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ABSTRACT

The use of molecular markers in recent years has been widely used to determine the genetic diversity between
populations and animal species. Molecular genetics studies allow a comparison of genetic diversity within and across
breeds and make a new insight to reconstruct the breed history and history of ancestral populations. The aim of this
study was to investigate the genetic structure and genetic variation of indigenous and exotic sheep breeds using
50,000 SNP markers. Genotype data of indigenous breeds (Afshari, Ghezel and Moghani) and exotic breeds (Dorper,
Merinos and Romney) were obtained from the Ovin HapMap project. Multiple population stratification analysis such
as, population structure using multivariate statistics and model-based approach were applied. The result of all
methods obviously showed the correct population differentiation. In DAPC K=4 inferred best cluster results by BIC.
Despite the use of different methods, all of these methods showed a distinct structure for indigenous and exotic
populations and it can be concluded that Iranian sheep breeds has more genetic similarity rather than exotic breeds
and Iranian sheep breeds grouped as one category and Romney, Merinos and Dorper breeds were separated as distant
groups. However, when the indigenous breeds were studied alone, the breeds were genetically separated and
population differentiation statistic (Fst) for Afshari, Moghani and Qezel was 0.038, 0.107, and 0.298, respectively.
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Table 1. The geographic regions and the numbers of animals in each region

Breed Population size (approx) Region sampled Number sampled Production Classification(s)
Afshari 2 Million Iran, Zanjan 37 Meat
Moghani 1.5 Million Iran, Ardabil 27 Meat and Milk
Ghezel 1 Million Iran, Azerbaijan Sharghi 35 Meat and Milk
Romney 45 Million England 24 Meat and Wool
Merino 72 Million England, Australia and China 259 Wool

Dorper 20 Million South African 27 Meat and Wool
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Table 2. Measures of quality control from genotype in the Iranian and Exotic Breeds information series

. Iranian  Exotic  Information series
Quality control thresholds Breeds  Breeds Both breeds

Total number of animals 99 310 409
Total number of SNPs 49034 49034 49034
Remove SNPs with 5% > MAF in total samples 2892 1534 1207
Remove SNPs with 95%> Call Rate in total samples 71 14 10
Removing SNPs that have a large deviation from the H-W equilibrium (0.000001> 0) 757 1315 1647
Remove unknown SNPs 379 372 374

LD Pruning 19479 19482 19618
Number of remained SNPs 26317 26317 26317
Relative remained SNPs 0.54 0.54 0.54

1. Bayesian Information Criterion
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Figure 1. Animal clustering based on PCA analysis using genomic relationship information. Samples: Afshari, Moghani,
Ghezel, Romney, Merinos and Dorper Breed's are shown in orange, red, blue, green, purple, dark blue, respectively.
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Figure 2. Number of clusters based on Bayesian Information Criterion (BIC)



FY VWAY 5l o 5Les F 5,68 ol ol psle

Nl o 2 I it 2

= £ = £ = =
| ——ori 1
. = L ——orn 2
= ——orn 3
u ——ori 4
] ——ori 5
] mm— 4]

25m 75m 125 175 I 225

o5 G o leds bluzwl 09,5 10 J38 9 Slro g Ladl glaoli) .(INF) oals blaswl gloog 5 ¢ (0ri) o28ly sloog 5. JSo
blasulog,8 1o el ol5 g (Ui g gy ) ool blaswl (slaog )8 1o g yo 3155 90 0 Lot bluziul 09,5 )0 5590
(518 )5 )18 ans o,les
Figure 3. Actual groups (ori) and inferred groups (inf). (Afshari, Moghani and Ghezel Breed's are located in

inference group number one, Dorper Breed in inference group number 2, Merinos Breed in inference groups (four,
five and six) and Romney Breed in the third inference group)

ol b aS 08 L8 ey 090 015 Gl U]
2 Wl ools 3 L ez o 5l laised o 2,
g3 &y gl o 3lai Cod JIUT (g0g,9 lokilé
iS5 ol o oS jshailan 5,5 e |, Lo
kol Abg> 355 4 Comex 2 (0 ol 3l Ao 098 0
Ap 5l diged paiz Sl pa ead i
O35l 9 S5 S AT e adss o i e
OSee 45 Wl Bl sk e Come 4 oLl
Sype soly 5l @) 6% Gleoly 4 by po o
Uoeo 5 el Sl aSty] 4y a5 b 5 Al oy
OBl G oy 55 ()1 slasly sladiges

)l 352y 0l atie sladigel diiy (o)

ol Uls DAPC wisles PCA g, ol oo

G005 o b e sl sl Lol ol
P 09 gy Glale Gl o5 Sl sleesls
PCA Jb ol b el cimax S55 Jow o)l
Go9re S Shy Fr W6 ods sl )
ool (SSglsm) (o) Slotumex LSl )
saejls 5 jluoed wal 2 1) (295 b)) So PCA
NSl quyp slp adss 5l ol iy yad iy
ST g (3059] Camsts sl (> g Canl (Somex
Jombart et al., ) s canlis luroz (s £33

VUSS 5o citie sloog 5 o ol 31 (285 18
Soly 39 co odalive aSa55T Lo .l 0als &Sl
&l plaS 5o (2B Glaoli g 095 Sy Sl
Oeizmen widls JSis | olime slag S 09>
Alises j9aS w1 a5 gt e 4 laite lasli
sloaalie 059 polie .l ool SIS o554 004
a5 Cowl oas ooy isled o fdoigas i o Lo
2 Bog)S (mm uil)ly S 0 bgape 039 polie
SSE @b o sln bogS (g0 bly s,
Wl o AMBI 45 Cons] 35 ) iy a5 il o
(FC JS5) 0K )3 S g g0 U5 o
W o oyl 1y bl fygesl S 50T O JSs
Dbl oLdl g0 J! 5 plbcams 45, sba,
O 9 P9 090 omlb)ly S SISE wly
S aad oo plad 1) 095 Lol slaadss 4 (295
095 o gt B 9 38 Sy 4 bgype Jlaw e
5 0,8 K eammslis ol G, asl e
el DAPC BT sonasl)) L3 (slaasys
Gonaib mlt weboe cdalie &S ebiles
izman ool Lol clodiss 4 LS5l DAPC
Sglsn Glrog)S a5 Col sde Gloy JSA
lp Wl gloymis 5 atpojpuy oMbl (2l (9



o9 GWOlS aihsS (SUS E95 (o i, Ke g ol o

Jombart et al., ) cosl Comex (S5 i) o)l
ez Bl pwyn Gl seen e (2010
b9y 5 Jde e slagnsy b LT b
Syslp o @Y el Lo g, ol DAPC LSl
o 4 08l Cygiae cVlaisl bl 5 Sanex il
PCA g, (Pometti et al., 2014) wisls Lis |y 09,5
Si ade> slaghy, lp Rl plpea
Lee et al., 2009; Liu & Zhao, ) cuwl ouls slgainn
D9y ez Y memal Gelzea (2006
5 ORI ) (295 Om ol a5l leay DAPC
009y S S s ge a5 1) (95 (55,0 bl
5 blaawl o .(Jombart et al., 2010) <.l PCA
S e T R R e
Lsyn 4 azg L DAPC by, o chnex LSy
bades bl 5 bicrazr nj e el Hy7ed

(Sethuraman, 2013) 5 5 Jac PCA g, 5| oo

FEF

oo 5 g5 Lol cloailie Lloga sz (2010
090 E55 5 Wog S o g9l g0 o Jull as ol 8
31T gl 5 wiS o 4o | 0gd o Laog S
Jombart & ) aws oo lid |y oeg,S ym Dolas
ol 5l easlewssay mls L oas (Collins, 2015
on bLI @bl sl o) cdllae gl
O E5 3 el (g ST il it slaalis>
05 000l ) (29,5 059,0 555 9 AT 35 ped rog 5
plsl 1) L onl (ol sloadlie paseis 4jod a5
.Jombart & Collins, 2015) sas .o
S paal 4 ;0 PCA & cos DAPC i,
9]y (29,5 gl aS )18 (65 (295 G Dol
45 Cesd ) DAPC Lol aaieiin ols Lt jienlin
elolid slp ol g 5 oog el by S
Oley 50 Sy lrosls dcgamme ;o S slo,lizlu

2P w2 O 9 PCA o 4 52l Sl

PCA e|genvalue.

i DA eigenvalues

S0 0529 molie 5 (F-D JS3) o3 polie JS Sledbl ol yanay (F-2) hol (sladalge 5JUT ilaog 5,5 o3l olazsl F JSo
(F-c JS3) 5Ls
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and the required eigenvalues (4-c)
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Table 3. Proportion of membership of each population in each of the four Inferred clusters (K= 4)

Inferred Clusters

Population Fsr Value 1 2 3 4 Number of individuals
Dorper 0.1111 0.012 0.911 0.043 0.033 27
Merinos 0.0864 0.017 0.035 0.166 0.783 259
Romney 0.0726 0.006 0.029 0.951 0.014 24
Afshari 0.1449 0.955 0.015 0.017 0.014 37
Moghani 0.2521 0.796 0.072 0.049 0.082 27
Ghezel 0.1759 0.784 0.082 0.050 0.083 35
K=4) ;o 00l bl sloaiss chax 51 Gyl M Slglye polae BME Jgoo
Table 4. Allele frequency divergence between Inferred clusters in K=4
Cluster number Cluster 1 Cluster 2 Cluster 3 Cluster 4
Cluster 1 - 0.0643 0.0530 0.0540
Cluster 2 0.0643 - 0.0488 0.0474
Cluster 3 0.0530 0.0488 - 0.0353
Cluster 4 0.0540 0.0474 0.0353 -

(K=3) ooy blacwl aiigs aw jo Jlpl sl 51l G o cugae e -0 Jsox
Table 5. Proportion of membership of each Iranian sheep breeds in each of the four Inferred clusters (K= 3)

Inferred Cluster

Population Fer Value 1 2 3 Number of individuals
Afshari 0.038 0.188 0.631 0.181 37
Moghani 0.107 0.910 0.079 0.012 27
Ghezel 0.298 0.739 0.240 0.020 35
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