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ABSTRACT

The objective of the present study was to estimate the inbreeding values using run of homozygosity and study the
evolutionary trend of the effective population size (Ne) in some Asian horse breeds. A total of 99 animal samples
consisting 19, 24, 18, 19 and 19 samples from AkhalTake, Arrabian, Caspian, Mongolian and Thoroughbred breeds,
genotyped by Illumina SNP50K Beadchip assay were used in this study, respectively. This study has been performed
in collaboration with the Equine Genetic Diversity Consortium (EGDC) project. The inbreeding values based on the
run of homozygosity using FROH and next, Ne using linkage disequilibrium across 5 up to 1000 generations ago
were estimated. The result of principal component analysis (PCA) indicated that all breeds will be separated from
each other in the first two principal components. Average expected and observed heterozygosity for different breeds
ranged 0.278-0.294 and 0.278-0.308 respectively. Estimation of inbreeding based on genomic information showed
that the values are ranged between 0.003 in Mongolian up to 0.166 in Thoroughbreds. The Ne results showed a
decreasing trend over the last 1000 generations for all breeds, with an increasing slope since about 100 generations
ago. The highest historically effective population size in recent generations (5 generations ago) was found in the
Avrabian breed (53 heads) and the lowest for Caspian and Thoroughbred (33-34 heads) breeds. Generally, the results
of this study indicated that despite a reasonable genetic variation and low inbreeding value, however, the Ne is the
lowest in Caspian compared to other Asian horse breeds that designing of appropriate programs is necessary to
conserve remaining purebred animals of this indigenous Iranian horse breed.

Keywords: Asian horse breeds, effective population size, inbreeding value, run of homozygosity,

* Corresponding author E-mail: Moradi.hosein@gmail.com, Hoseinmoradi@ut.ac.ir



g 095 D55 gen slaaid ) 5l eoliiul b Sgad F 5 uedS 1s0lye g Slal s gobleds YAY

5 SEEI Ol &5 3gdos Cgme Cunex
WS (os AFie Cumex o |y Bolar )
ol &g, 5l Sledlbl s &5 9 (Frankham, 2005)
Lo S0 asly S o ool 3 calizes slaslys g baassS
oz Slbe (Sej 6 ylene 3l oo 5 w08 50,
S8 8,k 5l (Tenesa et al., 2007) wws co dawss
Rl cblas b bLs,l o pladl 4545, plil
REEIN W NS R NCIIER GRS
Zhao et ) 5,5 S oledbl ol ol 5 ol g
eSS Glp sy Oygods o,xd (@l 2014
ookl ol glacemes jo Jige ojluil 5 Sgren
(2009) Gharahveysi et al. agei lsicds 05 oo
L Glnl e ol Bl 5o 1) Sotees (ke
G o el yd Slil ot Sledbl ) oolaul
eSS 3929 ol Lo ,ST 5155 s 0 YV o) sl
JolS 5 02t ae 4 g0l 0> b oyt 3l Jol>
8l s ledlbl plas s ls Ky o oo
Uimari & ) cesl oiws ;o ool sbocases>
b Ss5pe o (a3S o35k | 5 (Tapio, 2011
o Gl pas Jds 4 0yl Sledbl 5l oolail
RS CEP O RSP FNERCI T IR R
(Moradi etal., 2017) 54 sals>
5 eolatwl Cusgase pl &8, sl ool S
Ao) 0 ool bacd i Cul o9y Ol
(SNP Chip) SNP slaall (>1b 5 gl ouass
pac 5 Sl ledlbl Vb polis (55laez I
I, (LD: Linkage Disequilibrium) Siwse Jols
2 Py ol g GeZen (lie dsulme sl
N RSN SN I N ERE W A CESp INCHOPS
9> (Corbin et al., 2010; Kijas et al., 2012)
FROH: ) &6Xjsen sloaii, 31 oolazwl L
4 (Inbreeding based on run of homozygosity
S350 gl Alwsny o 4 SeKilisen Sl s
IS slacaishle Gk 5l a8 g e anss
Purfield et al., ) auil a8l Jlsl w8 4 pally
Syshy 5o ceslis 6 lme lsicay FROH (2012
o d9doe ooliial piy mhaw 3 Ay (SePee
P RESPC PN IRCE SA

400
J-J JL.» Do ooFoos Sgdz> o L:_._u‘)j‘ le.ﬁbwb

Sk 5l g (Petersen et al., 2013) el ool Lol
8 lagmeim plas o Lojis oldlse 251,
ol JLS 50 3 Oler ol csl oolys 88 1 o L]
O Saie ;0 4l 4 dz g bt axdls jpa>
S el sl Gl e Ls jeel
3 56 ysbar dabige Cgume el o ledl,S
Slsbe b galons ool ol S a5 s 3l 5
Sy e ol olS al 00 iz sl b slies
oS obasly iy ol 4 (Rafeie, 2011) &S
Shaslopee Al g deal sl Ghy9n @
el L9 o Dy (5l slaaxly o o9
Lils & arg b Jy Sl Shr 55T s
@ polie slasly ¢ )9aS 5 aihaie 2 b oL
ol sl b S S 55wl e Lyld
ol Osee OA Sga> 5l e e b Ll
Petersen et ) ol O+« 5l i 5 (FAOstat, 2010)
oz ol o el &S ol sl @l 2013
ol S0l 5 sl 659 50l Al .l 00l i 15S
P iz ,9aS e 0 Olgiee 5 0om ) Sl
o5 el Gl 5L diged a5 5,5 canlice 5 o)l
ot 0aiSTy Loyl 5o Loy a5 cl Sy
Loy 5 o6 oad lol Sl 35y ol
cely i gy aeliy sla Bl 00 S colassl
sooly 5l ol SR peSTee B ol ot
Lolis ol 51 gl a2l )0 g b Gials Lo (egs
NS 18 (S8 ple B g LB S By o
oS ol i ol ye 1A (Moradi et al., 2013)
S @ (oo SOlE Cumex Fhe ojluil g (oS en
el glaasly (Hhb 3 e Slegose
4S5 SeesSigen RIBL L Sees

SbolSil> 5 Ssran 5 256 il cel daolfyl>
S35 gl jep Gl g sl e alal) il
Coxex yhe ojlail (Zhao et al, 2014) o4i oo
Sy 5o bl e 5L S0 e (NE)



FAY VWAY 5l o 8)Les F 5,68 el ol psle

2 iz 358 oo Lite pldsie 5 oln il yls
(O Jguz) wlasdly (23515 55 Jlsmen slo )9Sl
Rl )3 395 Sl 03, STy 4 az i b (rioren
ool 55 0l cpl cogy ledbl 5l slowl sla,gis
EF5 por yiS 039n () 0n b 32825 (nl el 0l
Equine Genetic Diversity ) ol S35
OGSy 4 4y bl ool pbxl (Consortium
2 0S5 050 (S ) 45T ol s 03,25
3 eyl Sledlbl Wil go Baios l s !
ol (S35 ilene (03,5 Joe g e S )3 diej

b 95 9 3lgs

G955 S g (6 S Higed

ol 5 (Semed cuyd drule Sy adlhe (nf )
Sl I bl ol gladlis 5l (S Cpmozr e
S JBl slaoly 4 bgrpe g A ggezme (o093
90 €l VA) ol (T, Y o (1, V)
ol slosls s ool (ol V3) 395 5 (], 19)
EQUINE ) sl (S35 €55 g S 0390 3l B0
o9 a5 i ags (Genetic Diversity Consortium
Petersen et allis 1o ladige udgi (psd g (5,9la0
lraiges aoM5 by Lel wenl suis 4l (2013) al.
Blas lls (Sew 9> b S Slle> 51 <8l b 50
WA (6 glaen Wdg Cunex 1o 40 (GiglizgS aba,
Puregene asbaiygs b, 3l eolaiwl L DNA #l el
DNA ¢ 55,500 ) 09> 5 ol plxl b 5l (Qiagen)
TS et D 0olitul ladiged il et (sl
lllumina SNP50K  slaasl,l 5l oolawl L 5
oKl OYFY gy s Kl a5 BeadChip
Joall s Lol 5 S oo wal3 1) SNP (g Siles
s wloel Loyl o il

osld yslymg
sleools cuas 5l sliedsl glp Gaiow opl o
e ol slasdil o cudsiy med 5l Sl
Jloel adgl slaosls (59, » CodsS JyuS btz
(Y Jgoz) o

1 oy 5l VL Como b Syan dnlre
mizon (Al-Mamun et al., 2015) s ,41 oo a8
oS 8l as ailesls  ylis S laass
gy ol pae Sledbl (59, 5l S50 ol
Sved, 1971; ) o,ls 9525 35 psiy haw ,o (LD)
oladl o i) ol yo wlidss xas (Hill, 1981
Saatchi ) ¢ ,uis g5 oz olasls 5 (Park, 2011)
(Moradi et al., 2012) wawss 4 (et al., 2011
el 00l 55 aie

o0l ral.?o‘ Sl uLﬂ...a.?u ‘é>L.A o wl...u‘ P
S5, 2 Bowe 3 olul 5o el Galie slasl o
@lelid by il glaoly (S5 985 (ow) 2
Slpl el sooly 51 Sy 0 bl slaailas
(2011) Rafeie wgai laicay ailoads 35 e
ol iz slaoly Siss a5 ol 5 LS
03liusl b 1) CpmnslS ol b sl ol 5l 5 S0
Sy @lSee g lojlealen; laSlas
O by (S gen g ol 5 )
Sl axdllas 590 sbaoli ples Lo 5,0 1) Sesen
S5 Sl B Gl bl 2 Geizen )5 (518
s g0 o Slpl Gleoly alds (e ol o
et ooy sols plo g s 50l slacl
($9,5 oy (5o 5) Sl lacwl 5 (98
(2014) Zandi 050 (GO pnS (5,950 ,0 g 8[;0)5
5 S5y Sl (oops g asllae b s
Ol SRl 015 99 pgi o o 1) DLl slaales
Gl Sl dels @mls ol I ) 9590 (S5
(LD) Swgn Jowi pas lim caidolis guiod
SV 50 e85 3l b anliie )5 el 15 5o YL
SR 3929 il (pl bl p oS 39 (S5 ol
Ol 005 50 ol phe ojlal a0 SVL
REIWE PRV [ X g VRGO

oolawl b Setpd 7y (e Gudod cpl 5l Ban
SR OETeR 5 (o) Dokges slaatl,
o)L.b‘ g.)‘).a.uu 455) 9 (LD) kfi"“"}"' Jol;.: pas )L._‘>L~u
ol oo (o2 sl e 0155 ez 3o Comezr e
@ SyeiS (eSS slayeiS 5l Gy



w5 50955 D iged slaaid ) jlesluinl b So>ed &5 eesS 150l 5 Slal)3 obleds

YAY

Slog g oolitul Gelul  gaaib asren o i o)l ( oLl i Lice (3udod (pl )3 oy Oy90 sla0l5 L) Joux

(Petersen et al., 2013) la ] azsu B yg0l o

Table 1. Breeds included in this study, region of breed origin, approximate population size, breed classification based

upon use and notes on population history (Petersen et al., 2013)

Breed Geog_ra_phlc Population size Classification Descriptions
origin (Approx)
Akhal Teke  Turkmenistan 3500 Riding horse, Endurance Pedigree records began 1885; Stud book: 1941.
Arabian Middle East 1 million Riding horse, Endurance Arabian Type bred for over 3500 years; Stud book: 1908.
Caspian Persia Rare Riding and driving pony Rediscovered in 1965 with N~50; Stud book: 1966.
Mongolian Mongolla 2 million  Riding horse, landrace ~ Many types based upon purpose and geography.
Thoroughbred United Kingdom Common  Riding horse, Race horse Closed population; Stud book: 1791.

Table 2. Summary of data mining steps performed on genotyping data of the studied Horse breeds

Step AKTK" ARR CSP MON TB
Number of animals 19 24 18 19 19
Excluding animals with >5% genotyping failure and regarding to PCA results 0 0 1 1 0
Remaining animals 19 24 17 18 19
Number of SNPs 52603 52603 52603 52603 52603
Excluding the sexual chromosomes SNPs 1999 1999 1999 1999 1999
Excluding SNPs with MAF<2% 11830 13818 12608 10282 12545
Excluding SNPs with deviation from HWE (<10°®) 4 4 0 1 0
SNPs remaining 40773 38785 39995 42321 40058

* AKTK: AkhalTake, ARR: Arrabian, CSP: Caspian, MON: Mongolian, TB: Thoroughbered horses breeds.
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AKTK: AkhalTake, ARR: Arrabian, CSP: Caspian, MON: Mongolian, TB_UK: Thoroughbered horses breeds
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Table 3. The mean of expected and observed heterozygosity, ROH inbreeding, average of r? and effective population
size in different Horse breeds

Characteristic AKTK ARR CSP MON B
Expected Heterozygosity 0.287 0.284 0.285 0.278 0.294
Observed Heterozygosity 0.278 0.279 0.284 0.285 0.308
F-ROH 0.084 0.118 0.042 0.003 0.166
Average of r? 0.0926 0.0721 0.0957 0.0596 0.1199
Ne (5 Generation ago) 38 33 49 34

AKTK: AkhalTake, ARR: Arrabian, CSP: Caspian, MON: Mongolian, TB: Thoroughbred horses breeds.
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Figure 2. LD decay map measured by r? between SNP pairs according to distance with all chromosomes. Upper:

Distance range from 0 to 5000 Kb. Lower: Distance range from 0 upto 1000 kb.
AKTK: AkhalTake, ARR: Arrabian, CSP: Caspian, MON: Mongolian, TB_UK: Thoroughbered horses breeds.
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Figure 3. Effective population size (Ne) trend plotted against generations in the past, truncated at Upper: Distance
range from 5 to 1000 generations. Lower: Distance range from 5 upto 100 generations ago.
AKTK: AkhalTake, ARR: Arrabian, CSP: Caspian, MON: Mongolian, TB_UK: Thoroughbered horses breeds.
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