slogiag)y
&2y @olc ' FO U YR Gl VY b /¥ o)l ¥V Als [ old pole (sla gt a4 puiif idghs cole dllis

[ Animai Science ™" Research _| DOI: 10.22034/AS.2022.50663.1652

St waa dal ) ) culdiedl b (paS 33 g Gaaeuls Slacsed) jo (oS laad g 930 sleslidd 6y o0 90
YU 4515 L (55 IS g3 5
Ty Al sans 97 GLISS (s shes  (AIe gasay 038 g 900 drar

VEVYYA ol s VE YN0 Sl s sl
Sl (srarb e 5 (S500LES oK (ol p5ke 05 S s S5 (gl
Golo b e 5 (65,5188 o&ils ¢ ols p ke 05 S slal

Ol 3 o315 (53,5LaS sasLiils P (}J& 05,5 bt
s.manoochehr60@yahoo.com : 43\ J see®

855 (2Lool o3 ulS (B8 (SNPS) (sus S 50 5 (sla Kb win b sl 50a (CNV) (oS shaad 5o ¢ 535 1 SAladlas disa)
ol 9 ga o (oS Sledsl (Sl ol Ho (oS alaal £ g 05 g0 53 wsa (ol b i o Wl ol glad S50 S
slasals Gulisl 3 0S5 5 GuaealS sl 2 933 53 392 50 SLA(CNVR) 3 L.ICNV lalis allas ool 5a L8 i,
5 OS5 el Gl Y1) €503 EA s a5 953 ot (slasals 3l calllas ol o ik aladl (EQUINETOK) ol 41,7 SNP
o suliie) g a8 S alasl Geene seek o i baiu 5 «S (Equine 70K) Lo sbl  SleeS LT 51 (CpewlS ol ul, YY
@l LCNVR (Lla3 5 45323 .o alad) PENNCNV 1580 o 55 51 soliied b o 55630 (slaa 9590508 5o 188 (S slaas
s dla o .ad alasl Ensembl Genes 93 Horse EqUCab3 suls sl 5 BioMart 51 soliie b 3 (sl sise
rewe hla3 5 4323 9 Gene Ontology 5.GT s, 5 (/DAVID (http://david.abee.nciferf.gov sals sl&ub 51 a8
Real-time gPCR alicu s 0 CNV ol&la 0 sluad sud oslalis GLACNV aul (gl o soliie KEGG suls sl )
Sl JSES Glgie 4 (GAPDH) 5035 55080 olind-Y—adull 5ua 3 51 5305 onl 5o 288 518 GlalelT 5550
350 sl 5o CNVRS s CNV (i3 s Vo 9 ¥ ulaal ¢ sana 5ol (Y-AY oKea 5 S356) wd soliinl
© e GuelS il W15 5o (oS alaad Ho gl aias o LR g 1) sl a3 wieye VA S s ol dallls
99 o8 53 358 S 55 I3 51 5850 CpanalS 015 Ha CNV b Lo i ((ysinad 050 Sl 5al5n V1 S5 ol ul33
sslad slaa s g0 S CraealS 0135 slacial o a g Sidns ia (SaB3 alad ) 4 cad Gla) (K3 slaa ) alaad ol 3
als GLEs 1) (oS alaas 50 p 98 st 3 S G VY 91 spled agd e 908 eS 5 a3 slacal 5a 9 VY 5T
At sad o 5o lagy 3 ool it S wiialy Sld saes 5678 Lsnd olwlis GLACNVR oS uls oLis g0 Slae 0T
oeld sl U (gl 858l LLSIGALR 3 PPARGAES (pnl lis 5o (oo Ve 5 Gias)aio se Syides o35 99 ool
BT Bl (liasd Some (ol pun dloa 31 (G350 saes ptin KEGG 3uGT (piges il il a3
Real- L g5 =l go b suds ool GLACNVR 3l as 50\ Gaiacas ol (LES 1 G 00 55 (80 JUSas a5 ()5
el 53y 3L O (sual gt 5 s g3 g sl 5l i el (Ses LACNV 1 lgh (5 yaSdasil .o auls time gPCR
slas Slae 5 (S5 0om Lol 8 (Jobar slial 3 sulans 5 Jads slag5 Sl € a5 b ias s 55 1, Sl
OSas 5 9 g padidie wb T Jlaal 5506 5 CNVR (e caeal tod (5,058 st ol sLCNVR o IS se



AFeY Jlo /¥ o)lasds ¥V als / ol pole (sl yimgh 4y i

w9 Obe oy g Y

mlﬁw&@wlgu&lﬂaﬂ@)ambmlqleaCNVS&J&dgaﬁm“‘.&a‘,y‘)abgﬁawwl

dy Shaiy & 868 YIE 58 98 Sels il 5 o
5 ol s LaONV L L, s goaate olallls
(Y1 olSan 5 555) el sat GaL1E Lol bl gaa
als LAt 8 5l —aas 5u LaCNV (g9, lallas Ll
1o alllae fpdin ol s game sl 55 ol wile
) 8alii ol b Lo cal Lo oS shaad oy e
OlolSar 5 o) ol 438 S alasl aline (lasuSs
YAV G 5 Gunss 9 VoVY K0 5 g0 VAT
DS Y NVE lKan 5 s s Vo VE oIS 5 K
PESIEIVA SRV WSSV IPIR TSI S R IV BV )
o0 oskie 4 olalllae gl 51 pdias (V2 V€ (l)lSen
5 JBe sl oela (S5 S 5 CNVS (s LLS)
9 ol8) ad aladl 05 Ol e (s 51 b solan
S owmed 5 YO OILSaa 5 Gaa 5 YoVE LS
WJhe Glsie o (YA oLan 5 Ll o Y- )10
G0 ol oda <Y SIS S a e S
Al e je saiSuse syada S bV asdse S
08 Sl (5l adaslS £ LIS S (inan
950 O ad s LYo 550908 550 STXIVGS
03 S5 glacdia o (Yoo A lSen 5 0 S55)) psidle
LS5 o8 Bl pu I b (o g5 ) et b S
ol da Sl Lidipe (YA 1,180 5 1) Tk
S 53 CNVS ids Su gl ) by alballas
G (gl e oMol Lol s age and aalit
el o WA Ko 5 s 534S ol s Gl Sise
ol s SISL Jo¥a 5 el SISG w1 o 430
31 sl e 4 51 e sl i b 5 ledLl
Laal3s shasd (s ly ONV (i8S (3l (glaa il

2 Shetland

by aal s el glaals 5o ST oldlae Ll
OraealS (e 3 CNV SNP @l 5T :suals 41850 9

douds
S sla b vy Jals 0 035 s 5o (S5 855
5 (INDELS) La S5 (33a / 50 ((LaSNP) (53 8K 55
oo Lo g3 p 45 Lwal piie o)) gie 0 oS e aal CNV'
OLKaa 5 Cpas y8) wilsud Al s lag L) 5 obl gan
L 48 o (5, Ba L 5153 61580 5) S5 ONV/ (Y1
i oIS Sy Job 4 DNA 5 plaiay Bias L kil
CALd pas0 p 985 4 S 5L il fpaia B 5L
S bl 5o (Y- VY GllSen 5 Jase) u e
S 4 55 L LACNV st Al 53 5 sla K s
oS50 slaaS AK g (g1t slaad dails o g 5K
OISR 5 G 9u)) St £ 635 (i 5 1 (sl pie
&5 s 5 e slaggolass 50 Olose LGNV (Y- -1
@58 Ol 59 HuAS e 5 WAAS o B g |,
susd el (YA oLlKan 5 0 50) aiiua sauny olin
8 iy ¢ a5 538 Sl 5uaS 05 Gl s LACNV S el
S 39) 515 o 580 Lt S (5,500 5 solas
(il suls Wl g3 oo LACNV LAl (VAL Kas
Jold ol (San by et o oy sla)1 S5 wiile
OlSe Gpain 59 Sylses gla Mg Bia by (Sasalol
o o 55 (Voo 1S 5 G 00)) w0535
JS Ctoss seb L ol ea DNA Kaanls 53 slags, 5108
LAONV aiile (55500 ¢ 555 1531 el 53 4 ca 33
@l Laghos (edolaie wigsel ol o0 S S8
Mwlie o535 S 3 slatl,] CNV oLl s
SNPsLawal,T 5 (NGS) (sums b (oL M55 (CGH)

LaCNV S el so i suls id il Ho a0 ua

! Copy Number Variation



™\ YU o515 b o5l 5 S5 IS8 iyl ) oslinal b (508 5 5 gl slacsl 3 (oS Sl 55 alolid (sl 093

&) sy 4alal 53 o0 5553 SNP IV AVO slaas (Y- -V
La Sl (55 caalse iad Lda CNV Jala3 5 44505
OlSs EQUCAb3.0 ol 2 33 woaa 4l (NS ol
sLasses S 5o ki CNV jialsa ol sase oL
il g) wd alas PENNCNV 51580 a 53 51 suliieal b o 55 530
PennCNV L3 CNV il sa gl s (Yo V oLKaa
ol Dgad A A gl S cud bl du
Joli cledb! gla JUKiw mud sladls s il
SNP a sl B (BAF) JIT 5lsl,3 5 Log R Ratio (LRR)
B (PFB) T cusan Jlolss sula slabls .ad Ji<as
slas) cuan 5o LML 58 BAF L sie Llaie oleal s
GCmodel ali 4 oL 5T & Jols PennCNV wu
aal sl G S5 Jae S ) suliinl b oS ol
23 gleel” LB eal G sl sage 5 YL GC (gl ine
=85 gleel (VY OhlKea 5 Gunsa) ssoe S
SRl 935 pad caim 5 L 55 (B315A s Sl 55 e
> ol sl b by all SIS e 55098
BB (VAT 5 s 99) Sl &) se maaal
=K o) a3 glsel s gl el GC Jus
Ko 55 alb GC (sl gine bls ol .ok AL "gemodel
0r a) 2 o paidia |, Kol a Skl 5L cdalKa
Bl b slads b dalal Hu (Bok 5a 5o 5L cda slS
waviness «/+\ 5 BAF>./.0 [LRR>:/Yo 4, lulil
4 (CNVRS) (oS ulaad Huas bl .ad 3aa factor>
OS5l cda S Jlaa 0 LACNV Sl sea &) o
5 &) CNVRuler 51530 a5 5EY- W o LKaa 5 5a)
i suliind CNVRs gloatil gl (Y4VY LK
s Gla) (Gaa el s osads Fide WCNVR
Ol J8laa 4 Gl wad e Glsl/das
Sy alin] Sl «o3lS culie CNVRs (slaislsa
D58 s aleal auTsd b yo wsyu Ve 533 CNV gladlie
Ol (+/V) Gd58 Gt slalie 31 sulsid L CNVRuler
soliinl b 03 gl sine gl LACNVR (ula3 g 4s3ad .o
Ensembl Genes 93 Horse suls 8Kl 5 BioMart 3l

oM bl Lasl3s ol 31 Ko 5o La W3l alaxs Cyinas
dalllbae S aide sa BG5S LACNV IS ol s
SN0 JE e dadlas win b g0 b 5 4K 0l ud elA
LCNV 31 gulss olaad aa 5538 ol sl clon 0 wuls
alan 31 ool (ili3s slaul3 Lu o 5SG oS wlowile 3L
Slallle syl 5 wleis Slalid Sl slacal
GRS (o550 Lidlate 5 LACNV (ol il (g5 5t
7K1 s HIRCNE pv. Lt F VERVRLA F Dy Pvv G| Lag,!
SS9 (o5 853 (S 3 (GmealS (Sl Cse il
5 S8 (g oS 4l ) 4 uu coseal gl
(Yore (Posi 5 VA 5o0a) wiua ol o (A0
iline slalllas 5o Laslss ol o (S5 ¢ 5B cuaia
Olallls cpl Qe 5o 5 ol 48 S 18 () 5 9550
OIS Olnlee s slac—wl Hu 1, (YL (S35 g e
OolSan 5 gaasly Y-V GlhlSan 5 (Jase) ailes S
SISan 5 s 5 YN ,lSan 5 Bals 5 Y-V
alllae ju g gt g0 cnenl 5 aa S b 55 Cpl S YT
3 OS5 lacwl a 835 5o (SB35 a8 sals

w2 S 18 gy 0 a5 50 CNV L 51 (a8 5

Lagdiy, 9 9l
Goad EA sud i 83 Guaal slasals ) dalllas ol 5o
G151 (GaeeslS ol Gy YY 5 5S35 ol uly YT
Geene seek ¢Sy o 53 «< (Equine 70K) Lus 5Ll SleeS
BL) (\YKY Q‘J&A K (5&}) ad saldiol 39 4:\.5; {;b‘
addio GISe (a8 GLASNP s 9 X 95 50 35S i)
Wlal 5 (Y20 GLKan 5 oa) wiad Caia 5uGT aalsl )
SV LSNP 5 Ladigail) & sa jsue Gl s gl
MAF<. /-0 (S S a8
uaali 5 SNPs call rate<- /40 Animal call rate <-/40
VT AS Jbal mae b Sl g gasla Julas
1 Lasbias 3 S 5o 4S LSNP 5 Ladd paiasds soliiol

slaganls )

i€ S ) Gy b B3a 5IlT delal ) Wkl
OIoSan 5 Jea ) PLINK (13808 5% 4 51 soliieal



AFeY Jlo /¥ o)lasds ¥V als / ol pole (sl yimgh 4y i

g u.?o'.m o>y o> VY

L ol Sl a0 A8 5o dud gl (ol el g e 55
A8 Lo Gumel, 8o A s £ o) Jloo @ @iEs ¥ sae
sles 5 Jladl (sles 5 4l Vo mae 4 of Suiiles 4oy
)33 QPCR 4B+ oae 4 ol Sl da jo Ve 5o s
SICNV syl sl a aladl LSS 4w o G o
L e Jolas AACE T Lo «S ad sulii) 2788 5y
05 G513 u,50 CNV (slls 5503 5o 50 Baa (5 Cr)
58 33 C) — (555 5530 CNV 1l 5555 58 s J5S
03 JOAS (5 G- Ll a0 NV (oas sladisas o
9 s GBI Gabs (LB a5 CNV (s slads sa
Ol LY 5 YL LYY sgan ulie (Y41Y) (l)lSes
Carsy aSS B el lapsdses S @l S
sae dalllas sl 5o a0 oo GLas |y Bia 5 wls)( aubs
e el Hoad G S L 5o Bia ol ¥ 51 S
el ond alolis GLONVR Glisakl culils b
5o sad yatie olallas b 3:855 ol o sue] crs
5 YAWYOLKaa 5 o) ad dawlie il slaCNV
Os2 9 Y VE QS 5 (B Y Y OKan 5 Gusga
o Sy 5 YV ohKaa 5 S 5 VoVEGKaag

(YN OLKan

sk 5 59508 b ila Ho .ol alasl EquCab3
&'y 5 DAVID (http://david.abcc.ncifcrf.govl) sals
80ls 8l 51 sucue Jala3 5 45323 5 Gene Ontology .G T
waila ol slag 3 slaas o T 51 as sulasnl KEGG
(G0) 03 ol s LMl S 5 2k o 5
sad ool cl lags cawd ol sgane s
sladwulil < Biomart 51531 a 53 51 suldic.l L ENSEMBL
wala wis bas ol selaie ENSEMBL  sleal o3
Slal shal slagially LB Lo guSlee s
molecular )  J<Iso o Slac  (cellular component)
(biological processes) <35l am (slaausl i 4 (function
0 glaad sud oluwlis LCNV aul s ad alasl
sl 3T o, 50 Real-time gPCR aliy 4 CNV oKl
s Y-l ;e 53 51 eedT cnl 5o 88 518
s saliioal SRl J RS 5 gie 4 (GAPDH) 335 ,00a0
4 by re ralsy mia N slaad (VoY lKea 5 S
5 ok Primer3 gael s b gl o) 50 slaslKsla
o0 3050 LT Gag palaidl ey el b s
Power PowerSYBRGreen i jas 51 .() Jyaa)=s S 13
<& 4 OPCR Loyl 1 .k suliil gPCR (2K 50 PCR

Table 1. Specifications of primers used in real-time g°PCR

CNVR Direction Sequence Product Size Event*
F TGAGAGGGGAATGGAGAAGTG
GAPDH 119 normal
R TCCCTCCACGATGCCAAAGT
. F ACCAACAGTGAGACTCGGAG
8: 5751419-5755950 R CAATGTGCTATGGACCTGGE 210 loss
F AGTGGGTGGAGCATTGAGAA .
3:67780091-67799192 368 gain
R TGCTCTGGTATTTGGCTCAC
F ATCCCAGGTTTGTTTGCTCG
3: 8600487-8669915 230 loss
R CCTCTCATCTTCTGGTGCTG
F GCCAGGAAGCAAAAGGGAAA )
6: 4334586-4414882 229 gain
R TGGTGCCTGCTGTTTCTTGA
F TACAACGAGGAAGCAGCAGA
7:75259939:75634194 245 loss
R TGCAGCATGGACTTCAGGAA

Normal: no change in copy number; Loss: Deleted in copy number; Gain: Added in copy number
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Table 2. Detected of CNVs in the genome of Caspian and Turkmen horses
Breed Samples(n) CNVs(n) CNVs Average size (kb) CNVs Median size (kb) Average CNVs per sample(n)
Caspian 22 126 323.97 96.11 5.25
Turkman 26 76 286.48 105.79 3.16
Total 48 202 309.86 103.61 4.2

80 mgain
60 m loss

total

(%) CNV Count
S
o

& |oss

50 Egain
mixed

= total

CNVR Count
N
o

3
0‘% m

Ul
I
(]
i
(]

=
)
&
7\

%
2
Y%,

S
S

2
%2

S o
Lenght(kb) CNVR

Figure 1. CNV (A) and CNVR (B) length distributions in the genomes of Caspian and Turkmen horses
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Figure 2. Chromosomal distribution of CNVRs (gain, loss and mixed) in the genomes of Caspian and Turkmen
horses

Table 3. Details of CNVRs identified in the Caspian and Turkmen equine genomes

Chromosome CNVR(n) CNVR total Chromosome Genomic' CNVR Average
length (kb) length(kb) Coverage(/) length (Kb)
1 13 2238.709 188260 1.19 172.20
2 3 289.3 121350 0.23 96.43
3 8 800.53 121350 0.65 100.06
4 8 968.93 109460 0.88 121.11
5 1 93.17 96760 0.09 93.17
6 5 1008.46 87230 1.15 201.96
7 5 1024.59 100790 1.01 204.91
8 2 333.805 97560 0.34 166.90
9 4 443.35 85790 0.51 110.83
10 1 3.49 85160 0.004 3.49
11 1 21.27 61680 0.03 21.26
12 2 3062.69 36990 8.28 1531.35
13 1 26.03 43780 0.05 26.03
14 4 492.96 94600 0.52 123.24
15 6 803.77 92850 0.86 133.97
17 1 82.93 80720 0.1 82.93
18 5 413.1 82640 0.5 82.62
19 2 115.87 82680 0.18 57.97
20 6 728.67 65340 111 121.44
23 4 930.173 55560 1.67 232.54
24 2 36.65 48290 0.07 18.82
25 2 607.66 40280 15 303.83
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26 5 1129.35
28 3 263.45
29 1 119.06
31 10 8659.32
Total 105 4698.31

40280 2.8 22587
43150 0.61 87.82
47350 0.25 119.06
26000 33.30 865.93
2280920 1.08 235.22

*Chromosomes without CNVR are not included in the table.
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Figure 3. Percentage of genes identified in CVNR
regions in the Caspian and Turkmen horse genomes
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Table 4. Summary of studies performed to identify CNV in horses during the years 2012 to 2019

This Doan et al Metzger et Dupuis et al Wang et Jun et al Gosh et al Kader et al Corbi-Botto et al
Study (2012b) al (2013) (2013) al (2014) (2014) (2014) (2016) (2019)
Platform Equine WGS Equine SNP Equine SNP 50 Array WGS Array CGH Equine SNP Equine SNP 70
SNP 70 50 CGH 70
Number of samples / 2.48 11 717.17 447.4 6.6 1.1 38.16 96.3 24.1
breeds
Number of CNVRs 105 282 50 478 353 2569 258 122 87
CNVR domain 3.48-15 3.7-4.8 0.5-0.9 0.1-2.7 0.5-6.1 3-6.4 2.1-5 0.2-2.2 0.5-2
Number of gains 72 274 n/a 238 109 869 64 50 48
Number of losses 31 6 n/a 240 234 1710 172 69 39
Mixed number 2 2 n/a n/a n/a n/a 22 3 0
Median 105.794 n/a 169 61 131 n/a 46 98 n/a
Mean 235.22 n/a 487 114 39 56 110 1552 143.3
Genomic coverage 1.08 3.5 1.7-22 2.3 0.6 n/a 1.2 0.8 0.6
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Table 5. Functional analysis of overlapping genes with CNVRs identified in the Caspian and Turkmen equine

genomes
Category Term Count P-value Bonferr_onl
Correction
G0:0050911~detection of chemical stimulus
GOTERM_BP_DIRECT involved in sensory perception of smell 50 4.7E-39 3.8E-36
G0:0007186~G-protein coupled receptor
GOTERM_BP_DIRECT signaling pathway 52 9.7E-26 3.9E-23
GOTERM_BP_DIRECT G0:0007608~sensory perception of smell 32 2 4E-26 9E-23.
G0:0050907~detection of chemical stimulus
GOTERM_BP_DIRECT involved in sensory perception 23 1.5E-24 4.1E-22
G0:0002480~antigen processing and
presentation of exogenous peptide antigen via
GOTERM_BP_DIRECT MHC class I, TAP-independent 6 1E-08 0.0000021
G0:0010529~negative regulation of
GOTERM_BP_DIRECT transposition 5 6E-07 0.000096
G0:0002474~antigen processing and
GOTERM_BP_DIRECT  presentation of peptide antigen via MHC class | 6 9.8E-06 0.0013
GOTERM_MF_DIRECT G0:0004984~olfactory receptor activity 52 3.4E-42 8.9E-40
G0:0004930~G-protein coupled receptor
GOTERM_MF_DIRECT activity 53 1.8E-32 2.3E-30
0:0004888~transmembrane signaling receptor
GOTERM_MF_DIRECT activity 26 1.9E-20 1.6E-18
GOTERM_MF_DIRECT G0:0005549~odorant binding 19 4E-19 2.6E-17
G0:0016814~hydrolase activity, acting on
carbon-nitrogen (but not peptide) bonds, in
GOTERM_MF_DIRECT cyclic amidines 5 2.4E-06 0.00012
GOTERM_CC_DIRECT G0:0005886~plasma membrane 83 4.6E-14 8.2E-12
GOTERM_CC_DIRECT G0:0042612~MHC class | protein complex 6 2.7E-08 0.0000024
GOTERM_CC_DIRECT  G0:0016021~integral component of membrane 79 3.2E-07 0.000019
KEGG_PATHWAY hsa04740: Olfactory transduction 51 3.4E-35 5.1E-33
KEGG_PATHWAY hsa04612: Antigen processing and presentation 10 1.6E-06 0.00013
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Introduction: Horses have played an important role in the history of Iranians during different
centuries. They kept horses for various aims such as agriculture, transportation, sport, food sources.
Iran has a suitable climatic, social and economic potential for keeping and breeding horses, that is
why it has been created different breeds using the selection and breeding. But due to problems such
as mechanization, lack of government support, export ban, high costs of breeding and maintenance,
import of foreign horses, lack of proper planning, interest in keeping horses has decreased. So,
unfortunately, only a few native Iranian breeds remain. Additional investigation of the equine
genomic architecture is critical for a better understanding of the equine genome, as well as for
expanded comparisons across diverse mammalian species. Turkmen and Caspian horses are well-
known breeds of Iranian horse breeds. These breeds were historically selected to perform distinct
tasks and therefore may harbor a wealth of unique variation at the genome level. Copy number
variation (CNV) along with single nonucleotide polymorphisms (SNPs) play a key role in genetic
diversity in livestock species. CNVs, a term that refers to a change in the number of copies of a
genomic segment, are responsible for more sequence differences between individuals than SNPs and
are considered to be a major source of genetic variation contributing to differences in phenotypes
(Beckmann et al, 2007). Several studies identified copy number variations in horses using different
techniques (Doan et al, 2012). Part of these studies tried to establish associations between CNVs and
a specific trait, a disease or even gene expression (Schurink et al, 2017). Most of these studies found
either no association or inconclusive associations as the number of horses with phenotypic
information or with specific CNVs were limited. For example, a 62 kb duplication on Equus caballus
(ECA) chromosome 10 seemed to be related to recurrent laryngeal neuropathy (Dupuis et al, 2013).
However, little is known about CNV in Iranian horses.

Materials and methods: In this study, detection of CNVs and CNVRs were performed based on SNP
data from Caspian and Turkman horse breeds were genotyped via Equine70k SNP beadchip.
PennCNV software was only used to detect CNV on autosomes. The PennCNYV algorithm was only
applied to autosomes (command: -lastchr 26) to identify individual-based CNVs. To increase the
confidence of the detected CNVs, quality control was performed by employing standard exclusions
of the LRR (standard deviation of LRR) <0.3, a BAF drift <0.01 and a waviness factor <0.05. We
classified the status of these CNV into two categories: “loss” (CNV containing a deletion) and “gain”
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(CNV containing a duplication). The CNVRs were determined by aggregating the overlapping CNVs
with CNVRuler. BioMart in the Ensembl database and DAVID was employed to identify genes
located in CNVRs and GO terms and KEGG pathway analyses respectively. Quantitative real-time
PCR (qPCR) was applied to validate the CNVRs that were detected in this study.

Results and discussion: A total of 202 and 105 CNVs and CNVRs were identified in the studied
horses, respectively, which cover 1.08% of the horse genome. The number CNVs in Caspian breed
were 1.6 times more than Turkmen. Also, the average size of CNVs in Caspian breed was longer than
Turkmen. In both breeds, the genetic event of gain was higher than the genetic event of deletion. In
Caspian breed, chromosomes 1, 3, 12, and in the Turkmen breed, chromosomes 1, 6 and 12 showed
the most changes in CNVs, respectively. Functional analysis showed that the identified CNVRs
overlapped with 434 genes and the most of these genes were common between the two horse breeds
(more than 60%). Among these genes, PPARG and GALR have potential related with breed-specific
traits. The KEGG pathway analysis also identified several pathways that are significantly enriched in
olfactory sensory perception, chemical stimulus sensory perception, antigen processing, and G
protein signaling pathway. Also, 60% of successfully detected CNVRs were confirmed by Real-time
gPCR. The results of this study were compared with the results of eight other studies. For example,
we concluded that the average size of the CNVRs detected by the 70k arrays and the 50K arrays were
significantly larger than obtained by the CGH and NGS arrays. This may be due to the relatively low
coverage and non-uniform distribution of SNP in the equine genome in SNP arrays. Possible reasons
for the differences between our results and some CNV studies can be related to different parameters
such as sample size and genetic background, different detection platforms and CNV retrieval
algorithms, CNV definitions and CNVRs, as well as random error estimation methods (Pinto et al.
2011).

Conclusions: CNVs can describe part of the phenotypic diversity and adaptation evidence in Iranian
horses. With regard to Genes identified in a number of cellular components, biological processes and
molecular functions within CNVRs, the importance of such CNVRs and the possible effect needs to
be studied and may interest insight into the functional and adaptive consequence of CNVs in horse.
In total, the number of CNVs in the Caspian breed was greater than in the Turkmen breed, and also
the CNV length in the number of copies in the Caspian breed was greater than in the Turkmen breed.
In both breeds, there were overlapping genes with CNVRs that were significantly enriched in
biological pathways, including sensory perception, immunity, and metabolism. This is the first CNV
report on Turkmen and Caspian horses and the findings of this study could provide valuable
information for better understanding of the horse genome and also the important performance traits
with CNVRs and associated genes for the future studies in horse breeds.
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