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Abstract: Based on QTL fine mapping results on bovine chromosome 6 in the previous studies, KLEF3 gene was
chosen as a candidate gene to evaluate its effect on milk production traits in a Chinese Holstein population.
A SNP (NC _007304:2.13849 G=C) in exond of KILF3 gene was demonstrated by directly sequencing of PCR
product. Milk production traits including milk vield, fat yield, protem yield, fat percentage and protein
percentage of each cow were collected by using 305 days lactation records. The further association analysis
of the SNP genotype with milk production traits were conducted in a Chinese Holstein population including
1417 cows. We found that there were a SNP associated significantly with milk yield (p = 0.022) and protein
vield (p = 0.033). The effect of CC genotype of SNP (NC 007304:g.1384%9 G>C) was significantly higher than
other genotype (p<0.05) in both traits. The study suggested that the KLLF3 gene could be used for marker
assisted selection program as a molecular marker gene for milk yield, protein yield in Holstein damy cattle

breeding.
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INTRODUCTION

In dairy cattle, chromosome 6 (BTAG6) is one of the
most concerned chromosomes m QTL mapping for milk
production traits. Several fine mapping studies have been
conducted for BTA6 and provided strong evidence for
the existence of a QTL affecting fat orfand protein
percentage located near marker BM143 (Ron et al., 2001,
Olsen et al., 2004; Schnabel et al., 2005). Tn the former
study of a Chinese Holstein population consisting of 26
sire families, we also revealed one or more significant
QTLs effects on milk yield, fat vield, protein yield, fat
percentage and mapped the QTL for milk yield and protein
yield around marker BMS470 which is about 14 ¢cM away
from marker BM143 with about 4 ¢cM confidence intervals
(Chen et al., 2005, 2006).

This region was also reported to harbor one or more
QTLs for milk production traits by several investigators
(Zhang et al., 1998, Velmala et al., 1999, Harder ef al,,
2006). In the further fine mapping study, Mei et al. (2009)
mapped a QTL for milk production traits in the confidence
mtervals by increasing the marker density and mapped a
mterval region surrounded by the markers BMS483 and
MNB209, this interval spans about 1.5 Mb (59.41-60.94

Mb). By scanmng the genome sequence corresponding
to the mterval between BMS483 and MNB209 there are 13
known genes: TBC1D1, KLF3, TLR10, TLR1, TLR6,
LOC511583, TMEMI1 56, KLHL5, WDR19,1.0514842,RPL9,
LLAS and UGDH gene. KLF3 gene 1s a member of the
Krippel-Like Factors (KLFs) family of zinc finger
proteins which are involved in many biological processes
such as cell proliferation, differentiation, apoptosis and
neoplastic transformation (Eaton ef al., 2008). Research on
knock-out mice has showed that KLF3 gene was an
important component of transcriptional machmery in
eukaryotic cells (Funnell et of., 2007) and transcriptional
control of adipogenesis (Sue et al., 2008). KLF3 gene also
regulated muscle specific gene expression and synergizes
with serum response factoron KLF binding sites
(Himeda et af., 2010). In this study, we chose KLF3 gene
from the QTL region of fine mapping and investigated the
polymorphism of KLLF3 gene and evaluate its effect on
milk production traits in Chinese Holstein dairy cattle.

MATERIALS AND METHODS

Animals: Blood samples of 1417 Chinese Holstein cows
were collected randomly from eight Chinese Holstein
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cattle farms in Beijing, including sire families with 64-288
daughters from each sire. The average 305 days milk yield
of those animals was about 8500 kg and their regular and
standard performance testing (Dairy Herd Improvement,
DHI} has been recorded since 1999. The mdividual
phenotype for each of five milk production traits (i.e., milk
vield, fat yield, protein yield and fat percentage and
protein percentage over 305 days) which were obtamed
from the Beijing Dairy Cattle Center is composed of three
records corresponding to different parity. The total
number of production records was 2963 and the mean and
Standard Deviation (SD) of the five traits are shown in
Table 1.

Genotyping and sequencing analysis: Genomic DNA was
extracted from blood samples of cows using the phenol-
chloroform method. Using Primer 5.0 software, five pairs
of primers corresponding to five exons and promoter
regions were designed according to the genomic
sequence of KLF3 gene (GenBank accession no.
NC 007304) (Table 2). The PCR was carried out in a total
volume of 25 ul. including 60-80 ng of template DNA,
10 pmol of each pnmer, 250 pM dNTPs, 2.5 plL 10 x PCR
buffer (with MgCl,) and 1.0 U Tagq polymerase
(TaKaRa Biotechnology, China).

PCR was performed n a MJ Research PTC-200
Thermal Cycler (BIO-RAD, USA) under the following
reaction procedure: initial denaturation at 95°C for 5 min
followed by 35 cycles of denaturation at 95°C for 40 sec,
annealing at X°C for 40 sec (X was shown in Table 2) and
extension at 72°C for 45 sec with a final extension step at
72°C for 5 min.

To identify the mutation site, the PCR products were
purified using DNA Gel Extraction Kit (Tiangen
Biotechnology, China) and then sequenced on the
APBI 377 DNA Sequencer. Both forward and reverse

Table 1: Means and standard deviation of five milk production traits

Traits MeantSD
Milk vield (kg) 8569.16£1638.46
Fat yield (kg) 342.54+75.68
Protein yield (kg) 284.34+54.62
Fat (%) 3.0440.49

Protein (%o) 3.20+0.23

Table 2: Primers used for SNP identification of bovine KILF3 gene
Product  Armealing

Fragments Primers sequence (5'~3" size (bp)  (X°C)
KLF3-Exonl AGAGGAAGGACCAGAGAAGC
GCCTATCAAATGCCTGTCAG 308 59.0
KLF3-Exon2 ACTGAATGIGCCTTGTTGTG
CAGACTCCCTGGTAGTGAAG 398 59.5
KLF3-Exon3 TGCCAAAGGTAGATACTCAC
TTCCATTCCAGTTCTGAGAT 257 60.0
KLF3-Exond GCCAGTGTTGTTAATGCTT
TGGTAACTTTCAAGATGCCT 329 58.8
KLF3-Exon5 GCTGAGCCTTACATATACGC
GGGAAGGAGGATAGAGAGAG 398 60.5

primers were used to sequencing. Have been identified
the SNP all samples for SNP genotyping by direct
sequencing of PCR products.

Association analysis: Association analysis between

genotypes of the SNP and milk production traits were

tested by using in SAS9.1.3 software based on the animal
models. Pedigrees of animals detected in the present
study were traced back to three generations to create the
numerator relationship matrix. The animal model is as
follows:

Y, :hst+Fk+Mn+Gl+1;+pl+e1

Where:

Y, = The vector of the phenoctypic value for each trait
of cow 1

hys, = The vector of the herd-year-season effect

F, = The vector of the parity number effect

M, = The vector of the month effect

G; = The vector of the fixed effect corresponding to the
genotype of SNP (NC _007304:g.13849 G=C)

1; = The vector of the random polygenic component
account for known pedigree relationships (Animal
meodel; Lynch and Walsh, 1998) mcluding un-
genotyped individuals whose phenotypes was

ignored
P, = The permanent environmental effect component
e, = The random residuals
RESULTS AND DISCUSSION

Identification of polymorphism: Through the five pairs of
primers, we successfully amplified out all the expected
fragments for five exons and partial promoter region of
KLF3 gene. After directly sequencing for PCR fragment,
one Single-Nucleotide Polymorphism (SNP) was 1dentified
in exon4 (Fig. 1).

By comparing the sequences of two types of
homozygote on SNP, we found that the SNP showed a
nucleotide transition from G to C at 13849 bp of the gene,
called SNP (NC 007304:g.13849 G=C). After peptide-
binding region predicted by DNAMAN software (version
5.2.2), the SNP 1n the peptide-binding region of KLF3 gene
1s synonymous substitution. A total number of 1417 DNA
samples from Holstemn cow population were genotyped
and allele frequencies of the SNP are shown in Table 3.
The frequency of C allele (0.83) was higher than that for G
(0.17) and is obviously dominant allele in Chinese
Holstein population.

Association analyses: Based on statistical analysis,
supporting relationship between different genotypes of
SNP and milk production traits is found Comparisons
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Fig. 1: Sequencing map for SNP (NC 007304: g.13849
G>C) of KLLF3 gene and the SNP is indicated by
black arrow

Table 3: Genotype and allelic frequencies of SNP (NC 007304:2.13849

G=>C)
Genotype frequency Allele frequency
Number GG GC cC G C
1417 0.03 0.28 0.69 0.17 0.83
n=43) n=397 n=977
Table 4: Comparison between genotypic values of 8NP

(NC_007304:2.13819 G=C) on the milk production traits
Multiple comparison?
(Least square mean+SE)

Traits' GG GC CC p value
MY 439.53+160.35* 268.20+198.63° 822.61+£758.35 0.022%
FY -9.404£3.74 -12.1547.69 -2.714£5.06 0.568
PY 12.63+4.39° 6.8545.45" 17.78£20.90° 0.033%
FP -0.06+0.02 -0.09+0.03 -0.07+0.02 0.814
PP -0.0240.01 -0.014+0.03 -0.01+0.04 0.705

'MY, Milk Yield; FY, Fat Yield, PY, Protein Yield; FP, Fat Percentage;
PP, Protein Percentage; *Comparison between different genotypic values of
MY, FY, PY, FP and PP for SNP locus; *p<0.05; * ®Statistically different
of least square means (p<0.05)

between the least squares means of the phenotypes
evaluated and their respective standard errors for the
genotypes of the SNP are shown in Table 4. There were
significant associations with milk yield (p = 0.022) and
protein yield (p = 0.033). Both milk vield and protein yield
of cows with GC genotype is lower than those with
genotype CC m the Holstein populations.

QTL fine mapping results will facilitate the clomng of
candidate genes underlying the QTLs for production
traits, several strong candidate genes with potential effect
on milk production traits were identified from the mapped
region by the same mapping method mcluding
OPN gene and the ABCG2 gene (Schnabel et al., 2005;
Cohen-Zinder et al., 2005). KLF3 gene 1s negative

regulator of adipogenesis (Sue ef al., 2008) and involved
in haematopoietic differentiation (Turner and Crossley,
1999). Although, the annotated functions of the KLF3
gene do not show direct relation to milk production traits,
KLF3 gene is participated in the important cellular
development and may have similar impact on the
mammary cells. Tn the study, the SNP (NC_007304:g.13849
G>C) of KLF3 gene was found to be sigmficantly
associated with MY and PY among the five milk
production traits.

This may be because that KLF3 gene is ascribed to
wsufficient  exploitaton of functions or the
polymorphisms within the KLF3 may relate to the QTL
effects in this interval region. In addition, the association
between the SNP and milk production traits shown in this
study also suggests that they are in linkage or are in
strong linkage disequilibrium with the polymorphisms
responsible for the phenotypic alterations m the 4 Mb
QTL regions.

Furthermore, the SNP (NC_007304:g.13849 G=C) 18
located in coding sequence of the KLF3.gene but it is
synonymous substitution. Capon et al. (2004) reported
that synonymous SNPs also can affect protein expression
by alteration or increase i the stability of the
mRNA.

Kimchi-Sarfaty et al. (2007) has also revealed that a
silent polymorphism changes substrate specificity.
Therefore, the association result indicated that the SNP
also may simply be used as a genetic marlker linking to
QTL with effects on milk yield and protein yield. Further
studies on the relationship between other candidate
genes from the QTL region 1 BAT6 and milk production
traits are currently in progress.

CONCLUSION

In the results, the association analysis revealed an
SNP in exond of KLF3 gene which showed sigmficant
associations with two milk production traits in Chinese
Holstein.

Based on the resultof the pervious QTL mapping and
this study, we suggested that KLF3 gene could be a
potential genetic marker for marker assist selection in
Holstein dairy cattle breeding.
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