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INTRODUCTION
Numerous studies have shown that individual loci affecting quantitative traits (QTL) can be
detected via linkage to genetic markers (e.g. Heyen et al., 1999). For outbreeding species with
very limited female fertility, the most appropriate experimental designs are the daughter and
granddaughter designs (Weller et al., 1990). Several studies have detected a major QTL
affecting milk protein quantity and concentration on BTA6. Ron et al. (2001) found that three
QTL affecting milk, fat, and protein are segregating on this chromosome in the Israeli Holstein
population. The QTL with the greatest effect was located near the center of the chromosome.
Two unrelated Israel sires, Goliath and Mefi, were heterozygous for this QTL. The allele that
increased protein and fat production, decreased milk production, and increased fat and protein
percent. The effect on protein percent was greatest, relative to the trait standard deviation. The
QTL was localized to a confidence interval of 4 cM, centered on marker BM143, which is
adjacent to the SSP1 and IBSP genes in the syntenic region of human chromosome 4 (Band et
al., 2000). Ron et al. (2001) used the BLAST program to identify 12 genes in the region
syntenic to SSP1 and IBSP on BTA6.  
If segregating QTL are detected by genetic linkage, then linkage relationships between marker
and QTL alleles will not be the same in different families. However, if a marker is tightly
linked to the QTL, and if one of the QTL alleles is the result of a recent mutation, or
introduction from another population, then linkage relationships over a short chromosomal
segment may have been maintained. This has been demonstrated for a QTL allele affecting fat
concentration on BTA14 (Riquet et al., 1999 ; Looft et al., 2001). Furthermore, Farnir et al.
(2000) found that there is significant population-wide linkage disequilibrium in the Holstein
dairy cattle population, as expected due to the low effective population size. Although previous
studies have shown linkage disequilibrium between genetic markers and a QTL in a sample of
individual sires known to be heterozygous for the QTL, this has not been demonstrated for the
population in general. This information could be used for selection of young sires or bull dams.
In this study we report the application of new bioinformatic techniques to determine a
candidate gene for the QTL within the confidence interval, kiaa0914. A single nucleotide
polymorphism (SNP) located within an intron of this gene was detected. Allelic frequencies
and effects on milk production traits were determined in the general population of Israeli sires. 

MATERIALS AND METHODS
Selection of candidate genes. Clones expressed preferentially in the mammary gland of mice
were selected from 52 000 clones of two normal mammary gland cDNA libraries. Each clone
in the mammary gland library was compared with the entire mouse EST sequence, containing
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930 000 sequenced clones. Queries > 200 bp were selected for analysis. For hits that were
< 200 bp, we searched for longer adjacent ESTs. For queries between 200-300 bp, we searched
for longer queries containing the same sequence, and used the FETCH, FASTA, and
ASSEMBLE programs of GCG to construct a contig for each query. Only the longest clone
containing the common sequence was retained. BLAST analysis determined that 13 000 of the
mammary gland ESTs represented non-redundant genes. Of these, 6 700 genes that appeared
more than twice in the mammary gland libraries were selected. We determined the ratio of
mammary specific hits (MSH) to the total number of total hits for each EST. MSH scores of
redundant EST readings of the same clone were adjusted accordingly. The maximal MSH
score of a sample of 71 housekeeping genes, 20 %, was used as the minimum criterion for a
mammary specific gene. A total of 6 524 ESTs met this criterion. Of the mammary specific
genes, only kiaa0914 was located in the QTL confidence interval. This gene was therefore
selected for further analysis. We did not find any information with respect to the function of
kiaa0914.   

In-silico cloning and SNP detection. Using the sequence of the human gene as a BlastN
query we detected five ESTs of kiaa0914 in GeneBank database (BF041512, BF045415,
BI536744, BF606170, and BE668356). Following ordering and further sequencing of
kiaa0914 ESTs, we were able to obtain more of the gene sequence. EST BF606170 consists of
a 5 Kb genomic fragment spanning exon 9 to 13. We PCR amplified intron 9 of the sires Mefi
and Goliath, and subcloned and sequenced the amplification products. Goliath was
heterozygous for one SNP. TaqMan MGB probes were designed and dye labeled as follows :
ATGGCTAGTCATaTTT (VIC), ATGGCTAGTCATgTTT (FAM). The SNP is indicated by a
lower case letter. Allelic discrimination assays on ABI7000 machine were performed by “real-
time” PCR with external primers : AACTTTAAAAGGGAGAGGAATGTTACC, and
TGCACTTGGATGGAGATATACTTACAA. 

Statistical analysis of SNP effects on economic traits. A total of 184 AI Israeli Holstein bulls
were genotyped for the kiaa0914 SNP. Of these, 181 had genetic evaluations for milk
production traits. Genetic evaluations for milk, fat, and protein were derived by a repeatability
animal model analysis of the entire Israeli Holstein population. Evaluations for fat and protein
percent were derived from the evaluations for the production traits, as described previously
(Ron et al., 2001). The following fixed linear model was used to estimate the effect associated
with the SNP for each of five traits analyzed :

Yi = S + B + B2 + ei

Where : Yi is the genetic evaluation of sire i for each trait, S is the linear SNP effect, B is the
linear effect of sires’ birth year, B2 is the squared effect of the sires’ birth year, and ei is the
random residual. The SNP value was defined as the number of “A” alleles. The linear and
squared effects of the sires’ birth year were included to account for genetic trends in the
population. The effect of the SNP was also analyzed with the three SNP genotypes as class
effects. Linear and quadratic birth year trends of the SNP were also estimated.
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RESULTS AND DISCUSSION
Frequencies of the SNP genotypes of sires are given in table 1. The two allelic frequencies
were very close to 0.5, but slightly higher for A, 0.52. Neither the linear nor the quadratic birth
year trends were significant. Thus, there was apparently no selection for this SNP.  
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Table 1. Frequencies of the SNP genotypes

Genotype Frequency Percent
GG 43 23.4
GA 93 50.5
AA 49 26.1

Total 184 100.0
ssion 09. Lactation and milk quality Communication N° 09-12

he substitution effects of SNP genotype on the sire genetic evaluations are given in table 2
r the regression model.

able 2. The substitution effects of SNP genotype on the sire genetic evaluations

rait Kg milk Kg fat Kg protein % fat % protein
ffect 175* 5.4* 5.7*** -0.003 0.004

, significant p<0.05 ; ***, significant p<0.001

milar results were obtained with the SNP genotype as a class effect, and are therefore not
esented. The effects associated with all three production traits were significant, and the effect
sociated with protein was significant at p < 0.001. The estimates of effects on the production
aits were somewhat larger than the effects found previously by Ron et al. (2001) by the
ughter design analysis for the two heterozygous families. However, in the current analysis,
e effects were in the same direction for all three traits. Therefore the effects on fat and
otein percent were not significant. Thus, although a highly significant effect was associated
ith this SNP, it is not identical to the QTL described by Ron et al. (2001).  
 possible explanation is that more than two alleles are segregating for the QTL, and the
fects observed in the daughters of Mefi and Goliath represent only one possible contrast. It is
so possible that two closely linked QTL with different profile of effects are segregating near
e middle of BTA6, and that only one of these QTL is in linkage disequilibrium with the SNP
alyzed. The effect observed was also highly significant on the Israeli breeding index.

herefore this SNP could be used as an additional selection criterion. It should be possible to
fine the effect by genotyping additional SNPs located in or near kiaa0914, and analysis of
plotypes.

ONCLUSIONS
f the 12 genes located within the confidence interval for the QTL affecting protein
ncentration on BTA6, only kiaa0914 was differentially expressed in the mouse mammary
and EST library. A SNP located in intron 6 of this gene was associated with a highly
gnificant population-wide effect on protein production in the Israeli Holstein sire population,
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but not protein percent. Frequencies of the two SNP alleles were nearly equal, and the genetic
trend was not significant. The relationship of this effect with the QTL described previously in
the same chromosomal location will require further study. 
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