
Introduction

MYOG (myogenin) and MYF6 (MRF4, herculin),

together with MYF3 (MyoD1) and MYF5, are

myogenic determination genes of the MyoD gene

family. These genes code for the four bHLH tran-

scription factors that affect myogenesis by induc-

ing the expression of muscle-specific genes

(Lassar et al. 1989) and participating in precise

regulation of the balance between proliferation

and differentiation of primary muscle cells

(Kitzman and Fernandez 2001). This balance is

a result of different expression patterns of each

gene of the MyoD family during the embryonal

myogenesis in vertebrates. The induction of

MYOG expression is associated with a rapid

set-out of the myoblast differentiation program

and start of expression of specific muscle genes

(Montarras et al. 1991; Buckingham 1992).

The expression pattern of MYF6 is biphasic;

the first phase starts soon after the MYF5 expres-

sion in myoblasts at the migration stage and lasts

from day 9 to day 11.5 p.c. in the mouse embryo.

The exact role of the first phase of expression is

unknown. The second phase of MYF6 expression

begins on day 16 p.c. in the mouse and is con-

nected with the process of maturation of myotubes

and establishment of neuromuscular junctions,

and continues after birth as well (Bober et al.

1991). MYF6 is a gene that is postnatally ex-

pressed at a level about 10 times higher than

the other genes of the MyoD family and therefore
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is supposed to play a role in the maintenance of

the skeletal muscle phenotype (Bober et al. 1991;

Buonanno et al. 1992).

The time of a set-out of a cell cycle is suggested

to be important for the muscle phenotype.

The later beginning of differentiation supposedly

allowed a few more cell cycles to occur, which

could cause a hyperplasia (Coutinho et al. 1993;

Grant and Gerrard 1998). It can be expected that

potential mutations in regulatory regions of

MYOG and MYF6 could influence expression time

and pattern of these genes and in this way affect

the muscle phenotype. Moreover, mutations in

coding regions could affect the protein function

and process of muscle fibre formation.
The variation of the MYOG gene in pigs has

been the subject of several studies (Ernst et al.
1993; Soumillion et al. 1997). The mutations
found were located in introns or in distant flanking
regions. Lately a novel SNP in exon 1 has been re-
vealed, but it appeared not to change the amino
acid sequence (Wyszyñska-Koko and Kury³
2005). Only the SNP in the 3’-flanking region, dis-
covered by Soumillion et al. (1997), was polymor-
phic enough to study the association with
production traits in pigs (te Pas et al. 1999; Cieœlak
et al. 2000; Cieœlak et al. 2002). The results were
not clear and differed depending on breed and sta-
tistical model used.

The sequence and polymorphism of the por-
cine MYF6 gene was not known till 2003. Three
intronic SNPs were discovered by Vykoukalova
et al. (2003). Two linked mutations were revealed
in the region coding for the basic domain
(Wyszyñska-Koko et al. 2004) and one in the pro-
moter region (Wyszyñska-Koko and Kury³ 2004).
No study on association of MYF6 gene variation
with carcass quality traits was undertaken before.

The aim of our study was an analysis of rela-
tions between SNPs in MYOG and MYF6 genes
and carcass quality traits in pigs. In the case of the
MYF6 gene, we investigated whether the mutation
in the promoter region could be causative, by ana-
lysing the expression of the MYF6 gene
in m. longissimus dorsi in relation to variants of
the promoter region.

Materials and methods

Blood and muscle samples

Blood samples were collected at the Pig Perfor-

mance Control Station (SKURTCh) in

Paw³owice, Poland, from 660 pigs of 2 breeds, i.e.

Polish Landrace (PL, n = 229) and Polish Large

White (PLW, n = 193), and of the Polish commer-

cial line L990 (L990, n = 238). DNA was isolated

from whole blood by using the method described

by Kawasaki (1990). Muscle samples were col-

lected from m. longissimus dorsi of 15 PLW sows

free from the RYR1T allele: 5 sows of each MYF6

genotype concerning the C-335T transition in the

promoter region. The samples were collected just

after slaughter and put into liquid nitrogen. RNA

was isolated by using the method described by

Chomczyñski and Sacchi (1987). The quality of

RNA samples was quantified spectrophotometri-

cally at 260 and 280 nm and the ratio of

A260/A280 within the range 1.8–2.0 indicated

good quality of isolates. After DNase treatment

(Sigma), cDNA was synthesized by using MMLV

transcriptase of Promega.

Genes polymorphism

The genotype regarding the C84T transition in

exon 1 of the MYOG gene was determined accord-

ing to Wyszyñska-Koko and Kury³ (2005),

whereas the polymorphism in the 3’-flanking re-

gion of this gene was identified by the method of

Soumillion et al. (1997). The MYF6 genotypes

concerning the T-335C transition in the promoter

region as well as transversions C920G and A942C

in exon 1 were established by the method of

Wyszyñska-Koko et al. (2004) and Wyszyñska-

Koko and Kury³ (2004). The RYR1 genotype was

determined according to Kury³ and Korwin-

Kossakowska (1993).

Real-time PCR

The primers for real-time PCR analysis were de-
signed in the second and third exon of the MYF6
gene by using Primer3 software (http://frodo.
wi.mit.edu/cgi-bin/primer3/primer3_www.cgi).
The ß-actin gene was used as a reference gene, by
using the primers described by te Pas et al. (2000).
The sequences of primers, temperature of anneal-
ing, and product length are shown in Table 1.
The transcription level of the MYF6 gene was
measured in m. longissimus dorsi of PLW sows.
Five animals per genotype at the -335 nucleotide
of that gene, free from the RYR1T allele, were
used. Among the animals not carrying the muta-
tion in the RYR1 gene, the sows for the real-time
PCR analysis were chosen randomly. For every
sow the analysis was repeated 3 times. The expres-
sion level of the MYF6 gene was presented as a rel-
ative value to a constant ß-actin gene expression.
The reaction was performed by using SYBR
Green Taq Ready Mix (Sigma) on a LightCycler
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(Roche). The standard curves for MYF6 and
ß-actin genes were determined by using 5 dilu-
tions of cDNA: 1×, 5×, 25×, 125×, and 625×.
The significance of differences in MYF6 gene ex-

pression level was evaluated by the � 2 test.

In silico analysis of the MYF6 gene promoter

region

The promoter sequence of the MYF6 gene was

analysed in order to find any potential transcrip-

tion factor binding sites in relation to genotype

at the -335 nucleotide. Analysis was done in 100%

matrix to sequence homology by using a TESS

software (http://cbil.upenn.edu/TESS).

Carcass dissection and statistical analysis

The dissection of the right carcass side was done

according to the simplified method of the Pig Per-

formance Control Station in Paw³owice (Ró¿ycki

1996). The following production traits for associa-

tion analyses were chosen: daily gain (25–100 kg)

(g), right carcass side weight (kg), tenderloin

weight (kg), loin weight (kg), ham weight (kg),

loin eye width (cm), loin eye height (cm), loin eye

area (cm2), backfat thickness (mm), lean meat

content of valuable cuts (%), lean meat content of

carcass (%). The statistical analysis was carried

out separately for each of MYOG and MYF6 genes

mutations. However, 2 point mutations in exon 1

of the MYF6 gene appeared to be linked

(Wyszyñska-Koko et al. 2004), and they were ana-

lysed as haplotypes CA and GC.

The statistical analysis was done according to

the GLM procedure (SAS Institute, 2001).

To compare some carcass quality and growth rate

characteristics, the following model was used:

yijkl = µ + Gi + Sj + RYR1k + ßxijkl + eijkl

where µ is the mean value common to all records;

Gi is the fixed effect of the ith MYOG/MYF6 geno-

type; Sj is the fixed effect of the jth sire; RYR1k is

the fixed effect of the kth RYR1 genotype; ß is

the linear regression coefficient of Y on right car-

cass side weight (or age at slaughter in the case of

daily gain and right carcass side weight), and eijkl is

the random residual. The effect of sire was in-

cluded in the model as there were unequal num-

bers of sows per sire. The PL sows came from 27

sires, PLW from 20 sires, and L990 from 43 sires.

The dams were unrelated as the examined sows

came from the Pig Performance Control Station

and therefore were a representative sample of

the particular breed’s population. The covariance

analysis was applied as linear regression on right

carcass side weight (or age at slaughter in the two

above-mentioned traits) was significant.

Results

Relations between MYOG and MYF6 genotypes

and production traits

A total number of 660 pigs were genotyped with

regard to the above-mentioned polymorphisms in

MYOG, MYF6 and RYR1 (ryanodine receptor)

genes. The RYR1 genotyping was performed as

the C1843T mutation in this gene is proved to af-

fect some meatiness characteristics (Koæwin-

Podsiad³a et al. 1993; Kapelañski et al. 1999).

In PLW sows the T allele of RYR1 had a low fre-

quency (0.05), whereas in PL pigs its frequency

reached 0.15. In L990 the T allele frequency was

relatively high (0.39). Therefore, the RYR1 geno-

type was included into the statistical model used

for evaluation of MYF6 and MYOG genotypes on

productive traits considered in this study.

Each of the 2 studied genes had 2 polymorphic

sites. A silent transition (C84T) in exon 1 of the

MYOG gene (in the region coding for a trans-

activation domain) has been recently identified

(Wyszyñska-Koko and Kury³ 2005) and the muta-

tion in the 3’-flanking region has been described

by Soumillion et al. (1997). In the MYF6 gene,
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Table 1. Primer sequences, annealing temperature, expected product length

in real-time PCR analysis and references

Parameters MYF6 ß-actin

Primer sequences F 5'-cttgagggtgcggatttc -3'
R 5'-ctcgaggctgacgaatcaa -3'

F 5'-ggacttcgagcaggagatgg -3'
R 5'-gcaccgtgttggcgtagagg -3'

Annealing temperature 57°C 57°C

PCR product length 122 bp 233 bp

References original te Pas et al. 2000



3 polymorphic sites were described as well:

2 linked transversions in the region coding for

the basic domain (Wyszyñska-Koko et al. 2004)

and the T� C transition at the -335 nucleotide

in the promoter region (Wyszyñska-Koko and

Kury³ 2004).

In the case of the C84T transition in MYOG

exon 1, the PL breed and line L990 appeared to be

monomorphic – only the C allele was present.

The PLW breed had a very low T allele frequency

(0.05) and only one TT animal was identified in

this breed. A comparison of carcass quality traits

between CC and CT sows of this breed did not re-

veal any significant differences.

The studied sows appeared to be much more

differentiated in regard to the 3’-flanking region

mutation in MYOG. The comparison of carcass

quality and growth rate traits between BB and AB

genotypes within L990 (AA was absent) revealed

no statistically significant differences. A different

situation was observed in the PL breed. The AA

genotype appeared to be advantageous for loin

characteristics: loin weight, loin eye height

and area (Table 2). No effect on loin characteris-

tics was observed in PLW sows. In this breed,

a negative molecular heterosis was observed, be-

cause the heterozygotes had the lowest daily gain,

ham weight, lean meat content of valuable cuts

and lean meat content of carcass (Table 2).

The polymorphism in the MYF6 gene appeared

to have also a breed-dependent effect on some car-

cass and growth characteristics. The mutation in

the promoter region of the MYF6 gene was associ-

ated with daily gain of PLW sows, because the CC

animals had significantly lower daily gain than TT

and TC ones (Table 3). No effect on that character-
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Table 2. Associations between the mutation in the 3’-flanking region of the

MYOG gene and production traits in studied groups of sows (LSM ± SE). Only

significantly associated traits are shown.

MYOG genotype AA AB BB

Polish Landrace (PL) sows

No. of animals 5 99 125

Loin weight (kg) 7.25a±0.26 6.78a±0.14 6.78a±0.14

Loin eye height (cm) 8.0A±0.3 7.3A±0.1 7.4A±0.1

Loin eye area (cm2) 62.3B±2.6 56.4B±1.4 55.8B±1.4

Polish Large White (PLW) sows

No. of animals 37 83 73

Daily gain (g) 873.4A±20.7 833.2B ±19.7 850.9AB±19.6

Ham weight (kg) 8.89A±0.11 8.64aB±0.11 8.77b±0.10

Lean meat content in valuable
cuts (%)

67.4a±0.6 66.4b±0.6 67.1a±0.6

Carcass lean meat content (%) 59.4a±0.6 58.4b±0.6 59.1ab±0.6

Mean values marked by different letters within rows differ significantly (p � 0.05, small letters) or

highly significantly (p � 0.01, capital letters)

Table 3. Association between the mutation in the promoter region of the MYF6

gene and productive traits in studied groups of sows (LSM ± SE). Only

significantly associated traits are shown.

MYF6 genotype TT TC CC

Polish Landrace (PL) sows

No. of animals 90 110 16

Right side carcass weight (kg) 40.43a ±0.48 40.20A ±0.31 41.23Bb ±0.32

Polish Large White (PLW) sows

No. of animals 71 91 23

Daily gain (g) 862.5a ±20.11 854.1ab ±18.39 826,7b� 23,40

Right side carcass weight (kg) 40.25A ±0.34 40.13A ±0.31 39.29B ±0.39

Line L990 sows

No. of animals 127 92 19

Loin weight (kg) 6.54a ±0.07 6.44A ±0.07 6.89Bb ±0.14

Mean values marked by different letters within rows differ significantly (p � 0.05, small letters) or

highly significantly (p � 0.01, capital letters)



istic was noticed in PL and L990 pigs. The same

mutation is associated also with right carcass side

weight in PL and in PLW sows. PLW sows of CC

genotype had significantly lower right carcass side

weight than TT and CT animals, while in PL sows

the relation was opposite – CC pigs had the highest

right carcass side weight. A similar effect on that

characteristic was found in the case of linked

transversions C920G and A942C in exon 1 of the

MYF6 gene (Table 4).

L990 sows of genotype GC/GC, concerning

the polymorphism in exon 1 of the MYF6 gene,

had a significantly higher loin and ham weight

than those of CA/CA genotype (Table 4). Next,

the pigs of the CC genotype at the -335 nucleotide

in the promoter region had a significantly higher

loin weight (but not ham weight) than TT and TC

animals (Table 3).

Effect of T-335C transition in the promoter

region of the MYF6 gene on its expression

In order to establish wether the mutation in

the promoter region of the MYF6 gene can affect

its expression and due to it to be further analysed

as a causative mutation, the in silico promoter

analysis and real-time PCR were performed.

In the in silico analysis, TESS software was used

and allowed to state that the presence of the T al-

lele creates the LBP-1 transcription factor binding

site (LA = 1.69), while the C allele abolishes it.

However, further literature analysis (Nikovits

et al. 1990; Yoon et al. 1994) excluded the possi-

bility of LBP-1 binding in that site, as that factor

needs the binding sequence repeated 3 times.

The real-time PCR analysis was performed in

order to find wether the point mutation at the -335

nucleotide of the MYF6 gene promoter region

could influence the gene expression on the tran-

scription level. The sows free from the C1843T

mutation in the RYR1 gene were chosen, as

the presence of the T allele is known to influence

the metabolism of muscle cells (Fuji et al. 1991)

and probably also gene expression. The analysis

was performed in m. longissimus dorsi of PLW

sows. Five sows of each genotype were analysed

and the measurement was repeated 3 times.

The results were highly repeatable between sam-

ples (the highest standard deviation 5.4%)

and within samples (the highest standard deviation

2.1%). No statistically significant differences be-

tween the MYF6 genotypes in relation to ß-actin

gene expression were found.

Discussion

In this study the association between the polymor-

phism in 2 myogenic genes MYOG and MYF6 and

carcass quality traits was analysed. These genes

have been suggested as candidate genes for meat

characteristics as they control the exit

of myoblasts from the cell cycle and the differen-

tiation state in the myogenesis (Buckingham

1992). A change in the expression profile of these

genes or in their structure, caused by mutations,

could influence the process of differentiation and,

in the end, muscle characteristics. Especially

MYOG was the subject of several earlier studies

(Ernst et al. 1993; Soumillion et al. 1997; te Pas et al.

1999; Cieœlak et al. 2000), as that gene appeared to

have a crucial role in the genesis of muscle tissue, ir-

replaceable by other genes (Hasty et al. 1993,
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Table 4. Associations between the mutation in exon 1 of the MYF6 gene and

productive traits in studied groups of sows (LSM±SE). Only significantly

associated carcass traits are shown.

MYF6 genotype CA/CA CA/GC GC/GC

Polish Landrace (PL) sows

No. of animals 88 110 18

Right side carcass weight (kg) 40.44a ± 0.34 40.18A ± 0.31 41.18Bb ± 0.38

Polish Large White (PLW) sows

No. of animals 70 80 35

Right side carcass weight (kg) 40.14A ± 0.34 40.10A ± 0.31 39.40B ± 0.38

Line L990 sows

No. of animals 126 92 20

Loin weight (kg) 6.52a ± 0.07 6.43A ± 0.07 6.89Bb ± 0.13

Ham weight (kg) 8.60a ± 0.07 8.76b ± 0.07 8.81b ± 0.14

Mean values marked by different letters within rows differ significantly (p?0.05, small letters) or

highly significantly (p?0.01, capital letters)



Nabeshima et al. 1993). Soumillion and co-workers

(1997) described several mutations in the MYOG

locus, but only 1, located about 3 kb downstream

of the STOP codon, was highly polymorphic in

European meat pig breeds. Allele A was more fre-

quent in the indigenous pig breeds, while allele B

in the meat pig breeds. Te Pas et al. (1999) de-

scribed B allele as more advantageous for meat

characteristics. But in another study by Cieœlak et

al. (2002), when the effect of the RYR1 genotype

was included, the results appeared to be opposite.

Allele B was associated with bigger backfat thick-

ness (Cieœlak et al. 2002). In the present study,

the results were breed-dependent. In PL sows al-

lele A was advantageous for loin characteristics.

In PLW pigs the statistically significant effect of

genotype in the 3’-flanking region of MYOG on

several traits was found, however, the influence

seems to have rather a molecular negative

heterosis feature (Comings and MacMurray

2000). In line L990 only two genotypes were ob-

served, BB and AB, and no statistically significant

differences between the animal groups of these ge-

notypes were noticed. L990 is a commercial line

of a very divergent genetic background, and al-

though the genetic divergence does not allow to

draw any simple conclusions, the absence of the A

allele in line 990 – advantageous for meat charac-

teristics in PL sows – suggests that this polymor-

phism is rather useless in MAS (marker-assisted

selection). The breed dependence of its effect al-

lows to consider this mutation as a marker of an-

other, still unknown causative mutation. The

novel mutation in exon 1 of the MYOG gene, de-

scribed by Wyszynska- Koko and Kury³ (2005), in

the present study appeared not to have any associ-

ations with production traits. However, the T al-

lele had a very low frequency in the studied sows,

and the number of animals allowed to compare

only 2 groups of pigs – CC and CT. It cannot be

stated that the T allele has no effect on carcass

quality traits, as it is possible that the mutation is

recessive. Further analysis of animals with all

three genotypes is necessary. Anyway, it must be

noted that MYOG seems to be the most conserva-

tive among genes from the MyoD family

(Soumillion et al. 1997; Wyszyñska-Koko and

Kury³ 2005), and there could exist a system ensur-

ing an efficient repair of any spontaneously occur-

ring changes in the gene sequence, which might

influence the myogenin activity.

Knock-out experiments have proved that

the function of the MYF6 gene can partly overlap

with that of MYOG (Hasty et al. 1993; Nabeshima

et al. 1993). However, the postnatal level of MYF6

transcripts is about 10-fold higher than of other

MyoD family genes (Buonanno et al. 1992) and it

is thought to maintain the muscle cells in the ma-

turated stage. MYF6 plays a key role in fusion

of myotubes and their maturation (te Pas and

Visscher 1994). In the human a mutation causing

the Myf-6 protein inactivation, muscle dysfunc-

tion and immaturity of muscle fibres has been de-

scribed (Kerst et al. 2000). In 2003–2004, six

SNPs were found in the porcine MYF6 gene: three

in the intronic region (Vykoukalova et al. 2003),

two in exon 1 (Wyszyñska-Koko et al. 2004) and

one in the promoter region (Wyszyñska-Koko

and Kury³ 2004). The effect of exonic and pro-

moter mutations on carcass and growth traits was

evaluated for the first time in this study. The rela-

tion was breed-dependent, as well. For PLW sows,

the presence of the mutated C allele regarding

the promoter polymorphism caused a lower daily

gain and lower right carcass side weight. The same

relation was noticed in the case of exonic

transversions and right carcass side weight,

as the promoter and exon 1 mutations are partly

linked. The opposite situation was observed in

the PL breed. In sows of L990, the C allele

(C-335T) was advantageous for loin and ham

weight, while GC haplotype (C920G and A942C),

for loin weight.

Transversions in exon 1 cause no change in

the structure of the protein (Wyszyñska-Koko

et al. 2004). In this study we verified wether

the mutation in the promoter region can be caus-

ative. For this purpose the relative transcription

level of the MYF6 gene in dependence on the ge-

notype in promoter region was measured by

real-time PCR. Sows of the PLW breed were cho-

sen for the experiment. No statistically significant

changes in expression of this gene were observed.

It can be stated that neither exon 1 polymorphism,

nor the promoter mutation are causative, but they

might be linked to some other unknown mutation

that can influence the activity of MYF6. Further-

more, MYF6 is located close to MYF5, on chromo-

some 5, and the expression of both genes is in part

activated together. There is a regulatory region

bigger than 140 kb involving both genes (Carjaval

et al. 2001). To evaluate the changes in MYF6

transcription, and the following changes in muscle
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tissue phenotype, probably MYF5 expression

should be known as well.

The similar analysis in the MYOG gene was not

performed because no polymorphism was found

in the promoter region of this gene in any of

the breeds common in Poland (Wyszyñska-Koko

and Kury³ 2005).

Conclusions

MYOG and MYF6 genes are candidate genes for

meat production traits. In the present study the as-

sociation between the mutations in these genes

and both carcass and growth traits was evaluated.

The relations appeared to be breed-dependent and,

together with the results of MYF6 gene expression,

suggest that the studied mutations are not caus-

ative, but can be linked to some other, unknown

mutations that influence the process of

myogenesis and muscle phenotype.
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