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Abstract: PPARGCIA, the gene encoding peroxisome proliferative activated receptor-y coactivator-lg 1s a
useful candidate gene for pork quality due to its regulation of the determination of myofibre type. In this study,
changes in developmental gene expression of PPARGCI1 A in longissimus dorsi muscles were examined in two
plg breeds, Landrace (lean) and Meishan pigs (obese) at birth, 30, 60, 90, 120 and 150 days of age using
quantitative real-time PCR. The results indicated that there were distinct expression patterns of PPARGCIA
in the two pig breeds. At most stages, except at 30 and 60 days, the abundance of PPARGCIA mRNA in
Meishan pigs was significantly higher than that in Landrace (p<<0.01). Interestingly, there was a negative
correlation between the PPARGCIA expression pattern and myofibre cross-sectional area across five
developmental stages which implies that PPARGC1A might have an important influence on myofibre growth.
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INTRODUCTION

Peroxisome proliferative  activated receptor-y
coactivator-1a (PPARGCIA), a nuclear transcriptional
factor plays an important role in hepatic gluconeogenesis
(Yoon et af, 2001), mitochondrial biogenesis and
respiration (Puigserver et al., 1998), adipogenesis and
adipocyte differentiation (Spiegelman et al., 2000) and
metabolic homeostasis (Puigserver, 2005). PPARGC1 A
mteracts with other nuclear hormone receptors such as
the glucocorticoid receptor (Kuutti ef al., 2000) cestrogen
receptor (Tcherepanova et al., 2000), retincic X receptor
(Delerive et al., 2002) and glucose transport protein 4
(Michael et al., 2001). The abundance of PPARGCI1A 1s
closely associated with the number of oxidative myofibres
making it a remarkable candidate gene for pork quality
(Wuetal, 1999, Lin et al., 2002; Erkens et al., 2006).

Western pig breeds have been intensively selected
over the past two decades for rapid and efficient accretion
of muscle which is believed to have led to deterioration in
meat quality as the extra muscle bulk contains fewer
oxidative fibres and more glycolytic fibres. Landrace, a
typical lean-type western breed is now widely used for
commercial production throughout the world While
indigenous Chinese pig breeds have lower growth rates
and lower lean meat content than conventional westemn
plg breeds, they have proved superior m terms of

perceived meat quality. The Meishan variety 1s a typical
indigenous Chinese breed of pig. In general, the
Intramuscular Fat content (IMF) of Meishan was higher
than in the Landrace, meanwhile the shear force, muscle
fibre diameter were lower than in the Landrace (Liu et af.,
2006). This was the reason that resulted in better meat
quality of Meishan pigs than Landrace.

Myofibres were considered as an important factors
influencing meat quality and can be characterized by their
total number, myofibre Cross-Sectional Area (CSA),
length and contractile and metabolic types (Lefaucheur,
2006).

Researcher reported that increasing CSA s
detrimental for meat quality especially in water holding
capacity and tenderness (Rehfeldt et al, 2000). In this
study, we surveyed the developmental gene expression
patterns of PPARGCIA and changes m tendencies of
CSA for the longissimus dorsi muscle in Landrace and
Meishan pigs at birth, 30, 60, 90, 120 and 150 days.

MATERIALS AND METHODS

Total 48 pigs (24 Landrace and 24 Meishan pigs) were
used in this study. The piglets were raised with ad libitum
access to feed under normal conditions and were
simultaneously weaned at 28+1 days of age. The animals
were reared in compliance with national regulations for the
humane care and use of animals in research. The pigs
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Table 1: Primers used for quantitative real-time PCR

Gene symbol Primer sequence Product size GenBark No.

PPARGCIA F-5° CCTGCATGAGTGTGTGCTCT3® 107 bp AB106108
R-5 CTCAGAGTCCTGGTTGCACA3’

ACTB* F-5" TCTGGCACCACACCTTCT 3° 114 bp DQ178122
R-5" TGATCTGGGTCATCTITCTCAC 3°

TBP* F-5° GATGGACGTTCGGTITAGG 3° 124 bp DQ178129
R-5" AGCAGCACAGTACGAGCAA 3°

TOP2B* F-5° AACTGGATGATGCTAATGATGCT 3 137 bp AF222921

R-5" TGGAAAAACTCCGTATCTGTCTC 3°

*:ACTB, TBP and TOP2B are the intemal control genes

were sacrificed at a commercial slaughterhouse at six
postnatal stages: birth, 30, 60, 90, 120 and 150 days of age.
At each time pomt we sampled four pigs (two sows and
two boars) for each breed. The longissimus dorsi muscle
near the last 3rd or 4th rib was rapidly and manually
dissected from each cleaved pig. A sample of the muscle
was reserved for immediate microscopy and the rest was
crushed to a powder m liqud nmitrogen, subdivided mto
80-100 mg portions and stored at -70°C until further use.

The muscles samples were fixed in 10% neutral
buffered formalin solution, embedded in paraffin using
TP1020 semi-enclosed tissue processor (Leica), sliced at
a thickness of 6 pum using RMZ2135 rotary microtome
(Leica) and stained with Haematoxylin and Eosm (H and
E). The myofibre Cross-Sectional Area (CSA) was
counted for an average of 100 fibres in randomly selected
fields using a TE2000 fluorescence microscope (Nikon)
and Tmage Pro-Plus 6.0 software (Media-Cybernetics).

Total RNA was extracted from -70°C stored samples
of longissimus dorsi muscle with RNeasy Fibrous Tissue
Min kit (Qiagen) according to the manufacturer’s
protocol. The purified RNA concentration was quantified
using a photometer (Bio-Rad), the ratio of optical
densities at 260 and 280 nm was between 1.8 and 2.0.
RNA integrity was verified by loading RNA onto a 1%
agarose gel Subsequently, the RNA samples were
prepared as follows: for each time point and each breed,
equal quantities (10 pg) of total RNA isolated from four
individual pigs were pooled. Approximately 40 ug of total
RNA representing each postnatal stage and each breed
was used for next quantitative real-time PCR (q-PCR)
analysis.

The ¢-PCR analysis was performed on the
PPARGCIA gene normalised to three mternal control
genes (beta-actin (ACTB), TATA Box Binding Protein
(TBP) and topoisomerase 1T beta (TOP2B)) (Erlens et al.,
2006). Primers for the four target sequences were designed
using the Primer 3 online platform (http:/Afrodo.wi.mit.
edu/) (Table 1). Standard curves for above four genes
were prepared from 10 fold dilution series of purified
amplicons. The g-PCR reaction was conducted on an iQ5
real-time PCR detection system (Bio-Rad) using he SYBR
PrimeScript RT-PCR kit (TaKaRa). All experiments
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contained a negative control and all g-PCR reactions were
performed n triplicate. Normalisation Factors (NF) of three
internal control genes were calculated using the geNorm
tool (Vandesompele et al, 2002). The relative mRNA
levels of PPARGC1 A were normalised by dividing the raw
expression data of the objective gene by the NF
(Erkens et al., 2006). Statistical analyses were performed
in SAS 8.0. The linear model of the response variable was
as followed:

Y} = breed+age +breed=age,te;,

Where:

Y = Relative mRNA levels
breed, = Fixed effects of breed
age; = Fixed effects of age

breed~age,, = Interaction effects of breed and age

&, Residual error

The differences in abundance of PPARGCIA
expression at the interactions among breed and age were
tested based on least squares means using t-test. The
Pearson correlation coefficient (r) was calculated for each
time point and each breed of PPARGCI1A level and CSA
with linear model.

RESULTS AND DISCUSSION

As shown m Fig. la, the CSA value mcreased
constantly during all developmental stages in both pig
breeds. The CSA of Landrace was higher than in the
Meishan pigs at most stages except at 90 days. But at
each time pomnt, there were no sigmficant differences
between Landrace and Meishan pigs. This is consistent
with the well-known fact that the meat quality of Meishan
Pigs 18 better than Landrace.

As shown m Fig. 1b, the changes m expression of
PPARGCIA during developmental stages were distinct in
the two pig breeds. In Landrace, PPARGCIA was
expressed at a relatively low level at birth was up-
regulated to a maximum at the age of 30 days and
subsequently slightly down-regulated from 60-150 days.
By comparison, in Meishan pigs, PPARGC1 A expression
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Fig. 1: (a) Developmental changes of CSA m two pig
breeds, Developmental pattern of PPARGC1A
mRNA in longissimus dorsi muscle for two pig
breeds. The breed by age mteraction 1s high
significant (p<0.01). The same letter indicates no
significant difference between six developmental
stages within each pig breed; a different letter
indicates significant difference at the 3% (small
letter) or 1% (capital letter) levels. (b) **Indicates
significant difference at the 1% level between
Landrace and Meishan pigs at the same time point

was detected at its highest level at birth was down-
regulated to a mimimum at the age of 60 days and then
remained at a steady level from 90-150 days.

There were significant differences in PPARGC1 A
mRNA abundance between the two pig breeds at all time
points (p<0.01). We found that the abundance
PPARGCI A mRNA was higher in Meishan pigs than that
in Landrace at most stages (e.g., birth, 90, 120 and 150
days) which 1s consistent with previous reports that
stated that higher levels of PPARGCIA mRNA were
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found in pig breeds possess better meat quality
(Zhao et al, 2004). We also found that there was a
negative correlation between PPARGC1 A expression and
CSA over five developmental stages (30-150 days)
for Landrace (r = -0.50, Pearson) and Meishan pigs
(r=-0.35, Pearson). A possible explanation for the results
1s that the pigs which expressed higher mRNA level of
PPARGCIA characterized by lower CSA. Researchers
reported that different Single Nucleotide Polymorphisms
(SNPs) of PPARGCI A could be associated with porcine
production traits.

The Pro615Thr polymorphism located in exon 9
of PPARGCIA could influence the meat quality
(Erkens et al, 2010). Tt was reported the frequency
distribution of a Cys4308er (T/A  substitution)
polymorphism of PPARGCI A extibit significant difference
in Chinese and Western pig breeds but no relation with
carcass composition was found in this study (Kunej et al.,
2005; Stachowiak et al., 2007). In Landrace and Meishan
plgs, there may be exist the different venants of
PPARGCI A while its effect on the meat quality is unclear.
Interestingly, the Meishan pigs possess the lower CSA
and higher mRNA level of PPARGCIA than Landrace
which indicated Meishan pigs have a better meat quality
than Landrace. Nonetheless, PPARGCIA  was
considered to be principle factor regulating the
determination of myofibre type (Lin et af, 2002;
Zhao et al., 2004). Further efforts should focus on the
mechanism by which PPARGCI A acts as an inhibitor of
myofibre growth.

CONCLUSION

The study indicated that there were distinct
expression patterns of PPARGCI A in two pig breeds that
differ in meat quality and growth rate. There were lugher
PPARGCIA mRNA abundance and lower CSA in the
Meishan pigs that possess a better meat quality. The
results highlight that the PPARGC1 A could be regarded
as a candidate gene involved m affecting the CSA and
meat quality. We envisage that this study will contribute
to the elucidation of the relationship between pork quality
and PPARGCIA expression.
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