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Table 1- Summary of characteristic SNPs used in the analysis.

O 4ol paS o Aol ity Aol S 3l b esisesS
(kb) SNP (Mb) SNP  (Mb) SNP .. KL (Mb) ~ Chromoso
me
Shortest Longest SNP Average SNP No. of Length
SNP interval interval interval SNP
5.393 0.813 0.053 5168 275.41 1
5.735 0.784 0.061 4036 248.97 2
5.525 1.284 0.060 3191 224.00 3
5.204 0.457 0.056 2098 119.22 4
5.164 0.743 0.060 1778 107.84 5
5.141 1.672 0.059 1957 116.89 6
5.402 0.205 0.054 1845 100.01 7
5.184 0.404 0.054 1653 90.62 8
5.705 0.506 0.061 1546 94.58 9
5.585 2.019 0.059 1461 86.38 10
5.399 0.511 0.062 991 62.17 11
5.387 1.068 0.060 1301 79.03 12
5.577 0.803 0.065 1270 82.95 13
5.504 1.009 0.063 991 62.57 14
5.613 1.055 0.063 1278 80.78 15
5.792 0.524 0.061 1170 71.69 16
5.712 0.463 0.060 1204 72.25 17
5.565 0.575 0.057 1201 68.49 18
5.577 0.373 0.063 954 60.45 19
5.598 1.269 0.060 845 51.05 20
5.574 2.022 0.059 841 49.99 21
5411 2.891 0.054 935 50.78 22
5.484 0.615 0.063 985 62.28 23
5.613 0.434 0.066 628 41.98 24
5.712 0.490 0.054 824 45.22 25
5.714 1.192 0.060 728 44.05 26
YoA
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Table 2- Statistical information for average r? as distance between pairs of SNP up to 10
Mb for the genome.

SNP .y alols 0355095
Distance interval SNP Chromos
ome

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

Mb Mb Mb Kb Kb Kb Kb

0.031 0.061 0.079 0.089 0.105 0.186 0.212 0.347 1
0.021 0.061  0.070 0.083 0.114  0.175 0.283 0.354 2
0.031 0.061 0.071 0.093 0.114 0.184 0.256 0.338 3
0.020 0.051  0.079 0.083 0.112  0.193 0.269 0.352 4
0.030 0.051  0.050 0.083 0.124  0.178 0.245 0.353 5
0.031 0.051  0.065 0.093 0.122  0.192 0.284 0.395 6
0.031 0.051  0.060 0.072 0.108 0.163 0.263 0.339 7
0.030 0.061  0.079 0.092 0.157  0.197 0.290 0.401 8
0.010 0.051  0.068 0.082 0.104 0.214 0.282 0.355 9
0.022 0.047 0.072 0.073 0.111  0.203 0.282 0.343 10
0.029 0.044  0.059 0.072 0.132  0.156 0.197 0.371 11
0.020 0.045 0.078 0.092 0.105 0.162 0.170 0.332 12
0.030 0.051  0.080 0.093 0.117  0.176 0.185 0.367 13
0.030 0.051 0.079 0.092 0.109  0.167 0.202 0.352 14
0.020 0.049  0.079 0.092 0.104  0.158 0.181 0.350 15
0.020 0.049 0.070 0.082 0.106  0.191 0.254 0.371 16
0.020 0.050 0.072 0.089 0.159  0.186 0.195 0.256 17
0.020 0.049 0.077 0.082 0.093  0.132 0.144 0.291 18
0.030 0.049 0.079 0.082 0.123  0.164 0.172 0.383 19
0.030 0.050 0.070 0.087 0.190 0.192 0.242 0.319 20
0.030 0.050 0.072 0.087 0.140 0.161 0.199 0.348 21
0.032 0.049 0.072 0.087 0.130  0.159 0.164 0.287 22
0.032 0.050 0.078 0.082 0.155 0.192 0.211 0.303 23
0.032 0.043 0.077 0.083 0.133  0.156 0.191 0.284 24
0.042 0.068  0.088 0.099 0.162 0.242 0.257 0.417 25
0.011 0.056 0.078 0.083 0.119  0.139 0.155 0.276 26
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Figure 1- Distribution genomes of XP-EHH values in Zandi sheep breed population by
chromosome: SNP position in the genome is shown on the X-axis, and XP-EHH
standard values are plotted on the Y-axis. The values above the lines are in 99.9

percentile of autosomal and chromosome X SNPs.
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Table 3- The identified genes under selection in Zandi sheep breed.

L 5 0 435 Zonl g
(#35305,5)
Location on Ovine

genome (Chromosome)

oLl ‘;4";3 Cond .‘,.o

(955035)
Location on Human
genome (Chromosome)

(L) 03
Gene(s)

.’a.;a" » Sl
Related Traits

@l:..a

References

(2) 31653188-31684127

(2) 31709019-31765595

(3) 28671825-28710732

(5) 5056451-5057662

(6) 36514210-36556824

(6) 37138667-37257756

(6) 36837847-36848482

(6) 37092323-37118578

(6) 36804948-36811949

(6) 36566367-36630153

(6) 36404281-36418026

(6) 36651734-36658288

(9) 37556752-37589709
(12) 25191495-25241603

(12) 25081358-25156543

(13) 41742022-41775868

(21) 46224390-46229122

(9) 94603133-94640249

(9) 94558720-94593793

(2) 21044073-21001429

(19) 17816512-17821574

(4) 88257620-88284769

(4) 17629306-17781512

(4) 87799581-87812435

(4) 17577192-17607972

(4) 87799581-87846817

(4) 88007668-88077777

(4) 88257620-88284769

(4) 87975650-87983426

(8) 58552924-58582860

(1) 223701593-
223776018

(1) 223538007-
223665734

(20) 25006230-25058980

(11) 69698232-69704642

FBP1

FBP2

APOB

INSL3

ABCG2

FAM184
B

IBSP

LAP3

MEPE

PKD2

PPM1K

SPP1

SDCBP
CAPN2

CAPNS

ACSS1

FGF19

N Jsb @lysy s Sl Sl
Average Daily Feed Intake, Carcass
Length

e A g ‘dﬂgléuwu L

Growth of skeletal muscle;
Milk Production

Sl etz (i 55 0 035
body weight in different age;
obesity
Sob el &S
Sperm quality, Fertility
amale & oo (Sl O yae oL
(@)u) !
Feed efficiency; Intramuscular fat
Wlisy 055 el Bl d, oliw
Growth traits; Average daily gain
S > L WA P R Y
Calf size, Dystocia
Lg ja...:)a Slis 4l 5)'1.,\.3‘ 3 e .,\..ir)
sy

Foetal growth and Carcass size; Carcass
traits

Calf size, oo Laiw cll S 631l
Dystocia
ameale |5 oo Olpe f; Y O3
(KLl

Hot carcass weight; Intramuscular fat
e Shpt etledl o8 a2Y 03
Hot carcass weight; Residual feed intake
S8 e 03 (SIS s 0 035
Yearling body 4135, 055 3l Qkis

Weight, Body weight before Slaughter,
Average Daily Gain

Hot carcass weight o Sy 055
Meat quality <28 coiS

Wl 05 Rl o B pmas S1y a0l
Feed efficiency;
Average Daily Gain
Syntheses of CL.N\ oo sladad e
saturated fatty acid
Obesity  3b-

Guo et al., 2007

Weikard et al.,
2012

Zhang et al.,
2006

Mishra et al.2013

Mishra et al.,
2014

Jin et al., 2015
Olsen et al., 2010

Bongiorni et al.,
2012,
Saatchi et al.,
2014

Olsen et al., 2010

Abo-Ismail et al.,
2014

Abo-Ismail et al.,
2014

White et al., 2007

Lee et al., 2013

Tizioto et al.,
2013

Olivieri et al.,
2016

Toral et al., 2016

Kharitonenkov,
2009

Yy

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



(\ya¢ d\:-«-‘) ¥ o)\.o..‘:': A eJ‘g.:) 63JJL§'S ‘53‘93},35‘9:; 4.1:50

53 A S BB VY js S5 1S -l (2009
5o o (Kijas et al., 2012) Ol ol o
Fariello ) W 31 5 Lol o8 o g Oldiiw S
05 el o3 Ol C (et al., 2014
Aily o (OPN) oy gzl 0T o3 pb o5 SPPI
FEE 5 oS S8 008 ah s 5
SA G 3l S5 LA s Ol
e s
ABCG2 o) .(Denninger et al., 2015)
Bl 7 esism55 G5 2« PPMIK 5 LAP3

Lol o Aoy 55 IS sl fa glyls Wleds

JJ‘J LSJ".‘.’}S J'j.ﬁ Cﬂw%‘}f:.w‘

Ont Sl LU a5 0 Lom Ll 55 &S
L ks s olio LABCG2 0 s S Lo
Abo-Ismail ) col ol 25158 ci S cudS
sluLls o Lol p& (et al, 2014
5 a5 s Sl JUlzol slad e s ABCG2
Soosb 4 il b S0 5 e DS S
3w R s e P R e
LAP3 0] spd oo od M5 falS 5 (80
3o My L bkl e clio b gols s bLS)
S5 Sl S el

05 el 0 55158 LUkl Piedmontese

sE s
5 A Spke anii o s PPMIK
2l B el sladeul Ogedly inds
05 bl 2014) Ismail er al. Abo-axlzs
oB s Sy S ae ekiledl L PPMIK
45 SDCBP 03 L5 5 a8 08 «2¥ 035

¢

Solsgme bLII 2558 Gl

o> 5 O 055 L OS pl s ISk
(Zhang et al., 2006) ol ol 1S o
S35y 3phn sdal oa RLF o INSL3 0
ady KLY badsle S5 025 0 psises S
O s edd mA S ks e Ol o
5o Oed o s aay 8,8 j gAS
303 peel SodS s s ESL Obss s
sy INSL3 05 .(Mishra et al., 2013)
Wil sl ad Sla0sase S5 elslt
03335 WP i lagll s i oS
5ol Sl 53 Jels clapltl aae
o5 [(Pitia et al., 2016) >l & s,
sedd oL O P pgi0e5 S s, 2 PKD2
2 pelS SIS 5 oS 0 Jlasl s
5 el Gl 5 dUkl ladsle
Sl o Jsle mal s e
sos (GeneCards) s,y il SO gond
# 0353055 &35 2 < MEPE , IBSP SPPI
2 e B3 NS S ks Wl
Q\P;_;A
S o Sl Gl SIS sald
b IS 3 el B 5 kies (ECM)

L;})) VA w53 e 3 Olgsaad anb

S5 S ML’L;‘ g_ejj..,a_c 9

5 Kyl il S eslul 5 s ise w0 aS Ll
azfgj&‘jméj)ﬁwjf)jlﬁ@
Olsen ef al., ) sl ol 3,158 jxs o3

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



3 i ol e

UniProtKB ) £ils <Jlts (65,1 e silts

w3l bt

0 ekd pluls GWQTL ) .(Gene
4 sl OLaS Wi S 3 S 550 e Gl
A5 GLQTL & 5% ¥ ps5505 5 35 2
035 ezl golatdl ge Dlio b s e ol
Ol 5 05 a2¥ 055 olis oK 3 0w
.(Cavanagh er al., 2010) s 5 3Y ;5 < S
0333095 S50 p okd S QTL imen
b 2Vl (Soen S Ol pom oS15 LY
ol il il g 5 azals (O 05
(Campbell et al., 2003) > 4

05 I sl e e S5 Gl
0} ol s (e bl Cod (sla
05 elid gt UL L8 8 5 s 250
me 5 e S Sl 0 Y dsd o
35 e U1 e ol ald &Il
DU b Syt el 0 1,1 0 Jsis
Sble s oeds labs slangts, i
&'y STRING oL 51 oLl e sS 5 55, 5
5 Jols gl el 5 S e
ool Cows 0 (gla0 4 sl Gl s S
(s x5 b polins 28 5 pdies 5b
(F JS8) dieas BUs| 3 0k, 5 Sl

\lo

B el 0l C;U q “)'yj; KE ]
358

S5
(GeneCards)

e .
Sk w

dobo 2 3 e (oS B (S5l
Lee et al. «x)ls 45 .(UniProtKB Gene) s s
05 53 K dr e ol sae BLS LI (2013)
S slslS s Df Y 035 L SDCBP

LSLAJV.‘JJB P

Sl o) cwl sds SIS sEb
Bl psis55 55 2 CAPNS 5 CAPN2
il o el BT sladsls s 5l Lledd
=S s 2 05 52 ol 56 (GeneCards)
ook 23S sl o 3 Sl G pan
SRS Gae SEF el Ol b
035 Sl Rl SSle 5 (B ae S| ediledly
Olivieri er ) ol sl 3,158 5ls w4l
Aal., 2016
Woesises S s » S ACSSL O)
Sladl a5 g i A8 Gl el CB\}
s ACSS1 o5 .(GeneCards) s s < =
Do pdS s ool 53 (S350 slaanl
GFS pole 4 okind fuate g s
UniProtKB ) s,ls & (SREBP) Jj
C;b Y\ esise0,S S » FGF19 o5 (Gene
Loy 5eSU 5 el 515 ced el
Aib e 05 VY el (FGF) L by,
S ol 53 B3 eslsls ) (GeneCards)
Sldpbe 5y 5 b i Sl glaasl

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



(\ya¢ u\.’;...a) ¥ oJ\.o..‘:'a A er.:) 65JJL§'S 63,93}"{5‘92‘ A.l:r.o

FAM184B

P-4
= MEPE
IBSP

SPP1

) P

/,_\\Fsz v

~— LAP3
) -

ABCG2

sdias Ol calizes S, b slae pls .Cute Ol Cow Ga0S g g S5 &S Y K
o $lp Fose bk iS55k cwlgl g SMelas Wl G bt AL 0 LSy s b 05
w‘&.&ibﬂjﬁ SMalad siads OLES &SJ &T‘,d..':.:Sb céL:w cw’y"g)

Figure 2- Gene and Protein network of genes under positive selection. Nodes are genes
or proteins; lines indicate interactions between proteins with: pink lines for post-
translational, yellow lines for expression, black lines for reaction, and blue lines for
binding.
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Table 4- Analysis of Gene ontology (GO) terms in regions under positive selection.

s GEERGEENG PR E R ST ARG T
Category GO term Description GO P- Gene Names
Value
GOTERM_BP_FAT GO:0006006 glucose metabolic 4.5E-2  FBP1 FBP2
process
GOTERM_BP_FAT GO:0031214 ossification 1.5E-2  IBSP MEPE
SPP1
GOTERM_MF_FAT GO:0004197 cysteine-type 2.8E-2 CAPN2
endopeptidase activity CAPNS
GOTERM_MF_FAT GO:0008234  cysteine-type peptidase ~ 6.3E-2 CAPN2
activity CAPNS
At
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Table 5- Analysis of Enriched pathway terms in regions under positive selection.

o it 5 lads sl P i
Pathway term Description Number of Genes P-value
hsa00010 Glycolysis / 2 3.8E-2
Gluconeogenesis

hsa04910 Insulin signaling pathway 2 7.8E-2
hsa04512 ECM-receptor interaction 2 4.9E-2
hsa04152 AMPK signaling pathway 2 8.5E-2
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Abstract

Body weight 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) is critical in sample size and marker density. Moreover, selection for
increasing of frequency in new mutations that are advantageous only in a subset of
populations leaves some signatures in the genome. Locations of selection signatures are often
correlated with genes and QTLs affecting economically important traits. Therefore, the
objectives of this research were to study LD pattern and identify the genomic regions that
have been under artificial and natural selection in Zandi sheep breeds with different body
weight. For this purpose, the blood samples were collected form 73 Zandi sheep and 54241
markers were genotyped by using Illumina Ovine SNP50K BeadChip array based on latest
assembly (Oar_4.0) sheep genome. After quality control, 40879 SNPs belonging to 71
animals were used in the final analysis. LD was calculated between all pairs were calculated
with r> by PLINK software. To detect the selection sweep, due to linkage disequilibrium,
associated with these signatures we carried out the cross-population Extended Haplotype

Homozygosity (XP-EHH) test. In this study, the extent of LD in this study was 40 kb with

r’=0.2. The results revealed ten genomic regions on 1, 2, 3, 5, 6, 9, 12, 13, 21 and 22
chromosomes. Bioinformatics analysis demonstrated that some of these genomic regions
overlapped with reported genes included in the growth traits, fat metabolism, development of
the skeletal system, energy metabolism and meat quality traits such as FBP1, FAM184B,
PKD2, FGF19, SPP1, MEPE CAPN2 genes.

Keywords: Linkage Disequilibrium, Selection Signatures; XP-EHH Test; Zandi sheep; Body
Weight.
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