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Transcriptional Alteration of p53 Related
Processes As a Key Factor for Skeletal Muscle
Characteristics in Sus scrofa

Seung-Soo Kim, Jung-Rok Kim, Jin-Kyoo Moon, Bong-Hwan Choi', Tae-Hun Kim', Kwan-Suk Kim?

Jong-Joo Kim3, and Cheol-Koo Lee*

The pig could be a useful model to characterize molecular
aspects determining several delicate phenotypes because
they have been bred for those characteristics. The Korean
native pig (KNP) is a regional breed in Korea that was
characterized by relatively high intramuscular fat content
and reddish meat color compared to other western breeds
such as Yorkshire (YS). YS grew faster and contained
more lean muscle than KNP. We compared the KNP to
Yorksire to find molecular clues determining muscle char-
acteristics. The comparison of skeletal gene expression
profiles between these two breeds showed molecular dif-
ferences in muscle. We found 82 differentially expressed
genes (DEGs) defined by fold change (more than 1.5 fold
difference) and statistical significance (within 5% of false
discovery rate). Functional analyses of these DEGs indi-
cated up-regulation of most genes involved in cell cycle
arrest, down-regulation of most genes involved in cellular
differentiation and its inhibition, down-regulation of most
genes encoding component of muscular-structural system,
and up-regulation of most genes involved in diverse me-
tabolism in KNP. Especially, DEGs in above-mentioned
categories included a large number of genes encoding
proteins directly or indirectly involved in p53 pathway. Our
results indicated a possible role of p53 to determine mus-
cle characteristics between these two breeds.

INTRODUCTION

The Korean native pig (KNP) is a popular breed for meat pro-
duction in Korea. After western pig breeds such as Yorkshire
(YS) and Berkshire were imported into Korea in 1900’s, KNP
had been random crossed with them to overcome its slow
growth rate, low feed efficiency, and small litter size (Hwang et
al., 2004; Kim et al., 2005a; 2005b). Recently, there has been a
lot of effort to restore the original KNP based on morphological
characteristics independently in Jeju island and Seonghwan on

the mainland of Korea. The re-established KNP showed consis-
tent molecular characteristics as a unique breed compared to
other western breeds (Jeon et al., 2003; Kim et al., 2002; 2005a;
2005b).

There are clear differences in the character of KNP meat
compared to western breeds such as YS. KNP meat color has
a significantly higher redness and yellowness than that of YS
meat (Kim et al., 2008). Meat color has been measured as one
of important indicators for meat quality. Muscle-fat content and
back-fat thickness were significantly higher in KNP, comparing
to the YS breed (Kim et al., 2008). However, other factors such
as water holding capacity (WHC) and pH were not significantly
different between the two (Kim et al., 2008). Especially, due to
these two breeds being selected for opposite reasons; fast and
efficient growth for YS, and meat quality for KNP. We could
hypothesize that the differences in muscle properties primarily
would be due to the different rate of growth between these two
breeds. Therefore comparing these two breeds could be useful
in better understanding the molecular responses related to
growth and muscle characteristics.

The p53 is a central molecule for the regulation of the cell cycle
(Chumakov, 2007). It was first found as a 53 kD cellular protein
that could associate with SV40 large T antigen, which controls its
transforming effect in transformed mouse cells (Chang et al.,
1979; Kress et al., 1979; Lane and Crawford, 1979; Linzer and
Levine, 1979). Since then, the detailed pathways related to p53
have been accumulated and merged into two areas of biological
consequences: cell cycle arrest and apoptosis. In addition, recent
evidence showed that functional p53 is closely associated with
cellular glucose metabolism through the regulation of several
proteins such as TP53-induced glycolysis and apoptosis regula-
tor (TIGAR) and phosphoglycerate mutase (PGM) (Bensaad and
Vousden, 2007; Bensaad et al., 2006; Brand and Hermfisse,
1997). These results indicate potential role of p53 to link energy
production to cell proliferation.

Previously, we determined fatty acid composition and gene
expression profiles at backfat tissues from KNP and YS (Choi

College of Life Sciences and Biotechnology, Korea University, Seoul 136-701, Korea, 'National Institute of Animal Science, Rural Development Admini-
stration, Suwon 441-706, Korea, 2Department of Animal Science, Chungbuk National University, Cheongju 361-763, Korea, *School of Biotechnology,

Yeungnam University, Gyeongsan 712-749, Korea
*Correspondence: cklee2005@korea.ac.kr

Received August 26, 2009; accepted September 22, 2009; published online November 19, 2009

Keywords: differentially expressed gene, Korean native pig, p53, skeletal muscle, Sus scrofa

) Springer



566 p53 Related Processes and Muscle Characteristics

et al., 2008; Moon et al., 2009). The comparison of expression
profiles revealed a possible relationship between arachidonic
acid content and gene expression difference. In this study, we
compared the gene expression profiles at Longissimus dorsi
skeletal muscle between KNP and YS to find transcriptional
evidence to explain the different muscle properties between the
slow and fast grow breeds.

MATERIALS AND METHODS

Animals and tissue collection

Four male pigs of each KNP and YS breeds were used in this
study. The pigs were raised under the same conditions. The
details of conditions and feeding were fully described in the
supplementary material of a previously published article (Moon
et al., 2009). Longissimus dorsi muscle between the seventh
and ninth ribs were collected and used for the microarray ex-
periment. All tissue samples were quick frozen right after collec-
tion, and stored at -80°C until use.

RNA extraction, target preparation, and array hybridization
Three-five ng of total RNA was extracted from 0.2-1 g musice
using 2-6 ml TRIzo® Reagent (Invitrogen Inc, USA) by homog-
enization with Power Gen 125 S1 (Fisher Scientific, USA). RNA
purity was measured around 1.5 as an A260/A280 ratio by UV
spectrophotometer (Eppendorff AG, Germany). The integrity of
total RNA was checked by electrophoresis on formaldehyde
added 1% agarose gel. Ten ng of total RNA after treatment
with DNase | (Invitrogen Inc., USA) were converted into double-
stranded cDNAs using GeneChip® Expression 3'-Amplification
One cycle cDNA synthesis kit, and cDNA was purified with the
GeneChip® Sample Cleanup Module. Biotin labeled antisense
cRNA was synthesized from the purified cDNA through in vitro
transcription (IVT) using GeneChip® Expression 3'-Amplifica-
tion Reagents for IVT Labeling kit. The cRNA was further puri-
fied and fragmented using the reagents in the GeneChip®
Sample Cleanup Module, and the fragmented cRNA was hy-
bridized onto the GeneChip® Porcine Genome array for 16 h.
To remove extra cRNA fragments and non-specific hybridiza-
tion, non-stringent (high salt) and stringent (low salt) washing
steps were performed at GeneChip® Fluidics Station 450. Fi-
nally, the gene chip was stained with streptavidin-phycoerythrin
(Invitrogen Inc., USA).

Image analysis and comparison

The microarray images were obtained by GeneChip® Scanner
3000 and analyzed by GeneChip® Operating Software 1.3
(GCOS, Affymetrix Inc., USA). Each transcript was detected by
a probe set composed of 11 probe pairs, and each probe pair
was consisted of a perfect match (PM) and a mismatch (MM)
probe. The PM probe detects the matched RNA fragment from
target mMRNA, whereas MM probe estimates non-specific sig-
nals because the MM probe has a mismatch nucleotide at the
middle position of the sequence of PM probe. Both the PM and
MM signals were used to compute a discrimination score ([PM-
MMJ/[PM+MM]) to determine whether the transcript was de-
tected as present (P) or absent (A) by the probe set. Weighted
mean value of probe set using probe pairs was determined by
one-step Tukey’s biweight method. All signals from each array
were normalized by global scaling. To compare the transcript
differences between two arrays, the GCOS matches each
probe pair and calculates 11 ratios in log. scale. Again, the
weighted mean difference value was determined from these 11
ratios by the one-step Tukey’s biweight method. To implement
this algorithm to compute the fold difference (KNP/YS ratio)

between breeds, we conducted 16 pairs-wise comparisons
between 4 KNP and 4 YS images. The data discussed in this
study have been deposited in NCBIs Gene Expression Omni-
bus (GEO, http://www.ncbi.nlm.nih.gov/geo/) and are accessi-
ble through GEO Series accession number GSE18653.

Statistical analysis and selection of DEGs

The signals were transformed into log scale to stabilize data
variation (Nadon and Shoemaker, 2002) in testing the statistical
significance of differences between two breeds. Additionally, to
remove array-to-array variation, all the array data were normal-
ized by quantile normalization. The data was further corrected
using the batch effect function in Partek software (Partek Incor-
porated, USA). The signals were compared by false discovery
rate (FDR), and DEGs were defined when P values were within
5% FDR. The Affymetrix Porcine Annotation Revision 5 (http://
www4.ncsu.edu/~stsai2/annotation/) was used for the annota-
tion information of pig probes (Tsai et al., 2006).

Quantitative real-time reverse transcription-polymerase
chain reaction (QRT-PCR)

To synthesize single-stranded cDNA, 12.5 ng of total RNA was
reverse-transcribed in a mixture of 2 ul of anchored oligo(dT)zo
primer (Invitrogen Inc., USA) and 2.5 pl of 200 U SuperScript Il
reverse transcriptase (Invitrogen Inc., USA). The cDNA reaction
mixture was diluted 3 times. One pl of the diluted cDNA reac-
tion mixture was used as the template for each gPCR reaction.
gPCR was conducted using CyberGreen reagent in a rotary
type real-time analyzer, Rotor-Gene 6000 (Corbett Research,
Australia). All primer sequences were designed based on cor-
responding consensus expressed sequences extracted from
NetAffx Analysis Center (http:/www.affymetrix.com/analysis/
index/affx) using PrimerQuest software (USA). To minimize
technical error, at least three technical replicates of each gPCR
were conducted. As a result of the gPCR, the C; value for each
sample was determined by averaging three technical replicates.
The difference (AC:;) between average C; values of KNP and
YS breeds were used to calculate fold differences as 2°<",

RESULTS

Array data overview and selection of DEGs

Using the high density porcine oligonucleotide microarray chip
(23,935 probe sets implemented), 9,272 genes (38.7%) and
7,841 (32.8%) genes were detected as P in all 4 skeletal mus-
cle samples from KNP and YS, respectively. More genes were
able to be detected in samples from KNP than from YS, which
was consistent in other tissues such as liver and backfat. This
may indicate existence of genetic complexity in KNP and ge-
netic simplification in YS to achieve a single goal, such as a fast
growth rate by artificial selection. The 9,630 probe sets de-
tected transcripts as P from all 4 muscle samples of at least
one breed were defined these genes as the porcine skeletal
transcriptome. To select DEGs from the porcine skeletal tran-
scriptome, we used both significance level and fold difference.
Eighty-two DEGs were found to satisfy both FDR (5%) and fold
difference (> 1.5) (Supplementary Table 1). After a massive
literature search to define the role of DEGs, the DEGs were
found to fall into four major functional categories: p53-related
process, signaling for cell proliferation/differentiation, muscular
system and several metabolic processes.

Up-regulated DEGs indicated cell cycle arrest mediated by
p53
Among DEGs, we found nine genes encoding proteins that
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Table 1. DEGs that are classified in p53-related processes

FC Probe set ID Symbol Gene title Bit Score  E-value pvalue

24  Ssc.30871.1.A1_at TP53INP1  Tumor protein p53 inducible nuclear protein 1 93.7 2E-18 3.8E-04

1.7  Ssc.29750.1.A1_at  TP53INP1  Tumor protein p53 inducible nuclear protein 1 268.1 5.8E-71  6.4E-04

1.9 Ssc.9522.1.A1_at RNF144B  RNF144B ring finger 144B 137.3 3E-31 8.5E-05

16  Ssc.4271.1.81 at HTATIP2 HIV-1 Tat interactive protein 2, 30kDa 987.7 0 1.5E-04

16  Ssc.6154.1.51_a_at SLC6A6 Solute carrier family 6 (neurotransmitter transporter, 441 0.042 1.1E-03
taurine), member 6

1.6  Ssc.6154.1.51_at SLC6A6 Solute carrier family 6 (neurotransmitter transporter, 441 0.042 1.1E-04
taurine), member 6

1.6  Ssc.14009.1.A1_at MED17 Mediator complex subunit 17 1895.6 0 2.2E-04

15  Ssc.5695.1.A1_at CKS1B CDC28 protein kinase regulatory subunit 1B 421 0.139 5.9E-05

1.5  Ssc.26274.1.S1_at ETSH V-ets erythroblastosis virus E26 oncogene homolog 1 40.1 0.473 2.8E-05
(avian)

21 Ssc.16937.1.A1_at TP53INP2  Tumor protein p53 inducible nuclear protein 2 2741 1.9E-72 1.5E-03

2.0 Ssc.11281.1.A1_at PENK Proenkephalin 506.0 4E-142 3.8E-04

FC: fold change between KNP and YS
Probe set ID: identification number used in Affymetrix gene chip

Bit score and E value indicate similarity between pig and human orthologs (Tsai et al., 2006)

either directly or indirectly related to p53. Most of these genes
were up-regulated in KNP. The up-regulated genes included
Tumor protein p53 inducible nuclear protein 1 (TP53INP1),
RNF144B ring finger 144B (RNF144B), HIV-1 Tat interactive
protein 2, 30 kDa (HTATIP2), Solute carrier family 6 (neuro-
transmitter transporter, taurine), member 6 (SLC6A6), Mediator
complex subunit 17 (MED17), v-ets erythroblastosis virus E26
oncogene homolog 1 (avian) (ETS1) and CDC28 protein
kinase regulatory subunit 1B (CKS1B). The TP53INP1 gene
encodes two stress-induced protein (SIP) isoforms. They acti-
vate p53 through physically interacting with homeodomain-
interacting Protein Kinase-2 (HIPK2) in response to cellular
stress, and the expression of TP53INP1 depends on p53
(Tomasini et al., 2003). RNF144B encodes an E3 ubiquitin
ligase, which is inducible by p53, and can target p21 for degra-
dation (Huang et al., 2006). HTATIP2 encodes a tumor sup-
pressor protein that increases p53 expression, which eventually
inhibits cell growth. Indeed, ectopic expression of HTATIP2
induced the expression of p53 (Zhao et al., 2006). SLC6A6
encodes a transporter protein that uptakes taurine, and the
expression of SLC6A6 is suppressed by p53 (Han et al., 2000).
The protein encoded in MED17 also is known to interact with
p53 during transcriptional regulation (Mahajan et al., 2007;
Malik and Roeder, 2000). ETS? encodes an Ets family tran-
scription factor that is involved in several biological processes
including development of hematopoietic cells, tumorigenesis,
adaptive angiogenesis and p53 mediated apoptosis (Dittmer,
20083). p53 suppresses the expression of ETST (Dittmer, 2003;
lotsova et al., 1996) and directly regulates the transcription of
TP53INP1 and SLC6A6. All of these DEGs in p53 pathway
supported the overall suppression of cell proliferation in KNP
comparing to YS breed.

In contrast, there were two down-regulated genes in KNP,
Tumor Protein p53 inducible nuclear protein 2 (TP53INP2) and
Proenkephalin (PENK). Both TP53INP1 (2.4 fold change) and
TP53INP2 (-2.1 fold change) were expressed in the opposite
direction in KNP compared to YS. The function of TP53INP2
gene has not been characterized, but its expression was very
active during mouse embryogenesis (Bennetts et al., 2007).
TP53INP2 was also suggested as an oncogene for bladder

cancer (Guo et al., 2004). PENK has been found to be involved
in stress-induced apoptosis. PENK physically interacts with p53
to suppress the expression of Microtubule-associated protein 4
(MAP-4) gene that encodes an anti-apoptotic protein (McTavish
et al., 2007; Murphy et al., 1996).

Other DEGs for cell proliferation and differentiation

We found thirteen genes encoding proteins involved in the
signaling for cell proliferation and differentiation (Table 2).
Among them, four genes were up-regulated and nine genes
were down-regulated in KNP. The up-regulated genes included
NMDA receptor regulated 2 (NARG2), Insulin-like growth factor 1
receptor (IGF1R), Adrenergic, beta, receptor kinase 2 (ADRBK2),
and Makorin, ring finger protein, 1 (MKRN1). NARG2 is transcrip-
tionally active in dividing and immature cell types, and inactive in
terminally differentiated cell types (Sugiura et al., 2004). IGF1R
gene encodes an IGF1 receptor that transmits IGF signaling
through  phosphatidylinositol  3-kinase (PI3K)-AKT  and/or
extracellular-signal regulated kinases (ERKs), which eventually
regulate cell proliferation, survival and growth (Casa et al., 2008;
Chitnis et al., 2008; Kim and Lee, 2009). ADRBK2 encodes a
protein that acts on desensitizing agonist-dependent G-protein
coupled receptors (GPCRs) such as B-adrenergic receptors,
lysophosphatidic acid (LPA) receptors and thrombin receptors
(Daaka et al., 1997). These receptors commonly mediate signal-
ing that can promote cell proliferation (Lynch and Ryall, 2008;
Moolenaar, 1995; Walsh et al., 2008). MKRN1 encodes a RING
zinc finger protein that acts as a repressor of the proto-oncogene
c-Jun transcriptional activity (Omwancha et al., 2006).

Nine genes in this category were down-regulated in KNP (Ta-
ble 2). Most of these genes participate in cell proliferation and
differentiation. cAMP responsive element modulator (CREM)
encodes a basic leucine zipper protein that controls differentia-
tion. Integrin beta 1 binding protein 3 (ITGB1BP3) encodes a
protein that blocks the progression of terminal myogenic differ-
entiation (Li et al., 2003). Transforming growth factor, beta 2
(TGFB2) encodes a protein that promotes proliferation and
delays differentiation of C2C12 myoblasts (Schabort et al.,
2009). Nephroblastoma overexpressed (NOV) gene encodes a
secreted matrix-associated protein that inhibits myogenic differ-
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Table 2. Cell proliferation & differentiation signaling DEGs

FC Probe set ID Symbol Gene title Bit score E-value pvalue
1.9  Ssc.9883.1.A1_at ADRBK2  Adrenergic, beta, receptor kinase 2 46.1 0.013 4.2E-04
1.7  Ssc.20175.1.81_at IGF1R Insulin-like growth factor 1 receptor 450.5 3E-125 1.4E-05
1.7  Ssc.6849.1.A1_at NARG2 NMDA receptor regulated 2 63.9 6.1E-09 1.2E-03
1.6  Ssc.11539.1.A1_at MKRN1 Makorin, ring finger protein, 1 151.2 1.1E-35 5.5E-04
-45  Ssc.2841.1.S1_at CREM CcAMP responsive element modulator 521.9 9E-147 1.9E-04
-3.7 Ssc.2841.2.51_a_at CREM CcAMP responsive element modulator 521.9 6E-147 8.5E-06
-42  Ssc.18764.1.A1_at ITGB1BP3 Integrin beta 1 binding protein 3 654.7 0 7.1E-07
20 Ssc.92.1.S51_at TGFB2 transforming growth factor, beta 2 1790.6 0 6.0E-04
-2.0 Ssc.16434.1.A1_at NOV Nephroblastoma overexpressed gene 210.6 4.8E-53 4.2E-04
-1.9  Ssc.17238.1.A1_at MUSTNA1 Musculoskeletal, embryonic nuclear protein 1 280.0 2E-74 9.5E-05
-1.9  Ssc.20906.1.A1_at TAOK1 TAO kinase 1 63.9 9.1E-09 1.7E-04
-1.8  Ssc.10952.1.51_at DLG1 Discs, large homolog 1 (Drosophila) 441 0.016 4.5E-04
-1.8  Ssc.16910.2.51_at ROD1 ROD1 regulator of differentiation 1 (S. pombe) 2698.5 0 5.6E-04
-1.5  Ssc.9766.2.51_at AK2 Adenylate kinase 2 1094.8 0 1.2E-03
Table 3. Muscular-structural system DEGs
FC Probe set ID Symbol Gene title Bit score E-value pvalue
1.7  Ssc.1290.1.S1_at MYLK Myosin, light chain kinase 441 0.026 5.2E-04
1.7  Ssc.13859.1.A1_at UNC45B  Unc-45 homolog B (C. elegans) 176.9 2.1E-43 7.2E-05
-72  Ssc.761.1.51_at NR4A3 Nuclear receptor subfamily 4, group A, member 3 1854.0 0 2.6E-04
-28 Ssc.1876.1.S1_at MYH10 Myosin, heavy chain 10, non-muscle 807.3 0 1.8E-03
2.1 Ssc.10392.1.A1_at MYH11 Myosin, heavy chain 11, smooth muscle 708.2 0 1.3E-03
-1.9  Ssc.1664.1.A1_at NRN1 Neuritin 1 1370.3 0 1.1E-04
-1.7  Ssc.8574.1.A1_at TMOD1 Tropomodulin 1 561.5 2E-158 1.5E-04

entiation (Calhabeu et al., 2006). Musculoskeletal, embryonic
nuclear protein 1 (MUSTN1) encodes a specific differentiation
marker in musculoskeletal system, which is co-regulated with
other common myogenic marker genes including MyoD and
myogenin (Liu et al., 2007). TAO kinase 1 (TAOKT) encodes a
kinase which activity is elevated in mitosis, and known to be
required for check point signaling and for proper chromosome
segregation (Draviam et al., 2007). Discs, large homolog 1
(Drosophila) (DLG1) is known as a tumor suppressor gene.
DLG1 protein can be phosphorylated by CDK1 and CDK2, and
shows cell cycle-dependent localization (Caruana and Bern-
stein, 2001; lizuka-Kogo et al., 2007; Narayan et al., 2009).
ROD1 regulator of differentiation 1 (S. pombe) (ROD1) is a
mammalian homologue of fission yeast differentiation regulator
Nrd1 that blocks differentiation (Yamamoto et al., 1999). Ade-
nylate kinase 2 (AK2) is involved in cell motility, differentiation
and transduction of mechanoelectrical signal (Dzeja and Terzic,
2009). Adenylate kinase activity has been correlated with mus-
cle exercise performance, which suggests its importance for
maintaining cellular energetic homeostasis (Linossier et al.,
1997). AK2 gene is located in a quantitative trait locus for body
weight and abdominal fat weight (Aksu et al., 2007).

DEGs responsible for muscular structure
There were seven DEGs related to muscular structure (Table

3). Among them, five genes were down-regulated in KNP in-
cluding Myosin, heavy chain 10, non-muscle (MYH10), Myosin,
heavy chain 11, smooth muscle (MYH11), Nuclear receptor
subfamily 4, group A, member 3 (NR4A3), Neuritin 1 (NRNT)
and Tropomodulin 1 (TMOD1). MYH10 was known as a non-
sarcomeric MYH, but it was found at the Z-line of sarcomeres
(Takeda et al., 2000). Although MYH11 is known to encode a
smooth muscle component, its transcript was consistently de-
tected in all skeletal muscle samples. TMOD1 encodes an
actin-capping protein that prevents actin assembly and disas-
sembly (Fischer and Fowler, 2003; Weber et al., 1994). NR4A3
might be required for the remodeling of actin filaments (Qi et al.,
2004). NRN1 encodes a protein that plays a role in neurite
outgrowth (Nedivi et al., 1998). NRN1 expression is markedly
increased in regenerating muscle (Seale et al., 2004).

On the other hand, there were two up-regulated genes in
KNP (Table 3). Unc-45 homolog B (C. elegans) (UNC45B)
encodes a protein that forms a complex with Hsp90. The
UNC45B-Hsp90 complex specifically associates with unfolded
myosin motor domain to induce its folding (Srikakulam et al.,
2008). Myosin, light chain kinase (MYLK) encodes a key regu-
lator for muscle contraction process (Flores et al., 2007).

DEGs for other metabolic processes
There were 24 DEGs involved in various metabolic processes
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Table 4. Metabolic DEGs

FC Probe set ID Symbol Gene title Bitscore  E-value p value
Glucose metabolism
2.0 Ssc.8241.1.A1_at PPM2C Protein phosphatase 2C, magnesium-dependent, 178.9 1.2E-43 8.4E-04
catalytic subunit
1.7  Ssc.26463.1.51_at KLF15 Kruppel-like factor 15 393.0 3E-108 1.0E-03
1.7  Ssc.8506.1.A1_at PHKB Phosphorylase kinase, beta 40.1 0.386 6.3E-04
1.5 Ssc.4307.1.A1_at PGMS3 Phosphoglucomutase 3 11959 O 3.2E-06
Lipid metabolism
1.7  Ssc.2874.1.S1_at LIPH Lipase, member H 441 0.049 5.4E-06
1.6  Ssc.21972.1.A1_at DGKG Diacylglycerol kinase, gamma 90 kDa 441 0.044 1.3E-03
Protein metabolism
20 Ssc.29341.1.A1_at FBXL4 F-box and leucine-rich repeat protein 4 73.8 1.8E-12 1.9E-03
1.6  Ssc.13572.1.A1_at CPN1 Carboxypeptidase N, polypeptide 1 58.0 5E-06 1.0E-05
1.6  Ssc.13262.1.51_at EIFAEBP1  Eukaryotic translation initiation factor 4E binding protein 1 490.1 2E-137 1.7E-03
1.6  Ssc.3669.1.A1_at TRSPAP1  tRNA selenocysteine associated protein 1 470.3 2E-131 3.1E-04
1.6 Ssc.3669.1.A1_a_at 470.3 2E-131 2.1E-05
1.6  Ssc.4805.1.S1_at RPS27 Ribosomal protein S27 (metallopanstimulin 1) 490.1 3E-137 1.9E-03
-1.8  Ssc.4538.1.51_at PRSS23 Protease, serine, 23 11047 O 4.6E-05
Others
1.7  Ssc.22641.3.51_at RDH16 Retinol dehydrogenase 16 (all-trans) 589.3 6E-167 3.7E-04
1.7  Ssc.4571.1.A1_at GNPTG N-acetylglucosamine-1-phosphate transferase, 617.0 4E-175 1.3E-04
gamma subunit
24  Ssc.16041.1.51_at DHDH Dihydrodiol dehydrogenase (dimeric) 773.6 0 1.5E-03
-1.7 Ssc.11186.1.S1_at NUDT7 Nudix (nucleoside diphosphate linked moiety X)-type 186.8 5.1E-46 4.7E-04
motif 7
Transcription/RNA metabolism
Transcription factor & cofactor
2.0  Ssc.24043.1.51_at LCORL Ligand dependent nuclear receptor corepressor-like 60.0 1.6E-06 4.5E-04
1.7  Ssc.2836.1.51_at POLR1D Polymerase (RNA) | polypeptide D, 16 kDa 638.8 0 1.2E-05
15 Ssc.6157.1.A1_at ZNF521 Zinc finger protein 521 313.7 9.1E-85 1.8E-07
RNA processing
22  Ssc.4676.1.A1_at RAVER2 Ribonucleoprotein, PTB-binding 2 123.4 4.2E-27 6.8E-04
19 Ssc.7191.1.A1_at LSM14A LSM14A, SCD6 homolog A (S. cerevisiae) 60.0 4.2E-08 2.6E-04
1.7  Ssc.14456.1.S1_at PCBP2 Poly(rC) binding protein 2 963.9 0 2.2E-05
1.6 Ssc.14431.1.S1_at FTSJ2 Ftsd homolog 2 (E. coli) 440.6 3E-122 5.3E-07
Other
-1.6  Ssc.25399.1.S1_at FBXL11 F-box and leucine-rich repeat protein 11 441 0.044 7.9E-04

including energy metabolism and RNA metabolism (Table 4).
Most of these genes were up-regulated in KNP. These DEGs
suggest that KNP showed more diverse and active metabolic
activity or capacity than YS. Other hand, YS might be optimized
by sacrificing these various metabolic processes to focus on
the fast growth of lean muscle.

Validation of DEGs by quantitative real time PCR analysis
Randomly selected 21 DEGs were validated independently
using quantitative PCR analysis (Table 5). Most gPCR results
were consistent with microarray results in a single trial. Few
were not significant in a single trial, but an additional trial
immediately increased the significance (P value < 0.05). The
fold change trends were strongly correlated between these two
methods (Fig. 1).

DISCUSSION

The YS has been bred to improve its economical value for lean
meat production and rapid growth. In contrast, the KNP has been
restored and maintained because of specific meat quality for local
market favoring slightly fatty meat trading off with slow growth.
The DEGs reflecting these opposite meat characters strongly
indicated the importance of the balance between cell proliferation
and differentiation in determining meat qualities. Most genes
responsible for cell cycle arrest were up-regulated in KNP com-
pared to YS (Fig. 2). Especially, most of the up-regulated DEGs
in KNP associated with p53 were either directly or indirectly in-
volved in cell cycle arrest. These DEGs are involved in up-stream
or down-stream of the p53 pathway. This suggests that p53 may
be located in a central position determining phenotypic differ-
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Fig. 1. Comparison of fold change as de-
termined by microarray and gPCR resullts.
The genes were ordered by fold change of
microarray (black bar). RPS 28 was used as
— the reference gene. There are two probe
sets for detecting CREM in the array
('Ssc.2841.2.51_a_at and *Ssc.2841.1.81_
at). Our gPCR primers were designed to
distinguish between probe sets. Statistical
significance of gPCR result are displayed by
asterisks (**P < 0.01; *0.01 < P < 0.05).
The r value indicates the Pearson correla-
tion coefficient presenting a strong linear
relationship between the methods.
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S B1BP R Inhibition, Fig. 2. A proposed functional network
0 : E:;‘\;:;;;EL"""D" based on the major DEGs. This network
Up_regma;ion indicated that the KNP breed tended to
0 -G Matio e Protein-Protein slower skeletal proliferation by up-regula-
D Hileiacon tion of genes in cell cycle arrest than YS.
NARG2 S mr el Interestingly, all proliferation and anti-pro-
FC17 0 liferation genes at inner circle were directly
5 TPS3INPL ; or indirectly related to p53, which indicated
g~ FC:2.481.7 ;' the importance of p53 in phenotypic differ-
k3 MED17 I i ADREK2 ences between the two breeds.
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| As MKRN1
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ences, not only cell proliferation of muscle fiber but also taste of
meat between KNP and YS breeds.

In summary, we found 82 DEGs from the comparison be-
tween KNP and YS breeds, which showed clear difference in
growth rate and muscle characters. Therefore, these DEGs
might be useful to explain molecular characters of muscle and
to provide expression markers in the aspect of leanness and
complexity. Indeed, the functional analyses of the DEGs indi-
cated that leanness of YS primarily came from avoiding p53
related cell cycle arrest and intensifying other cell proliferation
signaling. In contrast, the complexity of KNP muscle primarily
came from opposite direction of these DEGs and intensification
of other various metabolic capabilities.

Note: Supplementary information is available on the Molecules
and Cells website (www.molcells.org).
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