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Table 1- Descriptive statistics of studied growth traits in Zandi sheep breed
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Table 2- Statistical information for average r? as distance between pairs of SNP up to 10 Mb in the genome

pIISIS
Chromosome
5-10 1-5 0.5-1 100-500 50-100 Kb 25-50 10-25 0-10

Mb Mb Mb Kb Kb Kb Kb

1 0.031 0.061 0.079 0.089 0.105 0.186 0.212 0.347
2 0.021 0.061 0.070 0.083 0.114 0.175 0.283 0.354
3 0.031 0.061 0.071 0.093 0.114 0.184 0.256 0.338
4 0.020 0.051 0.079 0.083 0.112 0.193 0.269 0.352
5 0.030 0.051 0.050 0.083 0.124 0.178 0.245 0.353
6 0.031 0.051 0.065 0.093 0.122 0.192 0.284 0.395
7 0.031 0.051 0.060 0.072 0.108 0.163 0.263 0.339
8 0.030 0.061 0.079 0.092 0.157 0.197 0.290 0.401
9 0.010 0.051 0.068 0.082 0.104 0.214 0.282 0.355
10 0.022 0.047 0.072 0.073 0.111 0.203 0.282 0.343
11 0.029 0.044 0.059 0.072 0.132 0.156 0.197 0.371
12 0.020 0.045 0.078 0.092 0.105 0.162 0.170 0.332
13 0.030 0.051 0.080 0.093 0.117 0.176 0.185 0.367
14 0.030 0.051 0.079 0.092 0.109 0.167 0.202 0.352
15 0.020 0.049 0.079 0.092 0.104 0.158 0.181 0.350
16 0.020 0.049 0.070 0.082 0.106 0.191 0.254 0.371
17 0.020 0.050 0.072 0.089 0.159 0.186 0.195 0.256
18 0.020 0.049 0.077 0.082 0.093 0.132 0.144 0.291
19 0.030 0.049 0.079 0.082 0.123 0.164 0.172 0.383
20 0.030 0.050 0.070 0.087 0.190 0.192 0.242 0.319
21 0.030 0.050 0.072 0.087 0.140 0.161 0.199 0.348
22 0.032 0.049 0.072 0.087 0.130 0.159 0.164 0.287
23 0.032 0.050 0.078 0.082 0.155 0.192 0.211 0.303
24 0.032 0.043 0.077 0.083 0.133 0.156 0.191 0.284
25 0.042 0.068 0.088 0.099 0.162 0.242 0.257 0.417
26 0.011 0.056 0.078 0.083 0.119 0.139 0.155 0.276
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Table 3- Block haplotype structure per each chromosome for Zandi sheep population

psdses S des 0 LaSNP slaas Jsb as y0 Job (:Sike alaas slaas Jsb
Chr o9 LaSNP Sob o 09 padses S Sob Sob LaSNP poOsesS
Ssb Number of S Mean Block Number ~ Number Chr length
% of_SNPs EITIOF;slen % O_f Chr length length (kb) blgzks of SNPs (Mb)
in in blocks
blocks
9.60 496 2.75 36.5 187 5168 275.41
2 10.60 428 1.79 35.2 175 4036 248.97
3 12.28 392 2.29 39.8 168 3191 224.00
4 10.53 221 1.89 37.9 102 2098 119.22
5 10.17 181 1.39 35.4 95 1778 107.84
6 8.09 176 131 321 86 1957 116.89
7 8.34 154 1.37 39.5 85 1845 100.01
8 8.95 148 1.38 32.6 79 1653 90.62
9 8.92 138 1.37 323 79 1546 94.58
10 8.87 130 1.40 305 68 1461 86.38
11 9.70 98 1.46 27.2 51 991 62.17
12 6.68 86 1.34 22.1 41 1301 79.03
13 7.60 79 1.35 20.2 34 1270 82.95
14 7.46 76 1.42 22.7 32 991 62.57
15 5.47 70 1.31 20.4 29 1278 80.78
16 5.72 67 1.34 18.3 25 1170 71.69
17 5.23 63 1.32 19.8 22 1204 72.25
18 4.74 57 1.28 171 20 1201 68.49
19 5.55 53 1.36 13.6 18 954 60.45
20 6.15 52 1.38 12.3 15 845 51.05
21 5.11 43 1.33 115 13 841 49.99
22 7.16 67 1.26 10.8 12 935 50.78
23 6.09 60 1.20 8.3 11 985 62.28
24 9.23 58 1.22 7.4 10 628 41.98
25 5.09 22 114 8.7 8 824 45.22
26 3.98 29 113 6.4 7 728 44.05
Js 7.58 3464 1.45 23.08 1472 40879 2449.65
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Table 4- Association between haplotypes with growth traits in Zandi sheep breed
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Figure 1- Plots Q-Q for evaluation of stratification for PRWG (Pre-weaning daily gain) and POWG (Post-
weaning daily gain) in Zandi sheep breed
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Introduction: Average daily gain (ADG) is the most economically important trait in sheep industry.

In genome wide association study and genomic selection, determining of extent and level of linkage

disequilibrium (LD) and haplotype block structure are critical in sample size and marker density.
Haplotype blocks are defined as long stretches of SNPs along a chromosome that have low
recombination rates, which characterized by relatively few haplotypes. Understanding haplotype
structure in genome can greatly facilitate LD analysis. Haplotype-based association analysis can offer
a powerful approach for mapping functional genes (Gabriel et al., 2002). Therefore, the objective of
this research were to study LD pattern, determine haplotype block structure and genome wide
haplotype association study in Zandi sheep for identifying the genomic region associated with pre-
weaning (AGW) and post-weaning daily gain (PWG).

Materials and method: A total of 96 Iranian Zandi sheep were used in the study. The following two
traits were analyzed: pre-weaning daily gain and post-weaning daily gain. Animals were genotyped
using 50 K SNPChip panel. Quality control of the genotype data consisted in removing SNPs with a
call rate less than 95 %, SNPs with a minor allele frequency (MAF) less than 5 %, individual with
more than 10 % missing genotypes, and SNPs that deviated strongly from Hardy—Weinberg
equilibrium (P < 107%). LD between all pairs were calculated with r?> by PLINK v1.07. Haplotype
blocks were identified on base algorithm Gabriel et al. (2002) for all autosomes, using Haploview
software (Barrett et al. 2005), based on estimates of D' for all pairwise combinations of SNPs within
each chromosome. Following Gabriel et al. (2002), a pair of SNPs is defined to be in “strong LD if
the upper 95% confidence bound of D' is > 0.98 (consistent with no historical recombination) and the
lower bound is > 0.7. Using the Haploview default values for blocks (Gabriel et al. 2002), a haplotype
block is defined as a region over which 95 % of informative SNP pairs show “strong LD”. The PLINK
was used to generate the matrix using the GLM algorithm. In this analysis, because of the previous
selection history of the flock, it was important to identify and correct for population stratification. To
evaluate whether estimates were overinflated, we used the genomic inflation factor A using the PLINK
software (Purcell et al., 2007). We also assessed their deviation from the expected distribution of no
SNPs being associated with the trait of interest using a quantile-quantile (Q-Q) plot, which is
commonly used to analyze population stratification in GWAS. We use SNPEVG tool to show the (Q-
Q) plot. The Bonferroni method was used to adjust for multiple testing from the number of SNP loci
detected. We declared a significant SNP at the genome-wide significance level if the raw P-value
was, 0.05/N, here N is the number of SNP loci tested in the analyses. Therefore, for each trait, the

threshold P-value for declaring genome-wide significance was (0.05)/40,879=1.2x107°. The exact

positions of the annotated genes were extracted from the latest sheep genome Oar_v4.0 assembly
along with the NCBI annotation release 102 of the sheep genome. To investigate whether the
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significant SNPs detected in this study were within the range of previously identified QTL for relevant
traits, we searched for meat or production QTL in the Animal QTLdb within a 1-Mb region on both
sides of each significant haplotype.

Results and discussion: After quality control, 2 individuals were excluded, leaving 94 sheep for the
association analysis. Additionally, we removed 1070 SNPs with call rates less than 95% and 7717
SNPs with MAF less than 0.05. A total of 40,879 SNPs passed these quality-control filters and were
retained in the dataset. These SNPs were distributed across 26 autosomes, with the number of SNPs
per chromosome ranging from 747 to 5694, and with a mean distance between adjacent SNPs ranging
from 50.4 to 68.7 kb. Also, in this study, the extent of LD was 40 kb with r?=0.2. Overally, 1472
blocks were observed in the 7.58% of all SNPs were classified into haplotype blocks, covering 1.45%
of the total autosomal genome size. The results showed a reduction in LD level with the increase in
distance between markers. The average pre-weaning daily gain was 0.197+0.04 kg with an individual
sheep range of 0.08-0.34 kg. Average post-weaning daily gain was 0.126+0.07 kg with an individual
sheep range of 0.03-0.41 kg. The result from genomic control showed weak population stratification
for AGW and PGW in between population of Zandi sheep. The genomic inflation factors (Agc) for
the two traits were equal to 1.039 and 1.073, for AGW and PGW, respectively. However, as the Q-Q
plots clearly show, there is no evidence of any systematic bias (Agc<1.1) due to population structure
or analytical approach in our case. Considering the significant fixed effects in the genomic wide
association analysis, four haplotypes on chromosomes 3, 5, 6 and 7 identified to affect significantly

AGW and PWG traits.
Conclusion: The results of this study could provide a suite of novel SNP markers and candidate genes

associated with growth traits and hence, may play an important role for understanding the biology of
average daily gain in sheep.

Keywords: Average daily gain, Candidate gene, Genome wide association study, Linkage
disequilibrium, haplotype block.



