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Abstract: To explore the unique aquatic germplasm resources in the Mudanjiang region, this study compares the morphology and key
flavor genes of wild grass carp from Jingpo Lake and commercially farmed grass carp. Grass carp with no significant differences in body weight
were selected for morphological measurements, and their dorsal muscles were sampled for transcriptome sequencing analysis. The results
showed that compared to commercial grass carp, Jingpo Lake grass carp had a more elongated body shape, a viscerosomatic ratio of 7.68%
(significantly lower, P<0.01), and a gutted body ratio of 92.32% (significantly higher, P<0.05). Transcriptome sequencing yielded 40.38 Gb of
filtered data, revealing 1 587 differentially expressed genes: 527 upregulated and 1 060 downregulated, showing high similarity between
samples. KEGG enrichment analysis identified 183 signaling pathways, screening for flavor-related regulatory genes. Genes AK4 and AMPD1
were found to play important roles in inosine monophosphate (IMP) synthesis; FASN, LPL, PLIN2, ACOX1, and FABPla are involved in
regulating intramuscular fat (IMF) accumulation; BCAT1, BCAT2, and DDO are key to the generation of flavor amino acids. In summary, Jingpo

Lake grass carp have a higher edible portion and less abdominal fat accumulation, with the expression of flavor-related genes being the main

WS EEA: 2024-07-16; fEEIEEA: 2024-09-15; 1%5 HEA: 2024-09-26

ETH: ERTHEARFESIE (S52022C002)

EHENY: FEF (1999, 5B, WLARE, WxRAE: AEEE, E-mail: 524623016@qg.com

BES: Mottt (19799, B, #4, #i%, M5sm: sRAMMI, E-mal: hsch0608@163.com; HEIEITIEE: BHF (1973), &, #t, #ig,
HAE: SHIRERSMI, E-mail: Xxfang524@163.com



MK EEBHE Modern Food Science and Technology 2025, Vol.41, No.9

reason for their unique flavor. This study provides a theoretical basis for the development and application of grass carp resources in the volcanic
barrier lake system of the Mudanjiang region.
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135 ZFRIAKENHL
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PRI AR THEER R (Gene ontology, GO, http://geneontology.org/) Al 5t #RIRE[A] 5K 4H B R4 ¥R
JE (Kyoto encyclopedia of genesand genomes, KEGG, https://www.genome.jp/kegg/) XAk 524G DEGs DhRg il
PRIAT R HAT 73 K5
1.3.7 KEGG #8335 £t

K442 Python scipy Chttps://scipy.org/install/) 3475 #5471, FIF Benjamini & Hochberg 7% (BH 7%) %
HE R AIER, XHAT 2 EARLS, S5AIERAIAHL, DALt sz R AR O S SR R . 25 AH TR AT
DA 22 S DR i R HE ) 2 A P2 e
1.3.8 RT-qPCR 324k

NIRRT AR, KA RT-gPCR X} DEGs #4750 {87 T [ RNA FEA, RH p-actin FE[A]
YENWIZ LN . FIF Primer 6.0 247 DEGs H5|#0ik i, ZIT-R 1. § 3R 5 94 C 8L 2 min AT
B, P94 CRPL5s £ 60 CRAY 30 s #HAT 45 KFEH . f#H ABI QuantStudio 1 PCR kAT 5L e &
PCR 2#r, SRHI 274 J7idiit5 H br DEGs IR ik & .

1 oPCR 51475
Table 1 gPCR primer sequence

A B ID KR 2 AR ERFIH(57-37) R 51 4(57-3”)
ID:127513804 ACOX1 GGTGCAGAAAAGACACGCAG GGGCTCTTGATACACACCCT
ID:127513993 AK4 ACAGTACTCTGTTGGGGCAG GAAACTGTGCGCGATCCTCT
ID:127499200 DDO CGGCGAGGTGATTACGACTATT  AACACCACTACGAGGCAACA
ID:127520834 LPL CAAAATTCGCACACGCAGGA CTTTATGGGCTGGTCGGTGT
ID:127495279 PLIN2 CGCATGAATTTCAGTCACACGA  ACTTCCTGCTTTGCTGACCT
ID:127508367 p-actin CGTGACATCAAGGAGAAG GAGTTGAAGGTGGTCTCAT

14 HAEAE
i SPSS 27.0 HEATMOIAEA t 4G5, 45 R FIMEHMMEZER IR, P<0.05 NZESF T3, P<0.01 NZEFKEE.
2 RS9

21 BT ELTEESRSREILEK

*2 HRPEE SHERSHSTHELLR
Table 2 Comparison of morphological characteristics between Jingpo Lake grass carp and commercial grass carp

1847 TERES B s
EKE (cm) 47.774.61 52.55:40).26*
& (cm) 40.49#.11  48.1340.61**
AFKE (em) 23.76+1.66 25.98:41.07
k% (cm) 9.0341.66 9.2840.47
#1% (cm) 2.5740.22 3.1940.08**
iR (cm) 1.3410.09 1.5140.10
RAKE (cm) 5.4330.27 7.6340.32%*
RBAZE (cm) 5.4840.15 5.7930.16
K& (cm) 9.7020.44* 8.4040.19

BAE (g) 1841.33428.45 1875.0049.64
BEAREE (%) 10.6640.53** 7.6840.28

FFREL (%) 2.2430.22 2.1740.06
fei# & (glem®) 1.6440.22 1.2940.02
2k (%) 89.3440.53 92.3240.28**
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E: *RTREFEF (P0.05), *ATHEHZHF (P<0.0L).
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1%~2%7c A8 J SR RPNt b g P AR SR S A SR TE AR T SR BEAT RN, 455 B WA b P (R R
T, FARREEEE . ARG, BER LGS BB R TR G2 i B SRyl s R, S 7o St LU B B 40 Sl 3
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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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43 ELarITE 97.38%11 95.13%LA F . £ 5 Q30 {H& MK 95.13%, Him N 95.4%, 4=FIAF] 90%LA L, Wi+
REEARE KA. PR GC Bt & & 5 M I by TR 49.79%. SRy
49.89%. BRFREMIEGTYGE, B MERN RTS8 46 110 084, 43 282 942, 45 723 814,
47 576 086. 45 455 364 Fll 46 906 468. FEAT-HAHRAFRIILE 0.1%LL R .
=3 RS SHESENFRRST
Table 3 Sequencing data of Jingpo Lake grass carp and commercial grass carp

HARLAR  BETHFIEK SRESIK BI4EHEEN  Q20% Q30/% GC Aaxt4-&/%
CGC1 46 737 594 46 110 084 0.0254 97.38  95.14 50.13
CGC2 43 806 248 43282 942 0.0253 9741 9515 49.63
CGC3 46 194 092 45723 814 0.0251 9751 954 49.6
JPGC1 48 265 768 47576 086 0.025 4 97.38 9513 50.14
JPGC2 46 061 834 45 455 364 0.025 4 9740  95.14 50.23
JPGC3 47 445 380 46 906 468 0.0253 9742 9523 49.31

VEIRE ) 5 i &7 51 S B S 2 B R AT LU AT, EEXS 30 96.34%~96.8%. % IR I LLXT 2R
10.23%~22.88%, HLIRIEREIIELNTRA 73.64%~86.46%. i IH 541 Ed EU G RCR AN i, 2R IAAREAS R AR5 e
wb, SEILRNAMAILTERL, FEARRNTEEEEE, WFgRE.
X4 EEEe SHEESNFRIRESEEREART I ER G

Table 4 Sequencing data and genome sequence comparison results of Jingpo Lake grass carp and commercial grass carp

HARLAR

A%

Pt 2 IR 48 & A 5 5 4%

pest ) AR 40 % S 455 5 $%)

CGC1
CGC2
CGC3
JPGC1
JPGC2
JPGC3

44 422 548 (196.34% )
41780326 (96.53%)
44088 713 (96.42% )
46 054 542 (96.8% )
43950923 (96.69% )
45277 205 (96.53% )

37030152 (80.31%)
36915508 (85.29% )
37872980 (82.83%)
39659 094 (83.36%)
39299 738 (86.46% )
34543513 (73.64%)

7392396 (16.03%)
4864818 (11.24%)
6215733 (13.59% )
6395448 (13.44%)
4651185 (10.23%)
10733692 (22.88% )

23 ERRBEHEMN

Fig.3 Effects of differentially expressed genes in Jingpo Lake grass carp and commercial grass carp

A

WS 10510 (TP

vy

® Commercial

88584
: s

000000

2

—i
PC2(28.04%)

Jingpolake

wGc2

0 5 0 5
PC1(42.62%)

Significant

Qup(527)
nosig(30190)

@ down(1060)

B 3 SRiRE S SThEESERFIAERMNFMN



MR EmEHY Modern Food Science and Technology 2025, Vol.41, No.9

E: AKBRZZNAEHE; BHKN PCAR; CEAFRIAAREAR, DEFKELEKLA,

11 3A W AIEE R RIS E A S LU L, P i R e A i 2t DEGs ZB I UAH L. ] 3B Rk
PN REY], Fr 1 (PCL MRS 2 (PC2) 737308 42.62%A1 28.04%. 2 MEALH 2 [R]FRIEE 25 ELE 7 6L
(B NFEAPEBSARIT, RIFFEARNAREE . B 3C JEEFARIIELTEH, AR R R RIAR R
MRS AIAAAE R ZE R . B P<0.05 YEATENRE, 25 RSB M wE 3D frw, ekl BIZeiA 5L KL 24 278
A, Hh O 24 122 />, RKIGHEEDA 156 >, SHEERLR I — 0 B A iR R A e . ST R AL,
VIS 3 1587 MEERIENIAA S h 22 ik, o B3R 527 4>, FEER 1060 4N, 2= 5HE K R0
WA B TR S A AE A RIS 77/ E IR o

24 GO 5 KEGG it it B g2

NIRRT —FHRFEE DI S E IR 28, Wi DEGs #4717 GO iR r. GO VERHI =1
EEIIREA BINEDAIRE. AdLsr. S FIhae?, fE RS reh, 1587 4 DEGs sZhihiT RS 45 4715
o AWPE AR R 44.4%M12% H LUK, Horh “4pfid e, AR A CRd R AR
PR HIRHMERER 28.8% 1% H, I HIBRSINSEREH &Z, “HREn 7. “4iEds” M “Es”
FELHMIZE 7 T B2 s T IIREIERES] 26.6% 1056 H, “45 57 “HEALIETE” A1 RS THRETE” 20T Ihfg
TICHE% H . 28 BPTIR, PIRRLGK) DEGs BB RI EYAd REr) 5 LEiRok,  Ferh AL R A A SR JE AT T ERS
R )5 R B

W R
900 4 L EL ki
| Baiili

s 8 8

LR

2

415

E 4 ZRFIAERE G0 INEEFREE
Fig.4 Functional annotation map of GO for differentially expressed genes
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Fig.5 Functional annotation map of KEGG for differentially expressed genes
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H1 & SKEGG 1R BTl N, 22 e IR 3 333 AN ik rh . IXELi@ER 7 6 K26 AR, BHEER
AEFR, PGS BACE . MR AEVMA RS ANFSE . NSO ERE R 95 SAHOGRTE, 3k 169 MRS
“OREIE: MR AHIR: 88 SAHISBIRIERAE IR RGirh, o 134 MRS “NIMB RS AHIG, RS
RS 71 M RIEA, BIREERIL RS 104 A, T URZEIL RS 187 1, DEGs F-ZEMdoRe3 “ AR pA Rt
“CRIERRACH B EYARSES” b, TERRBIRE R A 4T, 34, 34, MER(EEALIILIRES] 35 SRAHC
@Ae, Hrb 5987 ERE 222 NMER: iR S EHMEE BACTIIHTRES] 22 SFAHSGREE, EENERSRH N
CHRRAERABETS Y, AT, SRR

25 KEGG ## & &

N AR T B I e T A R 7 R B IR B AR TR, O S RR AT B B DG R, X 22
FIEHHT KEGG BHEMNHT. TEAEMMAT, AFEPEEFE YRR EYSDhRe, @i KEGG &4 Hn] LI
DEGs 25 FE IG5 Fisie. WARPEEMERIE 6 Fox, Kk 183 /ME Tk SRRV A
JRARZEI) KEGG BN, I EIRFIEZIRC E % 10 1~ DEGs. PPAR 155l & 4 12 /> DEGs. #ia R
=5 9> DEGs. "EMCUHE 4 12 1> DEGs. FEZ MR AR U = 4 8 /1> DEGs. W LA M FEL 7E PPAR
155 3E K SREAEHE R 5 422 DEGs :t%, Hr PPAR 15 5B A 11 4 DEGs NifZeik, MEndfQighmg i3t
4 61> DEGs _Liff#ik.

TG 0 4 (]
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Fig.6 Enrichment bubble map of KEGG pathway for differentially expressed genes

26 ek Ba ok A B i ik

Lit R MPEE R, DI CRIA RN, 454 U 10 ANRBEIER (R 5), AIBESHf Rk
TR S ATP G4, WINIRII & & EWRESIRIN SRV, Hrb 6 NMERERL L. IR Ry
4 (AK4). HBERRIRFINERE 1 (AMPDL) Z5ULHIE (IMP) JERL, IXUERERIFRIANT ATP I =M & R
R, e & A (FASND- i 2 (I (LPL). FEIASIH 45 11 2 (PLIN2). [idE-CoA kil 1 (ACOX1).
JeIiREE SR E 1a (FABP1a) ‘B IR IENT (IMF) BI& BRI R S BB 2, S s S

(BCAT1. BCAT2). d-K&E A IEE (DDO) 43I Glu 5 Asp SELREIERR IR, XML 22 7 2%
I, ARG ARSI B XU T PR GEEERTTE

VR AT HARE FE I, SRt T B e R LA SO A XU 7 T B A B S R X1 o BT £ PR J B
S, RS ETEAG XHER R AAGIIARIL,  ThE A R ) 1.39 po/kg 1) 1-TEE, EARAFHRAS
Wk, MBI TR, 1T, SRR 246, 1.9 kg, EATEAMESOES
SRk mnkiE; 2-FEE TR CBs S S H BT SRR E S Asp 5 Glu fE ke JE g - %
PRk, —HMEEN 5.699/100 g 7.53 ¢/100 g & s S FL A 0.54 g/100 g+ 0.76 g/100 g; X ATP AHG AL
SRR, ATP. ADP. AMP. IMP &1 s T i %1 651, 34.01. 27.13. 14.47 mg/kg®™. IMP ff:—
Fetuks), 75 Glu PhFIEF 2R B 2 kY,
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BT B A [ R TE A FAAR BRI, XA B AR By e XU B e S 1) E R . AR SRR A S EAE K
PSR MDA, St B e IR SO SRR /7 SRRk R, H RS B e st
JRUIA 18] 22 1 DT R AR, A1 SR FH 8 S 2L 0 3 AR R S ] IRV 1) 22 5 R IR B DRI EAT A i 18
<5 THiEt 5 XREXMXEERE

Table 5 Key genes screened for flavor relevance

B LA PAE log,FC  REHEX ARG
AK4 327x10° 138 A RBP4 4
AMPD1  531x10" 024 B SRR LA 1
FASN  1.19x10% -1.26 TR P s BR A A Bl
LPL 203x10° 153 A 6% & e Bk
PLIN2  1.29<10° -3.86 TiA BfsEEE 2

ACOX1  1.02x102 -1.12 TiA Bt -CoA AfvEE 1
FABPla 4.38x10% -257 TiA R A% la
BCAT1  1.92x102 170 A At RGBS 1
BCAT2  8.08x10° 148 A T4t R B R 2
DDO  203x10% 157 iR d-R AR B A LBl
WA IR TR T ATP AHREYIHI & SR, 06 12 4> DEGs # R B4, e 12 o0 PRI RIE R
KR ZR . AMP I IMP st R iR ok i R R ER, P ERG stk 7 T B A W RIVER . H ADP 202k ik
AMP. AMP HJli SR ER AR IMP (AR, B4R 122 Rk N3 BRIk . IRERRIMEE (AK4) 1E4 ADP 3|
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FERL B ErE T, AU 2 SRR IR S Bl IR, WA B 2R, X5 A 7145 AL
9




MR ERmEE Modern Food Science and Technology 2025, Vol.41, No.9
FENEIR . RN AR T, D-REZAMREAE (DDO) FKikE L, BEMINTR 1 IHE i L8R
AR HECIRIE N = SRIRIEERA IR, (R MR T A i Asp®. XU [N 71 Sk SR 14
HER R EEEH], XA Rt R I L A USRS — SR A

2.7 RT-gPCR Hif 4 2

ik P UIE e A R e I, IRV RIS . PPAR {5538 . AMPK {5538, WA,
RADRAE AR @R ) 5 AN EAG 0GR DEGs, K RT-qPCR Ml & AHIHE R AR FRIA K. 5 5 an P
7 fi7n, AK4, DDO. LPL JEFFE Fif; ACOX1. PLIN2 FERIZETA N, XEedl PR ik 5S4l i 3R E )
FERFRIR GRS —3. Bk, P LA AR e s 2 25040 LS m

[JcGe
124 304 304 354 127 PG
1 5 25 307 10
25
08 ] 2.0 4 08
6 1.5 1.5 )
1.5
04 1.0 A 0 0.4
1.0 4
[ 0.5 0. 05 0.
oL 0 0 0 oL
ACOXI AK4 DDO LPI PLIN

7 ERFIEERE RT-oPCR IHiE
Fig.7 Validation of DEGs by RT-gPCR

3 Zhip

ARIGLE TR, By ST S AR S RHE T RIS AR R, BT AKWEARE, bk
TR BEEIHAE, B E AR UBKeTgl, SIKE 52,55 cm. 147 8.40 cm. FFERIAF] 92.32%, Al HIER
oy R SRR D . RIS, 10 R R XK A AR e o AN AN P3R4 8 T 1587 4> DEGS,
Horb Fif 527 4, T 1060 4. KIFER AK4. AMPD1 2 5H1H R (IMP) (I8 FASN. LPL. PLIN2. ACOX1.
FABPla XTILAIENT (IMF) FITE A AISER M £ XK EERR I BCAT1, BCAT2. DDO #HZAEH.
28 RT-QPCR BGIF RIAS A S 2H I 7 45 A B T St o VAR, I3k e 72 S DR PR A VI e £ XU it o 77
R RV ER o AT S5 BN AT Bh T — 2 DARZR XA O R I T BE, 5 7 M B XA 2 R A DG FRTER A L
i, AP X AR K= s B R PSR — i B AR

Bt I Ak

[1] B, SO, AE=a5 1 B 5 TR AN Yl £ 58 22 e U ASTH 7E [3] W2 R 27, 2023,21(2):280-291.

[2]  OREH AR <G A5 R TS SR PR ) £ SN 28 2 AT ARFAIE A SR 1Al [I]. 6412, 2022,34(6):2095-2104.

[3]  BEH, 2R A4 B AR B AW AT R SR TR [I]. A B}, 2021,41(2):883-890.

[4] 2 s a e R B VR AN IR B R B A AR A R L AR o A LT AR AL R B 0 B2 e [9). K AR AR 2
%,2023,47(2):217-226.

[5] 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.

[6(] CHENHS,PAND 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.

(7] FIKE A X [, A 7 i SR s XA K 52 PR 2 PRI T e [0]. £ it A 272, 2023,44(17):169-177.

[8] 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.

10



MK EEBHE Modern Food Science and Technology 2025, Vol.41, No.9

(9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

(18]
[19]
[20]

[21]
[22]
(23]
[24]
[25]

[26]
[27]

(28]

[29]
[30]

[31]
(32]
(33]

[34]

[35]

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 aguaculture system using land-based container with recycling water and a traditional pond system
[J]. Aquaculture, 2022, 549: 737721.

FCR ARG N IGHESR XN A 0 A= A e FARRTE R M 2 IA A S [ D] K& R IR K2, 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.

HEXHE, LA, MR B 0, 55 2 2 97 S Tl B SR AW T TS AN MR S5 4 T B KA DR M AF 7 [ 9] M8 5441, 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 training on growth performance, innate immune response and disease resistance
in juvenile Schizothorax prenanti [J]. Aquaculture, 2018, 486: 18-25.

BREIE, VERETE SR PR, 25 2 A BYE FRAN NGRS O SR AT AT S R BER ] 24187k 77,2022,47(6):69-70.
RN, T tH B % S35, 55 AN [F) FR AR Ot B SR A AL ALt SRR PRI BE IR [9]. 7K 7727441, 201 7,41(8):1256-1263.

JR AR, XM 5 52, 55 A [F) 7 DR A 200g Ok 1 BB A AR AR B L TR AR 48 A A0 UL IR 37 1 20 5 T AT 6 [9]. 0 T R b K 2 2
#1,2018,40(6):1276-1285.

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

IRk == X0 PATJULEF TR UL PA) B 7 2 A AR B Az R AT 9 [ D] AL s b AR R 27,2004,

TR A38, T, T BH AR, 56 H I v oxo B TN A st o B FH M LAt 73t F [J/O L], 7 6l I, 1-12[2024-04-10].

Wit 1 R A i T e S LN P e 6 11 4 e A PP 2R ) 0B 0] o L e, 2024,11:121-128.

P& S Rt X B4 S5 AR A L HE S R I 49 BRI PPAR 5 5@ Hxt SD R BUITARZHZUE I & ) IS mR[I]. Hh s o
1,2024,44(1):135-140.

T 2 R 45, MR 95 45 PPAR v TR SRS QI E FIAL B e R [3]). /K A A 074k 2024,48(3):524-536.

B AT R EE B IS DT AN IR TR it 5 S 8 SR [ D). _ it BRIy, 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. |-Glutamate nutrition and metabolism in swine [J]. Amino Acids, 2018, 50(11): 1497-1510.

MORENO GARCR C A, ZHOU H, ALTIMIRA D, et al. The glutamate metabotropic receptor 5 (grm5) gene is associated with beef
cattle home range and movement tortuosity [J]. Journal of Animal Science and Biotechnology, 2022, 13(1): 111.

TRHEEE IR B TP AR 7 i ST AR AR KT FE[D). Lt iR v k57,2021,

DA e G — VR IR AR AOS P A B £ P 5 RS2 D). i i K2, 2022,

ZHOU Y, ZUO A, LI Y, 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, HOU Y, 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.

11



