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The Genetic Distribution and Population Genetic Structure
Analysis of MyoD Gene in Different Pig Breeds
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Abstract: RFLP technique was applied in this study to analyze the distribution of MyoD gene in
10 different pig breeds and pig breed crosses. The population genetic information about genetic
distribution, variation, and heterozygosity of MyoD gene in different breed population was ana-
lyzed. Based on allele frequency, genetic distance and evolution distance among each breed popu-
lations were calculated and UPGMA phylogenetic tree was got based on the evolution distances
between populations. The results indicated that the distribution of MyoD genotype keep in Har-
dy-Weinberg equilibrium in most testing groups but not in Duroc and DLY population. Generally
speaking, the genetic diversity of MyoD gene was abundant and these testing breed groups with
high genetic variation. The evolution of MyoD gene was under natural selection pressure. The 10
pig breeds were divided into 4 clusters. The first cluster was consisted of four breeds developed
from Landrance, the second cluster was two Chinese indigenous pig breeds, the third cluster was
three breeds developed from Duroc and the fourth cluster was Tibetan pig breed. The phylogenet-

ic tree was consistent with breeding facts of each breed. From this experiment, we concluded that
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some RFLP data from functional gene could be used in the evolution research of some closely re-

lated species.
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oA E R R 6 UE B WU 40 i Y 4 Ak e
J15 MyoD 3 £ IKKFEH K, MyoD %R Y
TV T S A0 L AN A o 3 A AR L O 0 2E L
41 3 A0 TE B A T LT e -, BE Ak, MyoD
B PR 23 38 38 B 0 MyoG 5 AR 3% 1 Sk 18] 4 5% i
WLAT L i 28 v 43 Ak i F2, AE TR MyoD & RAY
FENL TSR 20 i rp 225k, R 5 m e Y LA
200 60 114 35 B R0 43 A T 5 S AR 4 JUL PR 2 K R
L MyoD JE BRI 25 44 25 5 0] BB 52 ) 5 L IR AH G
A =R BT MyoD 3 R B E I BE L %
FENAE B FARAT .

FERIF 5 T A 358 4% 45 0 0 A U5 F b 2 AR v L R i
FHAR TR A% B R Y 41 55 2 3545 B % & 1Y st A8 i
el T RFLP bRic K I A0 42 4 iR 210 5k H
AR /b HOTE 8 AN S R AT BER AL 25 W F R e K
FHFFE A AR, {H RFLP J& — Fb 46 0 4% 5 iR
B AR D B A 0 7 L OF BB A SR R R
FETS I Avise!! HIE B 2 P 81 56 & AR K B, RFLP
i 10 B B8 R B S 107 F A 3t A% 4540 L R TR 4 )
ol i 7 ol oA ) R A ) 19 3 4% 23 A R A5

Cieslak 257 FIF RFLP #E0F58 T 7 AN 22 4%
FRREARIN MyoD IR 1) 35t 4% 43 4 . IF3IE B R[] 2 A
RIS TR FE o # A P L B A7 e B 25 5 . TR
P AR E & H 2T MyoD 3R 75 v [ 5 3%
Fofr e A A8 S I 10 B G 3 A A R B G R T AR
SCHEBE [ M 5 Rl B AR 5 SRR R K SR
G4 PP ARLIE 1o D HEARAE il g X 4, T PCR-
RFLP W7 %0 10 DA R BE R #EAR 4T T MyoD
B DR RYAGH I | XoF 2k DR A 25 4% FRE A4 v 1 35 4% o A
MBERBAL G AT T 05T OF 223 R4S B AR 3L
SRR S SR S B R R LR B R T R
G RER RV T 2 D RE 5L I RELP 04 8 17 35
& K Z RIS ARG AT ATk

1 #RI5FE®
1.1 ##

LI M B % ( Yanan pig, YN). %€ B

(Rongchang pig, RC) .4 (Tibetan pig, TB) .
18 1134 (Wuzhishan pig, WZS) , K ¥ (Dahe pig,
DH) 4§ 5 />[5 Hu 75 3% Fft . #1.9% 52 (Duroc, D) filfk
F1%% (Landrance, 1L)2 DHI#E# RN, 1T DIEE fAPR
5 %4 (Dahewu pigs DW), DA K KM (L X Yanan,
LYa) Ml DLY 45 2 fp 28 5006 38 10 4~ Bl GREAAO 168
AR R IR

25 Ml 7 4 FbORIR ) 5 0 2 2R U™ AR 3
HMFIRE R H U A8 TR A S AN VLT A 8, 2 5
R AR R IR Y. REAHNZ 1.0 g,
DR UR A RS 7 ] 52 56 28 730 B
1.2 EEEEN

45 GenBank U12574 J# %1, 12 | Primer 5.0
AT 514, 9 58 1 497 bp ML MyoD 4
T 1LAE AN T 2 FFIRH Dde 14 U i il
Yl il Z Z B YIS B FR C SF A7 HE L K 497 bps
DI 268 bp #1229 bp P& 4 A SFALEER
1.3 HiEE
1.3.1 A REAHER 23 A 1 L ar i 34 S AL
BE AR A REAR e 9 RO TR B T o il A TR R
FULSR 346 55 W F 75 5 617 45 & Hardy-Weinberg
A7 A 5
1.3.2 BERBE4 MR R Alberta K2
W8 AR G H & BY PopGene 16 (Population Ge-
netic Analysis, Versionl. 31) B4 17 MyoD FH
TE A REVR A 3815 748 S REAAR 2 B 1 S B A48 4% 45
WA HT . & 2 B0t 58 05 538 I Nei 45 19 4
W TN A

MyoD K& R 1 TE & 5 Tl BE K P4 09 38t 4% 78 5
B [N B WL 55 4 o i DR (NaD | A7 204 7 25 2K
(Ne) .Shannon’s 5 BI85 (D ;

MyoD JEPI7 5 B BEAR A4 & 1 . 278505 B it
(PIC) AR 4l 4 B (Homozygosty, Hom) | Bf A 2%
& J# (Heterozygosity, Het), Wright’ s [# % $8 %
(Fi)%,

REAA D 52 8l 25 03 B AR & REAR I MyoD % Al
B9 4345 18 0L 4T Ewens-Watterson H P 56, i F
IR B 5 b R AR AR IEFERIAEH] .
HMEHEAT T R B AR S A A BT
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TR 1] 1) 38045 € R 20 BT TT 33 JE AR 1] Nei” s 3t
e —BUHE FHE AL BB (D) L BT Dy 33 HAE AL
BE A AR 2491 (UPGMA) 350 3 s 6] 114 32 Ak 1 25
HAHEREIR R G R AW,

2 ERE55MH
2.1 MyoD EE PCR-RFLP & 7514 7£ A 6 8 4k
KEES

BHER MyoD F& K B 43 A 55 56 PR i 26 57 F
F1, MR AN S ZESWRES ., ZHHHE
o C SRR R R LA S 0 R O F B LR G FIE
T,

FH R 75 6 95 R fie KA SR 280K 43 301 X 45 BE AR Y

MyoD % A 1 3 K 8 73 A 17 Ik N Hardy-Wein-
berg -7 ARG B0 . 25 AL R B LE B AL 3% 5 A DLY
LLAR ) 8 45 BEAR 92 55 IR 9 93 A0 B8 A7 & Hardy-
Weinberg A (P>>0. 05) , X ¥ B HE MyoD & [H
(8 Ddel B OI; s 10 5, i T 80 247 i 51 35 v A
TR ok SO R A A0 Bl AL S BCASE XL gl A 6 Ak
BN F L AR 7 B ERUE W% B L AE DLY BEAR Y
AR FEIRE T Hardy-Weinberg 1 ( P<<0. 05),
ELLE AL 98 TERE A A L B AL AR 48 105 4G 06 Ik W A f =
i 2 Hardy-Weinberg “F-ffif (P<<0.01), bk R 7 id &
PG 36 25 S v B 3 R S (P<<0. 05) RS B 45 R LA
WS EAR R,

x1 MyoDEE Dde 1 BIEFARREEMEREAREMBEFNIH

Tablel The distribution of the genotypes and the allele of MyoD gene in different pig breeds
- o JE R ) o A HE A 5 LR a7 LR A 30 1
Byt i 7t . L . . .
n  Genotype distribution Allele frequency Chi-square test Likelihood ratio test
Breed type Breeds — -
AA AC cC A C P! P G i P
YN 30 0 5 25 8.33 91.67 0.1953 0.6586 0.364 2 0.546 2
RC 7 0 4 3 28.57 71.43 0.8000 0.3711 1.2403 0.265 4
H 5 it Tl : -
. wzs 15 1 8 6 33.33 66.67 0.4192 0.5174 0.440 4 0.506 9
Native breeds
TB 6 2 3 1 58.33 41.67 0.023 8 0.877 4 0.0237 0.877 8
DH 10 0 1 9 5.00 95.00 0.000 0 1.0000 0. 000 0 1. 000 0
B2
e DW 10 2 6 2 50.00  50.00 0.2178 0.6407 0.2197  0.639 2
Developed breeds
2 A8 BEAA LYa 31 3 11 17 27.42 72.58 0.492 2 0.4829 0.473 6 0.491 3
Hybrid breeds DLY 39 3 25 11 39.74 60.26 4.1394x 0.0419 4.3629" 0.036 7
5| 3k 5, Fh D 10 0 9 1 45. 00 55.00 5.8909% 0.0152 7.7120™ 0. 005 5
Foreign breeds L 10 0 4 6 20. 00 80.00 0.450 0 0.502 3 0.759 3 0.383 6
B3t Total 168 11 76 81 29.17 70.83 1.4210 0.2332 1.4661 0.226 0

F PRAFRAE X 1005 5* H A G* {BL R X 425 B A4 A AS ) B 1) 28 43 77 9 Hardy-Weinberg i 4 55 {8 ; EAR » o8 22 53 ¥ (P
<0.05); PAR * « RARZEFMBE (P<0. 0 MAAFS T LI 1.1, FIH

Allele frequencies are given by nX100. The values of XZ and G* are from the test of the distribution of different genotypes for

Hardy-Weinberg equilibrium in different pig breeds. Means bearing * differ significantly at P<Z0. 05; Means bearing * * dif-

fer significantly at P<Z0. 01; The meaning of breed symbols are annotated in 1. 1. The same as below

2.2 MyoD EEEAR#HEGEIHNEEZTRSN
WAL 42 A BE R n PRI A7 5 A BEIR N I 24 G
THR,RE R RSET SN - RESE. 2
A BE B, B R a1 — SR . B R 2 T R
WFFE T A U 25 FEAR 0 - 2 B FE R OR . U I 4% JE A4
Mt ZREM IR E W B IR R, R IA
BAEAR S, LRI T (0. 900 0) By BE K 2R A B
KL KM (0. 100 0) FHERS # (0. 166 7) /N, F 3
iK0.452 4, BERLEA B AL S SRR R G E

R CER 0,547 6, F PN [6) 7 2 10647 B AL
ZRCAL T R 2 A T, Levene’ s 1
BRI G B RS B b LJEOME (0. 530 3) LRI
B3 (0. 526 3) ML 5@ (0. 521 1) BEAR L4 & P I
KL RKIHE (0. 100 0) FUHERS 44 (0. 155 4) M fe/N, F
¥y o414 4, B H S RO 25 A K,
Nei’s 1 5 7% & B 1 1 53 45 5% b K3 2 4% (0. 500
0) L 5 (0. 495 0) 5 M (0. 486 1) BRI 24 &
BERR I 0,413 2, P DATE S 48 B0k i i #F 1A
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SRR N 2, 28 S S BT R, R
T 5 AR IR T R A UL K DLY BEAK A A 850 %

i N Ve i @ B [ I 27 2 € 8 ol A P S e a1 FE R Bt L B A 1.9, T KRR AE 5 OHE B A Y A
A AL FLIN  E FE BN IE . AR KA 8478 12 DUF. X — 45055 Nei”s BRI 3 2
A AEREARAEAE I AC B B EMEN T2 —3K,
2 A TR 50 7K TS 37 - L 51 i 25 o7 3 7
x2 MyoD EE Ddel BV EMEFMSWBEEREESH
Table 2 The heterozygosity analysis of MyoD gene loci in different pig breeds
W4 AH Levene’s H1 918 ARG A i 5 45 8%
s o HeH B Observed values Expected values Nei’s #] K%L Ne . "
KA i . Wright’s
Breed t Breed Sample A B T N b WG Effective fixati
S ar 1Xation
reed pe  Breeds T UTU gpfkaia BEORAA BHRSG REIRZ S nemberof X
J% Hom J& Het % Hom J#¥ Het alleles index (Fis)
YN 60 0.833 3 0.166 7 0.844 6 0.155 4 0.152 8 1.180 3 —0.090 9
gy i RC 14 0.428 6 0.571 4 0.560 4 0.439 6 0.408 2 1.689 7 —0.400 0
o WZS 30 0.466 7  0.5333  0.5402  0.4598  0.444 4 1.800 0 —0.200 0
Native breeds
TB 12 0.500 0 0.500 0 0.469 7 0.530 3 0.486 1 1.945 9 —0.028 6
DH 20 0.900 0 0.100 0 0. 900 0 0.100 0 0.095 0 1.1050 —0.052 6
WEE -
DW 20 0.400 0 0. 600 0 0.473 7 0.526 3 0.500 0 2.000 0 —0.200 0
Developed breeds
e AT BEAR LYa 62 0.645 2 0.354 8 0.595 5 0.404 5 0.398 0 1.661 2 0.108 5
Hybrid breeds DLY 78 0.359 0 0.641 0 0.514 8 0.485 2 0.479 0 1.919 2 —0.3384
5| gk 5 Fp D 20 0. 100 0 0. 900 0 0.478 9 0.5211 0.495 0 1. 980 2 —0.818 2
Foreign breeds L 20 0.600 0  0.400 0 0.663 2 0.336 8 0.320 0 1.470 6 —0.250 0
Bt Total 336 0.547 6  0.452 4 0.585 6 0.414 4 0.413 2 1.704 1 —0.094 8

2.3 MyoD EREZHEANNPHEESH

I3 F HEA I T S A AR BRI T A KR
A AR AR KRR B R, 45 R AR S Y
FTES B UE TG A g e ik B/E . Xt
N O RB i L s ol [ LWL B e = W o Bl ol G vk €
I S N R N T S B R A e A O U 23
(B, AR 6 vk IS SE AT REAS B O 1 000 YL AL
FEUR A AR S 10, 2% 3 ml AL, LR 5 1
{ELE) A7 7E & 35 /K - 19 28 5 (P<<0. 05) , R % L A
e A I AR v RS A rh v e A, B AE AR T
oK A B SRR E A .

Shannon {55 K48 FIOR M 2 8 44 (8] 23 4k K 7 04 D)
JE AT BE S — A B AL 32 BC B AR LR O R ik F AR R T
e AR SRS AL I AR I A IR R, AE T ARG I 1Y
BREAR T I 85 (0. 693 1) LI 52 (0. 688 1) Al
G (0. 679 2) LA K DLY BEAA (0. 672 0) 915 1B 15
BOE fe s , KITHE (0. 198 5) FLAE R ¥ (0. 286 8) 1Y
B A%, B R 0 B AR B ME B AR RO & L ik
0.603 6, fr 485 m &AL IKXE BRI L S

PR L LA A T 255 SR 5 AR B 3 DR AR 3 5 ) 3k
AR AR,
2.4 MyoD ERETLEHEBMNEEILIH

[ 5 48 HIOZ T I A AL o AL R B T R R
R AU A SIP R AR [0) 32 R - £ R 88 A G (B 1 — A S 0
BT A AR Ok U5 T A W] A S 9 1B, Wright 58 X
() Fus FUE 143 51 38 7 S0 R A IS B AR o A 45
B 1 1) PR AF 56 R 880 T B 287 AT 78 AT A W0 BF {4
rhg R AN T T 18D A R DG AR B, Ok I T R A4
E] 1 5t 22 S R B . [ i 0 T B S AR SS TiC 2
PN 5 S B R 2 SR Gk B, R4 AT
TR, AR B A5 i R R A S0 A S 6 B AR 17 I A A, DU
TEEAL T 52 v, 25 S0 B A T & A ot 45K i) 2 XL 434k
B R AR B A = R R ZREE, TR
B, 2% S A AR 1) Al A7 8 A BB a5 4 R 0 JRE AR ) (1) 5
BSECN 1. 741 4, BT A RBEETE BUG E 441,
A B 60 B A% A3k R AR A AR R A AR B AR B
A ) ST 38 5 3800 ok D B 28 78 55 TR R 4 il R L AN
FE T SIS 114 3 1 B[] 4654 i i — 25 A HfE I
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Fx3 JEEA MyoD EER RMEIEFEST
Table 3 The Ewens-Watterson test for neutrality of MyoD gene in different pig breeds

- E\ b ﬁ | H "
s 3 70 R i W A
. Shannon’s Expected value
Breed type Breeds Sample size . o Observed F
information index I F SE
YN 60 0.286 8 0. 847 2 0.789 7 0.027 0
7 i RC 14 0.598 3 0.591 8 0.714 9 0.018 6
o wZSs 30 0.636 5 0.555 6 0.760 8 0.023 6
Native breeds
TB 12 0.679 2 0.513 9 0. 685 4 0.017 4
DH 20 0.198 5 0.905 0 0.7237 0.022 7
o
DW 20 0.693 1 0.500 0 0.737 9 0.021 8
Developed breeds
Je A BEIK LYa 62 0.587 4 0. 602 0 0.790 6 0.026 7
Hybrid breeds DLY 78 0.672 0 0.5210 0.809 5 0.026 2
B[ 3k i i D 20 0.688 1 0.505 0 0.729 9 0.023 2
Foreign breeds L 20 0. 500 4 0. 680 0 0.730 4 0.021 6
&1t Total 336 0.603 6 0.603 6 0.853 5 0.025 9

* These statistics were calculated using 1 000 simulated samples

R4 B MyoD ZEE Dde | BYIEEM SHMEERSH
Table 4 The F-Statistics and gene flow analysis of MyoD gene

loci
Sample [ 72 $6 4% Fixation index TS
Size Fis Fir Fyr NmGene flow
336 —0.2617 —0.1033 0.1255 1.741 4

2.5 BmMEBEEENEE-BEMEERESSN
RRGEEREMNER
0 R A i) 38t A B A AR 22 07 0k L H H RIS

WA —M N AR IR R AR AKX, A&
TR R FH Nei 48 H 110 35 T 35 PR3 23R 500808 19 7 1A 1
HH A5 TR AR T 11 3 1 — BoME AN st AL B 8 (D) L &5 R I
5,

T DA% T A 1) F) 3 4% B 85 (Do) g 3R AL, 38
UPGMA ¥ 15 BEAAR ] (4 15 £k BE 25, O 3 8 T B IR
ARG RO, g5 R 0LIE 1, B AR T bR A
Sk A OE G 23 A5 T8 i T Nei” s 35t 4% B B9 10 kAL B 5

x5 BEEMBEE-BEMEEERESN
Table 5 Nei’s genetic identity and genetic distance

i A YN RC WZS B DH DW LYa DLY D L
YN 0.9583 0.9312 0.6525 0.9993 0.7682 0.9636 0.8812 0.8281 0.988 1
RC 0.042 6 0.996 5 0.8419 0.9467 0.9191 0.9998 0.9796 0.953 8 0.990 8
WZS 0.071 2 0.0035 0.8838 0.9167 0.9487 0.9948 0.9929 0.9754 0.976 2
TB 0.426 9 0.1721 0.123 5 0.6232 0.9864 0.8313 0.9332 0.9651 0.761 2
DH 0.0007 0.0548 0.0870 0.4729 0.743 3 0.9528 0.8626 0.806 2 0.981 5
DW 0.2637 0.0843 0.0527 0.0137 0.2967 0.9114 0.9796  0.9950 0. 857 5
LYa 0.0371 0.0002 0.0053 0.1848 0.0484 0.0928 0.9755 0.947 8 0.993 3
DLY 0.126 5 0.0207 0.0071 0.0691 0.1479 0.0206 0.024 8 0.994 7 0.943 4

D 0.1886 0.0473 0.0249 0.0355 0.2155 0.0050 0.0536 0.0053 0.904 4

L 0.0120 0.0092 0.0241 0.2728 0.0186 0.1537 0.0068 0.0583 0.100 4

Nei’s genetic identity (above diagonal) and genetic distance (below diagonal)
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04501 50 LYa
1.654 5 (02179 WZS
— 0.668 0
L
19713 ™
0.248 8
5.5547 DW
0.398 4 0248 8
1.324 1 D
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DLY
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Numbers marked on the branches are the evolution distance based on Nei’s genetic distance
B 1 ETF Nei's BEEBHEERLEN(UPGMA)
Fig. 1 Dendrogram based Nei’s (1972) genetic distance: (Method = UPGMA)

3 W
3.1 MyoD ¥H Y Ddel BEVIf7 S 2SR FE
o C AR R TR & BE A b i 20 A1 oy 46 % 0 3, HL
FEURA FHAE, EBE 56 KBS Hardy-
Weinberg 4, iR R 5 Knoll™ ™ 45 49 i 5 41
—5,
3.2 MyoD NI L EE e Tz A
WARSE . TEREMIE W7 S S i ez 2] A
SR PR VR A A5 12 Jik DR A 45 3 360 A A o 38 L
AR, X 5 HABWE T O T i [ i 5
P PR 2 AR B B Y B B R AR A . R A A
T A P RER 226 B3N L 32 B Sk 3 7 A £ B BE
TRELBA B, 76— F2 B L AF 7R S S I, 0%
BEAR KA, R B S A A S A A G,
3.3 AGELA4EMNHBEREER

W1 UPGMA i #4) € 1) 44 78 B0U(E 43 25 24 v
Bl T 5 I ) %) 3 A0E AR BLRE , SO AR Ol e AE R
(phenogram) . {HFE & J7 ¥ 1 ik, UPGMA ¥ 1
WHHTHESTREKER. Nei C4LIEH, Y
et 1Y % PR 3 25040 ok o A R 48 K & BT IT, UPGMA
A 53 F RGO HABEE Bk AT, BRI
AT E HT A IR Bl i 1 IR %% H /0 B, 7T g
2B F IR 2 0 UPGMA &2 5 8@ ) Fh i i) —
Bk BB A4 R 25 A SRE B A0 B BE Y A
e,

TR M R G R AR, & BB 0 4 2K,

BRI B KA ARSI A —
RIC R T R R AN B 1 2 HE 5 48 AR 5 3
TE—BIE AR 2 28 KT 8% & w0 . DLY JE WA
3 2 UM BB AR 4 2K

A R BEAR B BRI Sk F LB 1 R
BHEERTERFREENIRPEE2FATKA
H B I 2%, AR A A 1 A IR T A T AR B L R
FARKEB MM S, Bk H e OO B % 5
R HAR NG A Z R R K A, 2 2
28 v B R T A R R TR R T T 3k R B AN R Y R AR
UV i b 5 R ol R e SR G 5 R A
55 3 P R 5 R 2 DLRE I T O ACAR, R A Ry
BEAR B L H AT T I — A F s E A, &
AR 50% MHIE TN L, DLY N &A 50 % FLi%
Ve L 2% B A2 SCREAAR L 0 5 A AL I B 0 i 2% L 0K
SCOR AL I8 S 2% 43 A . JHORE S BB 1) g D LA A
e AT 2 3 P A L A% O TR MR AR RS [ T e g
HAY B 4 20T 8 SO e I I A3 R
3.4 F A RFLP #iIE#HTYMEERESULFARH
AT

HHEFhic kI 7 % A7 L, RELP 3 46
FNMZ T RERB A A, B Avise ' IE B 24 Fj ¥
B8] 5¢ R AR UL B, RELP 32 J& — R Al 1 B 4 st 4% 4544
R PR S B 753 AT LA SR B 55 40 b 9 1 AR B0
SR AL Ak . AR D RS R AER BN SS
FEIAE) B 55 2% 4 Rl R A 1) 8 o g s ) AT 8 W)
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