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Figure 1- Distribution of minor allele frequencies (MAF) in Fars native cattle
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Table 1- Statistical information of average r? based on SNP pair distances for various intervals from 0 to 1 Mb in

r? oSl

Average of r?

[ PO VY

Standard deviation of

r2

Y G slar? s

Percent of r2> 0.3

deald Lo cda slaxs :S8ke
(sobsls) Average number of

Distance (Kb) pairwise comparisons
0-1 25
1-2 47
2-3 48
3-4 53
4-5 50
5-6 49
6-7 48
7-8 49
8-9 47
9-10 47
10-20 460
20-30 441
30-40 428
40-50 438
50-60 427
60-70 423
70-80 419
80-90 419
90-100 409
100-200 4097
200-300 4026
300-400 3950
400-500 3938
500-600 3904
600-700 3864
700-800 3876
800-900 3848
900-1000 3847

0.495
0.442
0.390
0.355
0.348
0.318
0.320
0.324
0.301
0.290
0.277
0.245
0.224
0.206
0.201
0.192
0.189
0.187
0.176
0.162
0.146
0.139
0.134
0.130
0.129
0.129
0.128
0.127

0.374
0.379
0.373
0.365
0.363
0.354
0.352
0.346
0.340
0.337
0.333
0.320
0.307
0.295
0.293
0.286
0.280
0.281
0.271
0.248
0.248
0.241
0.236
0.234
0.232
0.232
0.230
0.230

57.43
52.06
49.20
44.95
43.88
40.92
42.18
41.83
38.83
38.17
36.94
32.46
30.72
28.25
27.48
26.39
26.12
25.85
24.78
22.60
20.39
19.63
19.00
18.47
18.30
18.25
18.25
18.00
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Table 2- Representation of ancient generations number and effective population sizes based on physical distances
between markers in Fars native cattle

LSNP cas o dlals
Distance between pairs of SNPs

25Kb  50Kb 100Kb 500Kb 1Mb 5Mb 10Mb
(C"S“_A) °S“” — 0.00025 0.0005  0.001 0.005 0.01 0.05 0.1
Genetic distance (Morgan)
Oy slades Slass _ 2000 1000 500 100 50 10 5
Number of ancient generations
Baran Sge o)l 3076 1950 1228 327 171 26 14

Effective population size
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Introduction: Knowledge on the extent of linkage disequilibrium (LD) among populations is a useful
tool to study the evolutionary history of populations and to detect the genomic regions associated
with economically important traits. In recent years, high dense SNP data has been widely applying as
the standard tools in LD analysis of livestock populations. In the current study, LD levels in the
genome of Fars native cattle were investigated in order to provide basic information required to design
genome-wide association studies and to survey on probable changes in the effective size of this
population. Moreover, the applicability of the modern genomic technologies such as genomic
selection can be evaluated using LD data.

Material and methods: Ten individuals were randomly sampled from Fars native cattle population
and were genotyped using lllumina Bovine HD beadchip for 777962 SNP markers. Data quality
control was performed based on genotyping call rate, deviation from Hardy-Weinberg equilibrium
and minor allele frequency. Thereby, a total of 55,718 SNPs were remained for further analyses.
MAF was calculated using PLINK v1.07 for all autosomal SNPs and the distribution of the allelic
frequencies was graphed as the proportion of SNPs represented in 6 different categories of MAF:
<0.05, >0.05 to <0.1, >0.1 to <0.2, >0.2 to <0.3, >0.3 to <0.4 and >0.4 to <0.5. The measure of LD
(r?) was calculated for all marker pairs of each chromosome (syntenic SNPs) using the SnppldHD
software. SNP pairwise comparisons were grouped in the three distance sets including zero to 10 Kb,
10 Kb to 100 Kb and 100 Kb to 1000 Kb intervals and average r?> was computed for all of the
autosomes at these distances.

Results and discussion: Number of SNPs located on X, Y, mitochondrial chromosomes and
unknown sites were respectively equal to 39367, 1224, 343 and 1735 and all of those were excluded
from further analysis. Average distance between adjacent SNPs was equal to 48.1 Kb and the average
of MAF was equal to 0.223. Also, 44.5% of sites had MAF < 0.2 and the highest proportion of SNPs
was observed at category with MAF 0.4 to 0.5. In this study, average r? at distances less than 1 Kb
was equal to 0.46. Moreover, average r? between SNPs with distances less than 10 Kb was equal to
0.35. Average r? values above 0.3 and 0.2 were observed at distances less than 9 Kb and 60 Kb,
respectively. Survey on LD decay in 10 to 100 Kb distances indicated that based on 10 to 20 Kb SNP
bins, average r? changed from 0.294 to 0.365. The average r? values obtained at shorter distances (less
than 100 Kb) had higher reliabilities than those obtained at longer distances. The pattern of LD was
significantly different among various chromosomes. LD decay in distances more than 400 Kb was
very slow and reached to a relatively stable level. Average r? decreased with increase in physical
distance between SNPs. However, change levels were not the same for different chromosomes. This
can be attributed to different recombination rates and selection intenses between chromosomes.
Average r? for all chromosomes was equal to 0.118 and the highest level of r? was observed in
chromosome 17 (r>=0.153) and the lowest one was in chromosome 26 (r?=0.093). Change trend in
effective population size of Fars native cattle indicated that during 2000 to 5 previous generations,
effective population size was decreased from 3076 to 14 in this population. Slower LD decay in more
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recent generations indicated that this population has experienced a severe decline in recent
generations. Clearly, at this situation, design a conservation program is essential to avoid extinction
of Fars native cattle. Markers density applied in this study (55,718) will be appropriate to obtain
enough accuracy in genomic selection studies in Fars native cattle. However, this marker density will
not be able to get enough accuracy in Genome Wide Association Studies (GWAS).

Conclusion: Results from this study can be applied to determine the optimum marker density
required to achieve enough accuracy in the possible genomic studies on the Fars native cattle. Due to
recent intense inbreeding and considerable reduction in effective population size of Fars native cattle
population, the high r? values found in this study were as expected.

Key words: Bovine genome, Fars native cattle, Linkage disequilibrium, Single nucleotide
polymorphism



