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(IGFBP3) Polymorphisms and Carcass Traits in Cattle
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ABSTRACT : The insulin-like growth factor binding protein 3 (IGFBP3) has been investigated as a candidate gene for growth
promoting effects in beef cattle and a modulator of IGF bioactivity. Previously, we have reported twenty two sequence variants
discovered in Korean native cattle (Hanwoo). In this study, we examined the association between gene-specific polymorphisims of
LGFBP3 and cold carcass weight (CW) and marbling score (MS) among Korean native cattle. Among twenty two polymorphisms, tour
common polymorphic sites (-854G>C, -100G>A, +421G>T and +3863C>A) were genotyped in our beef cattle (n = 437). Statistical
analysis revealed that one common polymorphism in the promoter region (-854G>C) showed putative associations with MS (p = 0.03).
[IGFBP3 variation/haplotype information analyzed in this study will provide valuable information into strategies for the production of a
commercial line of beef cattle. (Key Words : [GFBP3, Cold Carcass Weight, Marbling Score, Polymorphism)

INTRODUCTION

Insulin-like growth factor-I (IGF-I) has important roles
in growth and milk synthesis (Cohick. 1998). Because of
the complexity of IGF interactions in tissues, the complex
has been termed the IGF system. The IGF system consists
of ligands (insulin, IGF-I and IGF-II), receptors (insulin-R,
IGF-R1 and IGF-R2). six IGF binding proteins (IGFBPI to
6) and proteases that may alter IGFBPs and change IGF and
IGFBPs affinities (Giudice et al., 1990). Even though all
cells seem to synthesize IGFBPs, each has the potential for
different synthesis patterns (Clemmons, 1997). Numerous
studies indicate that IGFBPs are synthesized and secreted
by mammary cells from breast cancer cell lines (Yee. 2002).
mouse cells (Baummcker et al. 1993. Skaar and
Banmnucker. 1993) and bovine cells (Campbell et al., 1991:
Woodward et al., 1996; Baumrucker et al., 2003).

Insulin-like growth factor binding protein-3 (IGFBP3)
is one of a family of IGFBPs. IGFBPs are multifunctional
proteins that transport and stabilize IGF in the circulation
and modulate the effects of IGF on a variety of cellular
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functions. IGFBPs may also regulate cells by IGF
independent mechanisms. IGFBP3, a 40-45 kDa
glycoprotein, is by far the most abundant IGFBP in the
circulation, where it has a central role in regulating IGF
bicavailability to the tissnes by forming heterotrimeric
complexes with IGF-I or IGF-II and an 85 kDa glycoprotein
(Baxter, 2001).

In some cases. IGFBP3 is proposed to act by inhibiting
the access of IGF to the IGF-I receptor, which mediates
most of the actions of IGF. However, the effects of IGFBP3
on IGF dependent cellular functions are complex, with both
stimulatory and inhibitory actions reported (De Mellow and
Baxter. 1988). In recent years. important studies with cells
lacking IGF-I receptor have revealed that IGFBP3 can be
inhibitory to cell growth even in the absence of IGF
signaling (Valentinis et al., 1995). But there are no reported
QTL around IGFBP3 genomic position.

In our previous study, twenty two sequence variamts
were identified: one in the promoter region. twenty in
introns and one in exons in IGFBP3 in Korean cattle (Kim
et al., 2004). In this study, we examined IGFBP3 gene as
one of most promising candidate genes in meat production
and quality in cattle. Here, we present four polymorphisms
(-854G>C, -100G>A, +421G>T and +3863C>A) genotyped
in IGFBP3 and the results of association study with meat
quantity and quality in Korean cattle (Hanwoo, Bos taurus
coreanae).
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Table 1. Genotypes and allele trequencies of 4 polymorphisms in IGFBP3

Name Position Genotype Frequency Heterozygosity
-854G>C Promoter G CG C N 0.371 0.467
173 193 62 430
-100A>G S'UTR A AG N 0.470 0498
124 208 98 430
+421G>T Intronl G GT T N 0.322 1436
174 245 18 437
+3863C>A Intron2 C AC A N 0.230 0.354
248 171 14 433

Rare allele frequencies, heterozygosity calculated in Korean male beef cattle,

MATERIALS AND METHODS

Animals and phenotypic data

The Korean native cattle genomic DNA samples were
obtained from 437 steers produced from 76 sires used in
progeny testing program of National Livestock Research
Institute (NLRI) of Korea. The dams were insemunated
randomly with young sires. All steers were fed for
731.39+16.53 days period under tightly controlled feeding
program in Dackwanryeong and Namwon branch of NLRL
Live weights were determined before slaughter. Mean of
live weights was 539.93+51.96 kg Yield grades for
carcasses were determined by cold carcass weight (CW).
After a 24-h chill, CW weights were measured, and then the
left side of each carcass was cut between the last rib and the
first lumbar vertebrae to determine marbling score (MS).
Mean of CW was 311.47433.39 kg. MS was determined by
assessing the degree of marbling in the cut surface of the
ribeye. The degree of marbling was evaluated according to
the Korean Beef Marbling Standard (1 = trace. 7 = very
abundant) (APGS. 1995). Mean of MS was 2.25+1.36.

Genotyping by single-base extension and electrophoresis

For genotyping of polymorphic sites. amplifying and
extension primers were designed for single-base extension
(SBE) (Vreeland et al,, 2002). Primer extension reactions
were performed with the SNaPshot ddNTP Primer
Extension Kit (Applied Biosystems). To clean up the primer
extension reaction, one unit of SAP (shrimp alkaline
phosphatase) was added to the reaction mixture, and the
mixture was incubated at 37°C for 1 h, followed by 15 min
at 72°C for enmzyme inactivation. The DNA samples,
containing extension products and Genescan 120 Liz size
standard solution were added to Hi-Di formamide (Applied
Biosystems) according to the recommendation of the
manufacturer. The mixture was incubated at 95°C for 5 mun,
followed by 5 min on ice. and then electrophoresis was
performed using the ABI Prism 3100 Genetic Analyzer. The
results were analyzed using the program of ABI Prism
GeneScan and  Genotyper (Applied Biosystems).
Information regarding the primers is available on our

website (http./Awwww.snp-genetics. com/user/additional list.
asp).

Statistics

We examined a widely used measure of linkage
disequilibrinm between all pairs of biallelic loci, lewontin’s
d> (D’]) (Hedrick, 1987), and r. Haplotypes and their
frequencies were inferred using the algorithm developed by
Stephens et al. (Stephens et al., 2001). Phase probabilities of
each site were calculated for each individual using this
software. Association analyses with carcass traits (CW and
MS) were performed using a mixed effect model treating
“sire” as a random effect. Age at slaughter was also
included in the model. Other covariates were not available
for this analysis. We fit a full model that includes all four
polymorphisms in the model. We think the full model is
more appropriate for controlling the closely linked
polymorphisms more effectively. Putative transcription
factor binding sites were examined using the software-
TFSEARCH: Searching Transcription Factor Binding Sites
(version 1.3, http://www.cbre jp/research/db/TFSEARCH.
html) (putative score>0.9) based on TRANSFAC database
{(Heinemeyer et al., 1998).

RESULTS AND DISCUSSION

Among previously identified twenty two
polymorphisms (Kim et al., 2004), four polymorphisms (-
854G>C. -100G>A, +421G>T and +3863C>A) were
selected for larger-scale genotyping based on LDs (only one
polymorphism if there are absolute LDs (F = 1) and
frequencies in IGFBP3. The minor allele frequencies of
genotyped polymorphisms were 0.371 (-854G>(), 0.470
(-100G=>A). 0322 (+421G>T) and 0.230 (+3863C>A)
respectively, in Korean cattle (Table 1 and Figure 1). By
pair-wise linkage amalysis with 437 Korean cattle, which
were used for genotyping, we have found that four sets of
polymorphisms in strong LDs were identified (Table 2), and
four major haplotypes (freq.>0.1) were constructed among
these four polymorphisms (Table 3).

Associations of IGFBP3 polymorphisms with carcass
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Table 2. Linkage disequilibrium coefficient (|D’| and #°) among /GFBP3 polymorphisms
SNPs _ 21
-854G>C -100G>A +421G>T +3863C>A
¥ -854G>C - 0.973 0714 0.936
-100G>A 0.501 - 0.947 0.957
+421G>T 0413 0.386 - 0.431
+3863C>A 0443 0.245 0.115 -
Table 3. Haplotypes of IGFBP3
Haplotype -854G>C -100G>A +421G>T +3863C>A Frequency
hii G G G C 0.453
ht2 C A T A 0.143
hi3 C A T C 0.125
hid G A G C 0.106
ht5 C A G A 0.079
hi6 G A T C 0.050
Others - - - - 0.043
Others contain rare haplotypes: CAGC, GGTC, GAGA. GGGA and CGGC.,
Table 4. Association analyses of the IGFBP3 polymorphisms with carcass traits (CW and MS) among Korean native cattle
. = . Genotype
Trait Loci Location o R R P
CwW -8534G>C Promoter 173(309.78133.61) 195(312.02431.00) 62(312.94£38.30) 031
-100A>G S'UTR 124(309.10435.33) 208(312.51£33.94) 98(312.624£29.89) 033
+421G>T Intronl 174(312.05+32.98) 245(311.214£34.17) 18(309.33+27.60) 0.99
+3863C>A Intron2 248(310.11£33.56) 171(313.28+32.42) 14(313.07441.55) 045
ht2 - 306(311.30£34.17) 122(311.57£31.19) 0.77
hi3 - 323(311.29+32.71) 103(311.59+35.36) 2(313.50+41.72) 0.97
htd - 341(312.234£33.04) 83(309.95+33.96) 4(268.00+9.02) 0.08
MS -834G>C Promoter 173(2.32£1.40) 195(2.20£1.31) 62(1.8211.03) 0.03
-100A>G S'UTR 124(1.99£1.20) 208(2.30£1.37) 98(2.2611.36) 0.12
+421G>T Intronl 174(2.20£1.31) 245(2.22+1.36) 18(1.67+0.59) 0.38
+3863C>A Intron2 248(2.31£1.37) 171(2.04£1.26) 14(2.14£1.17) 0.08
ht2 - 306(2.16£1.30) 122(2.25£1.36) 037
ht3 - 323(2.2441.36) 103(2.03£1.20) 2(2.0040.00) 0.17
hid - 341(2.14+1.30) 83(241+1.41) 4(1.7540.96) 0.23

Genotype and haplotype distributions, means, standard deviations (SD), p values controlling for sire and age at slaughter as covariates was shown.
*CiC, C/R, and R/R represent the common allele, heterozygotes and homozygotes for the rare allele. respectively.

Significant associations are shown in boldface.

traits were analyzed using the mixed-effect model with sire
and age as covariates. Sire was treated as a random effect
and age a fixed effect. Among four major haplotypes
(freq.>0.1) identified. Az was not used for further analysis
becanse it was almost (>95%) tagged by a single SNP.
-100G>A (Table 3).

Statistical analysis revealed that polymorphisms in
IGFBP3 showed mno significant association with cold
carcass weight (CW) and marbling score (MS). One
common polymorphism in promoter region (-854G>C)
showed putative associations with MS (p = 0.03). The
highest MS was detected in G allele homozygotes (MS =
2.32), intermediate in C/G heterozygotes (MS = 2.20) and
lowest in C allele homozygotes (MS = 1.82). In further
haplotype association analysis, no possible association was

detected with carcass traits (Table 4). But when Bonferroni
corrections were strictly adopted. associated p value counld
not retain the significance (the threshold of significance
would be 0.0063 (4 polymorphisms and 2 phenotypes
analyzed).

By statistical analysis, it would be hard to tell that
-854G>C is critical for the carcass quality grade. MS. But
the promoter SNP, -854G>C, was analyzed as located in the
consensus sequence of E2F binding site by software,
TFSEARCH (putative score>0.90) (Figure 1). Moreover,
the expression of IGF-I transported and stabilized by
IGFBP3 is negatively regulated by an E2F binding site in
IGF-I promoter region (Li and Baserga. 1996; Porcu et al.,
1994). The possibility that -854G>C may alter IGFBP3
protein regulation needs to be evaluated in future studies.
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It has been shown that SNPs in the UTR of genes can
affect gene expression (Pesole et al., 2001), and it is
possible that -100A>G varant in the SUTR of IGFBP3
might have an influence on gene expression. Although our
data show that the 5UTR polymorphism of IGFBP3 is not
associated with CW and MS, it may have some implications
for other IGFBP3 functions in cattle.

As one of six related proteins that modify IGF
bioactivity in complex (Shimasaki and Ling. 1991; Jones
and Clemmons, 1995. Zapf, 1995). both inhibiting and
enhancing effects of IGFBP3 on IGF-I action have been
reported (De Mellow and Baxter, 1988; Gopinath et al.,
1989; Emst and Rodan, 1990; Marcelli et al., 19935).
Therefore concentrations of IGFBPs are potential indicators
of IGF-I status and may provide insight into an animal’s
growth or carcass potential. Moreover. production of
IGFBP3 is stimulated by growth hormone (GH) (Cohick et
al., 1992; Assy et al., 1997), suggesting that animals with
increased body weight may exhibit increased IGFBP3 due
to endogenous GH activity. But in previous studies,
IGFBP3 was not related to carcass backfat. intramuscular
fat. longissimus dorsi arca and hip height (Connor et al..
2000). IGFBP3 activity also revealed no differences in gilts
selected for daily gain estimation (Clutter et al., 1995) and
in obese sheep compared with lean sheep (McCann et al.,
1997). In the present study, four polymorphisms (-854G>C,
-100G>A. +421G>T and +3863C>A) in IGFBP3 also
showed no strong associations with the quantity trait (CW)
and the quality trait (MS) in Korean cattle in exception of a
putative association of -834G>C with MS. Although it
would be difficult to explain the reason of association with
marbling score but not carcass weight, our results suggest
that IGFBP3 has some other function involved in fat
metabolism and/or fat contents of muscle.

In summary, we found that polymorphisms (-854G>C.
-100G>A. +421G>T and +3863C>A) in IGFBP3 might be
not associated with carcass traits of Korean cattle. The
putative association of -854G>C with the carcass quality
(MS) will be needed further statistical and functional
studies.
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