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ABSTRACT. Canchim is a composite cattle breed developed in
Brazil for beef production. One of the breeding objectives is to
increase fat deposition. QTLs for fat thickness and/or marbling have
been reported on BTA4 and BTA14. The IGFBP3 and DDEF1 genes,
mapped to BTA4 and BTA 14, respectively, affect adipogenesis. We
looked for SNPs in the IGFBP3 and DDEF1 genes that could be
associated with backfat thickness in Canchim beef cattle. For SNP
identification, sires with the highest accuracy were ranked according
to expected breeding value for fat thickness; the 12 extremes (six sires
with the highest and six with the lowest expected breeding value for
the trait) were chosen. Six regions of the IGFBP3 and 14 regions of the
DDEF1 were sequenced using the Sanger method. Nine SNPs were
identified in IGFBP3 and 76 in the DDEF1. After an initial analysis,
two SNPs were selected to be genotyped for the whole population;
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these were DDEF1g.279401 A>G and IGFBP3c¢.4394T>C(Trp>Arg).
We found a significant effect (P < 0.05) of allele substitution on
backfat thickness; however, the IGFBP3 SNP did not significantly
affect this trait.

Key words: Fat deposition; Candidate genes; SNP identification;
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INTRODUCTION

Bovine chromosomes 4 (BTA4) and 14 (BTA14) harbor quantitative trait loci (QTLs)
for fat traits, such as marbling score and backfat thickness (Moore et al., 2003; Mizoguchi
et al., 2006). Some genes, such as leptin (Stone et al., 1996) on BTA4 and thyroglobulin on
BTA14 (Barendse et al., 2001), have been indicated as candidates that can influence these
traits, although some of the results are conflicting (Buchanan et al., 2002; Casas et al., 2005;
Rincker et al., 2006; Gan et al., 2008; Sherman et al., 2008).

The insulin-like growth factor binding protein 3 gene (IGFBP3) is located at 78.8
cM on BTAA4, near a region for the marbling QTL (Mizoguchi et al., 2006). Ballard and
colleagues (1988) cloned and characterized six IGFBPs in humans and rodents, which are
believed to be similar to those of domestic animals. Levels of IGFBPs were related to fat
mass in humans (Souren et al., 2008; Toledo-Corral et al., 2008). The development and dif-
ferentiation enhancing factor I gene (DDEF1) is located within the region harboring QTLs
for fat deposition traits on BTA14. King et al. (1999) showed that this gene has the ability to
differentiate fibroblasts into adipocytes in vitro.

The objectives of this study were to identify single-nucleotide polymorphisms
(SNPs) in the IGFBP3 and DDEF1 genes and to determine the association of these SNPs
with fat thickness in Canchim cattle.

MATERIAL AND METHODS
Animals and phenotypic data

We evaluated 987 Canchim cattle, of both sexes (535 females and 452 bulls), raised
on pasture in seven herds, all born between 2003 and 2005, for backfat thickness at the age of
18 months by image analysis using ultrasound. The images were taken and analyzed by trained
technicians at the back of the lumbar region, between the 12th and 13th ribs.

Animals used in identification of SNPs

The expected breeding value (EBV) and accuracy for fat thickness were estimated for
the 113 sires, parents of the 987 animals. The genetic parameters were estimated with the same
data using the method of restricted maximum likelihood using the MTDFREML software
(Boldman et al., 1995). The sires with the highest accuracy were ranked according to EBYV,
and the six sires with the highest EBV and the six with the lowest EBV were chosen for SNP
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identification in the IGFBP3 and DDEF1 genes.
DNA extraction, primer design

DNA samples were extracted using a standard salting out procedure. The sequenc-
ing primers to identify SNPs were designed using the Primer3 software (http://frodo.wi.mit.
edu/primer3/) to flank the seven exons of the IGFBP3 gene and for the regions encoding
the conserved domains (Centaurin Pleckstrin homology domain, ankyrin repeats, Src ho-
mology 3 domains, and ArfGap) of the DDEF1 gene. Prospecting for miRNA target sites
in the miRbase (http://microrna.sanger.ac.uk/cgi-bin/targets/vS5/detail view.pl?transcript
1d=ENSMMinUTO00000017009) revealed a sequence homologous to the target site for
mmu-miR-721 miRNA in Macaca mulatta. This region was also included in the SNP pros-
pecting experiment. We chose to target conserved domains because of the size of this gene
(339,054 bp).

Identification of SNPs in the DDEF1 gene

Six regions of the IGFBP3 gene and fourteen regions of the DDEF1 gene were
amplified, purified and sequenced. The polymerase chain reaction (PCR) products were
purified using the Wizard SV gel kit and PCR clean-up system (Promega™). Sequenc-
ing reactions were performed using the ABI PRISM® Big Dye Terminator v. 3.1 cycle
sequencing kit (Applied Biosystems). The sequencing products were purified and pre-
cipitated with isopropanol and ethanol and then analyzed in an ABI Prism 3100 Avant
sequencer (Applied Biosystems).

SNP identification in heterozygous individuals was performed using Phred, Phrap
and Consed programs. The BioEdit program (Hall, 1999), which uses the algorithm of the
ClustalW software (Thompson et al., 1994), was used to identify polymorphisms between
homozygotes for different alleles of the SNP.

SNP selection

To select the SNP to be tested in the population, we determined whether the SNPs
found in exons changed amino acids in proteins, and we performed the Fisher exact test
to see if there was a predominance of one SNP allele in any of the fat thickness EBV
extremes.

SNP’s genotyping in the population

The IGFBP3c.4394T>C(Trp>Arg) SNP (NCBI ss181800501) was chosen ac-
cording to the analysis of amino acid change and genotyped by the TagMan method in
all families comprising more than 10 individuals (647 animals). The DDEF1 SNP chosen
using the Fisher exact test (DDEF1g.279401A>G, NCBI ss181800428) was genotyped
in 987 animals according to an adaptation of the ARMS methodology (Buitkamp and
Semmer, 2004) and analyzed in an ABI 3100 Avant automatic DNA sequencer (Applied
Biosystems).
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Statistical analysis

The associations between marker genotypes and measures of fat thickness were
analyzed according to an animal model, using the restricted maximum likelihood method.
In these analyses, performed using the ASREML software (Gilmour et al., 2000) according
to Schenkel et al. (2005), we formed 32 contemporary groups (CG) based on the variables
birth year, herd, genetic group (CA or MA), and sex. We excluded from the subsequent
analysis any CGs with fewer than two individuals. To determine the influence of the mo-
lecular markers on fat thickness, we used an animal model considering as fixed effects the
CQG, age of the animal (covariate, linear) and marker genotypes, besides the additive direct
and the residual random effects. All analyses were performed individually for each of the
two markers.

When a suggestive (P < 0.10) marker genotype effect was observed, the effect of
allele substitution, such as deviation of the allele with the highest frequency, was estimated
by replacing the genotype effect by covariables representing the number of copies of each
allele in the genotype. A comparison between the model containing the marker genotypes
and the model used in the analysis of allelic substitution effects was performed by the likeli-
hood ratio test (Mood et al., 1974) to check for the presence of dominant deviations from
the additive model.

RESULTS AND DISCUSSION

We identified nine SNPs in the /GFBP3 gene (NCBI _ss181800501 to ss181800509)
of which six were located in exons (NCBI ss181800501, ss181800505, ss181800506,
ss181800507, ss181800508, and ss181800509) and 76 SNPs in the DDEF1 gene (NCBI_
$s181800425 to ss181800500), 17 of which were found in exons (NCBI ss181800429,
ss181800445, ss181800446, ss181800454, ss181800455, ss181800456, ss181800469,
ss181800470, ss181800481, ss181800482, ss181800483, ss181800484, ss181800485,
ss181800491, ss181800498, ss181800499, and ss181800500) and one in the first nucleo-
tide of the mmu-mir-721 miRNA target site (NCBI ss181800500). None of the IGFBP3
SNPs showed a significant effect according to the Fisher exact test; however, a P value of
0.0167 was revealed for the SNP (A/G) (NCBI ss181800428) located in intron 13 of the
DDEFI gene. In addition to this polymorphism, two other polymorphisms of this gene were
significant (P < 0.05) (NCBI ss181800426 and ss181800486). SNPs located in the exons 4
(NCBI _ss181800501), 5 (NCBI _ss181800506) and 7 (NCBI _ss181800509) resulted in an
amino acid change in IGFBP3 protein (tryptophan/arginine, cysteine/tyrosine, threonine/
methionine, respectively), changing its chemical properties (non-polar/polar or vice versa).
The SNPs in exon 31 (NCBI_ss181800498, ss181800499 and ss181800500) in DDEF1
caused an amino acid alteration in DDEF1 protein (phenylalanine/leucine, valine/isoleu-
cine and leucine/valine, respectively); however, this substitution did not affect the chemical
properties of the protein structure (both were non-polar and aliphatic).

In humans, the levels of IGFBP1 showed a suggestive association with fat mass
(Souren et al., 2008) and a study performed with children demonstrated that IGFBP1 and
IGFBP3 are inversely related to adiposity (Toledo-Corral et al., 2008). This evidence led us
to point to IGFBP3 as a candidate gene to influence fat thickness in Canchim population, but
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our hypothesis was not supported by the analysis performed (Table 1). The C and T alleles
showed frequencies of 43.5 and 56.5%, respectively.

Table 1. Restricted maximum likelihood analyses of backfat thickness, according to the model for each marker locus.

Effect SNPs
DDEF1g.279401A>G IGFBP3¢.4394T>C(Trp>Arg)
d.f. P d.f. P
Mean 1 <0.01 1 0.676
CG 32 <0.01 32 <0.01
DDEF1g.279401A>G 2 0.071 - -
IGFBP3¢.4394T>C(Trp>Arg) - 2 0.449
Age 1 <0.01 1 0.198

CG = contemporary groups; d.f. = degrees of freedom.

An indicative association (P < 0.07) was found between DDEF1g.279401A>G SNP
(Table 1) and backfat thickness. A QTL for fat thickness has been described in this chromo-
somal region (Moore et al., 2003). The protein encoded by DDEF1 gene was associated with
differentiation of fibroblasts into adipocytes (King et al., 1999) and an SNP of this gene was
associated with marbling in beef cattle (Casas et al., 2009).

The substitution of a G by an A allele in the DDEF1 marker indicated significant
effects (Table 2). The A allele showed an increase in the average fat thickness of the ho-
mozygote G by 0.063 mm in the population studied (Table 2). The A and G alleles showed
frequencies of 35.65 and 63.35%, respectively. Since backfat thickness was evaluated by
ultrasound, which indirectly measures carcass backfat, this could be an underestimation of
the allele substitution effect.

Table 2. Results from the analysis of the effect of DDEF1g.279401A>G marker allele substitution on backfat
thickness of Canchim cattle and estimated regression coefficient to determine the contribution of the A allele
from DDEF1g.279401 A>G marker in the phenotype.

DDEF1g.279401A>G

Effect d.f. P Allele effect (mm)
Mean 1 <0.01

CG 32 <0.01 -

Alelle A 1 0.027 0.06322
Alelle G - - -

Age 1 <0.01

CG = contemporary groups; d.f. = degrees of freedom; P = probability associated with the variance ratio test.

The model considering the genotype as fixed effect was not significant-
ly different (P > 0.05) from the model including the covariates for each allele for the
DDEF1g.279401 A>G marker, and thus, the effect of this SNP on backfat could be con-
sidered strictly additive.

There are several reports of QTLs for fat deposition in both the centromeric re-
gion of BTA14 and the middle region of BTA4. However, candidate genes in these QTL
regions have shown conflicting results, a fact that demonstrates the need for studies of
new genes in these regions. Considering our results, the DDEF1g.279401A>G SNP of the
DDEFI gene could be a candidate marker for fat thickness on BTA 14 in cattle to be tested
in other populations.
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