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Abstract

The genomic variation of the porcine PPARGCIA 5’ upstream region was identified and new DNA polymorphisms in the
region are described. Among the polymorphisms, c.-2894G>A is considered to be a suitable molecular marker for the
improvement of meat quality and good lean meat production based on the findings in a previous study. The aim of this
study was to confirm the effects of the site of the polymorphism on phenotypic traits and to clarify the regulatory role
of the PPARGCIA 5’ region. One hundred fifty-seven Berkshire pigs were used for association analysis. Fifty-eight pigs
with specific genotypes were used to isolate mRNA from the longissimus dorsi muscle tissues, which were immediately
collected from the carcasses 45 minutes after slaughter. The level of PPARGC1A mRNA expression in each single nucleotide
polymorphism (SNP), including the c.-2894G>A, ¢.-2885G>T, and c.-1402A>T sites, was compared between genotypes using
real-time quantitative PCR. Finally, to assess whether or not the ¢.-2894G>A polymorphism affects porcine PPARGCIA gene
transcription, the luciferase assay was performed using a constructed 5’ regulatory region within the pGL3 basic vector.
The results indicated that the expression of PPARGCIA mRNA significantly differed in the c.-2894G>A site (P < 0.05), and
also that the transcription activity was significantly higher with the G allele than the A allele (P < 0.05). Moreover, the SNP
had significant effects on phenotypic traits, including muscle fiber characteristics and lean meat production. The meat in
the pigs with the GG genotype was leaner and had better lean meat production ability and quality than the meat from pigs
with other genotypes (P < 0.05). Thus, it was shown that polymorphisms of the 5" PPARGGCIA regulatory region regulate
gene expression.

Introduction

Porcine skeletal muscle consists of muscle fibers; the predominant characteristic of a given muscle is
determined by its relative composition of different muscle fiber types (Highley et al., 1999; Morita et al., 2000).
Fibers are divided into the following three groups based on the proportions of fiber types: white glycolytic
fibers (type IIb); red oxidative fibers (type I); and intermediate fibers (type IIa). The different muscle fibers
have different contractile and metabolic properties (Berchtold et al., 2000). In general, a higher percentage of
white fibers correlates with the condition of pale, soft and exudative (PSE) pork (Fiedler et al., 1999) and stress
susceptibility (Fiedler, 1993). Thus, knowledge of muscle fiber composition is an important element of muscle

characteristics and subsequent meat quality.
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The peroxisome proliferator-activated receptor-gamma co-activator-1A (PPARGCIA; also referred to as
PGC-1a) is a novel transcription co-activator of many nuclear hormone receptors, including peroxisome
proliferator-activated receptor-gamma (PPARy). PPARGCIA is expressed in skeletal muscle, and potently
induces mitochondrial biogenesis when expressed ectopically in skeletal and cardiac myocytes (Lehman et
al., 2000). PPARGCIA is also critically involved in other aspects of energy metabolism, such as adaptive
thermogenesis in brown fat and hepatic gluconeogenesis (Yoon et al., 2001). The particularly robust role of
PPARGCI1A in mitochondrial biogenesis, and the fact that mitochondrial metabolism is viewed as a critical
part of the muscle fiber type phenotype, suggested a potential role for PPARGC1A in the control of specific
muscle fiber types which can induce type I fiber formation (Lin et al., 2002).

PPARGCIAmRNA is found in tissues that have high energy demands and are rich in mitochondria, such as
heart, skeletal muscle, brown adipose tissue, kidney, liver, and to a lesser extent, white adipose tissue,
pancreas, and brain (Esterbauer et al., 1999; Larrouy et al., 1999; Wu et al., 1999). Expression of PPARGCIA
mRNA is elevated upon cold exposure in brown fat (Puigserver et al., 1998) and is readily inducible by exercise
training in skeletal muscle (Baar et al.,2002). The subsequent activation of calcium signaling pathways appears
to playamajorrole in the stimulation of PPARGC1Atranscription through calcineurin and calcium-dependent
protein kinases (Wu et al., 2002), which culminate in the activation of several transcription factors, such as
cAMP-responsive element binding (CREB) and MEF2, in a feed-forward loop (Handschin etal.,2003). Moreover,
the ectopic expression of PPARGCIA in myotubes stimulates GLUT4 expression and mitochondrial oxidative
metabolism (Michael et al, 2001). These types of transcription factors can increase PGC-la promoter
activation, and subsequently lead to similar increases at the level of mRNA (Irrcher et al., 2008; Scarpulla,
2010).

Porcine PPARGCIA was mapped to porcine chromosome 8 (SSC8p21; Pinton et al., 2000). In a recent study,
the porcine PPARGCIA gene structure was characterized from cDNA coding sequences (Jacobs et al., 2006).
Among reported polymorphisms in the coding region, a single nucleotide polymorphism (SNP) of Cys430Ser
site in exon 8 was studied for the associations with muscle fiber characteristics and meat quality (Kim et al.,
2010). The polymorphism had marked effects on the number and area composition of fiber type I and the
muscle pH value. To confirm the regulatory effects of the PPARGCIA gene on muscle fiber characteristics in
pigs, a prior study described in chapter 3 was performed to identify DNA polymorphisms in the 5 regulatory
region using association analysis. The results showed that the polymorphisms have significant effects on
muscle fiber characteristics, including fiber type composition and size, which can affect lean meat production
and meat quality traits.

Based on a previous study, identifying the transcription factor binding site and an analysis of gene
expression levels on newly found polymorphisms in the PPARGCIA 5 regulatory region were needed to
clarify functions of the polymorphic DNA structure. The aim of the current study was to clarify the effects of
the functions of the newly found SNPs in the 5 regulatory region on the levels of gene expression. Thus, the
level of mMRNA expression by the SNPs was analyzed and variant allele constructs of 5’ regulatory regions were

used for analysis of luciferase activities.
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Materials and methods

Animals, genotyping, and measuring traits

One hundred fifty-seven pigs of the Berkshire breed were utilized in this study. The pigs were fed the same
commercial diet in different pens of the same farm. The pigs were sacrificed during five periods in a
commercial abattoir following standard procedures under the supervision of the Korean grading service for
animal products. Skeletal muscle tissues from the longssimus dorsi (LD) muscle were collected within 45
minutes after slaughtering. The extraction of genomic DNA from the muscle tissues was accomplished using
a DNA isolation kit (G-Dex™1IIb, Intronbio). Genotyping was performed on genomic DNA using PCR-RLFP
methods determined by previous studies of this thesis. Moreover, every phenotypic trait was measured using

the same methods of the previous study.

Tissues, RNA isolation, and cDNA synthesis

RNAs of the animals were isolated from the LD muscle tissues, which were immediately collected from the
carcasses 45 minutes after slaughter and used for gene expression analyses. Muscle specimens for gene
expression analysis were collected and snap frozen in liquid nitrogen. Total RNA was isolated from ~80 mg of
skeletal muscle tissue using TRIzol reagent (Invitrogen), according to the manufacturer’s protocol. The
integrity of total RNA was checked by running a 0.7% agarose gel and the concentration was determined
using a spectrophotometer (Eppendorf Co.). Approximately 2 ugof total RNA was mixed with 2 pf of oligo(dT),,
(0.25 pg/ul), 4 ul of dNTPs (2.5 mM each), and 5.4 pl of RNase-free ddH,0, and incubated at 65 °C for 5 min,
placed in an ice bath for 2 min, then 4 pf of 5X First-Strand buffer, 1 ul of DTT (0.1 M), 1 ul of RNase inhibitor
(40 U/up), and 0.6 pl of Superscript I1I reverse transcriptase (200 U/ul; Invitrogen) were added and incubated at
50 °C for 55 min and 70 °C for 15 min in the PCR machine (Mastercycler gradient; Eppendorf Co.). The
synthesized cDNA samples were stored at 20 °C.

Real-time reverse-transcription PCR

The mRNA of PPARGCIA was normalized to GAPDH of individual animals with different genotypes as
determined by real-time quantitative reverse-transcription PCR (RT-PCR) on a CFX-96 machine (Bio-Rad). For
the reaction, 3.0 u¢ of ddH,0, 5 ul of 2x SYBR Premix Ex TaqlII (TaKaRa), 0.4 pl of each forward and reverse
primer (Table 1), 0.2 uf of 50 X Rox Reference Dyell, and 1.0 pl of cDNA at a dilution of 1:5 were mixed and
heated initially at 95 °C for 30 s to activate the reaction. Subsequent PCR reactions were carried out at 95 °C for
5sand 60 °C for 30 s for 40 cycles. The relative expression of the PPARGCIA gene was analyzed according to
the 244-22¢ method (Livak and Schmittgen, 2001) using the GAPDH gene for normalization.++

Table 1. Specific primer sets for analyses of real-time PCR

Annealing
temperature

Gene Sequence (5' — 3)) Size (bp) Reference

F - CCTGCATGAGTGTGTGCTCT o
PPARGCIA R : CTCAGAGTCCTGGTTGCACA 107 59°C (Erken et al. 2006)

F : ACTCACTCTTCTACCTTTGATGCT o
GAPDH R : TGTTGOTGTAGCE TTCA 100 57°C (Jacobs et al. 2006)
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Plasmids

Based on genotyping results, genomic DNA isolated from selected animals at the c.-2894G>A site with
homozygous GG and AA genotypes was used as a template for constructing plasmids (pGL3-G and pGL3-A,
respectively). A DNA fragment that covered one polymorphic site (c.2894G>A) ranging from -3238 to -14
(relative to initiation codon ATG) of the 5 regulatory region of the porcine PPARGCIA gene was used. The
specific primer set was used for constructing vectors pGL3- G and -A was contained in the Sacl (forward
primer) and KpnlI (reverse primer) restriction sites (Table 2). The PPARGCI1A 5 regulatory region, including
the G and A alleles on ¢.-2894G>A, was amplified by PCR with Prime Taq DNA polymerase (5 U/uf; Genet Bio.),

and was ligated into the pGL3-basic vector (Promega), as indicated in Figure 1.

Cell culture, transfection, and luciferase assay

Murine C2C12 cells were maintained in Dulbecco’s modified Eagle medium (DMEM; Gibco, Invitrogen)
supplemented with 10% fetal bovine serum (Gibco, Invitrogen), and 100 U/100 yg (final concentration) of
penicillin/streptomycin (pen/strep). When the cells reached 90% confluence, the proliferation medium was
removed and the cells were rinsed with phosphate-buffered saline (PBS), and treated for 2 min with 0.25 %
trypsin to detach cells. Cells were collected, centrifuged, and diluted in proliferation medium prepared with
DMEM without pen/strep and split onto two gelatin-coated 24-well plates at a density of ~10° cells per well. The
following day, the cells were transfected with Lipofectamine 2000 (Invitrogen) according to the manufacturer’s
instructions. Briefly, for each well, 2.0 pl of Lipofectamine 2000 and 0.8 g of plasmid DNA were mixed in 100
wl of FBS- and pen/strep-free Opti-MEM I medium (Promega) for 20 min. To normalize the transfection
efficiency, pRLtk (Promega), which carries a renilla luciferase gene, was co-transfected with the reporter
construct, as shown above. The experiments were performed in two replicates for each construct. The
transfection mixture was allowed to remain on cells for 2 h until they reached confluence, then the mixture
media was removed. The transfected cells were cultured over 2 d. To harvest the cultured cells, the cells on the
plate were treated with the passive lysis buffer (Promega) after washing twice with PBS, followed by agitation
for 30 min on an orbital shaker with gentle shaking to ensure complete and even coverage of the cell
monolayer with 1X passive lysis buffer (Promega). Luciferase activities were measured using the Multilabel
Plate Reader (Perkin Elmer) in accordance with the manufacturer’s protocol. The firefly luciferase activities
were normalized by the renilla luciferase activities in each well. The data given in the Results section are the

average of three replicates. Data are expressed as the mean =+ standard error.

Statistical analysis

The association analyses between single SNPs and measured traits were performed with a statistical model

Table 2. Specific primer sets which have a restriction enzyme site for analysis by the luciferase assay

Restriction . Annealing
1 af Size (bp)
Sequence (5'— 3) enzyme Temp.
F : CATAggtaccTGGAATCCAGGCTCTGTGTA Kpnl 3994 58°C
R : AAgagctcGACGCTCGTCAAGCTGTTT Sacl
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+— pGL3-basic(Sad/ ko)

+— ( allele fragment

1: pGL3-Basic vector (Promega)

2 : pGL3-Basic-B vector

3 : pGL3-Basic-B Sad/Aprd treated
M : 100bp plus ladder (Bioneer Co.)

(a) pGL3 —Basic vector including G allele+

a— pGL3-basic(Sad/ K o)
+— A allele fragment

1: pGL3-Basic vector (Promega)

21 pGL3-Basic-A vector

3 : pGL2-Basic-A Sad/Kpl treated
M : 100bp plus ladder (Bioneer Co.)

(a) pGL3 —Basic vector including G allele+

Figure 1. Constructions of PPARGCIA 5’ regulatory region, including G and A alleles on ¢.-2894G>A within pGL3
basic vectors for luciferase analysis. The length of each allele fragment is 3224 bp.

using GLM procedures (SAS 9.2; SAS Institute Inc.). In this model, sex, slaughter period, and marker genotypes
were included as fixed variables and the carcass body weight as a covariate. The results are presented as the
least squares means together with standard errors. Due to a small percentage ( < 20%) of type I and I1a fibers,
and a large percentage (= 80%) of type IIb fibers, the total number of fibers was calculated using logarithmic
transformation, while the muscle fiber compositions were estimated using angular transformation.

The GLM procedure was used for analysis of real-time PCR levels among genotypes. The model was the
same as the model for association analysis without carcass body weight as a covariate. Differences were
considered significant at a P < 0.05. The data are expressed as the mean £ standard error. Significant

differences between the two constructed alleles for the luciferase assay were detected by t-test.
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Results

Genotypic frequencies and effects on phenotypic traits

To clarify the effects of each polymorphism in the PPARGCIA 5 regulatory region on the level of gene
expression, 58 animals with dependent genotypes from each polymorphic site were selected from the 157
pigs of the Berkshire population (Table 3). Hence, 21 of 58 selected pigs had only 1 polymorphism at the c.-
2894G>A site with fixed ¢.-2885G>T, c.-1402A>T, and Cys430Ser polymorphic sites. At the ¢.-2885G>T and c.-
1402A>T sites, 22 pigs each were selected that had only 1 polymorphism at each site the other sites fixed with
the same genotype frequencies in each selected population. Heterozygote genotypes at every polymorphic
site were higher frequencies than homozygote genotypes. At the Cys430Ser site, there were no AA-genotype
animals, and the frequency of AT-genotype animals in the Berkshire population was too small. For this reason,
an association analysis was not performed at the Cys430Ser polymorphic site.

To confirm the effects of the studied SNPs on phenotypic traits in the studied population that was the
Berkshire breed, association analysis was performed between genotypes for each SNP and measured traits,
including muscle fiber characteristics, lean meat production, and meat quality (Table 4). The SNP at the c.-
2894G>A site had significant effects on most of muscle fiber characteristics, excluding fiber\area composition.
The results showed that there were significant differences among genotypes in total muscle fiber number (P
<0.05), mean cross-sectional area (CSA) of fibers (P<0.01), fiber number per unit area (P<0.05), and fiber types
I (P<0.10) and IIb (P < 0.05) number composition. The genotypes were shown to have effects on variation in
lean meat production ability with backfat thickness and meat quality with pH value (P < 0.05) and marbling
score (P<0.05).

Based on the results of association analysis of the ¢.-2885G>T and c.-1402A>T sites, most of the muscle fiber
characteristics and lean meat production were not significantly different between genotypes, excluding the
fiber types ITa (P<0.05) and ITb (P<0.05) composition of the c.-1402A>T site; however, both showed significant

Table 3. Genotypic frequencies of the selected animals in the Berkshire pigs by each polymorphism of the
PPARGCIA gene

Selected Genotypes
SNPs iuiclbET C.2894G>A .2885G>T c.-1402A>T Cys430Ser
of animals
AA AG GG GG GT TT AA AT TT AA AT TT
Total . 157 -72 -73 -12 -29 -85 -43 -98 -53 -6 0 -13 -144
population
046 046 0.08 019 054 0.27 0.62 034 004 - 0.08 0.92
AA AG GG TT AA TT
c.-2894G>A 21 6 9 6 (fixed) (fixed) (fixed)
029 042 0.29
AA GG GT TT AA TT
¢.-2885G>T 22 (fixed) -4 -13 -5 (fixed) (fixed)
018 0.59 0.23
AA GG AA AT TT TT
c.-1402A>T 22 (fixed) (fixed) -4 -13 -5 (fixed)

018 059 0.3
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Table 4. Effects of polymorphisms of the 5" PPARGC1A gene on phenotypic traits in Berkshire pigs

¢.-2894G>A o ¢.-2885G>T o c.-1402A>T al
- value - value - value

Traits AAT)  AG()  Gem) T GT(29) Gr@s)  Tr@) © AAG®) AT T
Muscle fiber
characteristics

Total fiber number . . "

(x10) 1,103* (29.9) 1,095 (30.7) 900" (71.5)  0.031 1,096 (51.4) 1,096 (28.2) 1,045(41.6) 0.559 1,081 (26.8) 1,09 (35.9) 0.763

Mean CSA’ of b b .

fibers (Hmz) 4,366" (89.0) 4,406" (91.8) 5,076° (213.6) 0.009 4,501 (151.9) 4,362 (84.5) 4,572 (122.0) 0.328 4,411 (81.5) 4,504 (109.4) 0.506

Fiber number per . . b

unit area 234.6" (4.4) 233.3 (4.6) 206.1° (10.6) 0.044 227.2(74) 2353(4.1) 227.1(5.9) 0.419 233.2 (4.0) 228.6 (5.4) 0.501

Fibers number

composition
Type I (%) 8.68(0.55) 10.32(0.57) 10.23(1.32) 0.096  10.02(0.93) 9.37(0.51) 9.54(0.74)  0.828  9.66(0.49) 9.34(0.66)  0.72
Type Ila (%) 11.77 (0.51) 13.05(0.53) 12.44(1.23) 0219  11.01(0.85 12.64(0.47) 12.83(0.68) 0.194 13.01(0.45 11.37(0.60) 0.031

Type IIb (%) 79.55* (0.70) 76.63" (0.72) 77.34™ (1.68) 0.015  78.97 (1.20) 78.00 (0.67) 77.62(0.96) 0.674 77.34(0.63) 79.29(0.84)  0.07
Fibers area

composition
Type I (%) 7.16 (0.44) 8.02(0.45) 7.44(1.06) 0393  848(0.73) 7.24(0.40) 7.62(0.58)  0.334  7.39(0.39) 7.88(0.52)  0.45
Type Ila (%) 7.98(0.35) 8.66(0.36) 856(0.84) 0.39%  7.57(0.58) 827(0.32) 9.00(046) 0.146  8.65(0.31) 7.81(041)  0.108

Type IIb (%) 84.86 (0.56) 83.33(0.58) 84.00 (1.349) 0.163  83.94(0.93) 84.49(0.52) 83.39(0.75) 0.458  83.96(0.50) 84.30 (0.67)  0.686
Lean meat

production ability
Backfat thickness . . .
(mm) 24.31° (0.44) 23.86" (0.43) 21.42° (1.05) 0.042 2399 (0.71) 24.18 (0.40) 23.13(0.58) 0.158  23.95(0.38) 23.39(0.50) 0.333
Loin eye area (cm®) 48.39 (0.94) 47.53(0.92) 44.45(225) 027  49.96 (1.49) 47.60 (0.84) 46.25(1.22) 032 47.12(0.81) 4843(1.07) 0.251
Meat quality
PHasmin 6.11(0.03) 6.18(0.03) 6.20(0.07)  0.087 6.14(0.049) 6.19(0.02) 6.16(0.03) 0502  617(0.02) 6.18(0.03)  0.741

Drip loss (%) 215(0.16) 222(0.15) 2.04(0.38) 0.88 224025 2.05(0.14)  2.39(0.20) 0384  216(0.14) 216(0.18) 0.945

Lightness (L) 43.88(0.28) 43.61(0.27) 43.21(0.67) 0.595  43.55(0.44) 43.90(0.25) 43.37(0.36) 0452 43.51(0.24) 43.83(0.31) 0.36

Marbling 2.52°(0.07) 2.25°(0.07) 1.98°(0.18) 0.003  240°(0.12) 2.44°(0.07) 2.13°(0.100 0.031  224(0.06) 252(0.08)  0.008
! The number of animals is indicated between parentheses. “CSA, cross-sectional area

Least-square means and their standard errors within a row with no common superscript letter differ significantly (p < 0.05)

differences among genotypes in marbling score (P<0.05 and P<0.01, respectively).

Comparison of PPARGC1A mRNA expression among the genotypes

The expression of PPARGC1A mRNA in each of the SNP was compared between genotypes (Figure 2). The
level of mRNA expression at the ¢.-2894G>A site [Figure 2(a)] was significantly different between genotypes;
the GG genotype was relatively lower than the AA and AG genotypes (P<0.05,=0.0299).

Comparison of the promoter regions of PPARGC1A harboring different genotypes
in driving transcription

To assess whether or not the c.-2894G>A site affects porcine PPARGCIA gene transcription, the 3224 bp
fragment spanning the 5 regulatory region from -3238 to -14 (relative to initiation codon ATG) was cloned and
linked to a pGL3 luciferase reporter construct. Two constructs differing only at site ¢.-2894G>A were obtained,
two of which harbored the identified genotypes (pGL3-G and pGL3-A). The promoter activity of these
constructs was assessed by transient transfection of the individual reporter constructs into C2C12 cells. As
shown in Figure 3, the activity of pGL3-G in driving reporter gene transcription was significant (1.87-fold
greater than pGL3-G).
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Figure 2. Comparison of mMRNA expression of the ¢.-2894G>A locus in the porcine PPARGC1A by the real-time gqPCR.
Dif'fe)rent superscript (a or b) above the error bar is a significant difference between genotypes on the SNP site (P <
0.05).

—@ T A Luciferase pGL3-A

Figure 3. Transcriptional luciferase activity of two constructs (pGL3-G and A). The asterisk beside error bar is a
significant difference between the two alleles.

Discussions

In the previous chapter, the genomic sequence and structure of the porcine PPARGCIA 5 upstream region
was identified and DNA polymorphisms in the region were newly found (see Chapter III). Although which
tissues express PPARGCIA has been identified and what are the effects of sequence polymorphisms (Jacobs
et al, 2006; Kunej et al,, 2005), the relative expression of mRNA when comparing genotypes in each
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polymorphism in skeletal muscle tissue is unknown in the pig. Because this knowledge is essential in
researching differences in PPARGCIA regulation in view of selection for improved muscle fiber formation
and meat quality by using specific DNA markers, the expression of mRNA was compared among genotypes
on the newly found three SNPs in the porcine PPARGCIA 5 upstream region. Moreover, the luciferase assay
was performed to clarify the transcription activity according to the SNP at the c.-2894G>A site which had a
significantly different level of mRNA expression among genotypes. The current results not only clearly
indicate that the expression of PPARGC1A mRNA was significantly differ at the ¢.-2894G>A site (P<0.05; Figure
2), but also that the transcription activity was significantly higher with the G allele than the A allele (P<0.05;
Figure 3). Moreover,the SNP had significant effects on phenotypictraits,including muscle fiber characteristics,
lean meat production, and meat quality with had better lean meat and quality in the GG genotype than the
other types (Table 4, Chapter III).

The aim of this study was to clarify the regulation roles of the PPARGCIA 5 region. Previous studies reported
that PPARGCI1A1is induced by mitochondrial biogenesis-inducing stimuli, as well as contractile activity in vivo
and in vitro in skeletal muscle (Baar et al., 2002; Pilegaard et al., 2003). Moreover, low levels of expression of
PPARGCIA in muscle have been associated with defects in energy metabolism, in addition to reduced
mitochondrial content and function (Leone et al., 2005; Mootha et al., 2003). The importance of PPARGCIAin
regulating mitochondrial content and function suggests that further investigation into the regulation of
PPARGCIA gene expression is warranted, particularly under conditions in which mitochondrial biogenesis,
such as oxidative energy metabolism and muscle fiber specification, is induced. Hence, the regulation of
PPARGCIA expression is closely related to muscle fiber formation and meat condition. Based on the current
results, the roles of the porcine PPARGCIA 5’ regulatory region in gene expression has been clarified.
Moreover, the polymorphisms in the 5’ regulatory region can regulate gene expression.

The porcine PPARGCIA 5 regulatory region did not contain transcription factors for binding of typical
consensus sequences, such as the TATA and CAAT boxes. However, the TATA-less sequence housed putative
consensus sites, including a GC-box, a CRE, binding sites for GATA, MEF2, GLUT4, and many E-Box binding
proteins (Irrcher et al., 2008). The important transcription factors, such as MEF2 and CREB in skeletal muscle,
are co-activated by PPARGCIA expression (Handschin et al,, 2003). The ¢.-2894G>A polymorphic site is
selectively recognized by the transcription factor, CREB protein, according to different alleles. Thus, it can be
considered a meaningful transcription factor binding site and a strong evidence for gene expression
regulation factor. However, further progressive analysis is needed to confirm the interaction between
PPARGCIAand transcription factor,such as CREB, and the critical role of SNP in the regulation of interactions

with specific transcription factors.
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