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Characterization of Phosphoinositide-3-kinase, Class 3 (PIK3C3) Gene and
Association Tests with Quantitative Traits in Pigs

J. H. Kim, B. H. Choi', H. T. Lim, E. W. Park’, S, H. Lee, B. Y. Seo, L. C. Cho®
J. G Lee, 8. J. Oh' and J. T. Jeon*
Division of Applied Life Science. Gveongsang National University. Jinju 660-701. Gveongnam. Korea

ABSTRACT : This studv deals with the characterization of porcine PIK3C'3 and association tests with quantitative traits, PIK3C3
belongs to the class 3 PI3Ks that participate n the regulation of hepatic glucose output, glycogen synthase, and antilipolysis in typical
insulm target cells such as those m the such as liver, muscle system, and fat, On the analysis of full-length mRNA sequence, the length
of the PIK3¢C'3 CDS was recorded as 2,664 bps. As well, nucleotide and amino acid identities between human and pig subjects were 92%
and 99%, respectively. Five SNPs were detected over 3 exons. We performed genotyping by using a SNP C2604T on exon24 for 145 Fs
animals (from a cross between Korean native boars and Landrace sows) by PCR-RFLP analysis with Hp8I used to investigate the
relationship between growth and fat depot traits. In the total association analysis, which doesn’t consider transmission disequilibrium,
the SNP showed a significant effect (p<(.03) on body weight and carcass tat at 30 weeks of age as well as a highly significant effect
(p<0.01) on back fat. In an additional sib-pair analysis, C allele sull showed positive and sigmificant effects (p<0.03) on back fat
thickness and carcass fat. Moreover, the effects of C allele on the means of within-family components for carcass fat and back fat were
estimated as 2.76 kg and 5.07 mun, respectively. As a result, the SNP of porcine PIK3C3 discovered in this study could be utilized as a
possible genetic marker for the selection of pigs that possess low levels of back fat and carcass fat at the slaughter weight. (dsian-dust.

Jo Anim Sci. 2005, Vol 18, No. 12: 1701-1707)

Key Words : PIK3C3, SNPs, PCR-RFLP, Sib-pair Analvsis, Back Fat, Carcass Fat

INTRODUCTION

Quantitative trait loci (QTL) indicate the location of

genes on chromosomes that affect important economic traits,

Many experiments have been performed and have
succeeded in finding QTLs associated with growth. fat
depot and reproduction in domestic animals (Rohrer and
Keele. 1998: Bidanel et al.. 2001: Brym et al.. 2004: Li et
al.. 2004: Zeng et al.. 2005).

In pigs. QTL analyses related to growth and carcass
traits have been performed for 18 autosomes and the X
chromosome (Kmnott et al, 1998: Wang et al., 1998;
Harlizius et al., 2000; Ovilo et al.. 2002: Nagamine et al.,
2003: Gaboreanu et al.. 2004 Kim et al.. 2004). Evidences
for QTL as related to back fat thickness (BF) and
intramuscular fat contents (IMF) have been reported on
porcine chromosome 6 (SSC6). In fact, de Koning et al.
(1999) and Ovilo et al. (2002) detected a QTL associated
with BF and IMF on porcine chromosome 6q. In addition,
Grindflek et al. (2001) reported that the genes for IMF are
located between the markers SH1823 and S0003. As well.
heart fatty acid-binding protein (F4BP3) gene involved in
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fatty acid oxidation was reported to be associated with BF
and IMF. with this gene assigned to SSC6q in pigs (Gerbens
etal.. 2000, 2001: Urban et al.. 2002).

Kim et al. {2005) recently reported on the chromosomal
positions of the porcine phosphoinositide-3-kinase. class 3
(PIK3C3) gene by a PCR analysis of a porcinexrodent
somatic cell hybrid panel (Yerle et al., 1996) and a radiation
hybrid panel of the porcine genome (Yerle et al., 1998).
PIK3C3 is more closely linked to .S0228 on chromosome
6q22-23 and the location of this gene was inferred to be
between the markers SH7823 and S0003. PIK3C3
(phosphoinositide-3-kinase, class 3) participates in
mitogenesis, glucose transport, regulation of hepatic
glucose output. glvcogen synthase, and antilipolysis in
typical insulin target cells such as those in the liver. muscle
svstem. and fat (Shepherd et al.. 1998: Czech and Corvera.
1999). Finally. this protein is essential for mammalian
development. including its role in performing many specific
cellular functions as well as for metabolic activity of insulin.
Therefore. PIK3C3 would appear to be a positional and
functional candidate gene related to fat depot trait in
domestic pigs.

The aims of this study are to characterize porcine
PIK3C3. including identification of its full-length mRNA.
detection of single nucleotide polymorphisms (SNPs).
phylogenic analysis etc. and the fulfillment of an
association study between SNP detected and quantitative
traits.
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Table 1. Primer sequences used for amplifving porcine PIE3C3 in this study

Analvsis methods Primer names Primer sequences

CDS analysis PIK3C3-F
PIK3C3-R
5*RACE-PCR RACE-3'-1
RACE-5'-2
3'RACE-PCR RACE-3'-1
RACE-3'-2
PCR-RFLP E24-F
E24-R

F-ATGOGGGAAGCAGAGAAGTTTCACTACATC-3!
F-AGATTACAATGTTCTCTTCCTTGCTCGTTAGTC-Y
3-CATTGGGTCTTCTAGAACGGC-Y'
5-GCTGCACGTTGATATCCAGG-3'
5-TCTGTTTGCTGCGGTGGTAG-3
3-GACTAACGAGCAAGGAAGAG-Y
F-ATTTCGTCTAGACCTGTCCG-¥
5'"TGAATCTGTTCTACCACCGC-3'

MATERIALS AND METHODS

Animals

Skeletal muscle tissues from a Large White and a
Korean native pig (KNP) were used for developing mRNA
sequence analvses such as the cloning of full-length cDNA
and detecting SNPs. In order to confirm the presence and to
estimate the frequency of the SNP applied for association

analvses. 20 individuals from each of four breeds (Landrace.

Large White, Duroc, and KNP) were genotyvped. One
hundred and forty-five F» animals produced from a cross
between 3 Korean native boars and 11 Landrace sows were
analvzed for association tests. These animals included
complete records of pedigree. BF. carcass fat content (CF).
IMF and body weights at birth as well as 3, 3, 12, 20, and
30 weeks of age.

Nucleic acid isolation and cDNA synthesis

Genomic DNA was extracted from the whole blood
with the Wizard Genomic DNA Purification Kit (Promega.
USA). Total RNA was isolated from the skeletal muscle
tissues using Trizol (Gibco BRL. USA). while the mRNA
was purified by the Oligotex mRNA Isolation Kit (Quagen,
USA) according to the manufacturer’s protocol. First-strand
¢DNA synthesis was performed using the Smart™ Rapid
Amplification of cDNA Ends (RACE) Kit (Clontech. USA).

Amplification and sequence analysis of porcine PIK3C3
The porcine specific primers necessary to amplify
nearly full coding sequences (CDS) were designed from
human (GenBank accession no. NM_002647) and mouse
(GenBank accession no. NM_181414) mRNA sequences
(Table 1). RT-PCR was carried out with a total volume of
25 pl containing 25 ng of the 1™ strand cDNA, 50 mM KCl,
10 mM Tris-HCI1 (pH 8.3). 0.3 mM MgCl-. 0.2 uM of each
primer. 150 pM of each dNTP and 1.5 units of 7ag
polvmerase (Takara. Japan). A 5-min denaturation at 94°C
was followed by 35 cyeles (30 s at 94°C. 60 s at 64°C and
90 s at 72°C) and a final extension of 10 min at 72°C on a
PTC-200 Programmable Thermal Controller (MJ Research,
Inc.. USA). The PCR product was cloned using the TOPO
TA Cloning Kit (Invitrogen, USA). Plasmid DNA was
purified using the Minipreps DNA Purification System

(Promega, USA) and sequenced on an Applied Biosystems
3.700 DNA sequencer (PE Applied Biosystems, USA). The
sequences determined were then aligned using the Clustal X
version 1.83 (Thompson et al., 1997) to detect SNPs.

Cloning of full-length cDNA by RACE-PCR

RACE-PCRs were used for obtaining full-length cDNA
sequences with the 1% strand ¢DNA prepared by the
Smart™ RACE ¢DNA Amplification Kit. The porcine
PIK3(C3 specific primers were designed on the basis of the
nucleotide sequences as determined by RT-PCR (Table 1). A
1 RACE-PCR was carried out with a total volume of 50 pl,
containing 50 ng of the 1°" strand ¢cDNA. 30 mM of KCl, 10
mM of Tris-HC1 (pH 8.3). 0.5 mM of MgCl.. 0.2 pM of
PIK3-1 or PIK3-1 primer, 3 pl of 10x Universal Primer A
Mix (Clontech, USA). 150 uM of each dNTP and 2.5 unit
of Tag polymerase (Takara. Japan). A nested RACE-PCR
was carried out with a total volume of 30 pl, containing 3 pl
of the 1* RACE-PCR product. 50 mM of KCL. 10 mM of
Tris-HCI (pH 8.3). 0.5 mM of MgCl-, 0.2 uM of PIK3-2 or
PIK3-2 primer, 2 pl of Nested Universal Primer A
(Clontech, USA). 150 (M of each dNTP and 2.5 units of
Taq polymerase (Takara. Japan). The RACE PCR products
were directly sequenced on the Applied Biosystems 3,700
DNA sequencer (PE Applied Biosystems. USA).

Restriction fragment length polymorphism (RFLP)
analysis

A primer set was designed for genotyping the SNP
C2604T (Table 1). A PCR reaction was carried out with a
total volume of 25 pl. containing 25 ng of genomic DNA.
50 mM of KCL. 10 mM of Tris-HCI (pH 8.3). 0.5 mM of
MgCl-. 0.2 uM of each primer. 150 pM of each dNTP and
1.5 unit of Zag polvmerase (Takara, Japam). A 3-min
denaturation at 94°C was followed by 35 cycles (30 s at
94°C. 30 s at 37°C and 30 s at 72°C) and a final extension
of 10 min at 72°C. The Hp8I restriction enzyme (New
England Biolabs. UK) was used for the digestion of the
PCR products, which were digested for 3 h at 37°C, with a
total volume of 15 pl. containing 5 pl of PCR product. 10
units of Hpv8l (MBI, USA) and 1.5 pl of 10x buffer.
Digested DNA was separated in an 8% polvacrylanude gel
and stained with ethidium bromide.
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gtgecggt tcagbgtcagagtctteccagegecibtebt ceeyect agyLyt EgeEgt gt cegygyatgce
ATGGGGGAAGCAGAGAAGTT TCACTACAT CTACAGT TGTGACCTGGATATCAACGTGCAGC TTARGATAGGAAGTTT GGAAGGGAAGRAGAGRACAAAAG 99
M 6 E A E K F H Y I ¥ s$s ¢l L DI NV QL KTI & S$ULEGEKUERE g K
AGTTATAAAGCCGTTCTAGRAGACCCAATGCTTCARGTTT TCAGGAC TATACCAAGARACAT GTTCTGACCTCTATGTCACT TG CCAAGTTTTTGCAGAR 188
$ ¥ K A VvV L EDUPMTULIKTEFS Ll Y Q E T CS$ DL Y V TCQ VvV F AE
GEARAGCCTCTEGLCTTECCAGTAAGAAC TTCG TATARGGCAT TTAGCACAAGAT GGAACT GEGAATCGAATGGCTGARACTGCCTGTCARATACCCTGAC 287
G K P L AL P VR T S5 Y K AT F S T R WNWNEWTLI KTLUP V¥V KXY P D
C'I.‘GCCCAGGAATGCCCAAGTGGCCCTGAC'I.‘ATATGGGATG']E[‘ATGGACCAGGAAAGGCAGTGCCTGTGGGTGGAACAACAGTTTCATTGTTTGG.AAAA 396
L P R N A Q ¥V 2 L T I WDV Y GG P G K aAT PV GG T TV 8 L F G K
TACGGCATGT TTCGCCARGGGATGCATGACTTGAAAGTC TGGCCTAAT GTGGAAGCAGACGGAT CAGAACCCACRAAARACTCCTGGCAGAACAAGCAGT 495
¥ 6 M F R Q G6M H DL K VW PNV E &A2D G S EP T K TP G RT S5 S
ACTCTCTCAGAAGATCAGATGAGCCGTCT TGCCAAGCTCACCAAGGCT CATC GACAAGGTCACATGGT GAAAGTAGATTGGCT GGACAGACTGACCTTT 594
T L s E D ¢ M & R L A KULTUKAUHARUGQGHMVY KV D WILDUERTLTTF
AGAGAAATAGAAATCATARATCAGAG TEAAAAACGAAGT TC TAATT TCATGTACT TGATGG TTCAGTT TCCATG TETCAAG TG TGAT GATAAAGAATAT 683
R E I EM I N E & E KR s N F MY L MV EF PRV KCCDUDI KEY
GETATTGTTTATTATGAARAGGATGG TEACGAGTCATCTCCCATTT TAACGG GO T TTGAGATACTGAAAGTTCC TCACCCTCAAATS TCTATGGAGAAT 782
G I v ¥ ¥ E KD DE S s F I LT GGFETILI VKWV PDP g M S M EN
TTAGTTCAGAGTAAACACCACARAC T TEC TOGGAGT TTAAGAAGTCGACCTTCTGACCATSGTC TCARACC TAATGC TEGCCACGAGAGAT CAACTGAAT 881
L ¥ E § KHH KL &aAaR S5 L R 5 G P §$ D HGILIKUZPWNAA AT RIDZGQTLN
ATTATTGTGAGT TATCCACCAACCAAGCAAC TTACATAT GARGAAC AAGATC TTG TAT GGAAGT TTAGATAT TATCTTACTAATCAAGARAAAGCTTTG 980
I I ¥ & ¥ p P T K QL T Y E E QDL V¥V W KF R Y Y L TN QEI K A L
ACAARAGTTCT TGARATGCGT TAATTGGGATCTACCT CAGGAGGCCARACAGGCAT TGGAACTTC TGGGAAAATGGAAGCCAAT GGATGTAGRAGGATTCC 1089
T K F L K ¢ vV N W DL P Q E A2 K O 2L EULL G K W KPMUD VYV E D S
TTGGAGCTAT TATCATCCCATTACGCCAATCCAACAGTGABACGTTATGCAGTTGCCCGAT TACGGCAGGCAGATGATGAGGATTTGTTGATGTACCTA 1188
L E L L 8§ 8 H Y A N P T V R RYAT¥ 2P R LR JQATDUDETDTLTLHMYL
TTACAGCTCGTCCAAGCTCTCAAATATGAARAT TTTGAT GACATAARGAATGGAT TAGRAACCTACCAAGAAGGAAAGTCAGGGTTCAGTGTCAGAGAGT 1287
L gL v g AL KY ENFDUD1I KWNGLEPTIEKIE KESQg G S V S E s
GTGTCARATTCTGGARTAGG TTC TECAGAAATAGATAGC TCCCARRT TATAACCAGCCCTCTTCCTCCAGTGTCTTCCCCTCCTCCTGCATCTARRACA 1386
v s N S$ 6.1 ¢ 8 A E 1D s s ¢ I I T $ PL PPV S s P P P A S KT
AMAGAAAGTTCAG TG TEAAAG TC TEGAACARGATC TG TETACC T TECTGATAT CAAGAG CCT GCAAARACTCAACACTS GC TAATTATTTATACTGG 1485
K E $ $s b E $§ L E ¢ D L ¢ TV FULTI S$RAGCIEKNDNSTTULANDNZTYIL Y W
TATGTGATAGTAGAA TG TCAAGG TCAAGATACTCAGLAGAGAGATC CAAAGACCCATGAGATGTACTTGAATGTAAT GAGACCATTCAGC CAAGCATTS 1584
¥ ¥ I ¥ E C E G Q D T Q Q R D P KT HEMMTY¥YIL NV MURIRYF S @ AL
TTGAAGGGTGATARATC TGTCAGAGT TATGCGT TCGTTGCTGGCTGCACAGCAGACAT TTGTAGATCGACT GGTGCACCTART GRAGGCAGTTCAACGT 1683
L K 6D K S5 vV R VM R S5 L L A2 A0 ¢ TV F ¥UDURTUL YV HILMIEKAT QR
GAAAGTGGGAATCGTAAGAARAAGRATGAGAGACTACAGGCATTGC TTGGAGACAATGAAAAGATGAACTTGTCAGATGTGGAACTTATCCCATTGCCT 1782
E § G N R K K K N ERUIL Q AL L GDDNEI KHMM©N~NTLS DV ETLTIU?PTUL P
TTAGRACCCCAGGTGAARAT TAGAGGAATAATCCCAGAARCAGCTACATTAT TCAAGAGTGCCCTTAT GCCTGCACAGTTATTCTTTAAGACAGAAGAT 1881
L E PV KI R 1 1 P ETATIULTF FE K S ALMUPASGQTLTEFZFZ KTETD
GGAGGCAARTACCCAGT TATAT T TARACATGGGEATGAT TTACGCCAAGATCAAC TTATTC TCCAAAT CAT TTCACT CATGGACAAGCTGTTGCGGAAAR 1880
G 6 K Y PV I F KHGe D DL EEPETD QUL TIUL QI I &L MDIE KTLTLFERK
GAARATCTGGATT TAAAGTT GACACC CTATARAGTAT TAGCCACTAGTACAAAACATG GCT TCATGCAGTT TATCC RN CAGT TCCTGTTGOTGAAGTT 2079
E N L DL KL TP VY KV L AT S TU KHSGFMYMQQUF1 g s Vv P V A E V
CTTCATACAGAAGEARGLAT TCAGAATTTTTTTAGAARATAT GLAC CAAGTGAGAATG GTC CECAATGCAAT CAGTGC TGAAGTTATGGATACTTATGTT 2178
L D TEG S5 I Q N F FRKZY AP S ENGUPNGTI S AZEVMUDTY TV
AAAAGCTG'TGC'I.‘GGATATTGCGTGATTACATATATTCTTGGAGTTGGGGACAGGCACCTGGATMTCTTTTGCTGA@AAACAGGCAMCTCTTCCAC 2277
K § ¢ A G Y ¢ ¥V I T Y I LG VvV 6D RHULUDNIULTLTLTI KT GKXKL F H
ATAGACTTTGGATATATTTTGGGTAGGGACCCARAGCCTCTTCCTCCTCCAATGAAGC TGAATARAGARAT GGTAGAAGGAAT GEGGCGGCACACAGAGC 213746
I D FfF 6 Y I L GRDUPKUPULUPP P M KILNIE KEMEMT YVYEGMGUGT Q S
GAACRATACCAAGAGTTCCGTAARCAGTGCTACACAGCTTTTCTCCACCTTCGAAGGTATT CTAACCT TAT TTTGAACCTGTT TTCCTTGATGGTGGAT 2475
E ¢ ¥ ¢ E F R K¢ ¢ ¥ TAVFULUHKIU LWPRMRY s NLIULDNILEFSLMYMWWVD
GCARACATTCCAGATAT TGO TOT TEAACCAGATARRAC T CTCARARRAGETTCAGGATAAAT TTCCTCTAGACCTGTC CEAT GAAGAGGCAGTCCATTAC 2574
A NI P DI AL EPD KTV KKV QD KPFRULUDIULSDETEAV HY
ATGCAGAGTC TEATTGATGAAAG TETCC AN TC TG T TTGC TECGG TG GTAGAACAGAT TCATAAGTT CGC CCAGTACTGGAGAARATGA 2664
M ¢ 8§ L I D E S vV H A L F A A Vv VvV E ¢ I HKVF A Q@ Y W R K
aactyagtbbgattoatcaagatgcbtasctgetadagaaaacaact beagaaget guyiguaatyaagaat thagact aacgageaagdaagagaaca
ttghaatcbbcaagataacatatatectaaatgttacabyyhgcctiyaat betget EechbgcatatecatigcbtaaatabagtcEbyaagygt Legte
tNGA33434233433443443343343343a

Figure 1. Nucleotide sequence of the full-length mRNA of porcine PIK3C3 containing 5' and 3' UTRs. The boxed letters indicate
mutation points, and the underlined letters are the start and stop codons. Nucleotide numbers located at the right margin indicate the
length from the start codon.

Statistical analyses for association with quantitative association effects partitioned into between- and within-

traits family components:
Variance components models of association and
permutation for the exact p-values were applied. Variance Null model
components approaches allowed for simultaneous modeling Means = jL+s+b
of the means and variances. so that all the information in a Variances = VAV 4V,
set of related individuals could be used to constnict an
association test. Full model
The following models were evaluated to estimate the Means = pi+s+b+w
total evidence for association: Variances = V+V+V,
Null model where p is the overall mean. s is the mean of sex effects.
Means = p+s x is the mean of genotype effects. b is the mean of effects
Variances = V. +V,+V, for between-family components. w is the mean of effects
for within-family components. V. is the residual
Full model environmental variance component. V, is the polygenic
Means = p+s+x variance component and V, is the additive genetic variance
Variances = V. +V,+V, component. Note that these expectations do not include any
dominance variance.

The following models were evaluated to estimate the The likelihood of the data for the complete set of
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Figure 2. A comparison of the PIK3(C3 amino acid sequences among pigs, humans, mice, and rats. A dash indicates a sequence identity

to that of the pig.

parameters and the quantity 2[In (Z;) - In (L )] (Z;,. null-
hvpothesis likelihood and LZ;, altermative-hypothesis
likelihood) distributed as ;~ with df equal to the difference
in number of parameters estimated were calculated using
the QTDT program (Abecasis et al.. 2000),

RESULTS AND DISCUSSION

This study was performed in order to determine and
analvze the nucleotide sequence of porcine P/K3C3 and
conduct an  association study  between  genetic
polymorphism and quantitative traits. such as growth and
fat depot in pigs.

In order to determine a specific part of the mRNA
sequence of porcine P/K3C3. a primer set (PIK3C3F and R)
was first designed from a conserved region between human
(GenBank accession no. NM_002647) and mouse
(GenBank accession no. NM_181414) mRNA sequences
(Table 1): this was done because a pig sequence was not
available. Through an alignment of these two mRNA
sequences using Blast2  (http:/Avww.nebi nlm.nih.gov/
blast/bl2seq/wblast2.cgi). conserved positions were selected
for primer design. A partial coding sequence (CDS) of
PIK3C3 was obtained using RT-PCR, cloning and DNA
sequencing. For obtaining the full-length mRNA sequence.
additional primers were designed for 3' and 3' RACE on the
basis of the partial CDS that we had previously obtained

(Table 1). The full length mRNA and CDS of porcine
PIK3C3 were 2,966 bps and 2,664 bps. respectively, and the
gene was presumed to be composed of 25 exons when
compared with the human genomic DNA sequence
(NC_000018) (Figure 1). Nucleotide sequence identity was
shown as 92% between pig and human CDS. After
translating the porcine CDS, a comparison of amino acid
sequences from four mammalian species were performed
(Figure 2). The PIK3C3 of pigs. humans, mice. and rats
identically consist of 887 amino acids with sequence
identities between the pig and the latter three shown as 99%
(human) and 98% (mouse and rat). respectively. In
particular, variations between the 421% and 470" amino
acids were found with higher frequencies of 60-72.7% than
those found in other regions (Figure 2). Genetic distance
was calculated using the point accepted mutation model of
amino acid mutation suggested by Davhoff et al. (1978).
and a neighbor-joining tree was constructed (Figure 3). The
NJ tree showed that the pig formed a clad with humans.
indicating that pigs are more closely related to human than
with rodents.

Five SNPs-- C339G. Cl401T. A2058G. A2236G, and
C2604T-- were found from the comparison of mRNA
sequences between KNP and Large White pigs. As these
SNPs were located at the third position of genetic codes for
amino acids. therefore they were deemed silent mutations.
Deletion or insertion mutations in the nucleotide sequences
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Human

Pig
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Figure 3. A neighbor-joming tree constructed using the amino
acid sequences of four mammahan species. The tree was
generated by using the point accepted mutation model of amino
acid mutation advocated by Davhott et al. (1978).

were not identified. Among the identified SNPs, C2604T
was selected for genotyping animals of the four pig breeds.
We designed a primer set and performed PCR-RFLP
analvsis with Apv8l1 restriction enzvme (Figure 4. Table 2).
The frequency of the € allele in KNP was shown to be
relatively lower. at 17.5%. than those of other breeds. In
addition. the highest frequency of C allele was observed in
the Duroc. which recorded a 72.5% frequency.

One hundred and forty-five F- animals produced from a
cross between the KNP and Landrace were genotyped for
association tests between growth and fat depot traits. In the
total association analvsis. which doesn’t consider
transmission disequilibrium. the SNP showed a significant
effect (p<0.05) on body weight at 30 weeks of age (BW30)
and CF. and a highly significant effect (p<0.01) on BF
(Table 3). Differences in the means between C and 7 alleles
in BW30. CF and BF were estimated at 7.85 kg. 3.0 kg and
3.3 mum. respectively, indicating that a higher growth rate
induces higher BF and CF in the pedigree. The KNP has
general characterstics of slow growth and high BF. while
the Landrace demonstrates the opposite characteristics.

1705

M 77 TIT TC TC CC CC

102 bp

106 bp
67bp

33 bp

Figure 4. Three genotvpes generated trom PCR-RFLP analysis
with the Hpv8I restriction enzyme. M, 100 bp size standard; 77,
1, and 17, three genotypes trom the PCR-RFLP analysis.

Table 2. Distributions and allele frequencies of SNP C2604T in
four pig breeds

A Genotypes ' Frequencies
Breeds Tow CC_ CT 77 of Calkle
KNP 20 3 1 16 0.175
Landrace 20 8 8 4 0.6
Duroc 20 10 9 1 0.723
Large White 20 7 3 10 0425

! Genotypes were determined by Hpy8I-RFLP analysis.

From the results of the association test. it could be inferred
simply that the undesirable characteristics. including fast
growth but high BF, were generated by the crossing of the
two breeds. However. since the animals used for the test
were prepared for QTL mapping and extent linkage
disequilibrium could exit such populations. the results of
such a simple association test might not be completely
convinging.

Responding to this. we performed an additional sib-pair
analysis using within- and between- family components.
For this test. identity-by-descendent probabilities were
calculated using an algorithm from the Merlin software
(Abecasis et al.. 2002). which allows for the inclusion of
ungenotyped parents. In this test. the C allele still showed
positive and significant effects (p<0.05) on the BF and CF
(Table 4). The effects of the  allele on the means of
within-family components for CF and BF were estimated
by 2.76 kg and 5.07 mm. respectively. As well. the effects
of the C allele on BW30 revealed in the total association
test were not detected in the sib-pair test.

Table 3. Evaluation of the total evidence for association between SNP C2604T and quantitative traits

. 3 ; 5 ; Significance °
l P 2 - K) NPT | JP] PP =

Traits dt'(0) LnLk (0) dt'(x) Lnlk (x) A Ip value
BWO 141 -187.87 140 -188.01 0.29 ns/).60
BW3 134 62.30 133 62.30 0.01 ns/1.00
BW35 133 119.63 132 119.04 [.18 ns/0.70
BW12 140 312.30 139 309.65 5.29 ns /0.06
BW30 141 456.63 140 434,62 4,03 *10.04
CF 141 302.32 140 300.11 4.42 * /0.0l
BF 141 366.92 140 363.93 5.97 * */0.005
IMF 141 121.30 140 12063 1.35 ns/).20

'BW(. BW3, BWS. BWI12 and BW30 are body weight at birth. 3. 3, 12 and 30 weeks of age. respectively.
BF. CF and IMF represent backfat thickness, carcass fat and intramuscular fat content, respectively.

* The degree of freedom in the null model. * The log likelihood estimated by the null model.

* The degree of freedom in the full model. * The log likelihood estimated by the full model.

% Chi square value caleulated by 2[LnLk (x)-LnLk {0)].

“*oex indicate differences at the 5% and 1%5 significance thresholds, respectively and ns means non significance.
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Table 4. Evaluation of evidence for association effects usmg between- and within-family components

. . 2 “ E oS J§ Sigmi ca ’
Traits' dr oy’ LnLk (0)* arm? LnLk (T} % iguticance
p value
BWO 139 -188 34 138 -188.38 0.00 1s/0.80
BW3 132 61.39 131 61.31 0.16 ns/0.80
BWS5 131 118.87 130 11865 044 ns/0.80
BW12 138 309.44 137 308.39 211 ns0.10
BW30 139 454,78 138 45383 1.85 ns0.20
CF 139 292.56 138 290,47 417 */0.04
BF 139 359,11 138 356.41 5.40 */0.02
IMF 139 118.28 138 118.13 029 ns/0.60

"BWO. BW3, BW3, BW12 and BW30 are body weight at birth. 3. 3, 12 and 30 weeks of age. respectively.
BF. CF and IMF represent backfat thickness, carcass fat and intramuscular fat content, respectively.

* The degree of freedom in the null model. * The log likelihood estimated by the null model.

* The degree of freedom in the full model. * The log likelihood estimated by the full model.

% Chi square value calculated by 2[LnLk (T)-LnLk ({3)].

" * Indicates differences at the 5% signiticance and ns means non significance.

Recent QTL approaches have suggested the existence of
BF-related QTLs on SSC6 (Bidanel et al.. 2001: Ovilo et al.,
2002; Varona et al.. 2002: Sato et al., 2003). In particular,
Ovilo et al. (2002) reported a significant QTL between
SWRI1130 and Sw1069 on SSC6q and containing S0228.
which was identified as the closest maker to P/K3C3 in the
previous analysis (Kim et al.. 2005). The location. as well
as the physiological role of PZK3C3. reveals the possibility
that this gene could be a candidate trait gene for BF-related
QTL. For IMF. the € allele showed a negative effect. but an
insignificant one. This result indicates that if this were a
trait gene for the BF-related QTL. IMF would be
independent of BF. However. there remains an on-going
argument over the existence of a genetic comelation
between BF and IMF.

The SNP of porcine P/AK3(C3 that was discovered in this
study could be utilized as a possible genetic marker for the
selection of pigs that possess a low BF and CF at the
slaughter weight. However. QTL tests including the SNP.
should be demanded to confirm the desired effect.
Moreover. since the SNPs found in this study do not fully
explain functional changes of the gene because they are
silent mutations, additional sequence analyvsis as well as
mutation detection of the promoter region and the CDS
should be performed.
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