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The gut microbiota mediate lipid metabolism to regulate the
growth rate of mandarin fish (Siniperca chuatsi)

Ran Cui, Xin Zhang”
Fisheries Science Institute, Beijing Academy of Agriculture and Forestry Sciences, Beijing
100068, China

Abstract: Mandarin fish (Siniperca chuatsi) is an important freshwater aquaculture
species in China, enhancing its growth performance is crucial for shortening culture
cycles and optimizing industrial benefits. Gut microbiota, as an important participant
in host growth regulation, has not yet been clearly linked to growth rate of mandarin
fish. In this study, five fast-growthing (FG) and five slow-growthing (SG) mandarin
fish reared in the same cage were used as targets. Using 16S rRNA sequencing
combined with untargeted metabolomics, we analyzed the intestinal microbial
composition, metabolite profiles, and their interaction patterns. Microbiome structure
analysis revealed that Firmicutes and Proteobacteria were the core dominant phyla in
the intestine of mandarin fish. LEfSe analysis identiffed Fusobacteria as signiffcantly
enriched in the FG group (LDA>3.0, P<0.05). At the genus level, relative abundances
of potential probiotics Cetobacterium and Leuconostoc were higher in the FG group
than SG group, respectively (LDA >3.0, P<0.05). Partial least squares discriminant
analysis (PLS-DA) showed signiffcant differentiation in metabolites between groups
(R?Y=0.992, Q*=0.727). A total of 150 differential metabolites were identiffed (P<0.05,
VIP>1.0), with 123 upregulated in the FG group, mainly annotated as fatty acids,
glycerophospholipids and sterols. KEGG pathway enrichment revealed that the FG
group significantly enriched lipid metabolism pathways such as glycerophospholipid
metabolism(ko00564), unsaturated fatty acid biosynthesis(ko01040), and steroid
hormone biosynthesis (ko00140), while the SG group showed specifically enriched
Foxo signaling pathway (ko04810). Spearman correlation analysis showed that
Cetobacterium was signiffcantly positively correlated with phosphatidylglycerol (PG,
22:5/18:0) and phosphatidylcholine (PC, 18:1E/2:0) (r>0.65, P<0.05). Leuconostoc
exhibited a positive correlation with eicosapentaenoic acid (EPA, r=0.62, P<0.05) and
a signiffcant negative correlation with adenosine diphosphate (ADP, r=-0.71, P<0.01).
These findings suggest that dominant probiotics Cetobacterium and Leuconostoc may
synergistically enhance host nutrient absorption and energy utilization efffciency by
regulating membrane lipid structure, promoting fatty acid metabolism and steroid
hormone synthesis, while inhibiting energy metabolism loss mediated by the Foxo
pathway. This study provides new insights into the microbiota-metabolite interaction
mechanisms regulating growth in mandarin fish, and offers a theoretical basis for the
targeted development of growth-promoting probiotic formulations in aquatic animals.

Key words: Siniperca chuatsi; Growth rate; Gut microbiota; Lipid metabolism

BHEWE: ExEERKEF I ARE R (CARS-46)
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Characterization of the cptlb Gene in Response to a
Tributyrin-Supplemented Diet: Cloning, Tissue-Specific
Expression, and Intestinal Metabolic Function in Mandarin
Fish (Siniperca chuatsi)

Yi Guo!, Xiao Wei Gao **, Chun Guang Gong >**
Hebei Agricultural University, Qinhuangdao 066003, Hebei, China

Abstract: Objectives: Tributyrin (TB), as a novel feed additive, holds broad market
prospects and is crucial for promoting fish growth and maintaining intestinal health. We
first identified the fatty acid metabolism-related gene cptlb in the intestines of
mandarin fish (Siniperca chuatsi) from the TB-supplemented group. Methods: A total
of 600 mandarin fish (200.0 = 5.0 g) were evenly allocated into three groups. The
control group (C) received only the standard extruded feed, while the experimental
groups were supplemented with tributyrin (TB) at concentrations of 500 mg/kg (T1
group) and 1000 mg/kg (T2 group), respectively. Results: Cloning yielded a 2364bp
open reading frame (ORF) encoding 787 amino acids, with the gene possessing two
conserved transmembrane domains. Phylogenetic analysis further indicated a close
phylo-genetic relationship between largemouth blackbass (Micropterus salmoides) and
mandarin fish. Tissue distribution and intestinal enzyme activity analyses revealed that
supplementation with varying concentrations of TB upregulates cptlb gene expression
in different tissues, while modulating intestinal digestive enzyme and antioxidant
enzyme activities. Conclusions: Our findings suggest a potential mechanism involving
enhanced intestinal enzyme activity, reduced fat accumulation, increased expression of

lipid oxidation-related genes, and accelerated TB degradation in the intestine.

Key words: Siniperca chuatsi; cptlb; tributyrin; molecular cloning
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Transcriptomic analysis reveals organ-specific adaptations
in the gut-liver axis during diet domestication of mandarin
fish (Siniperca chuatsi)

Hao-Yu Li!, Zhi-Guang Hou', Yi-Huan Xu', Cheng-Bin Wu!, Zun-Li Qi', Xiao-Wei
Gao'!, Chun-Long Zhao?, Xin Zhao*, Li-Han Zhang*
1. Hebei Agricultural University, Qinhuangdao 066003, Hebei, China

2. Hebei Academy of Ocean and Fishery Sciences, Qinhuangdao 066200, Hebei, China

Abstract: The mandarin fish (Siniperca chuatsi) is a high-value carnivorous species
whose exclusive reliance on live prey hinders sustainable aquaculture. This study aimed
to uncover the systemic adaptation mechanisms to formulated feeds; A 30-day
longitudinal feeding domestication was conducted with three phases: live feed (LF),
dead fish mixture (DM), and artificial diet (AD). Liver and gut transcriptomes were
analyzed using comparative transcriptomics and weighted gene co-expression network
analysis; During the initial LF vs. DM transition, a coordinated stress response was
activated in the gut-liver axis, with up-regulation of transcription factors (jun, fosab) in
MAPK and Toll-like receptor pathways. Upon AD adaptation (AD vs. DM), metabolic
reprogramming occurred: lipid metabolism genes (fads2, fabp2) were up-regulated in
the gut, while inflammatory stress (MAPK pathway genes) was down-regulated in the
liver. WGCNA confirmed functional specialization, with key gene modules shifting
from stress/immune responses to nutrient metabolism and homeostasis; Dietary
domestication in mandarin fish involves temporally coordinated and organ-specialized
adaptations in the gut-liver axis, providing crucial molecular insights for improving

feed acceptance in this species.

Key words: Mandarin fish (Siniperca chuatsi); Feed domestication; Gut-liver axis;

Transcriptomics
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Comprehensive effects of cyclic starvation and refeeding on
juvenile grass carp: growth, meat quality, enzyme activity,
enteritis, and challenge by Aeromonas hydrophila

Qian Cong *!, Xin-Zhan Meng®', Yiwen Li®!, Yubang Shen?, Xiaoyan Xu®", Jiale
Li*>™
a Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural
Affairs, Shanghai Ocean University, Shanghai, China

b Center for Aquacultural Breeding Research, Shanghai Ocean University, Shanghai, China

Abstract: Grass carp is the most widely farmed freshwater species globally, but its long
cultivation cycle limits commercial production. Compensatory growth offers a strategy
to accelerate growth and reduce costs. This study investigated the effects of cyclic
starvation-refeeding on juvenile grass carp. Fish subjected to 1 day of starvation
followed by 6 days of feeding exhibited super-compensatory growth and significantly
higher final body weight than continuously fed controls. No adverse changes were
observed in muscle texture or amino acid content. Histology analysis showed no
damage to intestinal villi, while digestive enzymes (amylase, lipase, trypsin)
significantly increased in the 1-2 day starvation groups. Most immune indicators
remained stable, although IL-10 expression increased and TNF-a, IL-8, and IL-15
levels decreased. Notably, resistance to Aeromonas hydrophila was maintained. These
findings suggest that short-term cyclic starvation is a safe and efficient approach to
improve growth performance without compromising product quality, providing a

promising model for innovative aquaculture practices.

Key words: Grass carp; Hunger; Refeeding; Growth; Enteritis
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Study on Propagation of GCRYV Genotype II in Serum-Free
Full Suspension Culture of Grass Carp Trunk Kidney Cell
Line

Yingying Wang, Xiudong Guo, Shucheng Zheng, Xubing Mo, Yingying Li, Jiyuan
Yin, Qing Wang *
Key Laboratory of Fishery Drug Development, Ministry of Agriculture and Rural Affairs,
Guangdong Provincial Key Laboratory of Aquatic Animal Immunology and Sustainable
Aquaculture, Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences,

Guangzhou, Guangdong province, 510380, China

Abstract: Grass carp reovirus genotype II (GCRV-II), the principal causative agent of
grass carp hemorrhagic disease, requires efficient propagation systems for virological
research and vaccine production. However, adherent cell culture systems are limited by
difficulties in scaling up and strong serum dependence. In this study, grass carp trunk
kidney (CITK) cells were adapted to serum-free suspension culture via low-serum
adaptation, monoclonal screening, and formula optimization. A serum-free medium,
CITK-506, enabled the adaptation of a stable suspension cell line, CITK-S, which
maintained viability above 95% and reached a maximum cell density of 1.98 £ 0.31 x
107 cells/mL, The cells exhibited favorable cryopreservation and recovery performance.
Using this culture system, propagation conditions for GCRV-II HN2407 were
established, yielding a viral copy number of 1074° =922 copies/uL. Compared with
conventional adherent and roller bottle cultures, the suspension system increased viral
yield and shortened the production cycle. These findings provide a strong foundation

for serum-free production of fish viral vaccines.

Key words: CITK cells; serum-free culture; suspension culture; GCRV-II; grass carp

reovirus; viral propagation
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9
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Pik3rlEFAREERE &S KS5ERKH

SOk, OB, PNV, BRIEAT L RMER Y, e, WS Y A
Va4, B Y, DEREE L AR B L ORERA Y AR, R
1. BRI AR AOK TR R E R S0 =, [ 201306; 2. HHERERAERS: /K
JREIRSAR SR A A S, g 201306; 3. RN AP S E R, i
201306; 4. | M EEEAEIATRAT], 7/ 510220

WE: Ff (Ctenopharyngodonidella) 7&4BREER/KIRH A, HAEKERE
BT R B 0 RR 1) R 240 7 Mk %« PIBK/AK T/mTOR 38 5 A2 i 4% A2 K ARt
BoME S5, HIRY U p8Sa M Pik3rl Jntt. AW B ER R Pik3r] £t
KA AR RIS DIRE, AT B PR ALHT Al AW TUNG 300 R L)
P75 10 G, EECPOR A KA I8 A K AT WL S s, @it PPI MY
2N BE Pik3rl NARIEFEDN . W IR SH3 S5 M4k sgRNA, FiH]
CRISPR/Cas9 #i AR BTN EAZFEIN, 3713 FO ika KRB (Pik3rl-MUT).,

. HHY) A QRT-PCR AT A KR K4y FHL, Pik3rl-MUT ik &1
I 51.8%, PRGN 13.5%. LA 2ENLFLEAR K (+22.50%) 534 (+18.90%)

A AE R A JH AR B> 67.7%, £ PPARa F1 CPT1A4 1. FASN #1 ACCI
. PI3K/AKT/mTOR I HGE, AENRHFRIETE . Pik3rl &5 0 4E KNG
JRACHH OB TR 4% 1, DD RERIR K e 2 M IE NG S i A7 E A IC B NN EE B &
G, SEELA K S AR R 1 R HR T o iR R AT AR R R A0 ) 1 B Rl T R A

KgEE. Hifh, Pik3rl; CRISPR/Cas9; WL fgmiftist

BEIE: AV ERE KL (20252D0408100)

BWRSEH: 1REEE, E-mail: xyxu@shou.edu.cn; ZFZK K, E-mail: jlli@shou.edu.cn
10
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— M TE&19SE G FEE & AEHXHSNPS FHRIE
REHRNH

R LR, R
1 _EHRREER S RMR AT R A K =R SR S s2 06 =, B 201306

WE: Hf (Ctenopharyngodon idella) &3 F= & i = IR K FRpE S, (HIHAL
Guik BRI, Gamsim, BIE LK FAodEm AR, 47 R
EE M TR T 2N AENT S QTL B, /R M 19 SH A E
i B — AN 5 AE K MR B35 SCHEY SNP 755 SNP3403, FEFF Kk 745ty 185
¥ C L5l ¥ 5-ACAAAACAGAAGTAAAGCAG-3'; N iF 5l %1 : 5-
AGGTCATGTTACCACCAG-3"). VUK TT I £ 5 BR VT ME £ Ff Py 2458 B fa BRI
AL (n=514), REREEFEAIRIERFZA DNA, £ PCR ¥4 K& —RF /74,
SiE R ARREMAT ORI M. TR R S5 R, SNP3403 f£7E GG.
AA FIAG =FEERM, A FLERMFEN 0.56: AG KB AR 114 =
(224.412+111.122g) A& (20.855+3.203cm) B EFMT AA FEF Ak
(193.626+105.886g, 19.942+3.003cm) (P<0.05), NAEKAMHAILHA,, K%
TARL AT E P Be (REZ) 200g) SERLEERIBYGRIE, Rk & AR 50% LA
Fo I AR LAIER] SNP3403 ARy A KRR A 207 7hnad, S
B AMA R T ERE, EHTREATGEAK SRR IEMIES .

R H AR TRl EE

BETE: ERIACRL W ARE R (CARS-45)

BIRE#E: JLEH, E-mail: ybshen@shou.edu.cn; ZEZK 4R, E-mail: jlli@shou.edu.cn
11
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#HREEWGCNASHTIB R E &M MEHE X BT @ &
XEEHR

RIEARE Y, R, R, MEERAR Y, TRER Y
VIR AR ERIR KK = i SRR B TSR0 =, B 201306

THE: 9l N f s e i) L], B 0. 5. 35 A1 50 mmol/L B fE i
H 60 d, JFREZHANF. ZREKIE. DhEEEE. IBEE R L RIE ML &
qRT-PCR %k 7£ 3 M %€ 21 1227, 1803 #2554 > DEGs, 3 MHAL
HILH 174 1> DEGs, FEHBFETAE THEEYE. =RKIEH . mTOR (551
B WETREAA/ B S A AMARIEE M. AP Ea 3R P450 A 5 AR BL A A A H
LR EE . WGCNA k5 22 MERIEBIEL, 7543 ap6vOch. clen2e ipmka-
LOCI127520426+ dut M cdkn2c 6 Mg IXAFE ] . 45558 W], KB raa v] 5

Tt gl R AL Y e e N, P RS T S TR BE AR gD
M AR R RS S AN R IR IR S5 2 AR R, I R R K Th AR 3IE %
M55 1 B AL 7 B LA .

BRIE]. H A, BbE, 8, R, BRI SRR K ML T

BRI E: ERIACKA A FARIA R (CARS-45)
BWEERA: LR, 5B, M4, #ug. mEAESIN, FENFRAEAMRRES

BHE BT, HiE: 021-61900438; E-mail: ybshen@shou.edu.cn
12
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“RFE & RARMKRE R IERS
BESER XU REC B2 R SO BRI EE N e

;J__\‘ 1,2,3.4,*
LIARG AN K K= 24858, IR KD 410128; 2. &8 1Ls2a6 =, Wird Kb 410128; 3.05F
FNV R TR AR Gy, WK 410128; 4B EAK B 5E 0T 5258
R RAA R RARA A, WK, 410000

FHEE : RN AR 2 1 B AR PR [ SO AR B 7R T S M, A BT A AR
NIRRT R AT 5 KR A BLA A FERE L B 1< A f 5  ad
FRPE A RLIAE TR PIBRRFIE I [R5 A6 L TR B 7K A PR A K o B Al
TeERTEbR. AR KAE ARG & R R E s, Koo & EEE K

(P<0.05); HAMAMAGHTIER . AR . 2 AMEAEITR & EPA+DHA &
BEHREEN T HEEG (P<0.01); ULALS. B S YIS &5 s
Pt 25 5 15 (P<0.05), HWLAA YAURFAIE 5 IR A B K A I 25 2R =y L 345
IR 7 M s, < KAt B s R ER R b & T A . W7, A
BAEH AN, £5 b, ORANRH L5575 TR w55 DA SRR . 5 I i
HAL R AR SRR TR VAN R, Jydlid Y42 TR P oA B o4 R 4 S PR it Jo
Sefit 7 R EHNR S .

R K, EIRMY: RIR; 7FoTER: Bk

BHITRE : WFE HARRIEIE A2 (20241162475 FEHE LS = A AR (2024RC2024);
B 2E TR 3E 4 (24B0225); SR BH KRS M bR AL FEFE AR 7R 7] & T H (xezx-
2025808)

BRAEE: SR, 5, 18, J0m, W 280 A W) 240 4L, B-mail:huxudong@hunau.edu.cn
13
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e AFANDERCH X REETFHERHEDAIRE
EZE3C 3Ky

SR L ARIRIE V20, SR L, B L iR, AR Bk !, s L
BG4, B Y, AR 2
L B RS RIS TR AOK R B SR B S0 2, BHE 2013065 2. bR R Y
IKFEFRI TAREH AR T L, B 2013065 3 L¥ERE RS K2Rl E 5 S #UER
fwrty, LB 2013065 4. MITTEBEAESARAR, 7R M 510220

WE. NI RERTHEEE®S (Cirrhinus molitorella) FEARIB AL T 717> 5
TPl FR R S URBIUIR, AT 78 2 T 4 2 DR 20 3 5 X i P2 (SSR) i A
BT T RATHE SRR T, AFEEA RS E H 349,117 4 SSR 7%,
O BHRERRARNEE (41.48%), HIKAE LR SSRs (18.89%). =%
TR (17.00%) VIR (8.64%). FIZHIE (2.71%) FI/ASEZETR (0.12%).

AW FEBEHLIE I A B 120 X 5| P13 TI0AE, mATRESRIT 12 N2 5tk H]
FaEY G SSR Arice FIAZARRN KRBT A 5 A 2 R ik
TR Z R T RSN, 2 M EAREZE (PIC =0.779 + 0.154);
BRHRIE G (He) AT 0.754 2 0.811 208, Som HE m KL 2 6
Yo ¥ 77258 (AMOVA) KB, &AL F2ORIE T RHA N (94%), A
)7 AE A FE T 8% 0K (FST=0.057). Z2E70#r Al STRUCTURE 2341 (%
R K=3) 7 T A [F) BB A7 A 2 2 R S5 i 22 57 o AT U R IR T Y
SSR Fic St ALKt , Sy e [l £ (1) B BT B R ARG L VP AL SR A St T B AR

SCEE: Wi, WU, %0 PCR: HAESREME: AL B

BEHIRE . AR A ARIA R (CARS-45-03)

BEIEE: KK, E-mail: jlli@shou.edu.cn
14
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CRISPR/Cas99t S Wmyostatin bEEBIFR{R B8 & 4 AN
RIAE X

JARE L, BT ! ARET 2, RS
1. R RN RFRR KR PR B S sn s, LI 201306; 2. M f A iR
wal, TN 510220

WE. PIAAEKMHIER (myostatin, MSTN) & EHESN W5 #& LA K A —Fp B2 25
AR T AWK A CRISPR/Cas9 iR, X (Cirrhinus molitorella)
mstnb BRI FEATEE ARSI RE 3 SKFEN) msmb B AR T ET RNA
(sgRNA) 5 Cas9 & 3L [FyF ST 2 AN IR AR, I mstnb FE K 4% FO
kG, ARG MEZIAE] 42.5%. 7F 12 HHr B, S5 E ARG AR L,
mstnb R ERILH R AERRS, K K. AR5 SARE AR S 4.1%.
8.3%+ 9.8%7M120.1%. A HriRoR, KO HE NI4T B iR &
RN, AL IR N LA e E B D, R msmb SRR S B R IIA A
FERIAMALEIE K. 21 RNA-seq 7T IL4EE 1452 D72 7RIS H,
Horp 1209 A~ B 243 A~Fil. GO 1 KEGG &M iR, ZFREHERNF
B SR E KA AN RN DA R R BRI AR DI o 25 b, ASHIF SO A I A i Sr
T msmb BRI, FERY] msmb BRK Reg L g o 4K RE IR R B
TR R T mstnb LEREF fFBE VLA A P B ORSF FORFEVE R, IRy ELg
R BBV AR G 20 T B M F et 7 2%

R . mstnb; W fh; IR, A

BEHIRE . AR A ARIA R (CARS-45-03)

BWRSEE: KK, E-mail: jlli@shou.edu.cn; #REEME, E-mail: xyxu@shou.edu.cn
15
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WHRBEBRNAEMIEBEETIE (Coilia nasus) FE7SMERBHER
20 AR

AR, kR Y, mERE T, RIS, EmENE S, S,
B, it IMEE L RAT
LI ARA BRI TG, 1A GFrE, 250013; 2.8 Tl ER B b, (WARKRE,
257091; 3.LZRAE R A BHIR TR Bk, I ZRTER, 250013 4478 T EFE R
RA®, WWARKE, 257091

WE: NEREWILEEN 3 DAEHEBA SRR RN EEREMR, A
BIF ST AEE BTN 1 2R3 S Lk s R BE 1) 168 R BT AR T8 ot 2, & 3
WIRE (V). &K (XD, K (X2, g (X3). ki\m (X4, kK (X5,
IRJESkK (X6). TR (X7, BK (X8). WK (X9). R (X10). EWi&E
(X1 L 12 MAEKMAR, AT 20T @A BT AR 0K
PRRE Mo S5 RERI: S R T B3R 2 i oK (90.58+8.95g) HAR R &
/N (9.88% ) 2R T-IHIFAG LTSI A4 T )6~ 35 4 o 245/ (43 9 59.05+13.76g
39.90+13.68g), {HAAREAE R REHEE (23.30%. 34.29%), o~ KHERE
Wy, XMERATREH BB PR SRR S5 s 2 I R
o 15 Y RECI BT IR, R AR ST AN L A A A T R A O R
SNLNETIEAE S ET R igiake L uNTs sy AEIUS Wiy B s N i 2 S & J ) W ]
VA7 R YDPH=-131.143+0.488X2+1.604X5 (R2=0.877,P<<0.01), flili s &4
B 5 FE 5 FE N YWSH=-80.976+0.241X>+1.808Xs (R2=0.949,P<<0.01). K
IR AT 2705 25~ i L TR A VO A 5 4 i i DG TR e vy ) T DO 7 1A AR 2506
AR R R E Ak TR LB AR S A [ A T R RS FE R2 A 0.455,
HIRERERA BT S84 501 FHOC A4 R 22 oK, Rk — Db 78 R MR I
BOUE o Z55 43 BT 2R B, AR w5 2 5200 2R SFA080 A L A A 1 ot e R R o PR

B AR BB T SR i G RAPEE R, J5 BERT g N AR 58 755 Sk
R, S EHEZRIE A & 755 7 1R — D248 S AR ot & i R B MR . ANBIF T 45
AT L AR R A A5 B OR A M R I B S R AR

K@ T SRR R, 8ot KESHE 2

BB E : (L RE AL 7B R AT A A ZE T H (DSY2024KC03); R4 255~
M ARAR R K ELTETE AL (SDAIT-12-09); ZRETHAA LT H
BRSERE: AN, B L, BIFFT R, BT 77 F K2 sl AL & Fi, AR FL UG : 18953165708,
E-mail: zhshr229@163.com

16
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76 B E R E FAE R B E KBXEREE ERAR

FER L, EEEE, St
ferpfalb ks, WX PE e 2O YW : 430070

WE: JI (Coilia nasus), XFFKILT)H, RKITHBEE S FFMEM STALERT
T BRI o T R B A SRR, SECOL B0 K, RS TR KT,
JIEF N TE B R RIIRE S, HHIPIR, AN T RGNk 5 5
WA gt. BT, fAEOFER RS R . FARIEE 50k E & i ARR ) 17 3=k
(R o DRI, FRATT LA 45 B0 5 4 (R 4H 2H 26 9 e qilh, 55 GWAS 5 RNA-
seq KRG 2r M, 124885 4 K55 E B A TR R 2 R B AR A SR e L ], JF
SRR AE 5 7 b e 8 PR B A A, DAS O ) i R T T ) R S A . BT AT
SERy, FATRGE TIGTME AR AL DA ey o7 B iR /K P B A U RE R A 3,
LT — 2k B R4 1) W Ak, B RN TR HNIESE [ J16F 2Z2/2W BAPE 5| g
A4t I GWAS i8S 21 14 D TJBFAERR S SNP A7 i, o 11 M
REMSZ AR 43 2 56IE, B1E 1 AR RIS 5 A R g £ 5 &2 mTORC1
ks EALF] 39 ANJIGFINEUR B SNP A7 fl i — MR EE T, IFE
cpneda NWEAS FUEN FRCEER, /R 7 HPG flilER (5 9. JMu4hE: i H 55
Z AT U R4 T O SR B TS AE LA ABFFU I AT ARG, BRELR
PR P AL BRI, TP RSB bRD, B NE T JIHHL R o 3R 5EE RS i
WA SRR .

oHE]. ), FREEEERAH, ALK IIEKRT; GWAS

BHIE: EFEARETE (2022YFD2400900/2022YFD2400904 ) #4644 & A & i H
(2022BBA008 #l1 2021BBA233). T RI=HARRAEEMIE (2022021302024854) .
BT el A RIS 00 H % B

BIRVEE : =3 ES, E-mail: gaozx@mail.hzau.edu.cn; /i1, E-mail: wansm@mail.hzau.edu.cn
17
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IncRNA MSTRG.7864.9-ISG15E SN ST ET &I T
A BEEKE BOHLHIFT 5

e, BHEA”
ALK SR, RS, 510275

WE: &2 P Aa(Gift tilapia) 2 TR E 2 FREM R —, BAEN R, €
7L R EESE SRR . BEAE UL, SRR HE T, I R E RS
TR Y H &, PR MR KA, IR R OB
(Streptococcus agalactis) &G v 75 K B AE B A T . BIIL, R E P JEaf
PR DRI DR (42 98 e F Dh Re M AT It 98 LA, IR TR IR 35 ' 2 E 1) S TR A L
i, T2 AR o LR BR B B A TAE R A N B . A ST
IncRNA MSTRG.7864.9 F1 ISG15 #AT /G EL IR #T, KINAE G & ik A i)
IncRNA MSTRG.7864.9 KisE¥ T, [N, HHEER ISGIS w3 B, #t—
HTE R, IncRNAMSTRG.7864.9 RIS 4% ISG15 ik, #1520 H 5 Tolls
H1 PRRs FR IS AL 32 AR 1 EAE,  MNTAT SN Ui o 15 AH IR % PR 7% 2 DA R ¢
TE TR . KT8 T IncRNAMSTRG.7864.9 /51 & B HE i
ToFUBERR A S B AL, AR T 2 R 5 R e R 1 oy 1A, doh
JE A0 T U BEBR TR (1 B 128 SRR W R SR it 1V AE ) 40 1 HE AR S B S

KegE: HEPArm; LILEERRE: IncRNA; JOMER M

BB H : [E 5 HRBIEFIES (No: 32373114); TR 2024 4 2 RS EIE L I ¥5 4 (2024-
spy-00-004)

BWER: B, 5, #0%, A NEES T HF, E-mail: xiajunh3@mail.sysu.edu.cn
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Expression and functional analysis of 3 beta-hydroxysteroid
dehydrogenase type 7 (hsd3b7) in the ovarian development
and maturation of Qi River crucian carp (Carassius auratus)

Limin Wu, Yongjing Li, Yufeng Xu, Xi Shi, Xuejun Li *

College of Fisheries, Henan Normal University, Xinxiang 453007, P.R. China

Abstract: steroid hormones are vital for ovarian development and maturation. The
enzyme 3[B-hydroxysteroid dehydrogenase 7 (hsd3b7) catalyzes the conversion of 3f-
hydroxy of 7a-hydroxycholesterol into a ketone and form 7a-hydroxy-4-cholesten-3-
one, which may affect steroidogenesis. However, its specific functions in ovarian
development of fish remain unclear. In this study, we cloned a Asd3b7 gene from the
Qi River crucian carp (Carassius auratus) and generated a polyclonal antibody against
it. During ovarian development and maturation, the expression level of hsd3b7 peaked
at 150 days after hatching (dah) and remained stable until 720 dah, exhibiting specific
expression in both gonadal germ cells and somatic cells. We subsequently knocked
down the hsd3b7 gene for 30 days by injecting the double-stranded RNA (dsRNA) into
the ovaries during the previtellogenesis stage. Following this, ovarian development was
significantly inhibited, resulting in the majority of oocytes remaining in phase II.
Additionally, there was a notable decrease in the expression of the germ cell marker
genes (vasa and piwil) and cell proliferation-related genes (pcrna and ki-67).
Furthermore, the expression of genes associated with steroid hormone synthase and
lipid accumulation, as well as the levels of E2 and total cholesterol in serum were all
affected in specific manners. Our findings suggest that 4sd3b7 might plays a regulatory
role in ovarian development and maturation by influencing steroid hormone synthesis
and lipid metabolism. This study provides a foundation for addressing the issues of

precocious maturation in Qi River crucian carp.

Keywords: Qi River crucian carp, hsd3b7, Ovarian development and maturation,

hormone synthesis, lipid metabolism

BRI : WA DA W ERR R (HARS-22-16-G1); VAR E R BT H - (il fh
JHA U XA B T D

BWEE: F9%, #%, ETENFKEMRIE S S8 A FE R, E-mail: xjli@htu.edu.cn
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Integrated transcriptomic and metabolomic analysis of
ovarian development reveals the reproductive toxicity of
decabromodiphenyl ethane (DBDPE) in crucian carp
(Carassius auratus)

Changchang Xu, Yuqi Li, Limin Wu, Xuejun Li*

College of Fisheries, Henan Normal University, Xinxiang 453007, P.R. China

Abstract: As the main substitute for decabromodiphenyl ether (BDE-209), the additive
flame retardant decabromodiphenyl ethane (DBDPE) is easily released into the
environment and frequently found in global freshwater habitats, causing worries over
its ecological risks. Despite documented reproductive endocrine-disrupting effects on
animals, how DBDPE affects ovarian development and related molecular mechanisms
are poorly understood. In this study, freshwater crucian carp (Carassius auratus) were
exposed to environmentally relevant concentrations of DBDPE (0.1, 1, and 10 pg/L)
for 90 days. Ovarian tissue histopathological examination, brain and gonad
transcriptomics, and brain metabolomics were integrated to systematically investigate
the effects and underlying mechanisms. Histological analysis revealed that DBDPE
significantly accelerated ovarian development. After 45 days exposure, there were more
stage Il oocytes in the DBDPE groups; after 90 days exposure, the proportions of stage
IIT and IV oocytes in the 10 pg/L group were markedly higher than those in the control
group. Integrated transcriptomic and metabolomic analyses showed that renin—
angiotensin system-related metabolites were significantly upregulated, along with a
concurrent increase in angiotensin receptor gene expression in both brain and gonadal
tissues, suggesting that the angiotensin signaling pathway mediates DBDPE-induced
acceleration of ovarian maturation. This study provides the first evidence that
environmentally relevant concentrations of DBDPE can disrupt the ovarian
developmental rhythm in crucian carp, manifesting as accelerated maturation, and

highlights its potential endocrine-disrupting effects.

Keywords: Decabromodiphenyl ethane (DBDPE); Crucian carp (Carassius auratus);

Ovarian development; Angiotensin signaling pathway; Endocrine disruption

BT E . IR AR AR R (HARS-22-16-G1); A BHEBOCTIE (il
JHA U XA B T D

BREE: %%, A, FENFKZIYEFEEESEEE M, E-mail: xjli@htu.edu.cn
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3. EFEFEMSEUAEEN S SRUMEHDIER

Eppl, HEWE, ki, B, FER, HER M, R,
skali 2, R, Mg, XUEE 2, RIS, XIbZE 2, B, gRiper 1P,
%1%% 1,4,5%
LB KRR R AR EHER, W XEARGH O, = EH 650500,
T E 28R TG R 2R f R 2B, 2SR IS B P EAR A E W LR b0, FE
isge =, WIRKY> 410081, wE 3. ERAERE RSO FT, BAE L S P 4
EE s, mrRY 650223, HE 4IRS LR, S EY 650092, T1E 5.
mrEmR L E AR, s EY 652115, HE

WE: WAMBTTRY, SRR SCR MR IREART & — 70 XRRE I
FFE . A AT FUE e B S R SR A AP o L SR 5 5 B R U 22 FiE
&, RIS TR AL SO AR IRV FAE K B % R A IR A E . 1
WRIEACPESE A5 FE RSP 2 bR SCRRr R ER R 5
DLK R TE R IR AR R0 o FiiJa, JA 0 B 2% 5 Ja L i A —— R Rl
PIATE W R R A28 5 2650 Ja 2 A8 AL, RIS 3 R}t SRBILA 4% =5 1 DTk -
FATBT TR I WALt S, Jead BN S 2 A5 LR 2EIE 1 HsL A 57
ISR AR R XA SR Dy e 7 U0 R B IR AR 1t T T IR LS S S
LT ERSCE . b, AP B ITESR, BERGKE. A
Mt 52 A5 0, HCVHE IR R acilE 70 RN A e e /e /s, IF
i 2 28 N FH IS5 R 25 Al it 52

R RACHR ERENE; 20 BUIREL

HBIHE:

BEEE: PEr, &, #U%, E-mail: jingluio@ynu.edu.cn
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TS KEBBUREL R T R IERRA E

g, ZEE7H, SXAh, ML, R
LR KR E AR, =/ B 650201

TE: IR R BERIAR 5 e VL e 2 % A2 FARII AIAEIE R /0, #E47 1 IEAT (K
B ZLRAR Q> VT 3D 528 (JLITHE Q> REEAIRAE 3D R . 45 RER, KX
ZRER (49.37%) BEF/TIER (41.77%, P<0.05), {HEF LR (17.79%) KT
1EAE (25.05%); 1EACAF# 2~3 d WAERAET., SOCHIER 17.67%. WA
2057 BB 21 i, R ERR (ERHIEE), IR TR, B
AN o R AZ 20 H AT FAA K (2.020.18 dem, 5 35 KT A 24k 04 £4.(0.82+0.17)
em, HAEKMH . DCITHEARIAR R RACHAEZHE a5 4K AR5,
DB} R AT P AT B AT

R KBERREY; JoiTil, mE5IRAs; MRIRAH: AMiis

BEITE : =g MIEIEA LA (XDYC-QNRC-2023-0423)

BEIEE: e, Bt BlZd%, E-mail: xwwu@ynau.edu.cn
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ARk G EBEK, MEN. RERFEHLIIENR
M

X%, FAl, B3k, FEBW, FFEN, E£E
TR IRYE K 22K P2 2258, T rEH 2, 453007

WE. AR T AFEKRMHEEXSEE (Cyprinus carpio) WK MG ETE
Wi RS RE ) KA TE AL D RE 2R . K 360 FEAIURIAE R 63.47 +£28.75
g MIEEEENL > 4 4. X4l (CG, Obl/s). {RIRIELL (LF, 1bl/s). Hifisdl
(MF, 2bl/s) FIEIELL (HF, 3bl/s). 5ottty 12 /KNG, FIERIEHE 12
. SERFH, KNG R ES S T AR KRR LR . LF A RAR
MRS (AST) MNAREAEHEN (ALT) /KFRERK (P <0.05),
1M MF AP i (TP MEEBRE (ALP) /KFMEET G (P<0.05). &
JiilE (COR) /K-FHEEIG NI Z W T, HF AR/KFEZFST CK 4 (P <
0.05) . BTG RE /)71 : LF 4 S8 A B (CAT) FLE i L RE /) (T-AOC)
B BTN (P<0.05), T HF 22 bt H Ik E ¥l (GSH-Px) & PENA i~
(P <0.05. fEKIFILERRERN B, CK 45 HF 42 A COR Hl GSH-
Px KPR EES. 25 LATIA, EEM/KRPNE (1~2 bl/s) A IE5RAE (1 I BT
SEALRE IR S ThiRE, T /KT E (3 bl/s) B REMR AR, (HE 75 R M
T TP D RE I IG N B KU o A SN AL BAE TR IR MK FRIE R G (RAS)
KRS HER L TR

R B, K PrEALEETT: s iEEAL

HHIWH: EXEARRFRELETH (31602149)
BWMEE: T4, B, L, BiEeR, WAl S, 5 EIEIR KR S ALAT 4R

BAHLEIRESE, H1E: 0373-3326530, E-mail: wanglei201912@htu.edu.cn
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— ik i & FEBUH 14 FLECE (Shewanella sp)XWib 14 K4
M £EEEMFF R LB EEE S

AR, BIAL Y, PR, FERE
1 VL8 KK P29 T, B 0T 2100175 2 VLo EE R, E=EE 222005

WE: [ 5] WLIR & — IR o 8 43 5 31— bk 3 B 800 B A T IR
XWibl. [HEY WA TLIRE XWibl RPRI KR, TR XWib1 (14
SEPRAAAE B, FE T 3 R A B A b L A AT, 4248 L 55 70 ST 25 255 (R 0 AR AE
S 1) B 50078 AL 1) B i 24 ARG B 4 SR IR B R A o [ v ] R LU A B IR T
XWibl [ AR A A KR, 454 lumina A1 PacBio & X}
XWibl FE47 4 ZE PRI, ) TR A 425 S 52 i i (R 4H gz, AT 22 DR T
IR R R A PCR B0AF BRI R0E s It RG0K & MR LU R 41 2 23 Bt
HA R D45 ) A T HE XWEb1 48 A I 52 58 /1 R 4T, nT DOE R s
EREEEE[3% (w/v) NaCl], FEFAHLSKEEN 5036 139 bp, GC & 45.31%,
B 4282 MR IEF A 138 NMEGASIE R . DhREERE WoR S A o AR R R R
4 282(NR). 1476(GO). 3 544(COG). 2 408(KEGG)H 2 660(SWISS)1~. R&GK
BMrEM, XWibl 5 S oncorhynchi Z-P2 354 5% Z I (ANI 15 97.39%, DDH
{H 87.5%), FEFMAILLEM T B RHL SIEGMATERTEHMR . PCR Wi
INTBEEE J12E K] lon luxS~ dksA~ hem 1 fur 33 I ERIBFHE, FERE H it 242
mer-4 K Sull o 4518 38 438 R LI 45 AN LU 38 IR 122400 vk
XWi1b1 7] ¢ )& Tk 1 A5 FLER R (S, oncorhynchi), HETUIE A GenBank 1 4 k&
BRHHAE, AAFE 1K MM RIEE, JHER 7 LSS A g i 45
N T H)EE IR B 2 SR 24 XU, SRR B0 TR 8 23 5 BILA AT 58 SRS AR 4R 44t
T H BRI

K@i W, IERHMF, AHLRE; R, HEEERA

BHITE: ERRKE%RKEFEARE R (CARS-45)
BIRER R Z1E, (1986-), L, B TT G, W F0 7 [ 7K AE B0 5 545, Tel: 025-86581573,

E-mail: njzhaoyanhua@163.com
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KFINGRIEREFEXNEE K, FEIRAHMZER B
{ERY RN

X%, EBW, 5N, B3k, T, £&E
TR IRYE K 22K P2 2258, T rEH 2, 453007

TEEL: AHEFEERTT BT K IR 25 B A5 I Ja R IR AR A L B AR AR 18 AR s
fERISZ . 44 360 FRATFENL > X IR & 1. 2 3 bl/s KA, gk 12 A5
MIREE 12 s EEUREE KR m N 3 bls XTI, e pE AR S . L
W AR DGR R RIS, R R S AR AU L o #r . 25 R EoR, KRN ZR e
Pem iR E K, 3 bl/s i FREHEZERER. H 12, 3 bls Hilg
ERRVERIREE (ACP) VTS WURE S PG, SE(EIRSE m A ZH 07 468 22
SR (DEMs). 2 24 J, 3bls AlpiE (PCO. Il CHEFES (HKD A5 RR
R (PKO &1 B E B (P<0.05), I3 U0 g 0 [ B L3 4 52 1 (LCAT)
EHEEETE (P <0.05), HEREIAHCHRA fabp2 L. acaca T, FEfEIEE
[ AR 332 A~ DEMs, F2EEETIREMERES (ko04922). ABC ¥iz
K (ko02010) FNBE /WGBS (ko04911) 2B . KU I 2R AT 42 HE 6 B bk
A, IR HR LR B R A N A R

KRB 6, KAUIZE: BEEACE, JR Qs

EHIWH: EXEARRFREETH (31602149)
BWMEE: T4, B, L, BiEeR, WAl S, 5 EIEIR KR S ALAT 4R

BAHLHIRESE, HETE: 0373-3326530, E-mail: wanglei201912@htu.edu.cn
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FEURABMRFI+HR_EZ T DBDPE REXEBHIFMN
25

FlEF, KA, ZEhEs

T EG TG K 22K 2 5B, ¥ 2 453007

WE. HR KK (Decabromodiphenyl ethane, DBDPE) 1 A—Fir AL IR ACHH
AR, fEHERNEIEFE B, RO ERRTGEIN ) IZ AR DT R, fER
A KR B YA AR R, AR A I A 52 T . ARHEFLEA
il (Cyprinus carpio) YENEIN R, WAAFRME (0.1pg/L, 1pg/L, 10ug/L)
DBDPE % 2 5} #5542 . 455K 0], DBDPE %3z 380l 68, it B4l
L0, BEE WL G0, 5N E o tbAh, Xof i TE HEAT A P 2 R DU 23 4T

3 DBDPE % t4 32 | SR T8 R HE AL Ao A o B R 35 BRI (P<0.05) . JEiL
PICRUSt2 Tl (T BE A, AR 5 a2 R 50, a4 5
Mg KA & e s AR E AR e F T & . 48 LFTid, DBDPE Hfk<s
G R % H A B I RIS, SCR M EE R T4 5% 7y DBDPE
Xof 1 2R I I NI L i — E BRI A

KRB IR IR Ok BVERN Bl e, 8

B . WAL B AR R R (HARS-22-16-G1); VARG RHE SO (b
JHA U XA B T D

BREE: %%, A, FENFKZIYEFEEESEEE M, E-mail: xjli@htu.edu.cn
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Fp I K P2 25 2R K TR 20 4 2026 SE2ERAES

BRE Z i B RE 3 i7-FT-AN A s I A 8 A K B 5 F 40
il

BEWS, BRI, TR, ZRE, REE, ZkiE
VTR MY KK 224 B8, W #r 2, 453007

FE: IR (MPs) E NN I, SHRKET N H w1 ) R
K HNHIAL ] A B A . AT FCIREL 500 pm KK ZJ& 0088k (PS-MPs) FERIHIE
WL ( Carassius gibelio var. Qihe) 28 K, ¥R FTHX - I WL PR 3l F) R Stk 52

N T BEAUMER e PR A SR VG, ARSEIR I E 4 MIKERRIE: IR (0 pg/g 14
B MG, tr. EFEA (5. 50, 100 pg/g R . 4R EIR, PS-MPs £5&E
MO R A, EIR AR E | S E R e A KRR E T . HEUREE
kil R IR B ZE bE A S W AR VAT GG 2L AR AL 23 B R B
HILAAL R E T E AL B 5 s 16S rRNA M7 2o~ B w2, A
WD SRR EUR T R . e A SRRl 5 I b B R A Tl B G, WL
A 1. DNA B Joizah i AR 2 T if. 45 F, PS-MPs Aliiid
IR B RSAS 5 I B A A 05 MBI LA A= AR 5 70 T ad i, 33 1 PELAS L 7m]
BRIE ARG o AT T N RS Gt K IR TE B AR PR A B At 1 — € PR AR o

Villus damage Liver damage Structural alterations
epithelial byperplasia; villus . ized muscle fiber
shortening, swellin; gf d uclear displacement arrangement; interstitial edema;
splitting; epit] h lial desqu: nmal nuclear atro) ph_
- Digestive dysfunction %))cidTa.tnve treed .
% amylase| Trypsin} Lipase? T-SOD and GSH-Px | Reduced body weight
Intestinal dysbiosis (BW), weight gain rate
- Bacillus| Transcriptomic : : i
500 pa PS-MPs Verrucomicrobia and 1 . P Transcnptomlc (WGR)’ and spec1ﬁc
Actinomycetota alterations alterations growth rate (SGR)
Transcriptomic Ribosomal biogenesis | Cell cycle, DNA replication |
0/5/50/100 ng MPS/g alterations Fatty acids biosynthesis | motor protein]
diet, 28-d exposure Metabolic pathways decreased | Cell cycle | Mitophagy 1
Autophagy and apoptosis T
o 2
N\2 4
» | | i 4
- o HIE % 3 g ‘ 2
N P el \ ¢ &

R FOROIAHEREE BEME; A Pt SN

BEITRE: ERARESESTE (32403004); T EG 4 AL RN P24 R4k &5 0% 4
(HARS-22-16-G1); Ji[ F 4 7K = Finlh S B H AR 78 % 1
BASTER: 2okUE, &, W, YR, Wit S0, BN HEKF=hi5 4% B P 7T . B-mail:

liyongjing@htu.edu.cn; FHl: 15560228731
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HEMEKSEEEKBIEHNE (Carassius gibelio var.
Qihe) ALRALXBEHWARES FHIH): ¥%REAFE. AAFEESE
HENEEIH

PR WOEG, FIEE ', B ERE R, A
TR TR AR B TR 2, 453007

WE: Wy RNREKZEESERE SRR, BAEFEK. YIRS
AR A S MR AR K =35 TR X 2 DL v AN B . AN 70 AR ( Carassius
gibelio var. Qihe) NSEIOXT %, BE 14 RUUKEKEHME 14 K GM2MHEAKAD
SIEEE 28 R (IEWAKAD) WAL, RIS, EHE SHFHRES
SMTTVE, BEIERE AR (C28vs. C14). YLHIIH] (Fl4vs. C14) RAMEMAK
(F28vs.F14) =FAEKBIA M2 R, S5RRH: EHEKUNA4EERIE R, B
JRE R LA AR T isshiE A SR o EIRDVRHIE: DU S BUULLT
YT E YN PER R, CEATATICIIES (ALT. LDH) 5 MERRAR SO RERE . AR AR
W IR G OB A A . IR ARG, AMETEAE K AT PR E S LN S
5 AT ThRE, (R SRR AR UURIRAS (0 17 B I e, R Bl 3 IR AR KA
FP, T2 IR, RN T iA 1 2H 26 AR R /AMPK 5 5l B 1)
AEWE. JONEERE, MR R E RS R a2, $nfEfe
RBHCIZ BN . AW TR 7 T SUAS [F) A A 2R 5 1R 20 1 A SR, oK™
FrHE LR - PR S S AR A SR AL T R .

R SAE-FROR BOME, AMEMEERS DIPESRAL AER

BEHTE : EXAREIEIES (32403004); T FFARMEL2AF 7 RS L i34 (HARS-22-
16-G1); i B K P Finll 8 S RH eI H
BIRAER: 2K, L, -, PP, mAE S, EEMNFKE S L E M. i

15560228731, E-mail: liyongjing@htu.edu.cn
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FRIZR-ERKIEXTEAHE (Carassius gibelio var. Qihe)
“hea 1R (L IRFR AR A KT RERY R I

EREE ', BrEG !, AR B L R Bk

LITHIEA A0 WIS, 453007

TR AME AR K S H BRI BRI B, B 7K 7 IR AR R R HL A
B 1o NG (Carassius gibelio var. Qihe) %) i 25 & -2 AL IR TR,
o] IR LM AR AL, AR 2 H W 4 40, S0 H GEZLIRMR
28 KOs S2 M (4 MR, RIS 2 R BIR S KD, S4 4l (B4 K,
HME 24 R Jo S84 (FEfr 8 Ky HIME 20 KD, REEARHMERA T AEKME
e WINAZIEE . AN RN AR . 85K BoR, &id 28 RINFRIA
S, S4 kK. FERESTHREH, SMEMEAK Aot —F
KW, S4 ANRAK EZESPAFMEG A . AN FEFRRE IS 5 HIETA L
iy AR B 1k L BBV AR A AR R O . e R, AME AR
KITAE H XERAHE OCFoxO )15 5 38 i 5t 3 & 4 » L7 /4% K s R il 1 Csgk 1D
SRS ZR AR 1 (irs1) &5 5B B DR e P72 120 R vh R B B R - 25 1
A 4 KRG EMR 24 RN -2 AR AR K I B AR SRS . B AT 0N e W)
AMEPEAE KBTS AR B K oy 1 RHR AL 1T DLAR, I iz it v AACRT R 2R 4R R
TS ) € B8 T R dR i o

KU AMZEK YU BT IAEETAL FoxO {55

BEHTE : EXAREIEIES (32403004); T FFARMEL2AF 7 RS L i34 (HARS-22-
16-G1); [ E4 7K Finlk 5 S R Me 1 H
BIRAER: 2K, L, -, PP, mAE S, EEMNFKE S L E M. i

15560228731, E-mail: liyongjing@htu.edu.cn
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PORERE S ] 6 45 IR S B8 B A SSU R R AL R AR

SR, KEE, FIE, Eat*
W E K P2 RBEERF TR ALK =TT, B 430000

TR NIRRT 5| At IUORE Y I A /K 5 0 0 S A B b D, 3
Ao 00 5 JF SR 2 PR R ) R /NI ERTVAR B (MIIC) - B /IN A8 TR VA (MIBC) A ] 7%
PRI, DNA FIE SR AT U DL A AE VMG IS, R Ge AT T PR X5 i 1
(RHRHIE A S FENL . S5 R BoR, AR 24 IR ML B MIC 1 MBC {H39°4
0.25ug/mL, 7€ MIC iRE T, PIEERSAE 3 /NI N AT S8 AR B0 S 1 o 5 5% I ZEL A
tt, PR AL ERZA A0 40 i R 7 DNA FIER (5 ik & 55 3% - TH(P<0.05), H#1
) FCAE DA MBI A o N TS 2 B S X IR A AR LE, TR PR 1) A 3
H Re b s IR G A ISR R B R AT &, M TNF-a IL-18+ L-10. TGF-
Bl FIERT mRNA [IFRIE(P<0.05). M2, PR GEE bR 4E R/ B i i AF
VINRSE ), (A0 ) DNA K8 A it)s, R w e, JF Hisid Bk
PRI SERE RN, kb i A B S B 5 AE T

KRB WHERE; 4EIRTRMRE, W, HTREALE]

BRI E . [E K E AR (2023YFD2400705), H K= RS0 70 Je 2028 25 1 R
B BT AR 55 2 £ T (2023TD47)

BRER: Bk, 5, AIFEAL R 3 BN F A5 E 5 %% 7L, E-mail: yangyb1988@126.com
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S 8814 AR E X R EE R LEE R ATRENHIFR

N Y, INAZEY, FRSL Y, 5538 12, IR 12, Zspy LT
1. RS K220, B 5 266003
2. INE B KRG OFRE SR BV E S s =, &5 266003

WE: 368 (Channaargus) AR E B BERRKFHEATF @K, FEFBOE
i 60 Jimf, S HEHE A A A T S TR T MR, DRI AR T LA S e AL )
TIREAMEE M m AT a B A H A L AR, 56 H A
RECAY (XX/XY) VERIPGE RS, i 18 A% I 3 B R 2 88 10 1 531 e (X J) 5 r
T 18 SYLOARL] 190 kb LRI ZH X4, FFEAETZIX IR N 45 5E HH At il e i e 12k 22 [A]
id2 (Inhibitor of DNA binding 2, DNA £54- il 85 20 FKIE T /s B id2
1E 2 VR AR A P2 e R 5 MV i 1 Rk 5. FIA CRISPR-Cas9 #
ARXS id2 FATHE IR, XX AR SRR R I O 8 ks S i s . [FIRE, 7
PER A KB (6-40dph) HEAT id2 BRI R FE SRS, 25 XX MR id2 3Rk
PR ZE XY MR YRR IEAKE DRI, FLOP S n] e e ok 8. Bhah, id2
(IR AT 35 o Rl B 5 °] 8 25 EA8 dmrel  wiel o hsd17b1 5 MEREYE 51 5310 308 B A
REHMRIE . Lk g RALFNESL id2 78 St 5 vee R IR BEE R . idk—25
FEHIT id2 WEPE O [ PRI 1) B RAEALS], JET R R AR AR R H A A, S
F|—B 2.5 kb 1Y Jetofhe FYEAERmADIANT S Hi-C ST RER, 7 XY
AR ZIRN TS id2 A 30T I RS P 29 100 kb LA I 178 XX HEfl
XY Pyl te & A BRI EN . FIRGERIUR, Y etk AR m D i
AT BE I e A G 57 AR id2 He %, TR RGLMEYE Ry PR 1M S0 i 1)
PEFRIARE, Mo YL o AT 7L R G4 8 IR T 5 P ) e O
BH id2, #nT Y YRRy IR D 7 A A 5 R P AL, NS
i ) 42 1) B AR T BEAS AR B oo 4 R A

B L PERIOE. d2 SR SRS RIS

MW HE: EXEEARREES (32503169), FEE L EFR¥HE4E (2025M783170,
GZC2025005), IEE HREIFESE (ZR2024QC027), hEE MNP\ Ak R (SDAIT-
12-03)

BRSER: 250, 2047, B 7007 ) v S R 41 5 0 2515844 B A, E-mail: yunli0116@ouc.edu.cn
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FRIFRES KO BT EREa L E REEE
4: 03 A1)

B, gkt xR, BUELE ', HRE ', B, Bkt
1 PUIARNE RS K2R, R, 6111305 2 7K™ g e 5 8 R FRAE I )11 48 B A sl =

WE. [HP]) B ES KO 2B (Micropterus salmoides) F1 75 I #7 £

(Gymnocypris przewalskiil) 418 NLR K AR50 . [7775]) 7001 E 0-2.4 F1 0
3.6 BL/s #6FE, IZk60d, Ak, NALW. £KES. PrEaib e EAu

Bhr L 45 R DX B 7E 1.2 BL/s N34 B AILAF4E AR i BH 52, 2.4 BL/s Bf MuRF1
Atrogin-1 Fl ROS Ft&; FHRFIAREELE 2.4 BL/s N8 R 5, IGF-AKT/mTOR
A ORI LG58, 3.6 BL/s T B HAK T, FoxO MHHfF. FEIEME I 5
AR o L4510 ] Jdn UL AR KA CE PP Rr S PR 0 B DX T s o P Rt i i
EER DAY IESEE T (A= 2 I =iy 1) PR Eih = A ]l e o s

KA VA IR PN KREREY, FEmeReE, AesE Qs

BT E : VU148 HARRL R4 (905 . 2024NSFSC2069) FPY 1145 74 7K £ 357 1 B (4 5«
SCCXTD-2026-15)
BIREE: ik, B, i, 2%, KPP R 5 S f 2R Pridiik 5 w7, HiE: 13882435610,

E-mail: ysys210@hotmail.com
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AOFRFREAEMNEMA RS AL

G
R RS K R RSO S M SR S SR, K SR, R 201306

MWE. K2 (Micropterus salmoides) 73 E % /K FEFE I B BLFFYIFN, F7=
BB AEALTT, BN REFRA”, R, KOBHUTRHTE (Largemouth bass
ranavirus, LMBV) 75 5 2 BRAZWE I B BB, - O ORI 27 b 4t % R 1R K
AT HAT, PO HTd R 0 8 A% 4% 0 701 HIL ] e AN TG T, A 40 e RO i
Beohk, FEEAASMAEEE . AP E LMBV AL miR e, B G
AR G AR 3R (4C-seq) ~ Yo )i v M P (ATAC-seq) M F40 2 2 S T Fi AR,
2l 716 AN TLARGALA KR BE-16 1 = 4E AR, JFBUE Statl, Spl 5% 35 MK
AR, HATREA s A e 0 5T BLAE AT (2 3695 25 B2 i o 444 LNP-siRNA
HE ] $H] Spl1/Cebpa 7 & EME SR PR FERE . miRriE ™, HX4EF Spl. Atf4
SRR N 5T NS A R T AR O R R, 455 il & CRISPR ik, 455€ H 520
e S PERRIE R 7. FIREE FONPURI B AR TG EAR . thoh, AT
BIF A5 485 2 0 SR PR A, I Rl K38 5 0 A i B A R 4, B
BT T HERRTZ I8 . DhRESAIE B MAGUIE R T PO PEAS B B R &R, 9K RE
Ptk BRI AR S5 T A .

SR KO AUBAIE BRI RR AR R R

BEIRE: EXARREEGHEEMEI (32341061); K H S HFR T R K0 H
(2023YFD2402100)
BWAEE: W1, 5, -, Har, BT ROV RN A 5 H A, E-mail: PH.

(phu@shou.edu.cn)
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BORREFNERRAFSIBT T XORFRRR
DI R ERIs S e iR R B

FFT 0 BER T, MKREC, EMCT, R, AR, BRKE T
a1 B RS E R R, YIPE B 330031 KSR R GET S R T P4 B S S,
LVE B 5 3300315 c " EUKFA B FBLERILAK TR, T4 T M 510145

WE. RIS S (Onchocleidus dispar) & — #5435 58 K 171 B iy
(Micropterus salmoides) HEIFIF HIEW R, HOREF A /B 22 454, 75
KPR D REREAG ANVEE IR M, OO 2K I SR (SR T N B 2 —
AW FT RS I LI IR G AR, DLRAE 7 R B b RS J5 DR ) R R 2 251475
TIRFH A E A AN . HIURHE A SR, By A 20 I B
AT, CLFE b R A A L RN R R PR AR | N R S K MR 7 I
PLE B RERSEL i . RNA P3RS e 1,497 DERRIERN (DEGs), H
R 846 AN NI 651 Ay ERERAFIETEH 308 M EFRIAEH
(DEPs), b 113 /> R 195 4> Thgs %01 W], DEGs Al DEPs
FEW RN W iR ARRE T H R PR -4 R 32 AR AH BLAE
Fi. NF-«xB {55i@# & PPAR {5 5. #—F K qRT-PCR FIFAT M
I CPRMD 73 73 SAE 1 &5 73 R RUAN 2 5t ) AR A, &5 SR SRR A 2 2080 fR) T 5
Yo 2R b, AWER RGN T RO R B OG0 R R 5 6 2H 23451475 S 1
ForFNE, R MRS . AT FWRAR-IE R AR A R T g 2
5K 1 R 5 S T4 ) R PR A LA e A

KA KRGS RISt WG ALY, E AR

WD E . VL7 E A R HRITE (20243BBH81025)
BWAER: BRKE, 5, Mt #3%, BL4SW, FENFK=hY R EE SRR,

Fi1d4: 13707086753, Email: zhaodaxian@ncu.edu.cn
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SERFEEXEKTIZHIEA ORI RBRIE ST FARC

Wb, SEnE, SERR, WA, T

TR YGRSk 5, B 2, 453007
WE. KO ReTEH 25 (Largemouth Bass Ranavirus, LMBV) JE4e 2l A5
Wi K 1 R4 (Micropterus salmoides) FE5E MV R R H Z R & . MAE T LMBV
RE 7122 S N PUR BRI B AL T 8% B, 29 A DB A% AR S 0T 4 TR it 0t
POt B AAEER L. R, BRI BEH LMBV M SIS AL s K %%k 5
FHRC TR BN R« AHF TR LMBV-23PY SR FF R R IRLS, R4E
JE MAAETE RS RN FUR AN 5 A, FFBEALILHL 146 FEAMATT Jie 4 2k R 4
o, Forr s 72 B 5 AR 74 BIUR MK, ZET SNP. InDel F145 #4748
5t (structural variants, SVs) 52 RAVALAR et e B A QI 0t e 5
PL LMBV HRAH DG B IE B AL AR CAL 8 SRR, FE3R1E 39 MEFESL LMBV
FSAFIEARICAL A, ALHE 26 > SNP fiZxi. 6 > InDel A7 i1 7 4> SV ALkl A&
WEFC A SNP InDel Al SV =AM i i 5k 153 K 1 SR BT LMBV {3 73 1 Aric B
U5, RPN LMBV MRS L Bl & T e HUm B EAROE & St T 2R fkiE
AHi I FR 10 BT o

R KORGUEEADERE, 2 Thsid; SERNARE T #H#ikiLEs

BEVIRE : WA RAK BT CROLAAS AR KL (i HE TR = A SR B %D TF GRS
(ZJK202505)
BWAER: b, Lo WLAES . BRI 1RO K DR RRBT BT 17895485338, E-mail:

happyxyll@163.com
35



B 7K P2 2 2 VR K FRIA 43 2 2026 2R ES

AOFRGEITRERMEXSHERNIZES 578

b, BIERR, BRERA, DA, RIfh, skmT
T FEITVE R 22K 228, T FEHT 2, 453007

WE. KO R EH %7 (Largemouth Bass Ranavirus, LMBV) & f& 5 K 8
fifi (Micropterus salmoides) FE5E =\ [ B EZ R EM IR, Y5 ] SEER LT
FRIRE O™ R GEUR . A FEAET S LMBV TR RE A E R E Z R,
IR PIMEAR ORI AR S R T R A0 Fhac, XETPumm ik § B E B . A
FIRIFK RAIT e LMBV-23PY B#E AL, R4 BLE 5 MAAF IR 2 AT 5w
PP, KPS AMAE SO G IR AL, ARSI TE SCATUR A . W\ G A A Htis 44
W M BE L 10 BAMAT A 2L A H I P A, IR T 458978 7 (structural
variants, SVs) &K AE BT @A LA CH /AT, TH LT EST LMBV Mo %1k
SV A gl #E—HLEEHE SV I BACERHE & PCR 73 BU AT AT %, iz id FH 11K
FAKT I R I bRl 550 8o, 3RS 8 MEEST LMBV HH2% SV ik fir &1,
i 7 ML I & PCR 3 B bmid. AWFFRE TR ARWE AR 7RO HE
iyt LMBV ORI 4248 Sy AL TIT K, R SRR IR & 73 T hric il
ByE M it 1 e bric BTUR .

SR KRR SRR KRB fRid

BEVIRE : WA RAK BT CROLAAS AR KL (i HE TR = A SR B %D TF GRS
(ZJK202505)
BWAER: RN, o BLAES . BRI IR K DR BT BE UL 17895485338, E-mail:

happyxyll@163.com
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AORFHETERFRREBHEHUBEEERMR

OEEY, TULE Y, Ml m, A, BN, 5k 2T
1. R ITYE K2R =B, W EEH 2, 453007
2. BRIRT AT FRE A IR AR, W FEHFIR, 459018

WE:. NEAANFRE S K EE (Residual Feed Intake, RFI) 4 [a] K 1 22 fifi
(Micropterus salmoides) %10 1] & F 18 {E AL BEPE 22 57, ASHIE 9T 5 I 7=
FEAREN 326 FEOK R fr %) i) RFL R A, JFRHE RFI R AUEEHUS (HRFI, RFI
K, n=8). #1 (MRFI, RFI{HH#ZEIT 0, n=8). {KFIR K& & (LRFI, RFI
/DN, n=8) =H4hth, NeHEMGEHEEE. SR, =4y mE
T EEOR. o-VER BRI IR NS TR 2 R TE T, R AR
A EREE: ATHRDCN LRFI H 53 5T HRFI 4 MRFI 41 (P<0.05);
iz 91 HRFI 415 (KT MRFI 4181 LRFI 2 (P<0.05); J& i & B~ HRFI
B EmT MRFI 4081 LRFI 41 (P<0.05); =& aiiaAl)s i e i B A o-
VERBRE M R 2 . AR R, A RFI %) 60 15 50 5 2 A0 B s 1 TE i
RZES, TliE R E A ST RE S AR RFI REJE . LRFI 4485
e R JR 2 S R 1T e B B T H R B BTH A RE D4R T, I kbR Rl
PRt — e A FARHE , AHOCEE ST oK H ARG RFT PR o R 2L 2% .

RKegE: FIRREE: ROBY, HlEY: B hiE

B H: WrE RS (262102110075); T FA R RIS (HNFZ20251518)
BWIRSEE: BEE, o, WL AE L, BF7E 07 oA K 1 B R R MR IR TR L 13419876018

E-mail: 15139457675@163.com.
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KXORFHEARRFRREBAEGEARESERMR

RS, B!, SER Y, SiE L, BMA L, B, FRENT, sk
1. R ITYE K2R =B, W EEH 2, 453007
2. BRIRT AT FRE A IR AR, W FEHFIR, 459018

WE: IEHSIE S a I RE % VMG, VPO I TE D) he ) B 25
Z o SR, AIFFR KB (Residual Feed Intake, RFI) K24 (Micropterus
salmoides) %)t 0) i 8 AR 22 2 Wi AN B . JE T 0k, ASHIF 5 DL SR R 72 B
ORFERE, WE 326 B L B e 4 1) RFT R4, Mk (HRFI, RFI{H#
K, n=8). 1 (MRFI, RFI{HHEEIL 0, n=8). KR4 K& & (LRFI, RFI{H#
N, n=8) ZHf, HIERG. I RERALRY) . B E RFL 44 %
HBNEEE ., REKESREREER. SRER, A7 HE, MRFIAVEZ
JEJE 5 KT HRFI Z0/1 LRFI 41 (P<0.05), LRFI ZH25F K 5 A we i 34 5 2
T HRFI 4 (P<0.05); Wl J7ii, —2H4ha =B REAEE R 2 % 7, R IA MRFI
15 2% T HRFI Z0F1 LRFI 41 (P<0.05), LRFI 428K ¥ 8% =T HRFI 4R
MRFI 41 (P<0.05), MRFI 2145 5 & 2 3 = T HRFI 4151 LRFI 41 (P<0.05);
J& W 77 T, LRFT A LZ 5 FE A28 0 ﬁm%m$ HRFI 2 A1 MRFI 2H(P<0.05).
2 b, ANE RFLAR AR5t i i H SR S AW B2 5, b LRFI 41R 30
B T 986 LA IR R 1 J5 L2 45 AL 2R G5 MR AL, 37 i T8 4544 mT g 5
ARITEFRDTRC, H A SRR SR R gt — e HEUE S KR . A7
MIE A B R 7 ORI B RFT MR 2 S e A LR, e 8T
J& AR R R R IE B IRt 5% .

RKeE: FAREE: KHERY, piE; BE

B H: WrE RS (262102110075); T FA R RIS (HNFZ20251518)
BWIRSEE: BEE, o, WL AE L, BF7E 07 oA K 1 B R R MR IR TR L 13419876018

E-mail: 15139457675@163.com
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BHRRRARMAERERLATRECSRIER MiREX
OAREAL & 4 IRfa i

kg, EOPIAK, Eg, iR, BRXER, HIGR, HEME, PhEEG*
VR RS 5 R, B 201306

B SNSRI R R IRR LA m P,
BB F7 SRR SR UK P IR E A R L AT B R TS SRBEAE 4R K T
RS £ TS I TR N IR 3 BN N R LB SR WL e T g R
FERMEARINE ST 0N 0 & 10.0 g/kg, HELLIRMELH 56 d. M AR H AR
K, 0 A 5.0 g/kg BHAHLEAT 12 h s S B B, Rl AR K AL, Pt
SEAG B RS FEAR,  FEAIHT Nirf2-Keapl F1 NF-«B i@ B AH I SE R )R IATEI. &5
KW, 5.0-7.5 g/kg MIFEIME R E UGE 1 4h AR IERRAI o DIfe; (RIS M
AT, 5.0 gkg HRIMIERN 8 (MDA) /KFEZEFK, JrEafbBygmE i
T, ARBENE] TR R IS R, AR T AR A SRE RS, B TR A,
FERAR RN 5.0 g/kg 570 SR WH AT I A 15 B AU AN SO A5 58 i SR b 18 i
R, FIERSEEK R IR T — P R IS G SR A .

R STRNE KRG SRNEG RN KRR

HBIHAE: L
BWIER: PERT, 5, KoL, mEIRRIN, BT RCAK S E SR SRR, B

Tf: 15692165176, E-mail: gfzhong@shou.edu.cn
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B KA B X BB B L R 5 FARic &

UERR , FRME T, BURER T, SOCT, Buise”, xiscAE
LAERAO RS e, 2 W ARBAWR st B2, T 510642

WE: FEku R REEERKEFFREAIE, FRHIERE BRI ARS8 35
PRI SEU 18 3 ™ B 2R B A0 2K, 1 240 7 Ml s ot T o AR T 9 DA A1 Sk i 0 %
i I A A R A AR (DO=0.3+0.1 mg/L), PLaAREEENHE (LOE) NiT
rfats, TREFRIHRABURRAE (HS) HRAMZHA (HT). 2T lumina
WENFF&, MR K. 8852 H SO 4 SR H RS
B, LPRAGERFRIRIE 5461 A, Tk nos2 hifla. epo. vegfa~ hmoxI.

hiflan- gapdh~ eno3~ trib3. cptla- fscnl- ldlr 55 51K N Z 5 VA OC I DS B 3
Rlo T ORI B Sk 5 i AR AR R SEMNE  vegfas nos2< hmoxI. hiflan. eno3-
Ssenl EFERIRIAZ RNCEZE,  $205 I 3 R 76 1% 80REB  428 b R % B AR H

KEGG & ®£/0 TR HIF-1 15 5 BB 0 F 80E . 2H%BE 00 E KR, 1K
BRI T SR ZH 2 r LR S5 U 2 10 e R, DN T o R A B R A
WIREE YT 7, 59317 S . @i Sanger M/ F1E gapdh FE A
e 5 ANME T SNPs {74 (CM032046.1-14321011 C/T. CM032046.1-
14321746 G/A . CM032046.1-14321966 G/A . CMO032046.1-14323457 C/T .

CMO032046.1-14323789 C/A), #E trib3 (CM032054.1-14318996-/GTT) Fil eno3
(CM032057.1-1664597-/CCGACC) 1% %7€t 1 A InDel 7 i, FRAr SRS
SRR 5 2 A7 D) %) e R] 2R 40 23 AR 45 S ks DRI A 6 45) SR A U 35 7 e o SRS BRY A0 T
i & DCGCTGD i (% % 8 #5 5 £ B (OR=1.416, 95%CI:1.051-1.911),

DCGCTGI. ICGCTGI MLABUR KL AR (OR=0.504. 0.159), 7] A1k
TR 2T i A 20 7308 B R AR AR

RKegiE: Pk MR ARG SNP; FfhY

i1 = B EE I EO i - a 4| R I E Bal N L. =Sy YD (K (A= T =
(2022YFD2400602)
BWEE: xiacd, B, WL, #dr, WO RONK YL F A S 4RI, E-mail:

wsliu@scau.edu.cn
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B (9) SRkt () RIZFIREVZEFERSH
?‘E
iljjm%l’% f—%iﬁﬂl, i”é/gly E%ﬁly [H‘i',lgl,*
1.VERE R2F/K 224 0E, EER 402460; 2785 K2 H EMFBE, PUJIIEE 644000

WE: JEAi; (Megalobrama pellegrini) 55 #13ktj (Megalobrama amblycephala)
PR & = 2 B ME IR 2K . B HA A A3 i by Jm St A, AHIT 5T
USSR NREAR (@) BERETNAAR () #AT NIRACE . HIEHE 50t
AAFARHIER . W TERRE L TR . 2R EoR: ££20.5°CKIR T
, R (HT) 5)E 5 %4 (HHD GBI FREA 5, (HHT4H S
I [RGB, RS 36 0 3 e T HHAL (P<<0.05) 5 90 HSIHTAL A S Sk K&
R L THHAL (P<<0.05) , {RENHHAM1.566% . WUAE IR TR
i, PRI EASERE S THHA (P<0.05) , HUTREER. 2R
SR & B Kon-3 PUFA S BEFY R B E 0% (P<0.05) . 16S rRNAJIF 7R, HT4
I8 BB R A 2 R B THHA (P<<0.05) , P BB MIfA1E R
FOrEs, HTAASE R TARN F2 5 53 = THHAL (P<<0.05) , JEEER [THIX F25%
B e 2 5 AR LR & 23 B JL it tH 4970 22 AR ) 52359 BB R R
IR, —HFIFEEETEAHL ST P5ESHEE. cAMPE 5 il 55l
B B A I W TR LSS Bllscarb ] gnpnat- slc2a2%5 5 3BT R ZE AT R
2oL R . AR TR RRE IR IIEE RS 70 TP HIb R 1S 6
fif > k895 28 SZF R AE AL SO AE A I 2%, Dty Ja t0 2R 2 MR 33 e i A
fEr PRt v e Bl A PR .

A R () x Mk (8 FACF AR TEAZER: WIAE; 16S rRNA;
SRR S hT

BBIIE: KL ik B i B IR R R E N, (XNDX2022020004)
BRAEE: e, WL, #u%, TiLASIM, FEIF R SIYEAL B R e e AR T

£, E-mail: yhlh2000@]126.com
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H KA AN TSGR ATHEEME KRB RE
EALRR

Tt AEE, R, DS, R MR, ERE L XibE Y, &
?é 1*, EIK]E%Z 1,3,4*’ %1%% 1,4,*
LR KRR R AR EHER, W XA O, ZEEH 650500,
HE 2R TG R A AR B, A BT S B M EAR B E LR L,
R sEIeE, WIEKY 410081, ;3R ERFER RS T, B S E) R
MAeRE GRS, sHEY 650223, TE; 4THEEKEHI AR, s/ EY 650092,
S

i B e & S R e [l Bstap o W D el [ S S R 6 5% oS S (S SR AT ) TR EN
X2 e P A DL S 8577 A0SR i g S A HEAT 2858, A28 1A 1k 75 1R 52
B E HE KPR H A s i b, e A SIRE IS (IR
H IR S ACFAE IR I AL ] G AN B o AWt 55 50 B 28 5 Bl 28 AR B A4 7K
RSB H 20 A, WAL R A SR AR IR ZE s ST [l S BEAAR AR 454, %558 73
A A A i £ 3 = )RR PSR Y R B B, e SR ARG ARG 5 BT SR A B A
Fe s A o M WoR B2 TARERIA TS SUEIE A k5, SR A m Rk R 'E 2] HIF-
1 B9, SRERBHETIMG; BRERWHMEN kdndab. prkgla 551
BAEKRCEAER. 47 E, KR RGHER 1 A AR EL 5 20 R 241,
K2R A8 B AL b S o R AR AL 1 B SR S .

FBRE: [k < MRS, R ARAS; IR, RIAEYE;, KM

HBIHE:

BEEE: PH, &, 3%, E-mail jingluo@ynu.edu.cn
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B IEEMAESEY (PPARY) « EEFRSTH
S AEFET2 (SREBF2) 5Z%ZFHTREIHER3
(NR1H3) xHEfEReE IR Bt iEERA L I0F0Eg1 (SCD1) W

SR

EEIR, 1R, SKNERS, Bk, mER, R
el K2z, WAbZRE 2, 066000

PE: KT S A s A, IR TR e sk KX sedl RIA M AE
i, AW RS EKE N 1837bp W scdl BT, FHME— R P Fk A
TR FEE . R, aalfliiEeiEEa (L 5 AN TEREME (AD)
(RIB P e 3 o S B e s PR -3 SR A D G A S B D 0TS 52 4% v (PPARYy) . [ B i
IO A R AT 2 (SREBF2) K% 44 1H3 (NR1H3) ] mRNA 5HEHAE
AR, MR = BRI TR, AR SN MERT IR EEAd, HEAT
BC & iR BT PPARy 5 SREBF2 7 mRNA AIEEH/KFHEEEIE, 1M
NRIH3 FE T, sedl HEFEEIT 045 8K, PPARy 5 SREBF2 ReffiE
T A A e E 30T BUs M, NRIH3 WRIEMHEIER .. BikiEsx
BE T (EMSA) 1ESE, BiR =Rl fe mEgs & sedl Bah+ Bxt
MEIRAE e, AWF7E B 7 PPARy. SREBF2 5 NRIH3 ifif% scdl [
FORMHE TN, R R IRIE BN AR 2 T LR S pE R A 4

SEA Wit TOIRBEAES A ZIOREE 1 RATARE: L

WBIWH: EARREIES (32303030); JdbE HARRIEIEE (2021204089 ;
V1654588161890, 236Z6701G); AL =55 FRFHA R FLIH (BIK2024012); AL
WROKFETEAH HBA B R R E K St m kg5l (HBCT2023230205)

BWAEE: RE, 5, WL, B, KBt e 58 E LE, E-mail:

hyxywcb@hebau.edu.cn
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ETKEREHNLEEERBENSHEMEATL

BoiEy, R E, Y, e L
WLIE AR E B M AR BT, YLTRZEM, 225300

WE: NI R T IHANE 558 R R o ThRic LG, @ RIGIERA )
ST T, G K B HE AR R MR E, Sl amEfh 72
BERRSCHE, AT CLE 2% & ISR A AR, EEL 40 VRS 4 AR
BRI KB M (920+320), BYHUEE S ZAFE B[R4 DNA. Tllumina
NovaSeq 6000 - 5 4> J& [F 240 5l ¥ (R BE>30% ), GATK falll SNP A InDel 22 5,
s 96 ME T A ) 58 A AL IR B AR S o B bR il B TR R 514, 5 100 2
AL 40 R AT RS2, TR M S T SRR R . A E
%t 1000 FE— F e i e RS 97 25 B FH 30 IE . 2026 4 6 AR VLTI K
PRI RN T R B 5L, DAt R fa 66 S E0R T A T R R TR
TAERINKIEGIE ML T, WIRTEIENHZE R . R RIE: (1) 3K
BT A A SNP A5 id fl— A58 4 43 4 1 InDel #7id : SNP-Mtl
(Chr01:39702644, QT/T. 3A/A) H1 SNP-Mt2 (Chr01:39702659, 2C/C. 3G/G)
S ES T R — X, InDel-Mt ( Chr02:16356306 , 1 & 11bp 4 A
GTCCAACTGTG) MALopAn T — R tfk. (2) 100 EAFHIIUEER, InDel br
TCHEPEAY HB~219bp 2575 HEME HIFI~219bp FI~230bp 26451 (GLEME), W
A SNP Anic 5 PG 58 40T, 100 AR IR SE 2 1 AR 0, %5 #ERf %214
100%. (3) 1000 F— H i RFEGA o, XA InDel Fric B b s f ik
2 R5ER, ik 472 BMEME, BENL 100 BIFHEFE 100%. (4) [FE-K 5 b
F KGR H 2R 2 42.3% AR 41.1%. B3 3.87%, HIKUESEKHR
A% R B AR S ATAT s SRR T SRS R 1 <12%, EERZ A FARR B IR .
PRI FE KR SNP+— InDel” KA i 14 7l RER A A brid, —/Msid3g 51 n 564
BT, BFRICIIE R ZRIE 100%, CHE L FIRY 6 E S brdE . InDel Arid
AT IE BN R vk PR A, AR . ROARMIK, SEAIERL B P KRR
o FIEAG T MEAZ K G SLIe V0 @ or | KE R NS SHEARRER, JoiH &4
BERABA ) Foh 2502 1 B4

KBE: K&, MEH%E; SNPFrid: InDel brid; MZ KT SME

BB E: 22T 2025 FERNVATF R BT H
BEMEE: B, 55, H1, KP=EE §F, Bif: 13365207968, E-mail: 20142208@jaas.ac.cn
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£ ARy LT BB E K H LB AT

B 13K!, David Parichy?
VLR, shikbE220e, Wil B, 310058
2HIEHF R RFEEM R, KEHBEHET BigkgE/R, 22904

WE: [ SR ERO ORGSR AL R %
HEREAR [FEY U FEAZERE (Danio albolineatus) W5, 53 HT4L
TR R AR, 8IS S WL B R A SRR B R RIS UE T R
[4R]) KBEEE PRI RMIKHER DR FENL, WER. £ETH
AN 2= B B cyp2ae2 flibdhla, @t #3E K 43 B S 4 (Danio rerio)
AL, Mk, B RCE FABMPIE S E B (LR A B 05 « MRS BMP L 32 {4
H2EErgmb ] IHIE R AR E, 35 “eae” IR, [4iR] A s
ZANEYS2 57 ol avr ikt SR N NN iR EaRs 2 it} b 1B £ Y i I E VAN S PV 3
HE PR B R G R AR AT < AL MR BEORR &, OV RR ARt B AR 4 18
I BEAS FIHAR SR -

R it KWY ME; BEEY NEIRE; BMP (55, K%

BHITE: NIH, R35GM122471
BIEE: #50k, B, AfE L, ks | AR aE A &, HiE: 15700084761, E-mail:

delaihuang@zju.edu.cn
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AR & BARF AL

ZEPN 12, AR L2 BEBE L2, RGN, AR
1. JBITR2AMGE SHhER A, MwEE] 361101;
2. WKFEHEAM B M A EE S E, mEtE] 361101

WE: TR E e IR, M TFIRANEM AR E MR F LS 20 E
B MRMEHMNEAE N AEEAR R EZERES, KRR 2. KM

(Larimichthys crocea) 723 [E 5B [F)HE 7K TG i A, H FL IR oA JB 02 R i B 5
b B AL T AT R A . R RIS oAl AR B, R R IR N B A
Sif RA R ZER . B, AHEFEE I R 5r KB R N BT BN I, S BT A
TEARSAT S5 M) LR o T 255 BP0 0 2 S AH 3R 22 1 K o I 308 1A I . 4 5 s
Pl , 0 IR N TR B S S B RV T o e R KA B 7 s AN ) 1
F A 5 A7 B R R P IR T AR 1) DB L R ma ] » ASHIT 530 st 3] R R I AT R AL i
IR ZHZA T RE, BET AT RE Dy 1 Mt SRR & O LML AR DR g 7 b g B T
AR S B P AR T ) R IR 2

R Kigtn; EAE; HAIBUBR, RS

BETIE: ERANEER SRR L2 5HE TR (32225049)
BWRSER: 208, B, #%, ETENFKFZEE S5EEF R E-mail: xupeng77@xmu.edu.cn;

JaE, 5, BIEER, FENFKZEESEEEM E-mail: zt@xmu.edu.cn
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Effects of gardenia pomace on growth, hepatic antioxidant
capacity, and intestinal barrier function in large yellow
croaker (Larimichthys crocea)

Ruyu Huang?, Zhigiang Cheng?, Weikai Zheng?, Dongling Zhang®*
a Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of Agriculture and
Rural Affairs, Jimei University, Xiamen, China

Abstract: This study aimed to evaluate the effects of dietary gardenia pomace (a by-
product of gardenia fruit after gardenia oil extraction) on the growth, health status, and
intestinal function of juvenile large yellow croaker (Larimichthys crocea) with an initial
body weight of 31.70 = 1.16 g. Four diets were tested: a control group and three groups
supplemented with 0.3%, 0.6%, or 0.9% of the extract over an 84-day trial. Growth
performance, serum biochemistry, hepatic antioxidant and intestinal digestive enzyme
activities, intestinal histomorphology, gut microbiota, and inflammatory cytokine
expression were assessed on days 42 and 84. Results showed that 0.6% and 0.9%
supplementation significantly improved survival, weight gain, specific growth rate, and
feed conversion ratio (P < 0.05). Supplemented fish exhibited improved serum
biochemical parameters, enhanced antioxidant capacity, and increased intestinal
digestive enzyme activities. Intestinal histomorphology improved, with shallower crypt
depth and greater villus height. Gut microbiota shifted from Pseudomonadota to
Bacillota, with increased Leuconostoc abundance. Inflammatory cytokines were
downregulated in the liver and spleen by day 84. In conclusion, dietary supplementation
with gardenia pomace extract promotes growth, enhances antioxidant capacity and
intestinal function, reshapes gut microbiota, and modulates immune status in juvenile
large yellow croaker. The optimal supplementation level was 0.6-0.9%, with 0.9%
preferred for short-term growth and 0.6% recommended for long-term culture.

Keywords: gardenia pomace, large yellow croaker, growth, antioxidant activities, gut

microbiota.

BB E: E iR NI E BB (2024CXY0320)
BWAEHE: kKRB, &, BIAKE, WS, HRITZH: GRELEM; E-mail:

zhangdongling@jmu.edu.cn
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Exaptation of pectoral fins for olfaction in the spiny red
gurnard (Chelidonichthys spinosus) through an ancient
receptor

Lisen Li', Deqian Fan', Chenglong Zhu'!, Zhuoya Liu', Wenji Huang?, Peidong Xin!,
Huishan Yue!, Mengying Li®, Yufei Wang?, Wenjie Xu!, Jiangmin Zheng', Ye Li!,
Ziwei Yu!, Jianzhong Ling®, Qiang Qiu!, Wen Wang!, Chenguang Feng!, Xiaojing

Song?®, Kun Wang!+*

1. Shaanxi Key Laboratory of Qinling Ecological Intelligent Monitoring and Protection, School of
Ecology and Environment, Northwestern Polytechnical University, Xi’an, 710072, Shanxi; 2.
Shanghai Fisheries Research Institute, Shanghai Fisheries Technical Extension Station, Shanghai,
200433; 3. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Shanghai, 200090; 4. Laboratory for Marine Biology and Biotechnology, Qingdao Marine Science
and Technology Center, Qingdao, 266237, Shandong.

Abstract: The emergence of highly specific fins, among most fish that own the
conventional unpaired (median fins) and two pairs of fins, is regarded as an innovative
survival strategy during fish evolution. The spiny red gurnard serves as a representative
model for studying the exaptation of fins, which have acquired new functions such as
sensory perception. Through genome sequencing and single-cell RNA-seq data, we
identified a bony fish-originated olfactory receptor gene homologues expressed in a
subset of epithelial cells of spiny red gurnard’s fin ray. Molecular interaction analyses
suggested that the interaction between this encoded protein and betaine, formed through
two key lysine residues, may occur on the epithelial cell membrane. Behavioral assays
further demonstrated more sensitive response in spiny red gurnard to betaine compared
to other benthic fish. Our findings highlight the potential role of ancient genes in driving
exaptation through site mutations and recruitment to specific regions, providing new
insights into the molecular mechanism of fin ray’s sensory adaptations in fish.

Key words: Paired fins; Fish; Evolution; Genetic mechanism

BB H: National Key Research and development Program of China (2022YFC3400300), the
National Natural Science Foundation of China (32122021, 32370452, 32100367), the Postdoctoral
Fellowship Program of CPSF (GZC20233518), the Fundamental Research Funds for the Central
Universities (G2022KY05107), NWPU Scientific Research Initiation Grant (23GH02027), and the
Financial Fund of the Ministry of Agriculture and Rural Affairs, China (125C0505)

JEIAME#: Dr. Lisen Li is an associated professor at the Southwest University. He is a member of
the China Society of Fisheries. He is also a peer reviewer for Science China Life Sciences, BMC

genomics, etc
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Chromosome-level genome assembly of Decorus tungting, an
endemic cyprinid from China

Xuan Xie'?t, Li Zou"?t, Fan Chen’t, Zaiquan Zhang*, Linmei Han!?, Xing Xiang®,
Siqi Li'**®, Zhonggui Xie*”", Zhiqiang Liang'*"
1.Hunan Fisheries Research Institute and Aquatic Products Seed Stock Station, Hunan Academy
of Agricultural Sciences, Changsha, 410153, China; 2.Yuelushan Laboratory, Changsha, 410128,
China; 3.Department of Neurosurgery, Tangdu Hospital of Fourth Military Medical University,
Xi'an, 710038, China; 4.Huaihua Tianling Nature Protection Company, Huaihua, 418200, China;
5.Animal Husbandry and Aquatic Products Center of Hongjiang District, Huaihua, 418200, China;
6.College of Fisheries, Hunan Agricultural University, Changsha, 410128, China; 7.Hunan
Academy of Agricultural Sciences, Changsha, 410153, China

tThese authors contributed equally to this work: Xuan Xie, Li Zou, Fan Chen

Abstract: [Objective] Decorus tungting is a vulnerable, endemic cyprinid species of
conservation significance, historically abundant in Dongting Lake but now suffering
severe population declines due to overfishing and river modifications. However, no
genome assembly has been reported for D. tungting, limiting insights into its genetic
diversity, adaptive potential, and effective conservation management; [Methods] we
assembled the first chromosome-level genome of D.fungting using PacBio HiFi long-
read sequencing, Illumina short-read polishing, and Hi-C chromatin interaction
mapping; [Results] The 1.14 Gb assembly has a contig N50 of 6.04 Mb and a scaffold
N50 of 44.81 Mb, with 99.31% of sequences anchored to 25 chromosomes. Repetitive
elements span 574.36 Mb, accounting for 50.28% of the genome. We annotated 24,835
protein-coding genes and 7,312 non-coding RNAs, with BUSCO completeness score
of 97.1% in genome mode and 92.7% in protein mode, supporting assembly accuracy
and annotation integrity; [Conclusion] This high-quality genome assembly of Decorus
tungting provides a foundational resource for genetic diversity, adaptive evolution, and

evidence-based conservation.

Key words: Chromosome-level genome assembly; Decorus tungting; Hi-C; genome

BT H: the Fund for Native fish breeding, the Aquatic Industry Technology System Project of
Hunan Province (HN2024), Aquatic Seed Industry Plan of Department of Agriculture and Rural
Affairs of Hunan Province (HNAP2024), and Yuelushan Laboratory Talent Program (2024RC2014)
#f54E3 : Liang Zhiqiang, Male, PhD, Research Professor. Research field: Fish Genetic Breeding

and Healthy Aquaculture. Email: liangzhiqiang@163.com
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RiEmRERARS SHEFERARMR

B 23, ROR M, BaiEl 2, B 2 skE T, SR
VR AR ARRERE, ASHERS AN, LI 201403; 2 RACRA SRR A RIS
RIS (B ARMRIERD, 1 201403; 3 BHEMAOWR AR, B IR S 0 T

FiHt, i 201403.

WE: (HIFD REWRAFRIE (B4R, FREER (NFE. TEHK. &
HILAED . FRBE A A S At it B BRI BT B, AR SRR IR A AR S
FIRE IR RCR, s SR TH AR ks . (O75) R EFRHA D
Oy 25 Tl BRI e SR g R R VRS ROR , 70 il T R B A SR LU
W LIPS vl = AN N i O N R W 7 = o N3 VT i i S 27 [ SN
R o R A s S AN R 3 B v IR, SR PR UL BT HR AR (455
S AR SR A L BERREUEIR M n-3 RITIR & B AL B2 v TR R
AR T A R A B 8 2t W A TR s iR 2 8E EPA. DHA K&
RRYI S B, TR R R LDA ARSI 92% ) b 2 s vk
W . R INZE SRS THEFRE B P 50 DHA ;AL A A0 F R R 5 H i
BERIR R A BRI M AERRNIR; E&1R9% (B 5~10%0, 14~
21 KD ARFR LR, g mitth, HEFRMKm/N. 5k BBEG 2L
B BRI E B 2 s, I A IR R0 RS AR RS DA AT I AR 2
98, AIELRFFE FRATHE T W IR B BT, R S AR i nT AT B AT

R sk UM TR EIRIRE AESIRIR

BEIE: EFEEg KPR R (CARS-46); iR R =F s FANTH (2025-
031)
BIRER: M (1992—), 5, 4, BIRFR G, M FKZ=SY0E FEH S0 7R 7 AR

E-mail: yanghangqu@foxmail.com
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EXREAMBEIGSTPINM SN ERRRTRUERF &L

ZEE !, FrE!, £FR Y, Mette Sorensen’, i 2, FE, xF 4 INE
A

VB b oK 2K = 22, I, 430070 2 /K77 iR B 5 e e 4 [ B seah s,
E R KA A AT, BRI, 4300725 3 TEMEKFAEMRPERUK P FEE F b, 1A,
PRI 4 WIASEEG =, UM, 311231

WE: RESFH K S E, AEEERTIR IS A AR ARLE
KEER (CGMD NRROFRIE, TRIT T B R R TR . 451 %
Y, FRPRLEAR N 20%CGM il 35 035 17 8 5900 T 300 R 110 3 0 ol B AN €
R TR, CGM 2 Rk s it f kb i) TR R A s Ry, BE
KT B IG IR B2 A o I 2 0 AR MR SRS, FRATTIE S TR BT R TTAR E DA 3
R AT B PR R S b A (B B A . B — 2P SEG R B, CGM Al &35 L
JZJk ApoE Ml GSTP1 /KT (BN 27%). SEM TSGR, ApoE # 1 K#
REEE4IMA, 5 GSTPL 454, M EeRIIREE. Bk, A58
T EARERAN TR B RO R DURBINLE], ARTHK o0 LR A T #E
T P R 428 L A

KegE: RVUE: EAKMEK; GSTPL; wFif; L AKEAH

B H: EEESHEITRITE (2024YFD2402001); [H K A RE3E 4 (32403039)
BIREE: DLER, B, Ht, BIEFIER, KeshiE s# R, Big: 13437159527, E-mail:

gongyl@mail.hzau.edu.cn
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BMP15% A& &8%§ (Anguilla japonica) BPE% BAERTHA
B ThEEFNAL 1 fg 4

RWEE L, BRI, SR BB, SKIERS T, SREE
Y KK R R T A SE I =, IR B, 266003

THE: BMP15 & TGF-B #F IR, FHAE H A I K & i Dfhe & o Bk
SN A . ARFRHISEL BMPL5, 8RN T ELHLE] . A
W, BMPI5 BAA R BB IR m IR S, PRI AI IS VTG Z£4% 58
ANFARHE G AR SRR R RS YERE IR L, Wi Rk 5P R A L AR
BMP15 #i% Smad1/5/8 155 . RNA-seq fEUITE KAERTHE (PV) RO & 4 A

(MV) BB %5 154 #1420 4~ DEGs, )i & TGF-p. mTOR [ ‘5% & #
W, (HINREM BURE R : PV B BRE R IE AR K BT 75 1 & A N s M S, MV
B BN B 5 o S VR RIS OT 7 . BMPLS 76 PV ] L fshr 635 31458 FSH % 5
1) cCAMP A2, TiAE MV B[ . 4% 1, BMP15 it Boks =45 FSH 15 5
LS, iR IR & S5 .

KRB H A6, BMP1S; DNEEKA: MrBURE R

BB H : [E XK H AR 4T H (TGF-Ps 2 H AR HE 1 & 4= K H 0L, 32270556)
BWRSEE: 558, B, WL, #oZ, v drin. a2 M, ik (+86)0532-82031792,

E-mail: gx@ouc.edu.cn
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LRSS = ARG RARFES

THE, HIRYE, BN, 830k, SIEFE, BREEE, XEE, TKRA, R
A RS ARl 222, TR EORTE 830052; HRIEKFERF AT 7T BE BRI K P 7
Fr, J7Z& M 510380

B AT | i 22 R SR FE AP T R URARRAE, S Is A5 o R A I % Pl
PR . DU AREE (GY) FMa® (YNC. YNP) = ANFREERE A NN %,
RGN E I M RS TR IR E IR BTG RE gL Z R, 453
W, B B, GY BiAS YNC. YNP ##ia A BEZER (P<0.05, TED HLK
/e K B E/NT YNCL YNP BHATI A K/ 4K hE/ 4K B K TRk, HGY
B YNC. YNP BHAHE 3 R 7 7 RECKT 1.28, I U GY Bk S
PIEARTE SR A TS MR B O I Kb . WUAE FR 7 b, YNC A1 YNP 44
FHHEE . DREAER K n-3 ZABEMENRESEREST GY BHE, YNC #
R RN EAER S B E ST GY Bk, H=AHKEsn 7
FAO/WHO HAEZ A, Hréatbae 1L, YNP BEUR SOD & &, YNC A
YNP B[R] CAT S & EE T GY Bk, =A#HkH T-AOC SEEREEH
YNC BAR &R . BELZ M L, =AREBANZSEEESE (PIO)
N 0.120~0.205, IEAE RHL (Faom) /AT 1E-0.168~0.0179, PR PAREMR [A] 15 1% 71k
Fa% (Fst) 4 0.033~0.115, FEEV (Nm) A 1.924~7.326. fE43E K4 /KF L,
AN FRIE R SR _ERT RIS N YNC 1 YNP. GY BRI K. 4 BN, GY B
BIEA E YNC. YNP BiAERES, HAKERKLKENLAEERE
YNC 1 YNP BRI 256 B SR E s RE IR T GY B . GY B4 5 YNC.
YNP PR AT RS COT AL o34k o ASHIT T A 24 52 108 Tl J5R 9 IR P RS v TEAR A
e H S E SR AL 7R

R 22, JARAL: WUREIRED: JUEILRET o B2k

BBV X E AR E R LR K (2022YFD2401800); it H
FEIHTRIAIIH (2023TD38); Hr[E-— AR B S 1FE RS (CAMC-2018F) .

BEEE: KEA 1973—), B, WL, FlEER, @REYSE, Hib 15999135172, E-
mail: zhangjuji@sina.cn; 2 (1984—), 2, 1#L, BIWFFTG, K= FB s3T5 Efe 5

5T, HiE: 15013083966, E-mail: liwei@prfri.ac.cn
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B O%&mstn, runx2bMcypl7al BE R FRIAFHER BRI R

MBS b2, AR b2, BE b2, AEBRH L2, BN L2, dbR L2k, KD
2, %

1 R R K 54 dr 2B, KM SRR SR 2 E 3 E s = il
201306; 2. FHEAEFE KK A ERE, ANV AT IR KK = R YR B s seah =, |k
201306

TE. NS0 (Opsariichthys bidens) WA LB RS A58 K B 1
SRS, N mNLUA & D LERFIA &8 m RSB ks, &
WA SE B I M T 5 H 4 mstns runx2b A cypl7al WWEREKFF, RGN 7 HAH
RGBS HME AL KB DR . K0 s R G e AU B (RT-PCR). A
KA H CRISPR/Cas9 R 448 S5 HOR T R Si il 45 SRR W], Obmsm I EEAENK
ML RIL, FENLA A E A T LA 4ETR R H S8 FO ARAMARRILH B LA
R L AN LA S 38 I R 2R UILR Y . Obrunx2b FENLIA A I RIEE0®, 7R O JIE AT
YU PR IA TS B AU R TS 30 RALG TR, R LA %L
BN 102~107 R, Obrunx2b 778 FO ARAMKFIVLE R EZ D . Obeypl7al £
PERR R R R RRIA, H R ERIA TR LI, RAZ FO AAMARINH 26 —
WERBARE. i, Obmstn. Obrunx2b 1 Obcypl7al RIEES S5 S O ML
WA WUEDRUR & KA K B R, AN B O A & IR 7+
WAL 7 RARTORL, R E LA & DA LA E B Rt T
AE SR R

K& : SIOH; mstn; runx2b; cypl7al; CRISPR/Cas9

BEBVIUE « [H K H AR R4 EIE , 1 AR G T (R g e S A AT 9T
32373130, 2024/01-2027/12

BIREE: 24K, 5, ML, SUE iR REKE 5 E a5k SR
YRR . FEUFMOVE N F AR T Mt A m) 74 e
S FORFENLE R HARERIWT T, @Y, IR N A T K &5t S E Mt
oo FEAFEUT=AT0M: (1) BETHEMTT; 2) ARAEHEAMMWHT: ()
AIRBELEE M. E-mail: myli@shou.edu.cn

BRI, 2z, Wk, DUE R RTK T 5 A ar e K AR B B S R AT B
F2 B B 0 R BT A R K B AR S R B AL . E BT N A E

MM A s TR SEHLHI O 7. E-mail: nhong@shou.edu.cn
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RIAZHS RS L TS FHHENSHR

R, BN, BEE, g, R, £, AR
RIEBER K S a2, I Tadb N Y SR E S =, LTk
%, 116023

. NIERBITEFH SV (Misgurnus anguillicaudatus ) HER K B 15> T HLH,
AW IC AR SR A5 R oA K], BT 0°C AR TTALEZKEBR 60min 55 3K 15
MERZ R B B, i B R I S a0 IR 5 A Oe AR ik B R, ek &
A ORI, RS S [ A, 2 BIAE 2K f5 60+ 70 A 80min Y4
Xof REZH 55 ¥ PR o 2 R G B AT B S LT A0 A . A SRR RT3
(87.96%) WiftE (0.51%) K 7 REUEZHE (0.00%) KW ZE KT 1 % R4
(P<0.01), {HGLEMRINS il TR 558 D75 5 th s LU A, PRk el
i 88%. AHMI M EE o, ARSNGB I 3 K I I T B A
LREAE, A5G 60 min MERZ 55 AW T MR, £ 70 min B —[FR
X2 kGG 60+ 70 F1 80 min YA R VE R AGHEAT B s 4H I 70 i I, 22 53808
FERHESZ RS 5 60, 70 A1 80 min 4}k 1573, 2367 H1 3503 4>, PAFiAEERE N
¥, HEEEET I 000 BEA0 st 40 1 A OF BEA0 Bkl o) 256 4%
I B o U HOE B P BB IR O3 AR DG IR DG B B R ik B AT AR, AE NS S
— [RGBy 3, PAGRAR IR AR o Anapell . Cdkl F Mad2l1 W3k & 55 3% T+
&1, 1M Ape A Bublbb 55 12 N RBEHEEN () RIS BN B EFE{S, qRT-PCR ik
HEH AR S E B B, AR 7R R S S IR R K & 1
ST AU, AT AT SRR R AT TR IR AR

KW Yl AR KT ERRIEEN; 55N

BB E: [E X E SRR E ER R A E A LT (2018YFD0900200)
BHAEE: AP (1985-), %, ®WIFR, L, WFRIT R NKZBEAZE R, E-mail:

zhouhe@dlou.edu.cn
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MR E B RMAAS R MR ER SN 247

WHOHE, BRAEZK
PEEARR AR A S EORSERE , Brs, PRk, 843300

PE. R A R IEF R (Triplophysa yarkandensis) T2 MR 5 MR 5 ) 5%
R, NPRMIEF IS NE 1~4 B IR I6 m SR 65 0 1 B 2 (YD AR BT &R (XD
B (). kK ). WK (X, Mm (X, AR5 (Xe). IR1E (XD, HRIA]
PR (X)) MWK (Xo) 55 10 T FIRIR, IR M. et Z oo
[ A5 T7 7%, i s M R R 1 ER AR, L T RIE TR . SRR
(1) ANEFER MR IGE R Y 5TREMR EE M A E, H AR
Kifigkb. (2) @ESITER, Xiv Xov Xs M Xe AR Y B BEBAEH A
[ HEOR, HXEIE SR ERE AN T IREER . (3) ZIckhlIAHr
WA HMHIRIFEF RS R (X0 SHRE (V) BETE, 18: Ye=-0.171
-0.007X1 +0.002X2 + 0.005X5 + 0.003Xs F1 Y y=- 1.346 + 0.307.X; - 0.004.X> + 0.060.X5
+ 0.051X6; 2 #: Y= - 0.014 + 0.003X; + 0.0001.X2 + 0.000 X5+ 0.001.X5 Fl Y =
0.421+0.295X; - 0.022X2+0.031.X5+0.011Xs; 3 #%: Y w=-0.064 - 0.006.X; +0.001.X>
+ 0.004.X5 - 0.002X6 A1 Y = 0.699 + 0.192.X; - 0.053X2 + 0.136X5 + 0.100X5; 4 %
Y y=-0.374 +0.088X1 - 0.053X2 + 0.119X5 + 0.266Xs. WFFLEKI: I /RIE = R R
IR E N, AR TTEME NS MR, FLOORIER R RS AR B8 S5 T A IR
Wik E . AMFRFE 7R IEm R ER A Y w8 dE, R Mk § iR At ke
AR, AR5 B ORI

KRG HRTeREE PEIRE; SRR 38T

BT E : BB S AR BB RI (2025AB008 ) “R 1L ZE 4 (2023 TSYCCX0128)
FLE % B
BWRAERE: ARk, B, &, #, mlRES5HE, 13657576029, E-mail:

chenshengao@]163.com
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FHE R EFEBEERNRTRERR: HESSR
B X1 3%

IR, BRECHE, WiEise, TaE, BN, #EC
HEEAO KA E BB, BrsE4EE R B IX &SR, 830052

THE: B R (Eustrongylides sp.) 1F B A f MR AT IR SR AIE i ANTH BT
JUFAE m FEIREE SR FUAR A BR o ASHIF 7 DA [ P4 b = 28R b Ry A 0 28 TR IR vy
i (Triplophysa strauchii) X%, RGEWE LT ERPBEGEIE. T 2025 4F 4
HZE 1A, BHREFAR, 3k 720 B, KA ITS 705 a4 R4
AT F45E, A Hurdle BRL:H0E AR M K fond e AU (A
b ORD FURGL FE CRIFER L IRRD HIFEMN o 85 FR BT, SRR EA 21.8%,

PRGN (4.36+6.83) /R, BEGEEIHNETHEEIE: FEEE
DA e K i B ORFAIE , B2 A IR e Ve DU R B A v 5 S G 0 R R B AR A1G o A4 R Tt
LS (OR=1.916/cm, 95% CI: 1.232-2.977) FUsHL s e e a7, H
K5 AMMAZEAEREE (hKx5 H: IRR=4.847, P=0.005; #&Kx11 H:
OR=0.418, P=0.005), FHIRKRNZZ=HTITT . AHIEFT i R0 75 AF Huf%
FERERSR AL T AR, R T A28 g A 2L P A X .

S MIE RS ERLS WA BRI

BENTRE . s /R AR X E A ATRITE (2025B02020-2-5); H A X EALFE AR
M4 H (XJEDU2023P055)
BIER: FoE (1980—) , B, 14, PRIM, fARF AR 5K, 18040598471,

E-mail: guowei612@xiau.edu.cn
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TEEES HEE KItRE. FEERES FRIEZNRR

DA, R, EwEAESDT
1A EK =R RS 1 K HEMVATE 78 A Oy, AR MY AR AT 8 K S 5 0 o B3 5 R F 2R s S
=, VL3I 214000

PE: SCIRKFFR T B R 7, Bt Eal AR B A
BRI, SR, FEEREE (Cyprinus carpio var. koi) FR¥EY, G 2H CH #
PN BN B I o AT AT LA B S RO AN B, RGURTE T A F LED S (41,
WL L D RARSE G XHAEKMERE. A6 RS TR . 4
REIR: IR 30 RJE, WER SR EKFEZLT R (P<0.05);
FRHE 60 KRG, FOG. EGHIZGL I FE B E PG (P<0.05), TRGHEE
FHE (P<0.05). ANFECHEXE . JEIHMEE& AR EE, HhiEnHEE
T TS (L A, MIRALRYI T BaR, S MR B ML Z S 2
M5 5 B . WEOGZHFRTA 30 RN 60 K, B kB R & & W T s (P<0.05);
Wt LM 30 K p-E PRERERETE (P<0.05). HHERA
TR, 22 5 RIK TR & A T MR AW il E AT IR A LI 4 S5 i
A KA RIER (beol mitfs igfbpl. lefl %) 53 FiF (P<0.05). HAE
R 247N, PREEE EAC P PR EARIESS B 1. MAPK K TGF-g 15 5l %
TER FI %, PG BTl g/ SRR Z, MAPK 5 TGF-p il % 4%
KRB R, =H RN FAEERIEN ., A KRS ARER. TR AR5
BT ASEDGIE R KA K S AR R, R TORA SRR GRS EK
KB WIZC o TiE, R K SRR | ST LB A o 5 A 7 Ak e 4
U7 BB .

R KA el AR Kt

BWHIWH: EXREREIEIEASTE (32202924); HHE KPR T B v K fol B 78 Hh e 3t
AR S P T (2025]BFMOS)

BRAEE: FHAEA, WAL, NFKZSEE EFMu A, dongzj@ffrc.cn
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CRISPR/Cas991FHImstnbE FRERIRZE S /5 & A AR X H+
RN FL AN EFFERR

L, ZEWgn o, FRe A, PNVEEE?, TREHR Y BRI
XG0 L, FEFAC, MATIE ST, ZEgETT e, (R
@ PHEERE RS AR IBIR AR A it B Sk 5, B 201306; ° 7 AR K R
Wtk KFF 130033; ¢ 2 eE sl iK™ ul, wil 245099; 0k 7 2K uk, #il
245400; YLV AV R SR HOR B, F9E 330045

TWE. 5 (Acrossocheilus fasciatus) BFREARL, Fg THWE. LEME,
e PRI N AT, B T WL A ZER A WX, e AT
B o I AR R SR N TR R 5 Ll X (1) 44 R 8 B #0288, H AR KOl B A2
R PR = 5 [ AT R 207 b s i e R R, A T F st A e R 9T o LA AR KAl
% (myostatin, MSTN) 1EN TGF-B XK G R, XE#IKRE RIERSF 7
BER, RAKMIRM R EE R . AR CRISPR/Cas9 A XS
TGS msmb FERHEAT € MR, B R FHIILA A K RS T B2 . 45
RIEIR, Fo &L NI MCR 1L 85.7%. {F 27 AWK, #H msmb A
RAZM) Fo AAp A R IIBINPIRAY, AR A8 5 20 B0 B 2H 2 2%
N 22.07%- 18.13%F1 13.02% (P<0.05). fEAJFasEife 1) FiAHr, RAEMA
(1 A6 P 2ok FR LA 155 36.1% (11 %), WLAF 4R ARG K 29.2% (5 Hi#),
RN ZAERKMARA B YR E TR TRV, FAURA AN
REER K TFE LR & B R ETHES, R A s AR R AR T 4% B ATR,
RS mstnb AT UGB LK BEARER, IR AEXT LA R FEBR AN
SRR o AW T SCRE msmb VE OGS BT B RIRIEEE AL, HORRA
IR MSTN 15 S/E @R Z A ThRese it T WP S, RN S fE &k
GG RINEHET MM T TS %

R NIRAEKISIR, EEgwE; bEfA; NIREK, &Rk,

B E: EEESHEITRITIE (2022YFD2400102); #00 i BUACRNL Gfolk) R E——
KA A FORIEHET T H (GGYYZYGG-2024-01); AR E Ak A R & BT H
BWRSER: (FEE, BIFER G, K= shis e & F e, Hif: 15618063186; E-mail:

jfren@shou.edu.cn
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KIIHERKRERRZT S RBRSHXEK

Tk, MK, WA, skER, B, kER, B, i
VO RN RLHE B K =B SO (DU K25 B ), BGEB, 611731

WE: KILGEEFE R, A KL, KA TEEFHHN T H
AR EAR AR, HATE R GRRR 2 THLH. ARG AT g
FAHER PCR BIR, BERFTIZMM A OAR 7 LILAERER e . =Mk
AP SR TR S T A% O BB AR EE R (it PMEL TYR TYRPI . DCT
SLC4542) 2 N, RHEREER. BORSREMAKEZH. BRFEK
5 G M R R 2 IA B RV AR R 8 AR AR (A B R DR R I, T % e A
AR, BRI I AR S Rk R S PRI T RE S 5 A 5 R PR Rk T v X AR
P& AR VLT B T 8 8 3R ik = 5 G D R R 2 [a] (R LA DG, WG
R 5 R PR A B

REW: KL Atk KR, REOR; Rk

EEWE: EXFARFFESHFEESTHE (32302972); VY14 HAR R4 FH
(2026NSFSC0140)
BWAEE: FIE (1992-), 4, {1, BhFERFs A, KIL 2R aREY, E-mail:

sautangnil992@163.com
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AR B F M= FEENR G R AL

I, TR, RE, RBADG, WBCR, T
TR IR K™ e, TR B 2 453007

WE: AW BRI ME = 58 PR T B S8, IR R R 2 7
TRTIE = A5, Dy e = AR [ ] 2 SR BEBOR MR . AON RS 9 SOA . A
i g BEASRIUSEAG O, 73 50l e BAS [R5 il AN 3 IF 1), [ A >R e 2 4 i
PG ARAZ R iR AT A A A, B S S H MR R B
TGRS = RE, LRA TR0 H & A = R a5 1 & 75 3 5% 1. SR ER,
G ME = % A D 5 R D A 52 A B L AN A B A S N ] S5 PR R, AR T
A ME = A ARG B AR AR e AR 26°COKIR TR, 526G S min J5, B 2K GRAE 38°C
PIRTEARAT T, LA 1 min, H=A5ARETIE 40%, RN HSZRE R LR
SAEERAE A R aw, SN BAERAEE (P>0.05). BTHUT MG
il 24 20 B VBOREAT U A R o A ) PR 5 =S, [ IR e v A S A A
PR A TAT e ERAL T b, I A AR B e AR S H g 58, — A ikff
Mg RS H Dy 87, WRMEES 2 7 ikas RATT, R L &R
AT A Dyl = A ARG T8 58 BT SEBOR R AR o SRIR S5 OB 2 (5 1A B Mttt 1 4
Yy B

R : B (Silurus asotus); #RTE: ME=fEK, RG220

BBNTR H : P48 e i E S RHIF I B (23A240002); T F5 48 BHE BT H (232102110002)
BIERE: SEE, 5B, WP, FEMNEMEEEE MR, G 15936571370,

E-mail: 15936571370@163.com
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SRAMEETZCE-AERYEBNARNESS2ERE
A0

NG, BREEDT, SKRAEAR, 2238, sk
DO AR 22K 2 e 7K A e 5 8 SR DY )1 48 B sie s, S, 611130

WE: S B RK IR S M R 1, BE SRR |, (AL
ANERE . IR EINH LB RIS, AT TR PR AT ER T 0. 5. 10 Al
15 mg/L A 21 K, @ HLVURB 7 U EE . gl sl 25 A s 2
Fr R G e u L e AL B ROR, RTINS R B LS. 45 R B, KIER
P8 T EPU AR A S Fhdiif, #EiE DAL 5-HT 1 Ach & & 2351
0, GABA &8 R E /D, #E— 0 AN 7 Al A 208 I DA {5 5l i
B T RIEMH R : DA (5 S E T comt. drdl-3+ pke c-fos Fl pka ik
R ERN, M acs RIEERZE T RERHET npy M agrp REELET
W, MERET pome. cart M orf RISEWZE B MRS RER, drdl
5 npy KR RENEY), Fm 238 7 e 2 BB E 55 & 1] A% O R . 5
Y M e s I 2578 18 AR, 2 [a) 4 2L e 21 SRR, Al
17 15.00 mg/L ZEUWMHE T T F kg i 2R 2 i) 2% (8] 0 AT RFAE . I A HR e H 5%
HBERY DA 321K drdl, FEAE T cells 1 Neurons3 40 RIEEH ;s BEA MR M
drd ] {EVTEIE S R AR . PO 8 R EoR, T i TR Al i i e
fi#] DRD1 5 NPY {55, HEZEMNN DA £ik, BEK NPY £ik, SR E MG
FEE S DA-NPY @M &, HZiHE R 28 DRDL /- F 58 1. 25 I,
R EME FEE A DRDI-NPY Sl s 0| 80 AL EF 2 a5 & . ASHIT SR 45 V1)
W) 28 B 1B A 858 22 3 Jo - A IR 3 it A 4 AR DS R B 1 T L B AR,
i IR 5 P B i SR A PR A

REEW: PUEAEET; FEMNEE, R, PN, 2 ORIk Y

BT H: EXEREER2ELTE (No. 32302972), KFFEE1TE] (No. 2283)
BIERE: ks, 5, it B, 7oA K E R FTEE . KPR s IRt Ak E ag B

%%, Hi1E: 18728159847, E-mail: zhangxinscny@163.com
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R EHR G A T EFIR LR SRR B A ER LG

skagx, REE, VSR, BEYT, SRR, ZFEE
VU IV R 227K 2 5, /K A e 5 8 R DY )1 4 B sl =, S, 611130

WE: Z AW KB 7, 0 R0 R e RAATBEGT, (A1E LS M
ANERE . AWFFIETT 00 5. 10 A1 15 mg/L S EUMMHE 21 KX PHAH ) 65 &) 71 1
T RE RIS B B ML PRAEAT A4S R EOR, RA S BT gWE 51
W51 7 BARR 55 0F S R A5 5 P [ e S 7, L5791 e ARt e 40 i . e, P el S M
M _F 7 H&E Yeta Bon m B BB KA. S GUPIR I, Bl A% ] 41
R BUARIR 400 1 B0 B 8 0. R i RNA-Seq 238 BIHTEL . RIER T
T RIS 52 7R%5 DEGs, KEGG @R E &4% T TIEE. W& ROS 4
WG5S WETHE, CAT. SOD Ml GSH-Px i A1 MDA & & B &1, Hi
PR EEAE SR T AR R R IA BN B . RAER T il-6 F1 mf-o B35 T, il-
10 F ggf-p ££ 5 M 10 mg/L ARAEZE T, MAE 15 mg/L A AHEE L,
TUNEL J 825 5 R R AUE BOR T R AR T2, R IR R E I8 125 bel2 N
RT3 A bax Y835 R, FETS2ARIEAR fas F fadd B35 FR W5 5Z2 4K or1073
odr131-2 or6nl M or2at4 W3 bR, WWASS54% FHH Golfo MMAGEHRICEH
omp FIXEAE 15 mg/L WARARE LR, %IEsO0RIK I OMP %8 3%
Hhn. Na'/K*-ATP EgA1 Ca>*-ATP M%) & FAL, &6 5-HT. DAL Ach
Il GABA & EEEZN, H Ach 55 FHHE ) 28 IEAHXK, K Ach ZAE
TP AE T R OB A I . 2% b, EEBIE G R AR, SR
EOANEETC, TS A% 0 PR L 637 A R s F37E

a

R ZAEE; WEMEET; BER, REESES R EEE

BT H: EXEREER2ELTE (No. 32302972), KFFEE1TE] (No. 2283)
BWSER: kg, B, B, BIEdE, MR RONA K AR KPS e

A%, HLTE: 18728159847, E-mail: zhangxinscny@163.com
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A EHRR NG ESRERAN MG BN ERFITERK
TRERI(ERALE

SRR, JEWRC, MRMETF 2, SRIEAKR 2, ZeGE ek, gkgE ex
a WO NNV K 2K P22 g, KA S 272 Y )48 25 s s =, AR, 611130
b WU LN R R, KW RT, RS, 610066

PE: SRR S EE SRS, SRS TRERE R, JUHIA K £
PEARR 6 CTRIFRPEET) 4 R sme B8 S ™ 8 . PR 5T TRy e I 4 e e £ 1Y)
VERIMLE], ARFFRKH M 0. 0.5, 1. 1.5, 2 g/kg 3L 5 MEERMHMR 7 K
JG, TN 3. 6. 12, 24, 48 h K7, SRR, AU B E RIS
FOMEHM =R SNERAET S EERES, 0N R, TR
FH NPY £iE, LRIEAEER POMC F£iE. dNMAZERM )G, B IEE
AR S8, BE T . WE A miEe. H 1.5 g/kg 7T 535 SRR
W12 h JEMER B TR, 6 BE A A] ) iR SRR A B3 . IR 1.5 g/kg
A ZERE S AN 12 h TR SR, ik 13 AN OCEEE R AR, Kb
OFEEFN REDDI 5 MNK2, FZE 4T mTOR Al MAPK j# . Western blot 4
REH, ARG A AR RIS 1) mTOR @ % il s AMPK HIBERR
A BT, R S6K BifRfk . R {E#E MAPK ¥ ERK [IRERRIL,
JEHH| P38 5 INK il . 45 L, 1.5 g/ke FEKE Mm@ REDDI/mTOR 5
MNK2/p-ERK/MAPK BB [F], SZfEFVRIE 12 h BRI F4) A a 4.

REER: PUIRITET; ARG RV R mTOR/MAPK (& 5l

BB E: V)4 E AR S (24NSFSCO754), RIFIJETR] (No.2283), MEwmikHY
FR R HALITH  (24CGZH0018)

WIRMEE: 283, &, #EE, T oA KRR . KRB E 3R SRR, B
1%: 15183516076, E-mail: lizhigiong454@163.com; 5k%%, 5, t#+t:, BIZEZ, W77 RNA

KA R FRAE S K= B A B AR B B 2, FELTE: 18728159847, E-mail: zhangxinseny@163.com
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REFEFRERAA-LFDBIER N R A= K N A

AR 12, tva 12, REEE D, Sl 12, R T
1 KPR IR R IR SR HZE S E A s =, RS, B, 201306
2 ARMEERRAK =R GO B TSRS E, DEREER Y, B, 201306

WE: KPVEEE (Salmo salar) & —ME&BHAMEIRIE PR, BT BRI 6
SRR AL R BRI 240 . it ABFFREAL T — P T ARiAE nadh2 JEA
(R PR SR A 77 v R e R S AR A BT 5 L, 455 PCR MTEZ
BN SR 1 (Recombinase Aided Amplification, RAA) 454 3 g Bl it L Ik
(AGE)IE AL, 181 RAA 473574 5 3t 2 Hr i 4K % (Lateral Flow Dipstick,
LFD) BXE&SEBL R AAGZE 04T . PRS2 RAA-LFD /& REEHS/E 41°C, 20min
M T B X A R P A e ol m e s, B RIFRERYE,
TN o ZITE SRR FEN A . KR Al Bk AN, B R &R
W o ZEARMACH #AERIE, ATmRE .. WiSe g meaimhigg
TAHEATFISEH TR,

FehdiA: KRPUFESE; RAA-LFD; Whh%se

BB E - A AR S SRS Hey 1 (SEA) BOR R AR PRIZE 2 38 KPPt (S202510264015)
IR BB, 22, T, B, BETUTT R0 S Bl A RIS D K SR A 4 K AT, E-mail:

lgui@shou.edu.cn
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LB EEREF/TIMEETFH (CFH) FEHTEE
(Oncorhynchus mykiss) FZRK#FIRRERELZ BHPAEE

13:
A&, iESE !, REE L KRZ T, BRI iR, R, il
LoR

L PO K=K =220, DU R 611130
2. WHEK PR TR BRI KPR A AT, BERTLG ZRIE 150070

TE: [HM] R UL 5] & I 3 R TR 280 8L Jo s P A8 AL R I BB E 20T WL
TR BRI R . [VE] IEEUHLAE 3 ASEUAR AR EE 233 0.06 + 0.01 kg, 0.50 +
0.13kg, f12.39+0.29kg, &G 2HLAUME R 4553 BT B R B BR b AB 4k, IF
TFIEThRE B T A PPL T MIEX o [45R] Bk Faso AR JEER M, R
AN B FETE Foos Histim (p < 0.5), JEES I HIMIRFER Mm% E . EAHY
PraL¥esE 10,731 B, MRS ERE B DR SR B, FiRThhe

A2 1) b 2 9 e B by 2 S e S B AR AR . PP 3 M e 15 A e B AR SR i ik
M, Hb CFH ACHE Hub 8. [4518] WLHE R R 2N 16 B B b 2 7 B JOk 8 o
B R A SR AN DR, T4 CFH Al e S 5 H S e e i & S Bi i o

RpE. WTEH, CFH; JRARELIR, So)% b

BWBIIH: &K AEQHTIE (SCCXTD-2026-15)
BAEE: &=, &, W, #ER, PR RN EKZ SRR 7, E-mail:

zhaoliulan2007@163.com
67



s

7

<(l/
]
A
¥datl &

A

R

#

=2 > = /\ \
7 ’I ] < J/%‘
-% 7’ = *
_3'_.
J/%‘I‘ L
> 6 Z
02
/2:\ 2
\
/
= ﬁ.
71
J{
;“'\ % ;
) A
\‘ S
. J<
ﬁlj

26
7F | 20
4



PR 2 YK TR 42 2026 MR 2
REENPYEFE I, HARERRAMIGETIREM R

EFEO L, TEME GBS, BREME BEMGL WL st w2

1) 2%

1 B B Rl b, 1078 BE 3300315 2 /K7 Fhm A 58] T4 & A seig =,
LVE B E 330031

WE: AR EERFTKIT (Andrias davidianus) AKX Y 115 THE S 4%
Thig, iR S AR 45 & RACE BoR e K NPY 2K 4K cDNA 7
F, BRI POtEE PCR K NPY £ £ MR AR RikE; ME pET-
32a-NPY JFRIE AR TEARA 5 3R aK 5610 FIA CCK-8 VA H 240 NPY Hiff4
FALNT AN (100 100, 1000 nM) XT HEK293T 4 () BG4t 520 . HIF
REERTIR, WAL NPY Fibdxm, B B b EERE . FAZRIA AR AT
PEEMAE . Ak s A /e 5EEH, T 10 100, 1000 nM K AT @ NPYIR
BEEBEAMIIGTE (P < 0.05). AHFFUE B KEL NPY 73 THHE, IESERGATRE
NPYIR {RANMIGTE, 9 DhRert Fo A aBhas n ) o & R Ak o

ReE: KWL MLk Y AR ARG GE

BB E: 2 HARRIERES (20244-018670) Bl 2025 47 22« 18 1 A4 W ¥ Bl

(20255-122159); YLVGH HARFHASEE BB (2024SSY04061); YLPHEBALR (ZFELK
PEED PE AR R BB L T4 (JXARS-15- @RI KD B E bR iR 5%
W PEB (2023YFD2401804)

BRAEE: 240, B, Hd, B, K= st ft & Fh K (@ FE 755, E-mail: pengkou@126.com
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R EXGNEA RS KERENFREF S

TEHEMY, M, BEE, EEm, gt smt
1 B & RFAE MR FRE, L7 BE 3300315 2 K Fhm A 58] HIL A B S s =,
LVE F§E 330031

B o E KR IR KPR E Y, HAEZERE, ESMETNE, HN
YL SRS B = o AN AL B ER FH 28 = AR5 3 AR A i L A 2 A K e s 2
S ILNEFF IR LM 7T PacBio Sequel V- & A>T SZHFIFF A,
T RHAG P E OB R K S A s . R e 58,590 4% 3 [ A%

(unigene), “FHJKJF 2,633 bp, N50 K 3,025bp; FH 48,784 447 NR. KEGG
SRR FE IR ThBEVERE, I 31,419, 29,364 Al 46,376 %135 KOG GO Al
KEGG. M4t %7€ H 58,698 MEHEMIGX . 3,266 MEFRE T 8,521 METE
KEEIESAYS RNA K& 39,057 ME S EL 75 (SSR) Arid. AHFFUAEE 1) & i &
S 3 NGk A b KR D 4 2 R R G R B 0 B e SR

RBE: HE KR (Andrias davidianus); SREFEFH, AL, #HxRT, K
JE4wT5 RNA; SSR Frid

BB E: % HARRIERE S (20244-018670) Bl 2025 47 i« i 18 1 A4 W ¥ Bl
(20255-122159); YLVGH HARFHASEE BB (2024SSY04061); YLPHEBALR (ZFEILK
PEED PE AR R BB L T4 (JXARS-15-FE @RI KD B &K E AR iR 5%
WP B (2023YFD2401804)

BWAEHE: 2 40 (1980-), 5, EI##R, WL, WFARITIHAKT ST 4%, E-mail

pengkou@126.com
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KEFEEKMR (SST) EENS FHRHESRERAMR

TEE, FEW, YA FEHEE, Tt gt
1 B & RFAE MR FRE, L7 BE 3300315 2 K Fhm A 58] HIL A B S s =,
LVE F§E 330031

WE: AKME (SST) ZIHESMAEKBERERRE. S5ME A 5l i i o g
DifedEN . ABRREL SST JEH M4 THHE S £V ThRe, AR IEENL
i, AFFITRER wE S TR T AL . AWFFLE & il R AR S
RACE F{AR 7o K SST 3[R 4K cDNA, Sl M5 B2t 8 A 4 5t
ACRFAIE, ARSI 2 B DR AR R AN [R] ZH 23 R ik A . 25 R 7, KM SST J& [l
cDNA 2K 997 bp, %t 116 NMAEER IR RERIETTAES, & 24 MR
BT 5 K o T K 5 P SR ) Bh SR 0% R dpeils, HAE RN 2 b s 3K, 1

B o0y WHARZ, HRHELREEWMMC. AT 7 RE SST JEH 45
1 RIS AEY G, T A KRS TR THBI A Rt
WA .

K8 TEKE (Andrias davidianus); SST e[ HWME R0t RSk
X AEKIFE

BT E: TI74 HARRIEH 4 (20242BAB25399); T FAEIACK, (ZHRRAKF2 5D 72
W ARE R BBV S (JXARS-15- B @ FEFRFE ) s B K E S0 & iR F 55 i) it
(2023YFD2401804)

BRAEE: 240, B, Wt B2, K= st f & Fh K (@ FE 775, E-mail: pengkou@126.com
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PHIFBEINKIRZHNSEHNEEATREEEBAESHH
IhEER R

B, W/hgE!l, TEM!, FEmW!, -t gmt”
1.7 B RS ARl b, 1070 BE 3300315 2. K7 Fhm A 58] T U4 & A seih =,
LVY B E 330031

WE: [H] A CEAERIT P YR (SP) KM&EEkZA 1| (NKIR) fEH4E
¥ (Pelodiscus sinensis) RPEN 25 KB B /ERNLR], CLH5EE
Hh AR G R R AR B A VA 1 o LB, AR SO B 1 S B NS S A
PR . (7Y AR RS thE% PsTACI 5 PsTACRI £:H, J@id
HEYIE B R AR TR P HI L 5 RG0E 4T, FRIF qPCR F A I 2 A
HHEAFRARRFAE o[RS AL) 2 7K Ao R B JB A 2 5 B Sk Bl B SRR, 254 SP
FHiabE, KA HE e, Fupei Jsimf 7t E & PCR HiR, RGNS
ZURIEA . NKIR A0 LG MEAECERFRABIE. [HR]
JEHI TR B, TACL. TACRI 2 BEFR T FILEYIFh R = BEOR ST, 5 ICAT 34 [E1UR
PEf . ARIRLE REW, PsTACI 5 PsTACRI F: [N 75 A8 i 41 21 rp 22 B0
Fik, VIRRIRUFSE IR, SP AT SR ARG /K HE i 1 e BT S Hh AR T 2 23
M5, 0 IL-18+ IL-6 % % REFEPR B = 5 B0s s R rT B 6] 240 NKIR
HEARIE, $EATE'T CDK4. PCNA SEHITEACERFRIL, A RO 5 HAs 1
GERE . [Z58 ) SP AT XA i 4% rh AR B 1) S R i B 5 J kA A B R i, @A
T T S50 D A RO DR -, AR N AR TR A DR
B AL RIF 72 B A 2 G 2 VA F ML O 7T S 437 1) LG

R heE; PYIB MABUK 1R R GHEE

BRI E . EXE SRR TR RS (No.2023YFD2401804); TLIE4 /K™ B M &I
KIH (jxsczy202601); VLPHFE thHEE S Ak B IS BORIUH ; MLV AR (AR K
i) PR AR R R L T &30 H (No.JXARS-15-F @ HEFR A < D5 Y1794 BRI Gl
WD K EBIH (No.2024yyzygg-03); VLPGAEBAAKNY CREFIZK) 7k AR AR 2 8 v I %
&I H (No.JXARS-10-F i S92 ); 1L E RN (RFE B BHL: A A %I
H (FERF[2024]49 5); VLFE HARHESE (20242BAB25399)

BIRER: 240, 59, W4, BIEEE, K3t i% & Fi &A@ 7758 » E-mail: pengkou@126.com
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tEREFE A AR ETEN IR R —EIR

MR, MR, dtER, DR, XBEF], BE, K, B
HRE K PR T SR BRI K F=0E FE AT, AR MY A S BT SV HAGHE 7K = B Y5 FH 5 9% 5 B s
I, RN 510380

FE: A R U R, G BRI PRI T RS . sk B AR
BNV R G AL TR R R IS R IR B AL, MR 2 M e T A A,
WA N M ESD 1V 2| GSD HIRFIRISRE . (Rlitk, BRIz s sk zw 3
PG ARSI AL, LS ) e LR AT Al 1 — A BRARRSE Y . ASHIF 7T 56 B
T AR (Pelodiscus sinensis) G (ORI B L2036, B rh AR | 1L 3% (Palea
steindachneri) % (Apalone spinifera) MIZIRE (Apalone ferox) W4=3EH4H
PP Ecds, DA K R IR IR K B I T R A s, RGO R, R
PR AEAE — ARSI ZW BIPEE R G, RICE R 7RG P gL AR R £
FIRETY . W 5T 25 R g b AR BV ) e LI ORI Fe e B 1R IAL A, Rl sh P
Gett R AR IR AT A SR i 7 RS, O RIS ESD 2| GSD At it 1
A ITFEERHUEYE . JCAEER R, 2 TE N E RSP s — i s 4t 1
BL R

RKegiE: B HBOLRA, RO, MR YRR

BB « E K E SRR E S IEERAFRIE (2022YFD2401800); [E 5 H AR
HEFEREEESTHE (32102792); A E K= B0 50 B 5 0 4% 5 A A0 3#T 2 BT H
(2023TD38); 1 E-RYEHFHEEIER4E (CAMC-2018F)

BWRSERE: 246, BIFTTL 0L, 1 E N SR L & 5 R FEBOR BT IT , E-mail: liwei@prfii.ac.cn
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ENzEREE A ERRARNELR N

MRS, BRI, @FF, vk, XIBEH), B, RSP, ZF
HRE K PR T SR BRI K F=0E FE AT, AR MY A S BT SV HAGHE 7K = B Y5 FH 5 9% 5 B s
=, RN 510380

THE: AERKIIRZ K S Figt i it R e ME I ZUF IR 22—, TR R 1 i
FRCH A 7 M R 2 S K = R B R BB, R HESK SR B R AL
HEJRB) T BRI A B ) A, T AR AR e R P
SENLI %72 1 ) e 5 D S DR RN S B 4% B P R S U 2k A B A R Bl BLA 1
A AERAR A B P B R . AR R T B W SR TARRAE,
TIHERA ZW B XY P R SYFPE R P 51 . BT AE, X
fels LGS A SRS BRI AT A 3 IR 2 EE I AR I Y, 8 i S LE S A
fiiide, mAAERER . LEE . AN R PRI 2299 . 2341 Z%. 2533 %
12416 SFMEPERS Ry B, kT2 A BOT ARG 7 %5 2 %FL 2 X1 2 %
PR LS, FRER R RN PCR IR, MHEMFIIN 100%. FAH
BRSNS e B Loty B AR R DRI 2H rh e 1 30 PR SRR e
FB 125 %0 BETFIHE B FRRIRG 2 B AR 5, R
I3 . BB I BEARIRE T, TERIR N 100%. BEAk, 1208 B o A4
PSR REHERf S . /N R VO DAL R AR .
W IC 4 g L T VR RE e 1 1 B SR R 7 v, SRR RS — MRS
ZW BRI E RS, BRIV e WU BRI 7 P45 B RO fE R Ok
PR T OB S

KW BRI, BRI ESOR, MERIE; MR EM, e iRy

BHTE: EXEHRRFEEFFERFESTE (32102792); | HRERAMARAS TR
TiH (2022-SJS-00-00, 2022-SPY-00-015); HE 7K™ B0 7T B 8 4% & A AT 1 AT H
(2023TD38); HH-R g A1EREE (CAMC-2018F)

BRAEE: M, AItAR, TEMNFAEFMEASRHIT, BE-mail: liwei@prfri.ac.cn

B, WA, FEMNFAEM RS %L E M, E-mail: zhuxinping@prfri.ac.cn
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L\ Fa % 7 E] IR R A A 3 A AE S 4

TNy, ZdThE, fasE, AR
LN KRZNRIEH AR, =M B9 650201

WE. W% (Palea steindachneri) 7&E R R E L), AL S5ES
M AE. HEE T YRR T2T ZERA, KN 2.2 Gb, HE# 33 KYetafk,
BUSCO 4 98.9%. JEKHAELEFH 5L 50.01%, HA ki HT (LINEs,
15.67%) 5 DNA ¥ (16.10%) 1E T EHbI I (15%-20%7r B KA T
RERER, WRE) T BRI A SR E R & AL . 2 R Ve VLR R A
BE Z RS (1=0.00076), EHE 15 BUEFRIZMARE %, R, 5l
NI PR AS, F1ARKIAZ R 2 FE I 5 3 T, SE R A sl 4l & A BE (ROHD
5iEAZ #40 (FROH) KIEFEK: GO 5 KEGG &£/ Mrili— iR, AU
TR T 5 G i R A0 A SCE Al S FAERA, BEEET Wat.
mTOR 54K K E K aBifocstayg, BAEKSEEAMIRH . A5 E IR
AT L B ) v o R R A, R B AN [ R R AR 2 A R SR M A IR
R o

R LEE, A BRI TR, R

FEIWHE: ExARRFEESE (32360912)

BRAEE: A, 181, REI#EE, E-mail: xwwu@ynau.edu.cn
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Multi-omics and functional characterization of Toll-like
receptor 4 in bullfrog (Aquarana catesbeiana) reveals its role
in immune regulation and host defense

Peikui Yang®", Liyan Yang?®, Xiaobin Wu?, Xianghui Zou®®, Yaqun Liu?, Ruixuan
Wang?, Yuzhong Zheng®®
a. School of Life Science and Food Engineering, Hanshan Normal University, Chaozhou, 521041,
China; b. Guangdong Key Laboratory of Functional Substances and Health Products form

Medicinal Edible Resources, Hanshan Normal University, Chaozhou, 521041, China

Abstract: Bacterial diseases pose significant challenges to bullfrog aquaculture, yet the
role of Toll-like receptor 4 (TLR4) in the American bullfrog (Aquarana catesbeiana)
remains unclear. In this study, the TLR4 gene homolog (AcTLR4) in A. catesbeiana
was cloned and functionally characterized. The 2391 bp open reading frame encodes a
796 amino acid protein containing conserved leucine-rich repeat (LRR),
transmembrane, and Toll/interleukin-1 receptor (TIR) domains. Phylogenetic analysis
grouped AcTLR4 with amphibian homologs. Expression analysis showed that AcTLR4
is widely distributed across tissues and is significantly regulated in the liver, spleen, and
intestine following infection with Elizabethkingia miricola, Citrobacter freundii, and
Aeromonas hydrophila. Functional assays demonstrated that RNA interference-
mediated silencing of AcTLR4 significantly downregulated inflammasome-related
genes (AcNLRP3, AcASC, AcCaspase-1, AclL-1B, and AcIL-18), whereas
overexpression enhanced their expression. Additionally, AcTLR4 knockdown increased
host mortality following E. miricola infection. Integrated transcriptomic, untargeted
metabolomic, and intestinal microbiome analyses further revealed that AcTLR4
silencing disrupted immune responses, metabolic balance, and gut microbial
composition, thereby facilitating pathogen colonization. These findings highlight the
crucial role of AcTLR4 in coordinating immunity, metabolism, and microbiota
homeostasis, providing a theoretical basis for improving disease resistance in bullfrog

aquaculture.

Key words: Toll-like receptor 4; Aquarana catesbeiana; innate immunity;

inflammasome; multi-omics; transcriptomics; metabolomics; gut microbiota

BEIRE : | RSB G (2024KTSCX104)

BIRER: i, 00, FEEMNFEARSYHEE RZHFT, E-mail: peiky1004@163.com
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Comparative analysis of transcriptomics and metabolomics
provides insights into the disease resistance mechanisms
against Aeromonas veronii invasion in Eriocheir sinensis

Yanan Wei'?, Cong Yan', Longlong Fu?, Yanming Sui', Xiumei Xing?, Linlan Lv"",
Hucheng Jiang>"
1. College of Marine and Biological Engineering, Yancheng Institute of Technology, Yancheng,
224051, China; 2. Freshwater Fisheries Research Institute of Jiangsu Province, Nanjing, 210017,
China; 3. Nanjing Gucheng Lake Chinese Mitten Crab Industry Technology Research Institute Co.,
Ltd, Nanjing, 211300, China

Abstract: [Objective] This study aims to elucidate the molecular mechanisms
underlying the resistance of Eriocheir sinensis against Aeromonas veronii invasion,
revealing the innate immune and metabolic regulatory networks in intestinal tissues,
thereby providing theoretical support for disease-resistant breeding of E. sinensis;
[Methods] Disease-resistant and susceptible groups of E. sinensis under A. veronii
stress were established, and intact intestinal tissues were collected. Single-omics
differential analysis and O2PLS-based multi-omics integration were performed using
RNA-seq transcriptomics and LC-MS/MS untargeted metabolomics, followed by RT-
qPCR validation of key differentially expressed genes;[Results] Transcriptomic
profiling identified 236 differentially expressed genes (159 up-regulated and 77 down-
regulated), with key immune recognition and response genes, such as SVWC, MFAP4-
like, Integrin, and Hemocyanin—significantly up-regulated, alongside marked
enrichment in pathways including Lectins and NF-kB. Metabolomic profiling detected
362 differentially accumulated metabolites (204 up-regulated and 158 down-regulated),
which were significantly enriched in purine metabolism, glyoxylate and dicarboxylate
metabolism, and arachidonic acid metabolism. Integrated multi-omics analysis further
revealed the synergistic activation of core homeostatic pathways, including steroid
hormone biosynthesis, drug metabolism-cytochrome P450, and ABC transporters;
[Conclusion] Disease-resistant E. sinensis successfully resist pathogen stress through a
synergistic network encompassing enhanced innate immune recognition, metabolic
energy compensation, endocrine regulation, and xenobiotic detoxification defenses.
This study provides a crucial theoretical foundation and candidate biomarkers for
marker-assisted selection (MAS) in breeding disease-resistant E. sinensis.

Key words: Eriocheir sinensis; Aeromonas veronii; Transcriptomic; Metabolomic;
Disease resistance

BB E T B e P 2 IR I R 2 S R AR A (BE2023301)
BWRMEE: ZEk. B, WL B R. KAESWIERE SRR, 18112999787,

hcjiang@163.com
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The inducible nitric oxide synthase (iNOS) of Eriocheir
sinensis exerts antibacterial effects through apoptosis

Linjie Li', Wenxing Huang', Yingying Han!, Xuemei Cheng', Jing huang', Daxian
Zhao'*
' Key Laboratory for Aquatic Germplasm Innovation and Ultilization of Jiangxi Province, School

of Life Sciences, Nanchang University, Jiangxi 330031, China

Abstract: Inducible nitric oxide synthase (iNOS) is a key molecule in the invertebrate
innate immune system. However, its precise mechanism of action remains poorly
understood. In this study, iNOS expression was significantly induced following
challenge with Aeromonas hydrophila. After RNA interference and iNOS inhibitor
treatment, the bacterial content in the hemolymph significantly increased, confirming
the involvement of iNOS in antibacterial defense. Mechanistic studies revealed that
iNOS activation is associated with nuclear translocation of p65, and that alterations in
iNOS expression affect the expression levels of integrins, MAPK, and PI3K-Akt
signaling pathways. Upon activation, iNOS not only elevates the levels of NO and ROS
but also induces apoptosis, thereby exerting its antibacterial effects. Collectively, these
findings indicate that iNOS plays a significant role in the antibacterial immunity of

crustaceans and provide new insights into the host defense mechanisms of invertebrates.

Key words: Eriocheir sinensis; Nitric oxide synthase; Apoptosis; Antibacterial activity
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EREG, HESKM K (CL) kM (CW) | fRE (BW) 3t 3 Ttk
fabr, DAGEARAETL AL 20 1) S Bl FE SR B8 (X0 AR E SR K (Xo)
RESIE S (XD 3 MR EEBIS B E M NRHE, AT SRS 200 5 H B AR,
It SPSS FAF A HE CART R SEAR i 55 20 73 T I A58 o [45 SR 1A [ i ik 55 20
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Heof B BE DRI AN AR P PR TC A0 1%, R . B IE IR, Rk 7758
Hh AR B SR 1) 58 1) BRI TS TR, O AR K AR R I R R DR T A
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B AR RS T R (Eriocheir sinensis) “TLAES 207 5<KAVT 2 577
IR SRR Y B A B IR R AR ZE T, DAVRAS VI80 20 ik B AR .
FOXULHES 2074088 (TO WD HATAKIE R, BN PrEAEEE 1 DL A
FHEAT WL SR 200 5 20 AT 5 DA B s B8 A [ it 7 MR (R R AR 52 Bl 70 o T1-T3 B
KPR B IR LA BUE A BEE 1 Hr . AE KPR bR B OR, “TLHS 207F0 1%
(TO HD) AP & L (TO-T1 #) MER, et KkRymTKir2 5
HERARZE (P>0.05) ; “YLHE 207558 (T1-T3 D FHEREN S TKIT
257, Hb T2 Wik B 5K (P<0.0001) o “YLA&f 207 (T1-T2 ¥ MEZR
BEWE (P<0.05) , HEKIL2 57 (T2-T3 ) WER S EKRATET
& (P<0.001) o EFERAM T R, “VLHE 207315 (TO #) n-3 5n6%
ANHIFNRE 7 2 5 B U AR (2n-3/En-6) B 2. 35 = T KU 2 5 (P < 0.0001) i =+
ILEIR (EPA) SENEZE R T/EHE (P<0.01) ; “VLH 207 (T2 ) In-
3/zn-6 LWEEE & TKIL2 5 (P<0.01) , {H EPA & EKARNEEKT )G
H (P<0.0001) o RN, “6KIT 2 508 BREIEIR & B CLRFEER) ,
HHEA (P<0.0001) « AW (P<0.001) H)E2EET<ILE 207, PEKY
TRELEEZR. PUAMEENE SR, YTH 207408 (To ) 1 GSH-Px.
CAT iHMWEE & TKIT 2 5”7 (P<0.01) , SOD Al T-AOC % MEm& =, MDA
TR, VLEE 207 (T1. T2 ¥ /1 GSH-Px. CAT iGM:ANEE St (P<
0.01) , SOD. MDA 5 T-AOC /KF¥)mF<KiL 2 5, He SOD % H7E T1
HBLEEMZR (P<0.01) o 255, “YL#EB 2074087 i i TR ANV AN FE K LAk
ReJ1r T B RUER BOEAE K YERE . TRINIRALR . & W& 77 K PTA ML RE
NFMERITEN . LR RYIBRY, TLE 207HIEF SRuE A BRI R
7o
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Ovarian metabolomic profiling of hepatopancreatic necrosis
syndrome-affected and healthy Chinese mitten crab
(Eriocheir sinensis)

Yameng Song!, Yongxu Cheng”
1.School of Fisheries, Xinyang Agriculture and Forestry University, Xinyang, China; 2.School of

Marine Sciences, Ningbo University, Ningbo, China

Abstract: Chinese mitten crab (Eriocheir sinensis) is an economically valuable
freshwater cultured crustacean in China, and its aquaculture industry plays a crucial
role in the sustainable development of national freshwater aquaculture. In recent years,
with the continuous expansion of farming scale and the deterioration and complexity of
aquaculture environments, Hepatopancreatic Necrosis Disease (HPND) has emerged as
a major restrictive factor limiting the healthy development of the E. sinensis aquaculture
industry. This disease can cause a mortality rate of up to 40% - 50% in cultured crabs,
resulting in substantial economic losses to the crab farming industry. The
hepatopancreas and muscle are the primary damaged tissues in HPND affected crabs,
which are not only core immune organs but also the main edible tissues of crustaceans.
To date, most relevant studies have focused on the effects of abiotic factors on HPND
occurrence; nevertheless, the underlying pathogenic and regulatory mechanisms of this
disease remain poorly understood. To further elucidate the metabolic responses induced
by HPND, the present study employed untargeted metabolomics to characterize ovarian
metabolic profiles in HPND-infected and healthy E. sinensis. Differential metabolites
were screened through intergroup difference analysis and systematic bioinformatics
analysis, followed by metabolic pathway enrichment analysis. A total of 1335
differential metabolites were successfully identified, which were predominantly
enriched in multiple key metabolic pathways, including amino acid biosynthesis,
tryptophan metabolism, as well as alanine, aspartate and glutamate metabolism.
Collectively, this study reveals the metabolic regulatory mechanism by which HPND
interferes with ovarian metabolic homeostasis in E. sinensis at the molecular level.
These findings provide a solid theoretical foundation for improving the prevention and
control of HPND and offer a novel research perspective for the development of
comprehensive disease control strategies in E. sinensis aquaculture.

BT E . b EE R E S UR B RI(2023YFD2401001);  [E AR EE =Mk Rk & (China
Agriculture Research System, CARS-48)
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Key words: Eriocheir sinensis, Hepatopancreatic Necrosis Syndrome; metabolomics
Hemocyanin regulates phosphatidylcholine metabolism to
enhance ROS-mediated immunity in Penaeus vannamei

Yunyu Shi'!, Yonghui Kong!, Shiyuan Bao', Yuqing Zhou!, Jiawei Cheng', Zhihong
Zheng', Yongzhen Zhao?, Xianliang Zhao'", Yueling Zhang'*

1. Guangdong Provincial Key Laboratory of Marine Biotechnology, Institute of Marine Sciences,

Shantou University, Shantou 515063, China 2. Guangxi Academy of Fishery Sciences, Guangxi

Key Laboratory of Aquatic Genetic Breeding and Healthy Aquaculture, Nanning 530021, China

Abstract: Objective: Acute Hepatopancreatic Necrosis Disease (AHPND) is one of the
most severe threats to global shrimp aquaculture. Recent studies report a significant
reduction in hepatopancreas hemocyanin levels in Penaeus vannamei (PvHMC) by
AHPND. Methods: To investigate the functional implications, we performed Gas
Chromatography-Mass Spectrometry (GC-MS)-based metabolomics and found that
PvHMC knockdown caused a marked accumulation of phosphatidylcholine (PC).
qPCR and ELISA analyses further showed that PVvHMC suppression upregulated
PvCPT1, a key enzyme in PC synthesis. Co-immunoprecipitation (Co-IP) confirmed a
direct interaction between PvHMC and PvCPT1, indicating that PvPHMC regulates PC
metabolism by binding to PvCPTI1. Results: Functional assays demonstrated that
exogenous PC supplementation significantly increased reactive oxygen species (ROS)
production, whereas simultaneous knockdown of PvHMC and PvCPT]1 reduced plasma
PC levels and ROS activity. Under pathogenic challenge, PC administration inhibited
Vibrio parahaemolyticus (Vpaupnp) proliferation by enhancing intracellular ROS-
mediated antimicrobial responses, ultimately improving shrimp survival. Conclusion:
PvHMC regulates PC metabolism to modulate ROS levels, strengthening shrimp's
immune defense against pathogenic infections. These findings reveal a novel metabolic
regulatory role of PYHMC in response to Vpsupnp infection and suggest potential

strategies for controlling AHPND in shrimp aquaculture.

Key words: Penaeus vannamei; Acute Hepatopancreatic Necrosis Disease (AHPND);

Hemocyanin; Phosphatidylcholine; ROS

PEBIIUH: National Natural Science Foundation of China  (U22A20536)

B IAMEF : Xianliang Zhao, Associate Professor; Research interests mainly focus on Shrimp
Immunity and Disease Management; E-mail: xlzhaol@stu.edu.cn; Yueling Zhang, Professor,
Doctoral supervisor; Research interests mainly focus on Shrimp Immunity and Disease; E-mail:

zhangyl@stu.edu.cn
82



B 7K P2 2 2 VR K FRIA 43 2 2026 2R ES

EREBNERSRFSNLERIIFRERELINERE
R: ETHLCERSEREF S

g, FWE

RN KRB R %P, 2#E &ET, 230036
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W FCERDT 1 AR IR 20 i #EEE #E & (microcystin-LR, MC-LR) 53 K40
BENR (Cherax quadricarinatus) WERRIE A RERERG 1 ORI E ) S H AL 40
BRI A IR 04 100, 200, 300, 400mg/kg (RIAE RUIR T R E 0.
3. 6. 98¢ 12 mg/kg) FITARL 60 do SAEKMERETEAL S, HEBOM LR 6 mg/kg
WM R AL ENR, DL 150 pg/kg AREFIEZE T T MC-LR 24 h, dHj%E
N FERMARMAMEA CBIXFIRZL) (O, FE RIARMAMEA (A). FERIARFEE
A MC-LR #FR4A (R). HFFRAEMAMECS MC-LR 254 (AR). 45L&
N, fERZAH, MC-LR g2/ INE R H L), (B 4 % gD If 4
BRI SR, FER AIREAAIEES), F I ZEl, ok, R AR AR
VR E IS (P<0.05), RIIEEAVER S R EES. AR AdEe
WRE RAERF TIHA B A A R, gk TR AL, O S e e AL B R
iR R . IR B AR BRI E (P < 0.05). B4R M, £ R 41
F1, MC-LR B &S5 Wi EE BN, & R DU & A BE S )
WO B AR DG RE R 308 . 7E AR 1, RE R IR R A [FFE EEHbK SR 1 I e o0
BRMRIE, NISCFEORTTE. REES RTS8 OERAE =Y %
2. 2k, BEEIFE R TE M MC-LR i T 1P IAR I (L D BERE RS AR (1 R Fa S
AL, HONHAELL BN T RS R SR AL T ALK -
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WE: QAo 540 % W 52 R SR/ P2 FRGE AL BO™ By . AT FE RGP
i VAR PR R NS (Cherax quadricarinatus) W N & U008 1 LRy 4E
RSyl A 8 F TR R R, 200 mg/kg TAREA BRI A 7S
A B, AR DR AL B AF BEAT 2 Ui X IR CRIERAL IRDR ] iR
H) (O, IFERFEMEMA (A, FEAaRME R+ Z Z a4 (N PLRIFE &R
TARMAMR+ R EMNEAH (AND. Z5REIR: 5 C AL, N AR EEm, M
M Na+3& &b . KA L-LD S &30, SRR BR iR th I 2340405 S ki i
DhfebsfG. SR, AN 4B EMMMEE - FaRE, 8420 15N &K,
MR M, SRARERASRKE . th4h, AN 4 CAT. GSH-Px. Na+-K+-
ATPase i1 E & E, IL-1B. TNF-a &% PR, FdoriEss, HIFE REAA
SRS T 2w R T IL-17 5 538 B  PPAR {5 5 8 i SR i AR A U Id 1
gi b, WA RN E R, WA RO A EINMA N = R EE T, LS A P
A TS L Ui b/ e 1 o L R R OR A o ASHIE 7T 0 W 52 R Bh W N s
SR 7 —RA O E B E IR RIS .
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AR (P>0.05); FRUIFPHMGEINH S AR, LRARR. HREa B e s
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i (SOD) i P i 2 w8 Ty 4, U 1% (MDA 3% 8 B Z K TR (P<0.05);
2205 A LUENRNH B s (15784.6 J0/H ), FBIMH K, WhHiH R, 25 b, A
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VAN SN VG
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L _EIRERAE R AWK HR AR Pl 5 B E sk =, BT AT X, 201306

TWE. AW 7 KRR (Procambarus clarkii) K& B FR5E =R ha . A K
NG AR B RAT DL R A HORIE BB E A IO, R T —EBE AR
BERHESE (GS) #iAL. DL 600 RS HRHAL 200 ik & HEANAAL, FIH G

pts 1 550K SNP &5 F 58 il K 4 . ALK 5B i (GWAS) KB 16 4
AKE 44 NI EGE AR N, HBR ARG, RAGAIEA A B, B
R R A R o R SR B ALY LL R B, GBLUP BLALG A KA IR FI ABT
(R FINAE R 1 AE 0.88~0.94 2 (8], WI{EJN GS LRI . SNP ik [ 2 IRk
PRSI R , GWAS FEAILVE T B3 FRAIC 65% LA ERIAZ - OAR iR, IFHE Tt
MAERYE . IR E R EAR, BEELR R R AT AR 7 ML & T A K
IRAN 3 AN i P PR 1R R T8 A A QAR R 5 7 Tl [l &, SR A ORISR i fe
MRAGEAE . SINEESEL o FISTHRCE . A Fhlmd e, 8 9 s8R &
BB a , B IR SRS T S R0t a1 X, Mg =480 SRFEPEr s BU LT
BIESY, DR RBENAAE DN y 55T R . &M T, ABT
HON 0.205, RO AERKMERERE N 0.534, S PR RS HHIRCE 0.261,
SKI RIS 23 290K 27.20%~33.56%, AEKMRARNTIE 25 73 (R %F 76.11%, ABT 3
i AL 1.98 5. 1 F ERIGUF B AEKMERIE 17.3%~79.5%, ABT #2
1 2.24°C, il RAETEIS [HAE K 36%, M I &7 LU /N 5% AT T K
HHE I3 T I E G HIRA R E R IR B B PR AR R, AR ZRIE S G
BAE N RIEEIER 2%
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WA AR R ST U EAFAE B35 2 5, VRS B A 1R T IR I R i B A B
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Doublesex 7R (PeDsx) fEVERN 4 I TIRE, 94 M B4 e B M TR A TR AL HOR
SCHE . ARBF TR AR R OCER M (GWAS) X 5256 % O A 1 SNP o8y Ei it
ATIRFEYZIE, Tfde 5P 0 B35 QIR A7 A, FFd I B8 AN [m] B AR 24T R 7
KIgR IR, S5 RIRME 59 MBI R EH KA A, BENE SNPs F2A T RREA
(GCA_020424385.2)% 38 ‘T L tafk, Hr 73 FFric SNP26150 #7218 2] 100%.
[FII), SefE PeDsx BRI 4%, )@ T pET-32a JR %R IAHAK, WL
AT RIAE 15°CHET 18h. IPTG ZKJE N 0.6mmol/L I 8 AR A B e,  FExt
HEFATHAN USRI A E EHE . AT FH SRR PeDsx W 5230145
RIE TP IIE ML, IR IE ST R IR ZEUR PeDsx BRI DI REWT 728 E [
B PR A
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RO, PN FRASRI I 1t Tmis Bl G . UONE] g 6 MERZTHER 3
MEZHE, AR RARR . WA SR IR, MEARFTE. WHER, KE
AR TR ARMU BB SRR, JFEHT BB A REREC S T ok
DL RPN SR DAR T FAEE @ im MW S A AR A e il 2%
PN E R, AR R ORISR 5108 6.18%1 5.27%, KK
BRI F 13.32%; FAHE @Al SE milR sk AT T &R, S E R
R B R e, BT QAR LA S B DR SR R AR . ANFISEA A & R IR L &
T3~ BEHRIE RS J A S A8 38 B R B L B R DR R ) 22 55 sy B Y0 24 A i Ak —
Mo & 718 (4] = MBBERA R AF AR B M2 AZ i 71, ARG S
HATWR IR L IR MR AT R 7 1, e IR BS54 5 1R e [
MRHAIGIEL . BRAHT i 2R U8 3 S AR
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WE: AMABAERT D THARTE B FEH HSP30c 1£ 3 K 5 2 1F

(Procambarus clarkii) 1=y itz i B K TR R 8 BSOS /R AT o 385 s A
. VGBS QRT-PCR FRIEM M. RNA T INREIGAE PL K& SNP g%
S ATEEJTiE, X HSP30c ZE RIS M HFAE . AR DhReEH KL ST # it
R B AL FLREBEAT T R I S5 REKW, TeRJEEIN HSP30c HH 4K
1262bp, FFALFUEME (ORF) A 555bp, 4ifid 184 NEIEMR, TN A& H PRSP
) -4 Fh 43, HSP30c 2 PRIAE be IR JRBAIN 2 M Zih iy Rk, o 7e O i
HEP ) RIL KB E . milR I IE T, Ak & BRI A 1 HSP30c
RIKE)EEP<0.05) T 5y, (HTN G AR I H B PRGN BE i ZU R R ak i i, H.
PR R . 2Pl RNA THITER HSP30c 25X B, HSPRNAI Ab7 &
F(P<0.05)FFf% T M f i SN R % (Critical thermal maximum, cTmax).
fif i 4 (Upper thermal tolerance, UTT) F IR 4& JE & 473 5535 & (Arrhenius break
temperatures, ABT), W] HSP30c 7£4E 4 b, X 5 20T vy T i B, e ) v A 4% B B4
F o BT mis & P AR AL 4041, 7E HSP30c = [F X I L i ik 3545 2 1~ SNP
AL MBS Y, B Pz B AP LA A R 25 E 4L, o HSP30c K] X 5k
AJ RS BN TIE R 7. 25 BT, HSP30c Jk PRI i 25 vy it o e i 1
SO MR 32 RE ), 46 R R XS A AL AR S AR R, HER1 2 5 50 IR
BN AL TE O AR . HSP30c FE IRl ) F2 s 4% K 18 A% 22 A5V W] e S S M AN [A) B
AT BB IE B e ) 22 S () B 43 AR A, TR e QR B AR I AR S PR B S TR
LR AR A ER AR .

R TTICJREMR; HSP30c; itk
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EREEMNETSRETHENEKME. NRAEFLE
B HREE XS

TURE Y, BRAERE L BARHL, BEEEE MR
g, ETT BRE"
L B RS AR an Rl B I R s G 5 A T P08 B R Se 80 s, V009 M A 330031

TE: ARG REBIRE E 5 ARG & A EK IR NINE IR & H P
Z5, ot h RZB SIS EMIR A M, AT Tk g 5 Rik
BRRAE X RS, N —A A, W5 R R A B I E AR, Sei
Sh R JE AR IR U VLA, (RIS KF Pearson AHOG MMk rtr s, MRk, ki
R, Skl gE . Skl e, IEEHK. B, BK, &%, BEK, B2E%.
JIE &K 5T S SR AT E VMR DL AR i & IR E . R E 2
J RS PR MOIR S PRI . SRR, ARKTTTH, o R ES IR F A
ARARE G R MR 8 A KRR E & T RIEERIE (P<0.00D. EF+T7
I, REFSHEASEREMTREFTHE (P<0.05), MR & EHEEK
TIE#H (P<0.00D), TRFFKSSELREZER: AERARPNAERS &
FAEREER (P<0.05), HRAER LIRS HMILG T FE R MR
ATER, HWRSEC, B, R LB R s S (220.70),
HAKEPEIEMS, 5RMPMRIC R ECHG A 145, 55 Wik 2N
R g5 b, I E R CEEA AR R BEIH, BRADAAENHRE
RILH MRS, 2 RESARFIEFHE .

SR o IRJEERR, EE, AKMRE HRE, EIFRAM, MM

HBIHAE: L
BWER: BRE, #dZ, ML, BTF07 K R EE S HRFRET 7T,  E-mail:

zhaodaxian@ncu.edu.cn
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KHIFRHE SR ER A EFETRRRERS A RE

RN L2 BROR T 2 FIREE 12
1. AEwERT, AT K%E 116023

WE: K4, (Crassostrea gigas) &3 FH B EHKIRIE NS, S o
M~ TR ARG 0 B T B X 8 DR el A A1 56 P2 ol o ) 240 KL e o ol
FrTERG T M X 4 JRE ) B A R o Al A1 0 1 IR AE 2K AR TR A7 A 35 R Y
725, Hgt R 1 TR R A ST, BB MR B ATk £ R 7 AHOC GWAS
W e s 2 T R AL LA, O 25 58 200 LA A L i i i A G 22 905 1 255
PRI 7 R IR R o p T A R PR 3 75 K ER B PR AR AN 1 %, R
M5E A K, BOR KB B AERATARHAL 520, DUHOBiE 5t
TGP CL I G ke Fl . FEDRI IR FE DA FERI2H SNP FRic LR, 18
i S A BRI 32 R R AN R R AE B S E K, AH GBLUP. Bayes 28
B EL ssGBLUP &5 77 VA TH MR BRI H B P B, AIEMR G SR A 1 AR B S2 (IR Eh K
SRATSE R IR, AR 2. K. AR EE IS 2 IR AR
Sha KA A R R TR G 75 2 4 2R R AL B RV AR ROR . RO AT
BE— P AR AARIT panel, DUALESTAR . BSHE X BOTMALAY, fEb kKIS
WG EAE, AL RER PR R R E —a R 4L B — & A E B SR AR e il —
B RAE I A B R R . 2RISR T WA R R PS5 A A IR T AR
SEVE, Dy DISRPTIE R b i) 5 K Fnl v o B R AR IR SR

REEE: KALYG; AR, R4S, RRNAFME: JudEH

BEITE : L TEMIEAFERRANS (2025XLYD)

BiER: 2, 5, WiEAFRE, E-mail:1920910572@qq.com
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S ANEBERANSE, BAREMSEES
DRKE ! EL AEgk

L. BRI S A B, AR R AR = R iR PR S skt s, B
201306; 2. FHEbEVE KK 54 2ERE, BT K= sh4 R R0 6 5 ok 6o 3% 58 B 5] €135
Ry, g 201306

WE. AWE—M =M (Hyriopsis cumingii) ANERRFAR M6 Z 4144t
Gy EEFERIRITIE, R AN AR AN B BR BT AT M . SR F PR e
AFxS = AL AN B R A ZABEAT VH AL, SR A B2 0 B SR IR P Y SRR
AN IR, AR RSN IR K4 REAT R fE o0 drs 218
Qe TR 508 W BRA S s OR P AN T B A R e 58S o SR SRR E
Bl Y AT B 2 PR B0y, RGN 3RAS v A0 B2 TR A TR C SR A i s PG B s B2 T O
Z UG R AYE, Mok RAR R, RVIES IR I R4 4 e RSN A] A 4
Wi Z5: AR T —BR0E . MM ERE LSO RMM 8 55N
BEFR R, Pk iR sy 7SR IE SR AR EE M, A=A R AR
Y Th REWT 5T S RSN B BRIR R S it 7 T EERIHORF &

REEWE: =MEE, SEMR, RO, AT, BARE,

BEIE: EEREAHEITE (2022YFD2400105) 5 EEXIALRI = Ak R (CARS-
49)
BIEE: &R, 5, #, #3%, MEm: KR EIE S A TR E-mail:

zybai@shou.edu.cn
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MIRHNEGFREESS5GOBEHRAAEE

MONGE D, REE L, FEW, TEM, -, et
1 B & RFAE MR FRE, L7 BE 3300315 2 K Fhm A 58] HIL A B S s =,
LVE F§E 330031

WE. [ B )R (Sinohyriopsis schlegelii) 2 % K KT 54K (EGFR)
AR R (HSEGFR-1/2) AEA5 VA v ()RR X R HO0T 4 B3 B i R 4R
R 2 5 QB 10 55 T WL o L7 72 TAL s it it ek v S ) (75 452 8, I qRT-
PCR fa il G175 20 d N 40 Je AbEREH HsEGFR-1/2 [#) mRNA 5 3KiE . 18
if RNA 4 (RNAD FORGHEA PR AL, Rl RTINS G A ohn 6 4
(HsKi67 HsCCND~ HsCDKNI) [)ZRIE2E4k. [FIy, baf% HsEGFR-1 ¥ CDS
¥ 3 HsEGFR-2 [1)3# 73 CDS [ 5| 3 #9E p3xFLAG-Myc-CMV HAZ I R IEE A,
#£ 4. HEK-293T 40 )54 Western Blot MiE 85 ARk, KA CCK-8 Lt
K K AFRE EGF fifA (0nM~1 uM) AbFEXHEH A3 FE 35 A2 . (4558 ] 61
g, MLZmp M AR HsEGFR-1/2 mRNA Fis/KVPER S RN EETT
i, HIEGMI G 3 d I8IEAE . T 3k 45 i LT PUE EGFRI-dsRNA3 (PR
MAKEL 52%. AMEfE 52%) F1 EGFR2-dsRNA3 (FHAE: MMk 85%. #ME
i 65%), HAVRIFS BTN KL 2d. VB HsEGFR J5, HsKi67 5 HsCCND
KiBWEZM, M HsCDKNI F&imi makik, H HsEGFR2 BIE{EHET
HSEGFRI. I3 EAZIE RIEH K, Western Blot o~ H 4K 1 7F HEK-293T
g IERIRIE (4 36 kDa Al 55kDa). CCK-8 45 R%E W], HsEGFR-1 1%k E
FARHEA P, HAZSON g AN ME EGE DA EEHRE 7 S8 (1 pM IR
B3 1 HsEGFR-2 it 3Rk 16 % EGF AbHE R ¥R Bon (R i /EH [ 4518 ]
HSEGFR-1/2 2 5545 & 1 R N,  Horh HsEGFR-2 fEAR N
BEAERE R, (H HsSEGFR-1 NS EGF #H It 40 S 5 ) 3 Z I 5244, 1M
HsSEGFR-2 W] BE Ak = 58 B DR 45 M8 ALk, Tk oS B BEAS S es . B
NI DS EGFR KRR Thfe A0 LA D d A LR AL T B Z K .

R : VR, EGFR JEH; RNA T (i @6 i

B H: TI7E HARRIEH4S (20242BAB25399); TR IACRN, (ZAHEAKFERD 72
M ARAR R BV 4 (TXARS-15-f 5 @ FEFRHE 4 ) s B X & S0 & iR 7 55 ) it
(2023YFD2401804)

BIRSER: 240, 55, [, BB, K iss & Fh S i Fe 5758, E-mail: pengkou@126.com
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R IARAR Hsd1 702 B FH BV B R INEERA R

SRES L, BUEER Y, BiEe !, RS L2
L BRI AR TR ACOK R BB R B S0 28, B, 201306; 2. BHEEFER
% LK R TRERARM UG, B3, 2013065 3. HFIRFEE RS KA ShEfE & F
Hs BT R ESE G, B, 201306

FE: FUELIHRIBIE AR ERA W& HRKRE, BAIEE T REFME .
17B-HSD2 J& 25 [l B g AU A S B M, 1 2 24 ] e 3 3 A2 A s A= i g AR
HOREERE BN . NIRTT Hsd17b2 FERTEREL MG (Bellamya purificata) VR
KEPMThRE, AT IR cDNA [F51, FFBUAEK 1146 bp, 4mfd 381
NREER, S R R R N S B AE IR B R R ST T (00 TGxxxGxG-
YxxxK. PGxxxR) MAFFM PGxxxE. HLARKK ST TN, Hsdl7b2 3E K EVE R
hREE R, HREARERESTINE (P<0.0D , FERNERMN SN
RIS AL YMEAE] H % Bz BRI IR 5 K B B B RF A7 AL, ANE S, H0E 2.5
HRemtgp iz R N Rk B m BB E S THRE (P <000 o JFEAARZHH
PEAS 5 e A TG LUV EE . KBRS A, OP S oRAE B EAE 5 . RNAI
& Hsd17b2 A J5 RIS RE R G OB I8 Stard3. Cypl7al BRFRIE L
W, MEBER K R A AR TS 17B-ME =R B 170 FH AR S2 R w] BRd bt
Hsd17b2 B:RFRIE . FIRGERFRM, Hed17b2 B[RRI AR R IR A% ] i 5k
FAB PRI RBEAE N, HLSZ AN MR R B DR S iR A

SREE . FURMNIZ: Hsd17b2 H:H; PHIRRE; RNA FH#L

BHITRE . EEESHRITER] (2022YFD2400700); [E 5 HAAE %34 (32072975)
BWAMERE: TER, &, M4, 2, KEshEifs §Ff, 15317905262, E-mail:

glwang@shou.edu.cn
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Studies on the Early Growth and Gonadal Development
Patterns of Bellamya purificata

Yang Gu, Yuling Zhang, Huohong Lv, Zhengxin Li, Guiling Wang*
College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: [Objective] Bellamya purificata is prized for its tender meat and rich
nutritional value, making it an important economic freshwater snail species in China.
However, research on this species started relatively late, its early growth and
development patterns as well as the critical period for sex differentiation remain unclear,
which has constrained the development of the industry. [Methods] In this study,
morphological and histological observations were employed to examine the gonadal
differentiation and development processes in juvenile snails, to elucidate their growth
and development patterns, and to stage the development of mature gonads. Additionally,
ELISA was used to detect changes in sex steroid hormone contents during gonadal
development. [Results] The results showed that sex differentiation begins at 15 days of
age, is completed by 2 months of age, and the gonads reach full maturity at 3 months
of age. Growth data indicated that the fastest growth occurs within the first month of
age, with shell width, shell height, and total wet weight reaching peak growth rates,
which then decline significantly during gonadal differentiation and development to
maturity. Based on gonadal histological characteristics, the developmental process was
divided into three stages. Hormonal assays revealed that estradiol and testosterone
levels increased significantly during gonadal development, suggesting their potential
involvement in regulating gonadal maturation. [Conclusion] This study clarifies the
early growth patterns of B. purificata, identifies the critical period for sex
differentiation, and establishes the staging of gonadal development, thereby enriching
the theoretical foundation of its reproductive biology and providing a reference for

artificial breeding and aquaculture practices.

Keywords: Bellamya purificata; Growth performance; Sex differentiation; Gonadal

development; Steroid hormones

WEITE . <+ EKE SRR (2022YFD2400700)
BWRSEE: T, &, W+, #E2, WK UM EbLb], o S50 4% 2 v

S Fhc i B E AR T TAE, Tel: 15692165262, E-mail: glwang@shou.edu.cn
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BIRIMEREDRENFFED TR, KRBT

EXCE, fRoeR !, B, TS WERZ BREK? PSR,
JARKEA T, RteR
LILV9AE B0 TR A (i R FR I B S0 2, VLUK, TIVE F§& 330045; 2.4H
P E BA S Bk B AN B S0 =, YLV RS, TIPS F9E 330045

WE: [HM] NRAREHILE R PR KR CROR 14>, ek CREER1
0 7' oK RIS . LR VRS0 4 4, 709 5AE+AU e . s+ R
PRS-, AESRACAE . D45 Y RRSRat A AL Ye 6 A0 1 B 20 5 25 v T it 4L, (A
I, RS A KRS R R SR AR EE e TR, i, W
BRI B E UKD AR S E. (4] BHErT R RAED 2, S8R
GiK i

R IR, S0, R

BIE : EREF KA AR AR (CARS-46);  TLIGE BRI S L HAR R &
(JXARS-15)

BWAEE. AKka, 5, Wt Bd%, KTEYMERiIRE, ik 13065180718, E-mail:
zhouqiubai@163.com; RAEE, 5, WL, R, FEMEILME, HiE: 18816898283, E-mail:

yucq@jxau.edu.cn
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I BB X R I E R SR E MR R RN

JRREA o FBRER 2, BUR V2, GRIGAR V2, BRIk A, R
L 5O R AT il 2 F5e, VL9508, 2140815 2.7 EKF=BEAR B R K
VAT TG, ARMRA R SR G R IR AE S R S =, {LJ5E%, 214081

WE: NIRRT LGP IR PR 2yt N i I E R, A 7t DL £ {E
R G, WA EN A O R FISEIR 2 ORAR TP RIaa IR E N
200pg/L) X taFEAT M 28 KAV SES . S5 AL EIR, K AGAE ) H B R
'] (Pseudomonadota) LU T %, TR (Actinomycetota) 5] b7t €]
TERAEY P S2I02H R AR B 1] (Pseudomonadota) ~ TZR B 1] (Actinomycetota )
PEw [T ( Verrucomicrobiota) V% % W |1 ( Planctomycetota ) 13 41 1 [']
(Cyanobacteriota) I:[FRIRIRARA R, T REH BB R = FE B —, (B M
Il (Pseudomonadota) G#E4E% £ FAr, HARE TFEHEAL; LEMAEY &
A FRE T R E A . S5 R, it A s 11 18 35 25088 1 A AR R g KAk
B R TE AL P TR S50, (R0 TR AE AR AR e A B3

BRI FEvE LR, WEREMES, UMW), e, ARES RS

BB H : MR EEA P IR HIBN (2023TD64)
BWAER: K, 5B, BFRA, R NKEFERES ARG MIE, E-

mail:zhuj@ffrc.cn
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RERULFERREREKSERBENSREE. BHETR
Hin 25t o4

BESen 3, AT B BEWNE S REM 2 SHEE D, 5% JEE
X 125 gRORIR s WEREE s skEE
1. @ T BEBOKF=HF AT, (LTSN 3414015 2. ) g ifiva KK =220, TR # 2
453007; 3. BMITRAMK™ B E 5@ RIREE R iE %, LI HM 341401

E. NS KRR (Spinibarbus caldwelli) 1 KM B0 iR M H 3
T T BE ST 24 AR Y o ACHIE FT R AR O IR (20 2, 7 B 15 2009 )5 " GZAHOL,

THRIESFME .. KRG KE W5 EEEAN 7ot Kk T4 5E: PCR ki
MR R 7 1R ] K-B 405§ BOA N oA R 2V BURE 2R 3 2 IR
PEG, WARSEAIR. PumdlilE, o, WveREE . BB, B VAL, 16S
rRNA 5 gyrB 5 A 346 B 70 # & 78 W Ak GZAHO1 5 W& 7K "< i i
(Aeromonas hydrophila) E A= HIFEREYE; JEIZHIN R A H 7 HE+K 4 735
860 bp, GC & & 61.45%, LFiki, ANI /0 #rf1 dDDH i B 5 4
hydrophila subsp. hydrophila ATCC 79667 FHLLEE 7> 79 97.01%F1 74.1%. Bk
GZAHO1 #E77 act. aer. alt 55 10 P W /JEEH, FET VFDB i 2E 7l
BoRERHEE 635 A FUAERGYBURIENE S R B R HXFER. &N
WS 6 i HPUAEZ RIS 250, XU, G 250 2 RS Hi A
RRIBUR, F£ T ResFinder TN/ B IR & K B4R K35 07 000 B- B fIE 2R
W AT PR 3 AN EEER . LR BRTIR, 1RO R B R K R TR
GZAHO1 %58 N /KA HMEE, AT EhiA R W 25 2 Fh a1 R 7. i
FEERONRe A2 CHGERIGE ) A7 IR0 40 B PR 2R S e . RSHE 2
DA K i 245 P 4 SR A IR A 4R

R JGEIREL; KRR, RS HART Tk

BB E : BN R R B R R L IO BH GRmTRER (2025) 23 5): “filiE
PRAE BN 7R BT 0 2 A T 20 0 A L il AR PRI I <t T 11 5] o e RO B BRI
7y 2023 AFLEVLVRA WAV G B A BOCHTH (BuRifig (2022) 32 5): “HIEKEE
ol B MV ARHE ) R

BHWEE: 5k, B, %L, EE@GUKTIN, Rk KK S K AE SN BiE,

896956386(@qq.com
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B AL GLUT4E ERNA T3 2 BR 4R = S &R R HL BE F A 3L

i 0p A1
HBERE, XUEEAK, EEERE, EiE, RS, &E, TS, f/MEE, KT,
R E”

TLPEA R 2B IR A RO S e, TLPAMY R SR MoK P B Fofe, YLPE F§E 330045

WE: [HH] AR UL GLUT4 R 7E 2B vt faDRL B F1) ) 25
FIIPER . DY R385 4, ARl IERE R (20%/02H8) +PBS. =il
TARE (32%/NZEHR) +PBS. Fifi+0.3% L BANTARI+PBS. Eibi+0.3% Z RN 1Al
+GLUT4-siRNA. =i#E+0.3% LA RHNC. [45 5] B mel8cr B2 &
TIEHH, LR BEN SRR, [Fi 535 F R s i & i & & GLUT4-
SIRNA I 3 1) 66 L0 2 W [ o S 22 PR AU i B UL R 2 L 4508 )
H L GLUT4 L [KITE 2 BRI i o5 S8 VRDRL W 1| FH 50 v R SRR

SE: B GLUT4: GaRHHERIF AR

TWEHIE : E AR K A ARIA R (CARS-46); VLG4 HAFRI %I & T H
20252BAC200426; YLVEE ZHEAK =P B ARIE R (IXARS-15)
BRAEE: AkE, 5, H 14, 832, K=shi@ 775, 13065180718, zhouqiubai@163.com;

KB, &, AL, W, KPP, 18819267041, zwl@jxau.edu.cn
99



BALRUEER

FERFFRRRRAY R 2026 FFRF2
E\ \\/A\!

£ 9 [ 2026



B 7K P2 2 2 VR K FRIA 43 2 2026 2R ES

EFFERKEBRFIPF X EFAMRER

Ig /N
RIEEWFEE R T RKIE 116023

WE: Jy 7B L A AR TT B AR OK B M B B, SRIR T I e AL T B AR OK
BRORI IR S I Tt fie , DL AR R 0 7 o 25 0 SRy PR AN 1) 11 #8109
B, VEIR 1 HATFUEA LS BRAI AT 5, R o He Al f0 S R R AT T
R ZEERIR, SRR ALT7 B AR POK SRR SR A IR @ I BRI E . B IE
A EANMA, J6T7 B AR 8K 2 J&8 ML /K AN Ak M S, KR S VAL
BT R Aride & 5 AR R R T T [

KW b7 E Ao, FREE: S0M, KR, RAEE

HBIHE:

BIEE: %/E, B, AR, Email: luoxiaonian@dlou.edu.cn
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KM = AR R N S A BT

Kitg, FFREK, HER
R RS AR AT TR KK =R i B PR EE USRI =, il 201306

WE: BRI B T KW = A WLEE (Hyriopsis cumingii) FEEX KR
AIE S IR A VPG IR A &, AR T 2024 45 12 H & 2025 42 9 A X}
AT RE T 4 YOKIAEG A 5 A S8, E KIABAL TR . 483K a (Chl-
a) « WIREFT). FRIFEY KR WA 2 J 1 WA 2 1% =R
EEJEKE, FH K Dame $EFRIEMN Herman BB SEAG R A B . 4508 KM
BRE. B HaR a TEFWEMREE (P<0.001) , [R50 %A L
i XGRS T EERTAEFREX (P <0.05) o = MAUEEEKRZER
FUEFEXUE LI, 2 #iEIEKER (1078 £ 1.52 L-h-1) BEET 1§ (4.17 =
1.77L-h-1)  (P<0.01) , ZFHLE 6 HRBNE(E . FIFED A KGN i
RS 6 I 5179 0.88 0.94d'. Dame $8FRVER R, KPRHIHIZ A
FERFIE] (1.94 d) /T UK TE] (22.04 d) , FHHEYERFR T EA 2%
FREEAOIE M FE, RUIHFT IR (4.00x10° KD M ABE R G RBIRE
Herman 704 5507 BN THIFR IR 8 & (17.61+13.07 ind./m?) 15 T BILA 754 5%
(0.61 ind./m?) o PEFHVFAL 772 N R Gt fie V-7 -5 B o7 TR o) L 7R A 4 5 320 3 B
T FRE A AR T IR RS LR, Rk, S AR EREA s, 455K
A= AN AR K B A TR IR A R, DASEI VA AR A AR 5 e lb A= 72 R B [ T
B FE . ARHEFUNKIE = Ml AR A A s 5 A B RS AL TRFEA KR, oy
B E TG IE M VIR IR A A BV L T UTES %

REF: =MANEE, 3E/K%E,; Dame 1E8Fr; Herman B!, FHEAE

B E: EZRESHFRTER (2022YFD2400105) 5 EZRIAC L 2 ARk R (CARS-
49)
BWAEZ: ALEH, B, B, ZB, HRTH: KEaWEES5EM; T

15692165019; E-mail: zybai@shou.edu.cn
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Ao E—REEINKESFEREERSTERERBEL
— A SkLlZk EE 9 £

MERR BT L%, BREAS 2%, 2IEyE L2, cpyligR 12, sikiE L2, xR 2, R
1,2*
1. BWEREFE R RN RS R S5 A S 0, B 2013065 2. BilERER
ANV ARSI VR A K = R SR S SE N R, i 201306

TEL: NIRRT 2 R KRS 7K e T () AR 18 S5 7K R RS SR K5
M, 2025 4F 2+ 5+ 10 A 11 F7EAR Sk LK PE T J /K 78 2 A i RT 7 R — s 4 )
T 0, DA [ 5T 0 T 80%0 4% O 43 AT X B] A2 7] AR B AR A, 4 J TR A 56 £
HEHREUKE R SRR RS T REAUAEE,  JF LSRR s B 2 A KT SRR i
SERRW, PUAS A e ) o o5 22 5 B35 (p=0.001) ; 43 J2 I ZE [ i o
RE R A 12,19 m AR & 7.54 m, B0 A6 X R E S 4. 3 me/L HI1H
T, ABMREKZ M SR T REUAEE . T EE AT S3 7E 4 (A A Y
NFBERGT, REREHKIRER U KR, JFMICA 7o 2 T REES. o
TR, $IrZ 5 IR IKAR AN 4 f R 22 ) R AR R, 38 v] REAHE S f 7
FEAN R TS S AL 1) 225 ) B S D) B 23, 9 o R SRS A I e B R E XU
P SRR o

K@ : Az BRI KBS, BRSO w0 A

BRI H : 2024—2025 F4- 3k /K RS PR A R AR KA A H (T H 45 . XDIL-
2024008-1)

WBIRSEE: XA, 5, WL, 2z BRI (D) KM, KPR EE R S A
AR Wl EFREAAESBE R 5HA: (2 KTl s FAESS, ERES
T KBS RGESA AT RE BRI IIEA YA AR R RBLH: (3D
WINARE SRR MR RS (@) EEREBEA (ZERBLEE I
HEREIRMAESTR: (5 WA, KEAREIRHM IS 5EORSE, Hili: 186017322005 E-

mail: qgliu@shou.edu.cn
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FFHEFERHEEREFRTEHL- 109 R EE &R
EabE

s, EE, BREREY OR#E, ST
DI ZRRME R, RN AR AR R B R m R P B S s2 e . G I ), &%, 1l
7%, 271000

WE: [H1) LG FEIKFRERR S E AR mAR ARk, RS
PR F 0 R B S 750 D721 DOR D BRS (EFR 7K FR5H 2 Gt AL 0 DE I I A4
BB HL-1, KM 16S tRNA FEFMFA RS K E ot 5w WEE
A WAHERER A MR AR — R SR S B R, SE AN 1% HRiE
JEE TR AR ST P O i T 1 5 B AR IR A FE T R s R Box—
Behnken Wi 87 TV A0 I 280055 % 26 A4, I DL SR RN 38 267 0 D OGS DR - PR A T #
BEML Ty, TR TR, (458 Y HL-1 £ MRS 2F AT . 80T,
NH4"™-N £ NO»-N 7£ 24 h 44351 3.0 mg/L &% 0.10 mg/L 10, NOs-N £5&
Tha ek . THIR I 5 B A0 VRS BR A0 JS B S 1% 73 0l D9 0.131 + 0.003 A1 0.200 +
0.005 U/(mg protein) . &% 554 TAKE S 76.75%~81.70%, HA FLE G
1.27%~2.07%, TPREZZM FAEEE 0.29%~2.31%. mIiEEF MR 160
r/min. C/N=15. 28 °CHI¥I4E pH 7.0, Kl TN ZERZFIL 87.6%. M K BERL 7
TR B (B N AT 2.01 /L. F&IRE 175 g/L, DAFEZEMIRE NEk, Lmikis
5% 25 IR RL S, B RO TR B0 B 2x101 CFU/g. [45i8 ) HL-1 B AR
S IR — I U A BE T S R IR B A 70, AT AR NI K IR 58 R G4
Py A i 8 PR TR A o

KW PRSI AEIERATE, BT KB R

BEIWH: LWAEEL B T (2024LZGC024); LA BTN M R{E £ (SDAIT-
13)

BWAEHE: =L, B, B, FENFKZ B SEFEFREM L, E-mail: xsji@sdau.edu.cn
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RM12SHEREBERBBAESH: BKEEY. BIMNSER
FLER & R4

M, fESAE, EFXE, KUHS, B, mEML R
wAERN R, WAEE R, 066000

TE: AhGETIRE RM125 4559 H W kH fa i 2 24 . AR 98 45 4 B DR ZH U
P ARSI 5 R AGRES, REGENTIZ BRI LT 5t moKARGhEEs .
Y2 B (EPS) A& s At R e AR T 7« BibR RMI125 JERIAH — 26K/ 2.29
Mb FIFIR Yt fhk . R ZH 50 #r 58 A B — B e B R R R AL R R (xynB.
xylA\ xyIB), ZHEEFEAARRAREER AR S - B8R - D - AEpE. 9E
PR AU A SE R R, Z AR . B SMRUE ST, PRy B R BRI
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Effects of Spatial Constraint on Oxidative Stress During
Individual Transport of Larimichthys crocea and Its
Preliminary Mitigation
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Guangyang Zhang®>*, Xunmeng Li
a National Engineering Research Center for Marine Aquaculture, Zhejiang Ocean University,
Zhoushan 316022, China; b Pingyang Institute of Science and Technology Innovation, Pingyang
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Abstract: The transportation of live fish is a critical process in aquaculture. Spatial
constraint represents a major stressor during live fish transport, yet its physiological
impacts and mitigation strategies remain insufficiently understood. In this study, we
investigated the effects of spatial constraints on the water quality, physiological
responses, and liver metabolism of Larimichthys crocea, (hereafter referred to as L.
crocea) during simulated individual transport, and evaluated the potential for relief
through gradual cooling. To better elucidate underlying physiological mechanisms,
liver metabolomic profiling was incorporated to characterize metabolic alterations
under spatial constraint stress. The results showed that spatial constraint significantly
accelerated water quality deterioration, manifested as an increase in ammonia nitrogen,
nitrite, and turbidity, and a decrease in pH. These changes are accompanied by increased
respiration frequency, shortened survival time, damage to gill structure, and intensified
oxidative stress and immune damage. Metabolomic analysis revealed that spatial
constraint induced significant metabolic reprogramming in the liver, particularly
affecting energy metabolism and oxidative stress-related pathways, including
glutathione metabolism, fatty acid P-oxidation, and organic acid metabolism.
Importantly, gradual cooling effectively alleviates these adverse effects. Compared with
the untreated conditions, gradual cooling treatment significantly reduced respiration
frequency, delayed water quality deterioration, and prolonged survival time. The
potential mechanisms may be related to metabolic rate inhibition, reduced oxygen
consumption, decreased ammonia excretion, and weakened oxidative stress. In addition,
gradually lowering the temperature avoids acute cold shock, allowing fish to maintain
physiological homeostasis during transport. In summary, spatial constraints are a key
factor exacerbating stress during the individual live fish transport, whereas gradual
cooling provides an effective and practical strategy to improve fish welfare and survival
during transport.

Keywords: Larimichthys crocea; Spatial constraint; Live transport; Physiological
response; Gradual cooling
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