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activated receptors gamma gene and its association with carcass
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Abstract

Peroxisome proliferators-activated receptor gamma (PPAR-y) is thought to play a critical role in glucose and
lipid metabolism and in inflammation control. The objective of this study was to detect the single nucleotide
polymorphism (SNPs) in whole coding regions of PPAR-gamma gene with single strand conformation
polymorphism (SSCP) in Peking duck Z4, Z2, Hybrid and Cherry Valley duck populations. The results showed
that there were two alleles and three genotypes in the experimental populations. And one novel polymorphism, a
synonymous mutation G-to-T at 213 of 5th exon, was found. The birds with homozygote (TT) was highest for
carcass weight, sebum weight, percentage of sebum, abdominal fat weight, percentage of abdominal fat and IMF
in four duck populations; however, for breast muscular weight and carcass net weight, the birds with
heterozygote (GT) was highest in them. The association analysis results showed that the SNP of the
polymorphism of PPAR-y gene was linked with potential major loci or genes affecting some growth and fatness
traits.
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Zusammenfassung

Titel der Arbeit: Identifizierung von Polymorphismen im peroxisome proliferators-activated receptors
gamma Gen und ihre Assoziation mit Schlachtkérpermerkmalen bei der Ente

Der Peroxisome proliferators-activated receptor gamma (PPAR-y) spielt eine entscheidende Rolle im Glukose-
und Fettstoffwechsel und bei Entziindungen. Das Ziel dieser Studie war es, Polymorphismen (single nucleotide
polymorphism, SNPs) in der gesamten kodierenden Region des PPAR-y mittels Single Strang Conformation
Polymorphism (SSCP) Analyse bei den Linien Z4, Z2, Hybrid und Cherry Valley der Pekingente zu detektieren.
Zwei Allele und drei Genotypen konnten in den Linien identifiziert werden basierend auf einem synonymen
Basenaustausch G-to-T in Position nt 213 im Exon 5. Die homozygot (TT) Enten wiesen das hochste
Korpergewicht, sowie Gewichte und Anteile an Talg und Bauchfett und intermuskuldres Fett in den vier
Entelinien auf, wéhrend das Brustmuskelgewicht und das Schlachtkérpergewicht bei Heterozygoten (GT) am
hochsten war. Die Assoziationsanalyse zeigte, dass der SNP im PPAR-y-Gen im Zusammenhang mit moglichen
Majorgenen oder weiteren Gene fiir Wachstums- und Fettmerkmale steht.

Schliisselworter: Ente (4nas platyrhynchos), PPAR-y, SNPs, PCR-SSCP, MAS

Introduction
Although intensive selection in duck has made great improvement in growth rate and
feed efficiency, modern strains of ducks exhibit excessive body fat deposition. That is
one of the main problems encountered by the duck industry today, because it has
significant negative effects on feed efficiency and causes great economic loss to
processing plants. The economic concern and recognition of consumer aversion to
excess fatty tissue deposition have led commercial breeders to incorporate significant
selection for reduced body fatness in their breeding programs. Although several
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strategies of selection for leanness in meat production have been describes, it is still
laborious and expensive to measure fat deposition. Therefore, considerable research
effort has been applied to study factors associated with fat deposition and methods to
reduce it (SHAHIN et al., 2000; WAWRO et al., 2004). Peroxisome proliferators-
activated receptors (PPARs) belong to the nuclear receptor superfamily
(SCHOONJANS et al., 1996; BRAMFELD et al., 2003). PPARs have been implicated
in the regulation of almost every single aspect of lipid metabolism and, consequently,
in diseases that involve disturbances in lipid metabolism (obesity, diabetes,
atherosclerosis, cardiac failure) (PFEUFFER, 2001; VAN et al., 2002). Three types of
PPARSs have been characterized: PPAR-a, PPAR-f (also called PPAR-6) and PPAR-y.
In chicken, PPAR-y has 6 exons and 5 introns. Research showed that the PPAR-y gene
has impact on chicken fat metabolism and SNPs could be used in molecular assistant
selection (MAS) as a genetic marker for the chicken fatness traits (LI et al., 2005).
However, up to now, the research about SNPs of the PPAR-y gene in duck was not
reported. The objectives of the present study were to identify SNPs in the duck PPAR-
vy gene and to evaluate associations between the polymorphisms and growth and
fatness traits in four duck populations.

Materials and Methods

Samples Collection and Preparation

Blood samples were collected from 384 individuals belongs to four duck populations:
Peking duck Z4 (98), Peking duck Z2 (95), Hybrid Peking duck (Z4 xZ2) (HB) (92)
and Cherry Valley duck (99). The blood samples were collected from Institute of
Animal Science, Chinese Academy of Agricultural Science. The growth and fatness
traits (carcass weight, carcass net weight, breast muscular weight, leg muscular
weight, abdominal fat weight (AFW), percentage of abdominal fat (AFP), sebum
weight, percentage of sebum weight and intramuscular fat (IMF) in these ducks were
collected for statistical analysis. The 384 ducks were slaughtered at the end of 42 days.
Genome DNA was obtained by phenol and chloroform (1:1) extraction, and stored at
20 C.

Primer Design and PCR Amplification

Based upon duck PPAR-y gene sequences (Accession no. EF546801), six pairs of
primers (Table 1) were designed to amplify the duck PPAR-y gene whole coding
region and detect the single nucleotide polymorphisms of the six exons.

Following optimization, PCR reactions were carried out in a total volume of 15puL
with 40ng of genomic DNA, 0.5 pmol of each of forward and reverse primer, 1.5 uL of
10 xbuffer, 1.5mM of MgCl,, 0.25mM of deoxyribonucleorides triphosphate, and
1.5 U of Taqg DNA polymerase (Fermentas) on an Eppendorf Mastercycler gradient
(Eppendorf). With regard to duck samples, the PCR cycles were 95°C for 5min, 31
cycles of 94°C for 30s, 46 °C for 35s and 72°C for 30s — and final extension step at

72 °C for 10 min.

Single Stranded Sonformation Polymorphism (SSCP) and Sequencing
Adiquots of 4uL. PCR products were mixed with 10 pL. denaturing solution (98 %
formamide, 25 mM EDTA, 0.025 % xylene-cyanole and 0.025 % bromophenol blue),
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heated for 10min at 98 °C and cooled on wet ice (SUN et al., 2002). Denatured PCR
products were subjected to 10% acrylamide:bisacrylamide (29:1) gels in 1xTBE
buffer and constant voltage (160 V) for 15-16h. The gel was stained with 0.1 % silver
nitrate. Three PCR fragments from different SSCP patterns in different populations
were sun-cloned to T-vector (Takara, China). Sequencing reactions were performed
with BigDye terminator chemistry and resolved on an ABI PRISM 3730 DNA
sequencer. All fragments were sequenced in both directions. The BLAST algorithm
was used to search the NCBI GenBank (http://www.ncbi.nlm.nih.cov/) databases for
homologous sequences.

Table 1
Primers for PPAR-y gene and PCR analysis parameters established for duck (Primer und PCR-Bedingungen fiir
die Analyse des PPAR-y Gens bei der Ente)

Fragment

length (bp)
1 222 Forward: 5'-ATGGTTGACACAGAAATGCC-3' 55
Reverse: 5'-ACTTTGGCAATCCTGGAG-3'

) 171 Forward: 5'-GTGCAATCAAAATGGAGCC-3' 55
Reverse: 5S-CCTTACAACCTTCACATG-3'

3 138 Forward: 5-TAAGGGCTTTTCGAAGAACCAT-3' 57
Reverse: 5-TGTGTGACATTCCAACAGCAA-3'

4 192 Forward: 5-TCAGGTTTGGGCGAATGC-3' 57
Reverse: 5'-TGTCGTTTTTCCTGTCAAGATCGC-3'

5 450 Forward: 5'-CATTTGTTATTTATGACATG-3' 46
Reverse: 5'-CTCCGCTTAGTATAATGAC-3'

6 241 Forward: 5'-ACCGCCCAGGTTTGTTA-3' 51
Reverse: 5-AGTCTTTATAGATTTCTTG-3'

Annealing

Exon temperature (‘C)

Primer sequence

Statistical Analysis

v2 tests were used to determine if the individual variant was in Hardy-Weinberg

equilibrium. The genotype and allele frequency distributions were compared by

Chi-square test.

The traits were compared between the genotypes. The association between PPAR-y

and live weight (42 days), carcass weight, carcass net weight, breast muscular weight,

breast muscular rate, leg muscular weight, leg muscular rate, abdominal fat weight

(AFW), percentage of abdominal fat (AFP), sebum weight, percentage of sebum and

IMF was evaluated according to one-way analysis, using the following model:
Y=pu+G+L+GxL+e

where: Y — dependent variable (analyzed traits), p — overall mean, G — genotype of

PPAR-y exon-5 (AA, AB and BB), L — duck population, G X L — interactions between

genotype and duck population (all fixed effects), e — random error.

Difference between genotypes was determined by least square analysis.

Results and Discussion

Single Nucleotide Polymorphism in Exon-5 of the PPAR-y Gene

Amplicons of the expected size were obtained from duck DNA using different
primers. These were identified by PCR-SSCP. The results of exon-1 to exon-4 and
exon-6 of PPAR-y showed no polymorphism. The amplicons of exon-5 were
approximately 450bp in size and exhibited polymorphism in different individuals and



279
Arch. Tierz. 51 (2008) 3

populations. Three band patterns could be identified in exon-5 of PPAR-y gene
(Figure 1), which were the products of two alleles (G and T).

GG TT GT GT GT TT GT GT GT TT GG GT GT GT

»

Fig. 1: PCR-SSCP band pattern on a 10 % non-denaturing polyacrylamide gel. The GG genotype has one band
which running fast; the TT genotype has one band which running slow; the GT genotype have two bands which
one running slow and the other running fast.

(PCR-SSCP Bandenmuster im 10 % nicht-denaturierenden Polyacrylamidgel)

DNA Sequencing

The sequencing results were compared with the coding region sequence of duck
(Accession n0.EF546801) and showed: only one SNPs Ex5 213 G-to-T was detected
in 384 unrelated duck from four populations (Z4, Z2 and HB Peking duck and Cherry
Valley duck). But the G-to-T mutation in the 213" nucleotide of the exon-5 identified
a silent allele at PPAR-y locus: ACG (Thr) -ACT (Thr) at position 311 amino acid.

Allele and Genotype Distribution of PPAR-y Gene Exon-5

In three Peking duck populations, genotype frequency of GG was highest, however, in
Cherry Valley duck population, the GT was highest. The G allele frequencies for the
exon-5 of PPAR-y gene in the analyzed populations were 0.5714, 0.6316, 0.5543 and
0.6162 for Peking duck Z4, Z2, HB and Cherry Valley duck populations, respectively.
The genotype distributions of Peking duck Z4, Z2 and HB in disagreement with
Hardy-Weinberg equilibrium (P<0.05) except Cherry Valley duck population (Table
2). For the PPAR-y gene, Hardy-Weinberg equilibrium was not fulfilled in Peking
duck 74, 72 and Hybrid populations. One explanation could be they were suffered
intensive selection during the long term commercial breeding. In selected populations,
deviations of genotype frequencies from the Hardy-Weinberg equilibrium should be
expected for loci with impact on traits under selection (GOLIASOVA et al., 2004).

Table 2
Allele and genotype frequencies of the SNP in exon 5 of PPAR-y gene in four duck populations (Allel- und
Genotypfrequenzen fiir den SNP im Exon 5 des PPAR-y Gens bei vier Entenlinien)

Population Number GGGenotypeTf;equenmes or Agele frequenc%es (HWE)
Z4 98 0.4388 0.2959 0.2653 0.5714 0.4286 21.0597**
72 95 0.4632 0.2 0.3368 0.6316 0.3684 7.5392%*
Ccv 99 0.3636 0.1313 0.5051 0.6162 0.3838 0.3891
HB 92 0.3696 0.2608 0.3696 0.5543 0.4457 6.1018**

¥2 (HWE)=Hardy-Weinberg equilibrium y2 value; Z4=Peking duck Z4; Z2=Peking duck Z2; CV=Cherry Valley duck; HB=hybrid Peking
duck of Z4xZ2; **P<0.01 and the SNP locus in the population were not at Hardy-Weinberg equilibrium

Allelic Effect of the PPAR-y Gene Exon-5 on Some Growth and Fatness Traits

The candidate gene approach is a very powerful method to investigate associations of
gene polymorphisms with economically important traits in farm animals
(ROTHSCHILD et al., 1997; SCHWERIN, 2003). Many studies were reported that
PPAR gene was a candidate gene associated with the fatness traits in domestic animal



280

WU et al.: Single nucleotide polymorphism discovery of peroxisome proliferators-activated receptors

and poultry (e.g., MENG et al., 2002; BRAMFELD et al., 1980; LI et al., 2005; XIE et
al., 2005). In this study, the PPAR-y gene was selected as a candidate gene to
investigated associations of gene polymorphisms with some growth and fatness traits
in duck populations.

The allelic effects of the PPAR-y gene exon-5 on some growth and fatness traits in 384
samples of four duck populations were presented in Table 3. For growth and fatness
traits with significant differences between genotypes, the allelic effect of carcass
weight, breast muscular weight, carcass net weight, sebum weight, AFW, percentage
of sebum, AFP and IMF acted in a dominant mode. The birds with homozygote (TT)
had significant higher than heterozygotes (GT) and the inbred homozygotes (GG) for
the carcass weight, sebum weight, percentage of sebum, abdominal fat weight and
percentage of abdominal fat. However, for breast muscular weight, the birds with
heterozygote (GT) had significant higher than the inbred homozygotes (GG). The birds
with heterozygotes (GT) had significant higher than homozygotes (TT) and inbred
homozypotes (GG) for carcass net weight. For IMF, the homozygotes (TT) had higher
than heterozygotes (GT). Furthermore, no significant association of different
genotypes with other traits were detected (P>0.05). The results indicated that TT
genotype linked strongly with the QTL controlling fatness traits. Therefore, it was
presumed that it may have a QTL controlling fatness in the region and allele T was
dominant to G associated with fat.

Table 3
Least square analysis between exon 5 of PPAR-y and growth and fatness traits in ducks (Least square means fiir
Wachstums- und Fettmerkmale in Abhingigkeit vom Genotyp)

: Genotype GG Genotype TT Genotype GT
Growth or fatmess trait. — \\/ 0"V SF) (n=157)  (Mean=S.E)(n=85)  (Mean + S.E) (n=142)
Carcass weight (g) 2337.00 + 34.80° 2486.57 + 44.77° 2247.56 + 44.20°
Breast muscular weight (g) 21291 = 4.94° 21591 = 6.00® 22649 = 4.88°
Leg muscular weight (g) 136.09 £ 7.09 12985 £+ 1.90 13257 £+ 1.44
Carcass net weight (g) 1303.77 + 35.58" 1251.01 + 42.84° 1439.74 + 50.13°
Sebum weight (g) 553.00 + 8.97° 635.55 + 12.11° 568.98 + 10.25°
Abdominal fat weight (g) 4157 + 091° 56.14 + 1.60° 42.09 + 1.38°
Sebum (%) 4729 + 0.71° 54.87 + 1.03" 4887 + 1.02°
Abdominal fat (%) 357 + 0.08" 485+ 0.14° 3.65+ 0.13°
Intramuscular fat (%) 535+ 0.16% 564 £ 0.21° 499 + 0.13°

Different superscript letters (a, b, ¢) were significantly different (LSD test, P<0.05) in genotypes GG, TT and GT; n: number of the genotype
in the population

There are many studis showing that PPAR-y gene was association with lipid
metabolism. Gene ablation experiments in mice showed that PPAR-y is required for
the development of placental blood vessels and fatness tissue (ROSEN et al., 1999;
KUBOTA et al., 1999; BARAK et al., 1999). In addition to these developmental roles,
PPAR-y promotes lipid storage during adipogenesis (DESVERGNE et al., 1999) and
inhibits inflammation by causing apoptosis in macrophages (SPIEGELMAN, 1998;
CHINETTI et al., 1998). In this study, the unique population design provided an
opportunity to detect the interaction between the PPAR-y gene and genetic background
of four duck populations on growth and fatness traits. These phenotypic differences
among the four populations likely reflect their different genetic background. Strong
interactions between the PPAR-y gene and genetic background were detected for the
associations between the genotypes and growth and fatness traits in four duck
populations, which illustrates the importance of defining gene effects in specific
populations before future applications using marker assisted selection program.
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The results of this study showed that the single nucleotide polymorphism at 213
nucleotide in exon-5 was strongly associated with sebum weight, percentage of sebum,
abdominal fat weight and percentage of abdominal fat in four duck populations, and
therefore, with lipid metabolism. It was also significant associated with carcass weight
in Z2 and Z4 populations. An explanation for the results was probably due to the low
animal numbers. So, we conjecture the PPAR-y gene may be a major candidate gene
or linked to major candidate gene that impact duck lipid metabolism and the SNP
could be used in molecular assistant selection (MAS) as a genetic marker for duck
fatness traits. This result was consistent with the study in chicken (LI et al., 2005).

Interaction between the PPAR-y Gene exon-5 and genetic background of four duck
populations

The interactions between the genotypes of PPAR-y gene exon-5 and genetic
background of four duck populations were showed in Table 4. For the sebum weight,
percentage of sebum, abdominal fat weight and percentage of abdominal fat,
interactions between the genotypes and populations were significant different (P<0.05).

Table 4
Effects (P-value) of polymorphism of PPAR-y gene exon-5 on duck growth and fatness traits (Effekte [P-Werte]
des SNP in Exon 5 des PPAR-y auf Wachstums- und Fettmerkmale bei der Ente)

Growth or fatness trait Genotype Population Genotype X Population
Carcass weight (g) 0.0407 <0.0001 0.1533
Breast muscular weight (g) 0.0442 <0.0001 0.6654
Leg muscular weight (g) 0.7473 0.2991 0.7751
Carcass net weight (g) 0.0476 <0.0001 0.2975
Sebum weight (g) <0.0001 <0.0001 0.003
Abdominal fat weight (g) <0.0001 <0.0001 <0.0001
Sebum (%) <0.0001 <0.0001 <0.0001
Abdominal fat (%) <0.0001 <0.0001 <0.0001
Intramuscular fat (%) 0.5534 <0.0001 0.0618
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