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Extended Abstract

Background: One of the principal and challenging animal studies in population genetics is to
identify the signs of selection to improve economic traits and reduce diseases. Johne's disease is
an incurable chronic bacterial infection that primarily affects the lower parts of the small intestine
of ruminants, although its pathology and symptoms vary among species. The economic
consequences of Johne's disease include reduced production, loss of genetic value, increased
sensitivity to other diseases, increased interval between calving, weight loss, reduced carcass
value, reduced fertility (due to reduced serum progesterone formation and corpus luteum),
decreased quality and quantity of milk (decreasing fat and protein and increasing somatic cells in
milk), and premature elimination. According to the results of new research, this bacterium may
be a zoonotic pathogen that plays a role in causing Crohn's disease (a chronic inflammatory bowel
disease (IBD)) in humans. Even after milk pasteurization, this pathogen remains alive and is
therefore a threat to the health of society. This disease is one of the main diseases economically
and one of the most prevalent diseases, causing great economic damage to the livestock industry
worldwide. In this study, an extensive genome-wide scan was performed using single nucleotide
polymorphisms (SNPs) to identify the signs of selection between populations of Holstein cows
affected by Johne's disease and healthy animals.

Methods: In this study, 145 Holstein cows of the Feka cattle farm in Isfahan were genotyped
based on Illumina 30K chips. Cows were grouped into two sick and healthy groups, with 45 and
100 cows, respectively. Quality control indicators included the animal read rate (mind), SNP read
rate (geno), rare allele frequency (MAF), and Hardy-Weinberg equilibrium. To identify important
metabolic pathways, ClueGo (version 2.5.6) was used in Cytoscape software, which provides
biological interpretations of genes. In this study, two statistics, iHS and RSB, were used to identify
the signs of selection.

Results: Using iHS statistics, 63 and 70 genes were identified in the diseased and healthy
populations of Holstein cows, respectively. The important genes identified by iHS statistics
included HCN2, DOCK4, ITGAS8, and STAGL1 in the patient population, and CAV2, CNTNAP4,
MIB1, and TTC23 in the healthy population. After examining the selected regions, 39 and 53
genes were identified in the diseased and healthy populations of Holstein cows with RSB
statistics. The important genes identified by RSB statistics included GRID2, PPIP5K2, and
CTNNAZ in the patient population, and DOCKZ1, PCDH9, and AK1 in the healthy population.
Conclusion: In the present study, the results of the iHS statistics showed that 84 and 96 genomic
regions were under selection in the healthy and patient populations, as well as 152 and 129
genomic regions in the healthy and patient populations using the RSB statistics. Most of the genes
identified in this study were related to immunity, cancer, bacterial invasion of cells, cell aging,
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cell response, growth, and cell adhesion, which are among the important biological traits and
characteristics of living organisms. By identifying possible candidate genes related to and
resistance to Johne's disease in cattle, this information can be used in breeding programs (selection
to reduce or increase the expression and frequency of important genes) for Holstein cows in Iran.
However, due to the incomplete information related to the function of the genes in cattle species
and the small population used in this study, more extensive studies with more samples and the
analysis of several separate populations will provide a better understanding of candidate genes
for Johne's disease in the cattle population.

Keywords: Dairy Cattle, iHS, Johne's disease, RSB, Selection Signature, SNP

How to Cite This Article: Navoshki, F., Moradi shahr babak, H., Sadeghi Sefid Mazgi, A., & Solkner, J. (2024).
Identification of Selection Signatures Related to Johne's Disease in Iranian Holstein Cows using Genomic Data.
Res Anim Prod, 15(3), 30-41. DOI: 10.61186/rap.15.3.30



https://rap.sanru.ac.ir/article-1-1430-en.html
http://dx.doi.org/10.61186/rap.15.3.30
http://rap.sanru.ac.ir/article-1-1430-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-09 |

[ DOI: 10.61186/rap.15.3.30]

Yy VFY Y oyl [pnd 3l Jlo ool s sla yimg sy

Sl b @ille g (55,3l gl oIl

b Sl cnlida sl 53 (192 (g lom b b po 5T Cog Gble (o lwlis
o955 swoald ;5 axlau!

S g 9 7S e b (B3lo e TGl pped (63150 o ! (SWgl anbld

el Gl 28 el oKy ando polio g (55,9l 01l ¢ old pole 09,5 ¢8> s gol 2> =)
(hmoradis@ut.ac.ir : Jgguw odius3) ¢yl ¢yl )8 oyl 505 olRily (mubs mlio g (555l 0Ll ¢ gol> pole 09,5 ¢y bobuwl =Y
Ol Gl ayS el o RE anbs mlio 5 (65y9liS 0aSLisly ¢ ool pole 09,5 ¢ luisls —Y
Oyl ding ¢S g oIy Lrnbs milio 5 (65)9liiS” 0aSLl> (ol pole 05,5 bl —F

VEYINYA ol o, VEeY/-/-8 bl )b
A B Y iamin

bguno o5
sdlaidl Slaw LSJ)I G ol slaaslis ‘jL\dL\M Cura> &MJ) dypoj 5O QU|9¢> Slallas u,:);)ial); U«Jl? 9 Rk j\ u—i‘ HEKYS 9 dodie
| S s S 039) 0 slonnd i) oty 45 Cand wligle mim oSl S o 3 Sl ol Lo ot 508
Sy o)l ) Cuwd g il (g olew olaiBl slasely el @glite aieS e ol ladilis 5 bl Nz e WS o 15
s S 55 S s 5t RIS ASY 5 GRS 555 555 S (il ool il o ot &y ool Sl
b etz bl oo dege Sl (hy Bl g (10 )3 Silage slaJsho (IE g g 5 (22 AR) b CueSy CudS Il (3] a5 P
2 (1BD) e33) o5 (ool sslass ) (58 csslas 2ol 5 o 181 5353 it S 5551 ool a9iom o3 Jhainl dyse lision ol &, a5
i 53 9 oxle Bl 055 (5ol Cnl 8 ped Cogmliaigiel Sl dm (63)lge 53 (i & a3 oo Lt (e Sl ol cwyp gulS 2> A (]
Ojlud 5 cwlagylon o pals (S gaed Sl g bslen (n)5 mre Il (S olaBl el len ol il e dnels M sl e
Solow 4 Mo (slaglS lacumes oy bl ailis Hluld Bua b cadllas ol 13 i8S 0 3)lg (ylea ol o 50 (6 )leld Cnivo 4y (9005 (g0l

A5 plxl pij a5 0308 gy S (SNP) sasigils'sh 5 sla iy sl ool b eopliile ol 5 (152

il olwl y wly VO opl il sl 2gy cpluile 4l u»;l) VPO Jolis a8 leuol (3 158 (2098 (slagls 5l adlllas ol 5> :\hu.zs) 9 3‘90
39 9l8 Ly Vee ol ol 09,8 5 (T, ¥O Jals jlews 09, 50 (sain0g)S ol g laws 09,5 53 13 bngls 505 (i (e Liveghl 8 5 30K
Syt vy Syibly —sole Jobs 5 (maf) o T gl (geno) SNP alss. &5 (mind) lsss (ilss &35 ol oS S8 (slosmsls
58 oo ) s (S5edsn (b s 45 0 oolisl Cytoscape ljols 5 45 (V.05 asws) ClUGO wg38l 3l (ot (Sdarlio (ol puno oLl
A5 03lizal RSB 5 iHS o)le] 3 5 lsel sloailis lolids (gl adllas oyl

iHS D)Lo] by ol olwlid pho sboyyi b olwlis IHS o)Lc] by pluids obaglS Wl Cumes 53 (45 Ve g slews Cumen )3 5 5V (adly
cOizzed 35 TTC23 g MIBL CNTNAPA CAV2 olis ol Cgmaz 53 ¢ ysizmad 3 STAGL 4 ITGAS DOCKA HCN2 ol jlogs casmar 5
ol oo (o3 b Lol RSB o)lel Lawgs cpliiles (glagls ollis Cmaz 1 05 OY g sl Camoz 53 )5 Y8 bl o8 blio g2 5l
2559 AK1 g PCDHY (DOCK1 slis pllus csrez > s CTNNA2 4 PPIP5K2 (GRID2 Jolis jlows Csmaz )3 RSB o)l Lausss ot

ojlel 13 imed 5 sogi) dllaie A5 low Cumen ;3 5 og) ddbaie AY Wl Comen ;3 a5 3ly (LS THS o)lel gl i) dalllas ;5 2 IS (6 a5 A
csiorl b adlllas ol )3 005 plolid celoyg 515 ingy Sl s oogis dilaie WA oy Camad )3 5 sog5] ddlato VOV pllo Cumex ;> RSB
I3 s s e oSy 5 Slio g33 85 1 Ll > sl (Siisuss 5 285 Jsbo gl e sl 63 oo 0 5551 248 gl
3 Mol sbaasliyy > SleMbl (ol | plgice o 13 g Solow & pslie 5 s olow b lasye Jloaisl 1 o) (ad paseda b 25 o0
o5 25Sae 4 Lgeyo 280 SleMBI ey 5l 5,5 ol 195 15 cpliiln (slng (o cslagss ot 5 ol Gl L inlS S > )
ABlis Cures din Juod g 4355 5 gl sladiged dlaad b 03 iuS Sldllas calllas oyl 55 odlaiwl 3)90 Cuzen (105 S 58 pizman g o5 465 )
Dgad Aplgd 2wl o5 Cumes 10 e (Solow sl LK o ) o pe Sy

SNP RSB dHS (bl (laailis ¢ s b o5 y90 (5)low d.}.ﬁjs dbbj‘g

SAE Sppots (3 Slen SIS Mo 298 0 Sllg
Ol 098 092 &8 Mibe J> cnl e ol el g dabod o0 o
(Tiwari et al., 2006) cul yuiw b Jw 2 LY
slagls o3la ggda Sl (ilen Jole )b gl sl ol 2
£559 0eSU b b bl e e8ys Syl ey ol
03)5 3)ly (£r938> wh & 1) Sl chlus
s (o3Laidl sl 5 (Shahmoradi et al., 2009) ol
Olal 5 padits e (rood ladis 3o Lol (il o do g5 B
Hasonova ) cuwl yeais 4lus ulb cod cogae Jdoas
ol 5 8l slo i)l wlely (and Pavlik, 2006

dodo
Cawl piligMe geie 2bSh Cisie SO g 6)low
SasS 0dg) oo clocuand gl Cypoh &
5 ldouw] Jppp WS e WS 1) GBSl

Y?“W’ wy.c Cawl Q9L6.‘;.o Lcad}; uLp OT ‘_ngAJLi:J
pSlsSele 55 ol Sl 45 am3 e ¢y (lSin
8L (S ) g S 8L |y sl sk poal
ot 5 A5 o by ooly] & bl (glodg, sl Joke 51>
S8 Hpas @ b > Sy el ladsho (s ]l
bl 4 cawl g 039 (b s 4 e &S A0b o piSS
)'l Lgb\.»d P O d)lo.,..g M dl.mA.?Li‘..} 9 lie u.\>


mailto:hmoradis@ut.ac.ir
https://orcid.org/0000-0002-6680-7662
https://doaj.org/toc/2676-461X
http://dx.doi.org/10.61186/rap.15.3.30
http://rap.sanru.ac.ir/article-1-1430-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-09 |

[ DOI: 10.61186/rap.15.3.30]

FSgs o 5 (S50 e (Bolo (o Silyped (930 e ((Sibgli asbls

Yy

3o 395 o |y Canl odel Cawsas (gylol (sla y3g, b a3 oS
Mohammadifar &) 5 5, o 5 JuS5
Ssj 5 edlaiwl ¢ pizen (Mohammadabadi, 2018
sl 8l Gy s Jed o3k sl by (JoShe
o2l ¢ ogMe (Bahador et al., 2016) cul ol oSl
g bl sladaly » JoSUse o, Sl slal
S5 Sy et 9o Sl Sn Sllge> S
Mohamadipoor Saadatabadi et al., ) sy @z s 1,
Gy ) e oMbl (S5 oges adlas (2021

5 Bl s Comr dpe 9 cblis oyl
Dong et ) ams o )] (ol slakaxe b oyl 6,55k
(al., 2013
1> bl lawilss lolis adlias o) 1 CBam ool ol
Sl 5] slil b ol s o 5 s sles slagls

Dy (ASHS 9 S

g, 9 3190

2185 )helS il clagls 5 a8 adllae oyl o
Curex 5 by ¥O Jold Jlan Cunes 0 oalitul ylpies]
5 o 0Y (o egiono b 5l5 (ol Ve ol Gl
Do osle Jold don bl sladiges ixes uS
Sl ) oo V=0 ity 2139 5 | i3 laises
w5, M5 slaaly) 5 EDTA yil e +/0 L olyon o3
b g o))l jl ey Alolidly oad 48,5 (cladiges 3
by gyl loj b g it olSiylojl &y 3y Laglyd Lais
zhypl b (o)l o8 Ble an 3 ¥ sley 5> DNA
05> ) DNA zlgcul oS 5l oslizel L DNA
9 CusS (poyp sy (L85 Spgo (olp) —Cunjl)
(K yoT=3)55L) &yl ) 05 g y5eil DNA oS
Ahlry ool g o a5 ol jgessll 5
JpiS myp slp S Cgi e SNPchip30k
A5 edlazwl PNk VL9 jl38le 5 5l iess slmodls cuas

gl gy Jols cudS S8 slapasls
5 (maf) b JI slgl,é (geno) SNP  yislss 4 (mind)
95w 5 b Ol g Spuily —o)l Pl
A/ 3 a8 cdgsf s 05 b LSNP s 3 A1l j2e8
ol 5 Glsul g dops 05l eS8 06 T Slold cas s
€iliS LS Wosls I P < 1%10°6 s b S il —o)lo
SNP YAVYR colps jo wwutS 8 Jolye 3l g w0
&S pois 5l ola iy WWad ol i L;Lm},)b’] &y
2 bl el samd ol diws Y HS ()l
Sl b e olow 1l Sae &S Gl Cauzer
Qi.o.a &S PP d‘L’L" P el L;l)g b odel 3994y
3 LSNP (gl THS il odg pd! Cbul cos cul
soatods Ad Ao Wl g jlow slacunes poif ol
o )lel (pojsegsS 2 53 silate o U @i (o> ol
A5 ) Cume 93 3 Sl (095 CusBge ply 3 IHS
_ 0 Jsa)

o)Lal 90 )'| ‘Lg)Lo.ﬁ Og" 0 ol L;LMJL;‘;} UJL»L...: S
sy S THS (oLl (yg0j] wad elizul RSB 5 iHS

VEV Y ojlouds /o203l Jlo (pols Slidos (sla yimgs

BYY g Z 00 LY cspds g 98 10 0 Sylow Eousd
able ple > (Manning & Collins, 2001) cul 7 45
ozl b WolS )l ) (olass 1l 4 S jlonl e ;]
& Cuiya Ziehl-Neelsen (¢5.0lcS5, o 1Y g0jl
d391 sla gy 5l edlazl b o) blE o solcunddy
SelSS) g ctS (PCR) Slhedh shoysj (28T
ool £g300 g yud oy jl layl )3 a5 Ziehl-Neelsen
U Y5 cpa s oS 50 1 St ol ged Ol ad
.(Johnson et al, 2019) 5,5 5,l;5 7 YV G AV/Y 7. YO
Camo )3 (§)lowr (nl (Blg g oS Canl () d2 5 JB 4SS
» LVl o gme jobay (.\..w; 5 1 8) olpl sl
ol 31 56 olaidl lacaul 5 sslow ol & 4295 does
el gplos ol 3 (86 (olaBl (6o po sl (55900
YO U O (yyeb Adgi idlS dapld (gaiedgw 58y Cawd
Wb Glon S @ bape laauie 5 CudS
.(Hasonova & Pavlik, 2006)

sy Jsdge S0l > ()5l S SNP (sl S5l
U pedyge ly S 4 a8 s N Lo 5 5Lyl
» ol O K p GlSESS e S
S5 e S lsiedy LSNP ls o,lsl DNA s
Ly oo 485 55 10 B985 S 119, (aigid sl odee
il Glesdy ore (S5 LS Sy lyear Wlgie
50y 3 oolitel & Cund 1,0l ol 5l eolaiwl (gblje dlos ;!
o dy Jeld JsSlse laSilas S g bao lsals
o yiawd Cayl 0uiS 057 a8 g oaiiS A5 Al g0 )0 by g
o ml awlie aly g pYL cE YL oslw
Jb » (Yang et al,, 2013) cul disee sla yings
O Sl gl S0 5l (S SNP (sl S5t 51>
Sl (Seg il eiten Glol )b pgis 53 1) s Gl
Uyl J0gd Gpygods Jdow g aiod cubll g diius
.(Vignal et al., 2002)

2 kel sbyl cel ylos Jsb 1 Jlsie claclsel
ol i )3 &5 (o95] Slaalis (pl 9o p
OJU..O[J ul}:ﬂl dlbddlau ;.)9&& .)l?u‘ 994) S99 » LA]}M
S ool slobd cas , bals ol jl Wed e
Kreitman et al., ) wg o odlaisl cbilodgs bl cod
CdiS a5 leMbl 04 yoyiwd y3 4 ang 1 (2002
sy ol ol co)lol (slo sl o piy 5 ol ciliseo
Dong et al., ) cwl oud iy el ols sladsss )
bl &y e wilgi oo el glaalis s Lolis (2013
D9 gjlon 9 Slao b badye pre slagj 9 3blie

0je> 30 bcures (S sl 5l eMbl (s &)L
szl & Sy SeS Sl pb ol 5 S
Wl S5 B3 bis e ded g @l
oo j) S (Gholamhoseini Gooki et al., 2018)
@ a5 b L) el JoS0se (ol 3L 51 oolil baay 35
Jdos g 4350 5l a8 ools i L)y &7 (g3l SleMb


https://civilica.com/search/paper/k-SNP/
http://dx.doi.org/10.61186/rap.15.3.30
http://rap.sanru.ac.ir/article-1-1430-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-09 |

[ DOI: 10.61186/rap.15.3.30]

g Glag 5 (Sie di (Bolo e« Slijred (5350 e ((SBgli anbls

¥

cov gblie plyie 4 oad 350 yalie (3 5L a0 )3
wlolid 3l a4y (Tao et al., 2020) wsuds (3 yre locs]
ol b hsye sbpd 0385 by lp bl cos bl
Sy hme 3 Loshl 558 cud o5 5 3ble
5 oslawwl Plink v1.9
G938l 5l e (Splie Slojpe ololid Gl
L5 edlazwl Cytoscape ljale 5 45 (V.05 aws) ClueGo
Bindea et ) uuS o Gl 1) o) (Soielon (olo yunds 45
43005 Cod 5 bl YU 55,1 L wals sla oy (al., 2009
B.taurus sl .ax8,8 )13 o0Skee gilw e b g
e P <0.05 ,olis s bl digej g a8l loicas
olol S5 5l oyt mad Sl gy «Sism e 2
b 45 a0 by e

9y 2 Camox 93,0 LSNP Lo (gly IHS o)l 5,41
it AF s Cman 13 & 315 ot gulis . plodl pyis
Slopgises)S (gsy (o9) dllate A Jlan Cumex )3 9 (053]
O3V g slew Caxes 43 5 FY Ll Gl Cov Calisee
ol THS o)l bawgs cpliils (slogls ol Cames 5
(Y 5 Jgi doreus LB) 15

9 sl o gblie b Lo ye (gl ol ] e
g5 opl b bsye (59dgm sl ymme Hlow g Wl Cumer 9
(V) Jssa) i olwlid Cunes 93

a3 bl g o8 sl aishle e Bl (obul>
3 SNP 31 (EHH) 4, dnog’ <sble fpwsSjsen
D95 o Al Wil (oolial b odd e Xlg5 o a8 T
dwlre SNP diws I jolre 3blie (55, 52 EHH ggeoe
Qanbarietal., ) 395 g0 000l ax LS EHH iy o0
Camon 0o M S glesay Lol plply (2011
bwg 4« IHHD 4 IHHA cows jl &5 &S o Capogs
Al e Consdy wanl 00d )55 Voight et al., (2012)
4by ,» (Gautier and Vitalis, 2012) rehh i
L SNP (¢l iHS lads amwlxe 4ly (x64 4.0.4) R
ssba olon 5 pllo Cumer 93 5l Sop» > MAF 2 0.05
iHS &5 cute b bl polie b odlatel 4Bl
dl)b [GWENEY) &S Cunl G:Y,b L;Lm%,lglm doM)oLﬁ
bl 50 RSB (puizen it (o3lal b oads gndio Y
RSB dHS UMy > 31 395 0 3590 EHH (ue56
o (MES" plgiear) T olens EHH (gl gSl auslio Jolis
yolde duwle sly (Tang et al., 2007) cuol Cures 9
el 5 4555 Job 55 o5 IES aliseo el 5| RSB
g 3 03l b ey 5 pllos clocupman 1 Ky o 53 IHS
R ,l58la 5 ;0 RSB polie .05,5 edlatul cud 3,91 rehh
g RSB jlaie o5 sl 5l s Jloys (x64 4.0.4)
Cuto jlde g jlog Camen )3 1) QLI e lade
Ohay yb 40 LS e dlgiddin pllw Cumes j0 1) Gl RSB

Control Population

Case Population

A3l 9 X s 9y 2 LSNP og3f CuBgn (VL) pllu slagls g () o slagl pgi5 e )3 THS (sl 5] o -V S
ol pgiges,S o AA/A oliad L 04wy bod ol 0ud 031> ioled Y ez (59 o ol IHS

Figure 1. Distribution of iHS values on the genome level of diseased cows (right) and healthy cows (Ief(g): the
genomic position of SNPs is displayed on the X axis and their iHS values are displayed on the Y axis. The dr.

awn line

represents 99.9 percent of chromosomes.


http://dx.doi.org/10.61186/rap.15.3.30
http://rap.sanru.ac.ir/article-1-1430-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-09 |

[ DOI: 10.61186/rap.15.3.30]

FSgs o 5 (S50 e (Bolo (o Silyped (930 e ((Sibgli asbls

Yo

VEV Y ojlouds /o203l Jlo (pols Slidos (sla yimgs

pliln (slagh jlo g pllo Cunax 93 1 THS o)lel (sla ()3 b basye 00 (plolid (gla e =) Jgi>
Table 1. Identified pathways associated with iHS statistic genes in two populations of healthy and diseased Holstein

cattle.
Genes Term
. P-Value
) Jlsis
cell aging
ZMI1Z1, NOX4, PRELP 5.00E-04

o o
ERBB4, CAV2, ANK3, IGF1IR 0.0103 Proteoglycans in cancer
' ' ' ’ Ol 3 g S5 555
ERBB4. UNCSB. IGFIR I positive regulation of phosphatidylinositol 3-kinase signaling
’ ' ' ST Joaslind (3 U Custo e
netrin receptor activity
UNC5B, UNC5D 0.0169 5 05,8 b
REEP1, DST, NAV3, CEP295 0.0286 microtubule binding
A ' s Sen Jlsl
regulation of JNK cascade
SH3RF2, IGF1R 0.0342 INK L] polsss
positive regulation of MAPK cascade
CAV2, PROK1, IGF1R 0.0359 MAPK il cote pulais
Membrane
REEP1, DST, PNPLAS8, ABHD3, GLT8D2, ERGIC1, FAM83B, CFTR 0.0422 i
bicarbonate transport
SLC4A10, CFTR 0.0481 cloSe Jisl
UDP-glycosyltransferase activity
LOC100140261, GLT8D2 0.0498 yinsl 5 o jsSlS-UDP el
NOX4. IGFIR 0.0506 cellular response to glucose stimulus
' ' I S a0 Jobo ol
protein autophosphorylation
MELK, ERBB4, IGF1R 0.0505 L
O g gindos]
lon's disease population
sl Solow Cumox
Schaffer collateral - CAl synapse
AKAP12, GRM5, CAPZB, CTNNB1 0.0007 CAL _pglip —JlsS ils
LRPL SPTBNL EPHAS 0.0082 positive regulation of protein localization to plasma membrane
' ' ' Lowdly (5L 53 (g (55l e Custe walais
Human cytomegalovirus infection

CTNNBL1, LOC529196, PIK3R3, ADCY3, CCR3 0.0092 3 e
Sl 999 Sogi Cighe
LOC529196, PIK3R3, ADCY3, CCR3 0.0251 Chemokine signaling pathway
' ' ' ' 0 ge8 SUiSw yue
ADCY3. CFTR 0.0257 cellular response to forskolin
' ' 0998 & ok Gly
ACTR3. CTNNBL. PIK3RS 0.0263 Bacterial invasion of epithelial cells
’ ’ ' Juliol slosho 4 (5551 o2l
DOCK4, LOC529196, CCR3 0.0319 cell chemotaxis
’ ’ ' oo S30S
Rap1 signaling pathway
DOCK4, CTNNB1, PIK3R3, ADCY3 0.0348 RapL o3 i yoene
Kaposi sarcoma-associated herpesvirus infection

CTNNBL, LOC529196, PIK3R3, CCR3 0.036 . . e
538 psS ol b b po o9y e Cishs
Alzheimer disease

GRMS5, LRP1, NDUFS4, CTNNBL, PIK3R3 0.043 i

)‘“-l)” Solow
integral component of plasma membrane

GRMS5, SLCO4C1, PLXNA2, ADCY3, KCNK3, EPHA3, CFTR 0.0447 P .
ey gl pdbole <
ITPK1 CFTR 0.046 isomerase activity
' ' Segil called
cAMP signaling pathway

PIK3R3, ADCY3, HCN2, CFTR 0.0481

CAMP SiJi&ew o

(Lee etal.,, 2013) i yesuin SHac

355 5 ol dgy oo b pyis 02, bl aallnn 5
Foko Fol b o5 opl (oo (Wara et al., 2019) >4
Sl JUd oy guusl g 5 pmne ¢339 Mo yoamo ¢ 98 )93 &

9 3 THS ool Loy o1 lolis slasj j1 5y

ACTR3, ADCY3, CAPZB, Jolis Wl ¢ slews Cures
s CAV2, CCR3, CFTR, CTNNBL, AKT, ERGIC1
5 oS Ay Cewliyeds 3 ACTR3 iy DST
Mokhber et al., ) s)b i G sl asljle
Ol pyg 45 Cuoglio j3 ACTR3 (5 (] s 09Me (2018
05 sladllas > (Zhong et al., 2023) 5y ol5wa jids


http://dx.doi.org/10.61186/rap.15.3.30
http://rap.sanru.ac.ir/article-1-1430-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-09 |

[ DOI: 10.61186/rap.15.3.30]

FSgs o 5 (S50 e (Bolo (o Silyped (930 e ((Sibgli asbls

\rd

08l e oSl LS S by 2 Ui sl
s S5 s5le pgatans (sla i o S o Jlsb )
JoS g w5 ams e bl 1) cangigy 9 CnBgn S
S5k iz 5k V- dilate Sy (GWAS) 31 o5 bl
VY pojses,S 53 BRD Cowlus b Lasye SNP gy Lol
DST 391 (DST) (ygiasd 5 Jolbis &8 03 ololiss 48
b Gk jl BHV-L Glaseus” JUishy ceqe (i85
2 oses G S5 pliee Jsbo dien & JsigisSn
Testa and Tsichlis, ) 5,ls g8 ;5 Jbw ywgpg Cogac
4 15136573888 (T/C) DST 5 (ol »» (2005
298 )3 MGl 0XpS (cmgig) Jlail e
Pgdses Jate C aggils Lol g o Juate T 455555
35S gty A5S ) SIS 0k pS  cumgiyy el
Loy 5 998 o o3litnl 55 53 Lleedll 15 (59)l> Sy lgie s
6 A2 jldgid s Jols el slasslp pl
Wle bl by oS s i wx 5d 9 38
205 | lacegS) A5 5 w30 2alS | lnuSol sl
DST 5 ol o33l (McElwee et al., 2013) sad .
O ¢S Sllges b duslio ;5 IBR & o3g)l cllges )
uS o coles ) BHV-L 4 odgll slagls 5 DST
sy i EPHA3 o5 (Tizioto et al., 2015)
Cal o5 HLib L Sitd (lom o O gl)> &S s y8 Jloud
DSy s gl & baye o ol sl odd ol
Ll S 095 b Bl IN caglie (SN
wLié oen K ERGICL .(Cahn & Line, 2005)
St g ghie o JB 5 Jo> 3 o cal S
S8 slid &y o35 oliwd 5 oo daies Sonsdlys]
Oxey rs43350563 .(Yang et al, 2017) .S .
256 L L ye sy Silis dbes a8 WS 0 551, ERGICL
(53 Sos gl 655 ol 51 26Tl 4y (39 2 a2 LB
S e 9 Misuy e dap |y Gladsd Cous ¢ Cdd
L C_»L'|9,,> Sl Gy shis gl s J.S‘}IL;o PP
Sbul (ol Mol Glial 4 Jaas (gly caslio 58 (59
OB (Gilgn Sagls Cume y3 1y (5)low Slg5 o0 9 S (0
2 ke (i GRMS 45 (Breuza et al., 2004) s>
Cunl (995 dabls g 3o gl g 2)b (2lad 5 pS0L
Jew et al., ) Koo g 5> <Ldlo .(Saatchi, 2018)
slisw s picilas] GRMS &S 13,5 sy (2013
S oSly 38 wgh ol 9 WS (e S ) (orase
05 S HCN2 a8 o haw pae labas 4 1) b 340
O3 O:ﬁ‘ bwgy ol & 88 59 Lol o9y IRVILENLY
2 &8l gl Mogeen b oas Jlsb isslS JUIS S,
OB Sl G e g B 5 Sluglys el A
Ol Nlgi oo 9 35 o Jied CAMP Lawgs oids (g,l3508
cle glpied 0f ol oAl S Mg o3b 9 @
o GWAS Glilllas 5 .ol 0 (53 £ 10 (ko oz
g e i oy Sy w6 s S 0
)55l 015, ((Manca et al., 2020) 5,5 o )3 bl
ol o 53 Sl 85 (IGFIR) g5 gl 4 43,

Sl lidle lagls 53 g (gile b o Cbl g 3ble Lol

(Mengistie et al., 2022) cuol oas ololiss ks o Rapl
sl S i il (yuiig s by a5 ly 505 CAPZB 5
0diilbgy pgp odgls 4 &5 WS o (5)li5 50, |y )l
5 as sls 3 a5 CAPZB 5 o) sbo o]
S35 e il cudsS Comlen p Cusl 3D peedilio
A3y g Jble ol jsbay cusl (Sos &S CAPZB 35
I 3 CubsS Comluo p 2o ) 5 218 3B SMae
asbosls (Taye et al., 2017) 5,38 . 5L Ankole
sixe dl8 9 CAPZB 5 hwg &5 1381 Jobo Sl
Cunl b po CubisS oy b dgui g0 03> L ST Aty g
9 Sglie oles 4 CAPZB .(Damon et al., 2012)
LS o SaS Ko dl.h.—\igj)é 5 baale gkl
dae 3yl (0,8les (GlaaSd (yn Sy 4 e &S
[(Ponsuksili et al., 2019) 545 .
05 «Jliemw 5 e cplitls g8 Comex (o adlllae
Chen ) s ascie St syl 4 bgiye CAV2
Sl eMas , CAV2 55 5l oyezman et al., 2016
S (Kosinska-Selbi et al., 2020) w5  Slols jige
Sl Shgs 5r905e Sl 05l (03 )Shas 286 (sl ]
(Fonseca et al., 2023) us lwlis CCR3 LusSl o8
B9y ol i 38es 5 45 4 bgpe CCR3 5
(PP s 3)Sdas g drgi ¢ Joho C8 2 ¢ oSl 03
MOrE ) 59 s pudgplio 5 ol Fuoly ol sla J5ho
DA 3y 26 dswgi g B2y, CFTR (et al., 2019
a &S WS o XS 1 INSP3R pbay uigm of cpl )b
laJsko )l 5 J3h & b 05 o KoS oS sl
Jsbo o Slas jl (o)l sl 395 wrgias oS S <8 >
K25 4 CFTR .(Cui et al., 2015) cusl (gy5,0
il )3 g WS (o0 S8 (Bgpe 248 b (plrenidy S
Cuietal,) cw! Ji5 Bgye g)bre 0 piw slogye
SesS Gopd 4 e CFTR 55 Lies (2015
ORl33l i o il o 39201 (g o i )3 90
(Wilke et al., 2007) sqi 0 @5 » M zow
O 4eg0me A D484 yastse 5 YOV 0 CTNNBIL
s > CTNNBL .cusby 0939 cuni (690 b lagye
ails < (l))s CTNNBL &5 Jls j3 35 i o o
WNT S iSps pomne 5> WNT16 5 WNT2 L 5,65 jL
2 ot SYlail > ege i CTNNBL .cul
s 3 555 o ol 5 15 o ) Joho & g (St
Ylois) WNT Sl sl WNT Gl o3 Lo
58 30 (o)l0,b adsl sladligy 43 wre (63,5 dlauwly SO
Denicol et al., 2004, ) cuw! oLl g bse cidwsS
s as e o oLis 3] slaedls (Tribulo etal., 2017
Sialil p esies il cusl 3Ses CTNNBL ;I FSH
J(Castanon et al., 2012) wil awily AKT pe cled
Castanon et al., ) l,Ken 5 oluols &5 (gladlas,d
Oley cov slagl GC &S waly lis wisly ploil (2012
sy g ORI JS 0 & Cuws FSH |
AKT Ui poomo £855 gl bolod 5 azils |, CTNNBL


http://dx.doi.org/10.61186/rap.15.3.30
http://rap.sanru.ac.ir/article-1-1430-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-09 |

[ DOI: 10.61186/rap.15.3.30]

FSgs o 5 (S50 e (Bolo (o Silyped (930 e ((Sibgli asbls

v

VEV Y ojlouds /o203l Jlo (pols Slidos (sla yimgs

2955 adlaie WA jlaw Comen )3 5 Cilises lapgjges,S
A5 plold e slapgiges S o)
by pluils gl Wl Cumez 3 05 0 5 jlow Cune
osMe (¥ 5 ¥ Jgdo daseus Jo18) ai slwlis RSB o )bl
a5 ololid 31w 4y b wlise 15 RSB ojlel 3 0l
lolid Camax 93 0 ] cpl b basye (Siodom (sl jrae
_ ¥ Js) a5

Cuze> 93 > RSB o,Lel Iawy ol @L.‘:Lw db’dj
CNTNAP2 .CTNNA2 ACTA2 Jols ol g jlow
& Cuwl (g ACTA2 154 SIGLECS 4 PCDH9
Hu et al, ) s Lid ool 9 ©paloe ¢ Johw iS5
3l o8 cubeS cutS (5 ko i ACTAZ -5 .(1991
OhKen 5 Sils bwgs v 9 4500 (L et al., 2020)
0F Ole gdaw &5 3 (LB ACTAZ (5 ol s LBy 5l
] Sgliio jluw S'93 Ay Caliseo o1y 3 ACTA2
3,138 55t bl JolSs g ay g opeiST 48 amd o0 L
Sl .(Huang et al., 2009) cusl poo sl pol S5 ool
ol Gal33l U ACTA ol ey o wizil s o Se
uwl)))o.».la )'| d)‘f}l> d‘)’. Racl uL-‘ u“mlf 9 Rho A
WS o ol 1y (ras b ool © 2 len (ST i)
SNS5e, 1y s CTNNAZ (Wang et al., 2019)
O oddd Lo S lasd cuwl (Sen a5 A0S o
b aS Jos Joho clSul 5 op oS (Saue slaos,S
WS oelalS ) (oas plesw 3 SSE 5 (ol (St
wolowdls Fskew L CTNNAZ (Schaer et al., 2018)
9 B oslaglen oo G S K el
Sigurdsson et ) cul Lagye ( Sgye 8 (logySo;lul
AS o (5)l505 1) g, CNTNAP2 o5 (al., 2018
5 ol Sl P el ) oge A8 &5
k5 L CTNNA2 5 .(Malik et al., 2018) 5)ls 35000
(Lietal., 2020) cusl Lagye g5 55 ;5 opVI- )l cdale
Ll o) OI}Lca\.g u.stlm dl.baglf » PCDH9 O
ol (Luetal, 2021) ui Gl o8 @)a8 4 05,50

2 53U 4 e Sl e by ol ;3 PCDHI Jgase i
.(Bellucco et al., 2019) 544 (ylusl > Jlows ,Suo g A3,
S 95 5 oy Slao ey bl adlas
Olaw o5 ol L SIGLECS (5 (piyd ~onbuals
SIGLECS .(Purfield et al., 2014) »,li5 . 36 il;
55> Ik sk yes ) 55, 28l 05 S plgiea
Puckowska et ) ¢é,5 1,5 Caan 3yg0 (p5sy8 — pliile

[(al., 2019

o5 (Yi-Lei et al., 2019) 3 s olyscnl 3 ©Mac 43, o
Lis 53 0f ol ol YV oylad pgiges,S g9, IGFIR
dge Jasl ;3 IGFIR 5 ccul S50 cpin by 9 syl
Al yo ) 1) Spbl cladlig, g 5yl i s 4 (ghie
4 a>g5 L (Hellstrom, 2016) uS' o S o0 i A
a3y 956 05,8 Jrandg S IGFL Jos (55 i
555 50 05 s sy sy (IGFIR) V g g
IGFIR .3l Jtendss o b ke claios (sl
e Jlasl dhauly 45 ol LIGF Lol xS
@l wl Joddyi g (0l Wby S Sglege
§) dygesly o S 3 li Jbedsl (sl (sladlla
oS ol s g sl L ye ()8 Sess i L IGFIR
Gy ol Sl K yea e IGFIR G
Yang et al., ) 5,5 ,,5 odlawwl 3,5 donor selection
2 IGFIR 15 13 pebypo sl 45 398 0 Lol (2013
roS 32 05 2 g o Oy Wle oladl lajall
IGFIR )5 A T aS 13,5 oanlise 45 _Jbs )3 5,035 o ,sb
Akis et al., ) col 5,50 5 i Wy Sliv g9y »
o3yl 4y slate 45 WS o 51y ey T IPTKL 5.(2010
)l i (gpas dgf dagi 3 o jonl pudglie S5t jou]
cras Ay pali b of cpl > SYMB] & 390 (oS
Lol X pajgag)S 53 () cnl 123 05 So ail lasye
.(Chamberlain et al., 2007) cul o

o5 Golew b Lasye CBFA2T2 5 adlas oyl
GWAS adlllas Sy )3 copsizan 5 )8 5 (alwlid
auilp Sloygs g cplntln (Slags 3 18188 JIg  ite
Ay yd Cuoglio L QTL aw oS b Ll bt i plx!
55 35eb o) dw S s Ly MAP cigic
ol eowl o 0gMe (Sanchez et al., 2020) 55 CBFA2T2
il 9l 55 (g (gola 4 bgiye & (6,503 adlllas o 5
(Mallikarjunappa et al., 2021) cusl oads ()15 55 5
A gl e cures jd adllas oyl ;0 KCENABL -;
39 95 5 g Solew b by & adllas 93 3 () ol L
Gl 00 ()15 o olem sly 286 oy g
(Mallikarjunappa et al., 2021; Brito et al., 2018)
RSB o ,L!

bl clalael iS¢y EHH 4 e RSB bs,
A5 oolaswl oo Curex b UT pei5 dmnlie b jlow Cumer pd
ol &l SS 13 o5 slapgjesl sluiel )3 RSB yslie o595
ey il e oylel cpl 51 RSB o)l (Y JSi) ol
2959 Ml Cute 515 a0 i 1) jlews Cuzes > Gl
b g5 il (ebatsn aad oo LS ) pllo Comer > Gl
9 jlow Cuzor 90 (o pled sdiad ylis YL RSB (gla i)l
Cosddy @l ol Silos 3153 (pagif Bole o 3 Wl
Sy 4dkhio VOV Gllo Cozes &S b ol el


http://dx.doi.org/10.61186/rap.15.3.30
http://rap.sanru.ac.ir/article-1-1430-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-12-09 |

[ DOI: 10.61186/rap.15.3.30]

g gz 5 (Sie di (Bolo e Selired (530 e ((SBgl anblb

YA

Sl aliils slagls )3 g (6ylas b b po bl o Bolis (loli

liln (slagh jlon 5wl Cunax 93 ;3 RSB oylal (sl b basye 0 (ololiid (sl ypune =V Jga>
Table 2. Identified pathways related to RSB genes in healthy and diseased populations of Holstein cows.
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case and control populations

Figure 2. Distribution of RSB values between two diseased and healthy populations. The upper population
corresponds to the healthy and the lower population corresponds to the patient
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