KE A& Y R
ACTA HYDROBIOLOGICA SINICA

FS0E T4
2026 £ 4 A

Vol. 50, No. 4
Apr., 2026

Huang W X, Hou J H, Liu W Y, ef al. Comparative analysis of growth, muscle nutrient composition, and skin transcriptome in F1 hybrids of
Ctenopharyngodon idella with two different body colors [J]. Acta Hydrobiologica Sinica, 2026, 50(4): 042609. [¥¢ 3L 2, HEERE, XX E, 2. Fff
M B AT LA K. LRV IR 00 B B A s34 LU A0 (0] AR A 2R3, 2026, 50(4): 042609.]

A EEAEZRFIREK. REFHR T KERE KA 7T
¥R Bar dxET @2 2AEK s 24y
. 3 1*
HHEH BAER
(1. 7 B REEAE R 2E 22 B K= R0 5 G0 3 5 A AT G4 0 S26 =, B & 330031; 2. & i AR A PV R AR ZS Aoy,
% 343000; 3. VLA AR =25 A R A 7], 7 % 331601)

THE: AR FPIFPA A o = 2 R0 K RF R AR PERE . LAY 5 DA B Ak € b DG BE R 0K (KR AGE, ARt 90 08
T g L H A ((Q)x & (5 (D) [Ctenopharyngodon idella var.gold (?)xC. idella var.gold (3)] F1{(GG). &
B4R (Q)x M B AR 0 B 47 (D) [C. idella var.gold (R)%C. idella (3)] F14R(GB) F 3 3 A {h B 481 ( Q)< M 3 4 £,
#(3) [C. idella ()*C. idella (3)] FIFA(BB) =K R, i BITEE 2 8IS E 7 IEFIRNA-seq s RN H A
KRR LA i 5T R R R s R R AT T R G0 i R B (D)AEKMERETT T, GG R AEHY B AR R g £ K
F 7T 5 E 5 TBBHIGBEK £ (P<0.05), £IGG>BB>GB % Q)WL MK 77, GGH R A B ER ST
K43 & B (P<0.05)F1 5 25 A I HEL I 105 & B:(P<0.05), H. —+ 8% TR FR (EPA)+ —+ B N IH TR (DHA) & &
AR 2 B (TAA). 7 AR 5 2 (TEAA) M 2 IR & B /2 2 2 (TDAA)Y B & = T BBFIGBZ £ (P<0.05);
QG)VEA TR EIEN 51, GGK R EIEFLIE ) (AAS) L2 TE7 (CS)AN 75 B L R 45 B (EAAD Y = T BBXK
RAMGBXK %; ()% 4170 ¥ J5 T, GGHBBIA] X GBFIBBIH] () 2 57 %75 £ K (DEGs) & & & £ T ATPA i id
T2 BRI FE R A R — R QI R . RRIA . M KA A DUNERE &5 & RS LR R i
PEEEGOLIRE 2% H A AT IR A AN G0 B R B 40 S5 BK, I 07 18 3815 cdk4 mi-atp6. csflr. xdhFlsox9b5s 5
T RO T A DCIDEGs . 45 BRI, GG R K MEREANLIA & 8 B8 TGBRIBBXR &, HIRK1GHFf
Pt 72 S DGR TR, g i) BH A €788 S5 FREEA% 40T LA R0 4 R B £ 108 B 00t T R 2440

KRR A KYERE; BRI, AR HsRd; WURSTE Rt E
FE 9SS S961.5 CHIFRINM: A XEHS: 1000-3207(2026)04-042609-13
doi: 10.3724/1000-3207.2025.2025.0329 CSTR: 32229.14.SSSWXB.2025.0329

K S AE N R B I B A G, M E
AR AR A TR TR R R (EAA), B En-3K %
R FG iR (n-3 IcPUFA) [ 8 Bkl 78 3544t
g5 0 I 5 TS % Ak R e a3t 55 T T Ak $5E R
s ™Y, B AR IR E R K R DY R K
—, RETHE. @k, ¥4, 2REEED
gurmIs, B A M YRR, DOKAEE

ks B ER: 2025-09-19; 11T BHA: 2025-11-26

VIR B YORIE, AR, Wk IRGE, AR
G B, EENE TP KIS R R R R KR
FEX . PRI AR Tk I B P 5 A A
Ol R 3 R K M SR FRFART R —, 20244F 4
[ 35 5 7 B 5 616.5 77 (2025 H [ i b 4 1t 4
%), IR 7 B A v v ok 2R

il BORME. HORMAM. 268

HEEWH: HEKESPIRITRI(2023YFD2401800); VL7674 2R i B AR 4 R (IXARS-15) % ) [Supported by the National Key R &
D Program of China (2023YFD2401800); Jiangxi Province Famous, Special, and High-quality Aquatic Products Research System

(TXARS-15)]

EB BN HOCR, &, BRI A WFA T A K= R E S 5185750, E-mail: 3365461964@qq.com
BIE1EE: XICE, 5, @GR 2, §F 5007 K= @ FEFE5E . E-mail: 49573111@qq.com #KE, B, #UZ; WF 77 RAKF: R FHE
B 5 IR 7. E-mail: zhaodaxian@ncu.edu.cn  *J:[FEFEEH

©The Author(s) 2026. This is an open access article under the CC-BY 4.0 License (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.3724/1000-3207.2025.2025.0329
https://doi.org/10.3724/1000-3207.2025.2025.0329
https://doi.org/10.3724/1000-3207.2025.2025.0329
https://cstr.cn/32229.14.SSSWXB.2025.0329
mailto:3365461964@qq.com
mailto:49573111@qq.com
mailto:zhaodaxian@ncu.edu.cn
https://creativecommons.org/licenses/by/4.0/

4 34 FOCR A A A R ACF IR A . WUATE FR R S BB s 2 BL S o0 #r 2

2 it R R2 200 P P B (R4 D, T i & 22 R AR AR
T, TR0 2 R R K036 N7 B B ) 45 B, 7
LHEAT N B R SRR 5 O R 55 AR s Bl i R
PERBEEH] . KERTFRY], AR O R4 K
PERE AL S F% B o0 A7 1R B 3 2 5%, VLR 6
(Cyprinus carpio var. color)H “ KL FI“Ky 1814 £
MR ER LA B RRBY, 4P 0
(Oreochromis niloticus < O. mossambicus) ¥ [/
A R, L S SR e e
HE i 25 (FFRC No. 2 strain Cyprinus carpio) ¥ 7K
EL(BG) AN AR 119 PR 1 S5 TR (C14:0) FH AR 0 i iy 12 75 3
BE & T AL A (WR)YME(P<0.05), M WRH A
YRR TR K B v, B &R HER. HER
I RR AL, HoR Z B IR & B AE P A1) 22 S Al
2. 3 BE 8 (Monopterus albus)f] 46 KAKK . &
R E AR AR A L T R R R
TR0 R BT ) AR K L R IR
& S EPAS DHA & 5 1 2 3 15 - 35 400 B £ 0 5
!, B 7R SRR R A R LA (4 ) AR
FHIAMA, Hoor T8 AR AL o 5 8 A A A
K5 EFRI7 I 2 7 H SR WAH AR IE .
AR, BRSSP UEESRE. AK
VERE. BRI S AR R E LR s
X B A ] 5F AR FE AR S TEAE F1Q (3 QxR R i
)N HR 68 [ A2 AR (75 IR 8 S < IEAZ F1 Q) A 52
KW, HIEARHIE £ IR E A 5, B2 FAEEAR
AT REAR 15 80%; 253t 25 UNIE 52 1% 44 A F AR E L
WE R EEA B A, S e
ik EEBAN (] 1 B e 2 £ 2 58 AR AR MR R, B
iz 2 E R BE RS HE . AREFRK
N LEAEEARM T PR A [ A (0 = 20 Bt 5K
R GO EM(QxE O M ()N HEZ T —FIX
FR(FPRGG) < B 1 ( Q)< 3 A 00 2 11 () A%
LT —ARF1Z & (8 Fr“GB”) b M i {4 B 47 ()%
Hl kB () H AL T RFIR R (R BB”),
RARFAA AR AFAHEFIRERKERSVLA
IR AT, I I SR 2H LU A3 e B LA £ AR S
(3B A% 23 AL, 5 B4 (B R R Rl (R)IE B
FEARL AR AR AR .

1 MR5ERE

1.1 LIt

ARSI E T M FRA AR I35 46
2N EAH G St B (Q)x S B () [ A8 4
4(GG). e fF M Q) Tl ikt m (A
A (GB) S Akt 5 0 (Q )< i R o s 1 (I H

ZHABB), MINHEGFIRIATR G - AL AT
FSEAR 35K VL P Sk P2 FR A TR A A
1.2 FIREMIZERFEEER

A PRSI R AT I 34 2 A F AR B 4R /K AE 1 b
FRP T VE A ek = R A B~ A, R 12
2.5m. =2 miETE KT B, 25 W A A
IR, VI UE K FE N 2000002 /it £ AR R K
2 e UK 5, Y5 IR 5E 2 FE AR ], I N300/
667 m’ (il FRIH R SR TR, T2 15
RADRH A PR 2> 5] A 7= 1 B % B 1t ROk ]
B, B HEHER AN 3%—5%. FEF-5E I, it 7K
T KR HEAT WD, K AR A R 4 =5.18 mg/L,
R A<0.1 mg/L, WAHE£5<0.1 mg/L, pH 7.3—8.5.
1.3 NESHEH#

1EFRE282d)5, &K AFIRH BENL 7302
N s 31| M D=l R I L RN SR I E2 S N SRS S = RN
18 5 R (WGR)FIERF 2 4E K Z(SGR). Bl 5 & BEHL
EE3 AT LA SR, 3R T8 37 O R, ()
I % W6 WL B3 R AT R bk 2H SLEURE, FH R IR AT
FH TRNA$ZEL
1.4 RZAKAZR S RNATEEN

1 FH TRIzolik 77 (Invitrogen, 3€ [E)FZHUE RNA,
] F{ NanoDrop 200043 J't: 't B2 T A6 il RNA) 4fi J&
ROV, 3 1% 35 JIE 0t FR A 0 36 e e 1Y, 42
B RNA—#50 FH TR s e, 3 —#r T
J& 8:qRT-PCRESIE .
15 FEHRN

ERKMREIRARNIE
T RE:

4 H 3 (WGR, Yo)=(Z AR A B Uk 4 55 )/ 91 4
PRE X100

58 £ K R (SGR, %/d)=100x(In#& & {4 & —In
LILGLUNEN T PN

EFRRSHENE K105 CHAETRIEN e
K5 E B8 (GB 5009.3-2010), K F & [ #2200 5
FH g 15 (GB/T 5009.6-2003), K FH & Yl 1K & &
I 5E 2 15 (GB 5009.5-2010), 5% FH i i RmrH o33
(UPLC I-Class) Al #: BEPU AT i 3 RS (XEVO TQ-S
Micro)#ll 5& LA H1 1 7Fp & 25 1R 7 5:(GB/T 5009.124-
2003); K F M (3 £ (8860)F1 i 1 £ 4t (5977C)
W LA 235 i 107 R 2 £2:(GB5009.168-2016) .
1.6 EFMEITFEMN

R4 1 & FE R AR 41 23 (FAO)AIT i 5 T A 4l 41
(WHO)ZE 18 B 2 3 2 11 20 48 KUV o [ 93 i 22 2
Rl biE s 5 & DA R AT H S8 EEA
g R R, DU A R SR A i R

MR LL T AR RAK



3 KR R

2026, 50(4): 042609

FAAFRE IR IT 0 (AAS) VTR (CS) R 5
HEMmIEH(EAAD 'Y,

RIS (mg/g N=FE LA R R [ &
Fx6.25x 1000/ LR 2R 1 A 4 & &

AAS=FE b T ZFE TR & & (mg/g N)/FAOP7)
B AR N A 75 Z IR 75 & (mg/g N)

CS=HF i W 75 S LR % B (mg/g N/ B £ ol
HHORH N A0 75 = HE R 75 B (mg/g N)

EAAI=VI00A/AEx100B/BEx - 100H/HE
[, n AR )2 TEEERANL, A, B - HAME M
WFERAILR S E, AE, BE - HE N EE A F M
NN TR IR &
1.7 HRANMNFS S

s 2y A B A 5 R BUERHE I A
BRA A 5E K. R Oligo (dT)R4ER & £EmRNA, Bt 5
FmRNA Jr BoA I DL A B & i cDNA, 4464k
JEIREAT R ImAE S . AR A L& R, §iiE250—
300 bp /i Bt T PCRY™ 4, e ety o™ 230
FE R 3 52 S, o A SC R ot B R AT R U, A
¥ J5 , Fllllumina NovaSeq 6000°F & #4700 . K
UL HE BT i 845 Bl clean data, 5B 1K fEreads
(41 QPhred <201 Hif ik %4 5 LU i 50% I reads), 2%
RS NI T 10% I reads, 35U Bk A #:3k 7 41
Hreads. 1 FHHISAT2 v2.0.5 ¥ 14 ¥ Clean reads 5
Z: 28 BRI 23 AT PP A1 HE X, REXMapped reads (HP Lt
%t B 46 E 115 % 5 R 240 ffreads)™ . FI| i feature-
Counts¥Mapped readsi/H{T 2152 &, KHIFPKM
(Fragments Per Kilobase of transcript per Million
fragments mapped){E i 5 s A Bl AR R e ik /K-
(145457, FIDESeq2 1.20.0 17 2 R Rk 4y
Y, 3545 95 41 1A [ DEGs, 25 5 4 [ 97 1% 4% kA
llog, (Fold Change)[>1H. P adj<0.05. il i cluster-
Profiler 3.8.1 ¥+ IDEGs GO B ERFIKEGG
EE ViR
1.8 qRT-PCRIEIE

WRYE e A oy W 45 2R, BEHLR e 3R 15 8 5
AR B R FIDEGS, LAB-WL3N & A (B-actin) N
N 2 5 K] BE AT qQRT-PCRIGIE ™, HRA % S 24000 5
KRB FE R 751, % H Primer Premier 5.0%¢ 1145 7
PESIPIGER 1), BB 51 W38 SR A A 76 e
PR 95°C WA 1E:30s; 95°C Ss, 60°C 30s, #EAT
3O ; 3 1 AR it R A B M, DA
VAR H R AR 0 a4 B, I M H GraphPad Prism
8.0.2 WA A e I AR A
1.9 BUESR

SEIGH A AP K {E 65 #E ZE (meantSD) IR, Jf

f# Fil GraphPad Prism 8.0.2%% 1 % $ 45 HE 4T B A &%
75 245341 (One-way ANOVA), . PE/KF AP<0.05,
SN HEAT 2H 1) 22 57 (1) 2 E EL I3 AT (Duncan’s) o

2 R

2.1 ZHESRAFIRAGEMIR S BIHE

TR, &t | 2 F (GG R s
&, WE kR A {AAFIRBBA B N B A,
G 0 ( Q)< R (8 R A () A4 A F AR(GB) ik
YR A, RPE IR E B .
2.2 SUHEBRAFIREKIEIREEE

HH P 1051, GBX &M H 2 E K T GGBBXK
A (P<0.05); GG E R s e A KR EE &/ T
GBAIBB (P<0.05), £ .GG>BB>GB{J#a#
23 —HEHRAFIKIAENEFRTRIELE
SR
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Tab. 1 Primer sequences used for qPCR

F 3191 BRI
Target gene Primer sequence (5'—3') Anneahngo
temperature (‘C)

cdk4 GCCCTGTCTGCTACACTCCT 60
TTATGTGACCCCGCCCTCTT

tnnt2 TCTTCAATAGTGGCACCTCC 60
TTCTCCTGACGCTTCCTGTG

sox9b  CCTACCTGAAAATGAGCGAC 60
GTCTCTGATACACACGGGGA

tyrpl GGAAAATGCTCCGATTGGTC 60
CATCCTCTGAGTAACGCCTG

mchr2 ~ CCTTAGCATCTATCAGCCCA 60
TCCTCAGGTAGCACATCGGG

mt-atp6  GTTCTTTTCCCAACTCCACC 60
GCTCATTTATGTCCTCCCAC

apoeb  AGCAGAACGCAGATGATGTG 60
TGAGGTATGGCTCTAAACGG

pvalb7  GACAAGGATGGAGATGGGAA 60
GAGATGGATGGTCAAAGCAG

p-actin - CCTTCTTGGGTATGGAGTCTTG 60

AGAGTATTTACGCTCAGGTGGG
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W TR IR (R A AR Asp. 2 R Ser. B & R
Glu. HZEMRGly. WEMRAla. FERKRTyr. fHER
Pro. &R Cys)H, BrGly. ProflICys4t, HAE I
R /EGGER R & &1 8 E = TBBRIGBXK &

FRANAFHEER S E., DFEERLEME
TR R S B R E S T BBE R HIGBEK & (P<
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APAF L FRER ST E HAERSEN LT
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A W% = TGBMGGK &; U HAEKR LT ES
e TR 2 & E M 3N(GG) 83.25%. (GB)
84.56%411(BB) 82.41%, HGB>GG>BB (P<0.05).
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Fig. 1

A RFAEKEER E CPIMEREZE, n=30)
Growth data chart of F1 Progeny from the three crossbreeding combinations of Ctenopharyngodon idella (mean£SD, n=30)

nsfQR 7 A L3 (P>0.05), *fRFR 2 57 13 (P<0.05), ** XK 2 7 .35 (P<0.01); T

ns means no significant difference (P>0.05), *means significant difference (P<0.05). **means extremely significant differences (P<0.01);

The same applies below
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Fig.2 Comparison of conventional nutritional components among the three F1 Ctenopharyngodon idella families (mean+SD, n=3)
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GG>BB>GB, H B &% % 7 (P<0.05). X} 54
FEAT BBV > FIAL V5 7 BT GR 4), KDL
AR N3 SIS 1 LA I VE 2 e I R R ; GG
ZIWLAHZ AAS. CS FIEAAIVE /- ¥ = 1
BBHIGBZE RMINIAHL . 4 L, GGX RIERA IR
o b B E TR
2.6 HEAEXMSHT
MW R T (PCAVMR T T =M & it
FIRMERRIEZE R, 4R ER =FMARFEAFINR
%2 SHEERAFVRBLEIASBBRE R H L s R

Tab. 2 Comparison of muscle fatty acid composition among the
three F1 Ctenopharyngodon idella families (ng/g)

HE Wi R 44 FR
Fatty acid name GG GB BB

AR 7 R Saturated fatty acid, SFA

C6:0C. 1 0.10£0.01°  0.12£0.01"  0.24%0.02°
C10:0%% 0.07£0.02°  0.09£0.01°  0.17+0.03°
C12:0F 4t 1.85+0.02°  3.67+0.03°  6.23+0.02°
Cl4:0 H 55l 11.88+0.01°  8.740.27°  26.20+0.03"
C15:0+ Tk 0.62£0.01°  0.53£0.38°  2.110.03°
C16: Ok MR 290.20+0.03" 135.43+0.03° 383.49+0.05"
C17:0+-bkm 0.71£0.03°  1.36£0.02°  1.83+0.03°
C18:01 )\ btz 104.56£0.03" 51.3240.02° 105.26+0.03"
C20: 0764 % 2.67+0.02°  2.55+0.04° 4.3740.02°
C21:0=+—HRHR 2.14+0.02°  2.10£0.03°  2.29+0.03"
C22:0 -+ "Bk 0.05£0.00°  0.55£0.02°  0.86+0.03°

NN R I R Monounsaturated fatty acid, MUFA

C16: KA Im 50.97£0.02° 24.4+0.02° 111.52+0.02°
C18: In9cil 2 380.50+£0.02" 238.4420.04° 899.51+0.06"
C20: 1A 4 1 19.7640.01° 12.83£0.03° 36.0120.02°
C22: In97F iz 4.52+0.02°  3.82+0.02°  6.71+0.02"
2 A FIE B 2 Polyunsaturated fatty acid, PUFA

C18:2n6¢ 0 i R 203.26+0.14° 158.35+0.05° 450.18+0.08"
C18:3n3 o-TV JFRIR 17.03+0.02° 13.02+0.02° 38.67+0.02°
C202 =Bk MEME 22.43+0.04° 10.96+0.03° 27.97+0.03"

C20:3n6)li-8,11,14-— 25.72+0.03° 11.54+0.02° 28.29+0.25"
T =R ‘ .
C20:4n67EAEVUMEER  115.33+0.04" 56.104£0.04° 85.44+0.04

C20:3n3)i-11,14,17 1.3540.02°  0.25£0.01°  2.28+0.02°
R EIER .
C20:5n3i-5, 8, 11, 8.28+0.02"  6.12+0.03 1.260.02°

14, 17- =B HIG IR

C22:6 -+ WS 62.96£0.01° 41.51£0.04° 33.42+0.02°
IR .
VLR g 7 R 414.86+£0.06" 206.43+0.48° 533.04+0.11°

PRI BT R 2 B 455.762£0.045° 279.48+0.06° 1053.76+£0.07"
LR E TR A B 456.3620.16° 297.85+0.09° 667.53+0.26"
EPA+DHA 71.24+0.02° 47.63+0.05" 34.68+0.03°

PIREATEPCAKE | R R 7 B 1) a3, RAAH
HAFIRIEEA I B RA % 7= 7 (& 3),
27 EREEGITH0

R ¥ log, (Fold Change)|>1 H.P adj<0.051i% £
bRt 0% % DEGs, GBAIBB/A] 4L 7 1% 11 4026 1~ DEGs,
H v GBH % T BB, L i DEGsH 27814, T i
DEGsH 1245/~; GGAIBBIf] JL §ii i% tH 31551 DEGs,
GGHM % T BB, L IDEGsH 1757/, T i DEGsH
13984 R i i HY -5 4 €00 T2 1 A 5 140k ik 326 [
(£ 5). M TBBA, GGHTPZATHES 5@k
I R R R B RIA, s B K AR B 1
SRY %5 4% 5 [K -7 9b (sox9b)FE K FNEE & 4 K 1152
1 (esflr); GBZH B BBZH W %2 21) Ji #1251 44 5t 14 4%
Fig 4(cdk4) RN 25 R0 AR G 55 1] ATPA I JI55 30 22 6 (mit-
atp6)%5 AR A AR R B TR
2.8 ERRIEEEGOEENT

9 fR AT AR B R 1 AT BE e T AL, XY BB

%3 CTHESREFIRIASERARNLLERER

Tab. 3 Comparison of muscle amino acid composition among the
three F1 Ctenopharyngodon idella families (mg/g)

Amino acid name GG GB BB

E AT IR BN E FRARR R EE A REER
(P<0.05); F[A

Note: Different lowercase letters indicate significant diffe-
rences in groups (P<0.05); The same applies below

Db i % FEBR Essential amino acid, EAA

TR L Thr 8.70+0.04"  7.05+0.05°  7.66£0.03"
HE M Val 7.5940.02° 6.25+0.02°  6.93+0.02°
B B Met 3.70£0.30"  2.67+0.07° 3.23+0.03"
A Leu 15.25+0.30" 12.44+£0.04° 13.36+0.03°
AR le 7.35£0.03"  6.27+0.02° 6.94+0.01"
TN 2 B Phe 7.43£0.03"  5.89+0.02° 6.66£0.03"
L Lys 18.32+0.03" 14.79+0.03° 15.88+0.02°

2k T Z FEFR Semi-essential amino acid, SEAA
41 = WeHis 447+0.06" 3.53£0.06"  3.59+0.09"
FiE MR Arg 9.60+£0.53°  7.40£0.03° 8.47+0.25"
B0 T & HEFRNon-essential amino acid, NEAA

RAHABRAsp* 14.16+£0.03" 11.37+0.02° 12.44+0.04°
227 B Ser 8.58+£0.08"  6.60£0.05° 7.27+£0.07"
BHEBGlu* 26.4240.03" 21.24+0.04° 23.67+0.02°
HEBRGly* 8.13£0.12"  6.78+0.02° 8.3240.15"
R Ala* 11.03£0.16" 8.48+0.06° 9.59+0.04"
F Z BL Tyr 6.52+0.02"  5.1440.03°  5.50+0.03"
il B2 Pro 5.73£0.07" 4.7120.02° 5.5840.17"
Bt M Cys 1.50£0.02° 1.14+0.11° 1.22+0.01°
TR B ETAA 164.48+0.74" 131.77+0.20° 146.33+0.37°

DEFILIR M BTEAA 68.3320.43" 55.3620.11° 60.66+0.07"
EREIRR S ETDAA 59.74+0.20° 47.87+0.08° 54.03+0.16"

EAA/TAA (%) 41554023 42.02+0.15 41.45+0.12
DAA/TAA (%) 36.32+0.13" 36.33£0.08° 36.92+0.11°
EAA/NEAA (%) 83.25£0.04° 84.56£0.02" 82.41+0.01°
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MGBZK £ 8] & BBMGGZ 4 [H] (I DEGs# 47 GO
REVEREIM AT &5 R 7R, ZEAE4id #E (Biological pro-
cess, BP)ZK 5l 1, DEGs=  7E ATPAX i} ik 2 (ATP
metabolic process). 1%t — W2 1 i i £ (Nucleo-
side monophosphate metabolic process) A " W %
— 1% 12 AX. 18 1 F£ (Purine nucleoside monophosphate
metabolic process)5 & & & 4 ; 17F 4 fid 41 53 (Cellu-
lar component, CC)ZE 5| H, DEGs 3 £ 7F 28 fi & N
Ji (Mitochondrial inner membrane). £ #i {4 (Mito-
chondrion). #il Jfi #% N Jl (Organelle inner membra-
ne). 855 A & &%) (Troponin complex). 40/
41 JJL 22 (Striated muscle thin filament)% & 2 &= £&;
1E 53 T D1 BE (Molecular function, MF)ZE 5| /1, DEGs
T EAE M 4 K 45 4 (Heme binding). VY Mg 45 &
(Tetrapyrrole binding) 2EIE 5 1H(Oxidoreduc-
tase activity, acting on NAD(P)H)%5 2. % & 52 (& 4).
Hrh, BB5GB. BB'5GGIH DEGs7EATPAR it
. Rk, ARG SR 2k H b B3
B, XEGOK H TR 5L RE =R A EK K
BiIAEEUIMK., ERFEEERSTER, 5BB
K AM, GBMGGE A A LRIl ) _E i/~ i
BRI AR UCA/18F12/23 07281 0/39, 42/52F1
35/75(& 4CH14D).
29 ERFTLEFENWKEGGHEEEES

95 M B R SR DEGSs I AE ¥ 22 Dy e, i H it
fTKEGG @ % & &0 #ir. 4% 9], BB5GB. BB
5GGH A 6 fIDEGs I %2 5 4 T A AL B R 1L (Oxi-
dative phosphorylation). 4 il & Fff 4 ¥ (Cell adhe-
sion molecules). L1 4 (Cardiac muscle contrac-
tion) % B (K 5). Hrh, BB5GB. BB5 GGl
DEGs/E 4 F1 H &2 ¥ 48 18} (Fructose and mannose
metabolism). %L (Carbon metabolism). F7 1 R

E3 (Citrate cycle). IR 1Y) A M (Biosynthe-
sis of amino acids). AHREL P> FETTRESNINE
FEEKIFEMCEB T EE SR, BEREE
Aot EoR, 5SBBER R M, GBHIGGHK R 1L Lik
i B v A R /T U D B AR K 8/8 A1 6/11
6/31F13/44, 2/11F10/16+ 10/17F13/22. 46/17F1
38/15(1& 5CHI5D).
2.10 qRT-PCRIGIES:FEA

T IR s A W R R RT SR, A
W B T 8N b B A A4 5 R 9% AH O [ DEGsHE 47
qRT-PCRH 7o S5 R AR, cdk4 tnnt2. mchr2.
sox9b. tyrpl. mt-atp6. apoebMpvalb7 J)\>DEGs
1721515 05 RNA-seqill & 1 Rk 45— (A 6),
FIHRNA-seqil & £ 7] 58 .
3 iTig
3.1 ZEEHRAFREKMRELLE

AR, DR E W F— R KRR
TR R 2 R, HRF iR BB AHE R
St WA ARAH G W AR AL D HE (0. niloticus
@x0. aureus OVEAL K TH A FAEIE F R B &
AP 0, B 5 iR ARG % S [ TR A £ A
A A R R AR A KA SR, AT
FUI B IR S0 25 R R, R A4 (B 8 8 SCF 4R
(GB)TE282dF7 FA HH N [ 3G B . 9 B 38 R e AR K
KR FAR T AR X R (BBHGG), R H A m] &
LA . %45 R 5w 8 (Labeo rohita)#: 48 1
B B0 B B 88 2 A O 3T, DA R b AR e
(Salvelinus alpinus)5 1] 1 (Salmo trutta fario)ZR 3¢
FhAEIE AN KA RS T B R Al — 8™, E15
TR, AR GG R R 23 5 T GBH
BBZE RHEKMNSE, KWZFXREARHTE F

®4 ZHEGBRZAFIRIATLFERERTS

Tab. 4 Essential amino acid scores in muscle tissue of the three F1 Ctenopharyngodon idella families

GG GB BB
FAO/WHO & = HEARK 0y EAE oss Ee=P| 0
N o e N o & i Y A N T/ T T =/l T
AL AR I e NS Sy L v NS )
EAA FAO/WHO g8 Ami Chemical : Chemical - Chemical
protein mino Amino Amino
tandard . score . score . Score
S acid score (CS) acid score (CS) acid score (CS)
(AAS) (AAS) (AAS)
P& R Thr 250 292 1.39 1.19 1.09 0.93 1.27 1.09
AR Val 310 441 0.98 0.69 0.78 0.55 0.92 0.65
EERR R E R Met+Cys 220 386 0.67 0.38 0.47 0.27 0.61 0.35
SEre R e 250 331 1.18 0.89 0.97 0.73 1.15 0.87
SR Leu 440 534 1.39 1.14 1.09 0.90 1.26 1.04
RN & R+ Z R Phe+Tyr 380 565 1.47 0.99 1.12 0.75 1.32 0.89
HE M Lys 340 441 2.16 1.66 1.68 1.29 1.93 1.49
W FEE IR IEEEAAL 90.98 73.58 82.35
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Fig. 3 Principal component analysis of skin transcriptomes in the
three F1 Ctenopharyngodon idella families
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Tab. 5 Screening of body color-related genes from differentially
expressed genes

Coklrzli);r%on G% 4 log, P Eﬁx;izfn
group ene name (Fold change) P-value pattern
GGvs.BB  kita 1.88 1.05x10°  Up
pax7 -1.87  249x10°  Down
xdh 144  8.02x10%  Up
esflr 182 896x10°  Up
tnnt2 242  344x10"  Down
mchr2 3.03 1.45x10°  Up
s0x9b 217  5.65x10°  Up
tipl 193 2.05x10°  Up
mit-atp6 -1.94  7.71x10°  Down
GBvs.BB  oca2 -3.10 1.51x10°  Down
pvalb7? -3.02  493x10°  Down
tubal -1.88  331x10°  Down
wnt7b 2.25 1.33x10°  Up
cdkd4 —2.03  494x10"  Down
apoeb 290  248x10°  Up

BRI R A LA R A S B RS s T
IR B8, T L JES B0 UL PAVREL G 0 o e i ok ™
TE 4 A AJF 70 O %2 BRI & AT U 1
WG ; i (Acipenseriformes) LA A [F 5547 1R 25 F1
SEWAERZERY. WA, KB E R,
GCHE AMB T AR R, Kor&EAHmmm, H
AR & 2R K. XRFHLATREZE —Fh i A
e RN B 1) o £ B

JE W R A B B (V8 R, Tk RE . AR A
RGBT T R PEE AR . AR A
YIFNFESE, AT 43 ML R0 AR T R (SFA) B AN AN g
i BR (MUF A) M 2 A A G 7 B2 (PUFA), —# B f
ANFE P AEEEThRE . A3 K REAFRTIAR
T & ZH B 73 #r, HLUFA R & W 3 =1 T SFA(P<0.05),
HHSFA. MUFAFRIPUFAZ 7 LAC16:0. C18:1n9¢
HMIC18:2n6¢ 7 & fx fmy; [N BB &R S RN R & &
BEE TGGH R (P<0.05), X 52511 % T 4 ¥ il
e B A0 LR FR RS 25 R T e g R — Y
EHAFEEMNZ, GGK R NDHAFEPAR & 2 Fl &
ZE TBBHIGBZEK & (P<0.05). DHAFIEPAE WA
R TR ITR, 75 YAt ey, JE7E R HE KM &
B BEICIZ . TR ML R K R S Ty
AEEEERAY. XEWGCH Rt HAH &
& B FRANE, AR R B AR Rk E 52
A7 AR

ARG & &R TN A8 R AaH &
JR SRR A, Hrp b TR R e A S
FEANAR, T 2 R 5 1 U 5 ) A R e BT, A
TR, = AN E A K RFUR R L R 4L Rl B 3%
ZR, HEEZERWE. fRENETRR R E
H R IR, %ﬁLys*DMet%ﬂ‘%?/ﬁgﬂﬁ[Bg]; Lysft A
erp B R AE K. 5R G M SGEM A RGN
Be Ve Y. s RE R, AN K AEMLA
HLysT B0 T B AR i, X —Fr a1
SRANAR Y B A R Lys A 2, SR E AR A A
HEERMNL, GGRALFRAERLAEL EGT
BBZX % M GBZK % (P<0.05), H H £ k& 3 K
HWEEST AR RP<0.05), U 40
B Qx4 o5 S H AL FICHE SE vk 5 75 9% 7 1
BIRMR . RPN EY, INFEARRZFUR
EAA/TAAH 41.45%—42.02%, EAA/NEAATE Ny
82.41%—84.56%, = T-FAO/WHO#H:# I F A
JFMER(EAA/TAA =40%, EAA/NEAA =60%)"", 5
skBAR S I s R 8L B TR EHEA.
TEZIETR VT 77 (AAS) A 2EVF4r (CS)FH 4 77 2 JE 1R
TEE(EAAD T 1M, K Val. Met+CysFlllesl, H 4z
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COMPARATIVE ANALYSIS OF GROWTH, MUSCLE NUTRIENT
COMPOSITION, AND SKIN TRANSCRIPTOME IN F1 HYBRIDS
OF CTENOPHARYNGODON IDELLA WITH TWO
DIFFERENT BODY COLORS

HUANG Wen-Xing', HOU Jia-Hao', LIU Wen-Yu’, HAN Ying-Ying', WU Chun-Lin’, FAN Hong-Xiang',
GONG Jia-Qi', YE Ze-Bang’ and ZHAO Da-Xian'
(1. Jiangxi Provincieal Key Laboratory of Aquatic Germplasm Innovation and Utilization, School of Life Sciences, Nanchang

University, Nanchang 330031, China; 2. Ji’an Agricultural and Rural Industry Development Service Center,
Ji’an 343000, China; 3. Jiangxi Longhua Aquaculture Co., Ltd., Ji’an 331601, China)

Abstract: To investigate the growth performance, muscle quality, and expression characteristics of body color-related
genes in the F1 generation of three grass carp (Ctenopharyngodon idella) families with two different body colors, this
study established three F1 families: Ctenopharyngodon idella var. gold (Q) x C. idella var. gold (&) (GG), C. idella
var. gold (Q) x C. idella (3) (GB), and C. idella (Q) x C. idella (3) (BB), and systematically evaluated their growth
traits, muscle quality, and skin transcriptome profiles through morphometric, nutritional, and RNA-seq analyses. Key
findings revealed that: (1) The GG family exhibited significantly higher weight gain rate and specific growth rate
compared to the BB and GB families (P<0.05), showing a trend of GG>BB>GB; (2) Muscle composition analysis
revealed significantly higher moisture and lower crude fat content in the GG family (P<0.05), along with elevated
levels of eicosapentaenoic acid (EPA) + docosahexaenoic acid (DHA), total amino acids (TAA), total essential amino
acids (TEAA), and total delicious amino acids (TDAA) compared to BB and GB families (P<0.05); (3) Protein quality
assessment indicated higher amino acid score (AAS), chemical score (CS), and essential amino acid index (EAAI) in
GG family than those in BB and GB families; (4) transcriptome analysis identified differentially expressed genes
(DEGs) between GG/BB and GB/BB, which were significantly enriched in GO terms such as ATP metabolic process,
mononucleotide metabolic process, purine nucleoside monophosphate metabolic process, mitochondrion, heme binding,
tetrapyrrole binding, and oxidoreductase activity, as well as pathways including oxidative phosphorylation and cell
adhesion molecules. DEGs related to body color formation in grass carp, such as cdk4, mt-atp6, csfir, xdh, and sox9b,
were identified. In conclusion, the GG family exhibits superior growth performance and nutritional profile compared to
the GB and BB families, and the identification of body color-related genes provides a scientific basis for deciphering
the molecular mechanisms and advancing the selective breeding of golden grass carp.

Key words: Growth performance; Nutritional components; Hybridization; Transcriptome; Muscle quality; Body color;
Ctenopharyngodon idella
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