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Development of fish embryonic stem cell lines as
biotechnological tools for basic and applied studies of
interest in aquaculture”

MUNOZ-CUETO José A. '***, VERGES-CASTILLO Alba ', PENDON Carlos 24,
MARTIN-ROBLES Agueda J. 23
- Department of Biology, Faculty of Marine and Environmental Sciences, University of Cddiz,
11510 Puerto Real (Cadiz), Spain
2 Section of Biochemistry and Molecular Biology, Department of Biomedicine, Biotechnology and
Public Health, Faculty of Sciences, University of Cadiz, 11510 Puerto Real (Cadiz), Spain
3 University Institute for Marine Research (INMAR), Campus of International Excellence for the
Sea (CEIMAR), The European University of the Seas (SEA-EU), 11510 Puerto Real (Cadiz), Spain
4 Institute of Biomolecules (INBIO), Faculty of Sciences, Campus of International Excellence in

Agri-Food (ceid3), University of Cadiz, 11510 Puerto Real (Cddiz), Spain

Abstract: Living organisms are continually subjected to cyclical variations, whether
daily, monthly or yearly, in environmental factors such as light or temperature. In fish,
as in other vertebrates, the photoperiod and the light spectrum affect important
processes such as development, growth, intake, metabolism or reproduction, both in
wild and cultured animals. The studies carried out in the laboratory have highlighted
the experimental complexity and ethical issues associated with the use of live animals
in research. For this reason, there is a need to generate new in vitro biotechnological
tools to complement studies previously carried out in vivo or ex vivo, in compliance
with the 3Rs rule. The main objective of this study was the development of
monoclonal embryonic stem cell lines of the gilthead seabream, Sparus aurata, as a
tool to study and characterize the different components of the circadian system

(synchronizing factors or input, molecular clock or pacemaker, overt rhythms or

*This work was funded by a grant from Ministerio de Ciencia, Innovacion vy
Universidades/Agencia Estatal de Investigacion and FEDER-EU (PID2021-1236400B-C22) to
JAM-C and AJM-R. AV-C was an FPI fellow (PRE2018-085642) funded by Ministerio de Ciencia,
Innovacién y Universidades/Agencia Estatal de Investigacion and FEDER-EU.

=Corresponding author, Email: munoz.cueto@uca.es
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output) during the development of this species. These basic studies have provided
valuable information on the functioning of the circadian system in embryonic cells of
Sparus aurata, which may be of great interest for understanding the effects of
environmental factors such as light (and its cycles and spectrum), on processes of a
markedly rhythmic nature such as cell differentiation, development, growth,
metabolism, stress, feeding, reproduction, as well as on other processes of interest in
the aquaculture of this species. This information may also be of great relevance for
further studies on developmental biology, environmental physiology and

chronobiology of other fish species of basic and aquaculture interest.

Keywords: embryonic stem cell lines, circadian rhythms, photoperiod, light spectrum,

opsins
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Development of Single-Cell Epigenomic Technologies in Fish
and Mechanistic Dissection of Stress and Disease Resistance”

Peng Hu™

Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry

of Education, Shanghai Ocean University, Shanghai, 201306, China

Abstract: Understanding fish stress tolerance and disease resistance requires tools

that can resolve regulatory mechanisms at single-cell and functional levels. Our
work develops and applies single-cell epigenomic, new transcriptomic, and
enhancer-perturbation approaches to study fish development, environmental
adaptation, and antibacterial immunity. We contributed to Joint-snhmC-seq for
single-cell 5SmC/5hmC profiling, optimized CRISPR interference in fish for
functional enhancer analysis, and developed embryonic new transcriptome analysis
to distinguish maternal RNAs from newly synthesized zygotic transcripts. Using
this approach, we identified maternal factors that improve embryo survival under
cold stress conditions. We further applied single-cell immune profiling in Nile
tilapia and discovered a conserved IFNy—IL8-induced antibacterial neutrophil state
that enhances bacterial killing. Mechanistically, we identified PRMT2-mediated
histone methylation as an epigenetic regulator of antibacterial immunity. Together,
these studies establish a technology-driven framework for dissecting regulatory
mechanisms of fish resistance traits and provide new foundations for precision

improvement of stress and disease resistance in aquaculture species.

Keywords: Single-Cell Epigenomics, CRISPR interference, Cold stress, Disease

WEHEH: BXRE AR FH42373113,32341061,32200414) , + W EERE SHF L4 F
ERFFTE (2023YFD2402100), EF % &2 KAL)

HEAEE, AN, B, MEAT, R A WA &R A F R HURE M
E-mail: phu@shou.edu.cn
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XK EEBE, AMARM IR K IR B R SR 0e =, MR JE T 361021

L. 00 DR IR iR ) £ 3R R Vg /K f SR 5 P 4P 88 R J IR SR B . K 3 f A
IR E R A K K G5 a2 —, R OB AR =, RS BTG A
Khih R AR F BA HE PR S TR, RIS T&E R TG A Rk 2
VAR R R B AR U REORAFE, EDL R U E g R (1D AMElE
S 22 SRR 7 T, R T K B 8 A (8] 5% T0 A7 TG e AR R R B PR A T A 3 2
S, WG AR 75 < 10% 01 U A G S0l 6 S DRI SR 9~10 J&, eI 2H Mk
HREY KB 3.3~4.6 1, EKWAMETE HUFA & BUAHKIEERE (Elovil Elovis.
Elovi6. A6-Fad) 3Rk KARWITRA R F3R FAEKEA M (2) Wk e
BRI, BB B AR 4 G IE SRR, IO SL BB R 46 R MR &
B OMAR) R I A W e, R AN A TR TEDRL AR 22 R BLOR (AR R #L
1.21~128.73) , H#OpMEEMHITREE MG ERAEREEESR: 3 Bk
W E T, e R B R R R A R, R O TR T AR
JE. LA PUFA F1 HUFA & & . i i 40 B i ok & e s A s 03 &0 T
TR (4 AP ITE, FIH GWAS %5 H 11 AN 51k aR i
ZFHII) SNP A2 55 M cadm3 galnt9 S5FIEFER, @ FAH. EAid. 1
UTZH R B e AR 5 2 A 2 o dfr, e T IR IBARA . RE AR . SOAE VR W
T R A A5 E DR 0 S TG B ERDRL R R OB E D, R I Ahsg acsI3. fads2 55K
BEFEIN S apil  fdps SEHRAIZEA o

ZR B RTIR , KB O e A TR )3 NP AN PR RCR ) BT BOR s 2 R
B, MRk H 4G 2 AN T EMEOR, A REEE HE N 1
R R SRR i R, BRI TR A 1 S i n] KRS

K. Kt bRl FRNeR, BERNHERE; ZHE

*REBME: BEXAARFEALEETHE (3210301100, KL EHFHEATE
(2023ZD0405502 ), EXiEAK &= HARKZ (CARS-47-G04 ) .
EIEE, ERF, #H, MLEARNE, HRTUAKTEYRETHE EDWER.
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FEE: JLYNVERT IRt SR IR PR AN, AR E K P FRAE A B A .
YEFRIAAE PR E R 7R 58 1) 32 B, FRFEERE v 5 3200 JE N P 858 R - 1 AL [ 52
e S B0 AR A, B A A BRI St R SR RIS e IR, % s sxof R o
IR EIE Y] AT X ERHUR Spili T, B bR SUsiEd R A
TR AR 7= b AL 1) D BRI AT o AN AT AU 7 >R 5 0T M o &4 A P B0 B P A 47
e LR PR DR - G 6 8 S i 52 PR ) R, e T PR MR AR AT . RS HEE
FRRE A LA L AR F B R R 9T, B T R . 6 O 5E UL
ARVEE N IR R DR 2H IS R AT T TR, RS T S S R A e R A I, Oy E A
PR BRAR HE AT FT A S DR 2H 8 b it T o5 SRR LAl o 100 o B ik B2 88 By AE X R
TERR R EZAE R, RGENT 7R A HOAE SRR 0 A0 A B, A
BEXF AR B 73T AL SR A 7RIS s BEDRE T S B FHARAS I8 K £E 0 R B9 Hh 1 22
BER, %8 T @5 B PUR S TAa, NI GUR E MR T EE S, 3K
157 KRN G BRI RIRR T, R T TR SRR R 4%, RG AT TR
NPT RN BT R 3E A% Bl 10T O Hiadi MR & Rl 2R AR 00 1), I BARIE T
NLGEXTER “HRbE 2 57 (10KD. “HREE 3 57 (1.5K) SFRVIZERS T, &
S Ay FARCHH B BRI D 2 B B R EOR, T R BRIC A DI B B A R
TR v 60T AR 0 157, HmE (555) FRIASAT N 1 RIs AN A Kk 43 )
Feim 14%F1 10% LA by B RN b 82 4 2 LA B PR 5 & P BT i
Tl 4% 2 57, HBTINEE B /) F1 I8 58 BT Z 00 IEZH 73 T 42 7 33% 1 20% LA .
FHORHF TSR AN T X IR Ul I ER AR &, R BT SEL AR 8 1)
FENVACEAY, HEB T BRI FT S P S RGBT I R MY T AR AR
PR M AR AL T ) S AT AT AR T S SR R 5T S 4

*WEHE: EXEAFFHES (31830100). EXEAHLITRFE (2022YFD2400203 ).
CARS-48 &I ¥t 4 Fude L % # 1 %

HEAAEH, FEL, B, AER, B, TEANFFRAMELE R
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XMRIE  EEEs v, JutthRg
1. ol R2EK = %0, WAL, 430070

MWE: % (Ctenopharyngodon idellus) s&tt: 3t /K= 37585 Bl KR K &5
i, 8 AR R ENLUE (IB) ™ HPRE| [ Sk BRI L. A E
Jefiftl 7R IBs KR A KB HRHE, #5E 1 1Bs ALK B 12 1E 15 dph - 40
dph 2 [8]. X E A runx2b #AT RN g, IR T BA runx2b RRAEH] Fo
B, BB E e W A Bs 1) Fi Ml B A& . Micro-CT 45 R 7R, IBs
I IR AN 5 W) FL A BB B A B AV, RLSIE D A0 WL AR B B A5 (P>
0.05). ZrGPHUA/JC IBs AR E FRReE. G508, WANRKD .
wE. HAED . 2ER. BIR. S, REREEFERYREESTLEEER

(P>0.05). ®EGH M. BB T AAACS A EHE 72 M K ITC 1Bs F A LA H
Ca’™{5 Tl % M S AH L R K Rk e A2 204k, 2 B FLAE LS 4 g ) 77 T ) i
LRGSR o AH SCEAR R BN TE IBs R0 i BT IR 4 T 2S5, L 1Bs B
FHT i FO G R AT I Dk R R BUIRIR L A B Ksh 11,

KRB B, WUAIE: runx2b; BAESCR; DUANR;

«FPWE: AR EERE AR T4 (32330108, 32425054 ). EXKLHR £ % LT H
4 (CARS-45-01). # R ERIEARBH L 4% L T4 (2662023SCQD002). #L4 & AF
B E (2023BBA001) % B,

A IEE, BFE, H4H: gaozx@mailhzau.edu.cn; 7 ##: wansm@mail.hzau.edu.cn.
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Morphological characteristics of IBs L Developmental characteristics of IBs
-« <
4.
0880
B Co-injection of Cas9 mRNA
and runx2b gRNA
o PSR e R S e i %
1 2 3 1 ? 3
N il ol I i T
1l e . o I ° [}
! I
1 o . i I
\ F, mutant individuals with partial IBs absence 7, Fy, non—mutant individuals with all I1Bs
e =
Cross ¢ and & | with identical mutations
i e e e e et s S P X
1 1
o 1 “ |
' 15 Cross ¢and & |
1 with identical 1
F, non-mutant individuals 1 F, runx2b™ individuals mutations F, runx2b™"individuals 1
with all IBs |\ without IBs without IBs I
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PERGERRRIEFNER (fads2) SREFITER: EUMES
(Dicentrarchus labrax) &HBREINES FB 0K xEE
REMERE

by 12
1. AP EREBERBERY:, AP i 220072
2. WE TSR E AR R, AT St 4450-208

WE: KRS (RINES Dicentrarchus labrax) MHEE n-3 KEEZ A
VAN D72 (n-3 LC-PUFAD i EEAC, AR A J5 D5 £ T FH R 7 1R B A AN (fadds 2)
SI1EKEG CelovD) HE R0 ARG BOB RIS PR T, 1% — 1% 2 RS04 205
R AR P AT . CAFTERE, FIKRES LC-PUFA Bt MR i vl
/KPS fads2 ik, fH mRNA EREAE AR ELBI34L N FADS2 Bfi%
5241 LC-PUFA M &, R fAE s SR Z MM REART, 297 EME
FFBORH BERE . SR, BRI A7 (Hl=0RE 2l K
o HIBH LR ITTR R AL, HBREN A% Fu s 5 NIHAR CEE R I 4% (A il-15+ tnf-a.
cox-2+ nf-kb~ hsp70~ hsp90 FAFBEH A REAIE IR ILDRD, K87 —HEES
5 tads . Prsiae JIAHRRIG . AN SCCARRIN G R 5, IS 55 45T IR 45 IR A 25
B R E SRR AR R, R RGN fads2/elovl iEFE
(I fE A e iR o S U A S T BRI R Je oy FhRid, IS5 kR ZH
W TR E MR A A S, A E NIE LC-PUFA & i /13
S RGBT AR RFNT, At AR . R R e i v A ¢ (A e 7R 5 5 7K
PR o B R R AR AR AR S

KA. eI AEE (fads2); n-3 LC-PUFA WIS Hd- R ke e
¥ puliarTE M BRHGS

+REBHE: AEHTRFHALL S (FCT) “Zero-Waste Omega-3: 7] 5 42 K = 17 B 4% 6,47
Bfgik T %7 BE (2023.13017.PEX).
EWAEH, B, BEAHIT, FENFRTERSERAHM. MFESEZ2TREHR.
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FeF R REN N B SRR R BB . W REAG K TR
N—

AEE AR MBL 2B K Bl 220 T, JERtTH

TR BRGNS A TR SIS, R HEShK
PRIRTE ARG HEAL . B BEAL T AT Rp 82 Ji X BRSSO Sl F i s 2
RAUMEWFIIE, RGMHE 1R A U0 20 ARG HE K™ R B
E. WA FE SN T 4RI RGB-D Siff —4Epfg LU T MG 55 2 4k 2
BANBARME R, I MIIBERE A7 RSN = AN J7 RS 1 28 RUA
HEAGSL ZMEEE. AT KAV RS . i E R ST
RGN G S SN o 25530 — AW ST B SR TR0 A, 98 H AT 2Rk
P 2R AL IS TS ASE I = AN AR08 32, Rk IR T 5t R AL
RLIVSRANE o BRI EBRBAL BB G B ShaEsR= . 1
REZARETIA S BRI PE A2 IR, DR GR A e 5 2 A5 SR & A A2
SR A DR TR RERARET 6 BEASK AL, 1T
)RS SRS EE L BT R A B AR v RO £ S AR OR
Jile WEFCINN, BT BHE. A R HESERM BRI R, ROy E
AT AR AR RETRIEAN™ dh R P ] 3R i S

R M AEiaURA, e, ByRA BRERE

*FBRE: EXERFFHA (32202996), 7T B AR ¥4 (6232013). ALK TR,
¥ B & 2 4 (QNJI202401)
AL XY, BFARR, TENEARXXAL NN EFT.
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FRITHE B8 A BENRFHEY

XIWEAR ', ESs !, et
L Ab R RMEF 2 B =R 70T, AERCT 100068

FREL: 0 P AR R SR R B AR IR, (OB AR L 0 M 1 i 5 R T Y R R
B, E A 3 VA 42 I 8% o U R TR B B I S ATLA AN TS A . AR ST AL B G
(Carassius auratus) JSZIAEL, SR FH LML X IR BESTREAY, MR IR A4 (Regen,
24°C) FL@EETHE (Heat, 26 °C) PAMACERALE 5 N FAR(A] &1 (DO D1, D3, D5 D7)
(¥ RNA-seq I 8] Fp 5156 S AL B0 B, REGUMRAT 8 1y AR RN e B S HFAE . ZE Rk sy
It 2 5E 1839 2= e RIAHL A, DU B e A2 7 0 A 3 W <t 5 v AR AR IR & g DT AR
Wom S hERRE R, D3 JOE RN E . DS ISR D7 AR (ECMD EIE 5L
PP ZELLB B Mfuzz B0 C SME I 18] 7 51 S8 0k 22 e BE BRI 43 Dy 6 AN PR, 4Rom
Hippo 15 ‘5l 8% /£ D5/D7 FA Sk it B35 5 4, fon i S5 M ECM S X b BL
o FHIR AL FE 25 R AT FERF A0S 40 M S5 A DNA ZHIFE Y, FERICH Heat 4L\ D1 B
BEPGE, FNEEAH ECM BB, JERIETE-ECM I 7RI R Frinig g, 230
FLIINGE BRI LR IE M BT (WGCNA) %5 21 MERIABIER,
FRTHE T UG BB ATRUE . RIEBPUEK . ECM BIHUER, MILRIAM LK RSt
SR AR R AT REAFAE ST S ECM BB (R RS SE 4+, THR S5 N BRI 7 i 2= 5
R, SPEEEA L. Masson = (444 (0 A M KT B SZIGHIE T B3R 4 2 1 R I,
Regen H R HLRAT4EANOIRE, ROVEAINM I, 857 2 s SR 4e, 20 (=038 )i s 57
Heat L0240 M 0 AU B RTRITG PR HAAE A, s Ba AR AT i AR i) 7 E ZEL SR 40 T 4t
IR o ASHIT T I A 3 00 AR I TR AR IS Y, 8 /s A5 IR -1k 2 e A 42 7
B R A I (D RR IO, OB AR AR IR /K A B 0 20 A P AR ) 358 T VB MR LR SRS, IR
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. &t BEFAE; BCM EY; N EMREEG BRI

+JB T E : AL TR AR F B AT Ak 7 % E T (KICX20261411)
i —fEH, MWW, AR, TENEXFENBEARGRETM.
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Kilgss, BALLE™

AEF TR AMELE B AT, EAT 100068

WE: a2 ESEFRMERG, T HEHL SR AR kK g A A 2
o BT 21T B MO R SN R AN R T R, AR T 1,018 RS
B AR A L AL E I F S (5 971 BSH AR 47 RBAFiIEEA), S
8.22 H Ji R AU SNP AL, FRGUVT A 14 8% 2050 70 22 DR 20 T 5 3 i v Fro A
o 0l k g B R 0 fe AR 2 Ve e m TS A (GBLUP) 508 BAR B9 g
B (GDBLUP), Xffay#r=&., & E iR rag st s
BRI PPl o S5 5ER B, PSSR T A e B AR AR, 30 0.367 (77
). 0.541 (Fif) 10322 (fRED. fEMIEAE F, MEBES S SRR
FERIHIERS (Genomic Mating, GM) HEZY, T2 AH S5 5 E R A A
Mo SRER, SINBHARE, @788 550K E A EEIE 2RI,
AR E R TCAR M o 55 BENLASHC A JE R G A L, 2 DR 2B 30 i SR s 75 25 Ptk
Py I A ) R AREAL T 77, 3G 23 VG L 0.0168-0.7388 54U 73 pr gk — 2 1A,
X T 52 AR RSN RN R PHOIR , A AR A S B 2 R A A T RE 8 3R AT BE AL IR B
RIS AR BE R o AT 50 AIE B S0 P 5N 7 6 PRI 2H e i b B S R AN, v
Y B KPS BRGAE B A iR 2 R it 1 BRARYE 5 0513 .

REE. RN, 696, BUENN; EAUNERE

+KXBHE: BEXER/BFELENEHARFTE LT (32341059). BXEARBFE4A
(32202915). db7=T B REF 4 (6222014).
HRPAEE, AR, &, L, FRR, FENEALXEHAELS NHUR.
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REMGGS 12, SKomad 12, EER 12, REER 2, XOHEAS 12, X2,
RIS IR 12, R 2, HIWEE 12, TR
(1 AR FAL T e K G SR SR IR %, R RS, 0T K& 116023
2. LT RACTIKPE R R IR S AL B M E SR R, KRR, LT K

% 116023)

WE: FEN ARG (Strongylocentrotus intermedius) & Fr R 813551
VRERHIE, AW 50R T S FER 5 LU s 22 4R, XL A A 1 FEIRAiG I (38
AL R Saia O, J\Bghia D wE sk adR. IBEFRE
o, HR] BRI = AR B G T IR VR I s\ e gl A4 3 i R A5 S 8 S
B BT R AR TR 4 SOCER, BT AE B = RR A R — P R E O R
HGERRSESAR MR o LB 2 o0 AT R B, SRV 22 Ji7 i VR 1A 22 e 3 TR i [R] DA
NRE, gk AU E R S TR R R, B COL241 SE 4 A1 Ik o Bt
K5 calm 2:F, W) FWEEH LT . N2/ \Bshikl], Bk EHN
2B R . calmodulin-like 3 K 5. % 1 DL 3F X 35k A6 45y A 5
COL2A1 54atBAZ BB 1Y) P4HAT R R, AT BRI R NIV 5 2 1 41 4 LU 43
BRI, i ERIEIRE R K B ORI R T, B \bighik
M ZFEE R K E . AtFcdie: TiglRE i R B RES SHFRAHE, 3k 7R
SRR RS E Y, i RIS B K E 1 T LR 7 RO .
R REEEH; BERE: BHAKE: Had

HPHE: BEXFEARMFES (TEHS: 32373109); AT “XiT AL FH
(XLYC2202001 ); K% 278 5L 56 = # AR 34 (DLIWSF202401); T FHBFHEAT (R
B 4% %: 2023JH1/10200007)

W REE, TE., %8, TENEARFTFHFHLE FHFR.
E-mail:dingjun1119@dlou.edu.cn;

F—1FE, BielE, BEHRE, HARTENERE M.
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Pathogenic Characteristics of Vibrio atlanticus Infection in
Strongylocentrotus intermedius and the Immune
Transcriptomic Response of Coelomocytes®
DENG Yajie"?3, CAO Lina'>3, TIAN Ye'*3, LIU Jiaqi'*3, ZHANG Jiayi'->3, SU
Hang!?3, HAN Lingshu!*?, CHANG Yaqing"**, DING Jun!?3""
1.Agriculture Department Key Laboratory of Mariculture & Stock Enhancement inNorth China
Sea, Dalian 116023
2.Liaoning Provincial Key Laboratory of Northern Aquatic Germplasm Resources and Genetics
and Breeding, Dalian 116023
3.Technology Foundation of Dalian Xinghaiwan Laboratory, Dalian 116034
Abstract: To elucidate the pathogenic mechanism of black mouth disease caused by Vibrio
atlanticus in Strongylocentrotus intermedius, sea urchins from Dalian, China, were investigated by
pathogen isolation, experimental infection, histopathology, immunofluorescence, and coelomocyte
RNA sequencing. The disease occurred mainly in spring and autumn at 16-20 °C and was
associated with high mortality. Sixty-five bacterial strains were isolated from 160 diseased
individuals, including 59 Vibrio strains, with V. atlanticus predominating. Experimental infection
reproduced peristomial membrane blackening, spine loss, and reduced activity. Histopathology
revealed intestinal mucosal ulceration, villus necrosis, disruption of the gonadal nutritive
phagocyte network, and germ-cell degeneration. Strong immunofluorescence signals appeared in
the gonads at 24 h and in both the intestine and gonads at 96 h, identifying the gonads as an early
target tissue. Differentially expressed genes were enriched in phagosome, glutathione metabolism,
TGF-B, and Wnt pathways. Overall, V. atlanticus caused tissue injury and induced immune stress
and metabolic reprogramming, with these pathways potentially affecting infection outcomes.This
study deepens our understanding of the pathogenic mechanisms underlying black mouth disease
from the perspectives of histopathological damage, tissue tropism, and transcriptional regulation.
Key words: Strongylocentrotus intermedius; Vibrio atlanticus; black-mouth disease;

histopathology; tissue tropism; transcriptome

AT H: EXRB¥EAE EFE (3237210416); A TERFETRLEAET (FH
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K FINE R B Bk BB R BURHFHIE & (4 i= 400 6 7 4%
SR L 53 4
XEHEAS 123, NG 123, HHEF 123, XMERH 123, gREERE 123, TR 123, EhR Tk
123, WAL 3, TR LT
LA AR AL J7 g /K 720 B S0 5, 37K I%E 116023
2L T ALTT KR PR  EAR B R B SRR S, AT RIE 1160235
3RERBIEIIE, T KIE 116034

ME: NP RVEEEINE (Vibrio atlanticus) 5| & H RIERIEEAE (Strongylocentrotus
intermedius) FEWEIR I BURMLI, AHEFON L T & X R IR 8 T iRAT P
WA AR IR S e . N TRy, HLURB gL (Al o a&ie
R S AR A s A o S5 R o, AE 0 R 2 1 DX ) v TR R JIH R R 22 % T
EBHKEE OKIRAN16-20 C), HHAKIREIL TR & EF=RKD, HTEFR
i AZUAER, IR AE T 3% A 160 R BRI 3570 B 2 65 PR
g, b 59 MOV R, KPHEIRE NI H o B N LHEE ] S 5
REAl S ORI v S B s S SR ALREAR s SR B ORI TE R IR K
AT IR ICIE R, VRIS IR A R 40 R 45 M R I+ A2 JE 0 R AT
A (ARG OGN IB ER R, BUEEE 24 h PR O BLRFH RS S, 96 h
I i 5 1 25 IR AE 5, AR R R R R e B R ZH 2. RNA-seq
M RIR, ZREREEEET WA S HRAE . TGF-pM& Wnt 445 51
B o ZR b, RVGVEEINGE RS o B BRI AR I s A (R 2230 0, I A I 4l
Az A NS AR B AR R IE I s i, e TGF-B Wt S AR FH R
PR AT e S 5T A RGeS o BF ST NZH SR HE L 5 SR 1k 5 e s T2 R TR
A7 R B BURATL A AR .

R RIERIEIE, RVEFEINE MR, HSUREE, OB, R

«HEHE: EXEARFEAT ETE (3237210416); AT ERFET RV E XK ET (T H
%5 : 2023JH1 /10200007); T4 “XOAA IR MEAATE (XLYC2202001); K
FEBETLHETFBEESE (Dljswsf202401).
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¥R 3R 55 DIAESRHS RNA 15 5 LA B =5 im BB Y 53 F
VAR
BUEMRT, EEH, ESNR, EVREY, HEE, RRL OMIRK, THL B
RE ", HILHF
L KGEHERSE, AP E A, AOARF A K IR i s, TR
116023

FE: IR 33 DURIREAL 7y EE IR DI, ek, E iRl RIF g2 IUK
BT, SR8 fs DR MPIE R T BRI B 2 o PR FTUR 58 DL 7 5y
TR IE [ 73 7 RAEAL , A ORI FH 4 e 5 2H 25 AR AT 0 5 et DL 7 g i ol
[ ncRNA F%E S RIK G, GREGESRAT 7 UF 5 DL me) S i il ol A 1) B 2
fiE i B K % ncRNA, #J# T IncRNA/circRNA /5] ceRNA %45 . BRPk
A ceRNA 45 0 2 B EE DR (1) T RE & B2 20 BT A I, PAYJBiE IX) SR JB0AH 5 Ty RE A 8 2
PR i 3 B, AR T HLAENR T B DL iR e N ) B D RE . 28, A
F qRT-PCR 52 ARFIXL 7 ) 2 Bl 157 J5 RS U3 A0S A B 0 S 5 ceRNA X 4%
(1) B LK PyGRP78PyHSP70 3 HAE ncRNAs(IncRNAs: TCONS_00059462;
circRNA: circRNA 03087; miRNAs: miR-279a-3p. miR-new270) K] H.AEHLHl
HEAT THRAFE. 45 E7R, PyGRP78. PyHSP70 W63 il i [a] 36K S 856 TH i g
PR IA %, TCONS 00059462, circRNA 03087 f77E 5 — 8 Rk,
1M miR-279a-3p. miR-new270 5 % FE R FRIAEFAE s 7510 AR T Je X0
FHGR A AL — B IE T % 2K RNA R EAERR . DL b gh RER
TCONS_00059462 7] 5 miR-279a-3p 4 & 4% PyGRP78 M PyHSP70 ]3R5,
TCONS_00059462 7] 5 circRNA 03087 3% 4+ 4 25 & miR-new270 3 [A] i 1%
PyGRP78 A1 PyHSP70 W31k o AHFFIEM] | ncRNA 3@ ceRNA HL % N i
PO 7 35 7 E M 5 Jad DL 7 ey i ol R AR T OB S A B DL R e S )
T RSN IR AL T LR, F B U SR MR T B P 3E 7 BB LA
RG] URTIM DL mRRMMNE: IESRAD RNA; ceRNA; P4 T M RS N

+RBFE: BRE LA LITE (2022YFD240302 ); 3 T & B80T i A 2 a8k #F % it %I
(2025JH2/101330187); W TH % E /T EARATE (LI212410158060 )
OB IEE, BRE, BB, TENFIN KL TH4E 5 F M. E-mail: maojunxia@dlou.edu.cn;

HEHE, #¥%, EENEXT Y HRIEL %L F M, E-mail: changlab@hotmail.com
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Molecular regulatory mechanism of non-coding RNA
mediating ER stress in response to thermal stress in
Patinopecten yessoensis
Yunna Hang!, Yuming Pang!, Yuhan Wang!, Xubo Wang!, Ying Tian', Jian Song,
Zhenlin Hao', Jun Ding!, Junxia Mao'", Yaqing Chang'”

1. Key Laboratory of Mariculture & Stock Enhancement in North China's Sea, Ministry of
Agriculture and Rural Affairs, College of Fisheries and Life Sciences, Dalian Ocean University,
Dalian 116023, China.

Abstract: Yesso scallop, Patinopecten yessoensis, is an important aquaculture
mollusk in the north of China. In recent years, high temperatures in summer have
caused large-scale deaths of Yesso scallops, resulting in huge economic losses to the
Yesso scallop aquaculture industry. To explore the molecular regulatory mechanism of
Yesso scallops in response to thermal stress, this study used whole-transcriptome
technology to identify ncRNAs and analyze the changes in their expression profiles in
Yesso scallops under thermal stress. Important candidate genes and ncRNAs of Yesso
scallops in response to thermal stress were screened, and a ceRNA regulatory network
mediated by IncRNA/circRNA was constructed. Functional enrichment analysis of the
target genes of the two types of ceRNA regulatory networks found that endoplasmic
reticulum (ER) stress-related functions and pathways were the most significantly
enriched in both networks, indicating their important functions in the
high-temperature response of Yesso scallops. Further, the interaction mechanisms of
the key genes PyGRP78, PyHSP70, and their interacting ncRNAs (IncRNAs:
TCONS 00059462;  circRNA:  circRNA 03087; miRNAs:  miR-279a-3p,
miR-new270) in the ER stress-related ceRNA network were verified using qRT-PCR
technology and dual-luciferase reporter gene detection technology. The results
showed that the expression of PyGRP78 and PyHSP70 first increased and then
decreased with the increase of stress time. TCONS 00059462 and circRNA 03087
had the same expression trend, while miR-279a-3p and miR-new270 had the opposite
expression trend. Sequence interaction prediction and dual-luciferase reporter gene
detection further verified the interaction relationships among different types of RNAs.
The above results indicated that TCONS 00059462 can bind to miR-279a-3p to

16
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regulate the expression of PyGRP78, PyHSP70, and TCONS 00059462 can
competitively bind to miR-new270 with circRNA 03087 to jointly regulate the
expression of PyGRP78 and PyHSP70. This study proves that ncRNAs play a key
role in the thermal stress response of Yesso scallops by regulating ER stress through
the ceRNA mechanism, providing important clues for the study of the molecular
regulatory mechanism of Yesso scallops in response to thermal stress and laying a
theoretical foundation for the molecular breeding of heat-resistant traits in scallops.

Keywords: Yesso scallop, thermal stress, ncRNA, ceRNA, ER stress response
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Bk EAERBEEHTE"
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WE: JH LB IOk B REEEE LA 7R 7 SR R o 0 46 1) e IR BE Ay ok ™ B
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FREF BRI B I5 75, R RO 12 J S BB BRIE 75 70 BT B 1Sk
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REEMF 28 K5, Ll RRGNIBREIRGL, KEEOTAE 48 /NI (FIAR X HL % 7 Ak
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JEEFB AR RIPEIR AL VBT %, RN vk e AR dUR ETIHR R O T 5%
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ME. K4W5 (Crassostrea gigas) SR E B KR VUL, SRR, o
B2 RN 9 AR M 0 e T B X JEE DR I8 ), SRR B P30 3 i 200 L B i s
FRUELAG T AR X 40 ) B BB DN o AL W AR B8 PR AE SR [R) A7 A X 2 R 7
25, Lt A Sy TARE &K, B2 MR B AT 2 R 775 AR GWAS
W FeaE s I 2 SE B A LAy, 402 2P0 SR AL 5 Rz S A e 2 B <5
FEAEAT fANEE PR oy TR B IR I 7 EAR SR aa P A A il o, R A
ME AR FI, BO KA B R AR S/ 52, AL 5t
RALFEAME AL PG I b o ik PRI B 6 DL 3L DAL 41 SNP Aric Jykfii, i
o S HERR R ER I 52 R AU L RS B 2% ek, A A GBLUP. Bayes 28
PR Y ssGBLUP 257 ikl THIMASE L B FE, AT AE R SR A 1o R IZ AR ER 6
AT e L, PSRBT 32 A AIE MBI EZPIRGE R .
ZEE AW CAT S DN IR AR 2 L Ak DA I e S R RIS 5ok, ARR AT
BB M AR RA AT panel, EALESTEAR. BSUE XIO TR, @b L A4S
G EAR, 5L “RERPIRR AL € — 2k KA B — B AE TN —2R A ke i —
Hrih RIUE” B HIA B R R o RIS BRI AL W R b A & B VE A TR AR
SETE, N LSS R i) 55 7K Rl s Rk e e AR S H
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Genomic Selection for Low-Salinity Tolerance in the Pacific
Oyster (Crassostrea gigas): Research Progress and
Application Prospects
Binghui Li', Tianyu Zhang!,Ruiyao Wang!

1.Dalian Ocean University, Dalian 116023

Abstract: The Pacific oyster (Crassostrea gigas) is a major aquaculture shellfish
species, but increasing precipitation, freshwater runoff and rapid salinity fluctuations
in estuarine farming areas have made low-salinity stress a critical constraint on seed
survival, culture stability and site expansion. Recent studies indicate significant
family variation and low-to-moderate heritability for low-salinity tolerance in C. gigas,
suggesting that this trait can be improved by selective breeding. Genome-wide
association analyses further support a polygenic genetic architecture and have
identified candidate loci and genes associated with oxidative metabolism,
transmembrane transport and immune defence. Because low-salinity tolerance is
usually measured through challenge tests and survival records, phenotyping is costly,
time-consuming and sensitive to developmental stage, environmental conditions and
population structure. Genomic selection provides an effective strategy for early and
accurate selection by combining genome-wide SNP markers with reference
populations carrying reliable low-salinity phenotypes. Genomic estimated breeding
values can be predicted using GBLUP, Bayesian models or ssGBLUP, enabling
candidate broodstock to be ranked before challenge testing and allowing simultaneous
improvement of low-salinity tolerance, growth, survival and reproductive
performance. With the availability of oyster genome resources, low-coverage
whole-genome sequencing and genotype imputation, future work should focus on
constructing cost-efficient marker panels, improving cross-generation and
cross-environment prediction, evaluating genotype-by-environment interactions and
establishing an integrated breeding pipeline from challenge phenotyping and
genotyping to GEBV prediction, optimal mating and strain validation. Genomic
selection is expected to accelerate the development of low-salinity-tolerant oyster
lines and support sustainable shellfish aquaculture.

Keywords: Pacific oyster; Crassostrea gigas; low-salinity tolerance; genomic

selection; genomic estimated breeding value
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Al I BERK - ERE B M IF R i R E R TR AR &K
MREPL
1 RIEHEE K™ 5ok, 7 KiE, 116023

WE.: FIC Pl (Sebastes schlegelii) &3 E b 77 ¥ 7K 7558 A3 7 38 5 UM
MEZERG M, BAERKMERLE . WEME. Tl ml B s SERs il SR,
AR QP fid R A% & AT T 2 A0 5 SR AR AR BRI AR . 2 YR ]
16 A P K DA B P B T N 1 P A R A e 3 5 T, PR T I R AR AR AL 5
FEKRRE. BEEN TR, EWEBF M EEEH Y HARK KR, ALAEK™ &
RE B MO VR ISPl R RS AR B SR it 18 I HOR 842 . AT 7t FE SR vF PRt
AR PL, BT ONE NS EEZA TR, R E R R — 2 A
PR RS — R RE AR A R AMATR i —F MR SR LA B B R B MR 1K
Ao B, MM BRI E S IEAR, 6 VF Pl A
WA SEEAT A BRIV AA AT S R AU BT POE . A 2R 2R,
RGN TSR RFR S Lk, SaRmA., Hxd., RBdE NN
B I S 2 YRR, IRIR S AR . MRS N . BB R PR TR DG 1Y
K TAMCA R B o 20 51 AHLAR 530 . TR S S AR R A e s 7Y
AL BB IR AR, SIS AT W A MA ) 25 S VRO . AT TRAEE
R BE B MR R BRI RAB AL 250 B M S L e B RCR AR IR PR B — 1) Jm)
PR, A BT Sl vE Bl B — PRI & 1) 2 IR B Rl B AR, MR AYIE 1]
RN I R R G A o AR R ST AMN AT VR FGP- fify R A
B R IR T AR SO S TR SR B HOR SCHE, AT v iR kK 0 SR
Refb B A Ry @R 2%
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Molecular responses of intestinal non-coding RNAs in the
sea urchin Strongylocentrotus intermedius under chronic
high-temperature stress”

LIU Jiaqi '3, HUANG Jingli 1> 3, DENG Yajie >3, ZHANG Jiayi %3, LIU
Kexin 23, Han Lingshu 23, SUN Junxiao "2, ZHAO Chong "%3 DING Jun 23"
1 Liaoning Provincial Key Laboratory of Northern Aquatic Germplasm Resources and Genetics
and Breeding, Dalian, 116023, Liaoning, China
2 Agriculture Department Key Laboratory of Mariculture & Stock Enhancement in North China
Sea, Dalian, 116023, Liaoning, China

3 Dalian Xinghai Bay Laboratory, Dalian, 116034, China

Abstract: Ocean warming and recurrent marine heatwaves are intensifying thermal
stress in cold-water mariculture organisms, including the commercially valuable sea
urchin Strongylocentrotus intermedius, whose summer survival and intestinal
homeostasis are particularly vulnerable to chronic thermal exposure. Non-coding
RNAs (ncRNAs) are key post-transcriptional regulators of thermal responses, yet
intestinal ncRNA-mediated networks in sea urchins remain unclear. Here, IncRNA,
miRNA, and mRNA profiles were systematically analyzed in intestinal tissues of S.
intermedius exposed to 15 °C (optimal temperature), 20 °C (mild stress), and 25 °C
(heat stress) by high-throughput sequencing. LncRNA-miRNA-mRNA regulatory and
ceRNA networks were constructed across temperature treatments. High-temperature
exposure affected regulatory processes related to energy metabolism, endoplasmic
reticulum (ER) homeostasis, protein quality control, and intestinal immunity.

Differential expression analysis identified 5 DEmiRNAs and 289 DEIncRNAs in heat

«FBFE: ERERHFEA (32373109); T T4 “XT AL TR FE (XLYC2202001 );
HTFZRHITEAK LT E (20237H1/10200007); i T4 BRI BATE (2024- BSLH
032); AREEBELHERBERE (Dljswsf202401 ).

S EH, TH, #¥, FERAE N YA SRR

E-mail: dingjunl119@dlou.edu.cn

¥ —1E#, XN@EH, TEHTAE, FRIT W AR,

E-mail: liyjiaqidlou@163.com
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stress vs optimal temperature, 20 DEmiRNAs and 199 DEIncRNAs in heat stress vs
mild stress, and 27 DEmiRNAs and 236 DEIncRNAs in mild stress vs optimal
temperature. At 25 °C, downregulated miR-10174-y targeted calu and cryab, while
miR-182, miR-2008, and miR-143-y may regulate hspl10, cryab, pdia4, and calu.
Three heat-associated ceRNA axes, MSTRG.7462-miR-10174-y-calu,
EVMO0008332-miR-10174-y-cryab, and EVM0010365-miR-183-z-ahsal, were linked
to ER stress and protein folding. At 20 °C, miR-8-y and
EVMO0000376-miR-8-y-mRNA axes involving CYC, slc36a4, PSMA4, PSMC4, and
ATG7 may modulate energy metabolism and protein homeostasis. This study provides
new insights into the post-transcriptional regulatory mechanisms underlying thermal
resilience in S. intermedius and contribute to a broader understanding of cold-water
echinoderm responses to ocean warming.

Keywords:  Strongylocentrotus  intermedius;  intestinal  tissue; long-term

high-temperature stress; non-coding RNA
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H BBk BB IFIEIESR S RNA 7R KIS IR IE T B 43 F 0 BL
KIFERH 123, B ] 123, XOHEA 123, sk Fa s 123, XAk 123, 5hiR ek 123, 9
RE L2 B 123, T L
1 AN ARSI 7 MK G IR s I0 s, JOEIE RS, T KE 116023
TRITTA IR S A B E A SIS, KRR, T RE 116023

3 RERMESLE, WTRE 116034

WL : MRV SRR SR T RIR IR 1 2 K FRGEAE M I AN A g, b B
HELTFFE R EREAE (Strongylocentrotus intermedius) FNH#ARIEK, HE
FAPE R 5 18 ARSI O AU . R4S RNA J2 A1) 4
%Itlﬂaé%mé%%ﬁﬂhl¥ 15 B AT 738 3RS RNA A5 1R 45 W 2%
U A BB . AT Sl =N PR, REDHT T BOEIRE 15°C Cof i
YD BEEHPNE 20 °C, NG 25 °CAE T Hh 1A BRIEAH i 4 2K R
i RNA (IncRNA). /) RNA (miRNA) KfZ{# RNA (mRNA) Fi&ifk, #)
a7 A [ IR A B ZH ) IncRNA-miRNA-mRNA i 4% P 2% 5 4 5 3% 4+ RNA
(ceRNA) WM. SR E/R, miRiha BEwm 7 S, NRMNERS
YERe T8 e D REAE S oy T I R . 22 Rk i a5 IR o . HFERI A
HEXTIRAMEL, HIESE] 5 A% FRIA miRNA (DEmiRNA). 289 M2 F &
i% IncRNA (DEIncRNA)D; b 20 5 52 e AR LG, ik 20 20 4
ZE52FIE miRNA. 199 M%7 RIA IncRNA; B Ha A 55 A ML, ik
33 27 A 7RIS miRNA. 236 2% 57K 1A IncRNA. 1E 25 °Creile e 56445 T,
TIHRIEN miR-10174-y 7] #[E] 8% calu 5 cryab #:[X, miR-182. miR-2008 &
miR-143-y A] X} hspl10, cryab, pdiad4 F calu 3K K FERIEER . AW 5L S
= IE A S ceRNA TRAEE B, 70 79 9 MSTRG.7462-miR-10174-y-calu «
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EVMO0008332-miR-10174-y-cryab } EVM0010365-miR-183-z-ahsal, | iRiEH1%)
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Chromosome-level genome assembly of the sea urchin
Glyptocidaris crenularis’
SUN Junxiao 1’2’3, HAN Lingshu 1’2’3, ZHAO Chong 1’2’3, LIU Yang 1’2’3,
CHANG Yagqing b3 , DING Jun 23
1. Key Laboratory of Mariculture & Stock Enhancement in North China’ s Sea, Ministry of
Agriculture and Rural Affairs, Dalian Ocean University, Dalian 116023
2. Key Laboratory of Northern Aquatic Germplasm Resources and Genetic Breeding in Liaoning
Province, Dalian Ocean University, Dalian 116023
3. Liaoning Province Aquatic Germplasm Resources Protection and Utilization Engineering
Research Center, Dalian Ocean University, Dalian 116023

Abstract: The sea urchin Glyptocidaris crenularis, is the only species of genus
Glyptocidaris (family Phymosomatidae), distributed in the northern Yellow Sea of
China and in parts of the Sea of Japan. As a major edible sea urchin species, it attracts
significant research attention due to the nutritional and economic values. In this study,
the genome of G. crenularis was constructed by using Illumina short read, Pacbio
length read and Hi-C sequencing technology. The genome consists of 22
chromosomes, which is different from sea wurchins within the family
Strongylocentrotidae (Strongylocentrotus intermedius, Hemicentrotus pulcherrimus,
and Mesocentrotus franciscanus) and the family Echinometridae (Anthocidaris
crassispina) all possess 21 chromosomes number. The sequence length is 772.09 Mb,
and Scaffold N50 length is 33.67 Mb. A total of 18965 genes were annotated, 94.72%
of which were functionally annotated. The genome provides valuable genomic
resources for the genetic analysis of important economic traits of G. crenularis and
the evolution analysis of sea urchin species.
Keywords: Glyptocidaris crenularis; genome survey; Hi-C; genome assembly;

chromosome-level genome;
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Integrated transcriptomic and proteomic analyses of
reproductive capacity disparities in the whelk Neptunea
cumingii’

Peiyang Wang!, Wenjing Cai', Ming Li2, Ying Tian!, Xubo Wang!, Junxia Mao!,
Jing Zhao*", Zhenlin Hao'™"
1.Dalian Ocean University, College of Fisheries and Life Sciences,, Huanghai Campus, Shahekou
District, Dalian City 116000,China
2. Zhangzidao Group Co. Ltd, Dalian 116001, China

3. Modern Agriculture Service Center, Dalian 116001, China.

Abstract: Objective: To investigate the molecular regulatory mechanisms underlying
reproductive capacity differences in the whelk Neptunea cumingii using integrated transcriptomic
and proteomic approaches. Design: Comparative RNA-seq transcriptomics and TMT-based
quantitative proteomics analysis of gonadal tissues from individuals with contrasting reproductive
outputs. Subjects: Wild N. cumingii adults (n = 400) collected from Changhai, Liaoning Province,
China, classified into high-fecundity (Group G) and low-fecundity (Group D) groups based on
spawning metrics during the reproductive season. Main Outcome Measures: Differentially
expressed genes (DEGs) and differentially expressed proteins (DEPs), functional pathway
enrichment, phenotypic trait correlations with fecundity, and multi-omics integration of regulatory
networks. Results: A total of 87 DEGs (58 upregulated, 29 downregulated) and 282 DEPs were
identified between the two groups. Wet weight and shell height were identified as effective
phenotypic indicators for fecundity (r = 0.68 and r = 0.59, respectively). Functional enrichment
analysis revealed that the FoxO, Wnt, and TGF-beta pathways were the key signaling axes

modulating cell proliferation, differentiation, and antioxidative stress responses. Multi-omics

*J BT E - T4 A E K E 5 2025JH1/11700001 )and(2024JH1/11700010); This study was
supported by the Joint Research Project of Liaoning Provincial Science and Technology Program
(2024JH2/102600076); i1 F & “3% I FE A R FEA B AT E 5 117 4 K i L B A 304
Tk H .
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integration identified a core regulatory network comprising six key molecules (MIB1, GCLC,
EZH2, AKT, beta-Catenin, and SMAD?3) that synergistically regulated reproductive capacity
through a ubiquitination-antioxidative stress-epigenetics mechanism. Conclusions: The integrated
proteotranscriptomic analysis revealed that the FoxO, Wnt, and TGF-beta signaling pathways
form the core regulatory network governing reproductive capacity in N. cumingii. The identified
molecular hubs provide candidate biomarkers for molecular-assisted selective breeding strategies
to enhance seed supply in this commercially important gastropod species.

Keywords:Neptunea cumingii; Reproductive capacity; Transcriptomics; Proteomics; Molecular

mechanisms
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Assessment of Marine Ranching Benefits Based on
Ecosystem Services and Optimal Output Strategy
Wu Chuangchuang!'™*
1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, Liaoning,

China

Abstract : Marine ranching delivers fishery, ecological, and social benefits, yet
conventional assessments neglect non- market values and optimal management. Based
on the UN Millennium Ecosystem Assessment framework, we build a
three- dimensional evaluation system covering provisioning, regulating/supporting,
and cultural services. Using Schaefer and Fox surplus production models with
time- series data from three Chinese ranching sites, we estimate Maximum Economic
Yield (MEY) and optimal fishing effort. Framework design is 90% complete; MEY
modeling is 40% in progress, with solutions for interspecific interactions and cost data
gaps via field interviews. Outcomes will couple ecosystem service values with MEY
quotas, carrying capacity red-lines, and industrial integration, forming a
“constraints- market- guidance” policy loop. This innovation integrates ecological
economics into fishery management, offering a practical sustainability tool.

Keywords: marine ranching; ecosystem services; Maximum Economic Yield (MEY);

surplus production model; comprehensive benefit assessment
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Gut Microbiota-Host Co-metabolism Reveals the
Growth-Promoting Mechanisms of Lactobacillus plantarum
in Sea Cucumber (Apostichopus japonicus)”

XU Jing!, Ji Shengnan!, Cai Zhenyu!, Chang Yaqing', WANG Luo'™*

1. Key Laboratory of Northern Aquatic Germplasm Resources and Genetic Breeding in Liaoning
Province, Dalian Ocean University, Dalian 116023
Abstract: Lactobacillus plantarum has the potential to improve intestinal microbial
homeostasis, enhance immune function, and regulate host metabolism. To investigate
the growth-promoting mechanisms, 450 sea cucumber (Apostichopus japonicus) were
fed a basal diet as the control group (C) or diets supplemented with 1.50% (T1),
2.00% (T2), 2.50% (T3), or 3.00% (T4) L. plantarum for 60 days. The results showed
that the weight gain rate and specific growth rate were significantly increased in all
supplementation groups compared with the control group (P < 0.05). The optimal
growth-promoting effect was observed in the T2 group, with a weight gain rate of
108.55 + 0.42% and a specific growth rate of 1.22 + 0.09% d'. In addition, L.
plantarum supplementation enhanced nonspecific immune enzyme activities in the
coelomic fluid, increased intestinal digestive enzyme activities, and improved
intestinal villus morphology. High-throughput sequencing revealed that L. plantarum
increased the richness and diversity of the gut microbiota, reduced the relative
abundance of potential pathogens such as Vibrio, and enriched potentially beneficial
genera, including Ralstonia, Bacillus, Lactobacillus, and Lutibacter. Metabolomic
analysis detected 1,026 metabolites and identified 303 differential metabolites, which
were mainly enriched in purine metabolism, -alanine metabolism, alanine, aspartate
and glutamate metabolism, and protein digestion and absorption. Correlation analysis
showed that Ralstonia was significantly associated with B-alanine and citric acid,
whereas Lutibacter was significantly and positively correlated with betaine aldehyde

and betaine. Collectively, L. plantarum may promote the growth of 4. japonicus by

*HETE: LTE XTEA R FE(XLYC2403015); 1T & BRI B4t 2|5 H
(2024JH2/102600081)
EAMEH, TH, I, TENEATRERESH R

E-mail: wangluo@dlou.edu.cn
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reshaping the gut microbiota, enhancing digestive, absorptive, and nonspecific
immune functions, and regulating key metabolic pathways, thereby establishing a
coordinated “microbiota-functional enzymes-metabolites-growth performance”
regulatory network.

Keywords: sea cucumber (Apostichopus japonicus); Lactobacillus plantarum; growth;

gut microbiota; host metabolism
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Study on Physiological Responses and Transcriptional
Regulation of Strongylocentrotus intermedius Under Salinity
Stress”

YU Jinge %, YE Qi 2, DENG Yajie 2, WAN Jidong 2, ZHANG Haoyang ',
HUANG Ying !2LI Shufeng 2, HAN Lingshu %3, SUN Junxiao !, ZHAO Chong
123 DING Jun ' 3**
1.Key Laboratory of Mariculture & Stock Enhancement in North China’ s Sea, Ministry of
Agriculture and Rural Affairs, Dalian Ocean University, Dalian, Liaoning 116023, PR China
2.Liaoning Provincial Key Laboratory of Northern Aquatic Germplasm Resources and Genetics
and Breeding, Dalian Ocean University, Dalian, Liaoning 116023, PR China

3.Dalian Xinghai Bay Laboratory, Dalian, 116034, PR China

Abstract: Salinity critically affects the survival and physiological homeostasis of
marine echinoderms. This study investigated salinity stress responses in large and
small Strongylocentrotus intermedius through 72 h acute and 28 d long-term salinity
exposure, integrating physiological, biochemical and whole-transcriptome analyses to
reveal their adaptive and molecular regulatory mechanisms.

Extreme salinity reduced sea urchin survival and righting capacity, with small
individuals exhibiting higher tolerance and longer LTso. Under long-term stress,
coelomic fluid ions (Na*, K*, Mg?*, CI") fluctuated initially then recovered. Elevated
intestinal Na/K*-ATPase, alanine aminotransferase and glutamine synthetase
activities indicated enhanced amino acid metabolism, which provided energy and
osmoprotectants for osmoregulation.

Transcriptome data revealed more drastic transcriptional changes under low salinity

than high salinity, and small individuals possessed more complex regulatory networks.

RPFE: TTERHFHARTEAKLTE (2023JH1/10200007); T T4 B RFFHLAE
(2024-BSLH-030); T T# “XI AL X" BE (XLYC2202001); A& 2 iEE L1 FH#
4 (Dljswsf202401). F—1F#, Ta&X, MR L, FRH W AKFFHGE, E-mail:
yujinge0209@163.com
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Differentially expressed genes were enriched in metabolism, cAMP and calcium
signaling pathways. Upregulated CLCA 1 and SLC38A42 maintained ionic and osmotic
balance. The identified circRNA-miRNA-mRNA ceRNA network modulates Angl,
SCNNIB and CPTI to control water exchange, Na" homeostasis and fatty acid
oxidation for energy supply.

Persistent excessive salinity disrupts these adaptive mechanisms, causing
irreversible physiological damage. This study elucidates the physiological and
multi-omic regulatory mechanisms of S. intermedius salinity tolerance, providing key
theoretical support for sea urchin aquaculture water quality management and
stress-resistant germplasm screening.

Keywords: Strongylocentrotus intermedius; salinity stress; transcriptomics; ceRNA

network; osmoregulation
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An investigation on the optimal dietary protein for juvenile
Neptunea arthritica cumingii: Growth, digestive enzyme
activity, and liver metabolism”

Hongye Zhang!,Xian Li!,Kaiyuan Jiang!, Peiyang Wang !, Liang Tang', Junxia Mao',
Ying Tian', Xubo Wang', Rantao Zuo', Zhenlin Hao!

1.Dalian Ocean University, College of Fisheries and Life Sciences, Huanghai Campus, Shahekou
District, Dalian City 116000,China

Abstract: The whelk Neptunea arthritica cumingii is an economically important
gastropod in northern China, prized for its high nutritional value. Current aquaculture
largely depends on natural baits, while knowledge of the species’ nutritional
requirements and formulated diets remains limited. We conducted a 90-day feeding
trial to evaluate the effects of graded dietary protein levels on growth performance,
digestive enzyme activities and hepatic metabolism of juvenile N. arthritica cumingii
(initial weight 12.96 + 0.13 g) and to estimate the optimal dietary protein requirement.
Six isocaloric diets (P1-P6) containing 25, 30, 35, 40, 45 and 50% crude protein (fish
meal and casein as protein sources) were compared with a mussel control (PO).
Juveniles fed 40% protein exhibited the highest weight gain rate (WGR = 31.96 +
2.19%) and specific growth rate (SGR = 0.31 + 0.02%/d), together with increased
trypsin and lipase activities relative to the control (P < 0.05). Quadratic regressions of
WGR and SGR estimated an optimal protein range of ~37-40%. Comparative hepatic
metabolomics (PO vs P4) detected 306 differential metabolites (163 downregulated,
143 upregulated) and enrichment of the TCA cycle, glycolysis/gluconeogenesis,
pentose phosphate and galactose metabolism pathways; notable metabolites included
N-acetyl-D-glucosamine, betaine, L-carnitine and phenylalanine. Balanced dietary
protein (~37-40%) improved growth, digestive efficiency and hepatic metabolic
homeostasis, supporting the development of cost-effective formulated diets to replace
natural baits in N. arthritica cumingii aquaculture.

Keywords: Neptunea arthritica cumingii; Dietary Protein; Growth; Digestive

Enzymes; Hepatic Metabolomics; Optimal Requirement
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Comparative Analysis of the Acidic Polysaccharide of Sea
Cucumber (Apostichopus japonicus) in Different
Aquaculture Patterns”

ZHAO Mai'?, FAN Yichen'?, DENG Yajie!?, SONG Chengao'?, YANG Qi'?, SUN
Junxiao'?, ZHAO Chong'?3, CHANG Yaqing"*3*, DING Jun!>3*
1.Key Laboratory of Mariculture & Stock Enhancement in North China’ s Sea, Ministry of
Agriculture and Rural Affairs, Dalian Ocean University, Dalian, Liaoning 116023, PR China
2.Liaoning Provincial Key Laboratory of Northern Aquatic Germplasm Resources and Genetics
and Breeding, Dalian Ocean University, Dalian, Liaoning 116023, PR China
3.Dalian Xinghai Bay Laboratory, Dalian, 116034, PR China

Abstract: To assess effects of aquaculture pattern and geographic environment on
nutritional quality of sea cucumber (Apostichopus japonicus), we compared 12
populations from the Yellow—Bohai Seas and Fujian coast. After ANCOVA
adjustment for body-wall weight, bottom sowing yielded higher acidic polysaccharide
content (40.43% + 0.66%) than pond (35.21% + 1.35%) or cage culture (34.24% =+
1.39%) (P<0.001). Bottom sowing also showed higher protein, glutamic acid, glycine,
arginine and alanine, whereas pond culture had more iron and manganese. Phenotypic
traits weakly correlated with polysaccharide content, indicating no single trait can
proxy for quality. Geographically, Yellow Sea populations had higher protein,
glutamic acid and glycine (P<0.001), while Bohai Sea (Wafangdian pond) populations
accumulated more iron and manganese (P = 0.002 - 0.009); Fujian Xiapu populations
were intermediate. A significant interaction between geographic environment and
aquaculture pattern suggested that premium areas amplify the benefits of bottom
sowing. Overall, bottom sowing enhances acidic polysaccharide, crude protein and
selected amino acids, whereas pond culture enriches minerals. This study provides a
theoretical basis for quality evaluation standards under different aquaculture patterns.

Keywords: Apostichopus japonicus; aquaculture pattern; acidic polysaccharide;

nutritional quality; geographic differentiation
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RG] M2 R RVEZHE: EIRM ML

*HBFE: TTERFHATERRLTE (2023JH1/10200007); T T4 B RAF 4
(2024-BSLH-030); T T# “XI AL X" BE (XLYC2202001); A& 2 iEE L1 FH#
$ 34 (Dljswsf202401)

=@ NEE, TE, %, TENFAXFTFHEMEES F MFR.
E-mail:dingjun1119@dlou.edu.cn; % L&, #$, TENEARF2h ¥tk 5 & MHH K. E-mail:

yqchang@dlou.edu.cn
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mEME THEIFREEHERIE, KREITASAREEN
EMEMR
(o NER
1. RIEHEE R K 5o 7R, 7 KIE 116023;

WE: 2EE/KIR R INRE, #2307 B FRE R &, TR IL &
PSR, ARSI E 16°C GHHIRZE ). 22°C. 26°C=MREERLE, JFE A 28d
R P P 15 s A TP R R AR 8 A RS R 23, N BT RE B . AR
G0 M SR REAT T s, RO BU ARG . VA TR AE Je K e dR bR, TR
- AR FBKP 2 RIE A5 RR I ER IR, KRIEBAMA R 2 b
Tt, EBEERAEL RS TR miR4l SOD. LZM &M ST = fa BRI,
K v AT 56 R S B RE s IE/NA A 3 SO R 2. 2 1 T RN (P<0.05).
S50 MIVERME AT MBS R BT I 2 Fabn, JyVE ISl v T 7 b A
HH - IO S R IR A P R R AR

R VFIRCTAh; RN AT RNAME: BEEATON: RR A

EHFEAN: RKE (2001-), B, BEHRE, HARAH: BFEEFARTAHGERES,
FHl: 18369078009, E-mail: zqc078009@163.com
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I 14 7 B REIAE L B B AR BERRAT
ks, WEkE, HIRRE, REE, BEEE, ST, SRk, imEe
MR R AKOK = SO, 48, 350002

WE: ARPWRAEMAERMEREERISR, XRS50 EE R, FEIEERE
AR R /1R R E VMG . N RGENTH IR (8n) S5 & AREY A= AR 55
HEAAR T BOLA , A 78 LA 8n S5 & AREY T 5000 5, % e 2B 28 KR PR AR (OW
4D 5EUERE (UW 4D KBS FIein. miEH a5, miE i st &
EMAEMBE S ER . SR ER: Sn B ERMA KA LL_E KT bR
h R . RS ETER, OW AR EEHERBEZER T UW 4
(P<0.05), H A E &K KB UW A0 58 TF T 200.47%-24.76%-58.07%:;
SN P A A 45 R B, OW A4 P AR K AR DG % Cln A= KU 2 B TS0 3=
FRET AR 40 A K R T S R K e A U ) o S g i L R ik K B 3
T UW 4 (P<0.05); WiE BSR4 R 27, OW ARk, JEEH
Bt R B BTG T UW 293 R TH T 402.34%. 48.93% 1 395.42%; Wil IEzs
ST R RN, OW AIHTESE L SB 5 AR R BB UW 454
TET 136.48%. 99.37%F1 18.85%;: Ml W B & T4 R iEx, OW 45 UW
H G E AR H AU R s, (RS AR A M A EHEER, Hhowd
PRI TEFEN PR ALE K ASIFTHE B (Acinetobacter) . ASHIF 78 M IS R R |
AT I T RETE AN F) 2 R SR 1R R e B R A
KACH BRI RS, i R — Pk R4 E S
REBW: R EEREY, AKRE: WEEAERT: BUEMRE, Rk

*ﬁ%%ﬁ:%E%ﬁﬁ@ﬁ%ﬁﬂ?%%ﬁ%ﬁ%%ﬁ%%%ﬁ(HmmLM%J)%
A MBI E (2024R1014003 ); BHEHEFHSBELEZEMF T RK &M
GMWYnUmle)I%ﬁfmﬁ%Fﬁ&ﬁﬁ%mMJnﬁWE(Qm5%4m
AL, BRE, ML, BHRR, HEFTH: KFHRELEEEFMN, Email

x1z5872@163.com
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KIS EXNEHSFELERE 2 SHERE 2 SHRE
Fr RS A R R S
AR, RE BRE L, BREIE S AN, RSO, FEEC, ST
VAR WA =BT, AR &I 350002
QAR K 'R, 88 8 350002;
3.7 R B KRR B A H AT S, AR AR A IR K I 5 b 5 R P A S R, YL
75 o 214081

WHE: NIRRT S A E GG IR BRI § o R “LLARBR A 2 5 F0E iR A
sl 2 5 LS R RO S TR B IR o ) 38 BEAT 9 60 R 5 AL
THAE H IR, By 2 N AN RH-ZOAE R EE 2 S 20 (CR). ARIH-tREGEE 2 5
H(CP). HIH-mitE 2 24 (TR). HH- I 2 S (TF), i Aam L
PIEEATE IR IR TIERRA . MR R L SR AR, VRN &2
LR E FRAMER SRR . R B, TR AENIRHE B S SRR &
B E ST HAM 3 4 (P<0.05); 4 HEJIRMYEAFEENERICEMYEILE,
DI C RS B ANLA I 17 FEER, KPS ERmHINEER,
TR EZ& & T HAMA (P<0.05). TF Ml TR ] EAAL (92.42%#1 93.75%) )53
=T CF Ml CR (P<<0.05); TF Al TR ] Wseaa/Wsraa F1 Wreaa/Weneas AL T
CF fll CR, H 4 HIHFFA FAO/WHO FRABARL QA8 B & A5 (A i . 0 5 HE 1)
22 Mg i, TF A1 TR ) EPA+DHA. IMUFA. XPUFA ¥ %% T CF #1
CR (P<0.05). 45K, TEEGRME, MHEFFEERXT, mEmiE2 5
BERE . N ERME IRGVE . PHIEME SEFR R 5 B35 = TR I 6 2 5 AR T AN RH,
T HH BSEVH R B ) S 3 MG LU AR B i 2 5 S AR 2 SN E IR S S, i 3
PALLAR G 2 5 () A R T8O R e o AT &, A S SRS L AR B A 2 S A
HE, BAEESRITRE .

KRB LLARIREL 2 5. ARIREL 2 T, FEMIRGE. BUH: EIRMO: BT

D

KEBTEH: BERXRKERKET VHARKZTE (CARS-45-40); 2023 SFEELEERS 5 #
VEFELEET (FIJHY-YYKJ-2023-2-6) .
N BAF, BBER T T, NEATHRIAES #EF MHH %, E- mail: 360878796@qq.com
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Compound feed promotes growth and maintains gut
homeostasis in the Chinese spiny frog (Quasipaa spinosa): A
720-day feeding trial®
ZHAO Ji', JIANG Pengxin?, ZENG Gaoxiong', LIAO Mengxiang', LI Wensheng'!, LIN Shengjie?,
HUANG Zhen*, WU Bin!, LAI Mingyong', XUE Lingzhan!*

1. Laboratory of Aquaculture and Breeding, Freshwater Fisheries Research Institute of Fujian,
Fuzhou 350002, China
2. Biotechnology Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350011, China
3. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China
4. School of Pharmacy, Fujian University of Traditional Chinese Medicine, Fuzhou 350122, China
Abstract: The Chinese spiny frog (Quasipaa spinosa) is commonly reared on live mealworm
larvae, a practice that limits farming efficiency and scalability. This study evaluated whether
compound feed can replace mealworms without compromising growth, intestinal function, or gut
microbial homeostasis. Adult frogs were fed mealworms (JA) or compound feed (JB) for 720 days.
Twelve morphometric traits, intestinal histology, digestive enzyme activities, antioxidant status,
and gut microbiota based on 16S rRNA sequencing were compared. Frogs in the JB group showed
significantly higher values for 11 of 12 morphometric traits, including body weight and snout-vent
length. Intestinal length increased, whereas eight intestinal histomorphological indices and the
activities of trypsin, alpha-amylase, and lipase were unchanged. Glutathione peroxidase activity
was higher in JB (P < 0.01), while catalase, superoxide dismutase, malondialdehyde, and total
antioxidant capacity did not differ. Alpha diversity remained stable, although beta diversity
indicated diet-dependent community restructuring. Cetobacterium, Peptostreptococcaceae, and
Terrisporobacter characterized the JB microbiota, whereas Lactobacillus, Lactococcus
taiwanensis, Pediococcus, and Demequina were enriched in JA. Compound feed therefore
promoted superior long-term somatic growth while preserving intestinal structure, digestive
capacity, antioxidant balance, and microbial diversity. These findings support compound feed as a

safe and effective alternative to mealworms for sustainable captive culture of Q. spinosa.
Keywords: Quasipaa spinosa; compound feed; growth performance; intestinal health; gut

microbiota

*F By B« 482 A FHOR )T (2026R1014004 ); 1B 2 &% 5 %\ B ( FTHY-YYKJ-2025-2-4 );
WEHELERFFEARNFTIE (2023106027 )

HORPAEE, BRE, AR, TENEXATAEYEE LS FM, mail: x1z5872@163.com
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Isolation, identification, and whole genome analysis of Vibrio
chagasii, A pathogenic bacterium in Crassostrea angulata’
GE HUI, WU Qisheng, NING Yue, GUO Xiang, WU Liyun, LIN Shiyu,

LIN Xiangyang, LIN Qi*

Fisheries Research Institute of Fujian, Key Laboratory of Cultivation and High-valueUtilization

of Marine Organismsin FujianProvince, Xiamen361013, China

Abstract: The process of isolating and purifying pathogenic microorganisms began
with the plate separation method, which ensured the purity of the samples. Rigorous
identification procedures were then carried out, including detailed morphological,
physiological and biochemical analyses, followed by molecular biology techniques
for greater precision. Additionally,genome sequencing was performed to gain insights
into the genetic makeup of these pathogens, and drug sensitivity testing was
conducted to determine their resistance or susceptibility to various therapeutic agents.
The investigation revealed significant findings on the pathogenic strain M05 isolated
from diseased oysters. The strain,which has a short rod morphology, morphology, was
successfully isolated and purified. Its identification was comprehensive, involving no
tonly a visual examination of its appearance but also athorough analysis of its
physiological and biochemical characteristics. Inaddition, 16S rRNA gene sequencing
confirmed its classification as Vibrio chagasii. A crucial step in validating its
pathogenicity was the regression infection test, which showed that the M05 strain
could indeed induce disease and lead to the death of oyster larvae. Genomic
sequencing analysis provided further insights into the virulence of the M0S5 strain. The
presence of virulence genes such as the colonisation factor Ac/B, haemolysin and the
type II secretion pathway gene EpsD, which facilitate bacterial invasion and
infection.On the other hand, numerous resistance genes were also identified in the

genome and plasmid of the bacterial strain. These resistance genes posed a challenge

*FBYTE : IR W B R %L T (nyeytx-49); B FE A R ETE; 48
BB EH RS 5 & E A RS T(FJHY-YYKJ-2024-1-13)
o —EH, B, BN, TENEEFZFRAMFEBR . KRE TR ST FR TR
mail: 717764449@qq.com
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in the treatment of infections caused by this strain. Drug sensitivity testing revealed
that the MOS5 strain is relatively sensitive to antibiotics such as ciprofloxacin,
tigecycline, and carbapenem, but highly resistant to antibiotics belonging to the
penicillin, aminoglycoside, and penicillin, aminoglycoside, and cephalosporin classes.
This information is crucial for developing effective treatment strategies against
infections caused by V.chagasii.

Keywords: aquaculture; Crassostrea angulate; Vibrio chagasii; genome-wide

analysis; drug sensitivity analysis
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B &2 IMEmFER S : BT Col FMMERIE
=
WA, THE, A, W, EREs, T
24 KPR ST AR A M A PR 5 BRI S0, AT 361013

WE: BB AEENRRZGNE, A RORY MR BT, 750 s
& REAS FIATREMR A . J&T DNA FIEMHER, 454 GenBank 4 5 H 1)
COL Fpall, %o JB 113 FE i 00 B i AP A BCHEAT T RS0 M. LAl 48 3T
BHEEA, RGN 492 bp ) COLJFH B 4 GenBank #(# /% BLAST A
JEYELLN R RGIK B E, SR ER: HAEM 37 % (5 77%), AKRXA
111 5% (5 23%). LA EZSRUH, JE 18 B0 E i ONR S #ER, B H
AR E A RS E AL RIA R, Horh A E 1 y 4aT A m . 2RI
PAAEIN RZ IR DL A R SC B fOR E R GER, R3S PR SC S 2 8] ] BEA7
ARSI TR RER, BB RBEAME N, HATEMA
AR TR R BIANMA 5 37.8%, HIRICE B R RAAMA Y 27.3%. AMOVA 77 %
TR, MBS NA K SEESE R EER (P>0.05). AUFTER
MR TR B A R BT X R 5 8 BRI 1Rk

KEF. JH; B, COl &IBh; AN, Wkhdlk

*RBTE: EREEATHTRIEE (2025);, ELEERS5EVERELXREETR S
T EH (FIHY-YYKJ-2024-1-13 ); 48 2 & A = #F 58 BT BHE 51 41 % 30 ( 2024KIYLO1. 2025KJYLO1 )
B FAEE, B, BIFFRX R, ANEKRTEWKR T EH K E-mail:717764449@qq.com;

WEH, BRI, NEFEHELTIEFLSRFFRT. E-mail:389479823@qq.com
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REHI =55 _ETEE KRN E M FHERF
ERERDH
AR, TR, AREIK, A, ME, RWm, EEE
CRELAKP=BFIET, A8 U P00 5 LR P 25 5600 %, R A
JIFR AR FOIE 0, i ETT 361013)

WE: RGP G = R R A AR ZE S, R AR R A5 —
AR P A IR AL S o AW 70 AR Sk = A4 (BN 2D AN k4 (2N
) CANR, RGBT 3N AUR1 2N I7ELh B A UL R s UL YT A A
MEMAAE R 25, JFE 7 =/~ ImBE (Td. 2R, 3N AT, 7K
R BERERRS, MR R AAER R ERT 2N H (P<0.05); HEDL
W, 3N dl5tm. mKBEZHEST 2N 4 (P<0.05), FARGFIERLEEER
(P>0.05), BIMRFFTE 89% LA by e UUHA, 3N HIEAEKAAEE EIEEMRT 2N
2H(P<0.05), H AR ER B I AR, AR H R (TdIE 32.80%~127.57%.
G = AR AN R R A Y A BB AR KRS, BLAE R U L AT
B, AR T AR AN ISR ZE B, Sl BRI
JOR 55 R4 A 7 1) ER AR ol

RERIF: AR AR S 4hd HEDL;

WEHE: EXMEF L HEAKZTE (CARS-49); E KK MFTIRIEE (2026);
BEAFFITRABEAZELTE (2023R1055); BEEAEERSGAEAVEREXEETRHK
4T H (FJHY-YYKJ-2024-1-13)

CEEEHE, B, BRR, TENEREZFHMIKRRE G EFT, 717764449@qq.com
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Development of a PEI-coated SWNTs Nanocarrier for
efficient delivery of CRISPR/Cas9 in early embryos of
Litopenaeus vannamei’

Jia L. Men"2, Jian H. Xiang 3, Hai L. Zhou "

1. School of Life and Health Sciences, Hainan University, Haikou 570228;

2. School of Biology and Food Engineering , Fuyang Normal University, Fuyang 236037,

3. Institute of Oceanology, Chinese Academy of Science, Qingdao 266071

Abstract: Cultivation of superior varieties is the key to maintaining the sustainable
development of the Litopenaeus vannamei (L.vannamei) industry. CRISPR/Cas9
technology represents a generation of genetic breeding technology based on gene
editing. However, the conventional delivery strategy of CRISPR/Cas9 components
could not be used due to the particular physiological traits and practical difficulties of
L. vannamei embryos. We designed and established polyethylenimine (PEI)-coated
nanoparticles with carboxylated SNWTs core to safely deliver CRISPR/Cas9
plasmids into early embryos for target gene editing. The results showed that the
transfection efficiency of this strategy was 36%, which was approximately 4-fold
higher than the efficiency of the classical lipid transfection method. The transcription
factor Pax6, which has notable effects on early embryonic eye development, provides
clear phenotypic proof for this strategy. Unnatural base alterations were found in up to
20% of transfected embryos. This study establishes a foundation for the application of
CRISPR technology in L. vannamei and provides an innovative approach for
large-scale gene function studies in aquaculture.

Keywords: Litopenaeus vannamei, Nanocarrier, CRISPR/Cas9 gene editing,

Transfection, Early embryos

*FBHE: EXE AR ¥4 42377273),1 8 4 B3 % 34 (ZDYF2022SHFZ321), #H
B A5 BR ARA R TR (B ARE) (BERAATUE ) (2019RCO77), ¥ &5 5 £ 4]
HHT % TE (Qhyb2022-44)

EAEE, EEE, #H%, TENZEFEFIYNEL LT, E-mail: zhouhl@hainanu.edu.cn
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g5k (Eleutheronema tetradactylum) BYTERRMERI DL -
R BRVAB R R FHE RS R F AR
Evodia Moses Mkulo', Lukman Iddrisu', Salifu Ibrahim', #ZR% !, TIfGE ", #6
Z2 @k 1, Happiness Moses Mwemi', 48U ', 5Kk7F48 1, #for !, 5% 1, Kwaku
Amoah!'?, Ff% 12, FHR 1237
L JRIEERSFIRF5BE, TR 524088
2. JTRA KLY E Y SRR E AR R, TRENL 524088
3. UARAHK AR R G, TAHTT 524088

FHE: il SRR A AT R — Mg N H SR, i FLRe 0% 1 N PR AR
e, AR B o A 5 PR R () 23 AL AN e e TE R . DU4E Sk (Eleutheronema
tetradactylum) FJET Lk El (Polynemidae), NHEVESG PMERE RIS, £
FUHE B A AH ST DRUR 43 I BRARAS IR o ACHIF 708 o 1t AEYE 1 IR ) de novo
s My, 2S5O S Is AR R Jom g . — L3RG 12,034 &
FRIEFN (DEGs), HAERESIRNA 7,567 L. 4,467 M. GO
RN KEGG ‘8870t 8o, REBEER A& Boe PEIR A S IE g . R
fift 50 28 H 22 38 B0 P 9 e M DEGs, B35 4 2.0k [7] 2L 8] nefl rfesd A1 gpatchs,
PL S 5P S84 ] JE K] ift57 hoxb5a~ naxd 1 tgfbr3. LAk, L% HKG SRR PRI
K% (4 dnah7- tspanl hspa8~ dnah3- dnah6. dnahl7. myol0- kcng3~ dnaafll
rtase dmrtl smcllb. slc44a5b- texll. cyp51) F1EP S AR 4L K (A ed9. zp2-
cenp~ cldnd znf622 tcla~ hsd17b7+ foxI2« sox3~ sox19a), ™M 1 'EAI{EME R
A A E T o A AT IR NSRS 1 DU B ik ST B () 7)1 R
NIKFEFRAE s IRAP A P A A 7 55 BRI 18 LA .

REEE]: VU458 ik, SumEtEMERE R, PEAREE SR i 1) 2 R

KBFE: | A4 LREREAFTHELTTE (BHERS 2 H4Rk%) (2023ZDZX4011), |~
RIRIEF B E R B MO EARK KT E (2024-MRB- 00-001 ).
FEIAEH, TEE, 4%, FENEERLH (ZL4) RETMHSFRAERFR

E-mail: wangzl@gdou.edu.cn
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2 E XU D& (Eleutheronema tetradactylum) BI%E4C. 75
& HAGH), BEATSRINELENRNFIE
BRoRR 12, XM Y, gl Y, Ehe !, EAEME S, BRXENGE 4 BT 3, Evodia
Moses Mkulo!, FllEtE !, 5K F4H !, /75ifE !, Happiness Moses Mwemi !, 71k
Bt LS, JRREY, EAES, TS, FAER S
1 HREPERSFKF 2B, T RIIT 524088; 2. [ RARNEARME Fty, T7HET M
510000; 3. J ARA W KARFEAHT L, TARENT 5240005 4. )R KAEZ E PR S
FRIRTHA R ML %E, JARIHL 524000
WE.: AW B X VU4E ik (Eleutheronema tetradactylum ) 418 4 K
A HGUEES BERET . AU RPTEA R R o SEIGAE PP TR 5
WE 0. 5. 10, 15, 20, 25. 30 fi1 35 PSU 3t 8 MNEL AT, FEANALEE 3 MEA,
REHE 20 B4t P4 K 16.43+0.87 cm, P45 & 35.71+1.067 g), T 500
L FAEEE AR 30d. 55 00 1. 104 20, 30 RIMEIMFIBIBEE. & TIKE
S8 Nat/K*-ATP B (NKA) &M, AR PHEEiES. ARSI, HiEas
WA SURERARL, JRARNIIM K AR (LD). Him=E (TG). &k (GLU).
SR EAGEE (SOD) . A H IR A YIBE (GSH-Px). SRR /)
(T-AOC) FIN [ (MDA) /KF. ZiRE/R, 0PSU ARG R & ECT HAlR
FEZH (P<0.05), ik (30, 35PSUD dffm B a, WY AR H i 15 5 2%
fik (P<0.05), fif, FpAlES5E R T AU B0 B B AR . 3k B I S5l 25 R )
T NKA VG MHEE LM TR, 55 R 408 10.88PSU. AREHERS LD
TG H1 GLU B #h B T 2 26 f f5 TH& %y, 10PSU 44 SOD i M & 2 = T 30
35PSU 4 (P <0.05), T-AOC £ “U &8, GSH-Px Fifi £6 5 =7~ % (35PSU
JoRREE, P<0.05), MDA TLREZN (P>0.05). 2%, s SiR)E T thit
, AEBURERE (5~10 PSUD NAKELE, m#h (30~35PSUD M| AT
%U%ms—?wwiﬁﬂﬁmo K FAIE R T 2T Eh 5 e S U, oAk
W FRIASE B FRARARI A G2 Al A SR AL | TR E I S 1K .
R DUFR SR, R K BEWRT R

KBHE: | A4 LREERREATH LT (BHERS 2 HHRk%) (2023ZDZX4011), |~
ARG ARG F I E TR B FEARBKTE (2024-MRB-00-001 ).
R, FER, #3%, TENEWOHRTE (L L&) BEFMHEFAEAFME, E-mail:

wangzl@gdou.edu.cn
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RS 2, M bAR Y, RS, BRifgan O BHER 2, gk Tl R, D
L AR R SR 22 5, PR K P 0 s G TR SR %, )R L 5240885 2. )
A AN A AR Hty, 7R T, 510000;

3. WA SNV R B R T 571126;

4. RN E YR SRR E AR R, )R L 524088

FE: NIEHE KGR (Choerodon schoenleinii) WG R B 5 )G K B B .
PSRBT F RGO &7 IR 4 32 K550 . 0-14 DPH (days post hatch,
4GS (MR ED (7 LL & 30, 45 Fl 60 DPH FEghfa i (T AMEE, LRI A
BB SETEROE RAFHER TSR . 45 R EoR, &7 ISR 2 RE o0 2
B EW . EmEk, BN (1012+24) um. E/KIR 25-27 °C%&H4EF, T
2 FE )5 24 h 13 min SR . FRAMRFT BT 320 5 8 h I, SR, &%
B R IEEBETTE . VIREAT KON (2881.5+£279.5) pum, BPEEETHIL/E29 3 d
eI, AT EEEN AR E IR ) SRS IR e 1) SCB nT ]. 4-14 DPH H[H],
A7 F R 5SS JH AL TE J 8 S5 440388 704k, 12 DPH H 4G R] DL 8 2= 40T, 14 DPH
BERDAMIEZ: 30-60 DPH [ BRI B AR KI . AR G RIZPTIRIG &
B E RS WR G SR & RS S IRIG A S AT R 2 Rs BN . IR
R SRR, M. EI. R, SR ORI AL I 8 AN
Bt 3% 26 AN AR KR 25-27 CCHRAE R S2HE I Z) 24 h 58 i#AL, 47 149 3 DPH
TERCIR BRI, 30-60 DPH Bt ek R (R UTAINIR, 8856 FE 3h & H ik — 5 77
oo AW TCIIIG 1 &7 R A R R E B E BB /L AT U2 A DAL
TF EVEPRHR AT A A By B SR SRRl Bk

RegiE. BPIEN S, 2RO WK E: WERE

FBY I E : 2025 ) R A IARALIEH ST E IR B ML HARZKITE (2025-MRB-00-001);
JTREERFARFRFIE; | REFRFAFEAFALTE (CXTD2023)
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Combined trancriptomic and proteomic analysis reveals
molecular response to skin wound in cobia (Rachycentron
canadum)’

Weijie Guo, Qian Ma*

College of Fisheries, Guangdong Ocean University, Zhanjiang 524088

Abstract: This study aim to fill the knowledge gap on skin responses to
partial-thickness wounds, a condition often resulting from abrasion in cobia
aquaculture. Histological analysis showed a 14-day repair process after skin
wounding, with features including largely abraded epidermis and partially retained
residual tissue. The repair process involved neo-epidermis re-establishment across the
wound surface, abundant mucous cells in the regenerated epithelium, mature
granulation tissue re-filling, granulation tissue remodeling, collagen fiber
rearrangement, and synchronous structural repair. Additionally, skin samples collected
at one and five days post-wounding were subjected to RNA sequencing to profile
mRNA expression patterns. Given that cobia produces exceptionally abundant skin
mucus, we employed liquid chromatography-tandem mass spectrometry (LC-MS/MS)
to analyze dynamic changes in mucus proteins across the wound recovery phase.
Subsequently, we conducted an integrated transcriptomic and proteomic analysis,
which respectively identified 827/6196 differentially expressed genes and 1003/1135
differentially expressed proteins. KEGG enrichment analysis of the multi-omic
dataset highlighted key pathways, including the NF-«B signaling pathway and the
proteasome-mediated ubiquitin-dependent protein catabolic process.

Keywords: Rachycentron canadum; skin wound; transcriptome; proteome

«HBFE: EXELHLITLTE (2022YFD2401203)

AR B, HIT, £ T NE 6 K A E AR H A E-mail: mag@gdou.educn
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B (i s RIBEBENH 2R
RA T, THEZ L HWC AH L R R
SRRAO K4 o R0, AR K A € K =0 o, i K77, 830052

MWE:. APME (Esox lucius) JEEE BAEEL, | AiT1b38 & RTALE % KR
s, FRIE E AR AT TR SRR S BT, A 2 Hh E AR R 2 R AR
FEFA ARl Z R R BE AR S, MR T, R R e
K, HAFTEME I G50 73 1o A% B £ i #4 y Dhe Y O £ AT SL A )
OIS PR () AL LR AN IR . AT DL A B ffEfe (F) | OE
WEfE (M) FONEER (NMD AFTEL, SRR 23T 4 FL R 41 DNA H 384k
(WGBS) FIA s MY, &G SEEG 08T, RGBT 7340 S 1105 3%
[ FHL . SR

(1) &ERFABRELSPE 361.48 Gb AR, =FEEAR L mCG K
gl £ FHRA (5H>98.5%) , mCHG 1l mCHH it A /2 1.5%, BSP SLIG50E
HARTISE . CG P A2 S B I X3 O f FR A S T
Wi s EEE, mSMEE R R, SRRV B A Ry e
Jiiase PR AR OG22 S R BEA E R], ‘B4R T MAPK. Wnt %8(5 5%, W] DNA
FH 60 P R 1A s 2 3 DR 7 3o P I i 8 2 5 MR 04K

(2) EEFHSNENEARTFYIRAZ 13.62 Gb & i & clean reads,
RT-gPCR FiE 4 vl 5. 2 RRE TR, 5 AT mRNA &
ncRNA Rkl alE, mtEd SR RE, EShl #4284 T 1k
07 T B S AR o I — DI IR AR AR DG A ide BE R Sod e, JEAa g 1 O
PRI A SCIR ceRNA TAFEM 4%, 4878 ncRNA FE LI (R i 2E 44 E F

(3) BRESAIL, FvsM Fl Fvs NM P2 A ALK P SRR RIAE R
FHORERI R SR E 2T Mvs NM 41, H I RA X 35 i o B3 R 3s 1 ) 3
FIX, 2 BH Ik DR A PR A o 0k (R TR A I BE D SRt o DAy el e 5 T T P 3 00
W — 8, MSMEA AR ES, HENPEYE & CG HEMAAN 5.

EBEE: EEEARERATE (32260915); HIEAEE/RE b KE S LT
B FiF & (2025B02020-1-1) .
BAEE, KRA, A%E, TENEHELKELEAYE R ETF AR,

E-mail: zhangjuji@sian. cn
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WHEVE R BT A P RN ERFE. @M EE ST, FvsM 5 Fvs NM 3%
A% & 4T MAPK. Wnt S5V 570 L4 LR <7l B A5 AR A 10 2 SEd
S 3 i) T N T EE 53 A R i 4 R ) R S AR ) 2R R 5K, T ML vs NML X B
W R LR 3 R, DRSO O 5 A RIS IEE N A TR I . AT
RG22 A 5 1 A O 1) S B QIR [

Ak, CYP17A1 2 A [#) cDNA 5efE 5 MG By i iwos Hgnfd s 5 2 A
LAV P450 £5#438, qRT-PCR AR EERHHAMR P ERIE, KR
HArae 2 5 R MRS BOfs, BARTDIREA 17 5 250k

RegiEl. AR, SRR, b, OhifEs; PER ok
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Morphological characterization and transcriptome analysis
of vertebral malformation in cobia (Rachycentron canadum)
HUANG Dihao, MA Qian®

College of Fisheries, Guangdong Ocean University, Zhanjiang 524088

Abstract: Vertebral malformations adversely affect locomotion, growth, and survival
in fish. Using micro-CT, X-ray, clear and double staining, and paraffin sectioning, we
characterized vertebral malformations in larval, juvenile, and young cobia
(Rachycentron canadum). Well-arranged vacuolated cells are crucial for maintaining
the flexural stiffness and mechanical strength of the vertebral column during early
development stages; malformed vertebrae exhibit vacuole reduction or collapse,
centrum fusion, and distorted neural and haemal arches. Furthermore, we conducted
RNA sequencing to analyze gene expression in both malformed and normal vertebrae.
The results indicated that 129 genes were differentially expressed in the malformed
vertebrae. GO enrichment analysis of these DEGs revealed that the top 20
significantly enriched functions all belong to the biological process class, specifically
in including cell-cell signaling, glucose homeostasis, and multiple functions related to
calcium regulations. Furthermore, KEGG pathway enrichment analysis indicated that
the DEGs were significantly enriched in pathways including ECM-receptor
interaction, MAPK signaling pathway, calcium signaling pathway, and insulin
secretion. These results reveal candidate gene profiles linked to vertebral
malformations and advance our understanding of skeletal malformation mechanisms

in fish.

Keywords: Rachycentron canadum; skeletal malformation; micro-CT imaging; clear

and double staining; early development

REYFE: EXEARFES (32373153)
*EPEH, TF, #R, TENFEREYF. HABRBRETMH
E-mail: mag@gdou.edu.cn
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ETRHAZFNIIEDE (Eleutheronema tetradactylum)
X m BlhE B iE R HLF 5 4R
S, 2R, Evodia Moses Mkulo!', Fl&mfE 1, 3k F4E !, @ikt !, %
L FfE2, W, FAR Y
L 7R R SR 52 e, | R THL 524088;
2. JTERBEKANYIRE SRR IR E R KRR, JARBHL 524088
3. TARA AR L, RSN 510520

WE: RERPWERER, KE. ARV RE I SRS N 1. DY45
it (Eleutheronema tetradactylum) & F A B ELEFMMER A, (HHEXTHKIAK
T B3 FR) 73 P AT 1] A B o AR BT 0 St 4 2 i T 18 °C HIR M B,
ST EE T RANES 14 KRG, FIHBAH O —FHEECH (LC-MS) A4
PRI, AIBUEACRAS . FEIRH S A G . 45 R BoR, FREk
RIEEMHE T, IR A B LR (SOD). i ALEEE (CAT) FABEH AL
Al (GPx) TEPERIGTHERRES . FHtits YA 8 (MDA) 7K
SPAEMME 7 d AT 14 d S5 RE TR o A S0 B 20 4 O 4 Bt BN [RI R FE 1Y
TR B 46, e, A FMES 7 RAEE 14 R34 € H
87 AN 116 NZE LR UHY): WS LI RN, Bk EWEali. &
D AR R I A S5 B AR R AR . IR SRR, A R B
9 BEEARE . B WR S Bt AT AL A2 DU 8 S s M AR P8 RS SR B EH
AT FE 7 DY Fia L ORI 1 7 1 AR B AL PR AL T RS2, W T
JIE HR ORAP P BT SR R 2 R TS S AT % 1) B 2 A

R A (RIR:; PR APREARES; DU9E Sk

KEBHE: AL ARMEBERTERSHZOE AL ATE (2024-MRB-00-001), /%
ZEEEREANBLTT (BEMF & AR (2023ZDZX4011)
*EPMEH, THE, #HR, TENBWELR (ZAE) REFHSRAEAFAR

E-mail: wangzl@gdou.edu.cn
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PU$g 5 &% (Eleutheronema tetradactylum) BELDEMREA
RN SN

ZEWE 2, B E L, skdte 12, wE 2, A 2, B, EAR 2

L 7RI R SKP 50, TR 524088;

2. JTERAIKPEE I E R SRR R SER R, AR 524088;

30 JTARE AR L, TR 510500;

AT RN RGO, JTARRHL 524088
FHE: AW B AR VUHE DR R B AE R AL IR N Tt S 4 S AR (1) i 7
WZR, NG RN L R D e AT 5 50 5 ot ROT 7S T ReS g4t . LADYHE B k0
WEA LU R B, R R B B AR AT AR 7%, IR0 A0 I R AT 40 R
$E RN o A AN R 3E F5 25 A X A0 I R AT AR SR AR I, TR AR N J
METRZ, FEX I RFAT A 0 A SAMCRIE S € - A Lipo3000 7% 41
LR AT R G, 43 A 3 b B AN [R) R E 2 < B 110 35 7 0] 400 il 2R AT B < B i
MDA, FEAE 7T M F 0 RS R 4R R i BUR e . HATZAI R O e 2
70 % (&8 BtHD, Z40M0 R AIEH 5K (2N=26), %7 E I3 G706 ik
81.3%PA L; & B SFAN L-15 B 9R4E. 10%J6 4 L3 (FBS). 28°CHi R
5 o AL e 2L 16%, KR B 4 3 P EE 4 Ja 28 T HH 77 = 40t 1k 25 1k UK,
X0 I LB BR TR R R IR P U EtH Z0 0 R oA AR RS UE e Y, RAF e
TREFER ARG %, BtH 400 R eI VE VR A IR 7 TR o i R0 AN [R) f
K 5w 5 AN FE I R S BB, FE PR BT S Ge) AN 7 BE A s DL A DO 4
fife 5 40 800 T S R SE S v Bag R R g 38 I R AR GV A LT N
pEGFP-N1 Jiifi, SHFSHERGI H EGFP JZEHZ) 16%RIER . Hit, Z41ig R
CAVE i 58 A MRS (R R AR At 98 T o AR T 24 A F SRAH B RE 5E < Al ) A
A KBOIR, AREFEAh 7T S “LE” iR H, FE TR
GG YA MU AL IR AR 2R, e SRk R DI RE MM 5 Fh B ot RS2 (it 17 mI v 3l
IR FTRR AT o

SEEA: DU LR, EAREE . AR

KBTRE: T RAEIRNEESTER BHZCEAKATE (2024-MRB-00-001)
*EFMEH, TRE, %, FENFONKDHR (B4 AEEMHEARAEIFAR

E-mail: wangzl@gdou.edu.cn
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¥FASTIBRNEDE (Eleutheronema tetradactylum)
Foi A3 1Y 381% & A5 SRS R AL H
XM Y, BRER Y IEE L BiRett, RIE, ERE 2, EE ,
FER 2
L 7RI R SKP 50, TR 5240005
2. JTERBKPANYIRE I SRR E R SRR, JAREHL 524000
3. TARAARNAEARHE L, JURTIM 510000

WE: PIXMERG SN T BT W FEAE 2 B EAA T SRR
AT FUIE] B 7 B BRI B —— VU8 S 8% (Eleutheronema tetradactylum) 1t
KHI (30 KD MRERAE (5 ERFEXTLL 25 BT it fErh, HmFisgpT R
BRI AR O SR o ST I, R R L SR S e T B I A A B 5 B PR AR 23 A«
o ER AR T W e s Aa M, A 10 NERFIEFEN (DEGs) ; M@ sn&
i 7T ZHIER, &8 702 MERKRISER . IRt E SRR, M ERE
RN F RS RIS AR E A B, o Nat-Cl 3L 18 85 B 5 A
(slel2al0) FUEFLRZARIER (prir) B3 B, FRKEESA-1 2R CGagpl)
BE T (logFC=-597) o XRIFHEHRIL T —Fhpp A Sng, RI7EIE5RE T
WS RIS, K A IEIZE M P 2 A AHELZ T 08 10 i 553 i 7 = 23 T Ay G
PN AR RIS B, BRERKEE (gh) « AR (prD FFEE R
J& (pome)  $EORAFAE—ME BN BRI 0 S B BE 5 I A W
PI3K-Akt 1 JAK-STAT 15 ‘5 8 B & 1 5 P KR A5 5 5 408 A2 30 5 1 AL 0o
Al KLZE AR, DUFa B ) S 2l — s R AL A SE B B
e JERRURE R B AR T 1 PN 0 A 2 1T Wl R 0 O e iR 2 ) J R A0 ) EEL A
AT TR T HRR-AM A -8 RFEIZE R TR B4R, IR IR EE
HP IR ER T 52 1 b AR 28 A DS R S it 1 32 A e e R R e

REEE: VUSRS BEEWT, Bdly B TRE hEnN Wiy, R
&N

KB E: AL ARMEBERTERSHZOEAKLFTE (2025-MRB-00-001)
*EWMEE, e, HE:, TENFOEIE RS/ TREHAR
TRE, #%, TENEFNHIHK (T ZEEMGFRAEAAR

E-mail: lijing2025@gdou.edu.cn (£ #), wangzl@gdou.edu.cn (F & E)
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Z P38, (Eleutheronema rhadinum, Jordan &
Evermann, 1902) B9 EFH4A %
PSR KT T XM, EIGAE Y, e S EOiE 1, KR L BIRS
T, AR, FE, FAER Y
L 7RI R SKP B, TR 524088;
2. JTERBEKANYBIR SRR IR E R SR A, JREHL 524088
3. TARREKARHL B L, JTARIETL 524088

WE.: 265V L8 (Eleutheronema rhadinum, Jordan & Evermann, 1902) &%
R YR, A T EL HA R Ly K. iz AR & s i
B, [FIRN&—ANEBERSEYF, EUERE Ry 2 w8, Tk
WINE M. REHLAEEEWESNEFR L, HZI DN EREEXR
MAGK B AERRREE EAARH . A5 R A PacBio SMRT i /7 5 Hi-C HiR#
AT T AR, AR T i T A 0 e o A S R R A A e PR . A e PR B TR 2K
/NN 58527 Mb, EEBHE NSO KEH 24.22 Mb., Jefafk (26) HiE XA 99.73%,
SILTIH 23,090 NMEEE IS EER, 29 18.53% M ER T, ZmiESHE
PR 20 S oK SRt 90 2 5% DU 6 5 ik S A % B Frdk Ak AR ) 2% L R PR D e R I8 A% 5 IR $ it

REEE. LEEIUTE D EDIAAR: R

KBHE: T AELREREATNEEITE (FEMR S 2 AR5 (2023ZDZX4011)
AL, TER, K, TBNFOEIHR (TRE) RETHERAEXAR

E-mail: wangzl@gdou.edu.cn
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HEZ 12, PR 12, R, fL4E 12, MREME 2, FIRES, TLRAE 12,
ALEE 2, FER 12, -2, REE D2, BRAERE 12, 22 12
LRI R K22, TR 524088;

2. TR A SEE TREEAR RO, JRET 524088;

3. TR BIR XK G B AL, TTPERE T 530001

WE: WHAT45 (Clarias fuscus) ZIRE R 7 EEFNRKET A, M A KE A
REWRT M, B e R RT HLFRE R G S . AR 2 A B S
Felg SH R g HR, RGN 75Tl 100 R (0 7 1 A A A T It E
K&, B, FT PacBio Ml Hi-C BOREIIA AL 1ot & Gy i K-F i (XX,
982.84 Mb). Mt (XY, 944.09 Mb) RUEEKZH, 73 AR H 24,849 1 23,345 4>
HEmEERE . R, i R EHEN T S5 E QTL @, Kk je etk
BiE N LG13 (chrl3), FRAETZ YL ORI I P xg [X 18] RS B i o 21 5 R A )
EEEB RN 5 Camhr2 ¢.1406C > A), ESZHAEF AT IE R amhr24 765 B
S ALHT (16 dah) RIRR 380 s[RI 1 & 5 T MGB #REHF1 4547 25 K Rr 7 1% PCR
B T S B BR . BEJE, IR SRR I CRISPR/Cas9 4 (] 2
RZR, SRR amhr2 B XY MR TE 4 [ MEPE IS, VT B 2 O 31 I £
B e IR R S MM S IR 0, BRAIE amhr2 DNERF B REVE A A% 0 B B R
To B, WIHE 7RG CRESRHESE T PR R B A, AR TR E S o A BURR
AR AMEBER s T A B I XY Oy, Gl 5 B AR AR S8 M
O TARICHT BRI YY @R, A 1 i A R AR R AR R
N L I AR 7 POt B I I A A S R RS G el SR RSP/ e R
RIS TR LR RS R T A

RG] HHTRG Mo IR JERA; ARl BEEE R

WEBITRE: A4 B AR ¥ 54 (2026A1515011409, 2025A1515012346,2019A15151106 19);
AR LEGERAAETE (2023KTSCX042)
*HIREH, HE%, B, B, 81K, B+ A5, TENEAF R L FMHH T E-mail:

tiancx@gdou.edu.cn
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ET¥FA 5N D e (Eleutheronema tetradactylum) &%
FRERNMENRENE
FimiE t, sKOVAE L, EEUiE Y, R, EE L, XL RER L, BREE
LoBEERE Y, ERE 1, BEAR 23
LRI R K22, AR 524088;
2. JUARAEKAS YN T SRR E SR, AR 524088;
3. TARARKARE B L, JRIEIL 524088;
4. JTIRAANFHE He, TR 510500
TWE. VUIE L8 (Eleutheronema tetradactylum) & —Fh B A B B L GHANME 1) 24,
FRIEAE P s TR AR B PR UL RS 2 RN (Vibrio harveyi) & Al EL K45 i
Ko TEARWFH, FRATKH RNA MF (RNA-seq) A, i 7 DU+ fij sk g
e 2 PRI TR ) Jl TE R0 JFE I e e L N2, I ERASE TP IR (Cg) B ()
HMpiE (Cg-IN 5 Ig-IN) FIAFF (Cg-LI 5 Ig-LI) i ZER. 45 R ERFERE
ERAET BED: i E 2783 2R KIEIEK (DEGs, HAF 1831 4
FiA, 952 ANTED, AFMEARAR I E] 4940 % RIAIR N (i 2685 4~ LA,
2255 /N D . KEGG MEE& /iR, WA B2 E4E T 5 %M R r il
Ho ENIE Y, E AR R R e I ST AMATIBE ML K S B P A TL-17 15 5 4% 3
EK . EFFIEA, BRAMATIGE MR S B P A TL-17 15 S A% il ek AL, EK i 2|
T AU Sk G AR RE I, ELHE NOD FE2 4415 5 4% Toll M1 Imd {5 514 3 \RIG-1
FERZARAS 545 T LS Toll FESZAKRAE 5 4% il K  IX L8 5 4 8 AH 5SS 5 il g T 2
1 VYA 0] e 2 PO TR SR G S A M S L o B AR, X 9 AN AR R
1) 2% FRIEFE K (DEGs) HE4T 1) gPCR JSIFIESE T RNA-seq B4 IR, P
PP B R IARE S 0 DY H5 b g e 2 PRI SR G e s AL L i
N HE— A FE Y5 5 ) % R G DT AEATL A B AL 1 5 B IR B A B R WA

SR DURTIER: DAYEIRINE: Bl RNA I R

KEFE: LRFREEFARET (BHERE 2 HIR%) (2023ZDZX4011), " RE IR
WHERGERBHFZOHEAKZRTE (2024-MRB-00-001)
*HEIREE, TAR, ¥R, TENFNELY (ZRE) REFHESRAAERHAR

E-mail: wangzl@gdou.edu.cn
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U385k (Eleutheronema tetradactylum) TRAF EERIEH
SFFHESRESth
Fimia , ERTE " SKOVE Y, elUE !, YR, EE L XA T, sRER
L dfrst !, AR, B2 FRER Y
LA R SR 22, TR 524088
2. JTHRARKAE B Y FE P S R IR S E, TR 524088;
3. JAREIEKAREATE L, JTRIHL 524088;
4. JTERABRNBHGE e, TR 510520

WE: MRIRIER T2 M LK T (TRAFs) fIH: %2 A% TNF k5 T
WEE S Rk O, B S iR IE 2 P R RN OGS S 7 5 T, AR
T AEME . BATCEM ALY % E H 7 A TRAF i (TRAF1~7),
R AN PR EIE RN EEAEH . AT, VUis Sk (Eleutheronema
tetradactylum) TRAF {ESe R BRI Thae B XM ATE . A FAE s Sk
Y58 T 84N TRAF JEX, 43y 3\ 6 % N EtTRAF2aEtTRAF2b EtTRAF2-like . EtTRAF3 .
EtTRAF4a. EtTRAFS5. EtTRAF6 M EtTRAF7. 415450 #r iR~ B EtTRAF
B EAT R SF 45 RS AE, 3% C 3 MATH £5#480R1 N 3 RING Z5 #4938, o
EtTRAF7 7 C 3l 7 /> WD40 & 45 435 1 i SE) 5% ) 5 B PCR(qPCR)
BEAT LB A e W, 8 AN EfTRAF FERTE 8 R EALZY (k. AFAE. i
. REAE. EAE. ORERRIED s RARAIRE, HAEFFITAEE L KT
EWE. AL, MR hE (LPS) HIBAAT 55 AE ETRAF Rkt e, 4k
Bk, A 50 PUFE S 8K TRAF B RGP 53 B R AL U0 J5 5 R Sa % B A v (0 7
FEAE TR 7 B WM, I AR R A 138 TRAF A 315 5% M DRt 7t
BL5E T A

R Ve D TRAF; FRZWE; GIENE

KRBHE: AL LREREETRET (BERE 2 MRS (2023ZDZX4011), [ K
KA B 18 73 A A O R K AT E  (2024-MRB-00-001)
*HIREE, THAE, ¥R, TENEFWELIE (TRE) ZEEMSRAERHART

E-mail: wangzl@gdou.edu.cn
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PU¥g 5k (Eleutheronema tetradactylum) BT Bl i B
ESEEEERS
SRR 1 WRIRTE Y, BURGN Y, EINMME N KRR, SO, SRR ikt
LOEM 2, BEEE, B, EMRES, ERR
L JRIGFER K 5B, | ZRIHT 524088;
2. JTRAKAEG YIRS R TR E SIS, AR 524088
3. FlEMREL, DEER,

4. THRANKAREAE G, TR 524000

WE. VUIs S8 (Eleutheronema tetradactylum) #&—Fh " EhE@3s, /54 TEIE
DUV, MBI BRI . JRTT, i Jod B e DR 2H B R e ik = BR A1) 1
FATAEBEA L PRI K 7 57 e 55 400k ) B DRV A KSR 5 o ASIE 58 A1 - Pacific
Biosciences (PacBio) /& f#H (HiFi) ll/7. Oxford Nanopore Technologies (ONT)
A Hi-C G 05T #8 RAFIREOR, E R GE R 1 DY 48 Bt 1) 30 i 4 381 3 Aot

(T2T) FERIH AL . B3R/ A 585.38 Mb, 7 83 4™ contigs, contig N50
N 22.14 Mb, 98.76%[HI 5 B4 E B 26 S Getafk o AR T 22,362 MEH
bt Bel, JF8E HEE A A FH K] 18.09%. % FiE T2T HARAEIESE
MsEREVE FAT A R AA B ERTT, vinE N s SR EsE iR S T8
Tt S 1] 7€ PR AP SRS AR AL 15 B R U

. DUIE DB, iosmkiRmkL (T2T) JEMF4H; PacBio HiFi M|/%; ONT i#
Kk Hi-C Jetb ity G filisk

KBHE: ARELAEREANALINE (RS 2 H4Rk>%) (2023ZDZX4011)
*EMEE, TER, B, FENFOEIR (TRE) REFMH5RABAFTR

E-mail: wangzl@gdou.edu.cn
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BREFRAENUE D% & (Eleutheronema tetradactylum)
HACHERE THUEETRME RS ER R
2R, B Y, Evodia Moses Mkulo!', & i ', Ellmis ', KA, @ik
5l R, EAE, EAE, EER Y

L 7R RS 22 0, T AR 254088;
2. JTERBEKFANYIRE I SRR E R R R, JAREHL 524088
3. TARAARNRHHE L, TR 510520

WE: AU 7 #ES F A (Bacillus coagulans ) T-21 % Y $i5 5 i
(Eleutheronema tetradactylum) $H /LK AERE . WE WHALBREE MiE A L&Y
TE A VIR R S0 GBI AR R H O 4.2 £ 0.5 g (W4 R DU B ik 4 1 AT B 17 1 x
10° cfu/g H4h 28 AT T SRt R U, JFIE 1 g 2B K2 ipiE AL
WEPE. HE B2 i) e vl v DL I TE AR . 85 R EoR, SR XA (R
BEMARD AR AR R Z R E (p<0.01), MIHER, FpElfKE,
TG RAMRGLR T E T EE (p<0.05). TESLIGAF, JHRER A BEAGE R B
PR 2 A, (H A R IR T e PR O B 2 22 5. S0 IRAHAR L, Seatdf 2k
Wl 9% A, 8 iz T8 S AR DT % 22 REAE SR 7K~ BB A P o i 8 2 T R D S
HEF (p>0.05), MIGTIRETM 0, SIS HFREREYI G AR R
Gl HTHBUE BEE RN (p <0.05). AT, HAh D) ReiE R I THECR WR 2% 2 7
(p>0.05), IXEELERERM, FETR ARG 28 AT A B 1328 = DU 48 S ik %)
) AR BEAT T8 {2 B -

KRB VUiE ok, BRAE ORI AEIERE: Il AR

REHE: T ALZARMEBERTERSHZOE AL ATE (2024-MRB-00-001), /%
ZERER
*HEIREE, TAR, ¥R, TENFWELY (ZRE) REAFRESAAERHAR

E-mail: wangzl@gdou.edu.cn
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B FRTEN AN RHEREN TR RIPHR
ik, ZEIE KT
PPGHERERE (R RARBE ), T 530007

FHE: AHEFE N A Bl TE TG B BP0 SGIV WG VER 2 B, 0T
S TE M T AR VR, AT R B0 i R SR A0 R A o DG S BB
2, iR, SERP O E R PCR HiR . JiaU4R AR AN WB 577 VA VAl 1% s A
Yoxt SGIV FIFUR B RCR S AE I . 45 REW, ZFAATFI E35 HAHL SGIV i
e, RIERFNE. EBAENMN G T EW 7556 5w H O 2F AW
(Bacillus amyloliquefaciens). Btk B35 HAE I B 248 KA1 2 1 RE
71, HEEBERRMER . T S IHEERE /7, 75 pH 4.0. 40%0#: BEAT 0.2%/H #
RIS AT AR MEOREE . ROV ESE 20 RE WP REUR, HEA RITH
WAt . BRR B35 ARG P o B << 0.5mg/mL I X A B AU 440 g
(Grouper spleen cells, GS) /LRSI R E MW, Hae LK B 77
] SGIV /4L E35 MW A EAEAEFH TR ERkL T, B3 N AR e R K Gmep)
MR A E (pl19) KIFIE (p<0.01). HEMBEIRERRRE (p<0.05). It
4b, E35 IR T4 SGIV B2 N (B, RS E MDD, Hrpoik
BT BN i . R, E35 i IR ATHT SGIV UK, HEFFIR N AR A2 /&K
TR, HEREFRCEETNE. AR SFHATRERE. 450, E35 K
FACEYX SGIV B RIFHIPURTRRCR, BB Z 4. SRt SGIV # i
LR LIS T .

R HOINSCA RN R MRIER AT BUREETE: ERALE &
Yoita 2l

RBHE: JAEEA¥EALTE (C %) (2026GXNSFBA00640001); |~ 77 & 4 FH 4%
AT T (GXYESS2025170); EX B #R ¥ £ 4 (32373175)

EAEE, FBE, F, B, BARR, HEARE, TENFEAFERERSAAE

Tel: 15676188062, E-mail: pfli2014@126.com
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FILEFERAREITERBIEAHRR
K, 28R
PR PR R, 1 KA AR S A S A, A T K
R 5 AR R TAZHE S0, o B S5 530007

WE., LAY ERE (Singapore grouper iridovirus , SGIV) & 47 B 1 7= 5 b A
faFE AR R EE N R 2 —, AP IR R E R AT R . HATE RE
re A AL 2 R0 SGIV IS . T TSR SGIV I ZH, ARBFFIRTT T
WAL A YIE LA R (Epicatechin, EC) 7E SGIV B4 rh i 1E I b FoAE FAMLA -
WFFE E SE D0 RS AR R A S e SE i E EC £E4H i Hp
frze 4 TARMREE, TR e, Sl 2t E & PCR &5 7Vl EC 7E4H
FZKTHIPT SGIV RUR, FFIEE AR SLIR gt — P30 EC MBUREEMER . RJ518
RS2 E B PCRY it N4l AR ZE 734 EC 51t SGIV B BB AN AR L o
ZERRIL, EC EARSIMNIR IS SGIV B IRFEEMRIPE PR B EH, & hE
Gy SGIV A BE 4yt A IG5, A A i f ) #00 JI R 2E 23 o 1 7 2
T, EC /Il 5 SGIV WaEAL A EAEH, P SGIV BLdmid 72 - i A
FE HIB BN SGIV YL, thAh, EC IBRERS HIT- R KRG <3 A (IFN,
TRAF6. ISG15. IRF3. IRF7. TLRO Ml myd88) HIZRik, Nifl5 4 EMIHH
TNF-afll IL1-BHIZRIE, H40H] SGIV 7 S 1940 i 12 & 3Pt SGIV IEH - 48 k.,
EC X} SGIV Af RIFHIPURTERCR, BA By E Rt SGIV (xik 25¥ & 11,
AHFFERTT R AT SGIV BT ANzl A B A i A 2454241k 1 PR BEAl

S FILEE, ABRATER 4 SRR BRI

KB E: EXEAR¥ELTE (32373175, S BAFE AT E (2024GXNSFFA010017)
*EHAMEH, T, B, L, XA, BLAERH, NEAFERESAAEANTR
Tel: 15676188062, E-mail: pfli2014@126.com
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KB THERR SPF Bfe T REMBERR
G, BEHk, mEPR, ORI, XIBIER
PR TR, )T A S B A T NS, P K
PR SRR BT AR TAZRF I 0, T P  530007

TR AT E R H 2K B M T SRR OIS RSt
TREE S YAFAEDUR TR 72« BRI PEZE . A0 # P SO IR OB AR L B b, 42
BRICA oK FIPUR TR0 BT o BRI, JFACHT YT 1 s SR 245 O g 2
RGBT R, 2T R K.

RGN — REE R A 7, A RSRA . mhe stk rIRE P Aee
Wi S AIRA & BFE LS - AERTIIRT ST AE s AEIBAEE T AHTS 50K, 20471 7 > 1000
P R S VE O DU R 8CR . RBL T\, . &k IR R
FHUIR 5 R 3 W 2 - Sas Ry o Bl e, DUZIRE RS AR O, B
BURZG A 12 SR 5 ThRE AT L, IR DUl K SR sl 2R 29 50R, 21123
AR “ AR RP 2 ) bR R B BRI R o iR R AL S
Pl AL, R HPUA BEER R B 2 25 B0R, AR RIS w8, 315
AP TE R RE T JEUR ¥ (SPF) o

R AR O B PRIEA I S B PO R T SR B R e 15 Kb
WA TZ, EP RSN ESR, BORaEL IR KR 30 KA
PG PE R A 70% Frf GE R RBVESRTEE 90% LA E,  BRINBAR TC s 2 9 Ji
(SPE) Al 4= L) Ak RIUBALE: & (0 B M 12 R SRR PR — 465 1
WL, AU R] 52 4F, 5S8R 4000 4375 o E KRR SCRFEAL, D3 [ Il i i
BORJEAN “ i — 8% KPR SRR T A JIHoR S

KA. wME: KRGk, Red; ERESEE; SPF

FEHE: BX AR FEALTE (32373175); EFXE AL X5 H (2022YFD2401200);
JHEAEELTNE (2024GXNSFFA010017)

EREH, FHE, B, HE, ARRA, HLASW, NEAFEHETSERASRA
EAWH R

E-mail: pfli2014@126.com
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BFRE3EFLRIBR T Wl AR (Epinephelus cyanopodus) ¥f
M4 PO R Y 52 7 B E AL 51
BRIgtE L, mbk Y, ks, S, R 2, &7HE -
LITHERE:, EaAleesalbe, RN 5100065
2 AHRARNEARHE o, RN 510520

WE.: S0 (Epinephelus cyanopodus) »&— M E BRI P s, H
X, BRFER/RZHEBRESERZ. BEELMIFHEENX M, FRFEFE ) AT
R, BIGnE E LSRG T ARV AR B AN S R R S B0 R A Rk,
R, TEEIRGI T IR A TR R R . AN SRR 6 h S i 52
(A Bt AT SR B, 40 00 S S AR AR ) PBS 22l (RC 4D AT 1 x10°
CFU/mL M 4E[CHNE  (Vibrio harveyi) (RI41), ALFERFTEN 0. 3. 6. 12, 24,

48, 72h (RCO0-72, RIO-72), HailXres o DR G e B2 | 4 R 1k R AE 4
R LML G B, R TC S AR DI B AR T RIAL A o JFF U B S 2H 3L 5 58
10,085 5 G B AH G DEGs, HH1 RI3 #1 RI6 41 %5 5€ %% DEGs. KEGG
P E R TR, DEGs T B EARSELR G 3 h A 6 h, XL H 32 BN % e
N AHABTE T AME R A ¢ . BB S PI3K-Akt. Toll FE5244K . MU T, p53.
cAMP. FoxO. MAPK 15 5@ g5 . iXLL@ % 1 DEGs 322 541 id T2 1M
5 (bax, bel2, casp3, casp9), WG RIERML (exel2y exerl illb. irf3+ irf4), fi
HUARTE N OSSR R AR S o B kB qRT-PCR 5 B /R# 3 h. 6h
o, WATS. RAEAHCEDR B E KL, Pl (SOD. CAT. GSH-Px). Hj&MN%
(ACP. AKP. AST. ALT) MHKEGERF 3h, 6 h 5 REXKIE, KLLLATLL
N 3-6 h A2 2 R4 B L G 28 2 O BN [

R A RUAPEf, RO R, RN 4HE T

RBRE: T 540 RNEFRFEREHFZOEAKXTE (NJTG-20260058 ,
NJTG-20240390)

EZEAN, BTE, BEHRE, HRATE: EREES, E-mail: 846874609@qq.com
*EWAEHE, F7IE, #HK, HF, L. E-mail:shuhu001@126.com

FEHE: +FEELERFEAQ025M772603); [ AR IR ALIE HEHO7 7 LW A F FE A
7 (2025-MRB-00-001 , NJTG-20260058); + [E - & % & v % J§ (& 7 5 7 & #| A T H

(CAMC-2018F); E X B 4% % % 4 (No. 42177262)
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Analysis of Genetic Diversity in Speckled Blue Grouper
(Epinephelus cyanopodus) Based on Whole-Genome
Resequencing Technology
HU Xueqin!, HUANG Yukun!, ZHENG Xiyin!, WU Jinhui?, HAN Chong and SHU
Hu'"

1. Key Laboratory of Conservation and Application in Biodiversity of South China, School of Life
Sciences, Guangzhou University, Guangzhou 510006

2. Agro-Tech Extension Center of Guangdong Province, Guangzhou 510520

Abstract: To assess the current genetic status of cultured populations of the speckled
blue grouper (Epinephelus cyanopodus) in China and to provide a scientific basis for
the selective breeding of superior strains, this study utilized single nucleotide
polymorphism (SNP) loci screened via whole-genome resequencing technology to
analyze the genetic diversity and population genetic structure of 90 E. cyanopodus
samples collected from six cultured populations in southeastern China.
Comprehensive evaluation of various genetic diversity parameters indicated that all
populations exhibited moderate genetic diversity with minor differences among them.
Population structure analysis revealed weak genetic differentiation among populations,
suggesting that anthropogenic introduction and translocation practices may be the
primary factors contributing to the unclear population genetic structure. Additionally,
this study identified a number of key genes associated with energy metabolism,
muscle development, and environmental adaptation. The findings provide important
theoretical foundations for the broodstock selection and scientific aquaculture of E.

cyanopodus.

Keywords: Epinephelus cyanopodus; SNP; aquaculture genetics; population structure

*EIMAEE, R, AK, TENFEFAREATHAR

E-mail: 15918723146@163.com; shuhu001@126.com
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FIRERASITBERAERENA T HREA3EA
UMmMMBMMm)WEEWQMﬂ
RN, BRIG T, S, REES, miET, fEET
L PR A R A 22 BE, AR 510006
2. JTIRAAMEBARME L, ARSI 510520

WE: AR (Epinephelus akaara) 7&K X /K= #2580V o A B s
MBI FRFE P2 — o SR 7R S B 7R L 20 A R T RNV £ 0 i Jod 2 o ik 77
SHREILR, X EAAG T AR A B IR P R 8 o AR AN AR A B
AREA (0.6 £ 0.1 mg/L) 1. 3.6 A1 9h Ja A LUEAT T AN . KEGG
BEMTER, ALY (Hy6 A1 Hy9) o, IL-17. HIF-1. TNF 1 PI3K/Akt
SRS TR EESE. QRT-PCR R B, HESMHEKEAE 6h F19h, A
FRE AR 5 RE AT S SRR R TR DS A BE R R A T BB AR AL . AR,
=FRTAIOSEE (GLU. LDH 1 PK) FIFIFh Ml o< (ALT f1 AKP) H7E 6
h f19h KA R EBLL, T 6-9 h &k pif B0 AR BT SCHERT 1. 458 B
R, XS R AR A B O T RE AU S S S AT M TR A AL
PO SEUIME FRY I 52 RGN o ANBF AL S 1 75 i B A3 B 2 PRI R TR L
HA BT IR IR S PR RIILE S

R : AP, R, Fsc e AT

FEHE: FEELERFEAQ025M772603); [ AR IR ALIE HE O &0 A F FEE AR
7% (NJTG-20260058 NJTG-20240390) ; + EH - KR B & Vv X B K ¥ 5 7 &% Al Al | H
(CAMC-2018F); E X & #4# % £ 4 No. 42177262)

EWMEH, F5F, #%F%, #F, TENFEFEXERETHAR

E-mail: shuhu001@126.com
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ET2EEAENFROMNLFISH (Mastacembelus favus) 1%
TR MRRIEF LR XY HARERGLEE
SRR, MR8, mRTE, BREE, ATHE
JUIMRE A d Rl B, TR 510006

WE. WU (Mastacembelus favus)ie— M B B G 5P B MK P I8 58 78 77
(g K s SRTAT, FCME R e WL AN B, 7™ B2 1 Bt IR G A Sl 4
il BRI R o« MR — [l L, ASHIE UM A H AR A a1 M A e
PSR RNA, 04 Rl 4 Bt 7 aRRAENF . @il ry) b
AT, LS E R 69 KR RIETS, BAKELN 445 kb, B TIXEFS, dE
TR T 2 AT PCR BT AR F V70 T HR 10 (WS 1 W14), BERSAESRA L AN T %
B T 100% ERH50UEBAE LR, UEBH T P SURH R -EPE 7 BE (XY) M
RIE RS RAE XML AR L M KR (Mastacembelus armatus)H I AR,
AFLRH O [ R A5 S e 0 8 IR EH B v ER) RSP M o S, AR 90 D X S0 Bk 1 1 A
PER S e 3R AL T AT AR A, IR T EE A BT S SRR A ) R
KPR ST, 17 Bt g ol 50 R e A 1) M ) ok i R 1 % € AR TSR A BT 98 S 3 1 3007 P AL

Sl SORI: AR RN MR TR AR

FEIFE : 2024 54 F & AR L Ak 3k 2457 B (2024-SPY-00-016,2022-SPY-00-017); -~
A BT R TE (2019B030316022);  + [E- % & F 4 1F % 4 (CAMC-2018F) % Bf
*EAEH, I, TMNAFEGHRFFR, &K, HF, TENFEREEFTHN

E-mail: shuhu001@126.com
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BeIA7 L, EERE Y, ROy, nffy L2
1. R R WA 5K 2208, Rl 5702285
2. KNI E TREWT AL 0, RS 570228

WE. BINa 4t (Carassius auratus cv. Red Cap Oranda) J& 18R, #F, 2
— R T B2 . R FU R R SR A N RS TR I AR, IO AT IE N
iR} A0 S A I AR B AR S M 0 B 5 B ki, AT FUAE IR TR T RGEPERY
YRR B EEHEAEY N 25180 (D BINa&arriEE2) 6 HigRinTik
PERGH, HAEIE BRI N RS AR AR RIRAS s FTAB 17 ey 1 DX PR 2= 74 1 e A
s (20 WEEJE AN =0, FEONEIRRAE 3~15 Kk, 28N 5 R, FTIRWZGT
(= SR IR s (3) et AE SMEVE /> TR IR 26 AN, FEIB BRI N 44T RS T R A2,
EAASE R HE, $oR B TR AE 518 B Y ARl 560 T R AE A (4 1
5—6 H BB eI 45 Mt (5 2 d RS 520 RS (51 50 it
ITEEENM, BHEGHEoR: FIRFEUNE 14594881 i, FERAKFN 147.3£93.7 uL,
FRHKE T L] 86.9%+7.6%, JFAL3E 68.2%+20.5%. iR&E FR B, F A5
oy A AT S S T < # ) v Rk S S A B N, Oy g N R TR T2 AR 2 ) SR
RN ORAF AT B fit 1 oo Rl 5 B S

R BTG Bl BRI

KEIE: EXREEH ZITXRA (2023YFF0724602)
*EIPMEH, iR, & AR FTA: aXERETSREEM

E-mail: yeding@hainanu.edu.cn
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2026 KPP AR S IAL TR ARLE 22
AP 4T T A& RN S E A RBE R AR RR

Zmfhl, &L fhokse 12
1. R R ZAUFIRAE Y SOk 5, G 570228;
2. JKPE AR OIS R A A, Wk s s, A E R R KA AT AT
B, AR 430072;
3. ERFE R IARROL R 2B, EERT 100049

WE. ¥or AR M (Epinephelus lanceolatus) #& BB 4 /K A2, 208
R B IHIRBE A . R, YA B MERE AT R, HEPESRASSRAT N M,
PR I 2P0l R o AR T Sedc s A B R ) AL S AR TE T AR B RS A ROR
TFRERG . B, M 7 IR BT, B0 BA SR XUk R e b
ARG, A 5 R A 1 B T o 2 W8 N IR R I R B I G BETT 11, 2 38%
METTEER G NIEKHEME . RNA P %5€ HH dmrtl < amh. gsdfs inha A igf3
JIRZ Uy RSP D AR B DB TR 928 PN 265 o B0 7 ' ST A8 AN B i e i AL
IMTEIR, zbth26 5 dmrt] 1EAEFHT ML S B ARG LR IA . DU ER Al
G e R TIE SEIG R B, Zbth26 R S5 E dmrt] JA BT TN X 3k, I
PAFR AR RO e %, $en AT 66 S 5 A2 Ji 40 M /A A0 5 R IE IR T2 1l o
EREEARTTM, AW TCTE T nanos2 FER € « Ik 70 #r S e e PUAR S 4
WG AE T 40 MBI R A7 P, A 1 ks AR Tl T AR R IR ORAE . B
I 5 A & BRI R o AL, BB ENL A A G AT B
DRI BR A L R HOR, M T 2T dndl iR A B 28 S HOR, 2
Kt RATET MM, SRIGVIP M. 25 b, ARBFFRERAL 17X iy A B
T[R4 s S A T 20 M SRR AL KD IAAR, Dhy by 2 T A 400 L % A 2 R
HHIHTVE B A RBOE 1 B HHEORILA.

R BT AP, EORERNE: PRGN, AR TR A

HENTE . E R E SH LT X(2024YFD2402500); % 4 & & 8 4 it X (ZDYF2024XDNY
256); [EH X B &M ¥ E4(32560892); ¥ w A F A B 2 4(XI2400010825)
R, A, ARR, TENFERABARATENETFEAAR

E-mail: yhsun@jihb.ac.cn
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FBEAR RUR AR R R ERBUNE  IBEEMS %A
FET
KPFR Y, VY, RITHEY, XIEM 12, FRR, iR L2, g 12
1. R RS 5K 2 e, HEREE T 570228;
2. R =R BRI, R = 572022

WE.: TRRCR LI E TR XIZ (Babylonia areolata) F5H A FIH A& I R 2L
m M OATHERIR, (EAMETR B EMELLES: ., B ELL, BRI 2R B
flEtT 5 B AR o AHIEFERIER T PTAEA AR B9 5 B AR 7 B AR 2 TR D 46 (S e Ak
RS, BALKATTER 500 R L EAMA RIS SR R #ER RSB . L
315 Rig R SR BHA R RITRE 60 d lI5E , K45 285 R/MAK BB A K 5REE
A, TR PR E & AR R B (feed efficiency ratio, FER) 152K & & (residual
feed intake, RFD) Z5:fi#5. FER 4 0.321£0.047, RFI A 0.007+£2.022; FER 5-°F
BIHME, e Em R e A KR R EE MR, SHEERRS MR, £
TRPRL R 3R 22 5 AR N A B B B N I RAF I AR KL 2 AN (] o 8 T DL S 19 *L
FAY 5 A JL DR 20 E ) A S SR AR IR AR 45 4 (1) VR B R VAR X 7 AN AR SR
TFRE AT R A KRBT, WIPHAT 20 AMEIE XS, ¥ 5 15 Mgk i g —F
HEHCE . Ik FER Mo MA, JFRIGEHR . ImiEEma . et
WA DIA AT VIR REY], &, SRR B H 2454
BRI AR Bt 8 FRARIAR R 0 TR T AR AE 2 57, W OB TR e 12
IR/ NIRACE . 85 /KRR % S B SR B . AR R T <k v
R B —8 A% B AL —Moim R A 2 H 2 T OB FUBE 2%, D7 TR U = T R
RORFN BRI g brid TF R OB i Rk B 1 (LAl

R PR NIR, TRICR; RiERE, BREfn; 24

KEBWE: B4 E S K (ZDYF2026XDNY173), B 5 & B4R £ 4(323QN197), E & &,
AR 7= b A R % (HNARS-10-Z03)

*EPAEE, RNE, BIHR, TENENXRRETAEEEAEYFRAR
B iE: 18759231721; E-mail: fengyu2022@hainanu.edu.cn
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Identification of Body Color-Related QTLs in Leopard
Coral Grouper (Plectropomus leopardus) Based on GWAS
and the HSV Color System
YANG Yang'->3, WANG Tong?, ZENG Leilei®, LUO Fuli?, CHEN Zhennian?>, CHEN
Jingfang'#*, MENG Zining® and LIU Xiaochun?

1. College of Fisheries and Life Science, Hainan Tropical Ocean University, Sanya 572000
2. Key Laboratory of Tropical Marine Fish Germplasm Innovation and Utilization, Ministry of
Agriculture and Rural Affairs, Hainan Engineering Research Center for Germplasm Innovation
and Utilization, Hainan Chenhai Aquatic Co., Ltd., Sanya 572025
3. State Key Laboratory of Biocontrol/Southern Marine Science and Engineering Guangdong
Laboratory (Zhuhai)/Guangdong Provincial Key Laboratory of Aquatic Economic Animals,
School of Life Sciences, Sun Yat-Sen University, Guangzhou 510275

4. Yazhou Bay Innovation Institute, Sanya 572025

Abstract: Body color is an important economic trait for leopard coral grouper, as it
directly affects market price. In order to improve the traits in leopard coral grouper,
the regulatory mechanism of body color is essential to explore. In the research, the
QTLs associated with body color in leopard coral grouper were detected using
genome-wide association study analysis with a mixed population. Meanwhile, the
HSV (Hue, Saturation, Value) color model was employed to quantify leopard coral
grouper body color as continuous variables. In the results, four candidate genes
associated with body color were found; these genes were involved in chromatophore
distribution, contraction and dilation, carotenoid oxidation, pigment cell proliferation

and development, and immune-related processes.

Keywords: Plectropomus leopardus; body color; GWAS

KENTE: BHAHETERFAF AL TEIE (NHXXRCXM202374)
*HEREE, Y, #HN, TENEFALRTEFH

mail: chenjfi@hntou.edu.cn
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SHFHRE S =RRTENAEKBENGRR
REOIL", FEIE, KR, KT, T3y, HERAK
WAL RS2 AR, LG 071000

WE: — IR T (Portunus trituberculatus) &3¢ B E /KRB LGS,
PR R YU FRIE R R AZ DR, HAMAR (R 22 e E R T HLANR H . A RS
ATV A R B I TREE LS, ASHI 5 LS DUAR A (7] M 2K 28 W o A KA A R
BEHSRA . EATAMREEEIT R ZHE T, HEGHL S ME . B
S HT AT RNAT TRELRAEREAT RGN . ASUEMEL IR, POEA KB RIVLLT 4k
MEAIIAR (2428.83+1461.56 pm* ) KERRIAAFE (6.12 Mul) 3552 & T 5
2 (944.64+444.53 ym?® F1 1.64 >/ul), HEEZE 1.57 55 2.73 /% (P<0.05), 2
RV 5 2ok S AL e 2 AR KRB A% OBl 0 =T, AR S oy
R DS IS RRE : BT LML 899 /22 Rk IR (FErp TR 5 PI3K-Akt
B R2I3ANEREN (EHET DNA Eil SEEAEERD; J5#5 % & 3 446
AN SRR (AR RS I 5 PPAR 15 5) K 127 2 578 1 (Notch 5 AMPK JB ).
PG 1 — D UE 148 Fh 2= AR, Jerb PR AR 20 9 5 R 107 IR A A 2R 1
F A T 2 PRV A L PR R Gt (CPT KAL) B Sk S350 ) Fif o B4 G
B3 T ik 5 67 ) — AN 5 AR R R A F 9 S 3 DR IE ) SNP (P<0.05). #E[a] JLER 1%
L8 il 2o R B8 B~ 22 4k B 2500 TR P 5.84%(148.34+37.85 g vs 157.54+31.62
g, P<0.05); AN I b 78 12K B M 5 P B AR U 4 U A 4 B 12 25 B2 T 29.26%
(203.63+23.09 g vs 157.54+31.62 g, P<0.05). AWl L4 F#BE0, %
i 1 Re A ARG TE & AE T S U FIRE RN AR K T 2%, I
e 5 2R KPR SB35 G R SNP S B LRI i o AN AR =R T8 1
Pric i B & P R DhRE MR R B A T B AR .

REBW: IR TEE: SNP; WIRAEK: 4%

WBHE: A& EAHLITKITE (21326307D)

BN, BRI, #K, EENFALEYREAASRY, ARAFTSHCERERLA,
A IR IR A SR A L R

E-mail:xjkang@126.com
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miR-200a/miR-141 FE$B 8R4 & (6 & R AGIFHEHL BT SR
B, ERH, BAER, WT

TR IMYE K 22K =225, T FEHT 2 453007

FHE: miR-200a/miR-141 /& miR-200 WKEMK 2 —, T % e 7E [k IR 57
xik, ZHMIRREREMBRERR. K& COA W 70IESE miR-200a/miR-141 7]
S R A G 5 2 5 3R e Fa S 1A 4%, {H miR-200a/miR-141 R4 (A
S 8 B R A B R P B T BE NS 28 . O T AT miR-200a/miR-141 7E47 LT
i i R ENLE], FRATE AN T miR-200a/miR-141 [ 28 KB . B
Ja, AR N EARA RNA-seq $0K, T @it 5 3 e H AR Z T 5K &R
J 2K A TUNEL M4 e 20 A SE 56 i3k — 20 1] B T miR-200a/miR-141 757 21 (5 44
IR P RSB . 455 IR, miR-200a/miR-141 765 & (L KA F1 20 (o
MR T A . ] miR-200a/miR-141 J5, 35 (0 25 4 M RN 21 €0 25 40 i 3
D, AR N R AR (A Z KB TR, SRR IEER A LAY
ke 5 FAHM AN B 2 A U OC B L R E miR-200a/miR-141 antagomir &b
HGWRIME FES . MR, BFEEERE TR (gp) Mz wEMEEA
2 (ubtd2) 7ENFIEIH T3 A #E miR-200a/miR-141 ##j5 & 2% L. TUNEL 5
R MR SIS E A HE—BIESE, miR-200a/miR-141 Bk fl A T 40 EIH T,
FHHORMBAL O RS, REFLOEOER. KHFRER T
miR-200a/miR-141 7£ 21 ¥ €4 32 40 M 39 5 A0 (8 s U0 & R I O VE A, 400 £
miR-200a/miR-141 2R B R AMFRE, FEEEREL T &% FEA SO 13 B
miR-141-3p 7ERE B AR 6T BRI HLH A BB R L, ok ar
WL RERR IR IR

REF: miRNAs; it @, mBR

HENTE: BREARFES (31402294, 32273149); 7 8 & K b R AT T A= f b A4 5k %
T H
*EAEE, BE, Bl#HR, TENEXTHWREF

E-mail: tianxue@htu.cn
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The down-regulation of miR-200a subfamily inhibits red
coloration through chromatophores apoptosis and aberrant
pigmentation in koi carp (Cyprinus carpio L.)

Wang Lenan, Shan Yashi, Wei Jiahao, Tian Xue

College of Fisheries, Henan Normal University, Xinxiang 453007

Abstract: miR-200a/miR-141 as a member of miR-200 family have been identified
conservatively expressed in skin involving in embryonic skin development and
organogenesis. Although miR-200a/miR-141 regulate epidermal homeostasis by
influencing keratinocyte proliferation, the functions of miR-200a/miR-141 in
chromatophores proliferation and coloration are still unknown. To address this issue,
we firstly detected the spatio-temporal expression pattern of miR-200a/miR-141.
Then, in vivo knockdown and RNA-seq were performed to investigate the
relationship between color phenotype and transcriptomic alterations. TUNEL and
immunohistochemistry assays were employed to further illustrate the critical role of
miR-200a/miR-141 in koi carp coloration. The results showed that
miR-200a/miR-141 was highly expressed in the tissues with abundant xanthophores
and erythrophores. Inhibition of miR-200a/miR-141 significantly decreased the
numbers of xanthophores and erythrophores, as well as the levels of carotenoid and
pteridine pigments, which resulted in hypopigmentation and a lighter color phenotype.
The expression of genes associated with chromatophore differentiation and pigment
synthesis also exhibited similar trend following the miR-200a/miR-141 antagomir
treatment. In contrast, the proapoptotic genes, including transforming growth factor
beta (tgf~f) and ubiquitin domain-containing protein 2 (ubtd2), were dramatically
upregulated after miR-200a/miR-141 suppression. The TUNEL and chromatophore
marker co-localization further demonstrated that miR-200a/miR-141 absence

triggered apoptosis, leading to a decline in xanthophores and erythrophores. Our

HENTE: BREARFES (31402294, 32273149); 7 8 & K b R AT T A= f b A4 5k %
T H
BWEE, BE, BI#HR, TENEATHWEeg g

E-mail: tianxue@htu.cn
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findings revealed the essential role of miR-200a/miR-141 in chromatophore
proliferation and pigmentation, especially in xanthophores and erythrophores.
Inhibition of miR-200a/miR-141 disrupts the chromatophore homeostasis, leading to
color phenotypic variation. This study is not only crucial for elucidating the
regulatory mechanisms of miR-200a/miR-141in teleost pigmentation but also for

exploring potential genetic improvements for fish color.

Keywords: miRNAs; coloration; fish; xanthophores/erythrophores
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nppc EAROEGF IR L B P HIFRIEMINERR
TS, ERB, KR, BFERTY, TREEN KBRS uEGT
RIS KK 0, MrH 2 453007

FEEL: K R R 3R H B K S P IR 2R, o O 2R A g - AN [R) A2 77 B
LB HAT, RO RRA R 2GR RIS AN e i A . T
R, CHIFAL (C-type natriuretic peptide, NPPC) & FI 4Nk Z 1K) — 5,
FEN L34 UN BEAN S s K o) 2L BH o b A3 SRR L, AE R 0 SR K D RE S T
VEHEEHLHIT M AS B 0 o ASHIF LB QRT-PCR ¥ nppe S 2 AR Cnpr] vnpr2
npr3) LK H RETAE & G I 0 B b iRk i, S REIR, nppe MRS
Kl Cnprl npr2. npr3) HWENFEARARYE (Vm) RiEERE. JEHFE
LIS N, Nppe EHEAWE G, PRI npr2 5 weel RIEERZE I (P
<0.05), JE LA RFEN cdkl . cenbl. cenb2. cenb3. pde3a J cdc25b
53 N (P <0.05). ELISA frill s SR EEA ML N cGMP & B8 34 T (P < 0.05),
YL CNP-NPR2-cGMP 52 1 £ K 11 28 75 I REAH A sk o 22 BT A S B IR 10
it — LA nppe H ﬁlfﬁﬂﬁﬁgﬂﬁﬁﬁﬁpmlﬁﬁm i3 RNAi H AT nppe
RRMRIE HEEHWTEIR, nppe-siRNA 2H GF-BEN &= b, ?ﬂ?&iﬁﬁﬂ
CITED ORREANA &5 bE B2 PR (P<0.05). HRAMF iR, ZRKRE

T EEETMERESIEE (Estrogen signaling pathway ). B 5 2 [ % 4 %,
(Ovarian steroidogenesis )~ cGMP-PKG 15 518 % (cGMP-PKG signaling pathway )+

LB BEACE (Retinol metabolism). 515 S i #% (Calcium signaling pathway )
Whnt 15 5 1# #% (Wnt signaling pathway ) .cAMP {5 5 i #% (cAMP signaling pathway )+
MAPK {5 5@ (MAPK signaling pathway). ZHfJET-2(5 58 #%. TUNEL ¥
027K, nppe-siRNA 4UBRLAH I BL B I T 5 5 . & BRI, nppe f£K
1 S O B 20 0 o A 4 e B 0 R RELT I R4 cGMP A O AE 5 3 B 5 M Y S
K

Ho AWTTRNERIT nppe £ K DV BGTH0 8 H h R Dhaefe it 7 EZILA, [
I 7R 7 AN [FD P N SR AT R B 0 TR e T — 2 B iR S % .

REE . K A, nppc; YIEKE; RNA T

KEIHE: EXBEKMFE4(32202899)
WIRESE, MEF, BlHR, TENFaRUFAESHN, BRXURLFTRRETH

E-mail:huifen liu@126.com
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AEK SR E X O IR RAALA R R
R
TE, WK, X%, T, A, R
WIS K2k, R 2 453000

WE: ARG AAE KT GREE X EE (Cyprinus carpio haematopterus) F-4:
VERE . AEFRAERR . JULP A BT R o TR B RE T, IRl LR KIS I HREER
N o ASHEFTIEEL 480 FEHTUGAR Ty 60 g 245 I 8, FEAL > A IRZH (3 cm/s)
A 1. 24 3bl/s (MRK/FD) KFACERZ, HE4T 12 FFRSKIR IR G 15 1K 12
Jo e AR MG HEIEDUAA . B HE5 b S
PIFRALRRE: 0T 3 bl/s 2S5 0 IAZH EAT VL S s AL A ik DR 2B B N R 58 DU /P %
qPCR %1l 255 EH, 3 bl/s 4G AR KRR FNIG B e fi iy, R LU IS, R4
JatE K Z R W R AEH L 1 bl/s F12 bl/s #8581 8 B 5T AL AE 11 (CAT. T-AOC)
G E Ty, PR T 2 3 bUs S TR BEE RSB KL, Hdda T
5 B A 98 BE R R IA, ROt FERI. 1 bl/s $RmINLAF 4% B . Rk T R
A w5 ( ZPUFA. EPA+DHA) & &; 3 bl/s 412 FER A2 il 245 K W e
w1 AFRE IR E IR T E RS . PRI, 3 bl/s 5 LA REE AR
4 CHEREfR. TNERRRACISSMEE) HIE, FrERE)E 2T X DNA H R & K 5
1R K] LOC109094644 F1 beorl] W7 731K o W 5 B K IR IE R e /KR S8
Ao BRI LIA) S BT T S s B AR ST AR AL T B R N S A

BRI SO, KR AR AREE; WLALGL T R WIEHE

REYFE: BXEARFES (31602149)
*EPH, TE, BHR, TENFBRAARFAELEEARBREETHAR
E-mail: hnnuwl@163.com
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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)
WU Limin, LI Yongjing, XU Yufeng, SHI Xi, LI Xuejun*

College of Fisheries, Henan Normal University, Xinxiang 453007, PR. China

Abstract: Steroid hormones are vital for ovarian development and maturation. The
enzyme 3B-hydroxysteroid dehydrogenase 7 (hsd3b7) catalyzes the conversion of
3B-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 hsd3b7 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 Asd3b7 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 (pcna 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 Asd3b7 might plays a regulatory role in ovarian
development and maturation by influencing steroid hormone synthesis and lipid
metabolism. This provids 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

87



2026 K EMIEAR L B MEARFE S

KORE MsAFP-1Ib ZEIE, RGHWEFTIESTH
b, SEAE, D, wHWE, SUER, B, TR
WIRITH K K2, RIS 453007

WE. NIRRT KO BYS (Micropterus salmoides) MsAFP-1Ib F:R4> THHAE. R4
BEAR OG 2R AR T BRI AR, ASHIE AT v B T e T OR DR PR R B
MsAFP-IIb, FHXTHFHNRHE. RGN R LALRRIEB AT T 0. 4R
BN, MsAFP-IIb 3 RF U 3EHE (ORF) 4K 534 bp, 4wl 177 MREIERR. 7
FI H 6 A 2R G e Ak 2> BT W, MsAFP-IIb ‘& 5 1% 7 51 5 K BH 2 R/ 1 58 gy
(Micropterus dolomieu) AFP-IIb ABALE B, SRR R, SLH 986 E & PCR
(qRT-PCR) #ail| 14 PP RIEE R I, MsAFP-1Ib 3[R 7E K B 14 AS2H4L
hFRIE, HhBHNAREERR, HRPREERIC. #—PHEER
(22°C) + 16 °CHI 10 °CAGIR B 251 MsAFP-1Ib B KIAEA R A 2 1 08
B, GREIR, SERAML, (RIEAHEZEHS MsAFP-1Ib 2K mRNA 3%
BT 7, R IAZ AR B B B PRIR S SR RHIE, TTRES K O B e
REME R, 28E, MsAFP-IIb NGRS SRPA R ARERLRE, L%
W RFAE itk — B T (P03 T AL SR R OK 1 R R AR A T DR A7 2 FH 2 1t
T EIR KR .

KA. KB, MsAFP-IIb; PikREA: (LIRIEN
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IIc
4
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MsAFP-IIVER R RikE
Relative expression of MsAFP - IT b

MsAFP-IIpEBERMRARE
Relative expression of MsAFP - II b

20E
4-
1)[I I I | 3r
9l ety 2k
6 efg efg efg fa =r 1
0 0
& I SPHC L H M K BL G B SKF GO 22 16 10
¥ Temperature 2C
1 MsAFP-ITBIM RIS 54
i S (MY s T - SP UM : HK G : L B2 ASJEK T MsAFP-TIbI) 43551k,
(AP : H GOME « M (ILAD : K GAYH : BL (L e KR IRALKE N IR A 15 A)g 7 EER
W : G (@) s B (i ;s SK GEBO ; F () ; GO RESRAE (P<0.05) .

(IR« REVNS TRASERBF (P<0.05) .
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KORFHEAEFRARIBAFEK, AR, EEEUR
FUMAIERFRNERRAR
DamA t, PAERR N ARt A AR, sk
1. VTR ITFE KK 2 B, T RE3RT 2 453007
2. GRURT R I WIIR A R A F], W EFHRE 459018

WE: ARARO R Y EAFERRKERE (RFD AEPAEK. WRERRE
S, ARSI B AR IR FE BRI 326 K 1 e 4 ) RFL R A, FEAR4E RFI
FAUELEE 7 % (HRFI, RFI{H& K, n=8). #' (MRFI, RFI &A% 0, n=8).
fF 42 K& & (LRFI, RFI{EE/D, n=8) MR HTEK. ARERIrER
e RILZHLhESLIG VAR E . ER, AL, FFALL. Bk b yidsAn
LR NN B 3570 8.3 72 57, HRFI ZH %)) 0 92 50 2R A4 8 8 21T LRFT ZH.(P<0.05).
ifi MRFI 20411 4 £ KA 5 5 HRFI 1 LRFI ZH LB EZE R, =M RIK
Gr KAy MIBIIAHE A B R E 2R HRFL A4 &g o H b = NEAUE R
[ i 42 F KT LRFI 4 (P<0.05). HEHEZE & T MRFLAL (P<0.05), =#%))
GRS NN RERERN. DEAERYTTREESR: ZHy @
MPUEALAE /) HREI>LRFI>MRFI (P<0.05), HRFI 240 BT I i) 68 S8 1k 4k
1Lt 2 25K T MRFI A1 LRFI 41 (P<0.05). MRFI #1 LRFI 2 [0 £ % 5, MRFI
21 £ BT P 1 ol R il 5% 3 = T HRFIL A1 LRFI 41 (P<0.05). HRFI A LRFI 4]
TZESE, SERFHR B RFL TAK . PIARBEEMHRAEE, 9§
IR S AR G =0 SR BTG RE 7)) E AL DA SIS [F) 5]
BRI, MR R AR T B RFI PRR B R IR 25,

REEE: FIRREE; MM KOERE, e

WEITH: MHLR KA (262102110075); 7 #H 4 F# 8% (HNFZ20251518)
F—1EH, TBHE, &, AthiE, ARFTAAADEZHEARREEREERE
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A AARGHBET R R S X REFRC R R Z iR
Wb, IE, LR WA, R

TR IMYE K 22K =225, T FEHT 2 453007

WE: KO E6TEEITR% & (Largemouth Bass Ranavirus, LMBV) & &% KM
A (Micropterus salmoides) F75E = MV 1) B B 5400 I, (H A RIAMAR U RE
DI S WAL AR MENT . R TR R ETH0 LMBV MR I I8 A% ) 50 42 30 %
WEFRCFIEER, A0 70 R A LMBV-23PY Btk R M EE k5, 45 & 4k R4 s
J7 A0 4 DR 20 B 0 T 7 VR TR IE BT LMBYV AR SR AR DR i 56 IR . AR Mo
JRIIAEER, N 146 RRAMETTRILIRG 72 B 5 AR 74 RIUR A 146
JRA R (1 e 5 DR 21 S0 P Bt 20 7™ i o Rl e, JEERTE 877,262 N i R SNP
Al InDel 22575 A 6 g3 (AL QIR AT AR A, 23Sl X Ui/ 5l — 73 SEPEARAN
FAE I TR PEIRBEAT RI0A . SRS 3RG 32 5 LMBV HUPEA RN iE bric ;

XHEGEARICMIE 100 kb P FIEAT HL RERE, SE3R1G 72 Mk 5L, Thfg s 4R
ORI, XL K S 5 R IR SR AR AS . G RIS R DA R S R A A%
MRV IR, GSTT3L. CGRP2 I NPPC [H LA S L B 15 R 7 2 G e i
B2 BV EAE L, R O R IR . ASHIE TR s 1K RS LMBV 1%
IRIEAL PG, 37512 3RAF 1 32 Mgk bric & 72 Mg B B, 45 RN 5 841 LMBV
PR B 7074 B & ORI 388 4% AT 32 Bt P 1R L il

KA. K BOUETR S, A REAKBAN TR RSN

WBITE : AriLd RAKFRRA CRERH IR AL EEABE LR E) FHRA
(ZJK202505)
F—FH, BN, &, MEAERE, FRTEHIAD RS TR
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Heritable absolute DHA content enables selective breeding
for enhanced n-3 LC-PUFA in common carp (Cyprinus

carpio L.)
HU Xuesong', LI Chitao!, SHI Xiaodan!, ZHONG Dawei'?, JIANG Xiaona',

GE Yanlong!, ZHAO Xinyu!', ZHENG Xianhu' & JIA Zhiying'"

1. National and Local United Engineering Laboratory for Freshwater Fish Breeding, Heilongjiang
River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070

2. College of Fisheries, Tianjin Agricultural University, Tianjin 300384

Abstract: Increasing the content of n-3 long-chain polyunsaturated fatty acids
(LC-PUFAs), specifically eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), in fish fillets via selective breeding is a major goal in aquaculture. However,
the phenotypic measurement of these traits remains challenging, which limits the
efficiency of traditional selection. Accurate genetic evaluation is therefore essential
for breeding programs. Here, we evaluated the genetic parameters of n-3 long-chain
polyunsaturated fatty acid (LC-PUFA) content (including absolute and proportional
levels of EPA and DHA) in disease-resistant “Longke 11” mirror carp using 141,052
SNPs. The heritability estimates were low for absolute EPA (4% = 0.08 + 0.05) and
moderate for absolute DHA (4*> = 0.19 £ 0.06) but substantially higher for their
relative levels (> = 0.36 + 0.16 for % EPA; h* = 0.44 £ 0.16 for % DHA). DHA
content was the key determinant of total long-chain n-3 PUFA content, demonstrating
a strong and positive genetic correlation with EPA+DHA (r; = 0.98 = 0.03). In
contrast, EPA content showed no significant correlation with the total pool (r; = 0.11
+ 0.72). Notably, the genetic correlation between fillet weight (FW) and EPA was
strongly negative (-0.96 + 0.32), but that between FW and DHA was weak (-0.10 %
0.35). Neither EPA (r; = 0.31 + 0.36) nor DHA (ry = -0.18 £+ 0.31) was genetically
correlated with muscular fat content (MF). Conversely, their relative proportions (%
EPA and % DHA) were strongly negatively correlated with MF (rg =-0.75 £ 0.19 and
-0.92 £ 0.09, respectively). Taken together, our results support that selecting higher

absolute DHA content increases n-3 LC-PUFA levels while maintaining growth
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performance and MF-related meat quality in this population. This strategy provides
genetic insights and a practical framework for increasing the levels of

health-promoting n-3 LC-PUFAs in common carp.

Keywords: Cyprinus carpio, n-3 LC-PUFA, Heritability, Genetic correlation
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X8 GARER ¢ XMERE § ) EENERFFEIIEN S
L5 HR
ZEE, EAE&, EEN, KT
o L K B T 5t SRR P T, SRR AR ¥ K i 2R b 55 % 90 B 28 % i . R S
e, BRILIG/RIEE 150076

WE: AW B EIE 5w S /MK A 7 A 63 B A AP i 2H 2] 22 AR
) TR FLHEAT (5 5 T B B 4R 20 M LA I8 B2 Wi 12 B0 g 1) S B A P A 2 e
A PRARE IR . AT TR R 90 R AL TV B (R MEPE 2 52 3 Mk GAIREE Huso
dauricus @ xJiti [K#F  Acipenser schrenckiid) 1R} YU E J5 vHAEAIXT UN 8 R % (op
HARE) , 8 SCHXTONE REUNT0.15 9 IRETE /1 ME, RT-0.200) 5 256 1
A AR ES IR B S AR BT ) B AR R, SRAE UYL AH L AT AR RE )
R 22508 SRR, SARETE AL, w5 5HE 77 24H 558 AN AH Xof 5 2
RERERET6.92% (P<0.05) , UHIAIREBE K ARES B 534K,
PE /AR ST 1 A R A BT N S A St 2 5 B 148 AR, o 322
PR MR B/ ZE G  7rT AR AT LA BRI &Y. T %
SR G B, AR AE /AR ) 4H 2 (A1 3L T4 5 B 11 R 22 AR,
Sl E T RN . ARSI AMEL, =SEEAMEIE S (O 4R
B2, 4EAEmB2. WASKE. MR DAL B AR LR 22: 65585 2 AU B 3%
T (P<0.05) o B JE X2 F R IEAUHAT @R & £ 0, KL R AU
S EE CRFR MR RACH . “B- BRI A4 S AR A SCl Bg (<4
A BRI <4 AR R TH S RO B R AR (R4S IR EE PIE 53 51 290.0019
0.0247. 0.0001. 0.0004> . Fi4hKI, ZRAWWIRE S 514%AEE,
HEM L] Xt T4 A8 6 B0 ) A R ORIV E R « AR FTA10 ) B 1 5 i s A 2
ACHF 7 R IR B S8R 7y 15 S B ER T 1 e I ) R B W ik A AR A,
XK g FL 138 v T ) A S RS A AR B

REE s, ldlss BT AR EY)

X4TH: BERARKLF U EAKRZITE (CARS-46); # E A& 5 70 g £ AR B AL
% # I H (2020TD56)

& EAN, FERA997-), F, WL, BERAR, AR T NGEEEEAERATES
#H A . E-mail: liyutao@neau.edu.cn
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BHLIEE NRF2/GPX4 X SR A K240 &
R AR KRB B R R
ERA, THE, W, TRE, EEE, SRR, ke
Hh K= R T B SRRV K =TT, SR ORTLIE /RIE 150076
FEE: JKIR T K™ FRGE S T PR 2 Sl il Ty e PR A 18 1 A S )
HEFRZ —. APFRIKERNREREA (C, 18°C). #MMIMAH (R, 28°C). X
MR FE A AL (S, 18 °C+5 mg/kg Se) FIHN A HLAZL (RS, 28 °C+5 mg/kg
Se), TAA LA A R4 A KPERE . ImiE A ZUEA . NRF2/GPX4 Hiid i
WA pIE RS . S5 RKR A, 5 R AM, RSHALRKE, HEHEE, fig
A KRR I 103.53 gv 27.50%. 0.808%/d F1 81.4%F =i % 110.79 g-
36.41%- 1.034%/d I 89.5%, THkI A% 2.04 [ 1.78, RKIAG ML A #7322
fre RS G| EE  AKAH . HE e BoR, R AHMISEAmAMMmEL. |72 L%
vk Shgh it mnihs A F A 233l RS AU nl WARB4F A1 _F v, s
AR BE 56 2 WK B i HLIEAS AR 38 NRF2 1 GPX4 Ho5% [ B
A WU AN 78 T30 R 45 5 - 16S tRNA T 7, #USIIAR #E Proteobacteria
Enterobacteriaceae Al Plesiomonas fL# .. Plesiomonas 57K 5. 2 L HLox 1%
G U 2 P AH 9% o RS 41 B Akkermansia 5 =F 5 7 f: B Bifidobacterium .
Dubosiella. Muribaculaceae 55457~ 77 REE HFLIRA . Akkermansia 7] B fif 2l 25
IR HRBORIERESS, HIbSin 8 A S KA E Y Bifidobacterium FJ il
it bifid shunt # 2 FobE RV AN SR MNFLIEE ;. Muribaculaceae HA 2 BEH H
KL R /KRBl , WTRES S 208 R IOREBE P Ad . MR =, A LA AT
I ER 3PS NRF2/GPX4 AH R E AL B I B B i B 2, G ik IREs %)) £
TANLIHHE S TE A -

A AR, HHUG, PNV, BIERERE; NRF2/GPX4

X4TH: BRIARRLZ W HAKRZATE (CARS-46); B A F 55 52 Ix & AR b
% %I E (2020TD59)

& E/, EENA998), F, Hit, BEHARXR, AR TG EELALERATER
A . E-mail: lianyingjie@hrfri.ac.cn
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ww BB/ ME S R TEZ PRAVEIE S 5T HLH

F#AER 2, AmEEE L, A2, gk 2
1. A E KRR 7 B BT K P2 T, B TL RIE 1500765
2. BRITA A KM TR N B R E ST s, BRI /RIE 150076

WE . 632N G 2 I 75 S AU e O R B2, T WW RS £
VEN R MEE M IIAZOSEA, e RE Z I 1K O B RS HI Rl R OB At 7T
PSR E M/MAET (Acipenser ruthenus) WitZ R B AR R IR E, RET
ZZ. ZW Rl WW =FhEER AR, JEMARIEZ. SN, DNA FEEAL S =%
MR LR T 5 H Bl 22 57 . 100 R IR S50 o, WW ARG RN 64.2%,
BERT ZZ F1ZW B (5°8 94.2%). WW BUFFARTN — (MDA) A2t H ik
T EAYIEE (GSH-Px) /KPHET 2Z f1 zwW Y, ey ELE (SOD)

HEMERE (CAT) EEZFZER (P>0.05), $#/n WW BRI &b e
%%A,Hﬁ?ﬁwgﬁi B RN . =R RI ALK DNA F R4S RS St
ByAriE e R (PCA) BHRIX 4y, Hr, f64 PO ERAR B % 1) PTGES
FERAE WW B o (i BE DR A B B K 2 3 IS (P < 0.05), H: mRNA ik &R
wWF%J%?ﬁ%é%%%ﬁwﬂ% T SR % DR ) PR AR S SR 8 R

o [HIF, BRIET-IE AR SHE N GPX4 M SLC3A2 £ WW AUrf [, PTGS2 Al
PTGDS N, £i b, WW BUEIMEh plih 52 B nT BE S5 1 G (0 070 & e i 51 iR I
RIBESCEH G, EFSCETH T A VUGEERARE, Il 7 g Efk, I
W TERIETER . EIRRBUNMAT WW BB RS 52 IR 4 LRI B E T A
fill, FERFAEAERE ST BB o R P20 T E T FildE £

REE: MR E: Mt DNA FEAL: B4l R4 DUmmRCH
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ET SWEF517)1BE T ek BRERAN S

B2, DS, 9KER S, sk, EAH, &) E
1 [ K= L 22 5 B AR YLK P2 FURT, B e VLA VA 7K I 0 b ot B 5 % 38 77 3 7
SRR, BIRVTLIG/REE 1500705
2RI R A a2 e b, 1T KE 116023;
3. e RS K S A aE b, B 200000

WE: RIS ERFOKE B TR E WA K 28 )1 BT 2 (Hucho
bleekeri) AN[FZHZR A EUR AL 5 SLE0m BRI . SRAEN | Bt B b ik Ju 41 5 AR K
G B e LA FFEAD AT ZHEA . R IRARE -4 (H&E) Je % e 441
DR BR85S A FEARBAT IS T, IO RAR A
FP (DEGs) #HATHE KT IAF . H&E Yt TR, KRGS bk L B 4
BREVE . IR SR A I S AR BE 2 SRR ] B, DA LI £ 2 2 70
M. 2R, BAE R WUAL JFEEANE 73 0% 3% 399 387
453 F1 461 1~ DEGs. %072 AR 3= B0 45 R 25 5o B 5 A2 R AR U ) i 1 — %
M JREF-5-BBERR, /T FRERMEMMARER B2, 6B-AIFIRIA R 11, LARZHK
FLRAENR . X2 Ay T REEET ABC fizfEH . FoxO 5 5iEE .
WAL - R LA RAR- B2 R RIEETI T2 )2 mTOR 15 5@ 855 . qRT-PCR % 1iF
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Establishment and Characteristics of the Spermatogonial
Stem Cell Line from the Yellow River Carp(Cyprinus carpio
haematopterus)

ZHOU Huijie">*4, LIU Tiangi'*?, ZHANG Tan'?3, SUN Zhipeng!??, XU Huan'>3,
ZHANG Tingting">3, YIN Yashan!>33, LI Na!>*3, YAN Ting!>**, KUANG
Youyi!?3*

1. National and Local Joint Engineering Laboratory for Freshwater Fish Breeding, Harbin
150070
2. Key Laboratory of Freshwater Aquatic Biotechnology and Breeding, Ministry of Agriculture
and Rural Affairs, Harbin 150070
3. Heilongjiang River Fisheries Research Institute of Chinese Academy of Fishery Sciences,
Harbin 150070
Abstract: The traditional breeding methods are often time-consuming and inefficient,
which poses challenges to the sustainable development of the carp aquaculture
industry. The establishment of germ stem cell lines offers a crucial tool for the study
of germ cells, genetic improvement, and species conservation. In this study, we
successfully established a spermatogonial stem cell line (YRSSCs) from Yellow River
carp (Cyprinus carpio haematopterus) that can be cultured in vitro for the long term.
We optimized the culture conditions to maintain their self-renewal and differentiation
capabilities. The results demonstrated that YRSSCs have a diploid karyotype and can
stably proliferate for over a year. The cells exhibited a typical germ stem cell gene
expression profile, with strong expression of the vasa, plzf-a, and Oct4-a genes.
Additionally, this study found that YRSSCs possess the ability to differentiate in vitro
and functionally colonize in vivo within recipient bodies. This research explored the
establishment of YRSSCs and their differentiation potential both in vitro and in vivo,
providing a novel strategy for the genetic improvement of aquaculture fish species

through germ stem cell-based gene editing and transplantation technologies.

Keywords: Cyprinus carpio haematopterus; gonad stem cell culture; spermatogenesis;

in vitro differentiation; transplantation
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CiATG13 induces autophagy to upregulate CiHSP70 and
promote GCRY replication: a molecular target for breeding

hemorrhagic disease-resistant grass carp
JIANG Yanxia!, WU Li!, LI Junhua'*, LIANG Xinyu'-2*
1. College of Fisheries, Hunan Agricultural University, Changsha 410128, China
2. Yuelushan Laboratory, Changsha, 410128, China
Abstract: Ctenopharyngodon idella (grass carp) is a major freshwater aquaculture
species seriously threatened by hemorrhagic disease caused by grass carp reovirus
(GCRV). ATG13 is a core autophagy initiation factor, but its role during GCRV-I/II
infection remains unclear. In this study, we cloned CiA7G13 and found it highly
conserved, sharing the highest homology with Chanodichthys erythropterus. Using
RT-gPCR, Western blotting, fluorescence microscopy and CRISPR-Casl3d
knockdown, we investigated its expression and function. CiATG13 was widely
expressed, with the highest levels in liver, brain and heart, and was upregulated by
pathogen-associated molecular patterns (PAMPs), such as poly (I:C) and
lipopolysaccharide (LPS), and GCRV-I/II infection. Overexpression of CiATGI3
promoted GCRV-I replication, while knockdown inhibited it. Mechanistically,
CiATGI13 induced autophagy and upregulated heat shock protein 70 of grass carp
(CiHSP70). CiHSP70 promoted viral replication, an effect blocked by quercetin (Qu)
through CiHSP70 inhibition. Autophagy inhibitors chloroquine (CQ) and Spautin-1
reduced GCRV-I replication, cytopathic effect and CiHSP70 expression, and these
suppressions were partially rescued by CiATG13 overexpression. This study reveals
that CiATG13 facilitates GCRV-I/II replication by mediating autophagy to upregulate
CiHSP70, and provides a potential target for controlling grass carp hemorrhagic

disease.

Keywords: Grass Carp, GCRV, CiATG13, Autophagy, Viral replication
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CiOXRI1 restricts GCRYV infection by suppressing oxidative
stress, apoptosis and immune signaling: a candidate gene for
molecular breeding of disease-resistant grass carp

Yanxia Jiang', Li Wu!, Junhua Li'*, Xinyu Liang'-2*

1. College of Fisheries, Hunan Agricultural University, Changsha 410128, China
2. Yuelushan Laboratory, Changsha, 410128, China
Abstract: As a pillar fish in China's freshwater aquaculture field, the industrialization
process of grass carp (Ctenopharyngodon idella) has long been affected by grass carp
haemorrhagic disease caused by grass carp reovirus (GCRV). To identify new
antiviral targets, this study focused on oxidative stress response protein 1 (CiOXR1)
and its functional mechanism. The full-length cDNA of CiOXR1 was obtained by
RACE, with an ORF encoding 258 amino acids. Bioinformatic analysis revealed that
the CIOXR1 protein contains the TLDc domain, and it is highly conserved and most
closely related to OXR1 of Chanodichthys erythropterus. Subcellular localization
showed CiOXR1 is widely distributed in the cytoplasm. Expression profiling
indicated the highest abundance in brain and heart, and CiOXR1 expression was
significantly upregulated by GCRV infection as well as by LPS and poly(I:C)
stimulation. Functional studies demonstrated that CIOXR1 modulates host antiviral
immunity by inhibiting multiple key factors: it alleviates oxidative stress by

suppressing SOD1 and SOD?2, reduces apoptosis by inhibiting Caspase 3 and Caspase
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9, attenuates inflammation via IL-6, IFN1 and IFN3 downregulation, and regulates
immune signaling by repressing IRF3, IRF7, TBK1-STING pathway. These effects
collectively restrain excessive immune responses, thereby effectively suppressing
GCRYV infection. This study reveals a key regulatory role of CiOXRI in grass carp
antiviral immunity, deepens our understanding

of fish immune regulation, and provides a molecular target for precise drug design

against grass carp hemorrhagic disease.

Keywords: Ctenopharyngodon idella; Grass carp reovirus; Oxidative stress response

1; Oxidative stress; Excessive immunity

102



2026 K7 IR 5 A AR 2
ET M7 e AR E & R AR R TR

FUA 123, Al 123, ZRHRIE 129, EATALIAS, 12
Lo AR, Kb 410128;
2. RIS E, Kb 410128;
3. WA R K BHER H TR AR L, KD 410128

WE: Lok, B IR 0 & 35 S B0 T dn Fi K R = O oy i) 2 3 £ SRR b
i B JE I S B S . A AR FH ELISA. Western blot 254 A KT 2 71 JiR
FSEARIMIFEH C3. Bfy MBL. LZM %556 RGP 73 13RIEKT, RIMKILHE A
SRATEAR I S R A % 73§ IR B 2R iR 56 RIS o) T 476 RiE
PR S A REAAR R N AT 20%) B(H 20%~80%) C( 20%)41, FE7E4H N %
FASAFHA R FAR . FL AP A0 Bk e s ia 45 R R, B AR ARG AE T
RRERS 1AL L, RFAEET MG &P a” fabrik B fop AR RS &
PR X 1521 BRILE A SEAIATEN T, LIRS 300 &5/ E & SNP fif
sio LD ZE BEARZEM ROB ik Z R TR B, A AU S R Bk 2 (R AE
IR SR . NI SEARTEARGEAT S A B, i foie” PR 32 %
WRMARE., BT ESHES. RERE ARS8 5 R0 R 55 D) g i .
AR 2o A1 %52 B LIk & TR 550 B P Hh 22 5 11 93 R ARia, ok
L-AEMAE B 4UEE TR B35 R R 2 KM EE, 1l 6e& AP 111 %
AR . fEFRREN RIS P, B R TR R R KR T
A TR, FRBEE R E S o A TE R B R S R A g 4 T R KT
RISEA R AL P B 70 S o AR KRR EAR I AR, Bt i & M fben i 2 it
RAEFI A B

R Ff, FAWR; PURER; MG RRER, SRAER

KB E: EE A SRS E 4 (U20A2063, 32302993); E R AZ KA &= AK R
(CARS-45); #F & B AR ¥ E 4 hF F 4 IUH (20251140023)

AL, BEX, —F#HK, TENFEEFERR

E-mail: tyxiaol 128@163.com

103


mailto:tyxiao1128@163.com

2026 JKFFAEMEAR HRUE M ARFES

Characterization of a collagen-secreting fibroblast model
from the calipash of Pelodiscus sinensis: insights into quality
traits

XIE Yi-ming!, CHEN Hai-tai'!, CHEN Xian-zhuo!, ZHAO Xiang', HU Ya-zhou',
WANG Xiao-ging!, XIONG Shu-ting'™

1. Fisheries College, Hunan Agricultural University, Changsha 410128

Abstract: Type I collagen critically determines the texture and palatability of the
calipash —an important quality trait— in Chinese soft-shelled turtle (Pelodiscus
sinensis), yet the molecular genetic mechanisms governing its synthesis and
extracellular matrix (ECM) remodeling remain elusive due to the lack of in vitro
functional models. In this study, we established and comprehensively characterized a
new fibroblast cell line (P. sinensis calipash fibroblasts, PsCF) derived from the
calipash. The cellular origin was unequivocally verified as P sinensis by
mitochondrial COI and NADH gene sequencing. Karyotype analysis revealed that
PsCF cells maintain a normal diploid chromosome number (2n = 66). PsCF cells
exhibit typical fibroblast-like morphology and grow optimally at 28 °C in DMEM
medium supplemented with 20% fetal bovine serum, and have been stably cultured
for more than 40 passages over 16 months. PsCF cells demonstrated high transfection
efficiency across multiple reagent systems, enabling robust exogenous gene
expression (e.g., EGFP). Notably, immunofluorescence and hydroxyproline assay
results showed specific expression of the fibroblast marker Vimentin in PsCF, and the
collagen content in the cell culture supernatant increased over time, confirming active
collagen secretion. Meanwhile, strong expression of type I collagen COL1A1 protein
was detected by immunofluorescence and WB, further verifying its ability to secrete
type 1 collagen, thereby validating PsCF as a functional model for ECM dynamics.
Interestingly, the cells exhibited high susceptibility to P. sinensis Sindbis virus, as
evidenced by typical cytopathic effects, efficient viral replication, induction of
immune-related genes, and a high viral titer, making PsCF a sensitive model for
host-pathogen interactions in aquatic reptiles. Collectively, this functionally validated

model establishes a versatile in vitro system for functional genomics studies, not only
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provides critical insights into the cellular and molecular genetic basis of ECM biology
and collagen secretion but also facilitates the identification of key regulatory genes for
molecular breeding and genetic improvement of calipash quality and disease

resistance trait in aquatic reptiles.

Keywords: Chinese soft-shelled turtle; Calipash quality traits; Fibroblast cell model,

Type I collagen; regulatory mechanisms; molecular breeding
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The study on artificial reproduction technology of
Onychostoma lini
ZOU Li'?, XIE Xuan', XUE Tianxiang', LI Shaoming', HAN Linmei!, YAN
Hongting', XIE Zhonggui!, LIANG Zhigiang'
1. Hunan Fisheries Institute (Hunan Aquatic Foundation Seed Farm), Changsha 410153, China,
2. State Key Laboratory of Developmental Biology of Freshwater Fish, College of Life Sciences,

Hunan Normal University, Changsha 410081, China

Abstract: The Onychostoma lini is a precious and rare freshwater fish. The key
technologies of fully artificial reproduction of the Omnychostoma lini include
domestication and cultivation of its parents, artificial induction, artificial incubation
and other related procedures. This study collected Onychostoma lini from the
Yuanjiang River system in Huai hua, Hu nan. After morphological and molecular
identification, the fish were cultured intensively at the Hong jiang fishery and
artificially induced to produce F1 generation Onychostoma lini. In early April 2024,
observations of the gonadal tissue slices of F1 generation Onychostoma lini showed
that the development of the ovaries and testes tended to mature and had entered the
late stage of IV. The F1 generation Onychostoma lini reached sexual maturity after 3
years of cultivation, and the effective accumulated temperature for gonadal
development maturity was (22172.44 + 251.88) °C- d. The ovaries of Onychostoma
lini in stage IV contain oocytes of phases II, III, and IV; The area proportion of
oocytes in phase IV is 72.0%, phase III is 27.6%, and phase II is 0.4%. The stage IV
testis of Onychostoma lini is composed of sperm lobules, which are filled with sperm
cells. It also contains spermatogonia, primary spermatocytes, and secondary
spermatocytes in the edge of sperm lobules. When the water temperature is
16.30~16.71 °C, using twice injection method to induce the mature fish of the F1
generation Onychostoma lini, and the injection dose is LHRH-A2 11 p g/lkg +HCG
1100 IU/kg + DOM 5.5 mg/kg. The effect time of female parents is 15~16 hours, and
the induction efficiency is 95%. The effect time of male parents is 12~16 hours, and
the induction rate of male parents is 100%. The fertilization rate and hatching rate of

artificially Omnychostoma lini embryos are 89.1% and 72.3%, respectively. The
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fertilized egg of Onychostoma lini is light yellow in color, absorbs water and swells,
and is a slightly sticky sinking egg. The embryonic development time is 55.5 hours,
and the total accumulated temperature is 919.58 h-°C. Each female individual can lay
5000 to 8000 eggs, and a total of 106000 offspring were bred, a total of 82000 larvae
were obtained. The effective experience gained from the research on the fully
artificial breeding technology of the Onychostoma lini provides reference for the
large-scale breeding of Onychostoma lini and the restoration and development of wild

fish resources in the future.

Keywords: Onychostoma lini; Artificial reproduction; Embryonic development

KHETE: #EE R LA HAIHEA (2025CX82); HE A A= #E AKZ (HARS-07);
R RATH FLTAH AR FTRITE HRREH (2023) 449 5)
WIRME#H: £F%. E-mail: liangzhiqiang@163.com

109



2026 JKFFAEMEAR HRUE M ARFES

Multi-omics reveals gut microbiota shifts and hepatic
metabolic - immune alterations in “short-leg” malformed
frog (Pelophylax nigromaculatus)

Dan Zeng !, Qin Qin 2, Ming Yang ?, Zi’ao Wang 4, Jianguo Xiang 2, Xiaoqing
Wang 2 and Yazhou Hu 2*
1. College of Life and Environmental Sciences, Hunan University of Arts and Science, Changde
415000
2. Fisheries College, Hunan Agricultural University, Changsha 410128
3. Jiangsu Coast Development Group Co., Ltd., Nanjing 210000
4. College of Animal Science and Technology, Hunan Biological and Electromechanical

Polytechnic, Changsha 410127

Abstract: Amphibian malformation syndromes significantly impact both
conservation efforts and aquaculture, yet their underlying systemic pathophysiological
mechanisms remain poorly characterized. This study comprehensively examines the
multi-level pathological processes associated with the “short-leg” malformation
syndrome in the black-spotted frog (Pelophylax nigromaculatus) using an integrated
methodology, encompassing morphological, histopathological, gut microbiome, and
hepatic transcriptomic analyses. Affected frogs demonstrated shortened limbs,
impaired motor function, and a distinctive metabolic phenotype, including increased
body weight despite a shorter body length, accumulation of visceral fat, and shortened
intestines. Gut microbiota analysis identified significant compositional shifts,
characterized by a decreased Firmicutes-to-Bacteroidota ratio, expansion of
pro-inflammatory Proteobacteria, and reduction in beneficial Actinobacteriota,
suggesting microbial niche restructuring that likely promotes metabolic and
inflammatory disorders. Hepatic transcriptome profiling revealed 2617 differentially
expressed genes, demonstrating a clear molecular dichotomy with concurrent
up-regulation of immune-related pathways (e.g., neutrophil extracellular trap
formation, complement cascades, and inflammatory signaling) and broad suppression
of metabolic pathways (e.g., lipid oxidation, nutrient absorption, and PPAR and
renin—angiotensin systems). This integrated analysis illustrates that the malformation
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syndrome represents a systemic pathophysiological state involving dysfunction of the
gut—liver axis, characterized by the coexistence of gut microbiota alterations, hepatic
metabolic suppression, and immune activation. These findings provide a framework
for understanding amphibian malformations and suggest potential strategies to

improve health outcomes in aquaculture.

Keywords: Pelophylax nigromaculatus; malformation syndrome; gut microbiota;

hepatic transcriptome; immune—metabolic disruption
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Reproductive Biological Characteristics and Early
Development of Siganus fuscescens
Wen-Feng Yang'-2, Yun-Xiang Lin!, Yan-Fei Zhao?, Dong-Lin Yao?, Wei-Yang Huang!,
Qi-Wei Qin!, Hong-Yan Sun'- *
1. College of Marine Sciences, South China Agricultural University, Guangzhou, 510642,
Guangdong Province, PR China

2. Guangdong Provincial Agricultural Technology Extension Center, Guangdong Province, PR China

Abstract: This study successfully achieved artificially induced spawning and
industrialized seedling cultivation of Siganus fuscescens, an important marine fish.
Broodstock were maintained in indoor cement ponds, and their reproductive
biological characteristics, embryonic and early life history development were
systematically observed. The results showed that: (1) The gonadosomatic index (GSI)
of female fish fluctuated significantly with weak developmental synchrony, while the
GSI of male fish continued to rise and remained at a high level with better
developmental synchrony; (2) Embryonic development lasted approximately 27 h
until hatching, and the yolk sac of larvae was completely absorbed and initial feeding
occurred at 3 days post hatching (dph); (3) Feeding oyster fertilized eggs, rotifers,
copepods and fish mince, the larvae grew rapidly. The juvenile fish at 25 dph reached
30.09 £ 1.78 m and the growth performance was significantly better than the reported
results of indoor constant temperature rearing. This study would provide key technical

basis for its large-scale full artificial seed production.

Keywords: Siganus fuscescens; Industrial seedling rearing; Early development;

Ecological seedling rearing
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GPR143 mediates the brain vacuolation caused by RGNNV
in grouper
WANG Qing!?2, LIANG Jiantao!, HE Xuehong!, WEI Liyun!, YAN Xu', MENG
Yanghui!, ZHU Xiuru!, QING Songli!, QIN Qiwei >3
1. College of Marine Sciences, South China Agricultural University, Guangzhou 510642.
2. Nansha-South China Agricultural University Fishery Research Institute Guangzhou, Guangzhou, 511464

3. Laboratory for Marine Biology and Biotechnology, Pilot National Laboratory for Marine
Science and Technology, Qingdao 266237.

Abstract: Causing cytoplasmic vacuolization is a key step for many viruses to induce
cell death, however, the underlying mechanisms remain unclear. Nervous necrosis
virus (NNV) induces pronounced cytoplasmic vacuoles in the brain during infection.
G protein-coupled receptors (GPCRs) regulate autophagosomes and cause vacuolation.
Our previous genome-wide association study identified GPR143 as a key candidate
gene target for anti-RGNNYV approaches in groupers. Here, we used orange-spotted
grouper (Epinephelus coioides) and red-spotted grouper NNV (RGNNV) as the
models to investigate the role of GPR143 in mediating virus induced cellular
vacuolation in the central nervous system. The results demonstrate that GPR143
promotes RGNNV-induced cell vacuolation through accelerate binding of
autophagosomes and lysosomes. Further investigation revealed that RGNNV
facilitates GPR143 binding to MKK6, and MKK6 regulates p38 phosphorylation in
the target of rapamycin (mTOR) pathway, promoting the binding of autophagosomes
and lysosomes to induce cytoplasmic vacuolization. Finally, the zebrafish with
GPR143 knockout confirmed that the absence of GPR143 significantly reduces brain
vacuolation and fry mortality. These results indicated that GPR143 directs
virus-induced cell vacuolation via the MKK6-p38 pathway in teleost. Our study
reveals a novel pathway by which viruses cause vacuolation in vertebrates.

Keywords: Grouper, RGNNYV, Vacuolation; GPR143; MKK6-p38
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CRISPR/dCas9 5/ akt2 tAEH Bt RBRIENRD &
TORC1 5 S FMBAETER
FEEH, BT, 2 REAR
L R ITNE KA BUOK P IR R A 5 TRER FERE, )4 M, 510631
2. AR EBE, IR B, 266003

FE: LT CRISPR/dCas9ft) 2 W 5 K 4H 4 4+ AR BE % 76 A W EADNA T 51 ¥ 45 150
N, R RERIE AT O s R R, K= IR YR RS B R R A AR A T —
ARSI ENE . AWE 7 E I dCas9 57 Hep300a hdacl Flhdac3 ) T EE RN
SERER G, ML T R S A AR A AR L OB TR . iR
TOR(E T I8 % o A% O VRIS R T ake 2 BE RIEAT AR M RN, FRAT T RGUHAR T 1 HAE
MG R E  BE PR M BE R IEH . SRR, HEA Wi T E
WA T ake2 S IEEOE T TORCHE SiE 1, 1% BN T T ake23R 15
FHAUH 7 TORCLIEYE . CUT&Tag 73 B35 iiE 1 2 W 25 K 20 9 48 o e Pt o3
akt2 B RARE AR A LB KT o 2Bk gn R 20 A I iR 28 I HE A 46 AR B
FHN,  [E) N A RS R B R R glut] M glutd (0505 EiR. MR, 5 CBHLgR
AR LD 2 300, 200 B T B VR e T 2 T v AT R PR DA S B RS S 2 40
EAERIE, LA T R ake2 TR RVH] & HE SR DGR BLTEF LA R IG Hh KR 42
715, RZIAIEBN BAGRERERE . B2, AR R T — kK m
FE A LB RS, FHRNT 7 I BB, RoK = SR B ) 2R W8
LB T RBEROR

Se4#3E . CRISPR/dCas9, akr2; TOR{E Sillk:; HEEOHL; DM

RENTE . PN A EESRTE (2025A0413596); [E X EAREE A (22176066)
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DNA RENIRERIE msmb BEFARHIARD ALK
3
FEEHE, Bk, BT, RAR?
L R ITNE KA BUOK P IR R A 5 TRER FERE, )4 M, 510631
2. AR EBE, IR B, 266003

FHE: I LR 02K 3 B R B P RO R B R UR . LI A KA 31
Cmstn) AERNAAERK P FORER T RN, msmFik@0 S IENAE K. £
AHFFEH, FATRFH CRISPR/dCas9 41 5 FrIDNA F B4k 2 5 452 AR 0] DE 1 £ msinb
B AR T, WTEASAEDNAF A 55U T AEDNA 3L K. 4
REW], msmb P HEAKFTHE W ZEH] 7 msmb mRNAKI RIS . 4214 140K 14
K, BUEDE D AR R 35 2 2 v T IR . A prd— B R, SEEe
SH B b f G8T JL PR 2 24 1) e A A T PR B A JTL 4 1 S 350 B A T AR 0V B 08 K
AL AR KBS 5 3 TR LA 4E LR o IX T TAR 7 1 R WAk R 4H 4 i 152 AR AE
IKFEFREE B A AR o I RS A R 4R OSBRI R ) SR AR A, RS
TRFFIE R A DNA 5E 8, 1207 v N ER A 0 2R UL IR AF 2 T e 2 D] () ) 2 R IA
ENLE], DA B G E R 7 /R R IR IS E R SE TR 3. BATT S, E
DN TR B A KA S K 7 R AR T 3R T — A TR IE .

JSB#3: CRISPR/Cas9; A KAM#IZ; DNAFIE LG, KWL, HDM
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Cdk1 haploinsufficiency triggers premeiotic endoreplication
and unreduced sperm formation via Cdk2/Ccnel-Fzrla
pathway in a teleost fish, loach
Xiaojuan Cao'", Yunbang Zhang'?, Rongyun Li'?, Yihui Mei!, Bing Sun!, Katsutoshi Arai'
1. College of Fisheries, Engineering Research Center of Green Development for Conventional
Aquatic Biological Industry in the Yangtze River Economic Belt, Ministry of Education, Huazhong
Agricultural University, Wuhan 430070, China.

2. MOE Key Laboratory of Freshwater Fish Reproduction and Development, College of Fisheries,
Integrative Science Center of Germplasm Creation in Western China (Chongqing) Science City,
Southwest University, Chongging 400715, China.

Abstract: Polyploidy represents a major driver of eukaryotic genome evolution. In
vertebrates, premeiotic endoreplication is considered as an important route to
polyploidization, yet the molecular basis governing this process remains elusive. Here,
we reported that heterozygous mutation of cdkl in the loach, Misgurnus
anguillicaudatus (Teleostei, Cobitidae) triggered premeiotic endoreplication in
spermatogonia, resulting in the production of unreduced diploid sperms. Through
integrated proteomic and phosphoproteomic profiling, we uncovered that Cdkl
haploinsufficiency led to widespread dysregulation of the phosphorylation of key
proteins in the cell cycle and DNA replication pathways in spermatogonia.
Mechanistically, Cdkl  haploinsufficiency  induced increased inhibitory
phosphorylation of Cdk2 at tyrosine 15; the residual Cdk2/Ccnel complex
phosphorylated Fzrla at threonine 124, inhibiting APC/C"#!2 complex activity. This
effect prevented mitotic entry and promoted continuous DNA replication, thereby
initiating premeiotic endoreplication. Inhibition of Cdk2 expression in cdkl™" loach
males suppressed this pathway and abolished unreduced sperm formation. Our study
elucidates the first molecular pathway for unreduced gamete production in fish and
establishes Cdkl as a key guardian of diploidy before meiosis. Furthermore,
leveraging this mechanism, we generated triploid and tetraploid loach lines with
unreduced sperms, demonstrating a direct bridge between gene function to polyploid
breeding. These findings provide a mechanistic framework for understanding

polyploidization in vertebrate evolution and offer a targeted strategy for chromosome
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set manipulation in aquaculture.

Keywords: gamete, mitosis, polyploid, spermatogonia, Misgurnus anguillicaudatus
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Lo A K BRI T SR K= 0 T, 1I7R95 B 266071

WE. LAY h i A R A SRR, B SEth,
AT T DI RERT TR BE = o D9 ERFU AL, JRATTHE O S48 v i
K% lepA A1 lepB, HANMLIER 5AEKER FREMIET R LT X0 E R ML IE
Sz, B H rlepA F rlepB #JRE 5 R 524K LepR 456, H rlepA it — 2030
HEER 2R (AR), rlepB WHGH G & FRIBMERGR 328 (GPER). ¥Rl P
SRR, TEARSNRE S AMIEAN N lepAs lepB J&, ZRREENFEEEL TR
S HENTIR & i AE R EE AR SCIE RS, AR A P SR IR TRIRAF AL R [, 44
P A% lepB ¥ E THEMEEE (E2) AKSF, If L B2 & B N R
B ixse s AL A NS SN0E S, AN 7R R AL O S b AT RE AR
P B, Dy PR R 2 00 SR AE K S R B I ThRE SRt VOB WA . fEBtAEAS B, B
FORE— DRV T IR W AR i S A L PSR E Ko R RS o K
S 53 T 8% MILIE (LFG). 12%I1E% (NFG) #1 16%millE (HFG) falkHH
MHERI, 5 NFG 4L, HFG A AKIERE (RE, K, mER) BER
oy JRR R O R E , ARIONIV-V P B LG S A L B2 AKCSE T R
EAHE R AL, PR A AR e A FE R0 Bt T AT A 255 B 1 e, SR i
RSN R AR K SOV E o sk AL /At 3 ke Bid 45 R . 7£ HFG
PR, REEFEEREY SR 15155 DTS TR K- 32 (40 T 4l
BRU R AR, RRE T E2 KSF T AN O BRI G SRR . AR R — D R,
FEPRE AT G S5 P A A DU R A R 58 S B M U1 TR (1 9 Pl A 5 AL A
LFG ZH 9P S AT s 3L A 4 7 BRAE 15 Sl i, R W IRIRDRLA 3 18 57 M
Wl eI E B TIRE . £8 B, AN TSRS FRIEE A R RS, R
(EREERSTE A4 abw b E ety e Ui BUR U e di =L Wt & S B el e oS
SOERAH, TARARTRATE A BRI T 3 1 R SRR X R BUONIR N B
T A FE AL SR SRR AL SR Bt T AR

KRB ER, R EeE, MR, S E:, WEARE
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HRESTHRR 17 o -PEZNBIE AV REHRE KIER
k]
PRI 1, ddR T, 4RSS 1, ARAKIL Y, 5K 2, ARSEREE
L KPR SR BT, LR B 266071
2. MRAFIIEARHEAIRAR, LAME 264001,
3. MATFRIK R HIAT, LIRME 261001

WE: iR (Pseudopleuronectes yokohamae) A &35 HMEM:E KA,

Ftitb iz et E A, M 17a-HE R (MT) HTEERIFE RS
Dot fa e SCBEHOR T Beo AR, MT XA i A R e e BA 7 e, A
TS H AT A AHFE LA 0 mg/kg. 0.5 mg/kg. 2.0 mg/kg MT
TRPRL ) 2 YR U R, Sl LA S T A AT e s A, gl AR AT
R FHL . FRAEE R B IR 0.5 mg/kg A ERT4ERF KRR A, 1M 2.0 mg/kg
TR U R 2 A KA, 245 RS DA R S5 18— B B e 45 SR AR,
PR B o B0 AN R )R MT A71E = R e 3 N RFAE o IR R R AN 5| R AR
e 2 e, FEEPAEACEIE R 515 508 s 10 S 7 EEER AR AP 2 s Rk
P RO A AZ OB A S 3G FE AR S R, LRI . R A
ZAE-tRNA V)G S A2, UL Z T 138 & B i i o 1 A I
RAMERKBERB S EFEAEKRE T (GH/IGF) #2228, igfl. ghr 2:H
RiILEZE T MPAEYEBGERREE S5 N WA KAE 522 ERTE,
DN e 7 B S B AR AR SR AL 1 B R HOATL I AR o AT R I A BLZH 2 N B
BREFYE: WIS AL = B R AR T AU M i i A g, FH A D DA A B 2 75 5 4
M3 HE VR A% O o AN FTIE I SER 2 8 & PCR (QRT-PCR) BGE | S [A]
MIRRIE A . 25 b, S MT 5] A5 s 428 SR AT 2 7 AR AR A Bz R AR
KIFEH . AHEFE B B SR TE A TP A 0.5 mg/kg MT 778 T Jie ey 3P 1
RN R A SRR AR, SR 4L T W T IR .

R 170-F LRI, M) aa il AR s H i

FBITE : \LARAE S LT X(2025LZGC039); F B AP # # 5 7 e F =% 0 35 % AL I
B AR L & % 5 K 4(2025XT0502); B K E &4 & 1 X 1R #1(2022YFD2400402);
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B, REM, BHERT, FER B SRNE, EEpE
L KPR e Sk e, LR &) 266071

ME: 1= (Apostichopus japonicus) XFRRIZ, £ E 5 LR K FRIE IR
AR A — o ARBE RIS i B AT g &R 7, ARBE L SR A ] (Y
B RS EERNATARIR, B8 7RIS EEFEM AR — . A8 58 LU
2 B B 22 R SR, I A R R E 5 I BV BR 20 BT AR s 2 N
Fo 4290 1 i B R SO g, S E R AR SNP AR AL A, S5 LR
N, FT Fo MU P HIEFEEBR 2> B 20 0 0 a6 H v bR B2 R AR HH 2 R AL 524
ANFN 484 ANSZIRFEXI, 3 HERISE] 214 DA 193 AMEik DhRe R A . Wk =
Lo A5 2RETE 1S (Metabolic pathways ) JIET R (Fatty acid elongation )
JIE 7 B A (Fatty acid metabolism) F1K5 85 H O- 5B A Y& B (Mucin type
O-glycan biosynthesis) E#25F 4 575 H R 28 W25 AHOC I O BEd B, HHE T e feh
HEHEA 2 (ELP2). BIEARWTAMARICE A 1 (TPRAD . G2/M HIFF5+14E E3 &2
REHEREN (G2E3). MM E A EMEZK Tie-1 (TIED MMIF /3L M &
H 1 (DOCKID) % 4 ANDfeZEELR RIS B R AR DI REHE A . i 3] 28 N2 3%
Z 5t SNP AL RUJFHAE 1 4 4> SNP A7 I AL I AR o BT s 22 e 3Rk o
& EBINEWIER R (Fatty acid metabolism). i BR P4 i (Fatty acid degradation ).
H i % 5 181 (Glycerophospholipid metabolism) - i i 8 i4f ( Ether lipid metabolism)
ML A A4 (Peroxisome) &5 5 MW Rk, Fiik$] 6 Nr]fES &t K A0
KIDIReREH : 405 ¢ SALEE 7C (COX7C). WIEREEAVI (MYO6). K4
MEMEHilE A iZlE (ACADL). KHEMELAINE A &M 4 (ACSL4) . KEEREIE
GilE A SR 1 (ACSLLDD ABEARBEIREE 3 (PLPP3). WHFTRUR NIRTURIZ B
B ENLHF S R R AR R AR5 & 1R 4L 1 B AR A s S8
RERW: S MR BENEH: SRl
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ERERER L ATINGE Y, e v
1. IKPEREEA T B S AK P LT, IR & 2660715
2. FLPEEH ARG EZEELRE, ILARE S 266237

WE: Z R =R TR TR T SR RS G, ik B i n] X R
AMEFEE R RS, TR E A FREA S . /D RNA (miRNA)D 7E/KAESY)
FPE R FREEIE B R P AR A B E L, (R T B 2 U 3 e
LI ANTE R . AW FOR sl i sk A (40 mg/L) e T S5 i
N miRNA, 7EHRA . AN AR ZH 20 70 4 7€ £ 63+ 19 113 4> 7 miRNA.
Stof B R T R D BE A0 T R L, miR-2b F novel-35 3 ik B [ R 45 H 52 S
MFER (CHH) FERFIELWR ML KRS8 M miR-252-5p A miR-200a 435
AR PUEAIE R Keapl AIHFZAR LN GDH FIFRIE, BOE 4Pt AL 5 HE
RACHRE 7. NIRRT EE miRNA 5> TURIEMER, mibe sLa8 5 008 etk &
SEIR AT R I, miR-252-5p Al miR-200a AE 054 5 1 45 A #ESE K] 3'UTR XM I
FH L PR e e v . AR 7R T miRNA 76 = ehR 788 5 U a8 i 7 o (g
TER S NTENLE], XA TR AR AR B B T2 E MR ) R A B2 3L

REEHE: WA PR T miRNA; HREACH
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ERFAXHM =B FEMEFE DA REKEB R R
S FHHITR
AHRE, Wi, R, B, BRISK, o, et EERM, T, X
1, ARG, A
Hh K R S B T B 1K= E T BT

WE: FIE =BG &M A m I E R, RREEHIT R T &880 =
EAEA AR TT, R A, A, BA. Ak KB BEFRIOEE
Ve e A SR AR AT B 73 T HLHIEAT 7RI 7R . ALK R 224,
FEAL T SR AT AR . AR AR AN AR 1. 54 £ AR
AR AR 3n=T2=1m+2sm+69t, NF=75; FEAHFE R =M kE HisE
HIHFAE . PR ARSI = AR A AR = 9. 6%, RIH A KE RIS 21
A = AR IR R B 2218 WINE IR0 ot R = E B & 40s . IR
Wi & AR, R R RSN AME. A0S e 2 5EKERAEREE
BEMIH IR, R T — RGN RS oA R AR S R A
U epdrl. hplbp. pcdhac A1 cyp2j2 5. Jyfa BEEETAN B BHI 20t 1 =& i SL A
A

R SPRRACHE: AR MR AERAUBMIR: TS
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XIRH 2, H R 2

L KPR T R SR K =B TR, ILARE B 2660715

2. HPEKPERL A 7 B AR STk, R = 572000
WE: MBI R AT R B 2. UE A R A B (%
7 DA NS S RBEA B SRRV IR B W “ s Radiam” M “4
PEIRACHE” 2 AN BT A, AR A AR B AT R R A IR B
HESEAEKI R AP “E&RRTH”  (Epinephelus tukula ® X E. lanceolatus
&) Himni. Sia 2 Ao LA T AR RS AE KA IR L 556
2t T B RARACHE Y AR T2T /K-FRIERA K, KA hapl 5 FF
KA SRS R RBGE . 508 AR W I R A H P [Fl DNA AR EE 408
JE B ARG I BRI 2 A AR AR AT B, M TV AE K 20 7 AR R 2%
KB IR RAEKMS; WHEFAMS:; DNA FEABA; B
R EL R 4H

B 1 <5 PR A% 28 B A R D) A A 3 B R S A KA A A

8 3R AR FH0IR & S PB4

KB E: LA A4 E SH AT K1(2026LZGC045; ZDYF2025SXLH002)
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Sop 1, R PERL AR, RigE !
R R TS s WEFE T, LR H B 266071
ARG AR ARl A BE, il 200241

FHE: (RS B AR AK P 72 i A AE R SR R, T 7 A d ks 12 A fa]
BRI, M E N 3G K A SR B AT o AN [E] A NIRRT 32 M A7 AE B i
Z 5, ABILAPALH] A e 25 . AR FUiE CRISPR-Cas9 2[Rl fR . 24535
P B RO R AU R ER IR S P S 1R, 72 20 Fha e, PRt fa
SR BT T A SGHETT . AN FU T SE AR 1 8 Mgk A SRR T AR
B, R IRGZ PN LT 2R 77 il IGEAR AN 52 o Pl Je R ARG S 2 470 ) £ 8 s
HER o fife, RIEPRIE & A, FEGS Hif3o/t S RIS oRIR (LRt . 5l
o O T G B T B0 20, RINATIR] T Akt A EOBERE AR, DR T A
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Differential activation of their cognate receptors by NPFF
and GnlH peptides in the half-smooth tongue sole
(Cynoglossus semilaevis)

LIU Hanlin'** LI Ruixue!?*, YU Zhihua'?*#, CHEN Huapu®, WANG Bin!*

1. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China
2. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao Marine
Science and Technology Center, Qingdao 266237, China
3. Fisheries College, Guangdong Provincial Key Laboratory of Aquatic Animal Disease Control
and Healthy Culture, Guangdong Ocean University, Zhanjiang 524088, China

4. Fisheries College, Ocean University of China, Qingdao 266003, China

Abstract: Neuropeptide FF (NPFF) belongs to the RF-amide peptide family and is
homologous to gonadotropin-inhibitory hormone (GnlH). The NPFF precursor
encodes two mature peptides, NPFF and NPAF (neuropeptide AF). Both peptides
share the conserved C-terminal PQRFa motif. However, there is very limited
information available on receptor cross-reactivity for NPFF and GnIH peptides in
teleosts. As a first step, we cloned two cognate receptor genes for NPFF, designated as
NPFFR2-1 and NPFFR2-2, in the flatfish species half-smooth tongue sole. Tissue
distribution analysis revealed that npffir2-1 and npffr2-2 transcripts were present at
high levels in the brain and pituitary gland, and at lower levels in some peripheral
tissues. In vitro functional analysis indicated that NPFF significantly stimulated
CRE-luc and SRE-luc activity in COS-7 cells expressing either NPFFR2-1 or
NPFFR2-2. However, NPAF increased CRE-luc and SRE-luc activity only via
NPFFR2-1. Moreover, NPFF exerted an inhibitory effect on NFAT-RE-luc activity in
COS-7 cells transfected with NPFFR2-1, whereas NPAF elicited an evident
stimulatory effect via NPFFR2-2. Neither GnlH1 nor GnIH2 altered CRE-luc activity
in COS-7 cells transfected with NPFFR2-1 or NPFFR2-2; however, forskolin-induced
CRE-luc activity was significantly reduced by these two peptides. Furthermore,
neither basal nor forskolin-stimulated CRE-luc activity was modified by NPFF or
NPAF in COS-7 cells expressing the GnlH receptor (GnlHR). Both GnIH1 and
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GnIH2 significantly increased SRE-luc activity in COS-7 cells expressing NPFFR2-1
or NPFFR2-2, and vice versa. Taken together, our findings provide novel evidence
that both NPFF and GnIH peptides could exert their functions via three different

receptors, and that PKA, PKC, and Ca?* signaling pathways are potential mediators.

Keywords: NPFF; GnlH; NPFFR2-1; NPFFR2-2; GnIHR; signaling pathway
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Advances in Fish Gene Editing
XU Jiaqing!, HU Qiaomu!* ; ZHANG junjei**
1. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao, Shandong 266071, China

2. College of Life Sciences, Xinjiang Agricultural University, Urumqi 830052, China

Abstract: Fish represent the most species-rich group within the phylum Chordata,
possessing exceptional nutritional and ornamental value. Global aquaculture,
particularly finfish farming, is experiencing rapid expansion worldwide, and fish
serve as crucial model organisms for vertebrate developmental biology and functional
genomics research. However, traditional breeding methods are plagued by limitations
such as low precision and lengthy breeding cycles. Currently, gene editing
technologies represented by the CRISPR/Cas system, base editing, and prime editing
have provided revolutionary tools for dissecting gene function, modeling human
diseases, targeted trait improvement, and ecological adaptation studies. This review
describes the evolutionary history of gene editing technology, compares gene delivery
strategies in fish embryos, and highlights landmark applications in key areas,
including gene function research, aquaculture breeding, ornamental fish coloration
regulation, and human disease model construction. Finally, we propose that
innovation should be pursued while ensuring biosafety and regulatory compliance, to
promote the transformation of fish gene editing toward large-scale and safe
application.

Keywords: gene editing; gene editing tools; delivery strategies; aquaculture breeding;

biosafety
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Genetic Architecture and Genomic Selection for Tolerance to
Fermented Soybean Meal in Turbot (Scophthalmus
maximus)

YANG Jingkun', SUN Zhibin!, WANG Yilin!, MA Aijun'", LIU Zhifeng!, WANG
Xinan'

1. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, China-ASEAN Belt and Road Joint
Laboratory on Mariculture Technology (Qingdao), Qingdao 266071, China;
Abstract: In this study, we developed an integrated breeding framework combining
dietary response evaluation, genome-wide association analysis, and genomic selection
to improve the performance of turbot (Scophthalmus maximus) fed fermented soybean
meal-based diets. A feeding trial with graded fishmeal replacement levels was
conducted, and generalized additive mixed model analysis of final body weight
supported the selection of the 50% replacement level as a suitable dietary
environment for genetic evaluation. Under this condition, genome-wide association
analysis identified candidate genes, including map4k2, tasirl, and wntl, which may
contribute to cellular energy regulation, taste perception, growth regulation, and body
conformation. Bivariate genomic analysis further revealed a strong positive genetic
correlation between body weight and condition factor. A multi-trait genomic best
linear unbiased prediction model was used to predict breeding values for both traits,
followed by Pareto front analysis to optimize their relative weights in the selection
index. Unrestricted truncation selection generated greater short-term genetic gain but
markedly reduced the effective population size. In contrast, family-constrained
selection retained substantial genetic gain, approximately doubled the effective
population size, and preserved all nine genetic lineages. These findings provide a
practical genomic selection approach for improving turbot performance under high

plant-protein feeding conditions while maintaining genetic diversity.
Keywords: turbot; fermented soybean meal; genome-wide association study;

genomic selection
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Functional characterization of recombinant turbot IGFBP3a
in Escherichia coli
Nan Zhang'2, Yujie Yu!, Xiaoyu Zhang', Feng Wang!, Xiatian Chen!, Yudong Jia!*
1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao
266071, Shandong, China;

2. College of Marine Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China

Abstract: Insulin-like growth factor binding protein 3a (IGFBP3a) plays an important
role in regulating growth and reproduction in teleosts. In this study, the open reading
frame (ORF) of turbot igfbp3a was cloned, and recombinant IGFBP3a (r-IGFBP3a)
was obtained using an Escherichia coli expression system, followed by purification
via nickel-affinity chromatography to yield highly active protein. This purified protein
was used for in vitro incubation assays of turbot follicles and denuded oocytes, and
the germinal vesicle breakdown (GVBD) rate was recorded. The results showed that a
low concentration (1 ng/mL) of r-IGFBP3a significantly increased the GVBD rate in
denuded oocytes (P < 0.05), but had no significant effect on intact follicles. In follicle
treatments, 100 ng/mL r-IGFBP3a significantly upregulated gper and mpra expression,
while downregulating ac3b, ped3a, and cx43. In denuded oocytes, 1 ng/mL
r-IGFBP3a significantly upregulated gper, ac3b, cx43, and ped3b, whereas ped3a was
upregulated at all concentrations tested, and mpra and ac3a showed no significant
changes. Furthermore, r-IGFBP3a modulated the expression of IGF system-related
genes (igfl, igf2, igf3) and reproduction/growth-related genes (vtg, ghr) in a
tissue-dependent manner. Collectively, r-IGFBP3a exhibits significant biological
activity by differentially regulating key signaling molecules in follicles and denuded
oocytes, thereby influencing oocyte meiotic maturation. These findings provide a
theoretical basis for deciphering the molecular regulatory mechanisms of oocyte
maturation in turbot, as well as for optimizing seed production and germplasm
innovation.

Keywords: Turbot (Scophthalmus maximus), insulin-like growth factor binding
protein 3a (IGFBP3a), recombinant protein, oocyte maturation; germinal vesicle

breakdown (GVBD), gene expression regulation
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Characteristics and influencing factors of egg quality in
turbot (Scophthalmus maximus)
ZHANG Xiaoming'?, WANG Feng'?, YU Yujie!, ZHANG Nan', JIA Yudong'*
1.Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao Key
Laboratory for Marine Fish Breeding and Biotechnology, Qingdao 266071, China

2.College of Fisheries and Life Science, Shanghai Ocean University, Shanghai, 201306, China

Abstract: Egg quality is critical for the sustainable large-scale production of fish
larvae and the stability of commercial aquaculture in captivity. In this study, turbot
egg quality was evaluated via morphological assessment, biochemical analysis, and
RNA-seq to identify reliable biomarkers during the reproductive cycle. Turbot eggs
were classified into three categories: high-quality (I), medium-quality (II), and
low-quality (III) based on fertilization rates (FR), hatching rates (HR), and larva
deformity rates (LDR). Results showed that the buoyancy rates, acid phosphatase
(ACP), malate dehydrogenase (MDH) activity, sialic acid (SA), ATP content, and
mitochondrial DNA (mtDNA) copy number of Grade I eggs were significantly higher
than those of Grade II and III eggs. The lowest values of these parameters were
observed in Grade III eggs, except for MDH activity. By contrast, the alkaline
phosphatase (AKP) activity of Grade III eggs was significantly higher than that of
Grade I and II eggs. Significantly correlated relationships were found among FR, HR,
LDR, and these physiological parameters. A total of 7,589 differentially expressed
genes (DEGs) were obtained among the three groups. Gene Ontology (GO), Kyoto
Encyclopedia of Genes and Genomes (KEGG), and transcriptomic analysis identified
15 core DEGs associated with apoptosis (casp3a), neuroendocrine signaling (¢7h, fshr),
basic metabolism and RNA processing (rpl3, rplll, elavll, rbm25b), endocytosis
(bmpr2), and embryonic development (nanog, sox2, kif4, sall4, zarl, dndl, meiob) via
quantitative real-time PCR (qRT-PCR). The expression levels of these validated
genes were significantly correlated with FR, HR, and LDR. Notably, the pluripotency
factor nanog was highly expressed in Grade I eggs and positively correlated with egg
quality, meiosis-specific gene meiob showed an opposite pattern, accumulating

abnormally (~70-fold higher) in Grade III eggs due to potential incomplete maturation.
135



2026 JKFFAEMEAR HRUE M ARFES

These results indicate that ACP, AKP, MDH, SA, ATP, mtDNA, nanog, and meiob
may serve as potential candidate biomarkers for evaluating egg quality in turbot
before fertilization.

Keywords: Turbot Scophthalmus maximus; Egg quality; Physiology and

Biochemistry; Transcriptome
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Transcriptomics and Proteomics Reveals the Glycogen and
Lipid Metabolism Regulating Glycogen Level in Mantle of
Jinjiang Oyster (Crassostrea ariakensis)

ZHAO Shugqi'3#, LI Shenggiang >, CHI Changfeng?, Liu Zhihong!?, Li
Zhuanzhuan', Ma Peizhen!*, SUN Xiujun !*, ZHOU Liging *, WU Biao'*"

1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao266071
2. School of Marine Science and Technology, Zhejiang Ocean University, Zhoushan 316022
3. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao Marine
Science and Technology Center, Qingdao 266237
4. Key Laboratory of Freshwater Aquatic Genetic Resources Certificated by the Ministry of

Agriculture and Rural Affairs, Shanghai Ocean University, Shanghai 201306

Abstract: Glycogen is not only a critical energy storage molecule in oyster but also a
key flavor-determining factor that affect their fatness, with glycogen content directly
governing oyster quality. However, the molecular mechanisms underlying glycogen
storage and metabolism in shellfish (including oyster) remain incompletely understood.
In order to clarify the regulatory mechanisms of glycogen metabolism in Jinjiang oyster
(C. ariakensis), we performed integrated transcriptomic and proteomic analyses on the
mantle tissues with high glycogen content (HG) and low glycogen content (LG). The
results identified 899 differentially expressed genes (DEGs) at the transcriptional level
and 1294 differentially expressed proteins (DEPs) at the translational level, respectively.
Functional enrichment analysis demonstrated that these DEGs and DEPs were mainly
enriched in glycogen metabolism and energy metabolism-related pathways, including
the insulin signaling pathway, starch and sucrose metabolism, and glycerolipid
metabolism. In the HG, numerous key genes and proteins were significantly involved in
glycogen synthesis, gluconeogenesis, glycolysis pathways and fatty acid metabolism
were significantly upregulated. These findings indicate these multiple metabolic
processes co-regulate the level of glycogen in the mantle, providing a theoretical basis
for elucidating molecular mechanisms of glycogen metabolism and valuable insights for

the breeding of high-glycogen oyster varieties.

137



2026 JKFFAEMEAR HRUE M ARFES

Keywords: Transcriptomics; Proteomics; Glycometabolism; Insulin signaling pathway;

Non-esterified fatty acids (NEFAs)
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A transcriptome analysis revealing the molecular
mechanism of light intensity-driven color variation in the
skin of Chinese giant salamander (Andrias davidianus)
Jing Zhizhi', Chen Biao', Luo Qinghua?**, Zhou Xianwen’, Zhou Shaohui®, Wang Pei'**
1. College of Life Sciences, Jishou University, Jishou 416000
2. College of Biological and Chemical Engineering, Changsha University, Changsha 410022
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University, Changsha 410022
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Abstract: To determine the effect of light on the body color of juvenile Chinese giant
salamanders (Andrias davidianus), three treatments including: natural light (C,
control light, 12 h day/night), high light (H, 24 h day, 220 Lux), and complete
darkness (B, 24 h night, 0 Lux) were arranged in this study. Skin samples were
collected for RNA sequencing after 12 days, and skin, blood, liver, brain, and eyes
were gathered to analyze the effect of light on the characterization and molecular
regulation of the body color. The results showed that with constant lighting, the skin
color significantly darker. The activity of tyrosinase in the skin was highest on the
days 8 in group H. Both continuous light and darkness significantly increased the
activity of CAT in the liver and serum. qPCR validation showed that key genes
involved in various melanin biosynthesis pathways were generally upregulated in the
group H. In summary, light can activate the pigment synthesis pathway, promote gene
expression, and enhance antioxidant enzyme activity. However, continuous exposure
to light and darkness can disrupt the circadian rhythm in the giant salamander. The
giant salamander adapts to its environment by coordinating melanin deposition and
antioxidant defense, achieving dynamic changes in body color while clearing free

radicals to mitigate oxidative damage.

Keywords: Andrias davidianus, Light, Melanogenesis, Antioxidant, RNA-seq
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2026 KPEEMIFAR Stk B MeEARE S
IKMYEREMEBER (Anguilla rostrata) B B & MR

0
AEME', ST, B, BN, ERE, KRR, WIS, BRne, W%
BR', Wi, BRigE
COEESRRAKERE, AR ETTTTERITES 185 5
PR REEERB B A IR AR, A AN T TLX

WE: B8 (Anguilla) BB RERE B, AN L 7R KR
R K B K ZK I i 22 20 7 B 37y, A UK 3 DA Dy FL A AN R A2 HE K A
B SE Al AN A B IRIRIE | AEVRKFRTESRAT T, SLPNGEME (Anguilla rostrata)
RAEB KRG R . HAl, JE L5 2Bk E M08 75 ™ E 1 50%. 2025
S H, AE 25 °C SFATF T ROKIIEFRIE R 15 SRR, K 6 Rk
I H P B SRR L B 0 TR S GARFAE . FP IR AR B 73 701 56.3 +
29cm Ml 455.6+74.5 g, H 5 ERTAES 3, 51 BRREHT AN TEE
W, 5 R HUREMESS (1 M SRR FE 2 (GSD G 10.9%-50.1%, b GSI 5
AMATE IF BEAH ISP 3 BLARIA 753.2 +27.9 yme HARERITCR IR, 1X 5 R
3579 2 WA, BAEAF b B Pid oK s . EARE SR, Hd 2 B
8 YA NAFAEN B, RI\LAEVE AR P RIS & AT . NRWTIR 70 Hr 4
RER, o-JELFR (ALA) E815 GSI BREFFMK (P<0.05) , ML
i (ARA) 5 GSI BB IEMK. WAt Bs, 7EINSE RS I,
amhr? FRIEXTZE L. RT-qPCR Rt —PKM, WWE cypl9al KR [hb
PRSI R ZE TS TR fohd HIERIAUE T, 7E90 I B 1
IRBNEAE, BEEEET TR, HE vig RIS MIFEAZIT R A B i m7K-F . XF
R HURE E 68 35 AT TR 5 A 7 P9 U5 BV AT AR B 4R HokE 1 105%, BorHd
A&7 INHERRES o B AMESS 5 H A8 Mt (Anguilla japonica) AL, M)
AT EATE SR AAT . G5 L, AT FT O PR AR S A 11k st 1) A 3L 20 1R A L
HilFRft 7o 3 IR A S AR

EAEE, REE, #R, TENFAXEHEF mail: chenshixi@jmu.edu.cn
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Immunological function of LcApoM_AGPRP in large yellow
croaker
RuYu Huang!, DongLing Zhang'*
1.Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of Agriculture and
Rural Affairs, Jimei University, Xiamen, 361021

Abstract: As an important economic fish species, the study of immune mechanism of
large yellow croaker is of great value. The Lipocalin family plays an important role in
immunity, but the function of this family in teleost fish is poorly understood. In order
to fill this knowledge gap, this study selected large yellow croaker and focused on its
new Lipocalin member LcApoM_AGPRP to clarify its specific function in host
immune defense. In this study, a putative antibacterial protein LcAMRPI1 of large
yellow croaker was identified, which contains a B-barrel structure and a ligand
binding cavity. It was found by qPCR that the gene had the highest expression in the
liver of large yellow croaker. Subcellular localization showed that LcAMRP1 was
mainly distributed in lysosomes, suggesting that it is involved in organelle-mediated
immune defense. LPS and poly I : C stimulation experiments showed that LcAMRP1
was significantly up-regulated in response to bacterial and viral infections,
highlighting its important role in innate immunity. Functional analysis showed that
LcAMRP1 had broad-spectrum antibacterial activity and could effectively destroy the
cell wall and cell membrane of Gram-positive bacteria and Gram-negative bacteria.
This is the first systematic identification and functional study of LcAMRP1, which
provides new insights into the innate immunity of teleost fish. Future research will
focus on elucidating the regulatory mechanism of its secretion and its interaction with
other immune proteins, aiming to find new molecular targets for the prevention and

control of aquatic animal diseases.

Keywords: Large yellow croaker, Apolipoprotein M, hypothetical protein, innate

immunity
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The phoQ gene of Pseudomonas plecoglossicida influences
the immune response in Epinephelus fuscoguttatus ¢ X

Epinephelus lanceolatus § during infection
Meiqin Mao!, Li He!, Xiangyang Lin?, Jianshao Wu?, Zhixia Zhuang?, Xiaoru Wang?,
Huabin Huang?, Qingpi Yan'*
1. Fisheries College, Jimei University, Xiamen, 361021, Fujian
2. Fisheries Research Institute of Fujian, Xiamen, 361000, Fujian
3. College of Environment and Public Health, Xiamen Huaxia University, Xiamen , Fujian 361024, China

Abstract: Pseudomonas plecoglossicida, the causative agent of visceral white spot
disease in teleost fish, has caused substantial economic losses to the aquaculture
industry. The PhoP/PhoQ two-component system plays a crucial role in regulating
bacterial virulence and maintaining internal environmental balance. In this study,
hybrid grouper (Epinephelus fuscoguttatusQ x E. lanceolatus®) were infected with
the wild-type strain NZBD9, a phoQ deletion mutant (AphoQ), and its complemented
strain (C-AphoQ) to assess the contribution of phoQ to pathogenicity, and
transcriptome sequencing was performed to characterize the host immune response.
The cumulative survival rate of the AphoQ-infected group was 10% higher than that
of the NZBD9 group, with significantly lower splenic bacterial loads and milder
tissue damage. Transcriptomic analysis of infected fish identified 4453 host
differentially expressed genes between the AphoQ and NZBD9 groups, which were
mainly enriched in 22 immune system pathways, 28 signal transduction pathways,
and 9 cell growth and death pathways. QRT-PCR further confirmed that phoQ deletion
significantly altered the expression of immune- and inflammation-related genes,
including IL-1B, IL-6, CD3, C8, CCL2, MHC-II, PGRP6, and SLP2. Notably, PGRP6
expression in the AphoQ group was significantly higher than that in the NZBD9 group
during infection, suggesting that PGRP6 may be involved in host immune recognition
of P. plecoglossicida. Collectively, phoQ is a key virulence determinant of P.
plecoglossicida, and its deletion attenuates pathogenicity while enhancing host
immune responses, providing a theoretical basis for targeting the PhoP/PhoQ system
in the prevention and control of aquatic animal diseases.

Keywords: Pseudomonas plecoglossicid; phoQ; Hybrid grouper; Pathogenicity;

Immune response

KETE: AARGHNTEREARFEES (FTEMES: 32373180, BRE ZH Lt X
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M B iR IR VR N o AL EI B FTHR
W=, AEUE, &, BMEE T, fibefg
1. S REZFIKF= 50, wEET] 361021

THEL: GG 2 B Vi = O S, S TR K R o A P o 4 O B8 B A A
I GliBERIE, GSI< 1.5), fERERNEd A B D KB B 2024 4R, 1R
I R K FREE A R 2T 40% ) 2 W SEINER R (Anguilla rostrata) WIS E
KREZR M AR, GSI>4), J& T Ak o, 1X 48 £ 1 I 5 i —
KT, oG - - - P A T A A5 A O BE K] gnirh D, Thy Thres cypl9al F vig
MFRILESRE mTARKE M, RUZSlEw OV E 5. AT ZIL R K2
oI HL,  ER o)A O B AR YR S S N B N L S AL ZE R, RN 14 AN
KRG ESEE, 12 MEFEAERK. P A FEREERASEHEAH A
wH (gaD, Z25Z PG RNBRARRAE Gh, AR (prD, KERTIH
MREH (rasd]) FHRERFKELEE R ER R, RYISSIMNES AT HEZ 2 NS EL
HRINEINEEAUTE Ry =i

ReEw: PEEEL; AERER, Huik, fe

FKENTE: ERE S L ITXI(2024YFD2401000), [E K B 4 A5 2 4(32302998), & |17 A
SRR £ 4:(35022202373029), 48 M T8 5 NI E (2025-ZD-012), #E R =¥ E ST H
(2025N5012), *@EiA(EH, #eetd, B, #H4+, B4 F0W, TEANESBMAREEHFR,
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ZPARABEHRAUSEIERIT — BEpXKREHE
FFIEB
JRNTH Y, BRIEEE S, FAAE, skiE, FAR #55, FEE Y, Z|YT, OF®RT
1. FEERFKZZ, BT, 361021

W : NI AL A8 e SRR BN & R RS HE 7 I8 B (R . AT 5T
BT 847 R R B E R O I /K SR 4 B #.35, {R R R AA M A7/ P BR AL
AKGNG . HUR 58 TRR RN R, LG B RS IRAG, HE DA SR
TR B o A TR H 2 ALV S A A S R 7 i 5 8 L e e L R U
Py i 12 PR DR KIS G sk A AR B, RGE 415 eQTL.sQTL 5 3" aQTL
W2 4E /% xQTL 378 5 S . BOREE QM SAEY % — 8k RiF, UFSE T A
AN R A R A OR S o AT 70 58 R I AR e 5 B R R AR 7R, K
HESE E KBTS S ANRAEAL AL, UE IR AEAS BA B TG 22 00 95 2808« AIRAR T g
Ap S, Ho AL R AR T S PR R R Rk s AR TR

PURIfEAT 7R, =38 xQTL W38 5 R T D fe BN 40 5 V% BR e £ o i #28 [X 45,
FFAEAST R 4% | DRI 2 | = 2k JEE DR 4 K P 9 v 4 B P ol i 7 4% 55 22 e gL
giaRFMARK. B PUR. TRITTRA TG ok T RHE B S 2 5 IR GWAS
Hodf, UESC xQTL DhREAE S B3 & 48 TR OCHRIX (], AT A RU@AT 52 44 PR It 1%
Beail, HEAWRMALZRERME. AL PRE S ISR . A T
Z 4 xQTL A% B R G0 B 7 RS fOs L RIS, DD Re i s 4 R v
B MR RS ORI SRR S IRFE AT SR AT R L D RE AR S 5 4y
Thrid, BIBNEESL THRSHED TIE B RRIE R, ErikEAK. PUm. Wk RoH
R Tefaof ikl maEmC A R R, RINREE Ik 2 57 SR AR (R,
A RORAME R G PR, R MR R 5K R et | B
RIHE
FREIA: Kot SUrteiR; 2440 AEAER; eQTL; FiEE Fl

CEIMAEE, T, B, TENEXTEMHAREGRETH
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FRERF Rz IR S amAhels
skEME, P, B3, @i, RAK
QLI AP FRIOHT, LA R TR 0%, VL0, M3, 226007)

WE: FH S0 B R AT R TR, K15 1 R AR AL, FER 4%
FE. BIRELNH LKA 688.08 Mb, Scffold NSO K ik F] 7.64 Mb, H:iERE

19,465 NMEEMILEER; [FRF, FRATABEIE R4 EHH T 26 D CRIAFAER
SN S 4 FE R [R5 e A7) o G T g PR P e AR e R v 2 A A R R ) A A 3R
VR dmrtl . amh amhr2. piwil2 sox9 sox30 F gsdf IXHIER ] Ge 5 1)
WK B RDIRE4ERF A OC, For dmre] BEIRP] RE S JE 20 R R 11 7 A8 1) O B RE 1AL
Jnkl, vasa, wnt4, figla 1 fox12 1% ZHMEVE 1 Sl R b 76 25 DR 5 PR A O S5 1) % 5 AT
REHERFA O o 1K LU R 75 JE M M [ R 1 S AL PR i R b S B S 220 Y . s %
SRAHLIN R TR G 23 B PR R A A RIS AR AN A ) 22 S i PRI R 1 O LT e HY

3104 4 DEGs, HH 1129 A R, 1975 A~ T EEE, Hh a4 MYH4.IGF-1,

IGF-2. Myl3. MYH6. Mb. GHRI1 %Z 5/JINAEK IR CHEE R . B0 R 67
ANTHARIR IR, 32 FIIZ A BRI B 7 V208 RR R AN A X 3 IR IR 52 AR TR AUk 4L,
[FIIS FH 15°CHEJysnt HE, 0 = 20 A SRR JFE I AT e s L e o 0 22 e R R vt
KI, SXMEAMEL, BURHAN 2 47053845 3474 A7 R RIS FE A 689 4
ZFFIAEHA, scd-la. scd-1b. apaf-1. bax. caspase-1. caspase-3. cirbp. traf
SR A b TR (IR T 32 AH 5%

X WAT 5 DR A F 80 T VA [ 1t L R R PR A8 458 i OB AT 382 4% 22 1 1k 20 M AR Joi
BEURVEANY, FEUCERA BER ST E IR . SR BHAIE § R FB, DUARK R
N HEBREAR, X BEITEEARE BT, A E T R I T R R & 22.6%,
2024 SR PAFKH i AHIET FRER “T5RiEE 1 57,
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REZ & M FTIRFI R ARER

PLEE, BORUE, fRAKR, AR, dve, ZHE, PR

LA WKL, {75/, 226007)

WE: BRI (Pampus argenteus) KB REIHEEWATF MKy —. HIT,
P AEAREE R R, EF P B H R . RE AN LEFEMEG 7R
T, AEER B AE M 0T B2 U R G 1298 5 QU R D5 T M AL T2 P B B B0 2l
b TN [ AR BT B A R AT B D) 75 5K IR Z Y8 FLA S A o B U R A
BRI E XSRS RARARLR V% BERFURE . PSR4
ARKKRE SRS IR 75 R L EFREORBE R s FFARIE T 5 7R i B A= SR8 R 9 44
FHRBOR, HAoh TASHEZE RO AT S M N TYMCHERE . briditt L5z
FEARRERIRZM, SCEE SR, INomAS Bl B AR St 8L A5 BT, R vt
FRBTHIAZIE MRS E SR i G 1 S fl S Bl e S

SCREA: GROR: FUTVUR: PSRN SUSYE: SRR

TUE % By : LE AR BOARR &K LR L) BF2025324.
ExEN: ME 8T, B, @RTEWF, FRFHAEKE LM FFEF LA
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ETH#FESHEREREE K. HRHEXEREER
XEHT: REH: KA HED: KE: BRER*
CLTERAKZREW AT, LT /KA R ER B E TS =, 07, L 111000)

WE: it Z2 A K 5P K TR HLE], AT 58 AN R AE KRS O
s LA DR S A1) A FEIE T (ME F 4. t’EMéﬂ)E‘Jiﬁﬁﬁﬂﬁ%ﬁ*ﬂr A
PG S I Fr 0 e AR A S5 PR AR 59 22 S R IA R, BT gRT-PCR #EATH R
RIIE AR EIR, L 5 S AL S| 298 N2 FREERF, F 5 M A3k 17469
PMEFRREIEN; GO e E SR, AR SR ZERY SR, AUk,
458 RAEATEVE B VIR OS, YRR H AN & SR A R 2% H - KEGG B % = 4&
BoR, KRR B w AT R . A BUH AR AMPK {5 5@

EIACHIE R VEAAH R N AR T PIBK-Akt. Wnt, £5(5 5@ K S5
75\%*7'0 B . qRT-PCR WiERE, 8 NMEKARIERF (thnilc. fgf6a dusp8b-
grbl0a- rps6ka3b. mhcesml~ mylkda- spink4)5 12 A M3 Kl (nanos3- figla-
aZ2m-pl. pzpl. h2bl. adgre2l. tp53il3. dmrta2. tgfb5. foxll. nanos2. vmoll)
IRk S RAZ IR 8, HEIHEHL KR A ARG LEaAERK
SRR S B FE DR SR 4238 %, O 22 R A A% B Rl S 2 T LT ST AR LR i
A

REEE. LA, Feadl EK MR ERREIE

B

KWETE: TTF4 R EAET (2025JH1/11700001) ;EEHE R KaZOEHELES
B ALK & K AE (2025HQ1302) ;4 3k Ak fa 5 A (2025XKIS8583)
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COI #1 16S rRNA ZE FFHIRI KSR HMMER G S R4S
#
RBH, XULHL WO, RS, W, GHR
LUK PRI I S 8K S s T 45T A9, 523 111000)

WE: N T EARMXE A FRE KBRS (Paramisgurnus dabryanus) FhEf
I AL ZREVEDIIR . 1B AR S5 M RFAE S8 7 A I O, AT 5T LLARRLAR COI A 16S
FRNA B:5 751, SR E 6 MHUEFHEE (M GZ. REE TJ. L8 IS, db5 BI.

e ING U1 SCY 3L 182 BREABAT A, &R EIR: £ COIM 16S rRNA
FEPR 73 ) SCRLAE R 32 NN 21 A, BEAR B B 2R B (H) N 0.836 H110.762,
B2 R E ( ) 4 0.00874 A1 0.00531, EHLH S ARG LM . K
R 22 A M 1 10 A A5 2 P [ 353 4% 055 2331l 0.0012~0.0198 A1 0.0009~0.0143,
Horp SC 5 IS #ifff e/, IN 5 GZ Rt R . 4% /- R (Foo AEERR (Nm)
MR, SC 5 TS Rl a2 HR 2536 (0.05<F,<0.15) H I N AT F 8 78 5 (Nm>4)
TJ 5 BI MBEE SRR FE A R (H L RS M AT (Nm~1.2~1.6), T IN. GZ P
5 FABFPRE A 2 = o (Fe>0.25) HEEFAZRAZ IR (Nm<0.3). 50T 75 Z 500t
(AMOVA) BoR, FHEFIRISE AR oy 3 BoRIR . S8 R S5 4 3%
W, 6 MBI 3 AN RIS R0 SC HIS BA—3, TI 5 BI A
—3, GZ 5 IN#FHEN—3. PR 5 Am KRR, Kk e i 74
AR K AT 5K, 5 SC A1 IS M 52 b ] Re 2 Jrid AR50 J5 iV &

gk b, REERNe SR AL Z VA T 4K, (B GZ 1IN ML 2 FF 1t
BAK, VKX BRI e ORI R, I sm i St fR 3 5 BRI I . S
FEN R IR S5 P BT IR O/ 5 T RREER BRI 7Rk

Jebia. KESEIVRHH; COIJE[H; 16SrRNA BE[H; L2 RENE; LM

RHTE: TT4RKARERMF LS FITXITE (2025HQI302), ¥ —1E#: k&A, B
EITAW, #RXFHE: X5 FEYF, E-mail:18747551907@163.com EIEZ: B R,
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XFERIANARA R EAXERERRENHRAR
TR, A, PVRER, PREES, RFH, whpe”

L B AP AR A A TR b, TS, FE 0, 352100
2. LI PR A AT, AT, 352103

WE.: KM (Larimichthys crocea) {EIRE&—MEBERBELTTAL, HE
KRB FRFAAT ML) ORI C, DR 0 1) 85 SR IR B DL R SR FA A B R 3R 0d oK 3
HSPURAE T, SBORSE A — RV A, Hh B2 R 5w
( Pseudomonas plecoglossicida) 5| 21 A I F 5098 45 K B8 B 755 i >k BRI & 5%
P ISR, I 9R A S B B S ) DLARTTER C BN T AR . B
Hh R 24 AR ) S e I s A E B B RS IR, REMS AR e K sh A S % Th e
M IE 21 B 6 5 35 A 2E 7K 7 IR T R JE I R . K ¥ 2 (Pseudostellaria
heterophylla) VEREA GIZ W T J10MER P 258, 10K gkt A+ Cb g
BN o AHEFUAE KB IR RN 1% KT 23280, 730 155 30 d.

45 d 1 60 d J& AR AR B I B 2R 47 BL R, A qPCR BRI K 3 AR N nod2 .
irfl J¢ ifih] Z5 G D Re R I 22 5 B T Ol . SR BoR, HIRMRERRETRDRL 0]
HAELL, EZBNRARPME LTS, HARKNE ikl irfl M nod2 =Fh x4 %
PEDNREHEDN, FEMRAE . BIESE T B S B P I RAOK P B m TR A (P
<0.05) , BoR RIEFH R sRACR, KRR TSR BOR AR IS (e 2 K v 1) 4
R D RER R I 3 kR I, AT s KB K Sz ) o A RWID R TR T2
TER G STV FIBLER, LSRR AR A 1 B ik

REEE: Kitith; K72 QEMRERR; ZEREX

*EATH: BEYEAARFEES (2020002011, FEFEEFERKREAFTE (2019713,
20257ZX091), T & & I X 7= 2 #F 41 T H (2025C002) 13 FH/-: 2 F K (2000-), % (3,
M4, HRAE: KFEREA. BEEH: #HE, K%, B+, TENEATEHHEAR
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%ﬁﬂlﬂm‘ﬁl'ﬁ'fiﬁﬂfiﬁﬂmﬁlﬂﬁiE@%ElﬂH‘Jii&ﬁ*ﬁ
TR 2, TRR L2, R 12, KA 2, BheRAR 12, REE 12, R L
(1. 7B RFA R, TLV0 5 3300315 2. /KPR G5 R FH YL PG48 5 550
=, VL7Y FE 330031)
TWE. NRFEEM (Carassius auratus var. pengze) WA K B MEE, KA E
% P RALE BRI AHLY) B MG SZAEMLUE] 5 K B R 1IE, R qPCR %
ARA I 1 5200 it A [R) 4 2R S WLIE) i AS [ B B B runx2b bmp6 - scxa M crim 1
BN LILFHE . 25 7R 18-42 dph I, 2 FEWILIA) & R 1 ARIE N 79 R,
42 dph J5, WUAEECEBT P, 18-42 dph i, ALEEHESHES. AKAE
i R RMEA O, MR AN 0.9752, 0.9084 F1 0.8540, 52 3:AIILIAI - 1L
BANER, A E AN B AR BB (S HUEE NI (52D,
LTl R EHBUN (S3) MALEE el (S4) 55 4 i, 8 Jig. 1
e 2 BT 3 B S EEIAE AA N AR EUVLIA B SR R R 2 R, H&AE
W BOIE AMIAR A3 LA S Ao A e B LT B #1222 ¢ (P>0.05), 8 F) iz it
A AR5l L AU LTE] B e B2 /DT 2 A 3 e (P<0.05), 8 Hild. 118
S22 P AR 3 T UULIE] & 2 3 /b T 2 Bl (P<0.05), 8 Hild
WM 2 e G2 e R ARt T UVLR B #E B35 2 T 3 W2 (P<0.05). 2 W2
FAEE S /NE R R E ST 42 dph A1 8 IR ELFEA (P<0.05); &%4FH4 Bz Al
ik /hE s AL B BRI REZE R (P>0.05); 8 AL &
SR DT 2 W (P<0.05); runx2b TR E P RIEE R, bmp6
FEOMERRIEE IS, criml 1 sexa SHAENAE KL B .. bmp6 M scxa ¥
7E S2 MR IEZ A RNE(E, runx2b A criml ¥J7E S3 HIABIIEAE . W45 BN Ja 28
ol S RONINGIR = 2% o IR = AT ST e SR g FUE T

R - o VR B DUEE K EMREER, SRR

*HATE. IHAESFLITRTE (20232BBF60013), T A IR LV HAKR
(JXARS-2025-14) fE£ & /: F B (2001—), B, MEHEAE, HARAH: KFHHY
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A O R EA8 LHARRIE R B £ 2200 B 5 BT B % SR 4A 54
EIL RN, OBRE T
(1. 0B R AR S K B B0 SRRV 700 O A9 %, 108 798 330031)

WE: NIRRT KRIORBE (Micropterus salmoides) [113&E N AL,
AW FAE H IR AL R T R E T1-T6 ZSASKAERT B, /KR T1 ) 19.0 ClEZE
T4 (1 10.1 C, BE/SEITHE T6 19 15.4 C, RGEHMHTHAKMRE. HIUER. &
RIS o B AH T R ek S e s AR AL . 25 R R, B TR B A7
RARFE 100%, RHE, EE%%F* JEAR EEA AR LU S48 FR B B sl, SRR
LR AR GEE T HEU PSRN, WIE ST 25 AR IR 4 i £ 2 o
AW BARAL U AR A TR A A2 T R 2 5 i g 3 P ATV AL ORI A
HA LA TR s, MRS FPIEThAE. HALEE. Sl Lt Emeis VA
T1-T6 [EAFAER & 75, RGBSR e R AR B S MRS 1
BNAS YT o 1 — 2D 1 OB AR | S IR AN THIR K 52 B B H A i AT Fe s 4L 50 #
EFRRIENNTEZR, T4 vs T1 LR ik 2] L EEE A 1639 A4~ MR A 2232 4,
T6 vs T4 LU ik 2] EIHIER 1374 AN, TIREER 1456 4> kT AR IE R
FEEEACITAME T E ER AT AR B AT S R DR A2 7% i R 90 R T
5 & T E 7 R, AW LD “ARIR B B Bl TR S Bl ” AF D9k nl g ik
P Wi N A fe L DR ) 2 R IARE S, JF 455 WGCNA ik 5 S ARIR P B A <
HTHRWKE B B R A8 JE D] o A2 S 3k D] ' SR 405 2R B 41 17 g U PR A= P 5 ol
AR TR A A R H M BERE QT I AR A A ERSE TS5 il s . PPT MY
25 H0 hub JE K43 #frift— PR 1E ) acslda- fasns scd elovi6. lpgatl agpat2. chka.
dher7~ acslla T aclyb S5 BEFIE SR . 2% b, KO B 0] fead i /5 IR &
A AT H G R L o S AR IR R SR A S MR o T SR A A R R
RN A RE AN AT IR AR A o ASHI 7T 0 1) B DK 1 PR A A AR & ML ) R e ek
W Tl ik it 7 Bk .
R RORET A (REES, MRRUCH: sl

FETE: A0 E& A% T B AKX T H (jxsczy202606); VLT & 4 A4 AP & 7= A
R A (JXARS-15), THE BAMFESE (20262BAC200507)
*ERMEH: BRAL, %, ARATE: KW EHLETSEERE

E-mail: zhaodaxian@ncu.edu.cn
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ABEFEHERERAFFENERRIEEMER

AN, TR LR L VST LI, B S, ORI 2, WA

N LERKR!
- BE R B A E S, WA AR, PEERSE, B, PE

1
2. KPR BHIRSR VLS SR %, ARl sgle, MERY, ME, THE

3. PR BEHIRTR e Ei e e BN A G, B, PR

WE: KVGVEEE (Salmo salar) 2B RATNMERIK 7 FRE MR — . IR,

BRI § Rt Suk i 3 = AF=i)yiy e PN LR e I | EA PN S S 7 LS v kg
WEFEANSE R A B B M B A « BT 1 R DU o S R R AL R U, 60476 o
KBk (telomere-to-telomere, T2T) Z5IHERIAH . A EREFAAR L AL 7 BE 5
AL T NI R (AD BFP i & 2 A1k R AYIH 58 TR . B PacBio HiFi.
Oxford Nanopore 1 Hi-C (AR, IATHE T 5 4 K FE: T2T 25 £ HH

(MGB-Salmon-T2T-v1.0) , H: Contig N50 %% 101.69 Mb, Scaffold N50 i% |
114.45 Mb, F:HALESAEMEHMEBINA Ssa V3.1 A RZERTF. #t—2, &
xR E 9 NEZK. 23 ZEHIHAI 1,399 43 K70 PEEAE AT T 4 JE D5 20 5500
¥, JLEE5E H 4,000 454 i & AL H IR 2 A& 1 (single nucleotide polymorphism,
SNP) 7 s, M 1384 e AT R PO S 10 A5 AR S S o RS DR AH 52 0 A 449
TN T AN [F B AR () S8 35 8% A SIS S s I R 2 R R
PAJe A B R (35 5 o FEIGIERE b, AT T RPE i I 2%
TR, PTSEILEAS B AR EE N AH AR . tbAh, FRATITFR 73T IR 2]
PS5 T, HA AR RZ AR 500 4> SNP RFRTSEE 94.75% 75 52
PR AER R, 2R T B g 28 1 B PR 3 78 77 VA EAIR LD AR LD X i 1%
et T g T e S /R ] KA (Hidden Markov Model, HMM) W5V, )5,
FATH IR RIERE S T I REE AL T &, R POV 57 % 8 A2 K]
R R PR AL 7 HE T H o 1XZ56 BN 20 BE U509 R PO Pt B AR AL 2B 70 . Dy Re St
RIAHVERE . LR 2H & M LA K [ bR FarmGTExX 11X SEi B8 e | 5 A
BRI KPEFESE; wbl R n kL R A AR 2H s AR e A PR A
SN FERTIETE, NTERE: BLai

KENTEH : AR AR E R E EH L ITR] (2024YFD2400902) F 1l 248 & & (2025SFGC0401).

EIEE, BRE, Kt #X, TETHEFAYREF S5 EH Email: zmbao@ouc.edu.cn
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Application of Cryopreservation Techniques in Aquaculture
Breeding

QIN Jianguang, XU Shengyu
Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou)
1119 Haibin Road, Nansha District, Guangzhou, 511458, China

Email: gin jianguang@gmlab.ac.cn

Abstract: Cryopreservation has emerged as a critical tool in modern aquaculture,
offering innovative solutions for genetic resource conservation, selective breeding,
and sustainable production. This technology enables the long-term storage of gametes
and embryos at ultra-low temperatures, typically in liquid nitrogen (—196 °C). In
aquaculture, cryopreservation is most widely used for sperm, facilitating year-round
breeding, spawning synchronization, and the maintenance of genetic diversity across
cultured populations. Recent advancements have improved cryoprotectant
formulations, freezing protocols, and thawing techniques, leading to enhanced
post-thaw viability and fertilization success in a variety of economically important
species, including fish, mollusks, and crustaceans. Despite these advances, challenges
remain, particularly in the cryopreservation of oocytes and embryos due to their large
size, high yolk content, and low membrane permeability. This presentation discusses
the general application of cryopreservation in aquaculture, particularly in molluscan
species. Addressing these limitations requires further research into cryobiology and
the optimization of species-specific protocols. In conclusion, cryopreservation
represents a cornerstone technology for the future of aquaculture, contributing to
biodiversity conservation, biosecurity, and the efficiency of breeding programs.
Continued interdisciplinary research and technological innovation will be essential to

fully realize its potential across diverse aquaculture species.

Keywords: cryopreservation; breeding; fish; oyster; abalone; mussel
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SMEEHEE X B BT I EE R o TR R

PN 1, AT, BEEEL 2, Bl 2, BR34BT
L FRREEGREEER, ILRFE 266071
2. KRR R S K AU, ILARE R 266071
3. HREFERE SRR A E FK R, WARF D 266237;
4 R A EOR S8 B E g s, IR B 266071

WE: NIRRTV (Cynoglossus semilaevis) X iU A i A 300 N 5 7 i
RLBLA, AES L EROK TR . AT 7 T2 0 15 85 96 h Bgifrid LC50 (34.43
mmol/L), ¥H 30 mmol/L NaHCOs JF @ &, 0. 2. 12, 24, 48, 96h
RERTAY, BEALY A ERAEL. B 5T RGBT
SERIEIR, RG2S B A R R IR s B ARk
g (SOD). HEMEAM (CAT). #htH KL S Yl (GSH-Px) WHPEE b
T, Wl (MDA) E&EATHER, RUPETUEN S B RE /g5, HH S0
JE . R EE . Hh =Be S R A K3 B TR R, 7R KE T E
B ek e A 3h 03 AAERRDLAARRZS: S BRI A ERE I R 2 & & w2,
Wi BB 5] RN R A 2L, HFF R IR 3R G B SRR B N R R AR
ek S5 RUHH AL 5 780 A2 SRR BRI A 980 = AR, BEE
ST reE AU AR A RS T RN R A S i@, Hih ARG2,
SLC25A29. FHBRAITIIR . SRS CHER SRIMIEZRRESHR. JRE
TR 2 Lo AT B g R b R 35 S A o 48 b, ST 5 T am P AL R B
A RRE R AR RIEIA SRR A S, P [E RO S e . B
FeEhE AR TR T 2 o 5 N B P 38 1 A B R R AR AL, DA AR AROK R Ak 77
B T BRI SRR S

SR CRURE A UMM BURL: RERCHL JREEH

KERE: BXREAHLITL (2022YFD2400401, 2022YFD2400405)

EIEH, DBE, B, &%, TEANFEHRTEARTENBEASREETEMN. KEa
Y # A K E-mail: shazhenxia@163.com; PRk, HFE TRERRE L, #HAL, EEANEH
G T A A R G R A
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FREHEEZLFERAREEM S I GIRRAT

WEE L, N, e, ETRE B, g
L R R =GR AE RV E AR AR, (WA & 266071
2. HRBEFRESEARE R LR =R S arr il R s s, WAE S
266237;
3. IWZRE LA REDEMEARCH O B, ILARME 261418

FE: g e R E E I KIRE A, JEMR . ST RIS O R 5 55
[ R A 24 7= MY S 5o BT HPoms 5 SO MR, A [T BA TR 42 WL i
BT B2 IE . SRRk R A RO IR W S T T B KA. 1EPL
IR T, 456 2P B AWBA | s 2 AR % . A s
F AR Y RNA DIRESRIE, &I F 85 E AN [R5 5 e h AR IR~ 5 etk
SR Hod, PPAR AHOCIEERAE 2 R e B 2 B AR, SR N A A
IO AU (%) SRR 2 5 5 200 L 5 488 7 B UEE R PH JEE A [ Mk 248 o £ A 2 40 i
N T EA SR, HEEAI. T 4000 B 40 53595 I PPAR AHC 1%,
4k, PPAR iS¢ i £ K] nr1h3 5 IncRNA MSTRG.14394.1/miR-144-3p 4 i
ceRNA 1142 5 g5l B B YL 5 1 e i1 . TEPUREHE LA 5 & Fh N 77 1,
B IESS T AL e, o BT R A B R R i (GWAS) . R ZH ik #%
M2 B E Fh o WIESS W B 7R T 300 RE 7N, ikl 7 e
FHIEH SNP A7 5, HEBESH UL S relay jun ZE ki R, I GWAS
i1 1 40K Anic i GBLUP A2, & EH FARMNPURIATERIES 7 19.7%. 122
TR T 798 BANMA, mALE 4 KAk R AL, B H bmpr2 %5 6
XA FER ;. 1K-10K ik bric 45 & GBLUP £ TR B A1 &80 2 8] B 4543 41
5o BRIUGIEARSS, IS0 W 5 5 BT HOIR T R A 5T KB Beo2b Al Beo2l
BIRARAER-TAE N RAERE =B, 0l R AT BB RN bR
DR SRk, SR EEAE . ETUEH . PUA I A % A D% I B 11
HA R e E I . FIRE R N EIE S SPUR LR E & 8 MMy T3t B e 1
HEIEA . ShAh, BN IE S R 2 R R S Bt B s R i,
GHFHA 7 KA GWAS. JER LS. DhRe Rz o552 2R dE,
BN EEMARENT . LR R IZ IS M iRt i & .

R : IS HUW: PPAR: RENALSCHEMT, FEDIHERE R

REFE: BREAFH LR (2022YFD2400401) ; A E M E AT E (2023ZD0405501 )
EPMEH, VBE, 23, FENEXTERHRGRET IR,

E-mail: shazhenxia@qdu.edu.cn
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SRR TESETRE W & RIIE L IBEHLHIH
R
SRR S, FUREA L, YRR 12
1 B RKFKEEDFERPF L, AT E 266071;
2. BB AEEARR S E R LS, ILRE ) 266237,
3. ILARBLMAREWEMEARCH PO, IEME 261418

WEE: SOPE S B0 2 PR ) e (IR A I B A R 3%, H L 51 RS ) AR HE A4
LR e R AL R ML i A 5 AP BH o AT 7T LR ORI AU %, i SR
BT, RGVPN AT AR5 05 I 5 AU o REAROGHK, JR45 & k4l
MF (RNA-seq) FIGta G BN T (ATAC-seq) fAAT TR SR ML, 0
M SR S IR T T T FE B R (T O R o 45 IR R I, SR AU IE T B0 i
YR IR0, R0 Mg IR I aE NPT R ) N B s LR
HRAT 1,306 N RFRILEER, FEEET AW, sERBAZE G EEES
W ATAC-seq FL%E7E 13,261 N7 R P IX 4, SO 800 £ 25 4R T #ia
WA RE B AR S D RE X 38 A 2 A T IR 15 0 B A % X - TFEB, IR 1l — &
FIIEAERE I IR o B 7T 2R B, 2R AU 18 T 5 S0 a0 T R 7 450 2T Al 3
TFEB ] fig i i v 45 FF T R AR S 5 b ma B 78, I B (2R s AW a1
TN AL VR AL B U DR 5 R Bt 15 A B AR

REEF: Wt GEMG; BeRil; ATAC-seq; ALk

KEHE: ERRLAENEMEKET(2023ZD0405501)
“HAMEH, BIAMEH, PBE, &%, FENERTENPRE REFR

E-mail: shazhenxia@qdu.edu.cn
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mdfi B F4RIB{E 2 E & T KT RE SHLHIREAT

WORE T, KIS, BRAAAK 23, YRR 124
1. FERPA MR BOK AR, ILARF S 266071;
2. H IR S HEOR E 5 SR S i el AR S EY - B AR D ResEse %, (WARE R 266237;
3. WKFREAE B P SR R A E A %, (LARFH 2660715
4. \WERB AR REDEFEARCF L (B, \LWRAEG 261418
TR e R R H B R SRR K IR R, WL AR K B e P B A TR A
DNATT R IL A AR G ) SRR R S A L, AR FE DAE A X R, R £E MyoD
FRIE R 7 Cmdfi), &3Eia AT RE 73 . CRISPR/Cas9 JE K| 2 4 LA J¢
ATAC-seq/RNA-seq B &7 55 0718 S RKH, mdfi fEE AL A0 R FE 5
HIBEBE A . mdfi 333k B2 BRK EAU FITES A ELG, T siRNA TPt M4 it
YA . BB R GO AR A Y mdfi AR E A, 4 R RAANMAR I B3
AR, HARE ., MRS, R AR KR AR 2 T4 5 29.96% 29.97%.
24.59%A 7.62%; HR ot o LA N EARNIA SN 2, 3278 mdfi
B AT BRI (R LA 4R AR IR LR AR K B s L AT L S e B 995 M E R
WAL, HA BAGE AR OCE 40 Wnt. Ras. Rapl FIZGEBHE SH00E, HIEZEER
e 5230 . ATAC-seq 70 M %52 B 1337 DN F IR X 5, HOCEER
T MAPK 15 5ili% . WIAKE . dUHE ZE TR AN - ot TAESE AR XLt
P2 P X e 5 B #E T MEF2. MyoD. MyoG. Myf5 F1 Six1/2 2 s L% 5 4]
TSGR . BRE TR, Getu)in ] S A8 i 55 3 R 30k =51 98 [R) R4 LAY
HIG AR . Ao e Rt — D MRE, mdfi 1UE MyoD A FJE. %51,
K FAE R T “mdfi-MyoD-J €8 5 0] J 14 - 38 5 i S A8 > sl s LA AR
KALHI AT SR AL 78 WA, H AR A P DR 2 4 8 PRI R A Rtk e R 2 it
T THE .

R B, mdfi; CRISPR/Cas9; WA, Jett)in] ktE

W E: EMEMEATE (2023ZD0405501) ; WAZF ¥ EHFELERIE

% —1EH, BAE, Bl#IT, TENFE & RG0RHE A NG BTk F A EH R . E-mail:
tansuxu@qdu.edu.cn

*BIAMEH, VHBE, #HE, TENEXATENHASEEETMHHR; E-mail
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BAERAFEZAARRABITEEMREXBUAR
1B
FIC3, W, WBE
1 HRRFKAELEYBERT TR, ILWARFS, 266071
2. WKFRFHAM B R G AR A EE AR E, LARE S, 266071
3. WWRBBMAREMEMEARCH B0 G, ILWARME, 261418

FE: BEERAKIE P EERS AR R, & RE R E AR AR A
KRR o AT S TR B AR PR (0 T A TR 4% SR, ASHI 78 K A 4 35 TR 4 SR BB 43 BT
(GWAS) 5 % 2H 2% e 2 I 7 0 a4 e T A1 AR DR B A7 05T Rl 5% » SZBR X 2000
B AT R AL FE, DLR 25PN KA R SRR 4R AR, A HRTRE 150 R
BRAABURANME (HL 40D A1 150 R SEME (HT 4D AT R 2R, £
F 3730919 MHZFERLZ A (SNP) F1 851595 MdEAGRKFRIL (InDel) [
IERA KRBT, L E 21 DN ERFEE MR B OCH SNP. 6 /MR
InDel; HAERAE 10 5. 13 AR 2 4> SNP A3 45 A 2H 2 2 W,
AR 2.7% 4.8% WIRAL T2 . W R S A0 s 7 PCR
(KASP) FANS I e 28 407 s 56 il oy BUIUF o AR A pi B RIiF £50 kb X
(i) P PR 32 5k (R 4 3 4 T 2R B B2 A 106 1 TR B 3505 5 J M IR 2R 06 I B
AT B8 BiE . ERE FFRE. BRAR ST LU R S, AR TR
ABURA, MRS HL R E L 1620, 1221, 796+ 246, 210, 58 4>
ZERFORFE o N2 2R 25 S B TR 2 B AR R BRI AR O s T
IS RENE 22 SR EN B &S 5S8R KiE. a9 E . @il GWAS 5%
KA G AT, THIEIRTS usfl tpv4 55 16 DB EIER . ARUFTEIZHE 1
P LA i R ST IR A% O B AR A R 5 0TI G , Ty e i R AECE [ B AR T
FEOT TARIL R

REiE: HA; HA; GWAS; RNA-seq; SNPs

KEHE: BRRYAEYEMEKRET (20232D0405501)
H—EH: IXX, B#HK, TEHARTMAAXENER G HEF M
EAER: DBE, ¥, FERARTAAALENER. ARENEHS LMWK FEANA
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Bf miR-181b 2EARAE KSR ELHHXRB Y S

AT 3, B3, WBE 12
L B 8B REFKEEDEARI I, 11ARF 5, 266071;
2. H BIFEHRRE SEAR PO R S e AR S =, ILARE R 266237
3. IWARAAMEREYEMEARCH T 0EE), WRMAEG, 261418

WE: TEEAMLEFEFRERNT, HA (Ctenopharyngodon idella) P4 K
AL EBE B HLRE T P, A K S0 J1 2 BB JE O NI 207K 77 SR 58 38 i R 9K
B microRNA RERS[RIIN 42 2 AN EEL R, AR A K S Rz 2R /)
T R BUAAEMGE B0, 54 miR-181b AT RAE N RIAEAEK S %
PE KRB > 1 RURIGER B HR  S e E— IR SEH ] ELRERE 5] msinb F infb. £
JULPAI 20 0 Hh ik 258 miR-181b J&, mstnb 1 mfb F35 8.3 N, WA hn &5
myog F myhe i, SEFEAHSCHEE D Fif; EdU FHYEAMR B2 ms
MIRIR A& e W R 5, 48 h INMEIE B2 @G . £ LPS i3 RAEB AL,
LPS Il 2 i N U5 1% miR-181b Kk, RERXF md B RTE, FEIL-18%512
R RER; 1M &L miR-181b Al A RGEHE mfb LA, SEHHIE & H T
I EWRBTRE T IL-10. TR AN P8 7E ) 256 N ERKISIER, BEFE
TG . S B Em S, BHE pS3 5 Sl . TGF-B5 Z i & Toll 152
ARG S SE. PTLL, B miR-181b JEId EEEE RG] mstnb A tmfb, [FIIF &
PRI RESG T 3 A5 808 SORE SON (B D RE . ACHE 78 8 {4878 miR-181b 72 1 i
A ARG R S T AL AT miRNA A EK S50 /1 F
W DR St 7 IR 7730 RONT BRI AR -

KB Hf; miR-181b; msmb; wfb; K5 HREPA

KERE: EBXAEYEME KX E(2023ZD0405501)
IR, VBE, %, TENEREEMBR. REF ik EENIREAA
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Evolutionary conservation of the dmrt gene family and
sex-biased dmrt2a expression during pseudo-male testis

differentiation in flatfish
ZHU Ying !, WANG Na?3, GAO Fengtao 4, LI Zhengjie !, YANG Yingming >3, LI
Chao '*, CHEN Songlin >3"
1. School of Marine Science and Engineering, Qingdao Agricultural University, Qingdao 266109, China
2. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China
3. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao Marine
Science and Technology Center, Qingdao 266237, China
4. Weifang Municipal Key Laboratory of Fishery Resources Development & Comprehensive Utilization,
College of Biology and Oceanography, Weifang University, Weifang 261071, China
Abstract: The dmrt (doublesex and mab-3 related transcription factor) gene family is
pivotal in sex determination, gonadal differentiation, and developmental patterning in
vertebrates, including flatfish. To further understand the evolution and potential
functions of dmrt in flatfish, we conducted a genome-wide characterization of dmrt
genes in the Chinese tongue sole (Cynoglossus semilaevis). Six genes—dmrtl, dmrt2a,
dmrt2b, dmrt3, dmrt4, and dmrt5>—were identified in the species, all containing a
conserved DM (doublesex and mab-3) DNA-binding domain. Phylogenetic and
synteny analyses revealed a well-conserved dmrtl/2/3 genomic cluster, suggesting
strong evolutionary constraints and functional interdependence within teleosts.
Tissue-specific transcriptome profiling demonstrated distinct sex-biased expression
patterns among dmrt genes. Strikingly, dmrt2a exhibited significant upregulation in
pseudo-males compared to females, providing evidence of its potential involvement in
pseudo-male testis formation. Proteomic and transcriptomic analyses further indicated
that dmrt2a may act upstream of key signaling cascades, including transforming
growth factor-beta (TGF-B), mitogen-activated protein kinase (MAPK), and Wnt
pathways, while repressing ribosome and steroid biosynthesis. These results suggest
that dmrt2a may contribute to testicular differentiation by coordinating chromatin
remodeling and signaling integration. Overall, this study provides new insight into the
evolution and potential functions of the dmrt gene family in C. semilaevis and
identifies dmrt2a as a candidate regulator involved in pseudo-male differentiation and
sex reversal in flatfish.

Key words: dmrt family; dmrt2a; testicular differentiation; flatfish
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ET=ZEERRUFI2ERRERRER
25 12, BRI 2, 2, 2, R
L K IR B R A R %, FEIE T 361102
2. ARG IR B NS %, R 361102

WE: KA RIRE R EENAEG A2, T RIERE. WiLEHER T
SEFFERAT 17 MR, K AR K B BE R s, AR
PR, TR LA SEAS A AR A Y DA R B i 1) PR R, TP 22 S A T AN TR PR SR B AT
TH PR R, DRIHOR St M 45 ) B A R A BOm i P A B . B T4 TR id
FENEMEAR (MAS) FIANEIM R G FH AR T KB ‘iR (XX #E/XY HE)
MR (XY M) -HBHER (YY" ZRARESBEMAR. Bk, AFNE
il T — R ] AR AR I K B i ) LRI A e ], I TR % 25 R E
MFpHdE, TFR T RS ESTTIRIL, REAREE X MY Jutifk.
%, AFBRR T KM T 10 3& B2 0F, fhe el Ol =)
W 1 mg/kg FIiE-S 5 11 40-120 dph (4544 FREWSSZEL 100% [ T 4, IF il
Mg T R SO R (XY MEfD . FE—DH, s R O ST (XY D
MEX XY BE) FRAET REMHMER (YY B . f)a, B m 5 a Rt
(YY BHEX XX ME, Gl T 2R AR, Srn Fhsickess, Ak s
Hh g AL BV LEBIIE 99% (107/108) LA b ARBFFEMIE T KiEfa = R EH A
MR, KM I OASHE T SR B FIHOR SCH

R KoM, = RWEROR; MRS E A SR8 A
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1. BITRSMH SHER2ERE, MHEEET 361101;
2. WEKFREAEY B Fh 4 E S seih =, #adE] 361101

WE: T B IE R A& IEe, S TIRA AR AR KR E R Z AL 20 E
o IR AR A B R E E AR A, KRIIRCR R . K
(Larimichthys crocea) &35 B Z 1K FEHE LM, H FLRG 0 N IR Rk fa
PR P E AR T FA R R AR AR SR I Fofth 2R AR L, R ISR A IR
SEMEAREZER . B, A7 R4 K0 I N BT s 3, 15 B
Fr AR LM ZH RS o P45 PP 200 0 2 3 2 5 AR 20 1) K g T 50 A I B 2 i
P, i g IR Y IR B SR B Ak RV o i Bk B 22 2 S AN )i i o 2
PG TR PR R B K] mad o ASHIE 50 30 5 e R K o £ JEE T L), WA ZH 2D e,
BETT AT BEOY T M E SR I 8 B SRR AL )R K i 7l v TR Fi 2 St 5 B
AR R B S 25
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1. FEITRZHEE SRR, WREET] 361102;
2. THEWEROKPARAE, fEETE 352000;

FEE: PUPRIN BT BT S5 REHEVEOT /& 7K 7 R PS5 A {8 Fe 7% FE 1Y) = Rl o RS
A% P 2 1) 24 DK o 0 TR B M PT R E JRE ) T2 B0 B 22—, ik B ) B A AR E P
D0 R 5 I AL IC B VRO A R o ASHIT 5T LA 22 AR5 7] 250 R 1 K B f ) R et
PSRN R, BN TR R, T RIE M SRR RS, Rk
520 B i B R e M 20 T AR IC e, 2R Ge T R K o f0 0)  BA U o o 61 1)
WAL VRO AN R FT . AR, KB PRI B JU B i & G1-G4 i
AAETCER G AR A7 3 08 25 s T R N R, e G4 IHAREEAR 96 h A7 7% %
BEHAE S AT & 1 575 T 37.29%, RUPUR R A ESE § 15 256 E
sEft. R T EM{E (GEBV) H GO 2 G4 ik 2 @S, RIFIEHELA
IEFEE MRS TR REME G a8 o BHASS R A o, PUvESh REEIE B HEREE D
MIERHHEAR R 2340, TR AR A7 T = R B AR I AR SRS stk Z A
HETE R CRIFARSE , ERHANMEEISRG R R A PTG, G4 FEFHIIT AT 2%
TH22 0.080, P75 875 45 G BRI SR 4ok 22 M ROH (5 Bz Hili 2 W . 1 —
A RS AL B A5 S 304, 5 B 22 S anFE XK, 3745 VEPHI \JAK2.
PIK3R6 F1 CSPG4 S5 iz HE K BT, U MR AL A bl A 7B B A b4k
Ko EMBENTIM, BT 3XFFREN (SVM) Hlasss I BA, Mg 17 H 72 4
0> SNP AR HUNE i 2R 73 TR0, AEMST IR 0 FSHERA 215 2 100%, 7]
T SRARZEREAG I . AR AN RAP IR . 2R b, AWEFTRIER 1 P Fog 1 il
— R 5BV —Fh U B S NI EOR IR, R GuR R E .
FRFFFAAN K= il v Joi 2 % e $R S 4%
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TR R R (AR E SR LR EEME N ARR
MFA L2, BRI L2, ARG 12
L BT S ERER, fREE ] 361102;
2. KR A E A B E IR %, MRERET] 361102

FHE: 1 N YU 5 70 I TN T 4878 HESH A M 0 R 42 AL ) R s A A SR BLE
S E PR E R . WU RS . (Protonibea diacanthus) 3% B #2211
KSR mE, BABE AN, For bt SR i ok 2 R 2 5
Y B . AHES LRI B A SRS QIR AW 5 RGN 1 O0URRJER B 2 £ FR
A E 51 3 A A AL o 8T e T M e e DR 2 PR, X A A AT A
DRI ZH = 7 SR s G AT, AE 2 S dh B2 E HZ) 17 Mb BRI 8 X 85,
05 fshry sox9 ZFERBEVENREER, Wiz iR Y R (XX/XY) 1%
MPSE RGL. 1E fshr FERIN S XORIUHEME R R E AT, FEF & H AT PRk
K BAEER W Fhrid . AR, MEEYERRAE 160 dph HFER01k, M
PEZE 190 dph E, RUDEEA G TR W@ AMNEMER B L%, #iE
E2 (30 mg/kg) 5 LZ (200 mg/kg) 73 ml N s A5 D i AR &R, SE3L T 100%
PRI G2, JR @A 1 Ra g RIPEISERORAR & o AT F0 8 KB 10U 5 o 4l £
Rl e e A U SR B R R I, M 1 s R 4 SRR R, e B
1 NE R DTE 73 T S SEIZ R It 4 B AR A 1 PR B RS .
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REHAE: EXEABRFELFFHFEELTE (CH) , 32403006, IR # 4 M5l &
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E XL BEEKE BZ-95 NELHEEBRELERIER RN
ERR, BT, KRBT, BEE, B
Lot Rl K5, RN R AR AR R B )5 2oF) B B S seie =, IR % 271017;

FEE: 0T R K = R R A R Eh AN IR 2R Z0 AR 2R, B SR B B W1
F ], A 5T DA RS LR IR (Priestia megaterium ) BZ-95 X%, JT &
THEEEACTEREVPANY . AR S5 RN . REE T 210 S IR FE )
L3RR . 25 R E W, BZ-95 A BRI T AL R ), ARG F-E R T, NOs-N
7E 24 h WHH 72.59 mg/L F¥ % 8.07 mg/L; fEILRIRE BT FR1A R, NO-N7E 21 h
P 70.00 mg/L F# 2 0.009 mg/L, HAHILAE SN NHS-N LR, AFEEFHE
B AR BN AR A B, BC S BT AT 40 AT 8 1 E R 58 A R KR TR A B . Ak
HortrE M, BZ-95 A H nasC-nirB_2-narT ALK THER £ 74 A e DL i
nirB_1-nirD-nirC-cysG H W) WA IR 8 [RI AR B o LA i S 4H 43 i i — 2B i 459
692 MILAHIR £hiFr 57 22 RIS JE A, KRB BZ-95 nliEd s Fis . re AR, &
TR STk A AT 10X 28 2 A 1 () 3 S AS (R eV B B o CE TR R 45 7 T, 23%
FRHEA R T 204k, 7£ 180 t/min. FEME 2%, 37 °C. 20 h MIHI46 pH 7.2 %
PR, REFLSIHEIREIEE] 3.72x10'0 CFU/mL . 1€ FLYNERHIR A= 40 4 B 37 5
HOT RN SR IE, 500 BZ-95 WG, #1468 NO»-N K %A 43~13.5mg/L, 24 h
B ZE P14 3.04 mg/L, 48 h #E— B IAZE 1.58 mg/L, Il fERE)E 4 1 J& P 4E4F 5K
K, T TG & YE R AE 7~8 mg/L. %% F, BZ-95 EA WK FIL RIS ER 28
RTS8 k3 JEATLAR L 550 PR P S50 S R T B L B () A £ ) % AR S B 82 FH ¥ 77
AN K FRFE K R TCATL T G I 43 o AR R s S A B o R e RS 3
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BAMERENF TS TIELBEN XY i 55R1F
§ XX fhifEsa HRERRENER
weAE 1, B, A
Lo RN RS, I ARZE%, 271018

WE. e % e (Oreochromis niloticus) TEVEAEACH B TR MEM:, MR
B S B A U ARG o 1y il 15 5 M £ 1 i 300 2 o — o S ) M S A R BOR o SR T
e 95 3 ) XX O HEPE ook 7 & AR BIris S 4 B AN 23 T HILIATS AN 2 o AATE Feal
i AN RNA-seq BiAR HLi 1 io4E XY Bt S XX Dyl fatE iRt R R IA M 2 7+ .
TATIRAZ T 6,175 AN isitl XY bt E AR TR 6,395 ANl I £ 1 FiR 40 i F) o5 o
P BING, JPR Ry 13 Mg iR RL, (R 4 FhAE AN MR AN 8 Fh A 2 iy
R R B XY Meth 5 Oy rE B AR R 0 1 R 2R B A B, (B A8 B 4 i
A 0 A 5 v S50 5 1) 325 1 Rk PRI R SR 22 St o JRAT TR IO P T 4 e v
P PR T AT G FE A S I 2 DR 08 2 1, IX AT REMRRE 1 U i RIE 7 ik 3 1R O I £2K iR 41
MO D LG . SR, D REERS SRR T AN B Ceenin cend2) FAYREL 7>
H (syepl~ syep3) FARERMFRIAE EF R, XA Al A 4ERKF 1E % M 1
AR WAL, FEVERR A B ISR, O £ rRy 1) o 40 i o 288 [ e AR ppH e B R
cypl7al hsd1Ib2. star2 55) WIFIEIK 35 m Tidts XY bt . SO Bl
W EEVE R 1) 2L (R (gsdfs stat3 R jarid2b) W I8 CL S EN: A ] 22 K] (nrSa2- ctnnb 1
M wtla) LR, #&78 TGF-B5 Wnt/B-catenin 15 5 1H i 2 8] 1 2) 2517 7] BE &
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RREERSAKORFEETSHEEHEB LM LS N
sRple R T, FRAHL T
LR RS, RO M SRR B AR T 5630, LR % 271017,

EE: 2 AR S0 RS T 2 R RSB T
ARSI IR B J R DAL 1745 55 A R SR S S, A
eI SIS 5 TR T T RIS 7 28 R
B T BRI R Top-down K AKIIHILL 3D SR A, 5
BT FBRYI (0BRSS HE TR, SR T /MR A R0 1 301
R AR S 6 1 25 S AL, SR WA
RERMABERUE ARSI I, 5 s e K BRI B TR T BT
FIEE YR, BRI, B RIEHALIR, FH SRR SRR
AR IS, HIERIECT & PSR, BRI A ATF Z SR, Hen)
PRSP R, 4R SL6 (5 BB GWASIGS JMHTiiE, BRI T FIACRE.
LRSI A B, STILARA BRI, M S B B B S R A 4L
ST TR, FMRIET %% 99.31%, W42 TIAIIFATFER] BT 30 JRF
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KR, Rk REEM R AR B REEERIRER
#
Hedkpe !, TR, WA, ML, B
LA A, AN SRR R R 56 CRRAIEED), %, LR

WE. KRB (Procambarus clarkii) &3 E B BRIV KFHEL TR, (BLE
677 X SR AR, ARG L B R e o AR AR AT LA S S B 18 4 i)
FOPR 1] 5 IR IE R G AN AHE T o ASHIF FT LASE B AR . BRAS T R 28 it &R
HNEFR, FERET R BIRL . ARSI E . R AL AN B RS A AT T
P A6 75 FEAAS T AL VAL A3, AN () 1 R AR A4 7 (UG IR AR KA S B A7 BH S 11
WL . BRI, ZRERHARMEE S5 E MBS, ®8F Db EEEE . (R
TR D5 = MR8 =NV E N B Mo AR . BEJG M = BHA X AL A, FREMR
W IR R AOBIE IR N TIE SR AR b, MRE F1 A
it — B F2 USSR &k 3R F VR UE QAL SF1Q x &l Q4L
SFISRB A E . ZHELE 4.5 CKIRE NIRRT N, GR FH&ERE /1%L
IRAHBFARIR =40 1 °C: FEVBIE IR AT TR BT E R SE m 4 1%, R H A
TR AR AR o 1 — D XNZ BRI R A ZE A N e, A i 2 R i
B, JFRRAT AR AE KPR QTL € 7 Je B B R A R i . &5 R BRIt
MEBEFES T NC_091172.1, HKAIEKILFEEAM T NC_091172.1, ki H
AN ) FH B8 L [R] E A2 F NC_091154.1, AHFFT AN T IRIE . PR o QR ZR AR
Wi &, ATE T RJREUR R SR AL 7O s SR, oA Y S sh M) E B4 It
WL RIEE T 2%
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AREFRERFEBEN TGFp ESHiFEHLHEIENT

REKEE 17, AR, RUANN !
L IR A WEFEREE R, L R T B 266104

W HAAEKETR (TGFR) {5 SHifEgiisE KEA YA R O EH .
“[H B R B RIS, TRRFRIEAR TR, RN mIEE IS R AEKIAEL,
BB AT TGFB(E Sd@ s £ B TARFRIER N MR RS IR TE AR . A
FRE TR, PRI TGRRIE 53 s B E . e g s
T 5600 ST AKTHIE LAGFRAE 120 K, FRIAHTE &HENLEL 15 R, i EmE R
FAER BT H R R ZH S5 08 Y 48 > TGEBHEZIRI L, FIFFER4. qRT - PCR S HARK
DAL mRNA 95, KIS 57Tl 5 Mtk - 24K - R - Smad AR50 A
&, A1 INHBB -. Nodal - 1 GDF3 - ACVR2A - ALK4 - Smad2 HlifE 2 k35 Ak
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BHRFESIERTRE ISR AR RER S WEN S
FHLHIR
sk, PP E, REAE, EERRE, OkEAET
WSR2, RISk, 515063

WE: JmaH il Hg e AU SR B S 5 H]. BRI RT (PPP) 1
DAL R B BORN AR S~ 1 DG R i i, 7RI FE R B . R
& PPP WS HEB Y b IR S —Fp S (R B L, (BAETHHESNY)
i FH Iz R AT R A ATERE . AR LA BRZR SRR T (WSSV) KL XHR
T8N, $EIR T — il AR AR 10 B SR —— @i g R R R E BAE
HEHE gL PPP. WSSV YL 3O PPP I CELIEH & b -o- IR I L g
G6PD AL MABERGFE 2 1 2 TKTL2) [k, FF345E TKTL2 MRGETE. XA
TN T PR E L PPP AR ) —— ML G IR A IR R (NADPH) AN
5-BEIRAZNE (RSP) AR, DIRESEEGIESE, PPP X WSSV M= fil B0 E 2.
K E 240 GOPD B¢ TKTL2 ¥4 7] & 2 PRk d ki E 4 mifE RAEE . ML
Hil b, R R R B IE1 A B4 TKTL2 1) C 4 [X 4 (TKTL2-C1,

5 500-555 AR FERR R AL , R RR AR IEYE . X EAR(REE 7 PPP O E, S+
T NADPH 1 R5P A& B, FHAMH] 7 IEPEA(ROS) BIFA 2 o #ME 4N 78 NADPH
R5P 5 ROS & FRAFI KR H IET mR 5 AR A kI . thoh, 1Bl 458 B
TKTL2-C1 RJYERTE 4 #IHIR, 40 IE1I-TKTL2 HAE, &% PPP il & >
RN, gi EATR, AWFREY WSSV IEL BB IS5 3 TKTL2 DL ¥R
IRHEAYT, 7 7 — P 2S00 R BRI AL, K PPP 3 2 AoK P2 IR E
PO T TR AERE A
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Hexosamine biosynthesis drives hemocyanin
O-GlcNAcylation to potentiate antibacterial immunity in
shrimp
Qian Feng, Maoshuai Fu, Wei Wang, Tingchu Wu, Junjie Nie, Zhihong Zheng,
Yueling Zhang”

Institute of Marine Sciences and Guangdong Provincial Key Laboratory of Marine Biotechnology,

Shantou University, Shantou, China, 515063

Abstract: Post-translational modifications (PTMs) are key regulators of immune
responses; however, their roles in invertebrate immunity remain poorly defined. Here,
we show that Penaeus vannamei employs O-GlcNAcylation, a dynamic PTM
controlled by the hexosamine biosynthetic pathway (HBP), to enhance antibacterial
defense. Bacterial infection induces metabolic reprogramming in hemocytes,
upregulating HBP enzymes, and promoting O-GlcNAcylation of hemocyanin
(PvHMC) through O-GlcNAc transferase (PvOGT). Site-specific modification of the
PvHMC large subunit at Thr584 enhances its conformational stability and interaction
with bacterial pathogen-associated molecular patterns, including lipopolysaccharide
and peptidoglycan, thereby increasing bacterial binding, agglutination, and killing.
Disruption of HBP flux or OGT activity reduces hemocyanin O-GlcNAcylation and
impairs bacterial clearance, whereas inhibition of O-GIlcNAcase enhances
O-GlcNAcylation and antibacterial efficacy. Together, these findings identify
HBP-driven O-GlcNAcylation as a metabolic-immune regulatory axis in shrimp and
establish hemocyanin O-GlcNAcylation as a key mechanism underlying effective
innate antibacterial defense, with potential implications for disease control in

aquaculture.

Keywords: O-GIcNAcylation; Penaeus vannamei; antibacterial immunity;

hemocyanin; hexosamine biosynthetic pathway
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Dephosphorylation at Ser548 regulates hemocyanin-derived
antibacterial peptides and immune defense in Penaeus
vannamei
Qian Feng, Maoshuai Fu, Xianliang Zhao, Yongzhen Zhao, Yueling Zhang"
Institute of Marine Sciences and Guangdong Provincial Key Laboratory of Marine Biotechnology,

Shantou University, Shantou, China, 515063

Abstract: Phosphorylation plays a critical role in regulating immune responses in
invertebrates. In Penaeus vannamei, hemocyanin, a multifunctional immune protein,
is cleaved to produce antimicrobial peptides (AMPs) essential for pathogen defense.
This study identifies Ser548 phosphorylation of the hemocyanin small subunit
(PvHMCs) as a key regulator of trypsin-mediated hemocyanin degradation and
antimicrobial peptides production. Dephosphorylation of Ser548, controlled by
PvCK2a kinase and PvPP2AC phosphatase, enhances cleavage, generating peptides
with strong antibacterial activity against Vibrio parahaemolyticus and Streptococcus
iniae. Phosphorylation inhibits this process, reducing peptide production and immune
efficacy. In vivo, Ser548 dephosphorylation improves bacterial clearance and
enhances shrimp survival. These findings reveal a critical molecular mechanism
underlying shrimp immunity and suggest targeting hemocyanin phosphorylation to

boost disease resistance in aquaculture.

Keywords: biochemistry; immunology; microbiology
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Mannose-modified hemocyanin enhances pathogen
endocytosis by crustacean hemocytes
Jiaxi Li, Jude Juventus Aweya, Mingming Zhao, Zhongyang Lin, Zhihong Zheng, Defu
Yao, Yueling Zhang”

Institute of Marine Sciences and Guangdong Provincial Key Laboratory of Marine Biotechnology,

Shantou University, Shantou, China, 515063

Abstract: In crustaceans, hemolymph plasma contains more than 90% hemocyanin,
whereas hemocytes have minimal levels, suggesting a regulated uptake mechanism.
Here, we demonstrate that in Penaeus vannamei, hemocytes internalize plasma
hemocyanin under normal conditions via phagocytosis, clathrin-mediated endocytosis,
and micropinocytosis. This uptake is significantly enhanced during bacterial (Vibrio
parahaemolyticus, Vibrio alginolyticus, Staphylococcus aureus, Streptococcus iniae)
and viral (White spot syndrome virus) infections or upon stimulation with
pathogen-associated molecular patterns. While post-translational modifications
(PTMs) such as dephosphorylation, deacetylation, and mannosylation enhance
hemocyanin's pathogen-binding affinity, only mannosylation promotes mannose
receptor-mediated endocytosis for intracellular clearance, whereas dephosphorylation
and deacetylation facilitate extracellular pathogen elimination. These findings reveal
that hemocyanin functions beyond oxygen transport, acting as an immune effector

that undergoes PTMs to enhance intracellular pathogen clearance.

Keywords: cellular immune response; crustaceans; endocytosis; hemocyanin;

invertebrate
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Hemocyanin controls Vibrio levels in hemolymph by
modulating intracellular ROS via p38 MAPK
Jiawei Cheng, Yunyu Shi, Yonghui Kong, Yuxi Wu, Yankang Wang, Junjie Nie,
Qian Feng, Zhihong Zheng, Yueling Zhang”
Institute of Marine Sciences and Guangdong Provincial Key Laboratory of Marine Biotechnology,

Shantou University, Shantou, China, 515063

Abstract : Redox reactions are essential for various biological processes, hence,
maintaining redox homeostasis is critical for cellular health and host-microbe
interactions, particularly in marine invertebrates, where these processes remain poorly
understood. This study investigates the role of the respiratory protein hemocyanin in
regulating redox-related genes, reactive oxygen species (ROS) levels in shrimp
hemocytes, and its influence on immune function and hemolymph Vibrio abundance.
Our results show that hemocyanin is crucial in the regulation of the redox system, as
hemocyanin knockdown disrupts the expression of antioxidant (PvPOD and PvGPX)
and pro-oxidant (PvXOX) genes and redox enzyme activities, leading to elevated
ROS levels in hemocytes. Additionally, we found that hemocyanin controls redox
homeostasis in hemocytes through the p38-MAPK-c-Jun signaling pathway.
Moreover, ROS levels regulated by hemocyanin via the MAPK pathway impacted on
hemolymph Vibrio spp. abundance. These findings highlight a crucial role of
hemocyanin as an antioxidant that modulates redox balance in shrimp hemocytes,
with significant implications for immune defense and microbial homeostasis, offering

new insights into antioxidative mechanisms in marine invertebrates.

Keywords: ROS; Shrimp hemocyanin; hemolymph Vibrio abundance;
p38-MAPK-c-jun pathway
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Hemocyanin modulates ferroptosis through a
HSP90-dependent antioxidant function in shrimp
Zeyan Chen, Peiyi He, Digian Tan, Chenglong Liu, Xianliang Zhao, Zhihong Zheng,
Yueling Zhang”

Institute of Marine Sciences and Guangdong Provincial Key Laboratory of Marine Biotechnology,

Shantou University, Shantou, China, 515063

Abstract : Ferroptosis, an iron-dependent programed cell death, is essential for
maintaining homeostasis and responding to environmental and pathogenic stressors in
mammals. In shrimp, ferroptosis is also vital in various biological processes,
including stress response and immunity. However, the specific regulatory
mechanisms of ferroptosis in shrimp and other marine animals remains unclear. In
this study, we demonstrate that hemocyanin actively modulates ferroptosis in the
hepatopancreas of Penaeus vannamei, exhibiting a significant inhibitory effect
through its small subunit. During ferroptosis, shrimp show reduced expression of
GPX4 and depletion of hemocyanin. Importantly, we identified a novel interaction
between hemocyanin and heat shock protein 90 (HSP90), in which HSP90 acts as a
molecular partner for hemocyanin to reduce reactive oxygen species (ROS) during
ferroptosis. Depletion of either hemocyanin and HSP90 results in elevated ferrous
iron (Fe2+) and lipid peroxidation levels, along with reduced cell viability. These
findings reveal the central role of hemocyanin in enhancing shrimp resilience to
oxidative damage and suggest its potential as a therapeutic target in aquaculture to

improve immunity and survival under environmental stress.

Keywords: Ferroptosis; Heat shock protein 90; Hemocyanin; Penaeus vannamei
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FHE: 1 SRIRNA VIR ORAF 2 7K 7 B 5T BRI DR A7 5 AL ol R B AR T B
i T R RE R R L (RIR U E R X PLEFSB MRS L, HAGRTE
AU WD BRI ), B ARER K KA AR P i RiE . BEEN (Culteral
burnus) R JE T LY H 8RN Y AR E, LR EEEZFNRKEF A, AR
SRR IR IR . WO B IR S B S8 R G AR O VAL, S IR
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TEHN 27.8%. HEFU /44 RT-qPCR ik Bor, AR TR S IEIG Th 85 5 1
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Systematic enhancer mapping and functional analysis in
zebrafish with optimized CRISPR interference
Jiulin Chan'->#, Zhichao Wu'># Mingli Liu!?#, Tianming Wang'?#, Hanyu Liu'-?#,
Ruimeng Cao'?, Xiaolong Li®, Xinwen Li'?, Siyao Zhan'!-?, Jiangbo Cheng?, Yicheng
Xu!?, Mudan He?*, Yuanqing Feng®, Qianghua Xu'?, Yonghua Sun*, Liangbiao
Chen'>*, Peng Hu!->6"
1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of
Education, Shanghai Ocean University, Shanghai 201306
2. International Research Center for Marine Biosciences, Ministry of Science and Technology,
Shanghai Ocean University, Shanghai 201306
3. College of Pastoral Agriculture Science and Technology, Lanzhou University, Gansu 730020
4. Institute of Hydrobiology, Innovation Academy for Seed Design, Chinese Academy of
Sciences, Wuhan 430072
5. Department of Genetics, University of Pennsylvania, Philadelphia, PA 19104, United States
6. Marine Biomedical Science and Technology Innovation Platform of Lin-gang Special Area,
Shanghai 201306
Abstract: Noncoding cis-regulatory elements, particularly enhancers, are essential for
gene expression control. However, CRISPR interference (CRISPRi) application for
enhancer functional studies in vivo remains limited in zebrafish, a key model for early
development and human disease research. Here, we optimized the CRISPRi system in
zebrafish and achieved efficient #yr suppression through component concentration
fine-tuning. Using this system, we functionally annotated distal enhancers of globin
genes. Integrating Hi-C and histone modification assays, we systematically mapped
434 genome-wide enhancer-promoter (EP) interactions. CRISPRi perturbation
identified previously unreported enhancers with regulatory strengths surpassing
known elements, as evidenced by disrupted fin and blood cell development
phenotypes. Several novel EP loops were further validated, underscoring the
robustness of our integrated approach. This study provides an optimized CRISPRi
toolkit for zebrafish and establishes a powerful platform combining computational
and experimental strategies to advance cis-regulatory element annotation in vertebrate

gene regulation.
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Identification of CUBN as a key gene associated with
coloration in Chinese mitten crab
HOU Xin, LIU Hao, CHEN Xiaowen, WANG Jun, WANG Chenghui®
Key Laboratory of Freshwater Aquatic Genetic Resources Certificated by the Ministry of
Agriculture and Rural Affairs, National Demonstration Centre for Experimental Fisheries Science

Education, Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University,

Shanghai 201306, China

Abstract: Animal coloration serves as an intuitive metric for assessing the economic
value of aquatic products. To provide new insights into the molecular mechanisms of
crustacean coloration, this study examined the Genotyping By Sequencing (GBS) and
hepatopancreas transcriptome of green-shell and white-shell Chinese mitten crabs
(GC and WC). Comparative analysis revealed a noticeable genetic difference between
the GC and WC groups, with selective sweep analysis pinpointing 2,214 candidate
regions involving 919 genes enriched in calcium ion binding, Wnt, and Hedgehog
signaling pathways. Weighted Gene Co-expression Network Analysis of the
transcriptome identified modules significantly correlated with the color phenotype (P
< 0.05), enriching genes in deoxyhypusine monooxygenase activity, sphingolipid-,
and transmembrane transport-related pathways. Integrative analysis of GBS and
transcriptomic data narrowed the candidate pool to 114 genes, highlighting the hub
gene cubilin (CUBN), which was significantly downregulated and mutated in WC.
Functional validation via RNA interference of CUBN decreased crab coloration,
confirming its pivotal role. This study broadens our understanding of the genetic

underpinnings of color variations in crustaceans.

Keywords: Chinese mitten crab; color variant; GBS; RNAseq; carotenoid; CUBN
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A conserved regulatory mechanism of melanocyte
proliferation in vertebrates
KE Jing, CHEN Xiaowen, Guo Zhaoyang, NUSRAT Hasan Kanika, RABIA Tahir,
WANG Jun, WANG Chenghui”
Key Laboratory of Freshwater Aquatic Genetic Resources Certificated by the Ministry of
Agriculture and Rural Affairs, National Demonstration Centre for Experimental Fisheries Science

Education, Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University,

Shanghai 201306, China

Abstract: Melanogenesis drives pigmentation in vertebrates, yet the molecular
mechanisms linking melanocyte proliferation to melanin-based color polymorphisms,
such as black patches remain elusive. In this study, integrative QTL mapping and
genomic resequencing analysis identified a 232 bp polymorphic fragment in the Peprt
promoter that is present in black- patched cyprinids but absent in non-black patched
conspecifics. The 232-bp fragment harbors a binding site for TFAP4 transcription
factor that activates Piprt transcription. PTPRT dephosphorylates GSK3f at tyrosine
243 (Tyr243), thereby relieving inhibition of melanogenic signaling and potentiating
MITF transcriptional activity in nuclear to drive melanocyte proliferation. The
evolutionary conservation of this regulatory axis is underscored by marked
suppression of melanocyte proliferation upon Ptprt knockout in human melanoma
cells.  Together, our findings establish an evolutionarily conserved
TFAP4-PTPRT-GSK3p axis that governs melanocyte proliferation and pigment

patterning in vertebrates.

Keywords: Black patch traits; Melanocyte proliferation; Cis-regulation

dephosphorylation
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A transposable element-derived Scarb1l promoter allele
drives carotenoid pigmentation loss in common carp

WANG Jun, CHEN Xiaowen, NUSRAT Hasan Kanika, RABIA Tahir, KE Jing, GUO Zhaoyang,
CHEN Huifan, WANG Chenghui”
Key Laboratory of Freshwater Aquatic Genetic Resources Certificated by the Ministry of
Agriculture and Rural Affairs, National Demonstration Centre for Experimental Fisheries Science

Education, Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University,

Shanghai 201306, China

Abstract: Discrete color morphs provide powerful systems for dissecting how
heritable phenotypic states arise, persist and diversify. Here, using the red-white
polymorphic Oujiang color common carp (Cyprinus carpio var. color), we integrate
genetic mapping, multi-omics analyses and functional assays to dissect the genetic
basis of a red-to-white pigmentation transition. We identified a 347 bp hAT-family
transposable element (TE) insertion within the promoter of the Scarbl that
co-segregates with the white phenotype. The insertion disrupts a predicted Sox/4
associated regulatory region, reduces promoter activity and chromatin accessibility,
represses Scarbl expression, and is associated with impaired carotenoid uptake and
reduced carotenoid deposition in the skin. CRISPR/Cas9-mediated disruption and
overexpression of Scarbl further support its causal role in carotenoid-based
pigmentation. Comparative analyses across common carp varieties show that
white-background varieties share the same Scarbl promoter TE insertion, consistent
with a shared derived regulatory allele that was retained or disseminated during color
variety diversification. Together, our findings define a TE-derived cis-regulatory
allele  underlying carotenoid pigmentation loss and illustrate  how
mobile-element-mediated promoter disruption can generate major-effect, heritable
shifts in vertebrate coloration by altering pigment-transport gene regulation.

Keywords: Color polymorphism; transposable element; Scarb!; cis-regulatory variation;

carotenoid pigmentation; common carp
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Yolk lipids coordinate fish egg quality and the
endogenous-to-exogenous nutrient source transition
CHEN Zhengfangl’z, SUN Yonghual’2’3*

1. State Key Laboratory of Breeding Biotechnology and Sustainable Aquaculture, Hubei
Hongshan Laboratory, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan, 430072
2. School of Marine Biology and Fisheries, Hainan University, Haikou, 570228

3. College ofAdvanced Agricultural Sciences, University of Chinese Academy of Sciences, Beijing,
100049

Abstract: Yolk lipids are critical determinants of fish egg quality and serve as the
primary nutrient source supporting embryonic development before first feeding.
However, the molecular mechanisms by which yolk lipid metabolism coordinates
egg quality and the endogenous-to-exogenous nutrient source transition (eeNST)
remain largely unknown. To address this question, we integrated lipidomic,
transcriptomic, and functional analyses using grouper and zebrafish. In commercially
important grouper species, comparative multi-omics analyses identified characteristic
lipid metabolic signatures associated with egg quality, including elevated phosphatidic
acid (PA) levels and altered mTOR signaling in low-quality eggs, providing
candidate biomarkers for egg quality evaluation. Mechanistic studies in zebrafish
further demonstrated that maternally derived yolk lipids regulate digestive organ
development through the intestinal DHA—-PA—phosphatidylglycerol (PG) metabolic
axis, thereby coordinating yolk lipid utilization and the eeNST. Together, these
findings establish a mechanistic framework linking yolk lipid metabolism with egg
quality and embryonic nutritional programming. Our work provides new insights into
the molecular basis of fish reproductive biology and offers potential strategies for
broodstock nutritional regulation, molecular evaluation of egg quality, and genetic

improvement of seed quality in aquaculture.

Keywords: fish; yolk lipids; egg quality; eeNST
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Comparative analysis of the toxic effects of microplastics
and nanoplastics on Triplophysa yarkandensis
Liu Changcai!, Chen Sheng’ao!”
1. State Key Laboratory Incubation Base for Conservation and Utilization of Bio-Resource in

Tarim Basin,; College of life science and technology, Tarim university,Alar,843300 China.

Abstract: Plastic and other new composite pollutants have become one of the widely
concerned environmental issues in society, especially the potential threat of
microplastics and nanoplastics to the aquaculture industry. The indigenous economic
fish, Triplophysa yarkandensis, in the Tarim River system, is also facing the risk of
microplastics in large-scale salt-alkali water aquaculture. This study compared and
analyzed the effects of two types of microplastics (micron-sized MPs and
nanometer-sized NPs) on the oxidative defense ability, immune enzyme activity, and
tissue pathology of 7. yarkandensis skin, gills, liver, and intestines within 96 hours. It
also examined the effects on liver and intestinal digestive enzyme activity and
intestinal microbiota. Results: NPs are more likely to penetrate tissue barriers and
cause more severe oxidative damage and immune suppression (P < 0.05) compared to
MPs. Significant pathological changes were observed in the gills and liver, such as
cell vacuolization and inflammatory infiltration. NPs significantly reduced liver
antioxidant enzyme activity, disrupted gut microbiota structure, and led to a decrease
in beneficial bacteria and an increase in pathogenic bacteria, thereby inhibiting
digestive enzyme secretion. In contrast, MPs mainly caused mild inflammatory
reactions. The study showed that NPs had a more significant toxic effect on T.
varkandensis easily accumulating in the tissues and threatening its health and survival
by disrupting tissue integrity, inducing oxidative stress, and causing microbiota
imbalance. This provides a scientific basis for assessing the ecological risks of

microplastics in aquaculture.

Keywords: Triplophysa yarkandensis; Microplastics; Antioxidant Enzyme Activity;
Histopathology; Gut Microbiome
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Comparative morphological analysis of Gymnodiptychus
dybowskii from different regions in the Arid Northwest of
Xinjiang, China
FILL BRAERT
1 BEHEARRZEA frBbr SRR e/ B LR Mt 280 Fe by, H8E PTHI/R 843300

Abstract: To explore the morphological differences among geographically distinct
populations of Gymnodiptychus dybowskii and the evolutionary mechanisms
underlying their differentiation, 87 samples were collected from the Kaidu River,
Turks River, Emin River,and Manas River in Xinjiang between 2020 and 2021.
Classic fish ecology research methods, including traditional morphometrics and frame
measurement, were used to analyze their morphological characteristics. One-way
ANOVA detected significant inter-population differences in 13 proportional
morphological traits (p < 0.01) and an additional 3 traits (p < 0.05) among the 34
traits examined. The most divergent traits were primarily concentrated in body width,
snout length, mouth gape, caudal peduncle length, and various fin dimensions. The
first three principal components extracted via PCA cumulatively accounted for
61.34% of the total variance. PC1 primarily reflected variation in overall body size
and trunk elongation, while PC2 captured morphological differentiation linked to
adaptation to distinct environmental conditions. A discriminant function model built
on seven key traits achieved an overall correct classification rate of 94.3% for the four
geographic populations. This study confirms that G. dybowskii populations across
different hydrological gradients have undergone significant morphological divergence,
with observed patterns closely linked to local environmental adaptation. These
findings provide a critical morphological foundation for understanding the phenotypic

evolution of this plateau-endemic fish and inform its adaptive management strategies.

Keywords: morphological characteristics; morphological differences;

Gymnodiptychus dybowskii
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Amhy/Amhr2y-mediated sex determination in teleosts
depends on the conserved Alk3-SmadS signaling axis

ZHOU Li, ZHANG Liang, LI Minghui, WANG Deshou®, LIU Xingyong"

Key Laboratory of Freshwater Fish Reproduction and Development (Ministry of Education),

School of Life Sciences, Southwest University, Chongging 400715, China

Abstract: Teleosts exhibit remarkable diversity in their sex-determination
mechanisms. Strikingly, homologs of Anti-Miillerian hormone (4mhy) and its type 1I
receptor (Amhr2y) have been recurrently co-opted as master sex-determining genes
(SDGs), constituting the SDG in approximately 50% of teleosts where an SDG has
been identified. Paradoxically, despite their prevalence, the downstream signaling
mechanisms—specifically the requisite type I receptors and R-Smad effectors—have
remained undefined. This gap is particularly intriguing given the diversity and
potential functional redundancy among these intracellular signaling components. We
used an in vitro reporter assay to screen five type I receptors (Alk2a/2b/3/6a/6b) and
three R-Smads (Smad1/5/8), and identified that only Alk3/6a/6b together with Smad5
markedly trigger Amhy/Amhr2 signaling. In Nile tilapia, p-Smad5 accumulated
preferentially in XY gonads, with total Alk3 and Smad5 showing no sex-biased
expression between sexes. In XY tilapia, pharmacological blockade of type I receptors
led to feminization or full male-to-female sex reversal, an identical phenotype
observed in FO mutants with CRISPR-mediated disruption of alk3 or smad5. However,
homozygous alk3 or smad5 mutations led to gastrula-stage embryonic lethality,
whereas knockout of other screened genes produced viable fish with normal sexual
development. This signaling pathway is evolutionarily conserved, as XY Southern
catfish with alk3a or smad5 mutations also underwent male-to-female sex reversal. In
summary, Alk3 and Smad5 serve as indispensable, specific downstream signal
transducers for the Amhy/Amhr2y sex-determination cascade.

Keywords: Teleosts; Sex-determining gene; Amhy/Amhr2y; Type I receptor; R-Smad
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Deficiency of SSTR2a promotes body growth through

GH/IGFs axis and metabolism in tilapia
SUN Lina!, WU Qihui', MA Suying', DUAN Liuyi', LI Wensheng?, WANG Deshou'”
1. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education,
School of Life Sciences, Southwest University, Chongqing 400715
2. School of Life Sciences, Sun Yat-Sen University, Guangzhou 510275
Abstract: The growth performance of fish is a crucial economic trait in the
aquaculture industry. Somatostatin (SS) is a cyclic neuroendocrine peptide that
inhibits pituitary growth hormone (GH) secretion though somatostatin receptors
(SSTRs). In this study, the homozygous sstr2a mutant line was established in tilapia
using the CRISPR/Cas9 system. The sstr2a” mutants exhibited better growth than
WT fish with higher body weight, length, height, and width, weight gain rate, and
specific growth rate, as well as lower food intake and feed coefficient. Furthermore,
among female and male ss#r2a”- mutants and WT controls, the growth of male sstr2a”
mutants was the highest, followed by female sstr2a”- mutants, then WT males and WT
females. sstr2a’- fish exhibited significantly upregulated expression of npy in the
brain, gh in the pituitary, and ghrl, ghr2, igfl, igfira, igflrb, igfbpl and igfbp?2 in the
liver, compared to WT. Serum GH and IGF-1 levels in sstr2a” fish were significantly
elevated. These findings indicate that SSTR2a deficiency promotes body growth
through GH/IGFs axis. Furthermore, glucose transporter gene slc2a2,
gluconeogenesis genes (pckl, gépcla.l) and lipolysis-associated genes (/pla, lipeb,
ppara) in liver were significantly upregulated, while glycogen synthesis gene (gck)
and lipid synthesis genes (fas, acaca, acach, aclya, srebfl) were significantly
downregulated in sstr2a”~ fish. Overall, the sstr2a”~ mutant line not only holds
significant potential to develop into a fast-growth strain of tilapia, but also provides an
excellent model for understanding the regulation of growth and metabolism in
teleosts.

Keywords: SSTR2a; gene mutation; growth and metabolism; GH/IGF axis; tilapia
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(gimap4, nlrp3) SFFACIER, fHpn N TIRBEEYS TR, SAAE R
EARESTIVA U

B A S ETE IR 2 B R S B 45 7€ H 39 MR35 5K SNP. Mo, A=
KRB E Jimr, KRB R R T 1 Sk, $RAAE B0 X &
FE MR 22 22 RIRHERRIE . BEAh, A28 otog- farsa 55 22 WMERER, LK crybbl
revin FECJRHIBRAAHOCRIZ R, Abricdi BBt 7R ARRE .

AT TR B 7O )1 e b A PR BT R N BT, R GuE R 1 AR AT AR
T OB ARIE R G, B0 T 2 N AE K SEREIZ OEEIER, R~ F2H
PRI AL R S TAnic 4 Bh & AR it 1 HR ik 4 55 R R B .
RARI: DU )N ARG, FLAGRES HrM R AEHENT, AR A

KEYHEH: ERTHAIE ML RE S LT (CSTB2023TIAD-KPX0023)
SRR, TER, H%, FENFEERBERPSTFLAA

E-mail: wangzj1969@126.com
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2026 K7 IR 5 A AR 2
fgf20 TN FIE & EER 87 & HRIRNE

I, EAEAFE, KRG
POKBRFIR S AR B U A ME LS, Rl esbe, EIK 400715

WE.: PP At (Oreochromis niloticus) NFLa S, LEEINTHREEKR, H5F
AR TC T R EEF M R, Fg20 VRSt S S5AMRESRERE, H
FE 8 2 T D RERIE FUAN R PR T [ 6 ) D 5 #81, R o — [ Y5t 5 R AN 5 e gy R
IR E, HORHIE 2 1V H i R WARIE . ASHIE 7R CRISPR/Cas9 32 AR 4
B AL fgf20a A5 TABR T faf20b G IARAA, 3 AT PR S DRI R 8 A% R
MThRe. RIEIHTERIR, fgf20a EFERTNIMNEEREM K G 85 FridZmEis, €0
TREIERZ, 1M fg200 )L FAKIZE . fof20a 4G RAL 2HUMEE . JEEE. BEEA
UK B IR HACE /D, W HERIMOR B iP5 B K Bl InsEis .
P ZEAL, BOH SR> ek R AR S B R . Fe iR, RARR i A
BCE A AR G R N, BRI EE s Wnt A Hedgehog 18 #% 2 EL A PTM T
e B IR A5 5 1 i 55 W P SR ARG . faf20b GG RAZ VR MG Py 3R IR
f2/20a 285 RAKYUECRES S B K30 6E ) SORELE 7= 56 TR E 58T
BEER. L5 FRW fgf20 £5 =R A i £ N9 DUR A 7 Doy
1, DR fgf20a 28855 TEA R AFMIEE R F %O RER 1 AR E IR
FERA BITIR T fgf20a X8R E BISBENE T, FFAER 6 2 288 ik S P i
FriRzLIIee, /B TCEEY AR ) o1 B AR L T E A

R BB P AEM; fof20; WA K E; &K A CRISPR/Cas9

RBTH: ERERHFES (32302967) ; EREAFLULITE (2022YFD1201600,
2022YFD2400903 ) ; F KWK~ F A F I E T E (CQFTIU202501-7)

EIEH: EEE, HR, FTENFAXZFWRGBEBITBEEE N, AHE, B#
B, FRNFERER IR REET R

E-mail: wdeshou@swu.edu.cn; zhengsq0825@163.com/zheng0817@swu.edu.cn
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ET NG SHEREARSSTNHEEBRAMUER S
RHAIFR
Ve 2, M 12, ZEERVE 2, BhER 2, B, BV
L. SFraEfom A A A S E N S SR, BT B OARST 830000;
2. Al R Ea Rl A 22 B, sl SRS 8300005

WE: &R (Phoxinus grumi) FEHTSEME & FRFA )N KPERE,
FJE THE B ARl 500 K04 2 1 B LSRR I )E , (HiL5
KEEE D 1R 5 R GETE TR EAWHEAT , 3L ek TSR bR V5%
J& B R R DL S R R MR B AN R R ST G R, R 4t I AT BEAIR
fili VARSI I RS R . AR, TR B3R i R S B T LB
PR, HRGHEVIRZ T 2 2R TSR SEE T« AR TS & b AR ]
ARG A RN H AT, RS R R E R AN RIS REAT I
G, X R e B LRI AR I R A BEAT S5 AR 0 A, IR AR 13 MR
gtk KA Cytb FILRME R GER B R AR HiK, T &R 13 MY
TR G ) G AR KT S DR A Bt M SR DL 2 [R5 DR g e A 2k DR A
RGRKEW, FFEG 0 TR INEMER A 18] 45 RRY], B AR AR i
PR B A SRR B R AR AR R AH S5 MR AE, B4 13 MR A WIS EER . 22
AN tRNA FE A 2 4> rRNA R LRI X . J b 13 S8 3 4 5 2 AL AT
Cytb FEHAMEK RA K E KRR LR, &R S MG E R il 48
A 105 KWk E SR SR AR E 70 ORI AL MR ok &R o 2P 3k
TR EE R H 7% LB AR RIS A 1) R G K 8 W (R S ik B A M 55 KD £
RS R BOL IR R, 105 SRR SR A7 AE e AR B . (e
Bl AT 7R, SRR R SIS I T B LS, S T AR
M R R IR B P AL R . SRE SRR SE R . AL H R G Koy
PRI TR 45 53, AW FEN & R A 2t o b BT 7 HRR IR 1 R Sl A &
S A (I P TN/ 7 90 L NI S (20 o = RNy N Tl WSl
g o A P ER VPG TR A 1 2 A b, [FI N RS R SR R G AL
Mo KRBT R TH S5

R &R WBEENAY: RGUKHE: MU 23

RERE: MBELEE/REBEREAFLITRITE (2025B02020) ; #8KR b KF 2026 F5F
AR HTTE (XJAUGR12026039)

*EINEHR, THE, BRAIRN, B+, SLATERNH, TENFHYREFLF R E
LA 1B 52

E-mail:wangjia365@xjau.edu.cn
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=0 B BB T AT 54N £ S 4R S BRI R K B 4H S R & T
whi, ZEEVE, XEG, VR, §IRE, FAE
SRS A AR ST (9205 B KSR K BT, BRI
KR, ALK R0, 58 AT 830052

WE: NBERFYT (Perca fluviatilis) %)) 5 FE 0 IE B (1) 22 20 230 [R] A #E HLH
AHIE T 53 ) T R 2V a8 o 8 A, I T R e 3T %
Na*-K*-ATP f§ (NKA) MCAT. SOD. GSH-Px. GSTPUMfi S Ak iE I E «
S A 2 BRI 2 0 A S IR LG S L . SVPEIA 25 SR BoR, s F bl
ERFE TR R AR, 20%0HAEIE R IEZE0, TE 12% B E . 4405 2
NI AT 0L, B T vl e 22 B> . R R AURRIE RO, TR
VAL AR IR AR SE . BG4S R, S HZINKA S4F P AL
T PERE B T BT JE PRI . S%of Eh 21 A S RS ) B A B, 10%o0
TG FI/INBEITE , 15%o e £ 4 TG /7 5535 5240 . 4.4 B A7 AE B R ThRE 1L,
JFF U S At S A e P o v« X R Pl i B B A K, BRZH SINKATE PR X 32
FEW B BRSPS SR LR B AR, (b ds SR, ARG . 181y
A SRS TSR, 10di 85 2 ZURGE 11 B 1308 3 K FH A 4
PR IRAR I i, TS ) AR AH DG BE IR, AR 2 B0 AU R 4B T T RE =R . 20d
I, RO E g AEAZ O, RRIDTRRACH . KRRV & OB R E B, #
SR RFUABIIEAE, SR AR SR E Y, WIRE SRR 5 . 30dRT,
il 59 - 12 1 B AE R KPR S, RS I AR T30 245 74, LA B o314
VAT 4 20 2% 58 i 2 B 0, AR K IIRRIR D IRE . ZHSEA TR, BHIK
Rt WERR/ RKEEDR/BE R L cGMP-PKGE 5Bl A tE . FT. DLW =4
SULH A% OB RS, SR PR SOE RS . FEERRE SN EHE RS . ULAEE
B LB ER E R0 A B 2R Rt AT T R S dties TR HRER e T 2 4%
B B RIIE N 2, A R S8 i A R ST A Bk B SR AL AR .

R W EREMNE: ZAZUWRE: A WL

KT E: wrEEERABRELFALITRTE (2025B02020 ); # 8 4 & /R B b K AH 4
TR RA R AW ATEh TR EETE (2025KZ2028 ); WL A4 &L 25T R
*EPEE, T4, GRATEN, TENEFHPE RN Ehie EEA ¥

E-mail: wangjia365@xjau.edu.cn
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ETiE T2T ERAMNEERAENFFEIARLAHEER
R4 R H R 5 | M UL 1L SRR
| O
1 HERAH IR A A ARG N S TS S, R A RS ARl AR, S EAST 830052
2 B KR KPR S R, B EARTE 830052
3 rERAROV R IR L B, B EARTE 830052

WE:  HE IR A KR R I RAZRE R H
JRABAL S DLJT s bL S T B ) I, )2 T R XK R U R v
SRl AT RS R o ARG TS SRR 5 Rk COL 26 TEAD, SR fE i
W) 7 A BERYIFP S e, JEIE 7RIS TR IE IR L, B A 10 T RS R A A
AT KAt (Hypomesus nipponensis) . {EBEIERN b, % 17 W E BN
Wik Bk (T2T) % E RN, BUSCO e EEHHET 98.9%, Ak HERE
MRIBAE S M IR AL T R R S5 FE R 2 IR, A O T AL Guitk & R A A S5
SEPREEAC K e B BEA TR I S i 22 . TS HRENA, REILT 7 M
K3, 346 RAMATT e 4 FE DRI 2H H I 5, BB % 23 1 22 IR LS00 s i A A 5 M )5 48
P 7R WK TUKERR L 73 (Fst=0.212~0.264), RiAR AT
WAEEHERIC, 2. BT KRR AL . B,
EAEAES KIS R R S IR TR . S5 A BRI 2 AT aE 1, AR FE i H
AT s T P8 R R 2 5 R g 5, A Seide T S A b T 45 e A A M T e 24t
R ANFES B, DA B S I WA AR R A% 2 R . RRISIARSE,  [F] BT
T G 47 1 BEE o AK A3 R K R TR AR 5N AR B A 58

A AR T PR A F ARG o HF T2T SR 2H 300, R T A2k
H AW 7 S R T B KRR BT SRR PEAS , D ra At N REETE KRR AR R
LRk ot &k Rt 7 AR R S S SR s, B 2 B8 KRBT .

REBW: PR, MFEE; T2T BREA: BEZ M SIFE R

WHHE: EFREARAFERES (32200915); HEAEREBARESFRITRTE
(2023B02037-2-2)
*EIMEH: KRA, Bl &HZK, AXFTOAKXTHRREES Z4F M, Email:

zhangjj xja@]163.com
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BIKRBRFEENTEEE
JIWRHE 1234, g 1234, Rk 1234, R 2R 1234, g 1234, XY 1234
LOBrRARML RS SRy, BTl B8 RTE 830052;
2. BrsEE IR A0 O R SR, BT B RS, 830052;
3. HiSRE B A S R E A R, IR B RS, 830052;
4. AN AN FREN WP IH  E AT B SMRL 2 WL Lk, BB B RS, 830052

E: KE ™ G BRI KK FRIAY ) SN T 5 « /K52 & (Saprolegnia)
WIRFIRE L, HARM & R E ke 205 71 518 E PR R & Rt . W
TR TS T AL BOR A R A RE SR, R HEAT 0 ) B AR . A R
RAEHEAS, FHAIN T RHH) B E w5 (PDA) B3Rt i7 /@ alifh. 45
G FWEM T A 7T € - ST PR DNA, HALE A 514 ITS1/1TS4
% rDNAITS [X3#47 PCR #1517, 454 NCBI BLAST LUX} &2 MEGA 4
HERGREW . 7B EERST 15 MokE, K& 4/KE (Saprolegnia parasitica)
11 ¥k, ZFIK%E (Saprolegnia ferax) 2 tk, M KFKE (Saprolegnia australis)
2 Mo GERERY], FAKELE S BT SR GhEE 73.3%), AT
OEURER . FNIRE T 2 7KESRAMIKE, HJasiscinit gt 7 Rk,

WERE: HBEF/REBXELFLMES LT (2023B02012)
EAEH, K, BB, ART AN EELFE 2R 5 KER

E-mail: zw2017xjau@163.com
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FHMHRMUTL AN A FEMENS KT RNE

b2k Rl 23 A L2 SRR L2 BRI 1 Rk L2 ke aA 3
LSRR A AR ) A A TG N S A s, RO R AR AR R, B8
ARFF 8300525
2 TSR A R 2 B A S B AR S S AT A L, BTERARR S A dr R b
BEARTE 830052
3R B, BRI A REE R, BB ARG 830052

WE: M EMR 516 EE A = E EAHK, B mTE £ RE R
R EHEGENGE ST AFET BRME (Esox lucius) WAV EINZ=T
Ak, ABRZEHIRKER BB (OB F e, G B A 0 iz i A ) S e e AR
AR5 28 B FLIE NI 1) R, R FH R BRI 2H . AR PA8E DNA 2256 B9 7t
Tk, S EHABREENE, ST EEAKERN B SMA k. miEMEY
HEC S ThRe . REACYI AOH A AR B 22 57, R0 21 M AR Aoer B XA £ 1
Y SRS . 85 BT, K2 B B i) J 2 1 Il 55 8 M e 17 2
ZmmTHEEMH, MAZERKEESHEMENZ Y LR EZR, B A0
M BT E B BRH SRR (Mycoplasma) FHE /R AR H J& (Yersinia)
RNE, KEHLUSPMEEE (deromonas) FMRFEMFJE (Pseudomonas) N
BeAh, MEAPERM AR FE S SRS TEFA. AR R,
MR E R TR, S EE-1-BEER . D-8 &) bl L B = B S A =
KEREZESTEHEZS. MR IRY, RS EMED . THABEETE &
BV R AAFAE B35 50 HK, 80 B By 4 m] DI = 98l TE i A=) S5 AR Tl g
R N ZE TR ARAL o BT Ve KM R 2R A AT AL SR (B AR, IR
1 R A0 1 7 T P Al A A TR 2 SR A SR

RKegiE: AR, F; AR EREY); R

KEHE: HrEsE R R RUAIFHANILEALTE (2026D14009 ); HEAER LR E
BAT &R (2025B02020-2-9 ); E K B AR F 34 (32560265 )
RIER, MY, &, B4, BlHE, TENEGYEELALNY, AXEELRA

E-mail: yangyi@xjau.edu.cn
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FaE M X & 7 EEAR EE S £ B FAFER P HFIMIE
atESth
TRZEARGI 1234, Borhs 1234, il 1234, JRIER 22 1234, FEART B Avhy 1234, 5k
i 1234, X FEFE 12347
1. WA R BB, BT B8RS 830052
2. BRI R R S A SR, HE S B OARTY, 830052
3. B AT S A R A S, IS BT, 830052;
4. ANV AN BN VPR S B AR T AMRL WA Rk, HraE S B RS, 830052

FE: [HMY BfH s X IR EEAR BE [ (Morganella morganii) A41 BRI¥I4E
DRI ZE R AIE S 2 P ke, Dy i SIS AR B DR T 07 L 2 A 8 RN 24 W) i e S (At o L7
2 VOB 88 5 K 55 117 Rty 1 Ty 855 7 S b S AU 8 05 £ I IR i 1 2H 20 ) 8997
T, RAEAEWEE. 16S rRNA BHFF 0. 2EEFHNF . NR ¥FhE
BEF ANIb 3 #T it AT %52, FFIH VFDB. CARD. COG 1 KEGG ¥ ¥z & it 1T
TheeERE . I 2GR VL AL AR R R REE I e A4 FRXH F T
W2 S Rk R 2 B . D45 R ] 7r B3R | RS IRIERL A B A4, &
YE NERE R . A4l BRIERIA R K 4036 578 bp, GC & & 50.48%, T4
3L 3 956 ;5 8 ¥k Morganella morganii 575 H ¥k ) ANIb 154 97.25%~
98.78%. MIREVEREE N, A4l HRIEH RS, it Sk, g/ia xR
PRI S 2 R4 S5 A G R . A4l MR VD B L RV E . SR B R TE R,
SAmElG . RIBER. RKUWER. FRKREMBAREERR, MuhER. 55
A IR 2. Rk, DM, DROETE R AL TR R G,
B P8 B4 4 N 30.90+0.22. 27.27+0.73 F1 23.63+0.47 mm; T % F ) MIC 1
MBC #1&, 77718 3.9 f1 7.8 mg/mL. (45181 A4l MRV REEMREE R, HA
B IR 25 A0 O I8 A8 HE it s s Mg 55 Sk b 2450 A B S M B AR
AR B 25— P 5T

KPR FEMREERE; MU, AR, AYBURE: 2y

EATE: 2024 £ H 6K EEH AT E (2524ZZQZDYF ); 2025 4 B 34 K #F % 4 AL a4 #
T E (XJ2025G134 ),
*EIREH . ANAS, B AR, AR IF AP EHAEY L5 %% ¥, Email:

liudandanxjau@]163.com
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Gut microbiota composition and metabolomic profiles of

wild and captive Northern Pike (Esox lucius)
Yi Yang'>3*, Qiqi Yang'?, Xunheng Wu'?3, Huawei Feng'-?, Ruichen Wu'?2,
Shaoguang Huang!2, Nan Ding"*3, Junjie Zhang'-

1. Xinjiang Key Laboratory for Ecological Adaptation and Evolution of Extreme
Environment Organisms, College of Life Sciences, Xinjiang Agricultural University, Urumqi
830052, China.

2. Xinjiang Agricultural University Wildlife Gut Microecology and Metabolism Research
Center, College of Life Sciences, Xinjiang Agricultural University, Urumqi 830052, China.

3. Modern Fisheries Industry College, College of Life Sciences, Xinjiang Agricultural
University, Urumqi 830052, China

Abstract: The gut microbiota, a complex microbial community colonizing the
host digestive tract, has a composition influenced by external environmental factors.
In this study, metagenomics, metabolomics, and transcriptomics were employed to
characterize environmental differences in gut microbiome composition, metabolite
profiles, differentially expressed genes, and associated metabolic pathways, with
antioxidant enzyme activity assays between wild and cultured groups of E. lucius.
Microbiome composition exhibited marked differences, with wild dominated by
Mycoplasma and Yersinia, whereas cultured were characterized by Acinetobacter and
Rhizophagus. Metabolomic analysis revealed enrichment of arachidonic acid
metabolism in wild and cultured groups. Transcriptomic analysis revealed that the
differentially expressed genes were significantly enriched in the pathways of
endoplasmic reticulum, peroxisome, glycolysis, and gluconeogenesis. Total
antioxidant capacity, malondialdehyde content, and peroxidase activity were
decreased in the cultured group. Our study demonstrates that E. lucius improves its
adaptation to different environments by regulating oxidative stress, immune function,
and energy metabolism. This study provides a theoretical foundation for

microecological regulation in aquaculture conditions.

Keywords: Esox lucius; Wild; Cultured; Gut microbiome; Multi-omics

REREBHFE: BERRLAFANLSTE (2026D14009 ); H 4 X & & HF KX
(2025B02020-2-9 ); E X B #4A# ¥4 (32560265 )

AL, B2, &, HE, AHE, TENEHIPEEESFHR

mail: yangyi@xjau.edu.cn
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A high-confidence structural variant discovery and

validation workflow for aquaculture genomics and breeding
Zexin Jiao, Rongrong Zhao, James G. D. Prendergast, Nick Wade, Daniel J.

Macqueen™
The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of Edinburgh,
Easter Bush Campus, Midlothian EH25 9RG, United Kingdom

Abstract: Structural variants (SVs) can have major effects on gene function, genome
regulation and complex traits, but they remain underused in aquaculture genomics
because accurate detection from short-read whole-genome sequencing (WGS) is
technically challenging. Repetitive regions, breakpoint uncertainty and read-mapping
artefacts can lead to false-positive calls, limiting the use of SVs in breeding-relevant
studies. To address this, we developed a modular and reproducible short-read
WGS-based pipeline for SV and SNP analysis. Implemented in Nextflow, the
workflow integrates read quality control, genome alignment, SV discovery,
cohort-level genotyping, multi-step filtering, functional annotation, visual assessment,
genomic feature overlap analysis, imputation and genome-wide association analysis.
The pipeline has been applied to several economically important aquaculture species,
to generate high-confidence SV resources and explore their contribution to traits such
as disease resistance and growth. We are extending this workflow with
machine-learning-assisted SV curation and an optional long-read validation branch.
Curated datasets will be used to rank candidate SVs based on features such as type,
size, read support, depth evidence, missingness and genomic context. When available,
long-read data are incorporated to assess breakpoint and genotype support. Overall,
this workflow provides a practical platform for SV discovery, validation and

interpretation in aquaculture research and breeding.

Keywords: aquaculture genomics and breeding; structural variation; whole-genome

sequencing; machine learning

Funding: Biotechnology and Biological Sciences Research Council Institute Strategic Programme
grants to the Roslin Institute (BBS/E/RL/230001A and BBS/E/RL/230001B); Roslin Institute
Early Career Researcher Pump Priming Award.

First author: Zexin Jiao, Post-doctoral researcher in aquaculture genomics; e-mail: zjiao@ed.ac.uk
*Corresponding author: Daniel J. Macqueen, Professor; research interests include genomics,
evolutionary biology, animal health, immunology, and pathogens across aquaculture species;

e-mail: daniel.macqueen@roslin.ed.ac.uk
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Genome-wide characterisation of the myosin light chain
gene family in Chinese perch (Siniperca chuatsi) and its
expression patterns in muscle fibre types and injury

response
FANG Yuhao!, ZHANG Linxuan', PAN Yaxiong'?, ZHU Xin'?, LI Honghui'?, BAO
Lingsheng!, CHU Wuying!-**
1. College of Biological and Chemical Engineering, Changsha University, Changsha 410022
2. Hunan Engineering Technology Research Center for Amphibian and Reptile Resource
Protection and Product Processing, Changsha 410022

Abstract: Myosin light chains (MYLs) are essential components of the actomyosin
complex and contribute to muscle contraction and fibre specialization, but the Class II
myl gene family remains poorly characterised in Chinese perch. In this study,
genome-wide identification, phylogenetic and syntenic analyses, myofibrillar ATPase
histochemistry, and transcriptome profiling were combined to characterize Class I
myl genes and examine their expression during development, across adult tissues and
muscle fibre types, and after cardiotoxin-induced muscle injury. Sixteen Class Il myl
genes, comprising eight essential and eight regulatory light-chain genes, were
identified. The duplicated pairs mylpfa-mylpfb and myl6-myl6/ showed Ka/Ks ratios
below 1, indicating purifying selection. Developmental profiles suggested an
expression transition from mylpfb to mylpfa. In adult skeletal muscle, mylpfa, myll
and mylz3 accounted for more than 98.5% of total myl transcripts in fast muscle,
whereas myll0, myl2b and myll3 were preferentially expressed in slow muscle.
Following injury, fast-muscle-associated genes were sharply downregulated at day 1
and recovered by day 3, while several slow-muscle-associated genes showed biphasic
induction; mylpfb peaked at day 7. These findings define the Class Il my/ repertoire of
Chinese perch and identify candidate markers for muscle fibre composition and injury
repair, providing a molecular basis for muscle trait improvement in aquaculture

breeding.

Keywords: Chinese perch; myosin light chain; muscle fibre type; muscle injury;

transcriptomics

WBFE: EXH SR FES (U21A20263 ); # 4 B AR FHE4 (20261150018 ); #H
HHETHFHRIE (24B0801 )

*EIPEE, BRE, #F, TENZE2LNARFT S & RAAEHR

E-mail: chuwuying18@163.com
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5 aXFRIE KSR S FBIENFIERER

%% 1’2’*1 éﬁl%ﬁ 1’2’ ﬁﬁﬂftﬁ 1’2’ EE;'JE:‘ 1’2’ @Jé% 1’2’ %‘%Eﬁ% L.2*
1. K2 A 5402 TRE2A0E, Wik Kb 410022
2. KAEDNWEFR S MBURAEHI R A EAEENE, WRKY 410022

FE: KgAK R E S8 LS B T8 f Ak & 775 5K
BEPEAk . ATAEsR, FRATT DA A RN OK T R A SR 28 5t ORI O R, I SRR 45
FBAE BN S e AU B AR 55 2 MEE, IR R T RBNIL 4k 5 500
RS HIAZ Co o RURIE 5% o LY 1 15 R 12 B UL 4B MO 3G 5 55 o0 Ak % R sV E
T % 5 R Twist2 AlE I B4R R 456G MyoD MyoG & Myomaker WA 2,
B VLA M G T S Rk, BE R BE LA 4E R G R . AR SR R K
miR-125b 7£ 1 J5 A K ARF E B B s 5 781 47, lid B EE  H ] MyoD 1
Myomaker, FH1EECALAH AR RRA PR # LA 4 B2 AR K. ZERAL AR & B 71
b BTN T 30 & 60 HERPELHERE MYH4. ENO3 S8 10T, PAk
PEE & A5 2 -tRNA & RO g 1) 235 5 4, RN & B BT e S5 A0 T
BRI LET YA ) BB 3R . BRI T, Pdk2 1Ry 4aaE e A8 )
2070 5 $H] Pdk2 BT RH W N R R 3EN TCA TEPE, (248 Be & L8 lps 2 17 g 1D
MR B-SA AL AR, XA NR AU B g A B 20 T AN R A, i O U LA
[F3G5H . t4h, Hedgehog 15 5 il B AE B AR B A AN 4EHF b o0 2L, Hom i i
7 mTOR H FoxO I #Ag AEFE il B Wi, ORFEVLN IEH AR RS SR g
RN T FRMEAL R 7 AGEE 515 5 18 AL B 2R A K B B R BAENLH],
K= IR SR T RN A KRR S PR A IR 7 T EE

R AU FEIAERK: TR ARERS

KEHE: EXERAFEEU21A20263); #H@ 4 B A/RFE 4 (20261150018) ; HIE A
HETHFHTTE (24B0801)

SHAMEH, k& BB, TENFaXNALATERFALHR, #RE, #%, =%
WEEXNAKE 5 &R E %

E-mail: xinzhu1219@163.com; chuwuying]8@163.com
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ETFEFELH Survey BB B i8R {E4FMEVIR
BELIA, MR, TR, TLREE
WL RS K=, Wil Ak, 316022

TE. JEMWEE (Ophichthus brevicaudatus) & [E I EERFA YA, HarHiE
IRl ZH 22 00F 50 4 )@ 25 o B 535 T Tllumina Novaseq 6000 71 &, X 44 Rl 8
R A AT Survey MIF, L3845 134.5 Gb JRIEEYE, FisE153] 129.7 Gb A%
Bl . K-mer 20 A4l L BE R4 K/NZI M 1.19 G, ZR & FIE 751 Loy 5l oN
2.95%AH131.3%, BRI ERGE . mERRRRIE. X ERE4H SSR. SNP
J InDel 73 FAiC M BCE BLEAT 720t JLifiik3R45 521318 M A AL A1,
RN B9 361 AN/Mb. 1E 6 Fhoe AT DR, R KRE S NRHLR
(41.4%), HICHZFEEE (39.4%) . K ZH 6 H Py LA F] 5025383 4~ SNP
F11703086 4~ InDel £i7 55, SNP DL C:G>A:T N EGRAFRM, HEH L T Hik,
ifii InDel AMMIBRRAE R E, ZHIAEF XK EL RS . ETYPHRSER,
X} 103532 /N E B g R R AT DhRe iR . Hid, KOG #is E B RIE 514
MLl (T) MEREERZ, KEGG 7T ER~ifi&% (Metabolic pathway) iH
B SR IR R B 2 o AN T A B TR R e 8 R PR A R AE AN 2 T ARd 4
AR, N7 T % SR IRE AL S, 5 B G (AR 7K T ik DR 2H 2 25 % ol i %
RO SRS

K. HEMEE, LA Survey; > Thrd; FERERE

KB FE: BERXE S AL X TE (2023YFD2401901); # L4 B AR ¥4 T E

(LMS25D060002)

HEIES, R, B3, TENE 2 L FTRIEFH R E-mail: hellojellyl 130@163.com
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A FEFEAR T X 48 B fhE I s R B E B AV 2 I L LR
R
K, BREEY, TR fREERY, AR Y, KIS 1
1. WA R SR =208, A+l 316022

WE: NHBHREfil (Sebastiscus marmoratus) £E %5 A FRIE L 5 1T I 0 A P Fih 77
BN W TE AR 22 7, FR s TR SO0 il U AE MR S50 . 2RI L DR
DR HLE] . PAMAA 10-12 em B0 E EhZh oM R, 2 Bl T = N FRFE AT
AR IR SES, R 3 AFAT, FREEE 30 do SR 4R R 2H S A0 TE 4 B R AH.
MFFEEAR, o P ST 4 & b i B8 U YR 4 . Alpha Z FEE . Beta
ZHREVE R D REIE I B ARG DL FARARM: 1TIKF L, PRI T iz T8 40 1R 13 LAAR
B 1] (Proteobacteria). AXJAA[] (Chlamydiae). JEEER ] (Firmicutes). Jil
Z#17 (Actinobacteria) AE; JEAKF L, MFFFEHKGFEAE (Chlamydia)
4> H M w8 (Mycobacterium ) E A5 2 25 B m (P<0.05), T AN B # &
(Acinetobacter). 1% B A7 4&J& (Ehrlichia). #¥KTF J& (Thalassococcus). LA
J& (Anaplasma) F7ERE J& (Enterococcus) LUHIE B AKX (P<0.05). Alpha
ZHEMETE IR, MFEFEFE 4. Observed species fREUE E = T E WA (P<0.05).
Beta ZFEPE TR . PIAT SRR N il S AE ) D e A7 AE B35 %2 5% . A FRAR IR
BRNPIM IR, BEE. CAT. MDA, #MA C3. REAMGFEREER
(P <0.05), SOD-. [IGNiBGg ety g N Fre 3 725 . WA RIS CH), KRERD
s R 2 Bl A PR bR 5 [l T8 S A A7 AR BB ORI A IR A AU T
2 ANIR R & fih 78 TR S M AN D BEARFAIE 35 PN I B L 75 SRRV AE JI i 4 X
[ o B 7T 28 SR DA Bt SR AR A 2 1) 5 B A R P SR At 1 R AR

R : PEmMAE; FEIEEAY; wES; FREEA HREZ AL

FHRESTE: EXELFZTRITE (3YFD24019031)
WA KW, NEEEATHAESF TR A S FH R, E-mail : xiumeil 227@163.com
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ET R & X R R B BB YT S A ZR 0 K
AETAR T, PRS2, gk 2, SRR, BTERY, M ORE!
VAL RS2 2258, WL #F1l 316021
2L MK =BT, AR EA L B AR G R B ek, WL A+l 316021

TEE. N SEEL M a X B B2 (Hapalogenys analis) BIS2WH, AT 5T LA
R Bl IR Xt R, T E H IR 24~26, WEIBMEDHN 5. 15, 35 1
3ANSEEGAH S 25 [P0 HEZH, WR%Z 0-108 h B Be i 1947 A4k, e e I3 B o
BE. 8 Na'/K'-ATP . HFIEH A EALEE (Superoxide Dismutase, SOD ).
FFEIL AL SR (Catalase, CAT) JEMHESESR R, MTHE. FFAE. 'BAFSH 545
FIHIARAY . T BEBRD0S 56 B8 AR R LR I B AR 3 S g BRI B 22 . AEAT N L
XHIRAL (25) 1EH, 15 SRl POdIER, 1 5 A 35 BRI i A 3
SREUNI G AEAEBEALAE b, BEMpIE R e, &R KT R ETHE, B
b A F, R R S e i 1) B L R E A R T T Na®/K-ATP i
W71, S EPUEAEE (SOD. CAT) IS Az M T & 3 SR AE 5
FEHLUKY b, (s id B R R RS KM, (G 2| Ry £ .
JHAZIP K S NE Y 5K, mEh S B R e A e R B E i e . 4
R, By el A —E S E N, B E B E S TN RE 5 AL
A, ARG IR AL IR R A IR R 38, 5 2R dE A PR

U BUOWSEHH: APERNG: BT RN

KB RF B R E : T T A R T E (20248022 ); #iL & B 44 A2 3 4 ( LTGN24C190010 );
HHT A BT e BT % BU(HYS-CZ-202504); #TiL 4 “Z R A7 B thEit &0 E
(2022SNJF073 ); #+ o db & A 7 & Rl 0 & 50 (2024Y001-4 ),

AREH: Lok, EHATREN, HRXTHIBEXKEXETS5XTEN¥. Email:
shihuilail980@163.com
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Development Process from Larva to Subadult of Anji
Salamander (Hynobius amjiensis) and Its Facing latent

disease hazards

Xianting Wang?, Zedong Lang?, Maoli Jian®, Yali Ge3, Junzhe gian®, Xu Zhou!,

Yiyang Dai' and Haiyan Dong'->*"

!Department of Basic Medical Science, Huzhou Normal University, 759 Erhuan East Road,
Huzhou, Zhejiang 313000, PR. China
2Anji Salamander National Nature Reserve Management Center, No. 77-83, Building 1,
Yongfu Commercial Street, Baofu Town, Anji County, Huzhou, Zhejiang 313000, P.R. China
3National-local Joint Engineering Laboratory of Aquatic Animal Genetic Breeding and Nutrition,
Huzhou Normal University, 759 Erhuan East Road, Huzhou, Zhejiang 313000, P. R. China

Abstract: Anji salamander, Hynobius amjiensis, is a rare species endemic to China,
living in peat moss swamp at an altitude of 1,300 meters on Longwang Mountain in
Zhejiang Province. Anji salamander larvae live in natural puddles in the swamp, and
the adults spend most of their time in the humus under the peat moss, only briefly
visiting the puddles during the breeding period to spawn and then disappear back into
the swamp. Therefore, the life history and diseases of Anji salamander is poorly
understood. In this study, we analyzed the developmental characteristics, behaviors
and life habits of Anji salamander embryos from fertilized eggs to subadults.
Meanwhile, our research reveals that fungal infections may be the primary cause of
early embryonic death and developmental malformation. The successively
deteriorative habitat and gas bubble diseaec may also pose threats to the health and
survival rate of Anji salamander. These research data hold certain reference value for
formulating targeted and necessary conservation measures in the future, which is of
great significance for the conservation efforts of the critically endangered Anji
Salamander. Moreover, they can also provide reference data for research on other
aquatic animals and amphibians.

Keywords: Anji Salamander, life history, metamorphic development, fungal infection,

gas bubble disease

Funds: This work was supported by the Public Welfare Horizontal Project T for the Protection of
Hynobius amjiensis (No. TCCS2023-010), the Bidding Foundation of Huangpu Jiangyuan
Tourism Development Co., Ltd to Dr. Haiyan Dong.

*Corresponding authors: Dr. Haiyan Dong

Department of Basic Medical Science, Huzhou Normal University, 759 Erhuan East Road,
Huzhou, Zhejiang 313000, P. R. China; Tel: 86-0572-2321029, Fax: 86-0572-2321029; e-mail
address: 02196@zjhu.edu.cn
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ARIPYEE FE E SRR ST RER
IRSETN, M, EREEW:, x+77, BCRE, 4, FEE, K
WL IR AOK PR FE AT CHTT LA ¥R K Y PRI I s D, Wy, 313000

WE: 4ER E (VE) RIREIEEEAGTELR, T EaiIa . Sk
EJFERAS S ARRRR I RR S PUERE I L T8 TR AR o TSR LT AR &
[GIBUR. AR T8, PR, ABBINSEAFHRBITRT KEHRA, AR
gifezn I VE £ 5esh ik il . UM Al B Aq%as,
AR S EGPUAEA] . A ha A 7 ARG . FFEZ VE ffifF S50
RUERE, Woesh¥ O VE 2838 “UGHEMN.: VE 2N 51 % HE 57
HEAINE], SOD. GPx. CAT “EHiAMEER SHHEAEIE T, ek, el
TOEBFFEOE; VE B ZaeREar AR, Mfira i smr,
ALiE¥ie 5 HUFA Ui, G BNLRE IR . A VE WACHIRF AR 2%
AL o-E B WAL E VE S 0s, =2 Wi R T A 1 B e (R
R R SR, —H R AN INAF AL 2 AR P R R AEPE R R B B BL BTIE VE K
BRIz, FARIEE T AR, SRIF VE 2 2iE s ARsh iRk
B2 BRI, RN SR R ZeR. WRRA R RIS S a sy
=

HEAATI AR, REHRAEED HSP. NF-«B (5 50, ZMia
FHRMAS R, BABAF s 4EiE R E MRS, EIAT )7
FERFEsY) VE RN T8 EMAEY T VE ThLfl. ARKE
B BUAH SR S o AR 2 5 S 2 1 R D 258 3 W e SR R TR TR RS 1
AR

Regia: 4R E, s R, EFH

FRHTE: ABESHEENHERLT 5 AAMEE & FRRBAT X

fEF A~ REW, AR R, KKAITEHKEF, 4: chimeilis3404109@126.com
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Integrated miRNA-mRNA transcriptomic analysis of
hepatopancreas reveals molecular mechanisms in
Macrobrachium rosenbergii under graded nitrite stress

Xilian L1 ', Haithua Cheng ', Yunpeng Fan !, Binpeng Xu ', Yang Xu !, Qiang Gao '*
! Key Laboratory of Healthy Freshwater Aquaculture, Ministry of Agriculture and Rural Affairs; Key
Laboratory of Freshwater Aquaculture Genetic and Breeding of Zhejiang Province; Zhejiang Institute of

Freshwater Fisheries (Zhejiang Freshwater Fishery Environmental Monitoring Station), Huzhou, China

Abstract: The giant freshwater prawn (Macrobrachium rosenbergii) is a
commercially important crustacean species widely cultured in tropical and subtropical
regions. However, its poor tolerance to low temperature, with a lower lethal threshold
near 16°C, severely restricts its overwintering survival and limits the expansion of its
farming range. This paper reviews the recent progress in understanding the
physiological and molecular responses of M. rosenbergii under low water temperature
stress at 16°C. Key findings include: (1) acute cold shock by direct transfer to 16°C at
a rate of 2°C/h triggers rapid upregulation of heat shock proteins (HSP70), activation
of antioxidant enzymes (SOD, CAT, GPx), and elevation of stress indicators such as
glucose and lactate in the hepatopancreas; (2) gradual cooling at 1°C per 3 h or 1°C
per day elicits a distinct adaptive response with lower mortality and a more tempered
stress gene expression profile; (3) recovery rewarming after 24 h of 16°C exposure
induces a secondary stress peak, indicating potential re-warming injury; and (4) the
hepatopancreas is the most sensitive tissue for transcriptomic and enzymatic assays,
with the most drastic gene expression changes occurring within 3-6 h of cold stress.
The mechanisms underlying cold tolerance variation among different families and the
potential for genetic improvement through selective breeding are also discussed.
Future research directions include integrating single-cell transcriptomics,
CRISPR-based gene editing for cold-tolerant lines, and establishing standardized
low-temperature stress evaluation protocols.

Keywords: Macrobrachium rosenbergii; low temperature stress; cold shock; heat

shock protein; oxidative stress; physiological response; hepatopancreas

KEBTE: TR ETIE (2026YSZX01); #Mil& R VW H mM%E E AR E

I (2021C02069-4 )

SHIEL, BE, AR, TENFRTEDHAREGREEM, gaogiang@zjfish.com.cn
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MR FAF E I ETN RIENR S R MiE S R AR A

2AE, &R, FEEYE, U, REE
E X2 IR § Fprbty Wiyl & R KK =T GV A8 9 /K L A 55 W k)
WM 313001

B : NVEN — PREF IR B2 2 1A T8 (Bacillus coagulans)mr-1B1E/K = FR5E H 1 )

REPERSCR o 05 6 7K I 5 W98 TR o 40 i 1 2R 47 %, 45 2R B 7smr-1B

X% BB R B0 B A VA B i B (Enterobacter cloacae) 4EICH (Aeromonas veronii )
g /KM E B (deromonas hydrophila) BA RZEHIER, (EX 15 485N

(Vibrio harveyi) AN RURECSS . [FIF, SEISERTT 7 1% W AR DOAE TR ot &

FIAER R DI RERI RN, RIRIL B 1R 7R B R B (AKP). 1 EALEE(POD).

i A AL A B (POX) S U By Bl i 14 (p<0.01) o BIF FLIB VAL T Bt 45 2F AU A B 8 I 7E 7%

FE ZKAR OO G BN AR B2 SR /K- IR R R, 45 R WoR s 0. 2% IR B, ke

HEXEAAELL, W EAAEER 2 & 8 BE FFIC (p<0.01). XEEHF T NK™ 77

BV AR AL 1 — e £E AR P 7 iR A K o 4% 72

SR LSRR S SRR KR

BT E : WIMNT 2 AR LT (20212ZD2036); HTE R LI HMHEHFEARE LT (2
021C02069-4) ; B AR LA E: BERIAMRKL =W HAMKZ KB (CARS-48)
AP, ®E, AR R, EENBEKEDWHRRGE

E-mail:fionxu@foxmail.com
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#T DIA-PRM &R RAFET KRR DIVL 53 FHLE
Einth g RS 0HiE
o, mEe vz, Eem
1. EEY RIAEREAE F RO W LERAOKZI T (LA SRR IS I, ), WL
WA 313001

WE. PPN (Macrobrachium rosenbergii) & 4=FR%/KIN ANV B S2AE SRR .+
& HICRHER LR (DIVD) fEFRFEME AT 3 360%-90% 1 ZAVET- R, H H AT
BRIP4k ERHIAG k. AHIEFE B A2 1 B 2 I ERIDIV L)
pa sl Il AR Vi = NG 5K /)L Ao /) B NI W, 2 eSS L i 5 Ne S8 v = N B v = =0 7
i (GKD. B (YG) FWHE (DZ) =HSEgaffihk. TERHATAREf DIV B RSk
W5, TIRAIET2/NREEMIZEEA, A IS HIDIA-MSHE AR PRMALA
AIE ARG B2 nE AT . S5 R EoR, PURA (GKD WA A7 a] bt
SIEH (YG) 1B 12765, BHVETRKIFK 1 69%. BT FUHE HAZ OAUENLE] Y
FE5R ) E A A Z N Fas Bt A B wAE . X 12 MZ 0 ZE Rk (DEPs)
BEATHIPRMEL [ASSIE R /R, HA5 R SDIA K A AL /s — 30 (Pearson 1=0.92,
P<0.001), HASREEEEMEL S — D AEERITURTEML . AR T RO
AR S 2 ERTET R A & b R ) S P SRt 1 o i) 7 T A, DYSER
DIV IR RFEER5B0E | IR LA

RE#E:  BIIEIE, T2 BT 1A DIA-PRMIKGEE A YIRS

HERE : FREARIRITE (20242278) 5 Kb KATH. W EEH I AR 7= W 3 AR A
(CARS-48)

CRAMEH, EEE, AR, EEMNET KEREE M E-mail:fionxu2020@163.com
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Ste R AR TR A< X 4 B £ 1 BR S (K AV B2 M

MRB RO, IR 12, Hffitg 12
1. W LAWK P2 TR, Wikl 316021
2. MM A L BT AR A R A 7, WAL 316021

FEEE: gt 3 SRt e A BT 0T MM A 8 £ P I A R 2 R, AR LA %
P AR IR 5 M ) A SR B i PRI R v B FI LA, DL 30 e MERZ K & o
G RSO ARE, BB M RRAL (AF 41D, 5@t HZH R AN [R) B3R K 110 oK
MEALERAE, B IS . B S I E f 9 E B PCR SR, &
G A B AR TP IR B R AL S R IR SRR R IA R SRR, 10 mg/kg
Sk IR MEE T 35 2y £ £ KT 5 35 5 ) (P<0.05 ), M0 56 i A SIS [ SiE K T B2 T
ELLALTE 60 d 155 3K 95%; SKRHTMEE Z 5200 FSH. LH. 11-KT X E2 & &
(P<0.05), 11-KT 5 E2 Mah&- P smitt i oth, Rl SEERAE R
M T AF A, WA A vasa dmrtl varaf erpl FEHRFRIE K B2 A (P<0.05),
cypl9ala 23 TN (P<0.05); H FSH 5 dmrtl A erpl 2RI H B o 0 AH S

WFFTUESE, K il e DU TR A0 20175 M St 40 PRI S , ld T30 N IR
B B 1 A S J5 R ek i s 1 R 2 A, BT 9T 45 SR O g K S A ) S A
ol f E RS B AR LB S

R b, %EEH%; 3

B

Ta G

ot A

IrilE; ZERIRIL
wd \ - ¥si Wd LH

- :
o e
5 = %}
. T .
! :

== CON-F AF-20d
CON-M AF-40d
AF AF-60d

R, BWER, BRIEN, TENEEKEXETHEFTHREFMN

E-mail: xx_cry@163.com
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ARaHiESFI. BTRESHFERENTAR

BAMRAE T, XA 2, BRER, WhEE S, IRAK M
1. WL AWK T WL A Mg /K B FR i E e S0 =%, W%l 316021
2. LI KA 22 BE, Wi 316022
3 WM DR 27 [ S B TR TAR RO o, WL AH L 316022

WE. ACHESRKIEA (Larimichthys crocea) 4=WEm FIAL EE B2\ 7K,
MR HE B35 3 550G K TR AELEREILE], ASORE 7% I v-Al 5 8 R R AF =1
T RRGM T S AT ORI (LTZ) ANERAKHFIELH, RE0F
fili 7 FOO R A K R MR RO s . S5 R, 100 mg/kg LTZ $2WRALFE
80 KI5 i AL ME 0 K A SE A PRI G, PRI AR 100%, O HE R AEVE IR K
B I35 PR R R 7K (B2 T 11-KT) J2 5 #H R R R IA B (eypl9alas
JoxI2\ sox9a. dmrtl) FSIEHHEM L2, H LTZ AFEMAKITEA R,
5 Aoy N5 S B PO =AY R T, LB i T O£ 5 1R
BAEAFVEMR K B B RS R AR . SR, iR NS e 2 A
FEANP T, A4 (Vasa) « SCRFAIIE (Sox9a) KA 7 24 5 A bRic 4 (Dmel)
RIS IR b — 3, AR FBE (400, 430, 460 dph) HITERR K H
BRI T KBNS T R E R . B =80 MV IRE 72048 (CASA)
ARGV T v E RS T HIZsh 28, IR T 10%H T (GY)D 5 10% — HI L
B (DMSO) P R IR IR R . 45 R BoR, iR TR R E T
I e, (BRI BhIN A ANAG f  E 4 , KRS HIEREER: WIHEETG,
10% GY FERIIRAT (30 KO B EALHI ORI RCR - A7 0y 4 MR T 1Y
R B AR TN SEOR KGR AN B0 5 IRAF I RGEEROR S, A
AT BRIt SR BRI IR I T 255

SEHE, Kt RN, OvERS ST R SELRBNRE TONT T A
(47

FEYBE : RBWE: #Tg Rl (AF) 3% MH%E E AR LT (No. 2021C02069-1);
FFLHARFEE M ET (No.2025Y001-1-2) ;

EINAER  RAL, BER L, T NE K & KR % F M %, E-mail: xudong0580@163.com
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PEZTER Y, HUKOK 12, RAA
1. WL K= 0E LT, Wi Akl 316021;
2. WITLHEAE R 22K 240, WiTLRk il 316022

WE: Wit (Nibea albiflora) WWAEESE, EHRFE, & EEZEINEKIFH
ST U R e M £ R R K, (R £ PR LG R A R T RS2 2

Hibk. AOtFudEE Y SRR E MR (R XY R, #F—
SR O e £ 15 8 Y YY Rt S 0 4 i )N 30 dph AR S 1.5 5 10 mg/kg
17p-ME — B (E2) Mkl 60 ks KI5 mg/kg M1 10 mg/kg B2 AbBRA T A 17
R RAE TR, T 1 mgkg 411X 55.6% (5/9) [kt kA T, 4
HZH S, 5 mg/kg M 10 mg/kg A1)~ 2 44 5 75791 EE T BRZEAIR 25.29% A1 30.58%,
I 3 A RN, H. 10 mg/kg B2 2H b B0 55 35 4] 7 sk m R AR K
PRIt 5 mg/kg B2 2H 515 SO0 i B (B 55 . ZRRRE iR, 7E 180, 270
1360 dph B, PYME A cypl9ala F IR 375 B I8 25 i T o I 4 A £ R £
1M dmrtl FIELE FIR =AM SRR TR, R SNEYE B2 ATRE S e bk N
E2 (W& B A0 dmre] B35, HIXF0 AR AE AL PR 25 o f5 A7 4R SR N 18] o B
BERNE, BB THENSEE, EOhEE S EREEACHERP ST
YY MEfa, HiX®e YY #EfrE 90 dph BRI K B 5 XY Ml . AW 5L
TR S MR RIS Y'Y MR TR, A KRR 4
T BORSCHF .

%%ﬁ g th; PRI OhMEfn; S

KB E: frlal &g EAe F 0L TR (2025Y001-3); #f L& i i K =8 % B ft
H 4| E (HYS-CZ-202507, HYS-CZ-202604 )
RPN, AL, XA, TENFaLFEEMNIR

E-mail: xudong0580@163.com
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SERARENREREEERFTHHAR

XU 120 I 12, SRS, XIWYTE Y, REMZE V2, FRPAEAR 12, A 12, BEE
1. WA RN R 2= B KA AV TR, Wit 310021;
2. IR AR IR S S SEI0E, WiTIAUM 310021

WE: o fE NI E E KRG, RN E S0 R B &
WA, T 2P TR R R o ASHIEFE LA ISR KB O B, E i
e I S RA R A e K 3 BE IR 2H )7 81 (721.26 Mb, Contig N50=28.48
Mb), JEREIEE 25,147 4>, FFIFRALE 44,948 NERICHT 40K SNP WA & Fts i

CPIIRH 26 98.89% )5 £10T PIIE I s, G AR TR M B N TR et B (o
BALAKSE 1X10° CFU/mL) MR R & ERIER, LL 2900 B 2% BRI HUH
P ML R y BEmlt, R AN [R] AR AL 2 AT A Y, DA e i it YRt 12 s v )
GBLUP J7 ik Mg i BEAR AT AL DAL, AR M B A A TH EM{E (GEBV)
F IR LT 30% [ B Fb R 0 10k HE A0 RSB A 200 A AT, Hebuiw AR S0 R4 3
14%, N TIRGB TR S TR 251 T AEva i T RE K 19.2%, 2215 3 0 2 PRI
B ot SR BRARZ U, T 100 A% HU/ g F RIBRTEE A BR324 4 B
Jiik, BT 2950 RS H BRI PUR R BRI K 4 B4, ik s B £ GBLUP
B IR AR AT AL DAL, AP RDE AL R PO SEA 400 R, HTARAENT
SR LT A% A T A E B TA) A BB R[] 23 Sl ZE K 15.0% A0 12.4%;  [RIE
TR 2 FIE R R G P i &, SIS P s f AR B 50 R SR ARG
HETRI . ASHIEFE N KRB PUR R AR T 1 40E 1 OCEOR S8, HHERN g K 7R 58 ™
Ml &t = UK R B LR L

BRI, i, JERIZH; SNP O BUw; FERAEFEE R

FEYTE : AT A H A H AR EI (2021C02069-1); # T4 K b RAHT #3
WRIBE; #TgRURFREARHRKRES.
e X, BB R, NEXTHMBERE S TEM

E-mail: lengfeng0210@126.com.
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Oogonial transplantation enables female-biased progeny

production in Sebastes schlegelii

Xiangyu Gao!, Sanying Huang!, Shugao Cui!, Xinlu Yue®, Yi Li*, Ruiyan Yang!,

Fengyan Zhang!, Fuxiang Liu!, Mengda Du!, Gongchen Liu!, Zongcheng Song?, Jie
Qi!, Yan He!->*
'MOE Key Laboratory of Molecular Genetics and Breeding, College of Marine Life Sciences/Sanya
Oceanographic Institution, Ocean University of China, Qingdao 266000/Sanya 572000, China
2 Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao Marine Science and
Technology Center, Qingdao 266237, China
3Weihai Shenghang Ocean Science and Technology Co.,Ltd., Weihai 264205, China

*Weihai Municipal Marine and Fishery Supervision and Inspection Detachment, Weihai 264200, China

Abstract: Sebastes schlegelii, a valuable marine viviparous fish in China, exhibits
significant sexual dimorphism in growth, with females over 30% larger than males of
the same age at the commercial size. Enhancing the female ratio in offspring can
improve aquaculture efficiency. This study establishes a germ cell transplantation
(GCT) protocol to produce female-biased progeny in S. schlegelii. Sterile male
recipients were prepared: 1-year-old males via dnd gene knockdown and 2-year-old
males via busulfan treatment. Donor oogonia, isolated from 1-year-old female ovaries,
were labeled with PKH26 and transplanted into recipients’ gonads via genital pores.
Colonization, proliferation, and differentiation of donor cells were monitored using
fluorescence microscopy and microsatellite analysis. Sperm production rates in
transplanted recipients reached 75.9% (knockdown) and 44.4% (busulfan treatment).
Among the recipients that produced sperm, the proportions carrying donor-derived
gametes were 25% and 29%, respectively. Artificial insemination with recipient
semen significantly increased offspring female ratios by 37% (knockdown) and 32%
(busulfan) compared to controls. This pioneering GCT-based approach offers a safe,
hormone-free method for sex-controlled breeding in marine fish, with potential
applications in germplasm conservation and variety improvement.

Keywords: Germ cell transplantation; Sebastes schlegelii; Dnd knockdown; Busulfan;

Female-biased progeny
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Reference Population Optimization for Genomic Selection in

Zhikong Scallop (Chlamys farreri)

Mingyi Suil!, Zhi Liu!, Zujing Yang', Xuefeng Wang!, Xiangyi Zeng!, Pingping Liu!,
Yangfan Wang!, Qifan Zeng" %3, Qiang Xing!, Zhenmin Bao! >3, Xijaoting Huang'- "
! MOE Key Laboratory of Marine Genetics and Breeding, College of Marine Life Sciences /
Shandong Key Laboratory of Marine Seed Industry (preparatory), Ocean University of China,
Qingdao 266003, China; ° Laboratory for Marine Fisheries Science and Food Production
Processes, Qingdao Marine Science and Technology Center, Qingdao 266237, China; 3 Key
Laboratory of Tropical Aquatic Germplasm of Hainan Province, Sanya Oceanographic Institution,
Ocean University of China, Sanya 572024, China
Abstract: Genomic selection (GS) enables accurate estimation of breeding values
using genome-wide SNP markers, and its predictive reliability largely depends on the
reference population used for model training. Both the size and composition of the
reference population play pivotal roles in determining genomic estimated breeding
values (GEBVs) accuracy. This study systematically evaluated the effects of different
strategies for constructing reference population on GEBVs accuracy. Analysis was
performed using three selectively bred populations of Zhikong scallop (Chlamys
farreri), comprising a total of 8,667 individuals genotyped at 2,626,890 SNP loci.
Population genetic structure analysis revealed significant genetic differentiation
among the three populations. Subsequently, the impacts of practical breeding factors
(phenotypic pre-selection and multi-population combination) and theoretical factors
(reference population size and genetic relatedness) on GEBVs accuracy were assessed.
The results demonstrated that: (1) reference populations derived from phenotypic
pre-selection individuals exhibited lower GEBVs accuracy than those composed of
randomly selected individuals; (2) reference populations derived from
multi-population also resulted in reduced prediction accuracy; (3) increasing genetic
relatedness between the candidate and reference populations can effectively improve
prediction performance even with a greatly reduced reference population size; and (4)
for shell height in Zhikong scallop, GEBVs accuracy plateaued at a reference
population size of approximately 1,500 individuals. Collectively, these findings
provide both theoretical insights and practical guidelines for optimizing the
construction of reference populations in genomic selection programs for aquaculture

species.

Keywords: Chlamys farreri; scallop; reference population; genomic selection
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Zglp-1 is a novel essential transcriptional regulator for sex
reversal in zebrafish
Yajun Wang'”, Gaogian Xu'", Haoyi Li'", Jing Gao!, Xueqing Du', Wanyue Jiang',
Guangdong Ji', Zhenhui Liu'2*,
1. College of Marine Life Sciences, Institute of Evolution & Marine Biodiversity, Ocean
University of China, Qingdao 266003, China

2. Laoshan Laboratory, Qingdao 266237, China

Abstract: Sex determination and differentiation play crucial biological roles in sexual
reproduction in vertebrates, including zebrafish. Nevertheless, the intricate molecular
mechanisms governing these processes have remained enigmatic. In this study, we
showed a pivotal role played by zinc finger GATA-like protein-1 (Zglp-1) in sex
differentiation in zebrafish. Our findings revealed that homozygous mutants having
no Zglp-1 exhibited a female-to-male sex reversal, ultimately resulting in the
development of fertile males. Within the pivotal phase of sexual differentiation,
zglp-17" zebrafish demonstrated a gene expression pattern that was skewed toward a
male phenotype. Notably, the expression of amh was upregulated, while the
expression of cypl/9ala was not sustained. Furthermore, our data revealed a direct
interaction between the zinc fingers of Zglp-1 and Sf-1, which inhibited the ability of
Sf-1 to activate the amh promoter. This interaction was crucial for regulating sex
differentiation. Moreover, we observed alterations in gonadal cell proliferation and
apoptosis in zglp-1~" zebrafish, which partially contributed to the sexual fate selection.
Overall, our findings firmly established Zglp-1 as a crucial regulator of sex
differentiation in zebrafish, offering deep insights into the intricate molecular
mechanisms that govern sex determination and differentiation in vertebrates.

Key words: Sex differentiation; Sex reversal; Zebrafish; ZGLP-1; SF-1; Zinc finger
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The role of ladderlectin in spermatogenesis and ovarian
sperm storage in the black rockfish (Sebastes schlegelii)

YANG Ruiyan', SONG Weihao!*, HE Yan!”

1. MOE Key Laboratory of Marine Genetics and Breeding, College of Marine Life Sciences/Sanya

Oceanographic Institution, Ocean University of China, Qingdao/Sanya, China 266003

Abstract: Ladderlectin, a teleost-specific C-type lectin, has been primarily associated
with innate immune defense. However, this study unveils an important role of
ladderlectin in the reproductive processes of Sebastes schlegelii. Seven ladderlectin
genes (SscLLs) are identified, with SscLL3604 and SscLL3605 exhibiting high
testis-specific expression. Both genes contain a C-type lectin domain (CTLD) and two
carbohydrate-binding motifs (QPD and WSD), with SscLL3605 also containing a
signal peptide. Notably, SscLL3604 is predominantly cytoplasmic, while SscLL3605
is found both in the cytoplasm and the cell membrane. Additionally, SscLLs are
primarily localized in Sertoli cells at the mRNA level but also exist in spermatids and
spermatozoa at the protein level. Further analysis reveals that SscLLs are present in
sperm heads and can bind to ovarian cells, hinting at a pivotal role in long-term sperm
storage in ovaries. Knockdown of SscLLs in vitro demonstrates their critical role in
maintaining Sertoli cells and Leydig cells within the testis. Finally, inhibition of
glycosylation or treatment with antibody of SscLLs leads to an increased incidence of
embryonic malformation in S. schlegelii. These findings suggest that ladderlectin may
also play an important role in the regulation of reproductive processes, thereby
providing an additional adaptive mechanism for the reproduction of viviparous fish.

Keywords: Sebastes schlegelii; ladderlectin; spermatogenesis; ovarian sperm storage;

viviparity
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Ultra-fast generation of all-female grass carp via
transplantation of female germline stem cells into zebrafish

HAO Yongkang!, ZHU Junwen!, WANG Xiaosi', WANG Houpeng!, WANG
Yaqing!, SUN Yonghua!”
I'State Key Laboratory of Breeding Biotechnology and Sustainable Aquaculture, Hubei Hongshan

Laboratory, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430000

Abstract: Surrogate reproduction provides an efficient biotechnological tool to
facilitate rapid genetic improvement and sex-controlled breeding of aquaculture fish.
Bighead carp (Hypophthalmichthys nobilis), an economically important freshwater
cultured species, suffers from long breeding cycles in conventional cultivation. Here,
we develop an ultra-rapid gamete production strategy for bighead carp via cloacal
germline stem cell transplantation (GSCT) using miniature laboratory zebrafish as
surrogate recipients. Typical sexually dimorphic germ cell proliferation patterns are
characterized in 12 cm juvenile bighead carp, and female germline stem cells (fGSCs)
are isolated and purified from bighead carp gonads. Purified bighead carp fGSCs are
transplanted into endogenous germ cell-ablated immunodeficient i/2rga zebrafish at
60 days post-fertilization (dpf). After one-month in vivo development in surrogate
zebrafish, donor-derived fGSCs efficiently differentiate into functional all-X sperm of
bighead carp. Fertilization of wild-type bighead carp oocytes with these
GSCT-generated all-X sperm enables ultra-fast and large-scale acquisition of
all-female bighead carp populations. This study establishes a feasible surrogate
reproduction system for rapid production of sex-specific gametes and all-female
populations of bighead carp.

Keywords: bighead carp; germline stem cell transplantation; surrogate reproduction;

all-X sperm; sex-controlled breeding
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Mechanism analysis of improving reproductive traits in
recombinant doubled haploid Japanese flounder
(Paralichthys olivaceus)
LI Xinchun?3, SAN Lize!*}, WANG Guixing!*? LI Bingbu Li"->3, HE Zhongwei'-*?,
LIU Yufeng">3,REN Yugin'?* HOU Jilun'??**,ZHANG Xiaoyan'??"
1.State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Beidaihe Central
Experiment Station, Chinese Academy of Fishery Sciences, Qinhuangdao 066100, China
2.Hebei Key Laboratory of the Bohai Sea Fish Germplasm Resources Conservation and
Utilization, Beidaihe Central Experiment Station, Chinese Academy of Fishery Sciences,
Qinhuangdao 066100, China
3.Bohai Sea Fishery Research Center, Chinese Academy of Fishery Sciences, Qinhuangdao 066100, China

Abstract: We performed integrated genomic resequencing and transcriptome
sequencing analyses of the hypothalamus, pituitary gland, and ovary, as well as
hormone-level comparisons of both DH and rDH Japanese flounder. rDH individuals
displayed significantly higher levels of female reproduction-related hormones and
growth hormone than DHs. Combination analysis of RNA-seq and selective sweep
identified several significantly different genes, including somatostatin 1, tandem
duplicate 1 (sst/.1) in the hypothalamus, myostatin b (mstnb) in the pituitary gland,
and growth hormone 1 (ghl) in the ovary. Sequence comparison of sst/./ in 134
individuals from the high-reproductive-capacity rDH and infertile DH populations
uncovered two intronic single nucleotide polymorphisms (SNPs), that may modulate
gene expression. qRT-PCR confirmed significant under-expression of sstl.1 in rDHs,
suggesting a strong link between sst/./ mutations and the high reproductive traits of
rDHs. This study provides a theoretical foundation for optimizing doubled haploid
breeding technologies and supports further application and promotion of this breeding
system for the genetic improvement of Japanese flounder.

Keyword: Paralichthys olivaceus; Recombinant doubled haploids; ssz/.1 gene; High
fecundity
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Exploring the potential regulation mechanisms of
host-microbiome comprehensive interactions on growth
traits in Cyprinus carpio
Li Feng!'*, Qinglei Xu!, Jianxin Feng?, Yanhui Wang?, ShangQi Li!, Qin Zhang?,
Linyan Zhou!, Jian Xu'*

1. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Fisheries
Engineering Institute, Chinese Academy of Fishery Sciences, Beijing 100141, China
2. Henan Academy of Fishery Sciences, Zhengzhou 450044, China
Abstract : The interaction between gut microbiota and host genetic factors in
regulating host growth is receiving increasing attention. However, the mechanism
underlying host variations and gut microbiota in regulating growth is still unclear in
aquatic species. In this study, muscle and gut microbiota samples were collected from
common carp. Host genetic markers and gut microbiota 16S rRNA sequencing data
were analyzed to dissect the interactions between host and gut microbiota on growth
trait, revealing differences in the overall gut microbiota between the high-growth and
low-growth groups. Ten bacterial taxa showed significant differences between the two
groups. A genome-wide association study indicated three loci associated with the
growth trait, while genes harboring the three loci were found to be associated with
lamia and Thermoactinomyces. The three loci (Chrl8:6901682; Chr23:10968715;
Chr32:16293406) were located within the genes PARD3B, RCC2, and ITGAIQ.
Mutations at the RCC2 locus may disrupt the cell regulatory cycle, leading to an
increase in immune-related bacterial taxa, triggering an immune response in fish, and
significantly impacting the growth rate of the common carp. Our study offers valuable
insights into how host genome variations can influence growth traits by impacting gut
microbiota, serving as a reference for understanding the intricate relationship between
fish and gut microbiota. This research holds paramount significance for advancing

engineered microbiome technology in aquaculture.
Keywords common carp, gut microbiota, Host-microbe, GWAS, Growth

performance
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Integrated transcriptomic and metabolomic analyses reveal
metabolic reprogramming and energy allocation strategies

in spotted sea bass Lateolabrax maculatus under cold stress
Wei Cao' 2, Mingyi Zhang'-2, Nan Wu!-2, Haiying Han'-2, Tao Yu!-2, Bo Li':2,
Chunnuan Zhao'-2, Liqun Ren'-2, Yanxin Zheng' %"
1. Changdao Enhancement and Experiment Station, Chinese Academy of Fishery Science, Yantai, 264000,
China
2. Island and Reef Fishery Research Center, Chinese Academy of Fishery Science, Yantai, 264000, China

Abstract: Low temperature is a major environmental stressor that severely affects the
physiology and survival of marine fish. However, the molecular mechanisms
underlying cold stress responses in spotted sea bass Lateolabrax maculatus remain
poorly understood, particularly from a multi-omics perspective. Here, integrated
transcriptomic and metabolomic analyses were performed to systematically
investigate hepatic responses to acute cold stress (8 °C). Transcriptomic analysis
identified 4,116 differentially expressed genes, with significant upregulation of genes
involved in energy metabolism (e.g., PCKI) and protein quality control (e.g., heat
shock proteins), and marked suppression of immune-related and transmembrane
transport genes. Metabolomic profiling revealed 824 differential metabolites, with
lipid metabolites accounting for the largest proportion, followed by amino acids and
their derivatives. Enrichment analyses indicated activation of
glycolysis/gluconeogenesis, the pentose phosphate pathway, and lipid metabolism
under cold stress. Integrated multi-omics analysis demonstrated strong coordination
between transcriptional and metabolic reprogramming, highlighting key pathways
such as glycolysis/gluconeogenesis, glycerophospholipid metabolism, arginine and
proline metabolism, and PPAR signaling. A correlation network revealed a dominant
downregulation module enriched for immune-related hub genes, suggesting an energy
conservation strategy. Overall, L. maculatus responds to cold stress through enhanced
energy production, lipid remodeling, activation of proteostasis mechanisms, and
suppression of immune functions. These findings provide novel insights into cold
adaptation and theoretical support for breeding cold-resistant strains in aquaculture.

Keywords: Lateolabrax maculatus; cold stress; transcriptomics; metabolomics;

metabolic reprogramming
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Effects of Different Drying Methods on Amino Acids, Sterols,
Macroelements and Trace Elements in Hippocampus erectus
Liu Xuange!?, Huang Chenlei?, Li Chengtian?, Lu Danqi?, Zhang Yong?, Huang
Xianpei'*

! Shanwei Marine Industry Institute, Shanwei Polytechnic, Shanwei 516600, China.

2 State Key Laboratory of Biocontrol and School of Life Sciences, Southern Marine Science and
Engineering Guangdong Laboratory (Zhuhai), Guangdong Provincial Key Laboratory for Aquatic

Economic Animals, Sun Yat-Sen University, Guangzhou, 510275, China.

Abstract: Seahorses are precious medicinal source animals, so the significant demand
for high quality seahorse products has motivated us to adopt appropriate processing
methods to improve its nutritional quality. In this reasarch, the effects of three drying
methods, namely, hot air drying (HAD), sun drying (SD) and freeze drying (FD) on
amino acids, sterols, macroelements and trace elements were determined in seahorses.
The results showed that FD could effectively inhibit the degradation and loss of
amino acids, significantly enrich most essential amino acids, maximally preserve
sterols, and exhibit an excellent retention effect on core mineral elements such as Ca,
P, Fe and Zn. SD facilitated the accumulation of characteristic amino acids including
serine and glutamic acid, and effectively retained macroelements (Na and Mg) as well
as several specific trace elements, but induced severe losses of sterol components.
HAD exhibited significant thermal damage, causing substantial losses of amino acids
and sterols in seahorses and resulting in a low overall nutrient retention level. In
conclusion, FD could effectively retain the core nutrients and active components of
seahorses, suggesting it a suitable drying technology for high quality seahorse
processing.

Keywords: Drying, Seahorses, Amino acids, Sterols, Trace elements
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Identification of genes related to rapid growth of giant
grouper based on self-cross population of hulong hybrid
grouper
ZENG Leilei', WANG Tong', WEI Qichuang', TAO Yuhao!, CHANG Leyi!, ZHAO
Yanzhao!, MENG Zining'?, YANG Yang**, LIU Xiaochun'?*

1. School of Life Sciences, Sun Yat-Sen University, Guangzhou 510275, PR China.

2. China-ASEAN Belt and Road Joint Laboratory on Mariculture Technology, Guangzhou 5102735,

PR China.
3. Hainan Chenhai Aquatic Co., Ltd., Sanya 572024, China

Abstract: Growth is a key genetic improvement target in aquaculture. The giant
grouper (Epinephelus lanceolatus), the largest and fastest-growing grouper species, is
an important aquaculture species and also an ideal male parent in grouper hybrid
breeding, such as hulong hybrid grouper (E. fuscoguttatus Q@ x E. lanceolatus 3).
However, the genetic basis of this rapid growth is unclear. In this study, we
established a hulong hybrid grouper self-cross population, observing significant
growth segregation. Using Bulked Segregant Analysis (BSA) and RNA-seq on
extreme growth groups, we identified a significant growth-related quantitative trait
locus (QTL) on chromosome 2, containing 23 candidate genes and 5
growth-correlated non-synonymous SNPs. Transcriptome analysis revealed 4074
differentially expressed genes. Integrating these results, we identified three critical
genes: iggapl, mex3b, and ndufs3, involved in cell proliferation, embryonic
development, and energy metabolism, respectively. Their expression patterns further
supported their association with giant grouper’s rapid growth. Our findings provide
crucial insights into giant grouper growth mechanisms and valuable molecular
markers for grouper breeding.

Keywords: giant grouper; growth; hybrid
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The gonadal matrisome and its correlation with sex change
in the ricefield eel Monopterus albus

GAN Riping, FAN Miao, ZHANG Lihong, ZHANG Weimin"

School of Life Sciences, Sun Yat-sen University, Guangzhou, 510275, China

Abstract: The matrisome is a comprehensive list of genes in the genome of an
organism, which encodes proteins constituting or interacting with the extracellular
matrix (ECM). The gonadal ECM is important for folliculogenesis and
spermatogenesis. This study characterized the composition of the matrisome and the
expression of matrisome genes in the gonad of ricefield eel, a protogynous
sex-changing teleost, during sex change. A total of 838 matrisome genes were
identified in the genome of ricefield eel through an in-silico orthology-based approach,
of which 482, 443, 429, and 570 matrisome genes were shown to be expressed in the
gonads of female (F), early intersexual (EI), mid-intersexual (MI), and late intersexual
(LI) fish, respectively. Differentially expressed matrisome genes (DEMGs) were
observed across all the sexual stages as well as in each category of ECM components.
Analysis of DEMGs in the comparison between EI and F revealed dramatic
upregulation of adam8a, mmp9, and s100all while downregulation of col4as,
coll5alb, clec3ba, fl13al, and ccl44, which were further confirmed by qPCR analysis.
Together, these findings revealed significant changes in the expression of many
matrisome genes, particularly three regulator genes, adam8a, mmp9 and fi3al, as
female ricefield eels initiate sex change, suggesting that gonadal tissues undergo
dramatic remodeling involving the regression of ovarian tissues and the development
of testicular tissues to facilitate this process. These data provide valuable resources for
further unraveling the roles of matrisome genes in gonadal development of ricefield
eel and other vertebrates.

Keywords: Monopterus albus; gonad; matrisome; extracellular matrix; sex change
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SIRNA P LHZE . ARG I B 2 S 20 AR U 4 - T Al 26 O 28 50 AT ik AT 361
RANSEEG LW, sed IR B#E FIARIT G A ace. fas [3RIE, 1E 50 uM i
B S MR Y KA TG BAH; scd miFF . E ] ace. fas JE R FRIE BRI
BRI H M =08 &, 27N sed 32 BLd I R 5T G s i SR 2 A BRI 1D AR
i@t CRISPR/Cas9 fEAARRFRSLI, 3515 102 ]2 FO X sed ik &4, FHIE 2R 47.01%,
BT TIDE fifi v B E N 20%-80% . SHTHRAAAALL, KO-scd FLfIfE AR, 14
KK FE R R G K R I BRI (RN Iy H 9 =g FPRE H il =8 FFEAEhA O
BEIEE TR 4 fOREL AR M2 5 A0 P AR 40 B T B4 S5 25 R P . KO-sed 41 ALT
TC. HDL-C. LDL-C. LDH KA/ T-AOC. CAT. SOD JT&.ZAFM, WEKS %
MR R o R A S SR A TE R % . ZHPEREIR, sod mibR— T
RSN DR abeal (2R AR ] AR BR S 55 SN HEAR DG IRR R, S — T
i dgatl. elovl2. acsm3 FEJ/b A BRIE IR SF FEANUURI IR TR A2 1 i A
B EER B R, ERFE AR AN . 28 F, sed 2B ARG S IR
FAR OGB IR VR I IR, S ) 142 sed PO TR W UUAR 1o IR o5 R B plb Ak ik 4348
b, AR AR RAM RN H R f5 28 B R A A R R
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The pangenome of Acanthopagrus provides genomic
variation evidence for genetic diversity

Yan Hu', Wenhao Wang!, Hao Wang!, Zhanyuan Gao', Xinru Zhu', Yuchen Yang>”,
and Jianguo Lu!?%*
I'School of Marine Sciences, Sun Yat-sen University, Zhuhai, China

2 Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), Zhuhai, China

3School of Ecology, Sun Yat-Sen University, Shenzhen, China

Abstract: Acanthopagrus species are ecologically and economically important sparid
fishes with strong environmental adaptability. To characterize genomic architecture
underlying their adaptation and phenotypic diversity, a population-scale survey of
intraspecific variation in yellowfin seabream (A. latus) was conducted using
whole-genome resequencing data from 80 wild individuals. Among the genomic
variations identified, structural variations (SVs) contribute disproportionately high to
genomic diversity, defining 11,463 variable genes associated with immunity, ion
transport, and environmental adaptation. Compared to the core genes with conserved
functions in basic metabolism, these variable genes exhibit lower expression levels
but higher transcriptional variance. Furthermore, a pangenome graph for
Acanthopagrus species identifies a 24-bp deletion in the gch2 promoter of blackhead
seabream (4. schlegelii) as a candidate variant for the loss of xanthophore
pigmentation. This deletion disrupts a conserved motif, potentially impairing
Pax7a-mediated regulation. These findings uncover genetic mechanisms driving
adaptation and phenotypic divergence in Acanthopagrus species with high
aquaculture values.

Keywords: Acanthopagrus species, pangenome, genomic variation, gch?2
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Development of CRISPR/Cas9 based precision genome
editing tools in grouper in vitro and in vivo
Zeming Zhang”, Zehong Su”, Wenjie Cheng, Rui Zheng, Jie Gao, Jianguo He,
Junjiu Huang", Junfeng Xie"

@ State Key Laboratory of Biocontrol, MOE Key Laboratory of Gene Function and Regulation,
Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), China-ASEAN Belt
and Road Joint Laboratory On Mariculture Technology, MARA Specialized Laboratory of Aquatic
Animal Diseases, School of Life Sciences, Sun Yat-Sen University, Guangzhou 510275, China

Abstract : The clustered regularly interspaced short palindromic repeats
(CRISPR)/CRISPR-associated protein 9 (Cas9) system has facilitated the
development of sophisticated genetic manipulation tools across diverse species. Its
adoption in aquaculture species, particularly economically important marine fish,
remains underutilized. This study reports the first successful application of
CRISPR/Cas9-mediated genome editing in grouper. We successfully edited several
genome sites of different genes including tyr, mstn, hsc70, and hsp90 in
Orange-spotted grouper (Epinephelus coioides) GS cells using an integrated
Cas9-gRNA plasmid system. Homozygous knock-out cell lines Aisc70” and hsp90~
were successfully obtained and exhibited significantly enhanced virus resistance. To
facilitate precise gene editing, we further evaluated multiple base editors (BEs) in GS
cells. Among these candidates, ABES8e and Td-BE4max demonstrating superior
performance. We further evaluated the activity of Cas9 nuclease and BEs in hybrid
grouper (E. lanceolatusd X E. fuscoguttatus?) embryos via microinjection. By
targeting #yr gene, the pigmentation defects in ocular and trunk regions of larvae were
observed 4 days post fertilization across all tested groups, confirming successful tyr
gene disruption. Collectively, our findings establish a highly efficient genome editing
toolkit for grouper, this technical breakthrough will undoubtedly advance functional
genomics research and accelerate the breeding of superior aquaculture strains.

Key words: CRISPR/Cas9, genome editing, base editor, grouper, nervous necrosis virus
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Phylogenetic conservation and reorganization of brain cell
types across vertebrate evolution

Xiao Du, Wenguang Yuan, Xiaowei Zang, Qi Yang, Lidong Guo, Manfred Schartl”,
Qun Liu®, Jianguo Lu®, Songlin Chen"

School of Marine Sciences, Sun Yat-sen University 518092

Abstract: The cellular and molecular basis for the structural and functional diversity
of the vertebrate brain remains poorly understood. To address this, we integrated
single-cell transcriptomic atlases from 13 species spanning 500 million years of
vertebrate evolution, capturing key lineages with divergent brain architectures. We
demonstrate that major brain cell classes share a deeply conserved molecular
architecture maintained throughout vertebrate diversification, with whole-genome
duplication fueling genetic novelty. At finer resolution, we identified evolutionarily
conserved orthotypes across neuronal and glial classes. Notably, the neurogenic glial
progenitor oEG3 is retained in adult anamniotes but marginalized in amniotes, with its
gene expression program defining a conserved Evo-Devo module during neurogenesis.
Furthermore, circuit analysis revealed that while GABAergic diversity is built upon
ancient transcriptional ground plans, telencephalic glutamatergic populations
underwent profound regulatory reorganization. Our findings establish a conserved
cellular framework underlying vertebrate brain evolution, driven by the reorganization
of regulatory programs, repurposing of duplicated genes, and alterations in neurogenic
potential.

Key words: Vertebrate brain, cell type evolution, Evo-Devo
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Fish SIK?2 drives antiviral synergy by activating
TBK1-related and NF-kB signaling to restrict OGNNV
infection via phase separation

Junzhe Zhang' Jie Gao, Jianguo He™, Junfeng Xie"
State Key Laboratory of Biocontrol (Sun Yat-sen University), School of Life Sciences, Sun

Yat-sen University, Guangzhou 510275, Guangdong, China

Abstract: Salt-inducible kinase 2 (SIK2), a member of the AMPK family, has been extensively
studied in metabolic and tumor-associated signaling, whereas its role in antiviral immunity,
particularly in teleost fish, remains poorly understood. Here, we identified Epinephelus coioides
SIK2 (EcSIK2) as a virus-responsive host restriction factor against orange-spotted grouper
nervous necrosis virus (OGNNYV). Gain- and loss-of-function assays demonstrated that EcSIK2
suppresses viral replication in grouper spleen (GS) cells. Mechanistic studies demonstrate that
EcSIK2 coordinates inflammatory and interferon-associated antiviral signaling pathways.

Notably, EcSIK2 harbors extended intrinsically disordered regions (IDRs) that facilitate
liquid-liquid phase separation (LLPS)-mediated formation of membraneless condensates.
Truncation analyses revealed that both the kinase domain and the phase-separation-dependent
region (PG) are required for full antiviral activity. Cross-species comparisons highlight substantial
divergence in SIK2 IDRs among fish species. Together, these findings establish EcSIK2 as a
LLPS-associated host restriction factor against OGNNV and suggest that evolutionary
diversification of SIK2 disordered regions may shape antiviral signaling capacity in teleost
immune systems.

Keywords: sik2, NNV, NF-kB/TBK1-IRF3 signaling, liquid-liquid phase separation
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FHANSE ZNFX1 {ERFBUXERSZ A HIEHI NNV AN
FI# R
i, AT, R
IKFZ B R B s A e TR pE 4 [ S s E, Pl KRG R AR, TR T 510275

TRE: LIRS (viral nervous necrosis, VNN) ZfHZEIRFE 5 (nervous
necrosis virus, NNV) SIHEH—MiAT A5, MK HRENEEH, 1
MEA R ERIE R AR B A, FEMOM RIG-T1 #5324k (RIG-I-like receptor,
RLRs) M F ) Je R ME (5 5 1@ B A NNV B NAR, {H 22 Pl i T 20 g 8 A
HAE LG RIAEE RNA (dsRNA) 524k RIG-1. Fith, #RFAFSH A dsRNA Z ik
MR TS R RG0S NNV Z[H] HA T 50T NNV IR iE Gy E 2

AT TSR AE T Rl A B & B de NFX1 2 1 88 1 (zinc finger NFX1-type
containing 1, ZNFX1) BES/EAFI B IR 2 %M 78 RIG-1 FIPimisAER , fanH
M NNV ZHlFHLH,  CUHA NNV B i6 P AL 0 R R AU SR . A A
BFFE A B EcZNFX1 /£ OGNNV &AL 40 A1 21 rh 25 28 B, 7EE5% . Al
JRNE Rk B . R IE BRI SIS R B, EcZNFX1 7] & Z 4] OGNNV
5, PURBERE /19T EcMDAS. BB RAKIIE R R, N 5l P-loop #%H =
Tl R 7K A iy & A 3 R B B3 DG B 45 A 38, HL T I P-loop 25 143845 6 i B dsRNA
Hh E] 4 o ATLAIRIE 7T &30, EcZNFX 1 7EA [RI4H A & 3% B pim 22 7E FH : 7E4F NNV
SEHUR H AR RE 51 GB 4l , EcZNFX1 R T 1 AT E (typel
interferon, IFN-D. F#ZHFIBZERE (interferon-stimulated genes, ISGs) )KL
DA OGNNV SR 5| E A AR TS, TP 006 B G 5 L R RS A o 15 v LR
PP T G S Il FE G S ML s AE GS A, HOE N oum Al ZF giiiS
TBK1 H.A1F, £ MAVS # & 12 0% TBK1-IRF3-IFN- {5 5l & EFUm 275 H -

gi b, AT % AP A dSRNA 524k EcZNFX1, BI#f 7 Hbumaek
SRAE A S U E AL, IESEH AT Ab 78 RIG-1 D REER 2K, O VNN [RB7H542
BT BRI R R T
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s, 7RSI 5103805
2. JTERABKE RIS GO IR E fSEIE, TR 510380

WE: RUEGY (5T R =AM SLAR M X 2R K IR 2 (HIE G =
RBP4 R0 P AFAE T AR B MR MR A K 2 K TR I Bk SR IR A TS
G HEZ O A BIHAHE 2007 FREIT R 70 R E - S a B0k,
D& 4 REHAILE M= BRI (REFFEMH) NBEEAR, 4 AUk FLaRIES
GRPNF L) A, FAZBIHR M “BRiE 157, 240 Rl B B35 1o
AR, ERKEEREEAR . QA HIIRTE 28.57%. 25.83%, I 5]. fitic
T MR R, FFER SIARMEAL N TS IR AR o BT X0T A AR e S MEHE RS,
TR LA TGRS 985.04 Mb =i E S H L HA L, #iE 2 5464 38 Mb
MR EZ O X B, WHIE A ZW WRRE RS, @ BRES 22 Wik
T 0 VRIS LRI O fr [ PR R, 2Z DM S5 IEH ZZ M f 22 e AT R 3R
BAMEIYH S ISR . DRI MRS, BARE 4 cm B MCAREYIS R 8, &
SEBAFEEE - PUKBRRREIIME T2, R R R, A F Rt
A FRMEEL REY 1.61, @ARTIEEMLA 4.26. G IKITIENAILEFEE
FhRFEE G RAIABHE A RCR, HEEREE M, MERMES. IEmE. %
LW TR — R T RR SR et AR &R

REEE: RIS RZE M RGN IEE e
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T IIBUR Mrpiwi2 BERFRIZFFHE. TSR
CRISPR/Cas9 & E BT
Tz kG 12
1 P EKPE R R SRR HE 7T, |4 510380;
2. bR, BEEAHTX 201306

MWE. PIRIBUF (Macrobrachium rosenbergii) &3 [ E (iR /KL HFIRE, H
AR ARG TAME B S5 5, (HILAETE R & M LT Rk
NfEDT. PIWI S5 2 piRNA EEEIZ QMM F, fEAEAMAKE . B
T S B DR AL A 5 M 4l H v R FE R BRAE F o ARHIE AT LA IR piwi2 FE A
(Mrpiwi2) NWFX R, S HIPHIRHE. R MAEY SR, D
3. CRISPR/Cas9 #:[RIZi4BH AR 5 AW T e FE SR AT Mrpiwi2 B4 cDNA.
ZEREIR, Mrpiwi2 cDNA 4K 4997 bp, FFHUFIEEAE N 2721 bp, WD 906 NE
AR, WEHESEHA PAZ. DUF1785 1 PIWI Z{r~p&ifais, HA A PIWI
KR AHE. RILDW R, Mrpiwi2 fEME. HEAMATEIR Y m ik, fEdRME
NREH L P BB AR IR e BUHR B M BrRr Rk, IR RS I Bk 318
BT, SR ETRES S BIR & MR R SR A 258 45 R R, Mrpiwi2
mRNA 7EAF HL b 32 g A7 TR T A0 AN Ok REANAL,  7F 99 55 v 32 25 0 - 0
JE A BRI O BE AR, SR R RE S S AR BE AR MO B . oA S K E - RNA
TSI RN, VIR Mrpiwi2 J5, % B ERR R 450 e, DR EARE SR
RN, MEMELLG) R AR I R AW E S, SR Mrpiwi2 FEVENIR R & KA
SRR R A EEAER . MeAh, AT ST R SR A A B E AR S T 1 Y
sgRNA3, Il i 52 k% Ui 5B 0L 5 Cas9/sgRNA MR EAE &, LW T
Mrpiwi2 JERI PSR R ke . 25 b, ARBFFHER T Mrpiwi2 ££% IRIBIRAETE K &
FRIERHEAEIELhRE, N Fe S ThREIERIBE 78 . METIR AL T & 2 IR IR
A M AR T EBKIER AR S %

K@ D IRVBIFR; piwi2; RNA T4t; CRISPR/Cas9; K E

FEBUE: & RIAR A I FEARKRAHEAEETE (4%5: 2024CXTD25)
*BAEH, TERZ, BHIXR, TEANEZ RBITREEFMHAR

E-mail: lysnp@163.com
260


https://kns.cnki.net/kcms2/organ/detail?v=1EB3pfwoRP775Mzvq0dfde-JQWwY854NB94gg-GSvgHHcq1cMP4dYOrbc6Ka8oPnv-W0KR9kCSmwl95L3QvSCB_OlzI3sDFDIZHqhk2Jmsie5RU9Tg-XdsMrXHnovZB11I32gf5yMnYolEYxgHWxVlrkeGqH8dr8Vw1ApMjsL2vIKQOau40sVsVSLDmw6AyosOuC_4aRkmHzrpip3-mh6ZexwVvhK-JDebvQPGJf9fdjqE3OVfTVD95XhsYsXBHRbGMUPlB5XYRMpfiYZ1TpWh0QCMp20F1W29Yt-LcsRSXNE-VQbnbWfg6QPLh7rsWO4VFwiYYm0eMa-GVmf3VWE3ABsLhvS-UZcc4Z98dFYIytNzxCLr_dBPhvMevyt03OnE954XSUr8M1HO-fvsxBUqLLU1HmTn0sK6_1TZ7ovzV3ln7x-uBBYHQugOhSXkxdQaI7sbniurejk102inQ0MFyqIG90BjugLjts7EZGjqX1usXKWiFs9gVnE1KOaK-jqZJS_h__TLJX6VeJvITeM0B31URsHWl-uSmBrOoRG6opC1FePJFxX-3cL0J6U5G-&uniplatform=NZKPT&language=CHS

2026 JKFFAEMEAR HRUE M ARFES

PLBERK Sparanegtin Xt T CIRHFEK, MEK,. RERINRE
HIRE N 32
THEE T RTHR?
1. EKF=REER T BEERK P 5T, T 250 I 510380;
2. KILR%, LI 434025

FE: NI PUR L Sparanegtin (Sp) Xt % [RIAUF (Macrobrachium rosenbergii)
A el KBRS RE S HISE, ABEFUAE SRR AR T s 0 04 054 1 A 2
g/kg PUIR K Sparanegtin (Sp), HREANH 75 d BIFRFE LS, Ffdt— BT 3 IKAr
BRI H (Citrobacter freundii) RS . EREKH, KIHHE Sp fefe g2
ICyAsRAE KRR, A 2 g/kg 44 WGR Hil SGR 425 (P<0.05). [FEF, Sp
P T UMALLEEAE NS AR, JF AR A A S A, SRt B — 5
BEEH . ZERIRIA G R IR, Sp AEIAIMR AT IR 2 EIRES 7 e . Piia Al At
BEAHRIEFIHIRIE (P<0.05), (BRI EEK, ZEERFREZETE T
o BB TR, Sp e AL A WA XS R, G IE R
LR, AR I RSP R BINRAE R . BI85 R BoR, Sp AP AE
SR R B e B LR 2 A A7 S 2, IR 1 IR S B AH 234545, (RIS
o 1 HR Oy S B S EE R G HTIA I RIE - SR B K, Sra G R KW, 2 g/kg Sp
TEfRHE A K T RO BON B, T 1-2 g/kg Sp 7RI 5R N E . Al 2410
SR G PURGLRE )7 BRI AR EH o 27625 I8 A KA B AIATLAA R R N
Sp 7% TR MR B R AR P 7o B A v 7R B Vs o i A A B R
SELEAE VLRI FR 3 — B 78 . ABFFER I Sp A 1E A% IRRUR D Re itk ta R
VR INFR B RL R 7, AT O b IR B AR AR 2 AE F S R R SR A P i B FH SR A HE 1
WAz
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Integrated morphological, histological, physiological, and
metabolomic analyses reveal the role of photoperiod in
regulating the growth and molting of juvenile
Macrobrachium rosenbergii
WANG Yakun!, HONG Kunhao!?, WEI Jie!, ZhOU Qiaoyan'*, HUANG Yayi'?, TU
Zikang'# JIAO Tianhui'?, XU Sikai'4 YU Lingyun!*

1. Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306

3. College of Fisheries, Jimei University, Xiamen 361021
4. College of Animal Science and Technology, Yangtze University, Jingzhou 434023

Abstract: Photoperiod is a critical environmental cue for crustacean growth, yet its
regulatory role in early development and molting of juvenile Macrobrachium
rosenbergii remains unclear. This study examined the effects of varying photoperiods on
growth, molting, and hepatopancreatic metabolism. The L24:D0 group exhibited
significantly higher survival, weight gain, and specific growth rates than the L12:D12
and L0:D24 groups. Hemolymph levels of 20-hydroxyecdysone (20E) and crustacean
hyperglycemic hormone (CHH) increased significantly with longer light exposure (P <
0.05), alongside upregulated expression of CHH, ECR, HSP70, MIH, and KRLF in the
L24:D0 group. Under this condition, 20E content correlated positively with RXR and
CAN expression. Non-targeted metabolomics revealed differential enrichment of ABC
transporters, nucleotide metabolism, and the FoxO signaling pathway, with enhanced
glycerophospholipid  metabolism —  particularly =~ phosphatidylcholine  and
phosphatidylethanolamine — under long photoperiods. These lipids interacted and
participated in autophagy and sugar metabolism. Mantel tests confirmed significant
positive  correlations  between  growth  performance, photoperiod, and
phosphatidylinositol levels (P < 0.05). These findings offer a foundation for
understanding photoperiod-regulated molting and improving large-scale aquaculture

management of M. rosenbergii.

Keywords: Photoperiod; Growth; Molting; Metabolomics; Macrobrachium rosenbergii
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FAE T fEBR R B R L B R AT R AR BV M 3l — 7514 R M)
R R
BREE, VtIE, By, EHE, X, JRERE, R, AT, ERE, IR
THE, BER, TR
K= BRI B BRI A ST, AR 5103805

>

7N

hie L RBUNMENE, (HIEERBH AN (ZW 8D, AR BERA M EE T
HELERE (MPF) Jo, FCAFBRIRAE S 4K ERPE R —aSthm R,  DUHRE
DR 2R 1) 5 R TR S A . T 0 R I, TE R T A 2 I S R A 5 0 4% T I 2
ERAR, T I R DUV ) TR R DA E A A . (AR, MR R A
AR I L RS PR B s 2R LA B P TS 3R S2 AR B A8 AL, 487 1 A fE
PRI 284 - B0 SR BT IR B ARG 55 PN 7 WA I 4% o A T 7E MIF 51 K 10 7™ B 2 B 2% 7 i
FE3E, WEMETRARAN A I R 2> Emm%m%wﬁ%%ﬁt &1, UAB IR Zk
AR EVE I . A, BRI B R R IR A A R B AL I AR G DA S R
B, HE T BAMEIEEEN, DUSIN R TR A A R LRk N 2% 4y A
KW, VCP. maf fl hdac8 & Ppiiix — A7 KBS P AZ O 4L, eATE i 4k
HE AR U SIEURR AN DA S R M AL S PR R FEAE o X 8 R 30 T E
T HSERSEIN TR G X SR 2 — R % AR 5 R W s AL EE g A
H=E.
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HRBEXNFRBIEK, & MELENRFERE I
=3 Al
Tws 1, ki 12
1 P EKPE R R SRR HE 7T, |4 510380;
2. bR, BEEAHTX 201306

WE: i (Cu*) RHFRFNDLFRMEITCE, B2 IR R AR B 7R K
I, T REXT KA AR = AR BRI R, AT BB /K = R R T RR SR AR A AR TS R
GiRIfERE. R, ARF7T LAY RIBIF NN %, RGPS T AR FIREE K& Cu (0.
0.05+ 0.1 f10.15 mg/L) XF & [RiFuF AR RE . Mk Fas. HEIURME S, JiEA
W5 G e A DI (R R0 S W TE I AR MR TR (s o 25 R B B KA R R FE T
s, B IRIEIN I E A, RrE A K ENEIE R EE M. 0.05 A10.1 mg/L 1)
) 25 T AL FER2H B T MR R 1 4 B AT R i R R )
TR o ZHEUR 2 A RS 4 7 A R I, 4 Cur IR FE IS 0.1mg/L I 4> 33
BEAN T R S IS R 0, B0 bR AR T . vk . SRk P K R 4 ff 225 4
BN . A, AN [R)HR RE R4 A 2 4 Ik e R e A R R (CAT #1 SOD) il
FEMIEE (AKP Al TOLL) FIFRIE &I BT XA . EmEEm 2 reE
J7THl, Sobs FEHUFE ML T RAFLE N EETS, W] ik B 5 5 vT REFEAIC
R FEE . RIRGRE, B2 T REd 5 SRR Rk
iy AL i E RS, SR PR AR A A B DR, A& T IR
WR A KA FI B T 2 T 57 o ASHIE ST 8 B 0T vk 7K PR e sh P R A M A 28 7 BR8N
FEAL TR RIS, IE oK IR I R T G AR S KR AL SR 2

R P EIANN: W TEE SN R BiEMEY)

FEBUE: & RIAR A I FEARKRAHEAEETE (4%5: 2024CXTD25)
*BAEH, TERZ, BHIXR, TEANEZ RBITREEFMHAR

E-mail: lysnp@163.com
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ER YL B EER AR
IR YE, BRI, WFEK, DR, XIBEFH, BLRIE, KB,
o K= R 6 BR YLK = 4F T BT, ARV AR S A S A8l 7K™ B 5 R i 5 77 TR 2 4 S8
=, JTRITM 510380

FE: VR R R U s, 1 Gy A YR PR I U RS AR . U H A
V)R G T AL T AR TS S R PR AT, AR B2 MR e TT N2,
Wik Jyie I ESD 1 V¥ 3| GSD HIRFIRIERE . Rlit, ERISY e s ask Zzw 7Y
PEGL AR IEATEA, BLR AR e LRI RT3 1 — N EARRSE Y . KT 5 76 B
T AR (Pelodiscus sinensis) G O AR | BRI ZH 2 ¢, H&& v AR 1L 3% (Palea
steindachneri). A% (Apalone spinifera) MIZIRE (Apalone ferox) W)4=3:H4
MrHdE, e IRin & & & IR A 8dE, RELBMEN, BE
ANV HPARAE — DNORSEI ZW PR e R, Rt E g 7 KRG T Gy (A 1 4544
B AFFE 45 SR g v AR Bt il Do AL BT TR A R IA A , NERE S Y e
AR IR A AL 1 R, O ERIE YN ESD 2 GSD LRI T FH
JIWIZE R AR . JE N EZ IR, 2RI N E RSP B — i B SR A 138
MERE .

R BRL ORI ML EARE L FROTTRIRVEANY . MR

RBHE: EXEEHLTRNEAETEFHFRTAE (2022YFD2401800); [E XK & HRH ¥

HeEHFERFELTE (32102792); F B A ¥5 % bt 4 %3514 & 003 F AT E
(2023TD38);  E-K ¥ ¥ 61634 (CAMC-2018F)

*EAEE, FfF, AFAELR, TENFALEREFMNEREEAMNR, Email

liwei@prfri.ac.cn
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ERERREMNEERARNEILNA
IRVt BRIz, @AlT, WA, XIBFH, BLRIE, KPS,
o K= R 6 BR YLK = 4F T BT, ARV AR S A S A8l 7K™ B 5 R i 5 77 TR 2 4 S8
=, JTRITM 510380

FEE: AN AT g AL 2 R A M E R E B IR —, DL e ) i
JSCPRT AR PP e 2 S R K IR R B B S, RAHES K S A B R T
HEJRBN 7. BRI AR B ) A, T R AR E R R s P T R
SEATLH 5 T 3] e 5 S B R R R S BRI % B R ) e 2 1, AR R B B
AR A Bt P B R . AT R 7B W SR TARRAE,
THHERA ZW B XY € R EYFPERR P 1 . BT,
A IS . AR RIS BRI A B R A I R, S PG LGS A
ik, AT, LIEE. AEMZERE IR 2299 5. 2341 5. 2533
SN 2416 SEMEVER: L B, BT R BOT R AT 7 XL 2 %F . 2 %R 2
SPPERRE RSP, HAEA IR REAR PCR BUEH, #ERIZI5N 100%. FA
[ R B0 B o e S P B LT 38 A B BRI A, 45 5 49 B 3L (0 1 ) A
PR B 125 2% T I0E B, JFRRAS 2 XPIE AR v 51, R AE AR
B . A B A BB O BEAR SRR, WERIERN 100%. BEAh, 128 P 54
PSR REHERf S A . /N AL V. DO AR AL AR AR . %
T 90 25 S AR S T YRR SV R B SR R i, SRR R S AR — AN RS )
ZW BT E RS, RISV v e HUET IR 78 PR3 & BRI a2 A OR
PHRAL T R AR S

KW BRI, SRS EEAR Wl HEEER R Ry

FHHE: EBXRERMEESFEMFELTE (32102792); | KA KL AKM T Ak k%
T E (2022-SJS-00-00, 2022-SPY-00-015); [ A £ 5 4 52 [ 4, e 1% & A4 37 B FA T
B (2023TD38);  [E-#K Wik &1EE4e (CAMC-2018F)

SEINEE: 24, BRI, TENFAEREEASREH K, E-mail: liwei@prfri.ac.cn

RIF, ARR, TENEQLEMHRKRESHEE MK, E-mail zhuxinping@prfri.ac.cn
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fERERAML B SHESTREFRENAEENHIFR
prEEE v, B 2, GRIE 23 BRI 23, ARSIl Y, R 12, B3R, IR
Lo il KRR 2B, 2R BRHE 519082
2. R 5 A, BIEIHZR 201306
3. FATIETERIE S TR AR, JRIETL 524000

W RN T, TR T TR 2 R R (0 30 2 1 B 1
IKAEFREE RIS R GE . IRTT, A% R 4010 5 0 B 2 2 A0 R B 4 1L
FA RFRNFENT . ARGz R SRR A, NERKE S0
TRAF PN YERE 37 1 2R A B IE AL«

LAEBRKE SO RITH: RO E TP RS (4canthopagrus)
K RN ERE, RS (A schlegelii) W% H— ML T geh2 FEK A 5
TIXH) 24-bp KL IIAR FRK o IZIRRAEIR = B ORSF ) PaxTa 85557, &
ZHIGS T RS, R BRI O R MM O R R R R AR .
— DR A PR AR BT R B, geh2 BRI ELHERENT 1T WP Mine 28 (4 25 & Bl
P o

2AEA IR AL S A I CRAP 5 T FRATTHRT 1 Ry i R T A e A e B ARG
PR A DR 3 25 2K (R SR B ) o 3 A 0 B £ sws 1A swis 27 SRAZAARAE Y
BEATCHRS SEL, S5 RESE: 72 SWS MU HAAE T, AR R L5t &
PR AR 2 0T 2 B M RO 2 AR T TR swis ] B sws2 BE 225 U3
BAPOCT R CER ST, ERFAL I S Ry ) e B . X R, s 2Rl
WX B Fk 8% R I Y i (tapetum lucidum) [AFAE S SWS ML A &N E R BA
M EFEA R R, WIS “less-is-more” I ML R F R HE0g, Tt G 1 9 SR
RECEM w71, B | HAEE FOCH BT i AR E RN

gi bRk, AR FRANE Y T INE S TR R (gech2) B WE AR R 2
K Csws) A3 [F] 8GR L3R T ZAENE,  IE N FRARA HESN ) OGSO I
AT S T R AL 1A B AL E ) A
REEE. M ORAE ; ES  EN o &N

EEAEE, FREE, B2, FTENFEFAESEFLAMAR, lujianguo@mail.sysu.edu.cn
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2026 KPP AR S IAL TR ARLE 22
B #8143 ES DNA FRiCHiFiE 5% E

WAE R, AR 2, EAEAE TR, ARHRE
L PR R AR b, WOKERRIR S EA B #08 S E A SEg s, HEIR 400715
2. WILITSE A e A i Bhp 22 e, RUL B SR B ARG SR G 1148 3 S8 =, DY )1 AL
641100

WE: 88 (Channa argus) 7EREEERRKETFAIE, HEHEEKEERTHE
Y, AHEFRTE AT A SR R, (HEZ IR RS AR M e AR, 120 T PR
HIE M. A28 (Channa argus var.) {F RS AR, TR
R S B 3~4 1%, FREANT RS, EFPERESE P RBON S . AN
FUAHE S8 Ak, R Hi-C A1 Nanopore ALl FHARKIE | XY A Gk
KTPHIZE AL (0.66 Gb, contig N50 A 13.64 Mb), F5 1 #A K F 1) XX £ 5
D2 AT SL LM o0 AT, S 24 56 et A iy BERE I o e iod E A VR b 2.0 1 s 5
XX, XY FRHREE 70, ¥ 16 3tk Sz At gL tk, JH7E 10.99 - 12.03
Mb X3 E 1 1.04 Mb FPE5) ik E X B (SDR). T SDR XZ5M748 5, ik
PAF 6 MEFEBRRIC (2 MILEMERRC 34 Y EBRR O 1A XOESRID),
1E SR XX XY A YY 2P B 4% 08 HEf 08 100%, Hd X ESinid
NG RS, A XY 5 YY M. R X LSRR IC R ) % E T
XY Mfa 5 XY OWME A=A 0 YY M f . RIS PR IC a1, K LN A
T 5 ) FRGE A AR AR R A, S5 ARIRE SN T 100% FRIgt % Ml 48 5 HE R
B, AW TN 5 AN 5 8 (1 AR A A PR R T R PTEE A TR B B B
TH, W goe ML aitit 7 EES%,

R B, VRS, FERAENE, AR EM, YY

REFE: WEHE)TESFLFTE (2021YFN0033)
FEAMEE: WA, X, TENFOZEREFMEENEHFR
Email: zou3891@163.com
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IBATEEHA K 2 8 RHGESE MRS R EE R R
SRRAS T2, b U2, BRARE U2, Hik U2 FEE T
SRHAOIK 22 o R0, SR LA TR €K P01, IS B, 830052

WE. WARAM (Hypomesus nipponensis) >R [EBEEFIZFFAAL, EREW)
ZRAE, CRONEISM N EEZ A, Bl T IHHELESW . &g
A RIBE A AT, IR T XHZ AP AR RS TE RLET R, IR HE DU B
AR TR B AKHE o AR 7T LUB SR L G I S R A O R, SREIsHES
FHMAZ HE e, e B S0 DNA 2 68% COl 2K & 16S
rRNA Ep@ ST SRR, RERFHIEITEG . AR B % 1E B
HESNASHHE . EELERIT:

(D PR A SENELSE S S B ARG R HE A B O . v A
H. B TEZR. i ZATT TG, iR 048 £0.06. BBk miH, FNEK
%, FERNEEMR BB, FREEE T R L I H AR SO, BoRT R )
PRARGHMOTT 1, FEAR T IR R 523G iU R . B2 VB, 4 8Bt
BRI TR . BT B ARG R A A, A EBREE, ART
HEBAHE: T TR BE TGS (244.84 +£49.01 pm, P<0.05) , &
FEA I THELINL, LIRS S BEHE TS . Wl E RS I R R 35 S S AT IR 4
TR TR B MM TE, —E W ES 5 EFRY BN ST EIREEMRHE
SLIR] G R A 0 )3 B IE MR TR T TR A 2 5 H Sk

(2) FRANBEMHEAAETNIERE, WA TERY). RERUETR
B, N 7637%, HKEIRZ, N 62.11%, HEHM, H 33.33%. BEMHITE
N, BEUNMIEE RN T, HIRESHIN 66.65%F1 52.07%: HZFHf
KA, HIIEN 82.35%, HEHFIL 90.00%; FKZ= LALRE H I
s, N 66.10%. DNA ZZk U —BAEWFIK-FHR/R: HEEVHRE
NER, DKEIFEMRSDKEEE N, HPKEIRE S 38.51%, @K%
i 25.99%; EFEEEKBIRSIKEE, HHIE 91.76%: KF/LFREUKE

SKBFE: BXERBEEATHE (32260915); FELERYLREEFLTE FIEH
(2025B02020-1-1) .
EIAMER, KEAN, B, TENEHEAKAEFAFRETH LK.

E-mail: zhangjujilsian. cnm
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WREAE, G 97.21%. FAGRSIT B FEZEN AR ERREE (R?
=0.655, P<0.001) , EEFEANEREK, BFEGKTY RN,
(3) PERAfHTEEBAET KT LR TR E , &2 13 LS RE B [ TAIAR Y
UIROREAEHEE, [FIRF, BRI R I SR S RE, 2 AR AT B
J& REJE. ARREBSESEARS RSN REN T ERNE. EFEEFFESE
FRERTE. MHZE (P<0.05) , FWBAFERN TIRFEERA RENE
B, EFhEEET 23 M EMEERE, EFEMAKELS08 18 MFl 5 .
K HEZDFMAEE (31.60%) « A3 B8 B R EE R, 530
T & (32.20% ) AT B & (11.22% ) 25 J& 422 8 3 T iy, A BL IR & (7.22%)
FNESEREE (29.32%) BoAbs SR . BN N REE. iR E
SRS Pau K RE R 2 8% FAHYE; EF/\&KEE SRR,
REMRP R REFEFA; MEFHLRFEBSHL ARG R R E EAHEK.

25 BRTIR, VORASEAEHYURE S B IE RO, I s a2
BHEUE T St at . ZWF e E I AR R R, SRR IR
T8 B BETE | IKFAEREAE AR, B /KPR T RESE i 1) ZE 1 i B P n L 5 g
WAFTE R IR RIMMIEA S AR A 25 2 Y v K A fAE T
T BRI B AN A S AT A R T S R

REEHE]: TURAf, JHWIESH; &Y DNA Z&BM: IiEw#

&
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2026 P A A AL B R A4
DON j#it G6PD EfmiEZEHEAN IS A& E K

B, 2R 2
1. BFrTE2ERE, FEBET 272067;
2. FEKEREEGE B E KT, ILARE S 266071

WE: MASEHIFEEE (DON) ikt g T EHE R —, ™
I R TR, (B L TE 4 My e v B R RS 2 T LB A A IR . A
W LA BE AT 5, dEId DON B E Y, 456 B am i sk 21 (snRNA-seq)+
PR AR V) - B i BCH (LiP-MS) #8488 LIRS m A4, RStH4R 50 DON
Wi BRI TR, 45 R PH, DON s W B I A sl R, FHFal kg
BB ZEYE K bR B e B ERR . snRNA-seq #8578 DON 55 iz W i1 i b
J7 230 AT 20 O AU D LU 3] S 7 o LiP-MS BB6A 43T X6 452 17 R 5 5 ] 46 W -6- i
ME Mt E A (G6PD) Jy DON [ E#EE G HE, BEiG M SLLiE st DON LA E K
PEHIH] GOPD W&t . JERE AR R, DON 258 W3 FRAIK 7 % B IR & il
IREE SR, TR S WK G RGBS 2. 25 F, ABFFER ] DON 7] feiE
o B A) GOPD, HYwAEN b R A0 M AL R AR, 2R 0 A G S
PR, A& FEERMEM . 2K P DON AR RS RS BT K i A R
PRIt 7R RN B A

R MASEHEHKE; AP, GOPD; L ERICHT

KYTE: FTEFREMRR LI 5 I RED TS TES (JTYHL2022MS26); E XK
FAR RN 7= L AR % (CARS-47-G31);
CRPEE, B, T, TENEZFeLEKLETHFE

E-mail:huimindd@163.com
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	对虾抗性性状的分子基础和育种技术创新及应用*
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	光学传感助力鱼类非接触式表型解析：赋能精准水产养殖*
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	Chromosome-level genome assembly of the sea urchin
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	Assessment of Marine Ranching Benefits Based on Ec
	Gut Microbiota-Host Co-metabolism Reveals the Grow
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	Study on Physiological Responses and Transcription
	盐度胁迫下中间球海胆生理响应与转录调控研究*
	An investigation on the optimal dietary protein fo
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	盐度对四指马鲅（Eleutheronema tetradactylum）的生长、存活、组织结构、渗透
	舒氏猪齿鱼胚胎发育及胚后特征观察
	Combined trancriptomic and proteomic analysis reve
	白斑狗鱼伪雄鱼的表观遗传调控机制分析研究*
	Morphological characterization and transcriptome a
	基于代谢组学的四指马鲅（Eleutheronema tetradactylum）对低温胁迫的适应机制
	四指马鲅（Eleutheronema tetradactylum）稳传心脏细胞系的建立与应用
	转录组分析揭示四指马鲅（Eleutheronema tetradactylum）脑和鳃的渗透压调节与
	多鳞四指马鲅（Eleutheronema rhadinum，Jordan & Evermann, 1
	胡子鲇性别决定的分子基础与性控育种研究
	基于转录组分析四指马鲅（Eleutheronema tetradactylum）感染哈维氏弧菌的免疫
	四指马鲅（Eleutheronema tetradactylum）TRAF基因家族的分子特征与表达分
	四指马鲅（Eleutheronema tetradactylum）的近端粒到端粒基因组组装
	凝结芽孢杆菌对四指马鲅幼鱼（Eleutheronema tetradactylum）生长性能、消化酶
	解淀粉芽孢杆菌对石斑鱼虹彩病毒感染的干预及保护研究
	表儿茶素抗石斑鱼虹彩病毒作用研究
	海水鱼无特定病原SPF苗种全工厂标准化培育技术
	肝脏转录组揭示了细点石斑鱼（Epinephelus cyanopodus）对哈维氏弧菌的免疫应答机制
	Analysis of Genetic Diversity in Speckled Blue Gro
	肝脏转录组分析揭示急性低氧应激下赤点石斑鱼（Epinephelus akaara）的生理响应机制
	基于全基因组重测序的网纹刺鳅（Mastacembelus favus）性别特异性标记开发及XY性别决
	热带条件下鹤顶红金鱼的繁殖特性
	石斑鱼生殖干细胞命运调控机制与生殖细胞移植技术研究
	方斑东风螺饲料效率性状的精准表型测定、遗传定位与多组学解析
	Identification of Body Color-Related QTLs in Leopa
	多组学联合分析三疣梭子蟹肌肉生长调控机制研究
	miR-200a/miR-141在锦鲤红色体色中的调控机制研究
	The down-regulation of miR-200a subfamily inhibits
	nppc在大口黑鲈卵巢发育中的表达和功能研究
	不同水流强度对黄河鲤生长、生理健康和肌肉品质的影响研究
	Expression and functional analysis of 3 beta-hydro
	大口黑鲈MsAFP-IIb基因克隆、系统进化及表达分析
	大口黑鲈幼鱼不同剩余采食量组间生长、肉质、生理生化及氧化应激指标的差异研究
	大口黑鲈抗蛙虹彩病毒相关候选标记和基因挖掘
	Heritable absolute DHA content enables selective b
	杂交鲟（达氏鳇♀×施氏鲟♂）繁殖力差异群体间卵巢代谢组分析�
	有机硒通过NRF2/GPX4相关抗氧化防御缓解达氏鳇幼鱼热应激相关肠道损伤和菌群失调
	WW型超雌小体鲟成活受限的生理与分子机制
	基于多组学分析川陕哲罗鲑水霉感染机制
	Establishment and Characteristics of the Spermatog
	IFN3重组蛋白诱导的ISGs转录组特征分析
	草鱼干扰素刺激基因鉴定及ISG58抗GCRV功能机制研究
	CiATG13 induces autophagy to upregulate CiHSP70 an
	CiOXR1 restricts GCRV infection by suppressing oxi
	基于血清免疫指标的草鱼亲本选择及子代性能评估
	Characterization of a collagen-secreting fibroblas
	基于多维功能评价的埋头鲤精子冷冻保存策略优化
	小口白甲鱼（Onychostoma lini）全人工繁殖技术研究
	The study on artificial reproduction technology of
	Multi-omics reveals gut microbiota shifts and hepa
	Reproductive Biological Characteristics and Early 
	GPR143 mediates the brain vacuolation caused by RG
	CRISPR/dCas9介导的akt2组蛋白乙酰化编辑调控斑马鱼TORC1信号和葡萄糖摄取
	DNA甲基化编辑调控mstnb基因表达促进斑马鱼肌肉生长研究
	Cdk1 haploinsufficiency triggers premeiotic endore
	瘦素及饲料脂肪水平对半滑舌鳎生长和卵巢发育的调控研究
	转录组分析揭示17α-甲基睾酮调控钝吻黄盖鲽生长的作用机制
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