E(BP) I3 FIIRE(MF) (AIffIZH 53 (CC) 1M
W AR B R SR ] R T T A B (BP)
SFIIRE(ME) , o e v A ol 5 R 4 4 i
Horh AT R M= B w5458, 1)
REALAEAE TG PR 0 25 4, MM P AR gl B e Sk e ]
It R E S LRI TE eSS S, AN, K
95 R RR I N A T AR DGR, AN e I 2
S Ji X ) 98 1 S L % At B A W ] 5, KEGG
BT SRR, M rh AR ok B R YL 4 5 X R
AP EEENERE SN RN EA M T. 2
FA TR TR A M v A S R 4 R
it HA A 0 25 T S VA T AR 7 I A A AR 3 4
% W O P A2 0 B R e 1 Y B R S R A DG
BRI LA, LR L, KRR R R Sl rp
KGR AT 7 A SR A G IV 2 (ELA AR % i
T v 2 G0 B TR 1) 5 R B 2 T BB A A M ) 3
(8

TS P 25w AR 1Y) PR AR AR SRR BRI K S
PR YL A 2 A IR AL S
RGIEPIHMEZES 55  iee 15 B & W/ FH DL &
TEARIE HOREIOK il %) 7 SR 3 S B R DI RE . 24



T R A < WK R R R T AR BB SR T B A e S 2 A

2025

VA BT B SR B 5 B I AZ 0 T A o
P18 70K A T T8 i 81 20 i Jo i T o, 3 SO A
3124280 AT SR F v AT I8 A7 7 2 S Bk B
XS I AR 25 FID B 2 TR . A7 I
VR HIAEHRARN G I 40 TR e ) 2 K T2 B RE I A
FERIR AR SN BT AWk AR 4 3 4
KA IR, B T 200 v W B T k240 v e B2
PRI S WIIE BAT WA A AR PR TSRS B3 i, X 1
RE AR A W AR R AR SR o) s e T
PRE20 ARBIRTE e VAN R T T SR 2 A G
P 5 5300 0 2 U P v e 2 W 2 R X ]
TR e AR A X TV K M e R R A A
PR VA % T RE DR A FEAE . S X A1 S
SR G 0 A BRI I e — AR RE B i 7, iR
H A B RIEEH DIREXT T HLAHRIT A0 A= G IE <
Y AT B LR, W K M R G X A
G RE e A S R SO AR SCId A7 A e 5
SO, FCHR A S R TR 3 18 R A DI R A X
W] vh A Gy B R RE T R A S e A
RO X g 7K A R AR T, 10T Ao I B
FUTOINT. 2 39 B S TR A AR, A X 4
R AR IS5 5 DIRE 2 = A0 H AT AR
T H AR Y B PN X W K P R R e e R v s
BT HEE BN T A S

4 %58

AHFFEH] ] RNA-Seq $ A X 8 7K A HRL Y T Jak
e J5 1) v R 8 B 8 1) G g8 IV 25 EA T 4 BT, ARICT R
I 2R AR DN TR SR VA A | PN T D e ) 2
FEIN T 2 F A5 0 8 K A O R AR | A
VEFH DA B AR5 48 | JHE v G 3 {5530 I Ry DG i
RIS} 0 25 AT T e AR e v e % 88 107 %o A R 12
YT 2258 . ARWIFGTSS S [ I o A o B S e o)
g K SRR BR A G (0 N A HL B2 4G T S Rk EE,
BT ARG B I S R B SR IR B I RIR R )
ST e AR G R R BTN B AR AL T BE A

SR

(1] KRR, BRaL . Ao B8 G A O R AT T R R [ ] K
PR 2010,29(4) :243-248.

(2] R, EWA. FEAK” TR FEH SRR S &G
P[], HEK™,2010(8) :9-10.

(3] FEdhfh, 0 BB B, 55 2021 4ETT IR Il B 35T 155 Wl

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

IMMTLI]. K7 SRE,2022,43(12) :69-74.

ETEL IME S E NP SE. U S IR A AN A 5 0
WY B S 2GRk )] FHESRM0,2019(2) :45-47.

RO AE. LIl R A8 v e 0 2 0 200 T P 14 D M AT
FeEEEE (D], AL Z BRI, 2013,

ZHANG X N, SHEN G Q, GUO Y N, et al. Genome-wide identi-
fication and analysis of the MAPKK gene family in Chinese mitten
crab ( Eriocheir sinensis) and its response to bacterial challenge
[J]. Fish & Shellfish Immunology,2023,143.109132.

L2 L T4 s - & B0 R 9 B IV B w5 e
IR R ,2018.

TEHE, TPSO, B & A5 i AR g B R < R K B B
WG H LA RRIBEFEL ] EAK =R ,2000,7(3) :89-92.

FHEIT, 2. PR SR A T [T ] BT R
2F,2015(2) :142-146.

ik BE. ARG AT R RIE A AT (D] B iR
HEER2E,2013.

ZHANG Y, LI Z Y, KHOLODKEVICH S, et al. Cadmium-
induced oxidative stress, histopathology , and transcriptome changes
in the hepatopancreas of freshwater crayfish ( Procambarus clarkii)
[J]. Science of the Total Environment,2019,666 :944-955.

REN X Y, PAN L Q, WANG L. The detoxification process, bioac-
cumulation and damage effect in juvenile white shrimp Litopenaeus
vannamei exposed to chrysene[ J]. Ecotoxicology and Environmen-
tal Safety,2015,114:44-51.

CHENG C H, MA H L, DENG Y Q, et al. Effects of Vibrio para-
haemolyticus infection on physiological response , histopathology and
transcriptome changes in the mud crab ( Seylla paramamosain )
[J]. Fish & Shellfish Immunology,2020,106;197-204.

XUAN F J, FU L L, ZHAO X Y, et al. Molecular dominance in-
vestigation of large-sized Chinesemitten crab ( Eriocheir sinensis)
parents based on themale accessory gland transcriptome[ J]. Aqua-
culture Research,2021,52(8) :3498-3507.

REN X Y, LIU P, LI J. Comparative transcriptomic analysis of
Marsupenaeus japonicus hepatopancreas in response to Vibrio para-
haemolyticus and white spot syndrome virus[ J]. Fish & Shellfish
Immunology,2019,87.755-764.

FANG F, YUAN Y, JIN M, et al. Hepatopancreas transcriptome
analysis reveals the molecular responses to different dietary n-3
PUFA lipid sources in the swimming crab Portunus trituberculatus
[J]. Aquaculture,2021,543.737016.

XUSCH BN, 2RI 2%, 45, BETXTUF Relish 56 K] 1Y 52 B K f
FER T HE mRNA FhKFRYEEm[T]. T EK =R, 2013,
20(1) :50-60.

LI F H, XIANG ] H. Signaling pathways regulating innate immune
responses in shrimp [ J]. Fish & Shellfish Immunology, 2013, 34
(4) :973-980.

HENNESSY F, NICOLL W S, ZIMMERMANN R, et al. Not all J
domains are created equal: implications for the specificity of

Hsp40-Hsp70 interactions [ J]. Protein Science, 2005, 14 (7) .



2026

FARND N A

2025 4F M5 41 & 4 10 1

[20]
[21]

[22]

[23]

[24]

[25]

1697-1709.

N R, C TR R[], ARl 2011,23(6) :555-562.
XV, BRI R AL R i S S HOiRe i se [ D] it
LR, 2021

ZHANG X W, WANG Y, WANG X W, et al. A C-type lectin
with an immunoglobulin-like domain promotes phagocytosis of he-
mocytes in crayfish Procambarus clarkii [ J]. Scientific Reports,
2016,6:29924.

YANG Q Y, WANG P, WANG S, et al. The hepatic lectin of ze-
brafish binds a wide range of bacteria and participates in immune
defense[ J]. Fish & Shellfish Immunology,2018,82.267-278.
DUAN Y F, ZHANG J S, DONG H B, et al. Oxidative stress re-
sponse of the black tiger shrimp Penaeus monodon to Vibrio parah-
aemolyticus challenge[ J ]. Fish & Shellfish Immunology,2015,46
(2) :354-365.

GUO H, LI K X, WANG W, et al. Effects of copper on hemocyte
apoptosis, ROS production, and gene expression in white shrimp

litopenaeus vannamei [ J ]. Biological Trace Element Research,

[26]

[27]

[28]

[29]

[30]

2017,179(2) :318-326.

HONG Y H, YIN H M, HUANG Y, et al. Immune response to
abamectin-induced oxidative stress in Chinese mitten crab, Erio-
cheir sinensis[ J]. Ecotoxicology and Environmental Safety, 2020,
188:109889.

FOMIRIER, REE5E,SF. ARIE TR Y B AR MARE K
KM S RE P AR (D], T EK =R ,2020,27
(3) :346-354.

ZHAO L J, TU J G, ZHANG Y L, et al. Transcriptomic analysis
of the head kidney of Topmouth Culter ( Culter alburnus) infected
with Flavobacterium columnare with an emphasis on phagosome
pathway[ J]. Fish & Shellfish Immunology,2016,57:413-418.

T B WEKA B R R O BT R4 2 mRNA 5 miR-
NA HFRE T D] 284 IR R 2024,

XUEL M A SR AR BT SR LI B AR W A = A
FPH K BT VE K SN BRI SRR R R 2 R[], Ml A7 5T
2022,44(4) :301-311.

(TTAEL R S )





