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WE. [B2)] %&EH 6% ( Neolissochilus benasi ) & F B K EFFR, 12EEF T4
PHREMRAKEE ZFRRGFE, [ BR] Hid5REN LG & A KRB FMLG S
FAR, A AERMIKGZR, [FX] AR E5HEL. RERM. ERAFEHEX
2 FE KRR F -4 (MCIR) KRR FFREAR, @it PCR-Sanger M BB R AT £ F R % 5
M (SNP) #mlfenA, FH4% SNP 12,85 H 4 KBRS AT RIS, IZIRRSEIT B & 4
KK AT SNP ARG, [HR]) MCR AR 2 AN EHE ISASNPLE, EFFE 1A
FHENAH 1A SNPALE, F 2 A NA 14/~ SNP 1L ,5, 15 A~ SNP 42,5 P40 G227A A 4% 3L
T, RARERAGHAR (V) TAFZER (1), EAAEESARLRE; BREES
WMERB R, RE 1 AN SNP 15,5 G669C i 45 A HAALAKIN, MC4R K REF 2 A M #y
SNP 1o 5 B &% (H,) Felnl &% (H,) % %1% 0.860+£0.027 = 0.503+0.001, % 2
1284F (PIC) # 0373~0.375, BT WE %AW, RAZBROGEE SARL TP LT,
RIS BT, MC4R AW 2 AN 15 A SNP 4.5 %, 13 ML Extksé# b B aag A K
PR AR REALE %6 {55 G227A. A322G. C364T. G403A. T451C. G457A. G4T2A.
T484C. G520A. T583C. G736A. C775G 54k . hAE R FMX (P<0.05), H¥HALSE
FARBERA, 55014 AA. GG, TT. AA. CC. AA. AA, CC. AA, CC. AA, GG #;
15,5 C664T AUEM B] CC A= CT WA AR A, FAEET CT RARBARR, 5HRAZLFH
% (P<0.05), [Zit] AR T HET 15 MNEREI G & 2 KIRAR X T 4% % SNP
15,8, A4 U6 H A KA KPR Fo i FARIT A3t —F BEAT, VAR A KPR RARBE T AR IE
KR REFREE; ZFEERMET-4; SNP; HRXIK
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TRE, HREAEZ B T3 E P s AR B A Bk MR A S I, T AR IR

FaED) op ERL A% B B W sh W BF 9% T 285t K 01 %%
T1, SEME T G HOCIE O KRS TR R A
PN T ERH AR, Aol TIZWR R4, H
NTZFERRLY, R AT RREe R 2SE T RS 3
fit, EANTEREWIM L, 20t 4 RBHALS, &
2 WUTRD R 55 b i SR B BTt s “Be e 157 T
2022 AFERAFARMY AT R T ARIE, S AT
Z R EK IR AR AR A T R AP AR BT

SRINT,  FRA AL A AR TE) A ok i 2 S R 558
TIPSR Pl A & e AT B KR A Y, R
VA A PR E i R RS R S i
HEIA Y, AR, o TAEYFEHEOR KU RE,
SRS T4 B & b A A AT B A A TR
MARBUE R, PTRBIERR I o FAric & FAihE
FERTEE . AR, AR MR BRI
R, ZZMEERILEE, IF HAE A A
RIFEALG] . R R FOC R oA S Al
S L, SRR AR A K AR FARIC Y
I SR AESN L B A A B B TR

#E % Bt & % K -4 ( Melanocortin-4 receptor,
MC4R ) J2&F i I 53 b i — R R 4 ™
A5 AR WA 0 N IR B ) oAl R R A MR
( Alpha melanocyte stimulating hormone, a-MSH )
N HAEHTH agouti #HIEHE T ( Agouti related protein,
AGRP) Z54, VUM EMAMBREIT N FEHlfeE
fadstom ) VR EE M AR TIRE, MC4R 1
W2 R G RIS, WA kT A
FAER U S MC4R FENZ B E R ME
MRZHTRZZSYE (Single nucleotide polymorphism,
SNP) fiii, Skl ARETE A KRR %
FASEISS (A HAE ARG OIS f 2k KR B R R
YEFIWRSE M AR HRE , 5 HARSCH B8 4 FAmic A
TRz I, AW PCR-Sanger Il A
X BB B S f MC4R JE R #E 4T SNP A7 5 ks I
FEHEATOCHRME ST, TR 1 S A EE RO LIS A K
AR A OC ) SNP 7 s S HARFASE R A, BN
BRE O IR f) R A AR B A B T )
) SNP i o5, [RIE SR .28 MC4R A (i — 20 F
SRR IR A

1 #HR5FE

L1 HEmXESHENE
SEH T FHREAS o SR 5 T v R 2 e R 3h )

5 TR R — K R 1 6 AR EEHHLs
WAIATZR RIAFEAI TR . 2K KR
M, TG R ES G B8 T Wi
50 AR RAMA [P (107.80+4.72 ) mm,
N (25.48+3.37) gl, 50 Rt/ Mk [
PR KN (56.84+3.16) mm, K5 &N ( 3.45+
0.55) gl, BYHUELAMALUZHT KR , B
20 C KA R, RTS8, Rk, &K
KRR RN R 0.01 mm ) P&, B R
LR RS 0.01 g) il
1.2 KWAHE
1.2.1 ZH%{ DNA #2H

Y 6 68 2 2 FE &, i 5 T B DNA 2 5L
PEUTIS BRE 100 N BERES B DNA, I 4 C %
TG, BUCEAE—20 °C VKA IRAE . P ERLERE
EL B S Y ik 5 7 AR Rk 24 AR B2 R S Atk o s i 52
5%, HtEG 5 SMKX-SQ-2021-111,
122 545 PCR 3

R B 2 868 3 DI s £ FE R 4 MC4R 35 TR 4 1
X ¥ ( Coding sequence, CDS) ( NCBI J¥51 5 .
PQ682452, PQ682453), KX A Primer Premier 5.0
( Premier Biosoft International ) #41%3+514, 5l
Wik 2 R ISRV E YA A R A A, 8 i e I Fk
BUS AMREARBEFTIISCE:, DIRAES B R e Srk, i
LR E M1, M2 XS5 T MC4R B2 15 2 148
VIR 3, 9734 B R B 43512 1027, 1050 bp,
IV IR W 1, P RN SRR 25 uL,
LI 4] DNA M 1 L, L FHES 9145 1 ul,
power POL 2 PCR mix ( Z 1% v/ E W RHE A R
A, ®IX) 12.5uL, dH,0 (EHEEETK) 9.5uL;
PCR W FEJF: 94 °C WZE % 3 min, 30 P4 H47F
R (94 °C 5 30 s; 55 °C 1Bk 30s; 72 C 4k
1 min), &5 72 °C &4 5 min,
1.3 Zitah
1.3.1  SNP {3/ s i i Se 4374

Pk A B R A WA A WA T
¥, ARWFSOR A P . R Wm0 ) 5
DNAStar 7.1 #4401 SeqMan 7.1.0"% B fFifk £t
B BREE, AR I TR B e SNP A 5 I IR
PRI TR K] A 45 A0 5 B FE R AY 938 52 Emboss
transeq 7EZ% T H (https://www.ebi.ac.uk/Tools/st/em-
boss_transeq/ ) ¥ MC4R FEH 2 4~ DL SNP {3/ i
AT R FEBR AL 73 HT


https://www.ebi.ac.uk/Tools/st/emboss_transeq/
https://www.ebi.ac.uk/Tools/st/emboss_transeq/
https://www.ebi.ac.uk/Tools/st/emboss_transeq/

5513 JEE R

REEFOLB A MCIR R LA 5 ERMRRBRE D 3

®1 REFLEE PCRIIMER

Tab. 1 Primers used in the amplification of N. benasi
EE7e 35| 5149 FE (537 B/ C P op
Gene of interest Primers Sequence (5°-3”) Annealing temperature Product length
Ml F: AAACCACTGACTACGGATAT 55 1027
R: CGTCAAACAGAAACAAGC
MC4R
M2 F: AAACCACTGACTACGGATAT 55 1050
R: TTGCTTAGTGTTGTCTTGC
1.3.2  BffAkmE# a8 i Duncan’s test #17; [z, WEREAESER S,

St A [a) B PR B A R A B i, JF R AT Pop-
gene 1.32"% Power Marker" 3k 4 JE 47 HEAA 35t 1%
ORI, AT BRI AL AT A BE I R | S
FEIM A A7 5 5L ( Effective number of
alleles, N,). JEZ5E (Expected heterozygosity
H,). WiZ«4E ( Observed heterozygosity, H, ).
Z /5 B & ( Polymorphism information content,
PIC ). [EE+84 ( Fixation index, F;), DA iEid
XA it AT i AGIRAAA% ( Hardy-Weinberg, HWE )
TR, X°<5.991 Sy HWE P-4, X*>5.991 Jo{fi
2 HWE P4
133 ARk 234

iZ ] SPSS 26.0 G4 FE A SE R L 5
R AR R AT, X454 Levene’s test FlIE
BT RGN R 7 2208, G ki

(@ (®) ©

H )5 £ & L 8E 3T Kruskal-Wallis test #E47, DA%y
M5 FE R A Ry R (] 1 2 57 35 vk 25 SRR
FPEYEEbRUEZE RN

2 HRESW

2.1 SNP fi & &

XF PCR Y™ 3 7= W ) J5 , MC4R 3EH 24~
P U154 82 45 H1 69 257 I H T2 A MER M, 25
REIR: MC4RHE 1 A DUA 14~ SNP s, A
£ F 669 bp 4L G669C; %5 2 45 UIAT 14 4~ SNP
B, A SE AL T 227, 322, 403, 457, 472,
520, 736 bp &b 1Y GIARAZ, i F 364, 451,
484, 583, 664, 742 bp AL C/T 748, LI F
775 bp A B C/G 7% 5 45 A 1 DN I g [ 45 2R D,
B 1.

(d (e

G6T9C 0227A G3226 C364T G403A
/\N\AAM \N)O(W AAAM &/\M&& m&;&l
A G A ATCGSOC CTCAR

® G
T451C G457A G472A T484C G52OA

MMM@&MM

A T TG C G G T G G A C C A G G CA

T583C C664T (m) G736A () G742T ) c7756

T G T A T G G G G G

A A AT A

B 1 REEFNEE MCIR EEH NI 15 4~ SNP L il IEE
Fig. 1 Sequence peak diagram of 15 SNP loci in two copies of MC4R gene of N. benasi

T Ela W5 150 SNP il P b~ o N5 2 15 DL SNP fi7 45
Notes: Figure a shows SNP loci of 1st copy; figure b—figure o show SNP loci of 2nd copy.

BALTRIL AR W 53 1 A U5

H G669C 75 M R LB, Sihid & FE IR s &
R (R); 55 24# 01 K ILAY 14 4 SNP A 5
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AR, RRAGIRICE, BARFERILE 2.
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Tab. 2 Amino acid mutations at various SNP loci in two
copies of the MC4R gene

(A= RALFF 51 RAEFETRER RAX
Loci Mutant sequences Types of mutant amino acid Region

G669C  CGG—CGC R-R R exon
G227A  GTC—ATC V-1 MER-FRER  exon
A322G  ACA—ACG T-T TR exon
C364T  CGC—CGT R-R R exon
G403A  TCG—TCA S-S Y5 R exon
T451C  ATT—ATC I-1 AR exon
G457A  GTG—GTA V-V AR exon
G472A  ACG—ACA T-T IR exon
T484C  GCT—GCC A-A &R exon
G520A  GCG—GCA A-A A& exon
T583C  TAT—TAC Y-Y MR exon
C664T  CAC—CAT H-H HE R exon
G736A  GCG—GCA A-A &R exon
C742T  AAC—AAT N-N KA exon
C775G  CTC—CTG L-L AR exon

2.2 SNP i mAyEfk ZiFtEs i

MC4R FEH Tk 15 4> SNP 37 o5 75 4168
[t RE AR P A B AL SRS R L 3. B 1 B D
SNP fii 5 G669C E A it 1% S HUMH AE 15 4> SNP i
AP EUE, HON, K 1.443, H, F1H, 5514 0.309
F110.351, PIC 4 0.260; 552 401 14 /> SNP i A5
A B BR 1.981~2.000, £ 5 U2
BB WS, R WIEREE B OIS faFh i % 45
ML A, H) R H, 585020 0.860+0.027

0.503+0.001, PIC 240.373~0.375, M Botstein %>
BIbRIE, 24 0.25<PIC<0.50, AT EZAM, Hit
15/ SNP i S 349 4 T 238 . X k45 R
N, BRER 1 AE DL G669C i 4k, 26 2 4~ DL
B 54 W S Hardy-Weinberg “F-fif ( P<0.05 ),
B IR R R L R R, RAE 8 G669C L4l
GF GG HILHE R, Fi (HR-0.145, FRAEHL
FATIANR L LT, Fy (HYE N -0.841~-0.625,
2.3 SNP fUmS4ERKMERXEKED T

MC4R JEPH 2 95 DURIN H A9 15 1~ SNP i 8
55 B B 5 O T 0 A AR IR 1) G I A A 4 SR L
Fa, 51D G669C AT 3 I[N AL, CC
AR R R KEE T GC #lE GG Al
AR, EARER B Z A (P>0.05), 52 145
Il C664T. C742T fii pi VAT CC. CT M Fp 3 K]
R, REESIIE RS, CT G RIMIRK . 1k
B, @K T CCaif R, C664T 4hAs[n]F
ARIAMA AR T 2 B 25 5% (P<0.05), Tk
5K ERREE; {05 CT42T AS[FHEH AA 4
ZEMERZE AR 5240 Db G227A.
C364T. G403A. G472A. T484C. T583C fii fi 1
A 3R A, R ER AR K D 2K
R A7 B3 25 5% (P<0.05), sralliaif
T AA. TT. AA. AA. CC, CC ML ILH A,
{7 25 A322G. T451C. G457A. G520A. G736A.
C775G WAFAE = AP RE AL, I L4l & AU A9 4R
fEbrm TREM, HARESK ERALDEER
(P>0.05),

* 3 MCIR EEWA# N & SNP L S B EEER
Tab. 3 Population genetic information of each SNP locus of two copies of MC4R gene

7 45, FEASL FERE HHF) SRR (B

Loci Number Genotypes (frequency) Aclles (frequency) HWE Ne H, He Fis PIC
GG (0.635) .

G669C 74 GC (0.351) < Egg?g Chooasy 1443 0351 0309 0.145 0260
cC (0,014 : :
AA (0.064) .

G227A 65 GG (0.095) S Egiég; GBS 1908 0841 0504 0684 0375
GA (0.841) : :
AA (0.077) .

A322G 65 GG (0.062) N Eg;‘g%; e 2000 0862 0.504 0724 0375
GA (0861 : :
cc (0.113) .

C364T 53 TT (0.076) ¢ (0519 X007 997 0811 0504 0625 0375

T (0481) (P=0.000)

CT (0.811)
GG (0.106) .

G403A 66 AA (0.061) < Egigg; Lo 199 0833 0503 0670 0375
GA (0.833) : :
cC (0.062) ,

C (0.476) X=33300
T451C 65 TT (0.077) RN Cbion, 2000 0862 0504  -0.24 0375

CT (0.861)
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2R3

(VA= FEASL R O SENTFER G

Loci Number Genotypes (frequency) Aelles (frequency) HWE Ne H, He Fis PIC
GG (0.076) .

G45TA 66 GA (0.864) G (008 S 2000 0864 0.504 0728 0375
AA (0.060) : :
GG (0.081) .

G4T2A 62 GA (0.855) G co.08) S 2000 0.855  0.504 0841 0373
AA (0.064) : :
CC (0.062) .

T484C 64 TT (0.078) < Eg;‘gé; LTS 2000 0859 0.504 0719 0375
CT (0.860) : :
GG (0.063) .

G520A 63 AA (0.080) G co.08) s 2000 0.857  0.504 0715 0375
GA (0.857) : :
CC (0.068) .

T583C 59 TT (0.085) < Eg;‘gg; LT 1999 0848 0504 0.605 0375
CT (0.847) : :
CC (0.097) C (0.548) X=41.238

C664T 62 OF ¢0.5035 T (04525 Coogoyy  L98L 0903 0499 0824 0373
GG (0.076) .

GT36A 66 AA (0.061) G c0492) N 2000 0.864  0.504 0728 0375
GA (0.863) : :
CC 0.076) C (0.540) X=47.867

C742T 66 o (o) T 0t St 1989 0924 0501 -0.826 0374
CC 0.076) .

C775G 66 GG (0061 € 0.0 S 2000 0.864  0.504 0728 0375
GC (0.863 : :

. HWE ARAGEARS 05 H VSRR G L H, ARG N OAAREEMRERY: PIC AZEEREE: F AREERE.

Notes: HWE indicates Hardy-Weinberg equilibrium; H, indicates expected heterozygosity; H, indicates observed heterozygosity; N, indicates eff-
ective number of alleles; PIC indicates polymorphism information content; Fj indicates fixation index.
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Tab. 4 Association analysis between different genotypes of loci of two copies of SNP MC4R gene and growth traits

(A= FERIB CFEAED) /g A/ mm 4K/mm
Loci Genotype (n) Body mass Body length Total length
GC (26) 8.55+9.55° 68.78+22.35° 85.661+26.87°
G669C GG (47) 14.25+10.97° 82.89+26.30° 101.69+30.29*
cc (D 27.84+0.00° 106.90:£0.00° 132.73+0.00°
GG (6) 3.59+0.46° 58.73+2.02° 74.12+2.89°
G227A AA (4D 26.13+2.13° 109.92+5.41° 134.23+5.46
GA (53) 13.77+10.93° 81.06+25.56° 100.71+30.81°
AA (5) 3.57+0.51° 59.0242.12° 74.38+3.15°
A322G GG (4) 26.13+2.13" 109.92+5.41° 134.23+5.46
GA (56) 13.67+10.96" 80.81+25.52" 100.44+30.72°
CC (&) 3.58+0.46" 59.00+1.90° 74.42+2 82°
C364T CT (43) 14.82+10.96° 83.70+25.32° 103.80+30.42°
TT (4) 26.13+2.13" 109.92+5.41° 134.23+5.46
GG (1) 3.66+0.45° 59.29+1.81° 74.60+2.64°
G403A GA (55 13.85+10.98" 81.19+25.60° 100.88+30.82°
AA (4 26.13+2.13" 109.92+5.41° 134.23+5.46
TT (5) 3.57+0.51° 59.0242.12° 74.38+3.15
T451C CT (56) 13.31+10.94° 79.98+25.44° 99.43+30.63°
cC (4 26.13+2.13" 109.92+5.41° 134.23+5.46
GG (5) 3.57£0.51° 59.0242.12° 74.38+3.15°
G457A GA (57 13.50+10.94° 80.44+25.45" 99.98+30.64°
AA (D 26.13+2.13" 109.92+5.41° 134.23+5.46
GG (5) 3.57£0.51° 59.0242.12° 74.38+3.15"
G472A GA (53) 13.73£10.88" 80.89+25.49° 100.49+30.67°
AA (4 26.13+2.13" 109.92+5.41° 134.23+5.46
cC (4 26.13£2.13" 109.92+5.41° 134.23+5.46
T484C TT (5) 3.57+0.51° 59.02+2.12° 74.38+3.15°
CT (55) 12.86+10.59° 79.19+25.01° 98.44+30.07°
GG (5) 3.57+0.51° 59.0242.12° 74.38+3.15°
G520A AA (D 26.13+2.13" 109.92+5.41° 134.23+5.46

GA (54) 12.86+10.81° 79.06+25.40° 98.27+30.54*
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(A= FERA CBEARED /g K/ mm 4K/mm
Loci Genotype (n) Body mass Body length Total length

cC 4 26.13+2.13" 109.92+5.41° 134.23+5.46
T583C TT (5) 3.57+0.51° 59.02+2.12° 74.38+3.15°

CT (50) 12.70+10.83° 78.514+25.34° 97.60+30.47°
C664T CcC (6) 3.41+0.60° 58.21+2.75 73.5043.55°

CT (56) 14.64+11.14° 83.01425.96 102.90+31.09*

GG (5) 3.57+0.51° 59.0242.12° 74.38+3.15°
G736A AA (4) 26.13+£2.13" 109.92+5.41° 134.23+5.46

GA (57) 13.50+10.94° 80.44+25.45" 99.98+30.64°
CT4T cC (5 3.57+0.51° 59.02+2.12° 74.38+3.15°

CT (61) 14.33+11.04° 82.37425.69° 102.22+30.83"

CcC (5 3.57£0.51° 59.0242.12° 74.38+3.15
C775G GG (4) 26.13£2.13" 109.92+5.41° 134.23+5 .46

GC (57) 13.50+10.94° 80.44+25.45" 99.98+30.64°

Ee W ALE R R LA NS FRERORANEREE (P<0.05), MFALRTFRERORANZRAESE (P>0.05),

Note: Different superscript lowercase letters in the same column of locus indicate significant difference within the group (P<0.05), and the same
superscript lowercase letters indicate no significant differences within the group (P>0.05).

3 e

3.1 REEFLEA B EEFHE

N,. H,. H, Ml PIC % Z¥U2 i & AR 35 15 78
SRR BAEEE RN, FRR e 2 S
fobR, ARHBGE, MRS ZREEB R, X ER
BErad R, TEAER . BATERE L TE R
P27 BRSBTS R R, AR BT AE
MC4R FEPI Y 15 1> SNP fizsit, B G669C
Ak, HAy 144> SNP v #5/9 N,. PIC fil H, ¥ 4bF
WA, R R 2 AN, BRSO R o A
%5y,

Fo 2 LWL 2 5 41 3 5 301 B 2 5 3R 1Y) 22
SRR WK ] B A AR B, R FR Ry HWE -
TR R Fi (BT 0, HEAMET HWE
fif, X4 F EANT OB, H>H,, BHENZET
BZ; Rz, WEHAL G FE L K5
15 /> SNP {3; 25 i/F4T Hardy-Weinberg “F-#746 5, 2%
RBIRERALE G669C Fh, HAY 14 MLt P A/
F0.01, F L T-1, 4T Hardy-Weinberg %
AFEPIRES, FPlEh e G TR ZeE TR SR
PR WIS, N ke SRR
BC . SRASKCE R MR/ NS AL A A S5 R R
T8 I SR B A AR 4% A 2o 70 1T i B Hardy-Weinberg
S E B E R, Ak ( Megalobrama amb-
lycephala ) SRR AL B T 4 0
WAL, ABFSE 2 i F0 AT BE 5 A A X A
A, BRI IRBR SRR R E A
Ko ABFEHEE OSBRI G i, R
HIEAI NT T IR, SRR . EF I
. —E B BRI T AT 5 0 2 AR A O

SNP {7 s Y AT REPE 5 B PR
3.2 SNP fImifiER5ERK KA

AHFFEXS MC4R B[R 43 J5 7 ) >R B . 422
PR T SNP v s I B 35, MC4R SEIR i 15
A~ SNP ¥ f5 o MC4R K& PH — G0 45 ¥4 1500 43 #7 &
L, 154> SNP i, X G227A i i i 34 L5
A5, FIFERFSIH GTC 28N ATC, SR IEMFIZE
MR (V) ZRReEdmR (1), HRAaRE
] X 5AE,  HARIA] O AR AN RE M A0 S LR 28 A8 1 %
U B RS A AT RE, (HATE AT LS mRNA
TEREEH . BHESCR IR A A A A Y ek
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Polymorphisms of MC4R gene and its association with growth
traits in Neolissochilus benasi

TANG Zhihui'**, YIN Yanhui', PAN Xiaofu', WU Anli',

ZHANG Yuanwei', WANG Mo'**", WANG Xiao’ai""
(1. Yunnan Key Laboratory of Plateau Fish Breeding, State Key Laboratory of Genetic Resources and Evolution,
Kunming Institute of Zoology, Chinese Academy of Sciences, Kunming 650201, China;
2. Key Laboratory of Biodiversity Conservation in Southwest China, State Forestry and Grassland Administration,
Southwest Forestry University, Kunming 650224, China;
3. Yunan Academy of Biodiversity, Southwest Forestry University, Kunming 650224, China)

Abstract: [Background] Neolissochilus benasi is an important aquatic germplasm resource, but there is a
problem of large differences in growth rate among individuals during the breeding process. [Objective] The
study aims to identify molecular markers significantly associated with the growth traits in N. benasi and pro-
mote the improvement of its growth characteristics. [Methods] The study focused on melanocortin-4 receptor
(MC4R) gene, which are deeply related to ingestion, energy metabolism and growth development. Single nucle-
otide polymorphism (SNP) detection and genotyping were performed using PCR-Sanger sequencing technology,
and association analysis was conducted between the SNP loci and growth traits to identify SNP markers related
to the growth traits of N. benasi. [Results] The results showed that there were 15 SNP loci in the two copies of
MCH4R gene, with one SNP locus in the first copy and 14 SNP loci in the second copy. Among the 15 SNP loci,
only G227A was a missense mutation, with the amino acid type changed from valine (V) to isoleucine (I). The
remaining loci were synonymous mutations. Population genetic analysis showed that, except for SNP locus
G669C in the first copy with low genetic parameter values, the SNP loci in the second copy of MC4R gene had
an expected heterozygosity (H,) and observed heterozygosity (H,) of 0.860 4+0.027 2 and 0.503 2+0.001 4, re-
spectively, and their polymorphic information content (PIC) ranged from 0.373 1 to 0.3749, indicating a middle-
upper level of genetic diversity in this population. Association analysis revealed that 13 SNP loci in the two cop-
ies of MC4R gene had varying degrees of influence on the growth traits of N. benasi: G227A, A322G, C364T,
G403A, T451C, G457A, G472A, T484C, G520A, T583C, G736A, and C775G were significantly associated
with body length and body mass (P<0.05), with homozygous genotypes AA, GG, TT, AA, CC, AA, AA, CC,
AA, CC, AA, and GG being the dominant genotypes, respectively. Meanwhile, C664T was only detected two
genotypes (CC and CT), with the heterozygous CT genotype being dominant and strongly associated with body
mass (P<0.05). [Conclusion] This study preliminarily screens 15 candidate SNP loci associated with growth
traits in N. benasi, providing a scientific basis for further analysis of growth-related mechanisms and molecular
markers, as well as for the improvement of growth traits in this species.

Key words: Neolissochilus benasi; melanocortin-4 receptor (MC4R); SNP; correlation analysis with growth traits
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