ISSN  1007-7626 2007 8
ON  11-3870/Q Chinese Journdl of Biochemigry and Molecular Biology 23(8) :612 616

A Nove Genetic Pdymor phism and Its Genetic Bfects o
Porcine Myogenin Gene in Intron 1

XUE Hui-Liang~ , XU Lai- Xiang
(College d Life Sdences, Qufu Normal University , Qufu 273165 , Shandong , China)

Abgract Snde nucleotide polyrmorphiams of the MyoG gene were teged usng PCR SSCP from 73 Landrace
pigs, 68 Large White pigs, 57 Yimeng pigs and 83 Laiwu pigs. The dfects of the MyoG gene on the hirth
weight , the average daily gain, the meat tenderness, and the backfat thickness were a0 andyzed. On the
bassof the DNA sequence (M14331) of the porcine MyoG gene, primers were designed to anplify MyoG
gene. One polynmorphism was found in the aplified region of intron 1, in which two dleles (A, and B) and
three gerotypes (AA, AB, and BB) were examined. A G —C trandtion was detected at 2 943 locus by
sequencing the honozygptes. The results show that : (1) The Large White breed differed dgnificantly ( P <
0.05) in gerotype didribution from the Landrace, the Laiwu and the Yimeng breeds;and the Laiwu breed
differed sgnificantly( P < 0. 05) in genotype di stribution from the Landrace and the Yimeng breeds;;whereas no
dgnificant differences( P > 0. 05) were found in gerotype digribution between the Landrace and the Yimeng
breeds. (2) On the badsdf thefixed efect modd , dgnificant differences ( P < 0. 05) were found in the birth
weight and the tenderness anong the different MyoG genotypes , whereas no sgnificant differences ( P > 0. 05)
exiged in the average daily gain and the backfat thickness. (3) Usdng leag square andyss, it was seen that
dgnificant differences ( P<0.05) exig in the meat tenderness between the individuds of the BB gerotypes
and those of the AA gerotypes; and dgnificant differences( P < 0. 05) were found in the backfat thickness
cormpared the pigs of the AA gerotypeswith the pigsof the AB , BB gerotypes. These results sugges that the
MyoG gerotype has dgnificant efects on the meat qudity , the growth rate, and the backfat thickness,
therdfore MyoG gene can be used in marker-ass sed sdlection to inprove meat qudity and growth rate , and to
accelerate the breeding progress.
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Myogenin (MyoG) , together with MyaD1(MYF3) ,
MYF5 and MRF4 (d cdled MYF6 or herculin) ,
belongs to the MyoD family genes. These genes encode
basc hdlix-loop-hdlix (bH_H) proteins and are involved
in muxle cdl determination and differentiation in
vitro™? . The myogenin expresson abrogates the myoblast
proliferation potential and regulates the differentiation of
noronucl eated myoblags into multi nucl ested
mycfibers® . The induction of the MyoG expresson is
aspciaed with a rgpid stout of the myoblag
differentiation program and dart of ecific muscle genes
epresson”.  The krock-out exeriments on murine
embryos reved acrucid roleof MyoG in myogeness. The
null myogeninr-mutants in the homozygous dates are
dillborn and show severa muscle and skeleta defects.
Muscle tissue is dramaticaly reduced, noronucleated
myoblags are present ingead of muscle fibers, occasond
mydfibers show a lowered densty , disorganized sructure
and various sages of meturation™ . The myogenin gene
(MyoG) , contains three exons and is physcaly mepped
to the porcine chrompome 9q2. 1-g2. 6. MyoD1 is a
mager regulatory gene for myogeness that o converts
many mesoderm-derived cdls into the skeletal muscle
pherotype!”. And a criticd myogenic factor induced
rgpidly upon activetion of quiescent stelite cdls and
required for ther differentigtion during musle
regeneration’” .  The myogenic factors 5 (MYF5) and
MR are integrd to the initiation and development of
skeletdd musle and to the mantenance o its
pherotype'® .

Polynorphic  Nla and Msp dtes were
disovered in the MyoG gene, and genetic reationships
between the MyoG gerotypes and the partia growth traits
were andyzed in the previous gdudies. The different
MyoG gerotypes are related to the variation in the number
of the muscle fibers and the gronth rate , which lead to a
variation in the musde mass®™. The Suthern blot
andyssaf 105 unrelated pigs revedes three polynorphic
Mspl dtes that are located in the promoter region, the
seoond intron , and at the 3 flank of the MyoG gene™ .
With repect to the intron 2 Msp  RALP dte, nog o
the exotic breeds present as the AA gerotype, whereas
many of the Chinese local pig breeds present as the BB
gerotype. With repect to the 3 flank dte, nog of the
exotic breeds present as the NN gerotype , whereas many

of the Chinese locd pig breeds present as the MM
gerotype. The 5 RALP Steis not found in the pig breeds
teted ™. Sgnificant differences are found between the
AA and BB gemotypeswith regard to the birth weight , the
gonth rate, and the lean weight , but mot the backfat
thickness ™.

Based on the gudies of the former scientiss, MyoG
as a posshle gene dfects the muscle pherotype. The
candidate gene gpproach is an dfective and fag QTL
mepping method. The aim of this sudy was to anayze the
DNA polymorphism of the porcine MyoG gene, and
correlaions between the polymorphiam and the pig partia
gronth traits were analyzed in this sudy. The results of
this gudy may provide a bads for pure breeding, for
crossbreeding, and for the preservation of inportant
genetic repurces a a nolecular levd .

1 Materialsand Methods

1.1 Animals

73 Landrace pigs, 68 Large White pigs, 57 Yimeng
pigs and 83 Laiwu pigs were used as experimentd animal s
inthis sudy. Ear tissue sanples were oollected for the
extraction of genomic DNA.
1.2 Genomic DNA extraction

Geromic DNA was ilated from 1 mg of ear tissue
sample by overnight proteinase K digedion followved by
pherol-chloroform extraction and etharol precipitation ,
acoording to gandard protocol s.
1.3 PCR SSCP

Based on the published DNA sequence of the porcine
MyoG gene(M14331) , primers were designed to anplify
DNA sequence to detect MyoG polynorphiams. PCR was
peformed in a totd volume of 25Ul of the following
mixture: 100 ng porcine geromic DNA, 10 pnol/L o
each primer , 200 mmol/L of each dNTP, 1.5 mmol /L
Mgd,, 2.5UL bufer (10 x concentrate: 200 mmol/L
TrisHA , pH 8.4, 500 nmol/L KA) , and 1.0 unit o
Tag DNA polymerase. The PCR mix was incubated at
94  for 5 min. This gep was followed by 30 cycles a
95 45 sfor denaturation, 58 30 sfor anneding,
and 72 45 s for extendon. The lagz PCR gep was
72 for 8 min.

Each PCR sarple (1M1) was added to 541 of the
loading buffer (concentrate: 98 % formamide, 0. 025 %
bronopherol blue, 0.025% xylene cyaole, and 10
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mol/L EDTA ,pH 8.0). The saples were heated at
98 for 10 min, oooled on ice,then loaded to 12 %
denaturing polyacrylamde gel. Hectrophoress was
performed a room termperature for a minimum of 5 hours,
then the gel was dlver gained. The primer sequence used
to arplify MyoG intron 1 to detect polynomphism was
F:ACAGGAGCBCACCCAGACA and R: CATTTGACCTTG
CCTTTAG.
1.4 Satidical analysis

The gerotype frequencies from the examined pigs
were calculated and tegted for dgnificant differences. An
andyss o the gerotypic dfects of the MyoG gene was
carried out usng the G.M procedure of SPSS. The fixed
nodd was:

Yium = U+ Bi + § + Fysc + M| + €unm
Where , Yjum iSthe observed value of mth individua from
the breed i , the sax j, of gerotype |, in the kth farm-
year-sadn; u isthe lead square means of the observed
vaues; B, isthe dfective vdue of the breed i ; S isthe
dfective value of the sx j; fys. is the dfective vaue of
the kthfarnryear-ssaon; m isthe dfective vaue of the
gerotype |; and ewm IS the random resdua dfect
corregponding to the observed val ue.

2 Resaults

2.1 PCR SSCP analysis

The PCR products were teded by agaroe od
electrophoreds for dze corfirmetion. The PCR product
was sown in Fg 1. The PCR products were subjected to
SCP andyss. One polyrmorphism was found in the PCR
product of intron 1, which resulted in three gerotypes,
desgnated AA, AB, and BB, as sown in Hg 2.
Honmozygptes were sequenced usng dye terminators on an
ABI PRISVI 3100 Cenetic Andyzer. The Blag Sftware
was used to assemble the sequences and a G —C trangtion

was detected , as shown in Fg. 3.
1 2 3 4 5 6 7 M

e L e bp

Fig.1 The PCR product o intron 1 o the myogenin gene
(303 bp)
M :100 bp DNA merker ;1 —7 : PCR products

1 2 3 4 3 6 7 8 9

Fig.2 The SSCPresults o the PCR product o intron 1 of
the myogenin gene by 12 % PAGE
1,4,5,9:Gerotype AB; 2,3,8: Garotype AA; 6,7 : Gerotype BB

29113

TGGTGGGGGTCGGTC

genotype A4

2943
¢

TGGTGGGGCTCGGTCA

genotype BB

Fig.3 The squence comparison o the homozygotes AA
and BB o intron 1 of the MyoG gene revealed a G -~C
transition

2.2 Genotype digribution

Gerotype di gribution varied with the breeds of the pigs
as downin Table 1. Allde A, the cominant gene in Large
White, had a frequency o 0.77, whereas dlde B, the
dominart gene inLawu pigs, had afrequency of 0 83. The
resdts o the muti conparion sowed thet the Large White
pig breeds corrpared with the Landrace , the Lawu and the
Yimeng pigs, dgnificant dfference (P <0.01) exiged. The
Lawu pig breeds conmpared with the Landrace and the
Yimeng pigs, donficant dfference ( P < 0.05) were found.
Whereas o dgnificart  dfferences exiged between the

Landrace and the Yimeng pigs (Tade 2).
Tablel Genotype frequencies d porcine myogenin gene in the
different pig breeds

Gerotype  Large White | andrace Yimeng Lawu
AA 0.72(49) 0.38(28) 0.33(19) 0.10(8)
AB 0.10(7) 0.16(12) 0.19(11) 0.16(13)
BB 0.18(12) 0.45(33) 0.47(27) 0.75(62)

A 0.77 0.47 0.43 0.17
B 0.23 0.53 0.57 0.83

The number of sarples were shown in parentheses
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Table 2 X ?tet d MyoG genotypes in the different pig breeds

Breed Landrace Yimeng Lawu
Large White 13.505" " 19.329° " 31.668 "
Landrace 1.906 7.968"
Yimeng 9.749°

2.3 Hfects o the different genotypes

The gemotypic dfects of the MyoG gene are
summarized in Table 3. dgnificant differences ( P <
0. 05) were found among the different MyoG gerotypes for
the birth weight and the tenderness, but mot for the
average daily gain and the backfat thickness. The leag
square means and the g¢andard errors of the birth weight ,
the average daily gain, the tenderness and the backfat
thickness were analyzed by the G.M procedure usng
SPSS and were summarized in Table 4. The meat
tendernessof the AA pigs was dgnificantly higher (P <
0.05) than those of the BB pigs. The backfat thickness
inthe AB pigs and the BB pigs were both dgnificantly
lower (P <0.01) than those in the AA pigs.
Table 3 Hfects of the breed, sx, Fys,and genotype on the

birth weight , the average daily gain, the tenderness, and the
backfat thickness

Fvaue

Surce ¢ Birth Average Mesat Backfat
weight  daly gan tenderness thickness

Breed 3 13.43277 10.367 " 13.373° " 8.621°
Sex 1 172 6.078° 7.118° 6.438°
Fysl 3 6.031° 3.577 1.982  1.733
Garotype 2 10.227° 4.7 7.038°  3.982

1) Famryear-seaon; 2) degree of freecom.
Vaueswith * differ a& P<0.05; Vdueswith * *differ a P<0.01

Table4 Lead sguare meansand sandard errorsfor the birth
weight, the average daily gain, the meat tenderness, and the
backfat thickness, based on three genotypes

Trats AA AB BB
Birth weight 1.403+0.041 1.372+0.073  1.394%0.107
Average daily gain 128.33+0.18 131.24+0.44  130.44+0.16
Medt tenderness  6.537+0.137 5.738+0.152 5.128°+0.382
Backfat thickness  8.931°+0.213 7.132°+0.411  6.744° +0.128
abyithin arow , meanswithout a conmon superscript Ietter differ ( P < 0. 05)

3 Discussion

Our reaults have reported in this sudy provided
important evidence that the presence of a new dlele of the
MyoG gene were asociated with severa inportant
economic traitsin pigs.

The genotype digribution varied with the breeds of
the pigs. As previous sudy by Lin™ shows that
sgnificant differences exig between the exotic pig breeds
and the Chinese indigerous pig breeds in their gerotype
frequencies. Therdfore, it may be suggeded that the
sgnificant differences among the different pig breeds with

regard to the growth rate and the meat quality are related
to the gerotypes of the MyoG gene , which result from the
long-term sdlection.

The reaults of the leas square anadlyss show that
dgnificant differences ( P < 0.05) exiged anong the
different MyoG gerotypes with regard to the hirth weight
and the meat tenderness. As previous <udies by
Tepas ™, Lin™, and Go"™ sow that sgnificant
differences exig anong the MyoG gerotypes for the birth
weight. However rdationships between the MyoG
gerotypes and the meat tenderness have mot been
reported. The genotypic dfects of the MyoG on the meat
tenderness were firdly andyzed and reported in this
gsudy. Therdore, it may be suggesed that MyoG gene
has ome dfects on the birth weight and the meat
tenderness.

One genetic variation of the porcine MyoG gene was
detected in this gudy , which may be asociated with the
variation in meat quality traits and growth rate. It remains
to befurther invedigated whether the dfects are caused by
this variation alone or by their linkage disequilibriumwith
the caustive mutations. This identified genetic
polymorphism can be used in breeding programs to
improve overall meat quality , and thereby the ecoromic
value for the pork supply chain and quaity products for
oconsumers. Being the limited number of the experimenta
animals in this gudy, analyzing nore animas may be
necessary to corfirm the gerotypic dfects of the MyoG
gene.
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