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Abstract: The differences in morphological characteristics and key genes related to flavor between wild grass carp from
Jingpo Lake and commercially farmed grass carp were investigated to explore the unique aquatic germplasm resources in
the Mudanjiang region. Grass carp with similar body weight were selected for morphological measurements, and their dorsal
muscles were sampled for transcriptome sequencing analysis. The results showed that wild grass carp from Jingpo Lake had a
more elongated body shape, a significantly lower viscerosomatic index of 7.68% (P<0.01), and a significantly higher dressed
carcass ratio of 92.32% (P<0.05) than commercial grass carp. Transcriptome sequencing yielded 40.38 Gb of filtered data,
revealing 1587 differentially expressed genes, including 527 upregulated and 1060 downregulated genes. These demonstrated
high similarity between samples. According to Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis,
183 signaling pathways were identified. Further investigation was performed on flavor-related regulatory genes. Genes 4K4
and AMPD] played important roles in inosine monophosphate (IMP) synthesis; FASN, LPL, PLIN2, ACOXI1, and FABPla
were involved in regulating intramuscular fat (IMF) accumulation; and BCAT1, BCAT2, and DDO were suggested to be key to the
synthesis of flavor amino acids. In summary, wild grass carp from Jingpo Lake have a greater edible yield and less abdominal fat
accumulation, attributed primarily to the expression of flavor-related genes that contribute to their unique flavor. This study provides a

theoretical basis for developing and applying grass carp resources in the volcanic barrier lake system of the Mudanjiang region.
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Table 1 qPCR primer sequence

A A 1D HH 4 AR E& 54 (5-3) R 54 (5'-3")
ID:127513804 ACOXI GGTGCAGAAAAGACACGCAG ~ GGGCTCTTGATACACACCCT
ID:127513993 AK4 ACAGTACTCTGTTGGGGCAG ~ GAAACTGTGCGCGATCCTCT
1D:127499200 DDO CGGCGAGGTGATTACGACTATT ~ AACACCACTACGAGGCAACA
ID:127520834 LPL CAAAATTCGCACACGCAGGA  CTTTATGGGCTGGTCGGTGT
1D:127495279 PLIN2 CGCATGAATTTCAGTCACACGA  ACTTCCTGCTTTGCTGACCT
ID:127508367 B-actin CGTGACATCAAGGAGAAG GAGTTGAAGGTGGTCTCAT
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Table 2 Comparison of morphological characteristics
between Jingpo Lake grass carp and commercial grass carp

F847 TERES BihE &
BRKE /em 47.77 £ 1.61 52.55+0.26*
ARK/em 40.49 + 1.11 48.13 +0.61**
JEF K /em 23.76 +1.66 25.98 +1.07
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#K/em 2.57+0.22 3.19 #0.08**
k42 /cm 1.34+0.09 1.51+0.10
RBAZKZ /em 5.43+0.27 7.63 £0.32%*
BAL B /em 548 +0.15 5.79£0.16
& /em 9.70 * 0.44* 8.40 £0.19
ERRE/ 1841.33+28.45 1875.00+9.64
EAEE /% 10.66 + 0.53%* 7.68 =0.28
FEAEE /% 2.24+0.22 2.17 +0.06
e B /(g/em’) 1.64+0.22 1.29+0.02
=2 E Y% 89.34 *0.53 92.32 + 0.28**

EICEATREEER (P<005), »*RATHMEEZER
(P<0.01).

2 RSN
21 G 5T EE ST AR L

TE A& R A A2 VP 8 FRR B A KR B A R
M A GBI E AR bR, TE A RRAE 52 B 5 R A
BEfsm, R T A AL R Y g SRR
BRmiiEa S mEEA N, KK, K, BE
K. FRR. BaKE. ks EREKLFEeE
BEER, WR2MIEESFRIER R, SiHH M
R E 52.55 em WE R T Hi R M (P<0.05),
K 48.13 cm. WK 3.19 em. A K 7.63 cm.
THRFN 92.32% R FE X T HERM (P<0.0D) ;
kS 8.40 em B E /N T B R 1 (P<0.05),

353




MR @i

Modern Food Science and Technology

2025, Vol.41, No.9

WAL 7.68% w3 /N T iR A (P<0.01). &
St ok i 5 5 TR A ) AR W B £ T AR HEREA T 1
Fio RIAEA A AR 9t e R R A7 AE I R
ZE5t. BRI AT AL BB TR A, A
NSRS E P8 (SR oy T =32 W3 1P I
BT B VW B T S AR R ZY, R 2 Y R I
Bl 1A R R S B, AR LG AN A BE R YR AR
AR R E R bR, R B — IR TE 1%~2%
FE AU T R PR S PO e il I P 0 R 7R A S A G 9
FA IR 1 BE S AT RN, &% 3K B T % P 96 34 97 B
7= vl S 7N N AN 1N e 7S S R £
GLIRFEIN B BB AR, BRI
Ty BN 7.64 cm. 2.98%. AEIR/DN 1.3 cm. X
B A A RE S TS B g B %
S, BIHM A AT NG, R EE, B
W P 5 25 SR AR AT I A R AR SRR SRR S B A
A, 6K 2 iTE BT AR B K,
P R R, XA R T ST R A L T Bl KR
B, A TENMAKRE, BUb KR AME R B
AR, B AU SN T g A .

B BEEESHENE REE
Fig.1 Schematic diagram for the determination of

morphological characteristics of grass carp
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Fig.2 Comparison of morphological characteristics

of grass carp
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Table 3 Sequencing data of Jingpo Lake grass carp and commercial grass carp

HARLAR RETHFIE HREFINE BIAEEE /% Q20/% Q30/% GC A EF/%
CGCl 46 737 594 46110 084 0.025 4 9738 95.14 50.13
CGC2 43 806 248 43 282 942 0.025 3 97.41  95.15 49.63
CGC3 46 194 092 45723 814 0.025 1 9751  95.4 49.6
JPGC1 48 265 768 47 576 086 0.025 4 9738 95.13 50.14
JPGC2 46 061 834 45 455 364 0.025 4 97.40  95.14 50.23
JPGC3 47 445 380 46 906 468 0.025 3 97.42 9523 49.31
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Table 4 Sequencing data and genome sequence comparison results of Jingpo Lake grass carp and commercial grass carp

tet B A A E AT 2% AT R R E 4 S S5 5 5 3%

HAL AR AR A AR Y
CGCl 44422548 (96.34%)
CGC2 41780326 (96.53%)
CGC3 44088713 (96.42%)
JPGC1 46 054 542 (96.8% )
JPGC2 43950923 (96.69% )
JPGC3 45277205 (96.53%)

37030 152 (80.31%)
36915508 (85.29% )
37872980 (82.83%)
39659 094 (83.36% )
39299 738 (86.46% )

34543 513 (73.64%)

7392396 (16.03%)
4864 818 (11.24%)
6215733 (13.59%)
6395448 (13.44%)
4651185 (10.23%)

10 733 692 (22.88% )
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Fig.3 Effects of differentially expressed genes in Jingpo Lake
grass carp and commercial grass carp
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2.6 kA6 ok B 2 B 2k

it LIRMIFP 45 IR, ik — Dt R R IE B A,
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Table 5 Key genes screened for flavor relevance
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Fig.7 Validation of DEGs by RT-qPCR

SIETR X WK 2w e B, HAmE 4
A J2 RS KR (1 BB R R . IR AR 2 e 2 il 2
IR G R R ) B A 4 A R ) W S 1Y), TS A E AR
— R PE M. AT R I, BRI Glu
T 7.53 /100 g Asp ¥ 5.69 g/100 g, P Ff
MR LI B T TR A X AT R I8
7] 5 E I N SRS T VA ARG S SR 31 K E A D
YR AR i s, R R AW R
DT 3A BB SCRERIEIRR T 2 P R 1 AUk
VR R AR T, A AR R SCBE R R T A
(BCATI. BCAT2) HJHIE . a-Hi K2 Glu
() BB FERTAR Y R, 7E BCATI. BCAT2 WI{E FH F ¥
R SR L RS B o TR R OB AE R Glu . A
WL 32 B S B S R IR L A N, TR S R A
Mg R ERIA B, R T Glu i A A I &
e, Holecek™ RIUENIARS T, LHERILIRE
ARG ENENE, NN 2 R EER S o
XA, WA B ERE, X504 R
Bl EWNER REAZRMAZBRCHH@E K+, D-K
RAMREANE (DDO) Fikw i, #Emhntk 7@
P RELIE LR B . B LR N =R IRIE A

358

HE) PR, TR S AL T AR B Asp™e I 8
B R SR R IR ) P AR PR B AR, X AT R
e T 0 R B L B AR £ 5 AT

2.7 RT-qPCR:iF 4

N HE— 0 BRSO R T, SRR X
WA RS . PPAR {5 5% . AMPK {5 5K .
NERR . REARMA A RGBS 5 MEA
2 E DEGs, EH RT-qPCR il 5 AH 56 3 PR ) 4 %6t
Tk Ko g KW 7 ok, AK4. DDO. LPL %:
K1k B ACOXI. PLIN2 3ERE£IA T, Xtk
5 DAL 1 2 08 5 A s 2L U P 3R P ik [R] 3 0 5 SR %
— 3. PG, AT RL B AR R i i 2EL N A sk

CIES
3 #ip

AARIG 45 BRI, BEIA A S T A T
AFHETT TR I AR S, BT AEKEAR,
T KL R I R R AR, B AR BB K
791, BEKE 52,55 cm. K5 8.40 cm. e RIA T
92.32%, R HER T m . B AR iR R
B, O AR 1) KR B R R . M SR
P4 H T 1 587 4 DEGs, He i 527 4,
T 1060 4. KK AK4. AMPDI % 5 L
% (IMP) ) J¥ Bi; FASN. LPL. PLIN2. ACOXI.
FABPla XL RERG (IMF) T L AT W A2 52
7E KR 52, 5 2 1) T2 i) BCATI. BCAT2. DDO i
FEAER . 24 RT-qPCR J6AIE & A R S 200 e 45
BEHARER A S SR, X R AR
BT Y PR 5 TR I AR AR R . AR HE
T4 TR BT — PR R R AH DG R 1 D g
B G b R AR X PR 35 DR A DR (B AE LA, T D PR
Hh XA 7K Ao B JEOR A AR A — ) R AR

A Sk

(1] B &40, S0k, 28 e 5%, 45k BLIHT S T 0% it A B T 1)
125 2 BEPE LRSI 70 (0] 0B 0 RH4,2023,21(2):280-291.

(2]  ARHEENT, 48, S BT K 7S SR i B 0 fa 2K 25
I3 AR B IR PR AL D] 81T E B 2#,2022,34(6):2095-
2104.

[3] BT 24, M-3R, 55 BB IR TR & T A 8 0 A1
IE SRR T TTIR]. B 8E R 2,2021,41(2):883-890.

[4] T RS T S R R YR 3R B ) A
AR MR AT A AL TR AR I 5 3] K 2R 2E )
244,2023,47(2):217-226.




MR @R

Modern Food Science and Technology

2025, Vol.41, No.9

(3]

[10]

(1]

[12]

DU H, LV H, XU Z, et al. The mechanism for improving
the flesh quality of grass carp (Ctenopharyngodon idella)
following the micro-flowing water treatment using a UPLC-
QTOF/MS based metabolomics method [J]. Food Chemistry,
2020, 327: 126777.

CHEN H S, PAN D Y, DU H Z, et al. Flavor differences of
edible parts of grass carp between Jingpo lake and commercial
market [J]. Foods, 2022, 11(17): 2594.

SIONE X [ER], T A 2 0 SR S XU i L S i PR 3R O I 9
HE]. & RF2,2023,44(17):169-177.

DU H, XIONG S, LV H, et al. Comprehensive analysis of
transcriptomics and metabolomics to understand the flesh
quality regulation of crucian carp (Carassius auratus) treated
with short term micro-flowing water system [J]. Food Research
International, 2021, 147: 110519.

ZHAO H, CHONG J, LI D, et al. Integrated multiple-omics
reveals the regulatory mechanism underlying the effects of
artificial feed and grass feeding on growth and muscle quality
of grass carp (Ctenopharyngodon idellus) [J]. Aquaculture,
2023, 562: 738808.

DU X, WU J, HE J, et al. Marine cage culture leads to higher
IMP content and ADSL gene expression in the muscle of
Japanese sea bass (Lateolabrax japonicus) compared with
freshwater pond culture [J]. Aquaculture Research, 2022,
53(18): 6797-6802.

JIA' S, WANG L, ZHANG J, et al. Comparative study on
the morphological characteristics and nutritional quality
of largemouth bass (Micropterus salmoides) cultured in an
aquaculture system using land-based container with recycling
water and a traditional pond system [J]. Aquaculture, 2022,
549:737721.

S AR RS O R R /N Sk fif A PR AL
JFCAH SR 3 R 5 R 2R B B2 e [ D] K R HEVE R
%.2024.

ZHANG A, LUO W, WANG J, et al. Length-to-weight
and length-to-length relations of 15 freshwater fish species
(Actinopterygii: Cypriniformes) from the Oujiang River, China
[J]. Acta Ichthyologica et Piscatoria, 2022, 52(1): 91-93.
VALENTE L M P, CORNET J, DONNAY-MORENO C,
et al. Quality differences of gilthead sea bream from distinct
production systems in Southern Europe: Intensive, integrated,
semi-intensive or extensive systems [J]. Food Control, 2011,
22(5): 708-717.

AR VL A%, R 1 5 55 B 3 T 0 5 Pt B TR T AR W T 25 A2
AR5 B RS P T ] 54,2018 40(8):53-62.
HU L, YUN B, XUE M, et al. Effects of fish meal quality
and fish meal substitution by animal protein blend on growth
performance, flesh quality and liver histology of Japanese
seabass (Lateolabrax japonicus) [J]. Aquaculture, 2013, 372:
52-61.

LIU G, WU Y, QIN X, et al. The effect of aerobic exercise

[20]

[31]

[32]

[33]

(34]

(35]

training on growth performance, innate immune response
and disease resistance in juvenile Schizothorax prenanti [J].
Aquaculture, 2018, 486: 18-25.

BRGIWR, VIR TH AR b8, 5 R A AVE TR IR K E
s [ JUE PR B O [T]. 240K 77,2022,47(6):69-70.
AR A, TR A 58 24 S5 3, 55 AN [R) SR TR AR 20 B s )R A
AL SRR R 2 WA [T]. 7K 7= 241,201 7,41(8):1256-
1263.

JiJ b R 5 52, 55 AN [ TR AR 30 DR 1 R A 2 KA
B TEARSEARAILIAE 75 120 BE MBI 52 (1] 7L 70 ARl K
242 41%,2018,40(6):1276-1285.

CARSON S A, KALLEN A N. Diagnosis and management
of infertility: a review [J]. Jama, 2021, 326(1): 65-76.

Wk 24k == X0 A TLEF T RTL P I I 2 e i A R S A S
e (R F TE[D]. AL 5T AR OE K 5,2004.

it I A, S, Y R S ety TR ke o ot i % A
R FAE H R HLRI R 78 38 R [J/OL ). A [ i AR, 1-12[2024-
04-10].

Wit 1 5 R e, A R T e s ZEL 0 e o [ 11 AR 2 g 7 P
FRL 5 M 0] A8, 2024,11:121-128.

ITAE ST, R AR X 521 55 AR IR ST S 59 SR I -2 R
L PPARAE 5t B SD K B AE AL SR 117 5 13 1 52
[97. [ 5 P 2417, 2024,44(1):135-140.

TS 2 A 1 5, R 75, 55 PPARy YR 25 #1 IR AR U/ E I AL
AR 9 3 R [J]. 7K AR AR 025410, 2024,48(3):524-536.

BB AT RS B IR I A0 T 0T TR ot 5T b FLE 57 I [ D). B
g BRI R ,2021.

NIE C, HE T, ZHANG W, et al. Branched chain amino acids:
beyond nutrition metabolism [J]. International Journal of
Molecular Sciences, 2018, 19(4): 954.

HOU Y, WU G. I-Glutamate nutrition and metabolism in swine
[J]. Amino Acids, 2018, 50(11): 1497-1510.

MORENO GARCIA C A, ZHOU H, ALTIMIRA D, et al. The
glutamate metabotropic receptor 5 (grmJ3) gene is associated
with beef cattle home range and movement tortuosity [J].
Journal of Animal Science and Biotechnology, 2022, 13(1):
111.

TR FR TR R B i BT A B i o R v i 5T ARG AN
PRI FE[D]. g R R ,2021.

Yo Bk a0 — 1 TR BE AR 3Rt e AL G £ Dl S R B
Wi [D]. i - K 2,2022.

ZHOU Y, ZUO A, L1, et al. Molecular characterization of
adenosine monophosphate deaminase 1 and its regulatory
mechanism for inosine monophosphate formation in triploid
crucian carp [J]. Frontiers in Physiology, 2022, 13: 970939.
JIAR, WANG L, HOUYY, et al. Effects of stocking density on
the growth performance, physiological parameters, redox status
and lipid metabolism of Micropterus salmoides in integrated
rice-fish farming systems [J]. Antioxidants, 2022, 11(7): 1215.
HOLECEK M. Why are branched-chain amino acids increased
in starvation and diabetes? [J]. Nutrients, 2020, 12(10): 3087.

359




