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Genomic selection programs for the improvement of dairy and beef cattle
breed has become a reality due to the availability of detailed genomic
information. In this study, we compared the whole genome of Red Sindhi
(Bos indicus) and Holstein (Bos taurus) cattle breeds using the Illumina
Bovine HD SNP BeadChip for better understanding of genomic selection and
utilization for improved breeding programme in Pakistan. One hundred and
five samples consisting of 25 Red Sindhi and 70 Holstein were genotyped.
Analysis of both breeds showed different spectra of single nucleotide
polymorphisms (SNP) frequencies. Significant (p< 0.001) difference
between these two cattle breeds in minor allele frequency (MAF) was

Hamid Mustafa observed. The average minor allele frequencies (MAF) were 0.18 + 0.15 and

0.22+0.16 for Red Sindhi and Holstein, respectively. Total of 777, 962 SNPs
were identified successfully. About 71% and 79% were polymorphic in Red
Sindhi and Holstein, respectively. Polymorphic and fixed SNPs were not
distributed uniformly across the chromosomes between these two breeds.
Fixed SNPs numbers were higher on all chromosomes in Red Sindhi cattle,
which show genetic uniqueness of Red Sindhi breed. The results of this study
suggest that the rate of polymorphisms can be effectively used for breed
identification, evolutionary studies and whole genome association studies..

Introduction

Study of genetic variation at molecular level has evolved very rapidly since the late 20" century. Molecular data
provides reliable genetic variation due to the detection at DNA level and different techniques are available for
identifying genetic variation between individuals, breeds, and species (Avise, 2004). Protein polymorphisms were
the first genetic markers for the studies of livestock species in the 1970s and replaced by the restriction enzymes
analysis in 1980s. Genetic markers are useful in both basic (phylogenetic analysis and gene selection) and applied
(marker assisted selection and paternity testing) research. In recent years, polymerase chain reaction based
genotyping methods has provided the rapid and easy assay for genetic data analysis. Single nucleotide
polymorphism (SNPs) are the most common form of polymorphism and believed to contain valuable information,
widely used as genetic markers in population genetics and molecular ecology studies. Btau 4.2 and UMD 3.1 are
two different bovine genome assemblies, which are available (Bovine genome sequencing and analysis consortium,
2009; Bovine HapMap consortium, 2009; Zimin et al., 2009 and Hailu et al., 2011) and led to the development of
[llumina Bovine HD SNP (more than 777,000 SNPS) BeadChip genotyping array (Van Tassel et al., 2008;
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Matukumalli et al., 2009). The Bovine HD BeadChip is the most comprehensive genome-wide SNPs genotyping
array with superior power to identify genetic variation in many breeds of cattle (Illumina Inc.). The Bovine HD
BeadChip comprises more than 777,000 SNPs, which are more than enough SNP density for broad range
applications including genome wide association studies, identification of quantitative trait loci (QTL), genetic
evaluation of genetic merit, linkage disequilibrium studies (LD) studies, evolutionary studies and breed
characterization (Wade et al., 2009; Matukumalli et al., 2009; Kijas et al ., 2009; Uemoto et al., 2010; Lee et al.,
2010; Alama et al., 2011; Michelizzi et al., 2011; Hailu et al., 2011). Public database of SNPs information is not a
valid source because of unknown level of polymorphisms. However, genomic selection for dairy or beef cattle
breeds require a level of understanding of SNPs information (Cole et al., 2009; Hayes et al., 2009). Thus, the main
objective of this study was to evaluate the performance of SNP frequency and their rate of polymorphism in Red
Sindhi and Holstein breeds using the Bovine HD SNP BeadChip genotyping array to explore the potential of Red
Sindhi breed for genomic selection programmes.

Materials and Methods

Animals sampling and genomic DNA extraction:

Blood samples were obtained from 25 Red Sindhi animals from Livestock Experimentation Station, Rak Mani,
Bhakar. A 10 ml blood was collected using 50 ml EDTA containing falcon tubes. Genomic DNA was extracted by
modified salt method (Sambrook and Russel, 2001). DNA samples were quantified using Nano drop
Spectrophotometer (Nano-drop ND 1000). Holstein (n=70) DNA samples were obtained from the BFGL / USDA
DNA library.

Genotyping:

Genotyping was conducted at the Bovine Functional Genomics laboratory (BFGL), Beltsville, MD, USA, platform
with Hlumina Bovine high density SNPs BeadChip v2 features more than 777,000 SNPs distributed across the
whole genome of bovine. Approximately, 200 ng DNA was used to genotyped each sample. Samples were preceded
following the defined procedure and protocol of Illumina infinium-I1 assay (Illumina, Inc, San Diego, CA, USA).
Each animal sample was amplified for 20 hours at 37°C. The samples were hybridized on the prepared bovine high
density SNP BeadChip for 20 hours at 48°C. The samples were stained and imaged on an Illumina iScan Reader.
Data analysis

Genotype data was generated from the iScan system loaded into Illumina genome Studio version 1.9.0 software to
perform primary data analysis, clustering and genotyping calling. The SNP frequencies were estimated from the
genotypic data. Rate of polymorphisms and variable frequency spectra was calculated using Microsoft Excel (MS
excel 2010) and SAS (version 9.1). The significance difference in SNP distribution between Red Sindhi and
Holstein for minor allele frequencies (MAF) were tested using SAS (ver. 9.1)

Results

SNP frequency:

SNP frequency variation of Red Sindhi and Holstein cattle breeds are presented in Table 1. A total of 547,615 SNPs
were detected in whole genome of Red Sindhi and Holstein. Red Sindhi cattle breed shows 71% of the total SNPs
fell within the range of 0.1-0.9, whereas 78% was detected in Holstein breed. This considerable difference of SNP
variations are suitable genetic markers for genomic evaluation in both breeds. Average SNPs across the two breeds
was displayed 75% polymorphism. This shows that the majority of the SNPs can represent genetic characteristics of
two breeds. Average monomorphic SNPs were identified in Red Sindhi breed 28% and 21% in Holstein (Fig. 1).
Pattern of minor allele frequency (MAF) was also compared between these two breeds. Analysis revealed a highly
significant (p<0.001) difference between Red Sindhi and Holstein for minor allele frequency (MAF). The average
minor allele frequency (MAF) were 0.18+0.15 and 0.22+0.16 for Red Sindhi and Holstein breeds, respectively. The
intermediated MAF was similar for both breeds, but distribution was different for monomorphic or fixed alleles.
Common variants (>0.05— < 0.5) SNPs was comprised 47% of the total SNPs in Red Sindhi breed. Highly
polymorphic SNPs (> 0.3 — < 0.5) were 26% and 29% in the Red Sindhi and Holstein, respectively. High level of
monomorphic SNPs (11%) was observed in Red Sindhi breed, which was significantly (p< 0.01) higher than in
Holstein breed (Fig 1). Rare alleles (> 0 - < 0.05) was about 9734 (9%) and 13,412 (11%) in Red Sindhi and
Holstein, respectively. The intermediate allele frequency ((>0.05—<0.10) of Red Sindhi and Holstein was 5% of the
total genomic SNPs.

Distribution of SNPs at chromosomal level:

Distribution of SNPs variation at chromosomal level was also examined. Single nucleotide polymorphisms (SNPs)
were not uniformly distributed over the all chromosomes in Red Sindhi and Holstein genome. Variable numbers of
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polymorphic and fixed SNPs were found on each chromosome of both breeds. Generally, both breeds displayed a
similar pattern of SNP distribution over autosomes and X chromosomes. Relatively, higher level of polymorphisms
was observed on all chromosomes in Holstein breed. Available number of SNPs on a chromosome depends on its
length. In this study, the total number of SNPs and genetic variation was lowest for X chromosome. The distribution
and level of fixed SNPs across the genome of both breeds were also evaluated. It was observed that the fixed SNPs
number varied across chromosomes and between breeds. Fixed SNPs number was observed generally higher in the
Red Sindhi than Holstein.

Table 1. Observed frequency variation of 547,615 SNPs in Red Sindhi and Holstein cattle breeds

Breed SNPs variation

<0.1lor>0.9 0.1~0.9 0.2~0.8 0.3~0.7 0.2~0.6
Red Sindhi 232,128 314,281 212,871 211,173 151,932
Holstein 214,253 452,871 319,891 261,762 191,321

Polymorphicand monomorphic SNP dynamics

M Polymorphic ®Monomorphic

0.79
0.71
0.29
. 3

RedSindhi Holstein

Fig.1 Polymorphic (>0.05-<0.95) and monomorphic (<0.05 or>0.95) SNP in Red Sindhi and Holstein cattle
breed

Discussion

Single Nucleotide polymorphisms (SNP) are the most common form of polymorphism and genetic variation among
individuals and arising approximately every 200 base pairs in livestock (Broeckel and Hessner, 2006). Population
history selection pressure and other population genetic factor determine the frequency and patterns of SNPs in the
genome (Hailu et al., 2011). Therefore, the objective of this study was to identify the frequency variation of whole
genome of Red Sindhi and Holstein cattle breeds. A total of 547,615 SNPs were detected in whole genome of these
breeds. The SNPs detected using the Illumina Bovine HD BeadChip was informative. SNPs that were significant
associated with one population but not other can be used as informative SNPs for that particular breed. Investigation
of allele frequency between two breeds was performed using chi-square test and the results of this test revealed a
significant variation in minor allele frequency (MAF) proportion between these two breeds. This genetic difference
of allele frequency clearly explained the unique evolutionary pathways in different geographic locations as
described by Loftus et al., 1994 and MacHugh et al., 1997, they investigate genetic variation at mtDNA sequence
and microsatellite and suggest that the ancestors of Bos indicus and Bos taraus diverged some hundreds of thousands
of years ago and must therefore be the results of at least two biologically independent domestication events. This
study is also very informative due to the high level of polymorphisms which is obviously lacks in majority of SNPs
available in public databases and has not been validated in several cattle breeds in the world. Low level of SNPs
polymorphism may limits the application for population structure or whole genome association studies. This is a
first study of its kind to compare a taurine cattle breed with indicine at high magnitude of SNPs panel. About
500,939 and 594, 290 polymorphic SNPs were detected in Red Sindhi and Holstein cattle breeds, respectively, with
average polymorphism rate of 75%. In future, high polymorphic SNPs are dominant to assure the most optimal
results for genome-wide association and population genetics studies (Gupta et al., 2001). In a study, Hailu et al.
(2011) used the Bovine SNP 50 BeadChip and found the SNPs with minor allele frequency of <0.1 or >0.9 ranged
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from 37,971 and 41,724 polymorphic SNPs were detected in Hanwoos and Holsteins cattle breed, respectively, with
an average polymorphism rate of 75%. In another study, Matukumalli et al. (2009) used also Bovine SNP50 and
found SNPs number with minor allele frequencies of 0.05 and estimate the range from 31,633 to 42,711polymorphic
SNPs among 14 taurine breeds. This range between two African cattle breeds from 28,823 to 35,425 between two
African breeds, while, this range from 23,284 to 30,139 polymorphic SNPs among three indicine breeds. About 30%
of SNPs had MAFs >0.3 within the taurine breeds, and only about 19% had MAFs >0.3 within the indicine breeds
(Bovine HapMap Consortium, 2009). In sheep, averaged across the breeds, 81% of SNPs displayed polymorphisms,
which indicates that the majority of identified SNPs predates the radiation of the domestic breeds that were sampled
(Kijas et al ., 2009). The number of polymorphic and monomorphic SNPs was not uniformly distributed across the
chromosomes between the two breeds or within a breed. In this study, the number of polymorphic SNPs was higher
in Holstein cattle on all chromosomes, in contrast several alleles were found monomorphic in Red Sindhi , which
shows that only a single fixed gene was present in this cattle population. As alleles became fixed in Red Sindhi ,
there was an overall decline in heterozygosity as the breed became homozygous for one allele or the other. If the
Red Sindhi cattle population remained small and isolated for several generations, there was a possibility of random
fixation and loss of some allele by genetic drift. This high level of allelic fixation may reflect a certain level of
inbreeding.

Genetic variation in Red Sindhi cattle breed should provide balance in a gene pool and also offer genetic
variants for natural and artificial selection. Therefore, the breeding strategy for Red Sindhi cattle breed in Pakistan
should focus on minimizing genetic homogeneity and maintaining genetic uniqueness for the improvement of milk
and beef production.

In conclusion, Red Sindhi and Holstein cattle have a significant variation of SNPs frequency implying that
the breeds follow unique evolutionary pathways that lead to genetic difference between two breeds. The rate of SNP
polymorphisms detected in both breeds suggests that SNPs could potentially used in evolutionary studies and also
helpful in developing breed identification genetic markers.
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