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A relation was studied between body weight measured at the age of 3, 6 and 12 months in Polish
Holstein-Friesian (HF) heifers (n=111) and young bulls (n=87) and C/7 polymorphism within intron
IV of bovine osteopontin encoding gene (SPPI). Three half-sib (HS) families were considered, each
sired by heterozygous C/T sire. Significant association was found of SPPI1 C>T SNP with body weight
in all the analysed HS progeny groups of young heifers and bulls. Within young bulls the differences
were identified (P<0.05) in body weight between the SPPI genotypes (8514C/C, 8514C/T, 8514T/T)
in month 3, 6 and 12 of age. Within heifers, however, the differences (P<0.05) were found in the
progeny groups aged 6 and 12 months. Moreover, when data from bulls and heifers were pooled
(n=198) the highly significant effect (P<0.01) of SPPI genotype on body weight was observed at the
age of 6 and 12 months.
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An effect was revealed of allele T as a favourable allele related to higher body weight in both young
bulls and heifers. The presented results suggest that SPP1 C>T SNP marker might be considered as
candidate gene for intensive growth in Polish HF cattle and could further be investigated in large
co-segregating HS families or other experimental designs.
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Osteopontin (OPN) was first described as a secreted, 60-kDa transformation-
specific phosphoprotein [Senger et al. 1979] mediating cell matrix interactions and
cellular signaling through binding with integrin and CD44 receptors. The protein in
question is expressed in numerous tissues [Denhardt and Guo 1993]. Accordingly,
secreted phosphoprotein 1 (SPP1) was introduced as an alternative term to reflect
the broader functional role of the factor. Bovine SPPI gene comprises 7 exons
spanning about 7 kb of genomic DNA (GenBank accession number NW 255516).
In a newly assembled bovine whole-genome sequence database (http://pre.ensembl.
org/Bostaurus/index.html based on Btau 3.1) the bovine SPPI (NC 007304.2) gene is
composed of 6961 bp in total length:1331 bp in processed length and 278 in protein
product length (Fig. 1 — “A’). In relation to milk and beef production traits, recent
studies by Schnabel et al. [2005], Leonard et al. [2005], Allan ef al. [2007], Khatib et
al. [2007], and White ef al. [2007] led to identification of several mutations mainly in
intronic region of the bovine SPP1 encoding gene (Fig. 1 - ‘B’).
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Fig. 1. “A’ represents the organization of SPPI gene of cattle in newly assembled bovine genome sequence
database based on Btau 3.1 (http:/pre.ensembl.org/Bos_taurus/index.html). ‘B’ shows the identified SNP
within bovine SPP/ gene.

In dairy cattle SPP/ gene was identified as a positional candidate gene for both
milk and beef production traits, harbouring the QTL region (at the position of 55.4 cM,
where BM143 microsatellite marker is mapped) on bovine chromosome 6 (BTA-6)
— Schnabel et al. [2005], Khatib et al. [2007]. The former group of authors proposed
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that a SNP upstream of bovine SPPI gene was a positional candidate polymorphism
explaining a QTL on BTA-6 that affected milk traits. In the following years White et al.
[2007] were able to show significant effects of SPPI polymorphism in two US bovine
populations on post-weaning growth. However, birth weight and weaning weight
showed no significant associations with SPP1 polymorphism. The lack of association
with growth trait was somewhat puzzling given the known biology of SPPI gene in
terms of tissue growth [Rangaswami et al. 2006] and embryonic growth [Weintraub
et al. 2004]. Recently, Allan et al. [2007] have extended the White’s et al. [2007]
work by further evaluating the association of SPP/ gene polymorphism with body
growth rate in a large cattle population spanning multiple generations. They found that
the associations of the C>T SNP SPPI marker with birth weight (P<0.006), weaning
weight (P<0.007) and yearling weight (P<0.003) were in accordance with the earlier
reported effects of SPPI genotype on yearling weight. White et al. [2007] confirmed
that the SNP within bovine SPPI gene successfully tracks functional alleles affecting
growth in cattle. The previously undetected effect of SNP on birth and weaning weight
of cattle [White et al. 2007] suggests that this particular SPP/ marker may be a source
of the phenotypic variance explained by QTL for birth weight, weaning weight and
yearling weight on BTA-6.

The SPP1 C>T SNP marker investigated here was first reported by Leonard et
al. [2005] in a trait-associated study with milk production. In a very recent report by
Pareek et al. [2008], SPP1 C>T SNP polymorphism within the intron IV of bovine
SPP] gene was investigated in selected breeds of beef (Hereford and Limousine)
and dairy (Polish HF and Polish Red) cattle. Study revealed significant differences
in the distribution of C and T alleles among the analysed panel of cattle breeds.
Therefore, the objective of this study was to continue the evaluation of SPPI C>T
SNP polymorphism in the co-segregating HS families of growing Polish Holstein-
Friesian cattle to confirm the association of bovine SPPI marker with body weight.

Material and methods

Animals

The Holstein-Friesian (HF) heifers (n=111) and young bulls (n=87) were used
representing three half-sib (HS) families of sires heterozygous for SPP1 C>T SNP
marker within the intron IV of SPP1 gene. The distribution of heifers and bulls within
three individual HS families was 22,72, 17 and 31, 46, 10, respectively. The phenotypic
parametre evaluated was body weight at the age of 3, 6 and 12 months within each HS
family. The phenotypic information on body weight trait of 198 genotyped animals
was obtained from commercial herds located at Kietrz and Krzyzanowo, Poland.
All animals were fed the same commercially available feed and raised in the same
common environment.
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DNA isolation, polymorphism detection and genotyping

The source of DNA was venous blood. Genomic DNA was extracted from blood
samples using Master Pure Genomic DNA purification kit (EPICENTER, USA). The
following primers were used to investigate the bovine SPP1 C>T SNP polymorphism
[Leonard et al. 2005]:

SNP-8514 Intron-4 SPP! F: 5°-GCA AAT CAG AAG TGT GAT AGA C-3’, and

SNP-8514 Intron-4 SPPI R: 5’-CCA AGC CAA ACG TAT GAG TT-3".

Genotyping of bovine SPP1 C>T SNP was carried out using PCR-RFLP procedure
according to Leonard et al. [2005]. The PCR products (290 bp) were incubated with
restriction enzyme Bsrl (FERMENTAS, Lithuania) at 37°C for 3h. The enzyme
distinguishes alleles C from alleles 7" of the SNP. The T allele represented as uncut
fragment indicated by a band of 290 bp and the C allele represented by the bands of
200 bp and 90 bp (Photo 1).

--603

--310,281,271
--234,194

~118
~72

Photo 1. Bovine SPP1 SNP C>T genotypic profile in the analysed HS progeny group of Polish HF cattle.
On the left: allele bp size representing SNP genotypes, on the right: M = ® X174 DNA/Hinf1. On bottom:
designated genotypes.

Statistical

The following linear model was fitted to 198 observations by the GLM procedure
in SAS software 9.1 (SAS Institute, Inc., Cary, NC):

Yijkl =pt Gi + Sij+ Sijk + eijkl
where:

Y.

i — the 1-th observation of the dependent variable (body weight) for

heifers, young bulls and both (pooled);

u — overallmean;

G — effect of i-th SPP1 genotypes (CC, CT, TT);
S. — fixed effect of j-th sire;

S. — fixed effect ofk-th sex (heifers and bulls);

residual error.
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Results and discussion

Body weight at the age of 3, 6 and 12 months was analysed for the association
with the bovine SPP1 C>T SNP marker. Within the HS heifers the differences (P<0.05)
were found in the body weight at the age of 6 and 12 months between the bovine SPP1
genotypes (8514C/C, 8514C/T and 85147/T) — Table 1. However, within the HS group
of young bulls such differences occurred (P<0.05) between SPP1 genotypes at the age
of 3, 6 and 12 months (Tab. 2). Moreover, when data for sexes were pooled, the effects
of SPP1 genotypes on mean body weight in HS progeny of 6 and 12 months (Tab. 3)
were found even highly significant (P<0.01).

Table 1. Least squares means (LSM) and their standard errors (SE) for body weight of

Polish Holstein-Friesian heifers aged 3, 6 and 12 months across SPP/ C>T SNP
genotypes (three co-segregating HS families)

Body weight (kg) at the age of
3 months 6 months 12 months

SPP] C>T SNP

genotype ISM __ SE SM _ SE ISM __ SE
cre 28 103.1  2.56 169.8°  4.04  308.9" 5.30
/T 56 1032 1.87 178.9° 295 3183  3.87
/T 27 1055  2.72 179.5° 429 3224° 563

®*Means within columns bearing different superscripts differ significantly at P<0.05.

Table 2. Least squares means (LSM) and their standard errors (SE) for body weight of
Polish Holstein-Friesian bulls aged 3, 6 and 12 months across SPPI C>T SNP
genotypes (three co-segregating HS families)

Body weight (kg) at the age of
n 3 months 6 months 12 months

SPP1 C>T SNP

genotype [SM__ SE ISM__ SE SM___ SE
c/c 21 972* 228  191.5° 7.64 3667 1121
crr 43 99.6 1.80  201.1 606 3760  8.89
T 23 1037° 214 2152° 7.8 3983° 10.53

®Means within columns bearing different superscripts differ significantly at P<0.05.

The results presented here reveal an association of co-segregating sires’ allele T
(favourable allele) with higher body weight in the HS progeny groups comprising
young Polish HF heifers and bulls. Referring to production traits, the SPP1 C>T SNP
genotypic frequencies were recently determined by Pareek ef al. [2008] in young bulls
of four beef and dairy breeds. Their study revealed that the frequency of favourable
T allele was highest in Polish Red (67.4%), followed by Limousine (60.4%), Polish
Holstein (55.4%) and Hereford (54.3%) bulls. Based on the cited study by Pareek et
al. [2008] as well as on the present report, it could be suggested that SPP! C>T SNP
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Table 3. Least squares means (LSM) and their standard errors (SE) for body weight of
Polish heifers and bulls (sexes pooled) aged 3, 6 and 12 months across SPP!
C>T SNP genotypes (three co-segregating HS families)

SPP] C>T SNP Body weight (kg) at the age of

genotype n 3 months 6 months 12 months
LSM  SE LSM SE LSM  SE
c/C 49 1009 1.78 1812 391  3399% 554
/T 99 1022 133 1904° 292  349.8 4.13
T 50 1048 1.80  196.9"® 394 3605 5.59

*-~Means within columns bearing different superscripts differ significantly at: small
letters — P<0.05; capitals — P<0.01.

is a suitable candidate gene marker for higher body weight in growing animals also
of other cattle breeds. However, such investigations are mainly handicapped because
of lack of resource population among these breeds. In Poland, Polish HF and Polish
Red cattle are also utilized for beef production. This study, therefore, leads to the
conclusion that SPP/ C>T SNP can be a marker of not only higher body weight (i.e.
higher growth rate), but also of milk production in trait-associated studies on both
breeds. Although in beef breeds the SPPI C>T SNP polymorphism was not, so far,
investigated in trait-associated studies, an in-del polymorphism (7,/T, ) within bovine
SPP1 gene was reported to be strongly associated with beef production traits [Allan
et al. 2007, White et al. 2007]. Within dairy breeds, an association of C allele with
increased fat and protein content of milk was reported by Leonard et al. [2005], while
Khatib et al. [2007] showed significant effect of SPP/ C>T SNP marker on milk fat
(P<0.0001) and milk protein (P<0.0001) content, and on milk fat yield (P=0.014).
The results presented here show an association of bovine SPP/ C>T SNP marker
with higher body weight in co-segregating HS family of Polish HF heifers and young
bulls. The favourable allele 7" showed significant effect on body weight in young bulls
aged 3,6 and 12 months and in 6 and 12 months aged heifers. Therefore, the investigated
SPP1 C>T SNP marker can be a suitable choice to simultaneous investigation of milk
production traits (favouring C allele) and growth traits (favouring allele 7) in large
co-segregating HS families or other resource population of Polish HF cattle.
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Zwiazek migdzy polimorfizmem C/T w obrgbie intronu IV
genu osteopontyny a masg ciata rosnacego bydta
rasy polskiej holsztynsko-fryzyjskiej

Streszczenie

Analizowano mozliwo$¢ wykorzystania polimorfizmu C/7 w intronie IV genu osteopontyny (SPPI),
jako czynnika réznicujacego tempo wzrostu mtodego bydta rasy polskiej holsztynsko-fryzyjskiej (hf).
Badaniami objgto jalowki (n=111) i mlode buhaje (n=87), stanowiace grupy polrodzenstwa i bgdace
potomstwem trzech buhajow o genotypie heterozygotycznym 8514C/T. Zwierzgta wazono w wieku 3, 6 i
12 miesigey. Wykazano wpltyw polimorfizmu SNP SPP/ C>T na masg ciata jalowek, jak rowniez mtodych
buhajow. Roznice (P<0,05) w masie ciala migdzy trzema grupami genotypowymi (8514C/C, 8514C/T i
8514 T/T) stwierdzono w przypadku 6- i 12-miesigcznych jatéwek oraz 3-, 6- 1 12-miesigcznych buhajow.
Ponadto, analiza danych pochodzacych od jatdwek i buhajow (facznie obie ptci) wykazata wysoce istotny
(P<0,01) wplyw genotypu SPPI na masg ciata zwierzat 6- i 12-miesigcznych. W obu przypadkach wyzsze
warto$ci badanej cechy reprezentowaty zwierzeta o genotypie 85147/7. Autorzy wnioskuja, ze SNP SPPI
C>T mozna traktowac jako marker wielkosci masy ciata mtodego bydta hf.
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