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ABSTRACT

Understanding the pattern of linkage disequilibrium (LD) in different populations provides useful information for genomic
selection (GS), genome wide association studies (GWAS) and identification of genetic architecture of traits by estimating
the persistence of LD phase between markers and quantitative trait loci (QTL). The aim of this research was to estimate of
the extent of LD in three Iranian native sheep breeds. Therefore, 186 blood samples were taken from three sheep breeds (96
Baluchi, 45 lori-Bakhtiari and 45 Zel) and genotyped by Illumina ovine 50K SNPChip, then linkage disequilibrium in any
breed were measured using r’. The results showed that the highest average values of r* at inter marker distance of less than
10Kb were 0.392 +0.323, 0.360+0.308 and 0.340%0.306 in Baluchi, Lori-Bakhtiari and Zel, respectively. The highest
average values of r? in autosome chromosomes of each breed were obtained for chromosome 24 and 25 in Baluchi, 9 and 21
in Lori-Bakhtiari and 23 and 24 in Zel. The amount of LD reduced with increasing the distance between markers, the extent
of LD was less than 0.1 at inter marker distances greater than 100Kb. The comparison of correlation coefficients LD
between different breeds showed a strong persistence of LD phase between Zel and Lori-Bakhtiari breeds which is probably
due to recent common ancestors between these two breeds. Generally, with increase amount of LD means that lower
marker density in association studies will be required. The results of this study showed to achieve genomic prediction
accuracy of 85% (assuming there is no other accuracy limiting factor) and robust GWAS results, the density of markers
must be higher than 50K SNPChip.

Keywords: Blochi, Genomic selection (GS), Genome Wide Association Studies (GWAS), Linkage disequilibrium,
Lori-Bakhtiars, Zel.
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Table 1. Summary of quality control steps on genotyping data of different sheep breeds

Excluding o SNP Call  Animal Call s Excluding the sexual SNPs
Breeds unknown SNPs MAFs 5% Rate <95% Rate<95% H-w=>10° chromosomes SNPs _ remaining

Baluchi 746 6359 187 8 5 1166 42640
Lori-Bakhtiari 746 4742 1893 0 6 1176 42540
Zel 746 4330 1760 0 11 1165 43091
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Figure 1. The distribution of SNPs across the genome as a function of the minor allele frequency (MAF) for each breed
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Figure 2. Mean values of linkage disequilibrium (%) per chromosome for different breeds

5 ok sl soslcisoas sladises o b
Loy wolp gdlal Sl jo v925e il )
asl ol ol gy Selaie chmes lisle
oS Conl ol ele 51 (SO Comex Hige 851l ralS
Lluser ;0 (Swgn Jolw pas mhuw (ialS cely
Fhe b3l gwy L (2012) Moradi et al. .og oo
Vorr BYe Sl olise o) 9 J5 o5 50 Conex
FAee 5l Camer 50 S3lail wols las s e
OYY o J5 oI5 o gl AFe s 05 g0 2
olpls sl sann, gilase o) 5 o e
@ Cand J) (Siwgey JolS poe mhw o5 by
ol @Y 5o slail 5l b wlg e (s)lise )

sl

ilisio ol (e (b5 51 5ll
S oBws Gl el (gl Lol slaadie & o
G¥gling> s yle 3l oolaul L Sy ksl )
Sllga> (S8 (Kmrod Olyicds 5 Seogs
oy Hlas cwy g cpl ;o PCA & 520 098 oo plxl
Consd (ewyp Sy SWOIE o (S bLS)
o5 5B gl (Y USK0) s a8 las> Siaen
99 50 ySlas (e LD B )5k oliee Olges

solome GUSNP (o ALals (af331 L 1P (o Sils

slaalols jo /Y 51 5V 1P as,s b e Lrals
5 Gl ) wszsk bl @l VKbl s
dlold ol8l b og doyo ¥V o ¥F FA s ey 5
oo 5 o WP 1Y 0oy 35 Jsbo o Lo il
F5e 5 paee sl sladsle I (S e sralS T
Wges Bl (( Swwg Jolss pas (lie 3y515 5o
D’ 4 o 1P 5 lel ol iy 8590 slaCunox
Khatkar et .s .5 o )|,8 aiges 550l 56 Cos j2eS
95 0 (SNtwgm Jolw pas om0 (2008) al.
L LD 3,505 sly diges 35l (pyteS eopbicla
Wges VO o Fro s |17 gD 5,k 5l solictul
(2010) Bohmanova et al. Jl> ,o .x0,5 slgaioy
Lges 53l b slacanes o 17 6,LT wols olas
REBRRRVARVAICRN SRV IR VPUVEE  SE{ NN
Sl sl alizee slvalold o LD i (o)
Ol @l (FV Jguz) cwl ol guoral diged oS
J3 olp 50 (Khwgm Jolss pas ols plis (o)
Lalyd a arg Lol Ko oI5 90 5l ol
15 o154 bagrye slaaiged) S5 40 (6 S Wiged
Syge slaoly s sladiges 5 (3 sloals
(Conl o angs 0l ol sloolKinnl 51 (o)

5 esrae bl YL Jled 5 b iy



VA5 Lo o) 8yl FA 895 o)l sols psle

g Jol pas B g lul Ko sladas

el @it siares o bLI) e o)y
aib YL el glasly o LD 5B (s )lwly a0
Sl lirazr o Sbhe doou U baseolid
LD B s,lul sw,p cpl o (Wang et al., 2013)
ek o) 3l Ve )l -5 sbesls om
olozl Gluwes 5l (A6 Jloxxlay &5 092 S5z ok
B g 9l GlacaS 5 R0 4 o (i
sy D90 SComez o (g0l Pl laasl y yo

FJS5) o

Shws Sledbl alize gooly s LD 51 (6 la0b

Om o Seessy Bl ey n Gl garesge
ool G o) pess 5 ] (slacanan
Badke et al., 2012; Wang et ) 5,5 salys ool 3

LD 56 Y ol b slecures o @l 2013

Gy Olgise Comex 5l Lidy Siegiy Sledlbl )
s g 0,5 eolanul pgiy Sbj,l alizee slo ) »

Mokryet al., ) ols puass Comex IS 4 1)
(2014

pey9l pois cilize slaalols 101>0.3 b sla Kilis oo g e Bl ol £ g 12 3| (1 Sile .Y Jgu
Table 2. Average values of linkage disequilibrium (r?) and  standard deviations and percentage of SNPs with
average r>> 0.3 over different physical distances in autosome genome

Baluchi Lori-Bakhtiari Zel
Distance 2 * r2 +SD 0.3>r° 2 r°+SD r>0.3 2 r“+SD r>0.3
r+SD Corrected Percentage r+SD Corrected Percentage r+SD Corrected Percentage

<10 Kb 0.392 + 0.323 0.388 £ 0.324 48.45 0.360 + 0.308 0.353 £ 0.311 443 0.340 + 0.306 0.333 £ 0.309 41.14
10-20 Kb 0.315 + 0.286 0.311 £ 0.287 38.33 0.280 + 0.268 0.272 £0.271 34.13 0.277 £0.263 0.269 + 0.266 33.26
20-40 Kb 0.247 +0.243 0.242 +0.245 28.38 0.209 +0.217 0.200 + 0.219 22.68 0.208 + 0.212 0.199 +0.214 23.06
40-60 Kb 0.208 + 0.213 0.204 £ 0.214 225 0.171 +0.187 0.161 + 0.189 16.36 0.164 + 0.180 0.155 +0.183 15.57
60-80 Kb 0.179 £ 0.183 0.174 £ 0.184 17.7 0.140 + 0.150 0.131 £ 0.152 11.06 0.133 £ 0.149 0.123 £ 0.151 10.57
80-100 Kb 0.164 + 0.165 0.159 + 0.165 14.93 0.125+0.134 0.115+ 0.135 8.46 0.116 + 0.132 0.106 + 0.134 7.76
100-200 Kb 0.143+0.141 0.139 + 0.142 11.44 0.100 + 0.100 0.90 £ 0.102 4.3 0.088 + 0.094 0.078 + 0.095 3.46
200-500 Kb 0.126 + 0.116 0.121 £ 0.117 8.3 0.082 + 0.068 0.072 + 0.068 151 0.066 + 0.053 0.055 + 0.053 0.63
500 Kb- 1Mb 0.117 + 0.106 0.112 + 0.107 6.84 0.076 + 0.058 0.066 + 0.059 0.85 0.060 + 0.040 0.049 + 0.041 0.15
1-2 Mb 0.108 + 0.095 0.103 + 0.096 517 0.073 + 0.053 0.062 + 0.054 0.59 0.058 + 0.038 0.048 +0.038 0.084
2-5 Mb 0.088 + 0.074 0.083 + 0.075 2.69 0.068 + 0.048 0.058 + 0.049 0.52 0.057 £ 0.037 0.047 £ 0.037 0.05
5-10 Mb 0.071 + 0.056 0.066 + 0.056 0.82 0.064 +0.043 0.052 + 0.044 0.17 0.057 + 0.036 0.046 + 0.036 0.046
10- 20 Mb 0.057 +0.038 0.051 +0-039 0.15 0.061 + 0-039 0.050 + 0.040 0.11 0.056 + 0.035 0.045 + 0.046 0.042
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Figure 4. Persistence of gametic phase between different breeds in 0-100Kb across the genome
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