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Abstract; This study was to identify the characteristics of genetic variants associated with important traits such as growth and fattening
(MC4R, MSTN), spinal number (NR6A1, VRTN), meat quality traits (PHKG1, PRKAG3), and pathogen infections ( SYNGR2 and
FUT1) in Chinese local Huai pigs and imported lean meat pigs. Competitive allele specific PCR (KASP) and PCR-RFLP were used for gen-
otyping of the variants. Based on the original literature, favorable alleles were identified, and a schematic diagram of the percentage of favora-
ble and unfavorable alleles was created. The results were as follows: A certain degree of polymorphism was presented at the NR6A1 gene vari-
ant in Huai pigs, with a favorable allele frequency of 0. 24. The other sites exhibited a single genotype, among which the variants related to
meat quality traits (PHKG1, PRKAG3) were favorable alleles, while the variants related to growth, fattening, and pathogen infection, such
as MC4R, MSTN, VRTN, SYNGR2, and FUT1, were unfavorable alleles. Duroc pigs had favorable alleles at loci including MC4R,
NR6A1, VRTN, SYNGR2, and FUT1, whereas a certain proportion of unfavorable alleles in the PHKG1 gene existed. Large Yorkshire pigs
had favorable alleles at the mutation sites of MC4R, SYNGR2, NR6A1, and VRTN, while other sites were unfavorable alleles. Landrace pigs
had unfavorable dominant alleles in the mutation sites of MC4R, MSTN, PRKAG3 (p. Val249lle) , and SYNGR2. Duroc pigs and Landrace
pigs were in a genetic imbalance ( P<0.05) at the VRTN gene and at the MC4R gene. The above results provided useful information for the

protection and utilization of Huai pig breeds, and for molecular genetic marker breeding of lean meat pig breeds.
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Y8 5 IO SRR PR AR IR 1) it A8 AR S — L2
1A B P AT 1 ME S 2 — . & JE K 2%# Frank Nicholas
AR AT A F 7 AT BAGT B PR e ) R R (A
WAL EE ) DL R B R R OB G5 AL AR SR AT T ALk
VL% ( Online Mendelian Inheritance in Animals, OMIA ,
https ://omia.org/home/ ) , A BN T i8R i 45 A8 S5 F
FEHRBE T BB E . Johnsson 251Xt i 4 A4
B FERIRI 13 AT A DI P A8 S 647 T AR
KRBT, B IAARKMEERE (MSTN) | G ER
FEAERET 2 (16GF2) . BERE 4 ZK (MC4R) |
LR Z IR Z % 6 Wbt 1 (NR6AL) | MEH & F AH
KEEH (VRIN) , BERRILFECEE 1 (PHKGL) | BERRAR
TG 2 I (AMPK) #5E3E v3 (PRKAG3) |
ZJRBAZR 1 (RYRL) FIZEftEIE 1 2 (SYNGR2)
X 9 ANFERAR S SREAH SRR A AR KR

MSTN Fl MC4R &M A4 & B PR 1 fi o 3
A, MSTN ZEHEBEFRA “WAL” FeHA, Stinckens (2]
SEREI T TR MSTN R, BT 1 VAR AR 2
g BR8P IX I o 447A>g (g.94629236T>C)
IR TC F P RUA XS F TT P8 HA AL MSTN
FIRKF, MCAR JET G BEAMBCZIR, 75K %R
B, AT EYEAMEBERHFE, Kn EYKET
MC4AR FE [ —Fh 4l LRAE (p. Asp298Asn), & 1L H:
58 A K RO BE PE IR B OF M &, NR6AL
(p. Leul92Pro) 4 X 245" FI VRTN 3£ 19 1 4
291 bp 1 A 278 55 A HEBCPEAR B 1B 3 G IR AL
%1, RYRI ( p. Arg651Cys ) Fl PRKAG3 ( p. Arg250GIn )
JE 2 ARG REIE A R A SRR 24 Hodr, RYRI
(p. Arg651Cys) Z3 7% 5| f 5% N 3 25 & fiE, PRKAG3
(p. Arg250GIn) JRFR “RN+” J&[H, RAG|E @R
IR, SEBR, BRI FRIE X 2 AN JE R AR 1R
AFIFER T LK, sk, PHKG1 (g 16830320C>A)
7& RYRI1(p. Arg651Cys) Fll PRKAG3 ( p. Arg250GIn) LA
AN 55 — A2 SEUE A PSE A Y P g AL
PRKAG3 B 1 57 — A A (p. Val2491le) Xf
PRKAG3 (p. Arg250GIn) 5513 PR oK 43 25 i) B AR 1Y
B2 R A AT R R Y PR IR O
Burkhard 25"/ fF5¢ %M, ASRCR5 %% (CD163 55 7 4
¥ SRCRS GRS K S fH 4% ) X B0 5 WP IR 255
fEEE (PRRSV) R H A 2PN, A s
BN 1 (FUT1) A1 SYNGR2 &% 4k 2 N5 K
FEEFIE RPN EE 2b B (PCV2b) JEL A 5 il 1k
LI, AR R A 3 R AR S B i LA B9 Sl Pk FUTL
BIN A R OECFIS &2 1k B B, HOHF LR A
(p. Alal03Thr) 5% Wi K i AT B X 5 /0 B 266 J5E ) 8%
BT, SYNGR2 (p. Cys63Arg) 3[R 28 78 n] LU il ¢

PCV2b %5 7 2% 1 19 9. 3% A4 3 [F1 A8 53 F1 6. 2% 3 Al
ARSI

YT 43 PR OCIR 1 i R AR S L R A iDL B AP A
FISE R R AT T 0, W0 RYR1 (p. Arg651Cys) ,
CD163 22 5@ T AN T 4 R AR AR, AR BER T
AT HEARA SC Y . A AR BE AR & A Y ik TR 28 A
[MC4R, NR6A1, PHKGI, PRKAG3 (p. Arg250GIn) .
VRTN .SYNGR2 MSTN .FUT1 ,PRKAG3 ( p. Val2491le) ],
T E O FRRR G A 3 AR R R R S AR (R
TN, KATEE, KAK) 173 H AN,
DUIXT A ) PR SRR L 7 ot 2 PR AR 1 o0 st %
BRRAES%

1 #RERE

1.1 H@EXE

TR AT L SRR I S ORI 7 R AR M 40
2L40 fy (ABREEE), THREBRERAEEZOF/
WREMIB T AL 40 1y (AR%E) . KA
381y (AFEFN) FMRAREE 42 4 (3 R8E
), ETE 0% .0 W, i vk E s
WRISEEG S, —20 C KA,
1.2 ARXBHEARTERREEDH

AR SCHEPR A FE IR 2 A I 28 SCiRIE S, RS AR
FHEHR  BHERCHAR . BT HR A S I R e A5 22
Vr LR LA PR SR S R 288, AR PE AL A
SEJEAA SCHR AT Johnsson 28 B2k SCF | B ax B o
AR SEPR BRI IR N HEAT T AR H CRFT 1
X4y, . MC4R (p. Asp298Asn) FERAZSF A 2
FEDH EL A TP A K B RN 2 0 AR T, L E N
CHH” SEAIEE; MSTN (g 94629236T>C) J[H 7%
5, TC FEFARIF T TT I ALEA LA MSTN %
KKV, 4G MSTN AN LR A KA,
CAHENFENAER AR SRR, TEHFEE
#1,
1.3 EF4 DNA 125

M Thermo Scientific 23 &) E: 21 DNA Fli#i27
& (585 K0721), $RHUH-4141 DNA, HARLER N
T FREC20 mg B H-AH Y, BREFFRCA 1.5 mL B0
&R, A 180 wL Digestion Solution 120 L & i
K, RIS, 56 C/KIEIHAL3 hy LA 20 pL RNase
A, RFEEEEE 10 min; WA 200 wlL 2K 5
EPRY% 15 s5 MIA 400 pL 50% CEEIR%IRS], ¥
W E) DNA 4ifbF 575 6 000 ¢ FES0y 1 min, B0
JE AR RS BTG 2 mL AT T A 500 plL
Wash Buffer 18 000 g 0> 1 min, FFIEE P AR
&, HA 500 pL Wash Buffer 2 7E 12 000 g F &5.0>
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3 min, Bai kM BZE 1.5 mL BELEF; A NanoDrop 2000 X} FE[K 20 DNA Jfi . ¥R B2 dEAT 40,
200 wL Elution Buffer 7E 2 iR T # % 2 min, JF T  FiEAHAY DNA /02T -20 CIHA7,
8000 ¢ &> 1 min; I /5 Al H Thermo Scientific

R1 FEMEEERER

) - X FEPR A & 5%
FH (AR (2N Ap SR BRI E S 3 R KON, A5 5 5 e
(Sscrofall. 1) SRk
MC4R EEy SN e e A S DA R A
o BEURAS g 160773437G>A . Chrl; 160 773 437 1581219178 (1, 3]
(p- Asp298Asn) Ne Wit AR ST A
— TC 2 H B % F TT 2%
o b
MSTN (X)ZH;) PEXI g 94629236T>C A A FAKA MSTN  Chrl5: 94 629 236 15332188828 [2]
FikKF
PHKGI PEEARA X AR AR
) , N g. 16830320C>A - Chr3: 16 830 320 15330928088 [ 1, 6-7]
(g 16830320C>A) [RIREXIN AR PEIR
PRKAGS — T %NS EE R
ELAAYEIEEN AN
(. Arg250GIn) BRI FEZAE ¢ 120863533C>T  BHIE S & ( “BUEEAL Chrl5: 120 863 533 151109104772 [1, 12]
. Arg n A JuT T R
b 0 R AR
PRKAG3 e il - T 45 3 B PR H AT B Y
‘ HEY GRS o 120863537C>T o . Chrl5. 120 863 537  1s1108399077 [8]
(p. Val2491le) SIREXIN BRI BRI BT 43
NR6A1 ", AN AR AR
B HERK XA g 265347265A>G ™ Chrl; 265 347 265 15326780270 [1, 4]
(p. Leul92Pro) HHERL
VRIN 97615879 A S B BB
NV § N g - Dz A 2= =]
97615879~ B HERL A AR Chr7. 97 615 880 None 1,5
;;15880_ ) = 97615880ins {9 HEHERK ' o L8]
1ns
SYNGR2 % PCV2 S A SEA 3 R B BRI
i FELGEAE g 3797515A>G e Chrl2: 3797 515 None [1, 11]
(p- Cys63Arg) SRR I B 4L
FUTI ECF18 X% . s T S p
(p. Alal03The) E— ERAR g 54079560T>C T 27 R g d itk 3L 1A Chr6: 54 079 560 15335979375 [10]
p- Ala T L]

1.4 VRIN 5| RERESHE

ZMOCHR [11] Bitsl X, 519 Mok

LAY PCR P2 B KN30k . BFAE Y 120 bp, %€
ARFY 411 bp, Z2AFEHAIA 120 bp F1411 bp ISR

(L) AHARAFER, SIWFIIILE 2, A

P& PCR i # & (Thermo Scientific /A7), 5%
5. K1081) PCHIRBARFR , § 4 &k, 95 C HiAs
£ 3 min ; 95°C 30s, 62°C 30s, 72°C 30s, 35

&2 EEASMFTI
KR (A SIFH (53"
GGCAGGGAAGGTGTTTGTTA
VRIN (g 97615879-97615880ins)
GACTGGCCTCTGTCCCTTG

1.5 ZSHHEMEFSERYE PCR(KASP)EE S
1.5.1 #FFH3 ikt
M5 8 Fb 3[R 28 AR o7 o5 A8 S W) R S AR AIE, X3

AMER; 72 CHEMP 10 min, VLR, 72H)-20 C
RTER ] . PCR P 3721 1. 5% A4 B AR Je Pl ik
PEATHGI

KASP Fe5e 519 (W3R 3), Sl¥y e dsist (b
) AR A,
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*3 AEEEFEAME KASP S| ¥ER

B2 Fx KA KL G5 SRR SEALEE R R B 1Y (5'—3") TEEFEG (5-37)
MC4R rs81219178 FAM CCTGATCATGTGTAATTCCATCATCG CCAGGGGATAGCAACAGATGAT
VIC CCTGATCATGTGTAATTCCATCATCA
MSTN rs332188828 FAM ACGTGAAAATCGTGCTCAGTTTT AGATAGCTGACATTATCCTCTTGGT
VIC ACGTGAAAATCGTGCTCAGTTTC
PRKAG3 rs1109104772 FAM CCCACAAAGGTGCCGCTC GATTCACCCTCAACTGTTCTCTCC
VIC CCCACAAAGGTGCCGCTT
rs1108399077 FAM CTTTGCTTTGGTGGCCAACGGCA CTCTGCCTCCCCAGCCCCTCCTC
VIC CTTTGCTTTGGTGGCCAACGGCG
PHKG1 rs330928088 FAM GGTTCTCAGGCCCGGACTCGC CCTCACAGAAGCCAGCACCGTCA
VIC GGTTCTCAGGCCCGGACTCGA
FUT1 1s335979375 FAM GGCGGCCGTTGAGCTGCGT GGCCGGTTTGGGAACCAGATGGG
VIC GGCGGCCGTTGAGCTGCGC
NR6A1 1s326780270 FAM AGGACAGTGTGGAGCCCA ATTTGAGGAAGAAGCCAATCACTG
VIC AGGACAGTGTGGAGCCCG
SYNGR2 SYNGR2 FAM GAGAGCAGTACTGCGTGTTCAACT GCCATAGCGGCAGGCGTCGTCGT
VIC GAGAGCAGTACTGCGTGTTCAACC

1.5.2 KASP &%

JIFA FE G DNA I 35014 58 8 H VK T Nanodrop
ND-2000 #E47E ST, DNA He AR Ha 46 0 4y fp oA
[FIEAT IR, W B IR 2L )5 19 DNA #5177 KASP 5655
WE (Mix TAEWEACH], 3%, DNA FEA R4 HEAT
PCR %), B4 fm, BOh Lk, 17 8dE4a
i, FIH SDS 2. 4 F R ERAFAR 8 Bk 9 S A5 -5 F
BANLE AL, FAM A1 VIC 3 20 90 2 HIHE «
WA y b b AN L FAM RN VIC {838 i 1245 &
LSk (ROX) MEMEATH IE, #8020 E
HATAREIL AL 3, AR BUE:— 4> PCR [ AL FAM Fl
VIC XTI ARXT S GAE , ARIEAEXT D GAE, X HE i itE A7
RO, 2D AR AR R N 9 O 28 A
FREIN
1.6 HEFITSHH
1.6.1 ARMELK

%}fﬁ$ Pi= [2 (ii) + (':]1) + (l]z) +---t
(i) + (i) 1 720, Hrpy PiFoR5 @ DAL
I s @ RN G ISR 5 i FoRE i A%
RN A5 B ML j, Fom s (LR AYER o AL
B g, FonEAa 5 g, AR B AR
n FR 1A A AR S5
1.6.2 K AR & 4T B 5 AT

H4lE Hardy — Weinberg jot % - 2 2, Jf-3E o X°
TEA TR, AT 4 FhORE I A L PR AR S 5 A7

TEFEDN A7 . 7F Excel HL k%, MR 40 4% 55 R 15 43
A R E XE, JH CHIDIST pRELHE T B 3
PERSHG

2 HRE5HM

2.1 PCR ERFEE¥|E
MIE 1 AL, VRTN LR B A A AR R
FEH A PCR =Y R/ Fiil—2k

M. DNA Marker 2000; 1~3, 6. 2 38 A= 4l 45 3L A (Del/
Del); 4. fliAZEA R (Ins/Ins); 5. ¢S KK (Del/Ins)

1 VRTIN E[E PCR EFEBHE

2.2 KASP EF4E!

FIIH SDS 2. 4 F& PR R AR AR B ik A5 1
B AR EER AL L MSTN rs332188828 K& [X 43 AU
A, KASP 755 RBLERILE 2,
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T WEFRIENE YY, LEFIRIENA XX, ShERRIER
XY, BEFRARENEGES,

E 2 KASP {555 Z (L MSTN rs332188828 £t X 43 & A4 4] )

2.3 BHEMERMERN
2.3.1 AE A AT TSN

A8 PCR A1 KASP BL[A 70 BULE R X L% v 4
FEA it AL AR S s A T L RV A AL A 40 M, 45
RIFE 4, NFRAFLEN, IS FCETE NROAL
IR A R E AL EE A (BEREBRR 1.0); KK
L PRKAG3/1s1109104772 i s, “ P B AN S5
B T HA 7 ASEEEA S BRI — 1 2 AAE,
HA7E MC4R . VRTN, SYNGR2 F1 FUT1 X 4 3L A
JSARIBEE S, PHKGL AR 5L A 3l —E
B HA] (A FEPIRA N 0. 12) 5 FEI& FEAETE VRTN 4b
THEALAPHEARE (P<0.05)
2.3.2 R LA EIAE T AL SN

HHE PCR A1 KASP LA 7p BUZ5 R X R 2y 5
FETEAS 1A 728 S e A7 35 DR D0 56 R 38t A% - 40
GRS, WNFE S FTULE . KATTE PHKGI ,
NR6A1 3 K v 5 3= 300 A F 45 37 55 ;. PRKAG3/
151108399077 i 1 JLF-RIA ARG LK ¢ (57
FERIAR N 0.99) 5 K & B PRKAG3/rs1109104772
L “POE RN A3 T, Hfth 5 AN FA A
PRI — 2 L2, HTE MC4R, SYNGR2 Al
VRTN X 3 LR A RIS A

R4 HERESEEERMCAGNER

R/ A S FEHET (AMEED S AT PR AR % BT (P1E)
MC4R/1s81219178 AA (21) GG (1) GA (18) A (0.75) G (0.25) 0.449
MSTN/1s332188828 TT (13) CC (7) TC (20) C (0.42) T (0.58) 0.989

PRKAG3/1s1108399077 TT (3) CC (17) TC (20) T (0.33) C (0.67) 0.677
PRKAG3/1s1109104772 CC (42) TT (0) CT (0) C (1.00) T (0) /
PHKG1/1s330928088 CC (30) AA (0) CA (10) C (0.88) A (0.12) 0. 665
NR6A1/1s326780270 AA (40) GG (0) AG (0) A (1.00) G (0) /
VRTN (g.97615879-97615880ins) Del/Del (13) Ins/Ins (16) Del/Ins (11) Ins (0.54) Del (0.46) 0.018
FUT1/1s335979375 TT (15) CC (11) TC (14) T (0.55) C (0.45) 0. 180
SYNGR2 (p. Cys63Arg) AA (11) GG (7) AG (22) A (0.55) G (0.45) 0.781

e ZEMSEAE RN A R A AR S, A U507 2 IR g AN IR 1 22 S

Bgdis, LWkt rematr, TR,

Ins Hf ARAZRER LN, Del Sy kI sk BF AL SEA BN 5 /RN ZALA

K5 AARERFEETRMAAIEUER

S/ AR S S BB (AR50 S S R AR BT (P1E)
MCAR/1s81219178 AA (16) GG (6) GA (20) A (0.62) G (0.38) 0.998
MSTN/1s332188828 TT (28) CC (4) TC (10) C (0.21) T (0.79) 0. 165

PRKAG3/1s1108399077 TT (0) CC (41) TC (1) T (0.01) C (0.99) 0.997
PRKAG3/1s1109104772 CC (42) TT (0) CT (0) C (1.00) T (0) /
PHKG1/1s330928088 CC (42) AA (0) CA (0) C (1.00) A (0) 0. 665
NR6A 1/1s326780270 AA (42) GG (0) AG (0) A (1.00) G (0) /
VRTN (g. 97615879-97615880ins) Del/Del (12) Ins/Tns (16) Del/Ins (14) Ins (0.55) Del (0.45) 0. 174
FUT1/1s335979375 TT (4) CC (17) TC (21) T (0.35) C (0.65) 0. 790
SYNGR2 (p. Cys63Arg) AA (8) GG (7) AG (27) A (0.51) G (0.49) 0.179
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H51E H1 .25 .

2.3.3 KOWEEHE LN

4R PCR A1 KASP SEH p BUZ5 R XK H AT
KA A S A T BRI NS AL A T, 4
WE 6, MFE 6 1l LA . K 1M 7 PHKGI,
PRKAG3/rs1109104772, FUTI, NR6A1 % 4 AN% 4
BRIy s e, Hirb, PHKG1, NR6A1 J [
DS I RS0 FE I, FUTL 36 R S R B A

FIZE A FE K, K & Pl PRKAG3/rs1109104772 13 /5
PSRN IR Ty HAth 5 I AT
M — E M £ A M, H b, MC4R, MSTN,
PRKAG3/1rs1108399077 ., SYNGR2 iX 4 4~Z5 (v & K ik
SRFIEER 4, VRTN &80 B A R i K
FIBEFE MCAR 7 s i Tt AN PHRRES (P<0.05)

F6 KARZREETRUAKNER

S A S BEHEL (AMARE0 S R AR BAGPAE (P1E)
MCAR/1s81219178 AA (0) GG (9) GA (29) A (0.38) G (0.62) 0. 001
MSTN/1s332188828 TT (22) CC (0) TC (16) C (0.21) T (0.79) 0.259

PRKAG3/1s1108399077 TT (0) CC (32) TC (6) T (0.08) C (0.92) 0.870
PRKAG3/1s1109104772 CC (38) TT (0) CT (0) C (1.00) T (0) /
PHKG1/1s330928088 CC (38) AA (0) CA (0) C (1.00) A (0) /
NR6A1/1s326780270 AA (38) GG (0) AG (0) A (1.00) G (0) /

VRIN (g.97615879-97615880ins) Del/Del (8) Tns/Ins (10) Del/Ins (20) Ins (0.53) Del (0.47) 0. 950
FUT1/1s335979375 TT (0) CC (38) TC (0) T (0) C (1.00) /

SYNGR2 (p. Cys63Arg) AA (0) GG (18) AG (20) A (0.26) G (0.74) 0. 089

2.3.4 MpEA AR T FALEHN

45 PCR F KASP &R 4r UG5 R XM TE 45
AR S S R AT PR RN 5 A5 A A, 45 R
F7, NRTHLIEN. B HTE NR6AL JERHAATE
LA, AREA IR A R 0.24; HAh 8 4>
D7 BRI R B — LAY 7E 3 AR B AH S B 28 A8 15,

( PRKAG3/1s1108399077 . PRKAG3/1rs1109104772 Fl
PHKG1/1s330928088) 4R A BAFI AL FLH, MiTE
MC4R, MSTN, VRTN, SYNGR2 Fl FUTI iX 5 ~54=
KENE ., HHEBCRIHOR R G 5 AR R BN AFI L
FEH (DB RRBIRUIL CH I S ) |

R7T BEISERLTRMAARNER

HEIK /28 S G

SRR (A%

MC4R/rs81219178

MSTN/rs332188828
PRKAG3/rs1108399077
PRKAG3/rs1109104772

PHKG1/1s330928088
NR6A1/1s326780270
VRTN (g.97615879-97615880ins)

FUT1/rs335979375

SYNGR2 (p. Cys63Arg)

AA (0) GG (40) GA (0)
TT (40) CC (0) TC (0)
TT (0) CC (40) TC (0)
CC (40) TT (0) CT (0)
CC (40) AA (0) CA (0)

AA (0) GG (19) AG (21)

Del/Del (0) Ins/Ins (39) Del/Ins (1)

TT (0) CC (40) TC (0)
AA (0) GG (39) AG (1)

EEDER P B THE (P1E)
A (0) G (1.00) /
€ (0) T (1.00) /
T (1.00) C (0) /
C (1.00) T (0) /
C (1.00) A (0) /
A (0.26) G (0.74) 0.079
Ins (0.01) Del (0.99) 0.997
T (0) C (1.00) 0.180
A (0) G (0.99) 0.997

2.4 ERHENSRFEMCERTDILER
HRIEH 4~7 PATEFAE 9 A58t 15 28 A8 o7 45 1) 45
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