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Summary
The aim of this research was to measure mRNA expression of porcine MYF6 (myogenic factor 6, also known in the medical literature
as herculin and myogenic regulatory factor 4, MRF4) and to perform association study with meat quality traits as well as to unravel the
transcriptional regulation of this gene by expression QTL (eQTL) study. For this purpose, Duroc × Pietrain F2 resource population (DuPi;
n = 313) were used for association and eQTL study. The mRNA levels in Longissimus dorsi muscle tissue of MYF6 gene were evaluated
by using qRT-PCR to identify association between gene expression and meat quality traits as well as to analyse eQTL. The mRNA
expression of MYF6 associated with conductivity24L (P<0.01) and pH24L (P<0.1). Expression of MYF6 gene was higher in animals with
high pH and conductivity of muscle. Linkage analysis using GridQTL revealed 4 trans-regulated eQTL on four porcine autosomes.
Significant eQTL [P<0.01, CW (chromosome-wide)] were found for MYF6 on SSC2. A suggestive eQTL (P<0.05, CW) was identified on
SSC8. These results revealed that gene expression of MYF6 associated with the meat quality traits and this gene could be potential
functional candidate gene for meat quality traits in pigs. However, the analysis of eQTL also suggested that additional genes encoding
for transcription factors (TF) could be considered, via fine-mapping underlying the eQTL peaks, in order to understand interaction
among these genes.
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MYF6 mRNA İfadesinin Domuzlarda Et Kalitesi ile İlişkisi ve
eQTL Analizi
Özet
Bu çalışmanın amacı literatürde herculin ve myogenic factor 4 (MRF4) olarak ta bilinen domuz MYF6 (myogenic factor 6) geninin et
kalite özellikleri ile ilişkisi belirlenmesi ve transkripsiyon seviyesinde gen ifadesinin kontrölünün QTL (eQTL) yöntemiyle incelenmesidir.
Bu amaçla, Duroc × Pietrain F2 deneysel populasyonu (DuPi; n = 313) asosiyasyon ve eQTL analizleri icin kullanılmıştır. MYF6 geninin
mRNA düzeyleri Longissimus dorsi kas dokusu hücrelerinde asosiyasyon ve eQTL analizi icin qRT-PCR kullanılarak ölçülmüştür. MYF6
genin mRNA düzeyi iletkenlik24L (P<0.01) ve pH24L (P<0.1) ile ilişkili bulunmuştur. MYF6 ifade düzeyi iletkenliğin ve pH’nın yüksek
olduğu kaslarda daha yüksek olarak bulunmuştur. GridQTL kullanılarak yapılan bağlantı analizinde dört domuz otozomal kromozomu
üzerinde 4 trans-kontrollü eQTL tespit edilmiştir. SSC2 üzerinde MYF6 ifadesi için istatistiki olarak önemli eQTL [P<0.01, KÇ (kromozomal
çapta)] bulunmuştur. SSC8 üzerinde önerim düzeyinde bir eQTL tespit edilmiştir (P<0.05, KÇ). Bu sonuçlar MYF6 ifadesinin et kalite
özellikleri ile ilişkili olduğunu ve bu genin domuzlarda et kalitesinden sorumlu fonksiyonel bir aday gen olabileceğini göstermiştir.
Ancak eQTL analizleri sonucunda, genler arasındaki etkileşimin anlaşılabilmesi için, detaylı haritalama çalışmaları ile eQTL bölgesindeki
transkripsiyon faktörlerini (TF) kodlayan genlerin incelenmesi gerekmektedir.

Anahtar sözcükler: eQTL, Domuz, MYF6, mRNA ifadesi, Et kalite kriterleri

INTRODUCTION
A significant number of genes 1-4 and quantitative trait
loci (QTL) (www.animalgenome.org/cgi-bin/QTLdb/SS)
have been reported for meat and carcass quality traits in
pig. The myogenic factor 6 (MYF6/myogenic regulatory
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factor 4, MRF4) gene codes for the basic helix-loop-helix
(bHLH) transcription factor (TF) belonging to MyoD family 5.
Its expression accompanies the processes of differentiation
and maturation of myotubes during embryogenesis and
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continues on a relatively high level after birth, affecting the
muscle phenotype 6. The expressed MYF6 is involved in the
processes of differentiation and maturation of myotubes
during embryogenesis and dominates quantitatively over
the other myogenic regulatory factors (MRFs) in adult
muscle 6-9. Increases in MYF6 mRNA and protein may play
a role in the differentiation of adult fibers 10. This gene has
10-fold higher postnatal expression than the other genes
of the MRF family 7. The lack of active MYF6 protein causes
an anomaly in the growth of muscle, known as myopathy.
On the other hand, it was demonstrated that MYF6 also
acts as a determining factor in the absence of myogenic
factor 5 (MYF5) and myogenic differentiation 1 (MYOD1)
during the onset of myogenesis in mice 11. This is the
main reason why MYF6 is regarded as the principal factor
influencing skeletal muscle phenotype 12. Transcriptional
regulation complexity of the genes encoding the myogenic regulatory factors has been reviewed in vertebrates
and concluded as skeletal myogenesis is coordinated
by the activation of the MRFs in response to signals that
are interpreted by their associated regulatory elements
in different precursor cells during development 13. This
explains the existence of numerous regulatory elements
such as cis-, trans- or miRNAs at large distances to MYF6
points make very complex pattern of the gene regulation
with significant differences between species.
Growth rate and muscularity are economically important
in pig breeding. The development of skeletal muscle depends
on the number and size of muscle fibers. Because of its
functions and supported by results of linkage studies, MYF6
is considered as candidate gene for growth related traits
in meat-producing animal species 14. Wyszynska-Koko et al.6
has shown the association between SNP in coding and
promoter region of MYF6 and production traits in pigs.
Porcine MYF6 was mapped to porcine chromosome 5
(SSC5) 15 where different QTLs for meat and carcass quality
traits were identified in pigs (http://www.animalgenome.
org/cgi-bin/QTLdb/SS/index, August 2011). mRNA
expression of MYF6 was shown to be differentially regulated
between different pig breeds due to genetic 16 or epigenetic
factors 8. Association between mRNA expression and
meat quality traits were shown in pigs 17,18. Moreover,
expression variation of meat quality related genes enables
us to identify the effects of QTL for gene expression called
expression QTL (eQTL) 19. However, to best of our knowledge, no study has been devoted to association between
mRNA expression of MYF6 and meat quality in pigs in a
large animal population. Therefore, the aim of this work was
to study MYF6 through association and expression as well
as eQTL study to prove its candidacy for meat quality traits.

MATERIAL and METHODS
Populations and Phenotypes
Genomic DNA and phenotypic data were obtained

from a reciprocal cross of Duroc and Pietrain (DuPi,
n = 313) F2. The structure and breeding of the DuPi
population was described in a previous study 20. All pigs
were kept at the experimental research farm “Frankenforst”,
Institute of Animal Science, University of Bonn (Germany).
All pigs were slaughtered in a commercial slaughter house.
Meat quality traits analysed in this study cover indicators
of water holding capacity including drip loss, thawing
loss, cooking loss, pH at 45 min post-mortem (p.m.) in loin
(pH1L), pH at 24 h p.m. in loin (pH24L), conductivity at 45
min p.m. in loin (Conductivity1L) and conductivity at 24 h
p.m. in loin (Conductivity24L). Conductivity and pH-values
were measured using Star-series equipment (Rudolf
Matthaeus Company, Germany) in both the longissimus
dorsi muscle between 13th/14th ribs. Drip loss was scored
based on a bag-method with a size-standardized sample
from longissimus dorsi collected at 24 h p.m. that was
weighed, suspended in a plastic bag, held at 4°C for 48 h,
and thereafter re-weighed. To determine cooking loss, a
loin cube was taken from the longissimus dorsi, weighed,
placed in a polyethylene bag and incubated in water at
75°C for 50 min. Shear force was recorded in Instron testing
machine. The bag was then immersed in flowing water at
room temperature for 30 min and the solid portion was
re-weighed. Thawing loss was determined similarly after
at least 24 h freezing at -20°C. Drip loss, cooking loss, and
thawing loss were calculated as a percentage of weight
loss based on the start weight of a sample. Carcass quality
traits were collected according to guidelines of German
performance test 21. The numbers of records, mean values
and standard errors are shown in Table 1.
Expression Study Using Quantitative Real-Time PCR
(qRT-PCR)
Total RNA from the skeletal muscle samples of the 313
DuPi animals were isolated using TriZol® reagent (SigmaAldrich). cDNA was synthesised by reverse transcription
PCR using 2 μg of total RNA, SuperScript II reverse transcriptase (Invitrogen) and oligo(dT)12 primer (Invitrogen).
Gene specific primers for the qPCR were designed using
the Primer Express software (Applied Biosystem); primers
are listed in Table 2.
The qPCR was conducted using the following program:
95°C for 3 min, 40 cycles 95°C for 15 sec/60°C for 45 sec on
the ABI Prism 7000 Sequence Detection System (Applied
Biosystem). Each PCR reaction contained 10 μl iTaqTM
SYBR® Green Supermix with ROX PCR core reagents (Bio
-Rad), 2 μl of cDNA and an optimized amount of primer
were mixed with double-distilled water to a final reaction
volume of 20 μl. All samples were analysed twice (technical
replication) and the arithmetic mean of the Ct values
were further used for association analysis using SAS v9.2
(SAS Institute Inc., Cary, NC). The geometric mean of three
housekeeping genes GAPDH (glyceraldehyde-3-phosphate
dehydrogenase), RPL32 (ribosomal protein 32) and TBP
(TATA box binding protein) was used for normalisation of
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Table 1. Data collection in the DuPi population and traits measured with mean and standard errors
Tablo 1. DuPi populasyonundaki veri seti ve ölçülen özelliklerin ortalaması ve standart hatası
Trait

N

Mean

Standard Error

Minimum

Maximum

pH1L

313

6.56

0.21

5.91

7.02

pH24L

313

5.49

0.08

5.30

5.84

Con1L (ms)

313

4.35

0.63

2.80

6.00

Con24L (ms)

313

2.79

0.81

1.60

9.20

Drip loss (%)

313

2.07

0.96

0.50

5.60

Thawing loss (%)

313

8.20

1.86

3.30

13.60

Cooking loss (%)

313

24.68

1.97

17.20

29.40

Shear force (N)

313

35.18

6.62

21.96

61.21

pH1L, pH24L: pH in longissimus dorsi muscle at 13 /14 rib at 45 minutes and 24 h p.m., respectively; Con1L, Con24L: conductivity in
longissimus dorsi muscle at 13th/14th rib at 45 min and 24 h p.m., respectively, N: Newton, ms: millisecond
th

th

the target genes. The delta Ct (ΔCt) values were calculated
as the difference between target gene and geometric mean
of the reference genes: ΔCt = Cttarget gene – Cthousekeeping gene.
Ct values were Logarithm (Log) transformed and used
for further analysis. The higher Ct value indicated lower
expression and lower Ct value indicated higher gene
expression.
Association of Expression Profiles with
Meat Quality Traits
Association of gene expression levels with meat quality
traits was analysed using generalized linear model (PROC
GLM) in SAS. In this model, season of slaughter, family (Dam
× Sire) and sex of the animal were assumed as fixed effects;
slaughter weight and gene expressions were included as a
linear covariate for meat quality traits. The following GLM
model was used:
yijk = µ + sexi + ysj + familyk + βSW + βGE + eijk
where yijk is the observation of the trait (meat quality); µ
is the population mean; Sexk is the effect of k-th sex (k = 1
for male and 2 for female); ysj is the effect of j-th season of
slaughter (j = 1 through 12; four seasons in 3 years); Familyk
is the fixed effect of k-th family (k = 1 through 19); βGE is the
linear effect of normalized gene expression as covariate
(βGE = MYF6) and βSW is the linear effect of slaughter weight
as covariate and eijk is the random residual error.

Marker Analysis and eQTL Study
A linkage map with the total length of 2159.3 cM and
an average marker interval of 17.7 cM was constructed.
F0, F1 and F2 animals of the DuPi population were genotyped
at 122 markers loci covering all porcine autosomes. Marker
positions and details of genotyping procedures were
described by Liu et al.20 and for SSC1 by Große-Brinkhaus
et al.22. F2 QTL interval mapping was performed using the
web-based program GridQTL 23 based on a least square
method. Single line-cross QTL analysis was carried out.
Relevant fixed effects for gene expression values including
class effects and covariates were tested the using GLM
procedure of SAS. Residuals of the GLM model were used
for the QTL analysis. Therefore, the basic QTL regression
model used for eQTL analysis was:
yijk = µ + sexi + ysj + familyk + βSW + eijk
where yijk is the observation of the trait (gene expression);
µ is the population mean; sexk is the effect of k-th sex (k = 1
for male and 2 for female); ysj is the effect of j-th season of
slaughter (j = 1 through 12; four seasons in 3 years); familyk
is the fixed effect of k-th family (k = 1 through 19); and βSW
is the linear effect of slaughter weight as covariate and eijk
is the random residual error.
Chromosome-wide (CW) 5% significance thresholds
were determined using 1000 permutations 24. The confidence

Table 2. Primer sequences used for qRT-PCR analysis
Tablo 2. qRT-PCR analizi için kullanılan primer dizileri
Gene Name

Primers Sequence

Tm

Product Size

GenBank ID

MYF6

F: TGGATCAGCAGGACAAAATG
R: TGTTTGTCCCTCCTTCCTTG

55°C

171 bp

AY188502

GAPDH

F: ACCCAGAAGACTGTGGATGG
R: ACGCCTGCTTCACCACCTTC

60°C

247 bp

RPL32

F: AGCCCAAGATCGTCAAAAAG
R: TGTTGCTCCCATAACCAATG

54°C

164 bp

TBP

F: AGCAGCACAGTACGAGCAA
R: GATGGACGTTCGGTTTAGG

60°C

124 bp

DQ845173
AY550039
DQ178129
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interval (CI) was calculated by bootstrapping in QTL
Express. We considered only the QTL which cross LOD
score ≥1.7 in this study. Percentage of F2 variance explained
by the model was calculated as

Var % =

MS R  MS F
x 100
MS R

25

Where MSR is the residual MS from the reduced model,
omitting QTL but including all fixed effects, and MSF is the
residual MS from the full model, including QTL and all fixed
effects.

RESULTS
Association of Expression with Meat
and Carcass Quality Traits
The gene expression as well as association study and

eQTL analysis were conducted in 313 DuPi animals.
Association between gene expression and meat quality
traits were estimated with a GLM model. The main fixed
effects influencing meat quality characteristics were season
of slaughter followed by sex (except Con24L, drip loss and
cooking loss) and family (except pH24L, con1L and drip loss).
Slaughter weight has no effect on meat quality traits
except for cooking loss and shear force. Significant (P
values) values of the class effects were given in Table 3.
According to the result of the linear model, estimated
R-square value explained 58% of pH24L and 58% of Con24L
variation by MYF6 expression (Table 3). Suggestive
association was detected between MYF6 expression with
pH24L (P<0.1). A significant association was detected between
MYF6 mRNA expression and Con24L (P<0.01). Moreover, in
the DuPi population, one of the important meat quality
parameter drip loss was found to be negatively correlated
with pH24L and positively correlated with Con24L (Table 4).

Table 3. Association between MYF6 mRNA expression and meat quality traits in the DuPi population
Tablo 3. DuPi populasyonunda MYF6 mRNA ekspresyonu ve et kalite kriterleri arasindaki asosiyasyon
Class Effects

Traits

R2

Gene Expression

Season of Slaughter

Sex

Slaughter Weight

Family

pH1L

0.60

ns

pH24L

0.58

*

***

*

ns

***

***

***

ns

ns

Con1L

0.48

ns

**

***

ns

ns

Con24L
Drip loss

0.58

***

***

ns

ns

***

0.47

ns

***

ns

ns

ns

Cooking loss

0.65

ns

***

ns

***

***

Thawing loss

0.54

ns

***

*

ns

***

Shear force

0.63

ns

***

**

**

***

ns = not significant
Three significance levels were used: *** (P<0.01); ** (P<0.05); * (P<0.1)
P-values showed by the star, derived from total variation explained by the class effects (R2)
Table 4. Correlation among meat quality traits in the DuPi population
Tablo 4. DuPi populasyonunda et kalite özellikleri arasındaki korrelasyon
Trait r, (p)
pH1L
pH24L
Con1L
Con24L
Drip loss
Thawing loss
Cooking loss
Shear force

pH1L

pH24L

Con1L

Con24L

Drip Loss

Thawing Loss

Cooking Loss

Shear Force

1

0.14
(0.007)

-0.28
(<.0001)

-0.50
(<.0001)

-0.43
(<.0001)

0.03
(0.57)

-0.14
(<.0001)

-0.16
(0.0041)

1

0.01
(0.72)

0.00073
(0.98)

-0.20
(0.0002)

-0.15
(0.0051)

-0.16
(0.0022)

0.02
(0.71)

1

0.20
(0.0002)

0.23
(<.0001)

-0.01
(0.82)

0.04
(0.37)

0.13
(0.01)

1

0.38
(<.0001)

0.01
(0.81)

0.10
(0.06)

0.25
(<.0001)

1

0.14
(0.007)

0.15
(0.003)

0.15
(0.0067)

1

-0.03
(0.50)

0.04
(0.44)

1

0.23
(<.0001)
1
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Differential Expression of MYF6
In the animals with extreme phenotype of pH1L, pH24L
and Con24L (n = 10) selected for differential expression,

the gene expression was significantly higher in animals
with low pH1L compared to animals with high pH1L (data
not shown) (Fig. 1). Animals with higher pH24L had higher
MYF6 gene expression compared to animals with low pH24L
(Fig. 1). The MYF6 mRNA expression was higher in animals
with high conductivity at 24 h p.m. value compared to
animals with low conductivity at 24 h p.m. (Fig. 1).
Expression QTL (eQTL)
A total of four eQTL were detected for MYF6 expression
on four porcine autosomes. On SSC2, a 1% chromosomewide significant eQTL at 26 cM close to the marker S0141
explained 5.12% of the phenotypic variation (Table 5). A
suggestive eQTL was identified on SSC5 at 116 cM close to
marker IGF1. Moreover, a 5% chromosome-wide significant
eQTL was detected on SSC8 between the markers SW2611
and S0086 which explains 3.14% of total variation. Another
suggestive eQTL for MYF6 was detected on SSC10 at 133
cM close to marker SW951 (Table 5). Experiment-wide
thresholds (8.36 and 9.80, P<0.05 and P<0.01, respectively)
were also calculated; however no eQTL in this study
reached the experiment-wide thresholds.

DISCUSSION
Expression of MYF6

Fig 1. Differential expression of MYF6 mRNA (a) animals with high and
low pH24L, (b) animals with high and low Con24L. Lower Ct values represent
higher gene expression and vice versa
Şekil 1. MYF6 mRNA’sının ifade farklılığı (a) yüksek ve düşük pH24L
özelliğe sahip hayvanlar, (b) yüksek ve düşük Con24L özelliğine sahip olan
hayvanlar. Düşük Ct değerleri yüksek gen ifadesini göstermektedir

In recent few decades, pig breeding focused on
improving growth rate and muscularity. This causes
gradual decrease in meat quality and deterioration of
carcass traits such as intramuscular fat content, colour,
hardness or water content in meat 16. The commercial
Duroc and Pietrain breeds differ extremely for their muscle
phenotypes (i.e., myofiber numbers and myofiber types) 26.
In vertebrates skeletal myogenesis is coordinated by the
activation of the myogenic regulatory factors (MRFs) in
response to signals that are interpreted by their associated
regulatory elements in different precursor cells during

Table 5. Expression QTL (eQTL) mapping results for the mRNA expression of MYF6 gene on swine autosomes identified in the DuPi population
Tablo 5. Domuz otozomlarında tanımlanan DuPi populasyonunda MYF6 geninin mRNA ifadesi için ekspresyon QTL (eQTL) haritalama sonuçları
SSCa

Traitb

F-ratioc

Position (CI95)d

Closest Markerse

2

MYF6

5

MYF6

8
10

Additive (SE)f

Dominance (SE)g

Variation (%)h

8.1**

26 (0 – 202)

SW263 – S0141

0.14 (0.21)

2.43 (0.60)

5.12

3.28

116 ( 0 – 113)

IGF1

-0.05 (0.17)

0.82 (0.32)

1.71

MYF6

5.26*

41 (16.5 – 113.5)

SW2611 – S0086

-0.24 (0.19)

0.71 (0.27)

3.14

MYF6

3.98

133 (0 – 129)

SW951 – SWR67

-0.55 (0.21)

0.55 (0.44)

2.22

Sus scrofa chromosome
Gene abbreviations according to NCBI database
c
Significance level was used: 5% chromosome-wide significance level, as suggestive level. The eQTL those can reach the level marked by star
d
Positions of detected eQTL in Kosambi cM with the 95% confidence interval (CI95) given in parentheses according to the bootstrapping approach
e
The closest markers were those markers around the peak, as near as possible
f
Additive effects, expressed as the deviation of the Duroc-Pietrain alleles. SE = standard error
g
Dominance effects, expressed as the deviation of the Duroc-Pietrain alleles. SE =standard error
h
Fraction of phenotypic variance explained by each eQTL as a percentage of the residual variance in the F2 population
* Significant on a chromosome-wide level with P≤0.05
** Significant on a chromosome-wide level with P≤0.01
a

b
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development 27. MYF6 is the most abundantly expressed
myogenic factor in postnatal muscle where it quantitatively
predominates over the other MyoD family transcripts 28.
MYF6 is considered as one promising candidate gene for
growth- and meat quality-related traits in adult pigs 5.
Recently, MYF6 mRNA and protein expression was shown
to be significantly up-regulated in purebred Pietrain pigs
compared to purebred Duroc pigs in the founder family of
DuPi F2 animals 8. Polymorphism in MYF6 in the promotor
region and exon 1 are signicantly correlated with weight
of loin and ham, right half-carcass weight and daily gain 29.
The same researchers did not observe any mRNA
expression differences among genotype classes. However,
in our study, we found that MYF6 expression was associated
with meat pH at 24 h post-mortem (Table 3) and showed
that expression was higher in animal with high muscle pH
and conductivity indicating that this gene was expressed
higher in muscle with lower drip loss because in the DuPi
population, muscle pH was negatively correlated with drip
loss (r = -0.20, P = 0.0002). The same negative correlation
between muscle pH and drip loss has also been reported 30.
Similar results were also obtained by Liu et al.31; they also
identified association between MYF5 SNP and longissimus
dorsi pH in pigs. Te Pas et al.32 stated that genetic variation
at the porcine MYF5 gene locus could also be used as a
marker to study association of the MYF6 locus with muscle
development-related meat traits. SNP in bovine MYF5
were found to be associated with meat traits in cattle 33.
In chicken, although MYF5 found to be associated with
several carcass traits, no polymorphism was detected in
MYF6 gene 34. In the study of Ropka-Molik et al.16 expression
for the MYF6 gene did not show statistically significant
differences between ages of development in analyzed
Poland Landrace and Pietrain breeds. The highest mRNA
level of MYF6 gene was observed in gracilis muscle in this
study among two breeds, but a statistically significant
(P<0.01) difference was only found in Pietrain pigs.
Expression QTL Analysis
Analysis of expression quantitative trait loci (eQTL)
provides a means for detecting transcriptional regulatory
relationships at a genome-wide scale 35. Many investigations
have reported the successful mapping of eQTL in rats,
mice, humans or pigs with different sample sizes 36-39. But
experimental data from genetic investigations of gene
expression in farm animals are still limited 37. Mapping of
eQTL to the specific gene indicates that cis- changes are
responsible for the different expression levels, whereas
mapping positions of eQTL that are different from the
positions of the corresponding genes indicate transregulation. In this study, four eQTLs on four different
porcine autosomes were detected. Different Lod scores
were reported as threshold for a QTL 25,40,41. Here in our
study a Lod score value of 1.7 was chosen based on
the median of presented thresholds in literature 40,41 to
indicate an eQTL as suggestive. Among them, an eQTL

on SSC5 might be a putative cis-regulated eQTL since
the confidence interval of this eQTL did incorporate the
chromosomal location of the MYF6 gene. Moreover, the
highest peak of this eQTL (116 cM) was closed to the marker
IGF1, very close to the chromosomal location of MYF6.
The power of this putative eQTL on SSC5 is low which
might be due to low number of animals in the population.
However, the DNA variations of this gene in promoter
and exon 1 were not affecting the expression of the MYF6
gene in a previous study 16 and the confidence interval
of this eQTL is very wide indicating that the eQTL on
SSC5 is better to be considered as a trans-eQTL. The other
three eQTLs showed trans-regulation of this gene which
were consistent with the previous reports for pigs 42 and
other species 35,43.
Most genes are regulated through complex networks,
and function and expressions are influenced by itself as
well as different other genes, transcription factors and
miRNAs 34. Moreover, distant eQTL may affect their target
genes in many possible ways such as protein-coding
regions, cis-regulatory DNA motifs, transcription factor
that is polymorphic in its DNA binding region, or other
functional nucleotide sequences 35. The MRFs trigger
a cascade of transcription factors and downstream
structural genes. Due to the close vicinity of MYF6 and
MYF5 genes on SSC5, these two genes have a common
regulatory region and the expression of both genes is in
part activated together 44. Analyses of the mechanisms
behind promoter-enhancer specificity in the MYF6/MYF5
locus have unveiled a new class of element, termed
Transcription balancing sequences which explains the
cis-acting effects observed in the various MYF6 and MYF5
alleles 13. On the other hand, Black et al.45 showed that
MYF6 promoter is trans-activated by myogenin, MyoD,
MYF5 and by the myocyte enhancer factor-2 (MEF2) factors
in mice. In our study a significant eQTL (Table 5) was
detected close to marker S0141. An important gene called
insulin-like growth factor 2 (IGF2) locates distal part of the
p arm on SSC2. Regulatory mutation of IGF2 and relation
to muscle growth in pigs gene was shown previously 46.
Alzhanov et al.47 identified distal transcriptional enhancer
directly stimulates the transcriptional activity of an IGF2
promoter-reporter gene in differentiating myoblasts.
Ponsuksili et al.37 stated that the expression of genes
associated with traits that have low heritability, like drip
loss or meat pH is under the control of several transregulated genes. The detected eQTL in this study explain
a low proportion of phenotypic variation. Trans-eQTL
usually reflects genetic regulation that is dispersed across
many loci with small effects and each explains small
phenotypic variance 48. Moreover, trans-regulated genes
appear more in complex traits (i.e., under polygenic
control) than the cis-regulated genes and are likely to
reflect the additive outcome of genetic, epigenetic, and
environmental regulation 49. In our study, all detected
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eQTLs were found to have higher dominance effects (Table
5). Duroc and Pietrain pig breeds were divergent for meat
quality and growth traits, recently their mRNA expression
for MYF6 gene was found to be differentially regulated 8.
Heterosis might be one of the possible reasons for this
over dominancy. However, it is not possible to proof this
with the available data in our hand. To link an eQTL to
the genetic background of a classical phenotypic trait of
interest, it is necessary to establish a relationship between
the variation of that classical phenotypic trait and its
corresponding ‘pQTL’ (pheneQTL) position on one hand
and the expression level of that particular transcript or
the mapping position of the eQTL on the other hand 37.
Among these QTL, phenotypic QTL for pH and conductivity
reported on SSC2 20,50 are close to our detected eQTL for
MYF6 in the DuPi population.

carcass and meat quality traits in commercial pigs. Meat Sci, 84 (1): 159164, 2010.

As a conclusion, significant and suggestive associations
were found between gene expression and meat quality
traits in the DuPi animals and higher expression of the
MYF6 might contribute to lower drip loss and higher muscle
pH. According to eQTL analyses it is difficult to say that our
candidate gene is cis-regulated. Moreover, DNA variations
in promoter of MYF6 including MYF5 were requested as
further study to test whether SNPs affecting its transcription
abundance. Therefore, MYF6 could be a trans-regulated
gene which might be due to the presence of the widely
distributed genetic regulators such as transcription factors
and non-coding RNAs in the whole genome as well as
non-genetic mechanisms (epigenetics). Finally, MYF6
could be suggested as a potential candidate gene for meat
quality traits in pigs. However, further studies are necessary
to validate these results with other breeds especially
in larger outbreed populations and further analysis of
detected overlapping eQTLs and QTL regions can dissect
genes and regulators that are responsible for meat quality
traits in pigs.

9. Hinterberger TJ, Sassoon DA, Rhodes SJ, Konieczny SF: Expression
of the muscle regulatory factor MRF4 during somite and skeletal myofiber
development. Dev Biol, 147 (1): 144-156, 1991.
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