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Abstract

The aim of this study was to investigate the genetic structure of Iranian native horse breeds to compare genetic diversity and understanding
the relationships between the populations using 11 ISAG microsatellite markers. For this reason, 565 samples of the Iranian Equestrian
database from different ages including the Iranian Arab Asil, Caspian, Darehshouri, Kurdish and Turkmen and 113 samples were used for
each breed. The number of observed alleles for each locus was 7 to 19 alleles with an average of 10.81 alleles, and it was 19 for ASB17 and
7 for HTG4 locus with the highest and lowest observed alleles ranking respectively. The average observed heterozygosity from the largest to
the lowest rank was, Turkmen (0.68+0.11), Caspian (0.67+0.07), Kurdish (0.66+0.06) Darechshouri (0.65+0.07), and Arab Asil (0.62+0.08).
Population structure analysis with UPGMA method showed that Caspian and Kurdish populations were grouped as a unit cluster while the
other populations grouped as a separate cluster. These results confirmed this hypothesis that the Caspian and Kurdish populations are close to
the Nisa horses. In general, the results of this study indicate that the Iranian native horses have got a high genetic diversity, despite of
populations have genetic similarity and the other hand genetic clustering of the populations is consistent with their geographic distances. The
result of this study shows that the ISAG microsatellite markers are polymorphic and have more efficiency for assignment genetic diversity
and genetic structure analysis of Iranian native horse breeds.

Keywords: Genetic diversity, genetic structure, Heterozygosity, Iranian native horse breeds, microsatellite markers.

Email: mbzandi@znu.ac.ir J s s 5 3



&éwm‘}?é,ﬁ,ﬁ\b*wgdﬁj)b'xwgu’w&w

sl B ) el glasls K e L aka
e 534S 2ol sy b (S s0e Sedb
oslsalas s sla Solis Wledds of Ml Sledb
5 el psd 5l Lsw 53 DL Gl el by s
bl ol el Ol S L gl
D il e Sk s b
GBS S S g gadate Dlalllas 0586
Wnadlas pl 3 el a5 S oy Ll Canmoar 53
o ol5 glcl der Sl e glasly Coner
] 58 315 Slad T4] el 315 slaad 1 Y]
ol S 5wl plil o 5 [V0] eSS VY
sl 0l 1S aardlas ol (gl 5
SO N bl L sy s
T S5 B Skl 55 el mlen
LG s S 53 mponsn b Ol o ool oo
Sl oaes 55 glgarls i gl 86T
s ltle 5 (SB) Sl 3 Ol canlllaes ) s
231 el 315 Olol sladel 2 Ol 5 ol (o,

bf)gmﬁbjtﬂjwtﬂfuwm‘

b 5959 g
S ol gale s DI iy ol plasl S slites,
S e el slasls Lels el l, 070
(O MY sldad ay oIS 58) aS 5 5 5,8 (555800
oslizal L g 5508 s Lokl 4 Ly oS
S Giasn onl Ls adlass e gladised ele A
R TS X R S U W PRERCH P IS B
alansype olsabog, SOLE V) slaed hasss
S U1 o3lul 5 bl Sl &S 38 L3
Gl OV Joa) 53 s w0 oSl o L ks s

RGO P A

R0
2B s e wlew Olgsn ap OLLS 5 DUl
RS 5 i 5 Lpd o e 5 pS A S
N B P e W GOV B S SIS 1
G5l Jame slacussdons Sl (GOl 2 D3 s 5
0SS5 S B eyl sl e ST Iy
B8 S Lz ol wtle Ll s slapls
Sl b 5l 4 3B (S S8 g8 05

D s Bsolen Jolse bojsle 5 Jaes

sde S o35l 4 oSl LIk 3
TR ) v v RGN GV P S FR O
Sl i fege O K Ol ) el Dl
Slalp i el (S5 50 88 35k e s ol
Slacwl sdas |55 glacamer [V0] ol anils
oS (o) e slacml Lls Ol e
Ol s ol A3l o (0S5 5 35 (o pbess
035 Ol 53 3y pe ol SIS 0 5 sete I (S
5 I Gl Obsla (VS slaesl sl 5w
el Oty o 5edlS ol B ek Ole
Ao O S Ol Sl Dume sl
Sogtend ol L o byl 5 3 50 slacd
abie 5 oy oy Slacwl 4t kb Bl
Laple 2ls b3S glasl il oo s n "5 e )s"
5 A0 glaeslr s oS > GUlg S S s
Dl glaesl gl by fels 5 edg ls 1) Sl S
Jols S5 el lmea Sl 5 LS
S 5 Ol smy @SSIBT (glaesl gl 5
O3 eslinal sy5e 5528 LG S1 s egg el 5 Lnes
[4] &,8 -

colls s Sidsise sl SO Sl esla

03 Sl Sl gl Cwdd B Ly ol glasls

Shles

\2" Ot....:\.?l" UL«JI “‘a)}.:

Vo



lsaby g SIS 5l eslial b Ol a) (ot gl (K55 S0l (oo

e addllaes;ge Gt o pled w2 Gl 2
Structure v [V4] J‘f"{’f' A rl?u.‘ sl pls
Sledbl bl badesr sl ) 1,423.4)
5305 b dalamer w4 Sl ol gl ool pale
Glp ot esliad (S slaes S 4 blame (ghuad =
Slaad g 3laes (s Slacamer sems il e ST
S Ad ey yasls find.cluster les Sheslaad b Lol
L s k-means c.l: ekl b bimas (gduad
Sledbl 5l eslaral b |l baad g slaws 5 Sl 53l
bad ot ol Kok ol Sl el oy
ol spl g baisels s (o L Lasly)
) Kbl o Al asie Oljes &ojson
03 s Ve byl due b G5 5 lainer

A 2Ll MCMC 1S5 000 5 5,8 56 al o

o g b
5 oddedalin e Koos i e P sl da JT slaas
W Sl el patls 5 Ol asls Gl e
s adlansge Glacd Comex 53 s 23,50 oSSl
SIS ) 5 (1) ladsir s K3 Solss » S
Al 55 T 5w o 5 (iass cpl 55 el 0l
HTG4 oS- 53 P slies o 50S 5 (J114) ASBI7
sliedalie sla I IS sliws dd edalie (VT i)
Wl 1Y siedaline Pl sliws Sl 5 PTVVA
Clcanar 53 Vb Wl g5 Sy o sy JT VA
4 55 HTGA 5 ASB17 olr 55 390 ows 3590
5 eddedalie 2w K5y Jllie 0S5 St
sty 1y ghe T sl 5 edse b ol 5,5
5IHMS3 5 ASB23 clasll sl &b
a5 LLP<e/0 ) il Gl sl S ol — o)l Jsles

axflaes 40 P wbasls o St B, Slaakew Sepla

b das e sla T o3l 5 el Sl N J g

o pas0 05l sab s el

Kl £33 (bp)asks Jsb ol
AHT4 Yé ARYZA A [¢]
AHTS A Ve [¢]
ASB2 Y Yor-Y\1 [0]
ASB17 \ \Ya-AV [0]
ASB23 ¥ VA=AV [A]
HMS3 q WeoVEA (Al
HMS6 ¢ V4-10) [A]
HMS7 \ \AO-\T0 [A]
HTG4 q \YFa-\ YV Y|
HTG10 Y\ V10-40 V]
VHL20 Y Ve 0—AV [Y¢]

g5 5 odd sdalie SRR WIRPRNTS S
3551 Cervus v (3.0.7) [A] Jljle 3 31 sl b Lol
Sy50 5 eddedaline Koy ise T sl s
Shestinal b S psls —gola ol 39y s 5 s
Dnt S5 Aol 5 A e (00) Chi e Oes
Sl 5 el b Neio daly ololy e
L oské st ys . 3,50, [Yo] POPGENE v (1.32)
Neighbour- % 5,4, s MEGA6 [Y)] )|J~_é|rf' 5 eslaa
A a3 3dome (654 503 5L V000 Ljoining
b (K55
oire 5 J50se bl s dsder caddlass ) g
)l)-_élrj.'. Sleslaad L (V) adaly slesladd b o slie

Dle sy S

[1] & acles Arlequin v (3.5)
Fy=(Hr-H)/Hy (V) adal
e S e Hy sons olie Fy by opl g3 oS
25 o oo ol ae i o Ske He 5 S
[ FEN PR P P P PSR L W PR INCIOeS

J..Jde Cewdds

Shles

\2" Ot....:\.?l" UL«JI “‘a)}.:

\ov



&;NQI;‘;,&,&&M@L})QM‘J“M

Dl sy 5 eddedalis 2w Sispe S0l
@B Rl L8 S ap VA VAL 2l S S
2y VO 5N SOk L DY] b 51 YL 5 VY]
@ by (PIC) by s Olier 3V Goiods (0o
4 by O e (ueS 5 (AT) ASBI7 oL
PIC Sile cpmes 2y (/) HTGE oS-
Ol s 250 VN ) 390 lacumes
sl OLES olgale sy (o SOLE o 03 Vb g b
s Sl Comer lle ol 4 (SS5 g8
O Ol ol il 3 e p b Al e lada 558
Al a oS 58 blaud 65000 Ol e basls b g5
Dl g o S350 Sl p ke Sl S
534S Al 55 PIC Jlaae op 5 A bls Kl e 2L

Dy Dy po e & g A ]

s b esg LOT el 4 3 pdme Rass cnl 53
ook nl s adlaes, g ek elad bl
Sl Sl gals dole 5l bl 5l S
RERRE
ol ale i, SOLES YV 5l eslitad b oS (glantllas s
A3 sl VY T sl Sk 23S el
v b coi g S iS5 e
V2] 55 (PTA) HTG4 5 (JiT14) ASBI7 oS-
2 A3 LS L s ol 5s el sy =k
L ladlas s 5sls Glen [Y 5] Gosas ol
sddodalie T wuls cojlgalbos, ol Sl o
Of sk 218 JTa/e Kl b PTG cza
Jsls ) ge 5 edkdodalive o 5555 2 (Sl Comaxr

olgabes, SOl p K& a4 o)lbep; (Lol e Kih sla o)l 4o Y Jpd

S N Ne Fis Fit Fst Ho He PIC I
VHL20 'Y 0/40 -/ e /0N *JAY <JAY */AN Va1
HTG4 \% Y/0) VAN o/ o/ aNs A AV /¢4
AHT4 q £/Vo — /Y —/v o/ v/A +/V4 /v \/VE
HMS7 A 0/ e o0 Yy VA /A % \/VY
AHTS5 Ve /v —/v ¢ —/% o/ Y Ve o /VY /A4 \/0¢
HMS6 A LYt —/) o/ v/0Y +/Vo VY o /VY \/oV
ASB23 VY o/1Y AN o/ g v/00 /YA */AY AR \/AA
ASB2 Y £/4V s g V%3 Y V4 VY V/AV
HTG10 VY £/VE /ey ot /ey VO VA YA \/VA
HMS3 A t/0v -/ oY /ho VO VA Ve Va\%
ASB17 \4 /80 AR /Y o/0Y N v/NE *JAY \/YY
Mean Yo /A £/AA /0 /ey oY YA VA Al \/VY
St.Dev Y/EA /AN o/ /oY o/ ot ey et /oY

s (He) JUaTls 5 g0 g 55355 50 (HO) sdodalin o 55555 58 (Fis, Fit, Fst) 55508 o p2 (NE) f3e T slaws (N) sddounlie PT slaws

M) 5L Jasls 5 (PIC) JSexks bl

Shles

\i" Ot....:\.?l" UL«JI “‘a)}.:

VoA



lsaby g SIS 5l eslial b Ol a) (ot gl (K55 S0l (oo

I sl oSl )b ciles S0 oKl gl
E) oldodalie L;“":"""ji’i)ﬁﬂ LJ.?}G Jﬂ coldodalie
/A4 VoA LJ J"‘J" SN PIC )Ud.b\ S0
S p S s e OLE S A Sl S e VY
Gl 5 Bl asn 3 Ol e glacd
e Sl Folie (S5 g8 s

5 S5 sltle e S Structure asl
)LSA.» L dhw\ 6[}“3‘: 48 gazme D ;:&::AT
s bals slie 58y jsba Sepl wax g Loas as S
Oere e 3 5n S sad Sl bumar 5 )b es
K=Ve UK=Y 51l 055530 b Goleg 5o 1 o
5 o,e slasls K=Y s cd S 13 eslanad 5,4
5 oomelS glasly bl SKuK b gspden
A S 15wl Lol pleze Sl 5 wa by eSS
Camar 33 4 SGd5 S5 305 5 Ad J As 3 S
)\J:e MKL«\} f); L JJVS ML:J LJ Ll ol GMJSJ
NG

Gl Comer sp bR 015 asn

wylsaleyy SOl Ve Sl eslinel b sg oS 55iS
A5 Sl /10Y [y Coma 3 sdeliwsay PIC als
Camazr 5 plulis LG gl T 4 s Sl 53 Y]
53 a5 Al SYLPIC Ol (Al 5t (oo 220 50
ST A bl el 515 slacl b oS lanllae
sl T AN (Sl jsba 535 i VY U is
DT oSSl 5580 ass 53 s sdalie oSl s
5 PIC lazlsyse 5 eddodalin o sS5s8 he
YN 5 A GJAY /oY O/MV L Gl S S Fis
g5 O ol hasn Lol 5 8 8 A1
s laddlae 3 V0] Lng Slas VU (S
ol (238 el s e Slacwd g3y &S
Sy

GLls PIC 5 [Wasls, e 5 sddedalie o S0 5s

saw glae=ls gl ASBI7

ol Gl o asn b S ap ol Sk
AALLLA‘LJJJS.M U:Ajﬁ L [\Y] .))‘.) C.,-EJLHA )}SJ.A
ddedalioe T slaws o Sle co)lsale s, SOl VT 5
E) )U&Jﬁ‘b)jﬂ E) oldodalin &wﬁ)_}/&ﬁ LJJj.ﬂ Jﬂ

PO s b &S oy e (n S Ae gbls PIC

Copror N Ne Ho He PIC F I Ave-Het

ey Mean /A 88 A /0 VY -/t VY “VO
(St. Dev) (Y/YY) (V/ET) YD) (+/+9) (+/+8) (+/+A) (+/7¢) o

- Mean VAV 0/\¢ AV /A4 VY AR \/AY VA
o (St.Dev)  (v/¥Y) (/A (VR B CVER Y I CVZF S B CVAY) CTARY: G/o7)
P Mean /0 £/07 A VY 4s o/ /4 %%
(St. Dev) (YN (+/40) (+/+) O8%) (+/+0) (+/08) (/YY) (+/+V)

. Mean Ase §/80 /0 /0 VY oo Va\ VO
(St. Dev) (Y/88) (V/eY) (+/+V) (+/+V) (+/+9) (/) (/YY) (+/+V)

\73% . oY . YR A%

(o) Mean VY Aratl Y Il /A / V/0) 4
T (St.Dev)  (\/vv) (/AN (VRS N CVER Y I V2R V R OV ) CTARY: G/

(PIC) ‘;KJ.\.? S| Sl g (He) )LE'.J‘;J_’G d::...«-_,i‘a_)‘gj.b (Hy) sddodalin &“;ﬂ)}f‘“ (Ne) jse Jﬂ slaas (N) sddodaliv ‘5&‘)5] Sl
(AVe-Het) g 55,5 70 il 5 (D) 05l Lasli (F) Cul) Cui asls

Shles

\i" Ot...a'u." UL«JI “‘a)}.:

Vod



S s g 315 (S a alb deze (g h ) AL desws ( Jhs dae

35310 (V0) oy 5 aS 5 Coma o S5 i
53 S5 slse LMt oS ie dx sems Yol s
3 Somly —ele Dol 5 bl tals Ol Jsb
5l s (S slacald s emes
Vs 5l osllcas glakoe 55 sl5 55l 8L
ik 55 5 S Cumer 53 0w oL (S5 cals
3 ol g dol e 5 (S5 sl
s Lol ol (See s s 0SS Conexr

A3l bgmar ol bl slacsls

Sacamer Ole LLII 03150l (gl S55kd ot s

ol ol 0ls OLES (Y) Ji_.z BE a.LJC,.w;:u_

Gas A

ST 5 e Y S8 Sl salsey
5o glals &S el O 5l S ol slaad
S8 ks (Smies S S 0 Ol e 1) Spdess
Lome Glaos S 55 1y S 5 5 38 (ol lasls
K=Y gdoad ot o sl 5l Jools il 8 5
K=0 55 55058 53 a0 Lol (ghupends 0duS St
RESE S SRICHVS S NS R
25 Jelg el s oo
3580 [WI Nei o b Joa, 51 sslinal b andlass y 4e

CAAL..Z U‘lJ:u;":J ) ol 4.:\)‘ (i) d}Ja- BEEE) L

GAeS 5 (/A0) 58 5 el Camexr G (ST

ESTELS (el

.k.anﬁ.:u.a 6u°JJTﬁ4€bﬁj‘ 6\.&)‘)3«4)1(}‘ eﬁwjﬁhﬂ&a)ulajahﬂ:ﬁuéudﬁqyu‘wk A JS.'A

3 CIASJAW;QL:J OF Jgb 45 o esls OLES uJ..iv.,..L‘LfGJMqudawh&&gaﬁﬁStructure Sl s

(Hdly g 0ddipmans oy 3 omerr SOLE (g U S sbaejladd sl (bl 4l 5 K

Shles

oo b\;wa.u'l "o)\.«il AAFSYT)

b Yl



lsaby g SIS 5l eslial b Ol a) (ot gl (K55 S0l (oo

Nei g,.g_jb uﬁj) 6uﬁo|ﬁ| k] w‘ 6\#%&&7“‘}3

55 Jool b £ Jgr

Sty (Jeoh) 2 oS Sogsen? 35 oSS
(Jee) & 2 \ /A0 /A /AY A%
S AL \ AT /40 /4
Sopbeys M AN \ AN A
55 /oA et AN \ AN
eSS YA e /XY AN \

Nei oo lb Sy 5 ealimal b (a3 5 slash) (S5 Jolss 5 (a3 oYU slasl) K5 calis

CASPIAN
KURD
TURKAMAN
ARAB
DREHSHOURI

——
2

Ol pg el s 6l sl Cws 4y Neighbour-joining <5 s .Y Jss

Ghoponds (28 Olf e Slal ol ) 25
L.o LY eJJS.wS/ axlllze “g'i B .JJS odalie &LJ'Q‘J»
Camazr A rbu\ o)l sales s qul,;.. VY 51 eslaal
jJQSjS ‘°jj§&'.’.)> o, 9 0,5 sl glacd
.X.Jﬁjf le" ‘Ug\.&;- n)ﬁ k_i_l BE {’Usj'hj:" WLS
ol Gairar 5 5l S &S SISl S
e bl el (ol L o sl S

DA <6 5 513 Il o5 5 55 Ol

S Sax by Sl eslinal b Ghasn cpl oo

L5 5 UPGMA) lom 5 S0le SaS U S3s,
S 153,50 @015 e (S5 Jeol g (ND) (5l g oa
GaCumex w38 K3 55 5 Gl Glalanex
S5 Came 5 e 03 S S 03 Sopdend 5 e
ey Dl b a5 L Sl g plee 0s 8 50
L gsdse ol Ol Lld Jlassy pl 5l ol s
o ssks Cald 38 5 lS lacml S 55 G
Sl Gl 5 S Glacl d oS (ol sl
el 21U gla Sl OF 53 45 58 Camar oy Olsn

L JJ“LA O > kS ‘_}ilfa (S| A.Z.éjfc))rp

*»
Sy
0
Veue Qt’....:u. Y UL«JI Yy 099
AN}



10.

11.

12.

&éwm‘}?é,ﬁ,ﬂb*wgdﬁj)\em‘u’ww

Berber N, Gaouar S, Leroy G, Kdidi S, Tabet
Aouel N and Saidi Mehtar N (2014) Molecular
characterization and differentiation of five
horse breeds raised in Algeria using
polymorphic microsatellite markers. Journal of
Animal Breeding and Genetics. 131: 387-394.
Binns MM, Holmes NG, Holliman A and Scott
AM (1995) The identification of polymorphic
microsatellite loci in the horse and their use in
thoroughbred  parentage testing.  British
Veterinary Journal. 151: 9-15.

Breen M, Lindgren G, Binns MM, Norman J,
Bell Z, Sandberg K and Ellegren H (1997)
Genetical and physical assignments of equine
microsatellites-first integration of anchored
markers in  horse genome  mapping.
Mammalian Genome. 8: 267-273.

Ellegren H, Johansson M, Sandberg K and
Andersson L (1992) Cloning of highly
polymorphic microsatellites in the horse.
Animal Genetics 23(2): 133-142.

Excoffier L and Lischer HEL (2010)
ARLEQUIN suite ver 3. 5: a new series of
programs to perform population genetic
analyses under Linux and Windows. Molecular
Ecology Resources, 10: 564-567.

Guerin G, Bertaud M and Amigues Y (1994)
Characterization of seven new  horse
microsatellites: HMS1, HMS2, HMS3, HMSS,
HMS6, HMS7 and HMSS8. Animal Genetics.
25(1): 62-62.

Kalinowski ST, Taper ML and Marshall TC
(2007) Revising how the computer program
Cervus accommodates genotyping error
increases success in paternity assignment.
Molecular Ecology. 16(5): 1099-1106.

Khalili M (2009) Horse and my expertise. (ed. by
M. Khalili), pp. 694. Nashr-¢ Zareh Publication,
Iran.

Khanahmadi AR, Rahimimianji Gh, Moradi-
ShahreBabak H, Hafezian H, Zandi MB
(2018a) Genomic scan for detection of
selective sweeps in Turkmen horse population.
Research On Animal Production, 9(19): 54-62.
Khanahmadi AR, Rahimimianji Gh, Moradi-
ShahreBabak H , Hafezian H, Zandi MB (2018b)
Genomic Scan of Selective Signature in Kurd
Horse. Journal of Animal Environment, 10(4):
119-128.

Khanshour AM, Conant EK, Juras R and
Cothran EG (2013) Microsatellite analysis for
parentage testing of the Arabian horse breed
from Syria. Turkish. Journal of Veterinary and
Animal Sciences. 37:9-14.

slasls o lulgs 5L sl 5 A3 Jdod 5
O 03 48 b OLAS sy ol gl el al B L
355 b el el Comar o 3550 Slasl3 pled
S5 & shils ol jalal 51 AU ol st
Locatls adlans e glasly Sos 4 Sl ol
Comar S AS asis slelCewss mls Sl eslind
5 A b el S S 5 oS e
L asb ol el a0l S e dx oSl Jlaz!
O P I PN [ I A S H P
ol lalamer S A5 jasie saliase @b
ol s Sl YL S g5 31Ol s
5 6315 Gl oo a3l Sl esle LEa rask
Sl Y &S sl Sl 1 skicd o150, g5
bl 5 oolp Polol glaasl 5 Jass ol m
Sl e S S S s ke S
S sl (S5l JSES s cops cd sl
b3 a5 B3 58 s lilbeS el ls oS s Lasls )

il 535S 53 VL oly o Ao b (S

EILSEUE I o)
Gei opl 4 by e laedls 5 e Sladiges 4l 55 &S
’-’J§L;°L;")43)J§*:'5‘J”-’;L5)l:' ‘)LA

Bbe (ool
0 g s W 5 a5 wlie 55l 4 S s

oslawl 8590 Rl

1. Askari N, Abadi MM and Baghizadeh A (2011)
ISSR markers for assessing DNA polymorphism
and genetic characterization of cattle, goat and
sheep  populations. Iranian  Journal of
Biotechnology. 9: 222-229.

Shles

\2" bt...g\.?l" UL«JI “‘a)}.:

iy



13.

14.

15.

16.

17.

18.

lsaby g SIS 5l eslial b Ol a) (ot gl (K55 S0l (oo

Lee SY and Cho GJ (2006) Parentage testing of
Thoroughbred  horse in  Korea  using
microsatellite DNA typing. Journal of Veterinary
Science. 7: 63-67.

Ling Y, Ma Y, Guan W, Cheng Y, Wang Y,
Han J, Jin D, Mang L and Mahmut H (2010)
Identification of Y choromosome genetic
variation in Chinese indigenous horse breeds.
Journal of Heredity. 101(5): 639-643.
Mahrous, KF, Hassanane, M, Mordy, MA,
Shafey, HI and Hassan, N (2011) Genetic
variations in horse wusing microsatellite
markers. Journal of Genetic Engineering and
Biotechnology. 9: 103-9.

Marklund S, Ellegren H, Eriksson S, Sandberg
K and Andersson L (1994) Parentage testing
and linkage analysis in the horse using a set of
highly polymorphic horse microsatellites.
Journal of Animal Genetics. 25: 19-23.

Nei M (1978) Estimation of average
heterozygosity and genetic distance from a small
number of individuals. Genetics, 89 (3): 583-590.
Ovchinnikov IV, Dahms T, Herauf B, McCann
B, Juras R, Castaneda C and Cothran EG
(2018) Genetic diversity and origin of the feral
horses in Theodore Roosevelt National Park.
PLoS ONE. 13 (8): e0200795.

Shles

19.

20.

21.

22.

23.

24.

Pritchard JK, M Stephens and P Donnelly (2000)
Inference of population structure using
multilocus genotype data. Genetics 155: 945-959.
Shahsavarani H and Rahimi-Mianji G (2010)
Analysis of genetic diversity and estimation of
inbreeding coefficient within Caspian horse
population using microsatellite markers.
African Journal of Biotechnology. 9: 293-299.
Tamura K, Stecher G, Peterson D, Filipski A
and Kumar S (2013) MEGA6: Molecular
evolutionary genetics analysis version 6.0.
Molecular biology and evolution. 30(12):
2725-2729.

Vahdani Manaf MA, Mashayekhi MR,
Hasanpour A, Ayubi MR (2017) Evaluation of
the genetic diversity of Iranian Kurdish horses.
Journal of Animal science research (Agricultural
Science), 27(1): 95-102. (in Persian).

Van Haeringen H, Bowling AT, Stott ML,
Lenstra JA and Zwaagstra KA (1994) A highly
polymorphic  horse microsatellite locus:
VHL20. Animal Genetics 25(3): 207-207.

Yeh FC, Yang RC and Boyle T (2000)
POPGENE VERSION 1.32: Microsoft Window-
based Freeware for Population Genetic Analysis,
University of Alberta. Canada.

\2" Ot....:\.?l" UL«JI “‘a)}.:

Yy



