[ Downloaded from mg.genetics.ir on 2025-10-17 ]

S0 NhwgF i Ol 5 g W g3 b dawd o Dlao (0905 QW e
Sl 50 K b ovwr (D3 39 Sl 30 K (51 3599y (Slamslio

S
Genome-Wide Association Study for milk production and
composition traits in sheep- Comparative evaluation single-step
BayesB and weighted Single-Step genome-wide association study
methods

T et dazes M Gz
Ol) (SIS sl&iils g3 Jame 5 (63,5158 0 a5 ol pshe 05 8 ¢slslal -

Qb.ﬂ gﬁ‘ﬂﬂ ‘fy\'ﬂ DK.\:—N: “_;)'))Li_\/ 0SS s LJA‘J rj.l.& a)Jg LJl—lJL:.ﬁ-IJ. -Y

Mohammadi H™, Shams Alahi M 2
1- Assistant Professor, Department of Animal Sciences, Faculty of Agriculture and
Natural Resources, Arak University, Arak, Iran
2- Assistant Professor, Department of Animal Sciences, Faculty of Agriculture,
University of Ilam, llam, Iran

H-mohammadi64@araku.ac.ir : s xS G (LK J ghans s 55 3

OFN8 oy sl = VEONN0 1l 5 5b)

ol SN0 3 (K Ol £19 (Sobow ol (59T 05w il Bl Lol Bud idwes gy 38
R Bd ol iy alBl g laBl s Job AT b G pd OlNAegT 95
ST (595 39 0Ad 4ol (Al (S il N9 Ol e duslie 9 (iS5 Solowe (i p pOl>
Olao (S1y (SS-BayesB) B jw Slal> o <G 19y 9 (WSSCGWAS) oils (23039 (Sldl> w0
S5 il 19 O w0 bl g0 WikuisT 30 ot S b 31t § b DS 5 9 Mg b L
NBle g 51 ookl b Cuf b B9y 3 plas & lawgh BSNP I <O & oul 4>gd
O iag ool b A dwlbre GILKs ) 0535 SWO s JB 13 JWAS § BLUPFI0
SS- (90 b duslio )3 0wl g (D11 (BT il slg Ol e L 3 WSSGWAS g5 o1
S 2559y ool i Job ol ol 0o3f oy .cbld (S e o os BayesB
Slul GO FA 4 <oy b 518 g willd AT 91 & F & ¥ I lapgigny
Mg 30 (age GBS o Tl (SO com (ol 31 9 Xdg 48 F 51 5 Dlho b g o S
Gl Sbm 3 (G351 et gilin el (Gl Jows (0 2 (Sl 3o § ) el galio ¢ 0
ond wyp Do ol & (WD WS 0 O Jol> Baicd gl . ARDIS ouge 9 (ol
318 Cuzxa> 51 SS-BayesB g WSSGWAS 595 Yoare A5 (59 55 ol 33 dluwi Jowe
Ol an i Mg 9 (siosl ol Sl 33 6d 73 SO Sols” Ui 4 455 b ol 5 odke
Al 0390 15 MdwgF b WIgi b o o Dlho 0933 agy STy 1) WSSGWAS b9y 1

.18 518

crig S
1FF 30k & oylod pddaxd 0598
YA - Y axio

oS>

Soals slaejly

95 23!
Slads o S
il o3

S5 il ylg


mailto:H-mohammadi64@araku.ac.ir
https://mg.genetics.ir/article-1-1807-en.html

[ Downloaded from mg.genetics.ir on 2025-10-17 ]

Qb&a.h)‘_;d.ww

et OleS” § g Wi b b o Dlho (0985 gy

@3kl GOl o &S 03 Fsis Saben S
Slid ClS L by e S 5 (oM S St 4 S
53 (Suteraetal. 2021) 5 45 o Wis ol s 55 (6w Ollides S
O oty R b et 53 o slad b sl o 5t (]
3 el xS0, GV (S Wbl clew (SCC)
Dbre G Olgeas Ol ooy 585 L 0T e 5 W Soas
(Suteraetal. 2018) 555 o oslanal Oliwy ST

55 able Bl glediS s S AlS e bl gladus
Clis y S Gl Uil adls olatl g Dlis e
Loy e L ooslime gladue i LS
ol 55> 4 Ol 8 o S5 o hs, 52 .(Meuwissen et al. 2009)
S5 Sl e ) e Glaanas ol Golie sbamss
Sl @ ax s b G ras s> NS sk 23S ks
Spber w8 S B 03 i w5 e gl el sl s IS
53 gbedimns Wb b bl b lite (g w58 o
S o0l Sl 3 s 3 g e w8 B s iy riy" &35
Fernando and ) > 55 os acslows o o555 Sl 5l s el
(Garrick 2013

e dlox Sl e dm G iy slacas s Jse
S S 5l e sladle 5 ddas 53 Sledlbl Ole jan eslanal
5l Glr s B el e e gl
Gy b Gk olssd e eslinl egi Mol i)
Camazr 3 250 S Sl (ol S8 e VL 4 e
Cudsde opl sl ade Gl b Glalel, (Socpr
Bl el G 8S e lra S cl by, Sl eslixad
Llodis 555 und &S Slls Glo s SleMbl 51 Ol g
5 edkd 5 sl 3l Sledbl 1 glal oSS Esy 288 g
o3lital a5 2ol (a3l 25l 6l Oloses [ gba ol
oAl s Glomd sl = e Sl Fs cnl 02 il
Al S Olgen b (s Sl gl
»> (Christensen and Lund 2010) & 44 . o sl
lopmd DMl 51 Oljen sbay il 0S5 25
Glp 0l ) e Sl Sledbl s 5 slas, S
(Aguilar et al. 2010) > 53 o eslazul =Mool 3550 o i

doddo

2 plarheslasl glair 5l (S s o8as )l
sl 8 Sl Come Sl e BB Cand Sl
) xts .(Mohammadifar and Mohammadabadi 2011) . )l
st Sl K55 Capdle  aSU L LSS olnlsl
e Gl lodsS ol Sl I Sl Ol S
1,5 (Safaei et al. 2023; Mohammadabadi 2016)
LS b ain S Susn mlo S5dem 5 goladl
Spg LA e U5 5 s o S 5 Gosee IR
by e Oldles (Mohammadabadi et al. 2021) .l ..
(Hedd s s M8 edes lalS 4 Llesls Ol i
el s P s s JB osba Wi
sp L OLbaiin S (eslaBl Cundy 5 Ak S s
.(Mohammadabadi and Asadollahpour 2021) .is
Ve Av aas =l s sdel Jesa a5 Sllas
T S R N N B e R BT S TS
(pa DNA ledilen 5 Jozle) (S35 sladal b
Mohammadabadi et ) Lcws (L5 ks o 2> 5 aexr 5
.@al. 2021

Lt S slaaly S S Gl Gy o eslital s e I3
LS55 Ay Slio Bl 5 )5S ke 5 055 b s
0390 S (b ol nl 0o et dob Olges A3l sk S
o Aeos 5 Kale ZIVVEFY L 050, VY (ol 0t
315 Ak S Sl SO 5P L plp S e e B s s
adls & ,ed VU s, L s W g slsa Valle del Belice
olin Sl oy Sl Gl M5 ) ) el S et s
ooSis 5l S Js (Cappio-Borlino et al. 1997) ..l
il Ol poy olew 4 Vb sl Bl pl s Lol
.(Sutera et al. 2018)

Glaal s 5 Fosn Slal 5l age Siom Olpen 23 Ay
2 s pesat pl 2 Adle Lin S olp POl
Lietal ) ool a S &jypo (5 b Ol § sl 5 5 Shas
s s gt ame Jalss daulsay Oliey p)s (2020

3 bolen Jelse 4 s Ol sl 5 sl



https://mg.genetics.ir/article-1-1807-en.html

[ Downloaded from mg.genetics.ir on 2025-10-17 ]

et OleS” § 9 g8 b b o Dlho (0985 a9

O‘)&&A‘}&MW

gy 9 Olgo
Lo Glas, S5 5o md 4 by e SOl I asn ol s
OSag Aesd 5 MR b g Ao 5 sl el A8 L
TN EYF gladle (b G glad e Shae 5 02
s DiGerlando v g a5 ks J5 Jls 315 (5 ,0d Olbian S
L el o el @}T@? YY) LK

)

https://osf.io/ajwch/?view_only=92ab35dec6564d28bcc25
Laysbe 5 o (llgm IS slaas o e LU 5 (9654950920

Slio oy sl g pls ool YOYA 5 \VA QOVF L il
sl oS 1Y Jgdm s dndllas 550

Humina glaal,l 5l sslizal L olaiw S 51 W1, ¥AY DNA
e Hlumina s lital S5 Wbl ;. OvineSNPS0K
514 WSNP .(Di Gerlando et al. 2019) s 5 ol o5 535
ST Sl Bl b sla Sl) codS 28 e ples
535 558 (/A0 31 YL T Sl s Ol 5 0/ Y 51 5YL
Lol gl p S ls —gs ke dsls P-Value «5 4SNP ...
s IS LS PRV =) sy (glsme mhaw 5 S5
SluaY sy pde sy s Sln GRS (pl 50 raees
o5 05SB Gk 5l S IS s Sl el b amer
Q-Q sy w5 5 PLINK i3l 5 55 (U) imaz J 28
S day Salg 53 A5 s (SNPEVGWIN_3.2) i3l 5 3
&l SNP YVYYA 5 ie o, FPA sl coiS J S
SSoslagias b e U s adlee el
Laile b (glad>

S 0t e Gl 0 SO s a5 S S U
(WssGWAS)

ol sl alee 5 (S5 ool sl eslizald ) 5e Je
«(Suteraetal. 2021) 55 (V aasly) K3 4y anlllas 5550 Slis

y=Iptly gt

Zp+e

(1) adail;

S Bt 2 b sl S, sy kel ol s
0) by oS8l ) Wp o eld b Jelse S

VFoY 30l /Y o Lol [ ooz 0590 /0y g9 <S55

Sl o 53505l 255 IS Sl aalllae 2 T
o5 ol Ll et s (WSSGWAS) s asss
LS 5 58 e ) Cilien Glawi S 55 el o e 5 sbay
3 oS ol gl 4 e 5l el el e
Sl ol (oolal ge Dlio L Lol o o LS slal
Zhang et al. 2016; Lourenco et al. 2017; Guarini et al. )

.(2019;
55 JS s LT (Zhao et al. 2021) o), 5 55
bkl e Dlio Gl odd (23055 Slab 0 S Egy olol
et S kS bl Jb sl 0ty O3 Ok 05
el g o 05 Ol 8 S alad 5 OUI b ol s
o3 bl ol a0l (S5 Wbl Ol sl
FET O/OA Ll lols Ol cpiie b asd e
oSle Slis gl Cb Sa oy YA 5 YA X/0Y S/AY
bl Jsb caS 313 (BU a8 i o s (DU L
SILLS gld) 5 ds S 1S Ok 05y 5 ussb iy O35
sble nl s 55 IGFBP4 5 CHRNB1 .CHRNB1 BNC1
55 S5 e sl pmes s edd SIS S
claslS s 5 S el e Sl S Sy ol o
wlelid Gaa b o > L plide glaaial 5 pliils ¢ 00
Ol s b plonil o2 DS 55 5 2 J5e (05 bl
Slr RPN SE5 Sl e b a5 adlate VeSSl
VY Sad O S B, e 5 oo Jlie ol A5
A S ey (K85 bl 31 e VWVY 5 A/AA
LIPA GRINA DGAT1 CDH2 lutls slaps Joli
.(Raschia et al. 2020) .5, FTO 5 MAF1 VPS28 [PGR
G 2L on el g el S Gus b
L (WSSGWAS) ois as03s gl 0 S w55 s
55 ol Ol 351 Sl 5 B e sl e S5,
OF Gilaze 5 ol 5 odd sl Sy 53 sl wxr s
e Dlio b ke S g0 5 s bl plubi


https://mg.genetics.ir/article-1-1807-en.html

[ Downloaded from mg.genetics.ir on 2025-10-17 ]

Q‘)&QAJL;-LWM

et OleS” § g Wi b b o Dlho (0985 gy

Moving ) sl=e WSNP ;I ;L& Y (SNP window)
S50 oy B, S9s Solew .l ol &1, (wWindows
n Mb window of adjacent s, « iags oul s eslatal
ool oz 4z § L 5 3L ) N ldde 5 AL e SNPs
S s el el 3 edd a5 (K55 by susl s

o oslanal ¥kl

Var(a) Var (3, Zd
— =><100%=wxmu% " ial)

Cod a8 Al el s S5 ol BT el
S Gell Sl 55 A Sl 2y S (S5 Sl 0F cellas
el 15 53 SNP S coslj 31 i 5 5131 IS (ol SNP
slalle 5 51 WSSGWAS sla 3 LT plonil g o5 4L
(Misztal et al. 2019) V/f# as.; postGSf90 , BLUPF90
S 5 bl Gl sl Sl peames A eslind
wby REMLOO (o)l5le 5w 51 (S55 sla il s
.(Misztal et al. 2013) 4 oslaea! blupfo0

S8°) i b SO iy k2 55 IS S AU
(BayesB

s(Leeetal 2017) U slas (50 Gl 0 S sla 25, oo
3 F el O pony

v=XB+ZMa+Z,et+e (Fanly)

G s) Sllsm gl s las, S5 sl ¥ (F) dal; o

_ ey 1 —ZaA,A7
g)"‘{'t";‘u‘ﬁ - [Hg] "X_ [1 _3“1

3ok o 8 Sl (SOl a0l sl g 5 S

] co.l,i.':_} ol

oAl b e ey M= [izﬂ]‘ck Al Zed
i gy Sllse SNP Sl 595 slacg,lssS
S 55 Sl il My = A AgiM
S #5 Ol Gk 3l as elis s $5 <lls>= SNP
Gl ey il sdile SL s € el 0l & psl o

aS Ao CJJ; S Sl Ly s &y romen o dile U ol

:htd f(cb.w ) ol ol e s (Cla.w Y) ol Jead ‘(C]a.w
Sl Sl g (s, S W g sladsy s S Ll Sl ls
X eyl asls lamee Sl Sl 5l P e Laul3l (Sns dslas
NG e.l.'oLa‘_;El{ L;‘)JLQJ JJ‘ )‘.}ﬁ € g_,u”\ﬂ LSL“J"“J:L‘ Z 9
Sl o S (255 s SS9 IS Gl addlls o
oIS fols Sledbl b 5l Ol jan ssbas (Zhou et al. 2019)
g:,._‘.\:j.))" ol 6b\.§ :\Js\ g:,.:.}'j.& B DJ?L'\: ng:,u;j.:j C)L@Wl
g_,.:sjjj\ ui':}) Q‘i‘)’ :)";Lfd salaze! g:,.:}'j.;)" C)L@W‘ Qj.,‘.fj
o il JSES 5 (A) o sl Lailsy e Sl
55 el bl pee ol (H) e S S
355 g0 oslial SNP L e S aslos o+ 3 (GEBV)
5 es oSS slslin s Bls) sl Upea H Sl
osSme o ias0lis AT SH(Y daly ) e Sjle OF o S
il oS 67
Az} 5 SNP cle Slis Sledlbl wlal o5 (sulisli >

(Slopmd hisliy > Lals) e Sle

aﬁv.»jl SleMb| u*’l*”b" LSJU}L‘“'.’.)} .lm‘}) J”:'.);L‘ u")‘i"‘
Gl s 5 0T L85 Sl oS Ul 4 by je
{(Misztal et al. 2019)

=it

b0 )
0 Gl-Aml (Y""”]

S5 U5 S SSNP e S Ga g sl 4 ey L
Wang etal. ) 135 oslazal (WSSGWAS) ols 25055 slal> 50
SNP =il 5 ) hslic s sl OF 5 5 (2012
o ol 03 5 meal (Cdo Gy o Dol elal
DS Al ey 53 LSNP & 0l 05 s o s 5133
<> (VanRaden 2008) sslgiy 2, oLlul, (iteration)
Ao 5 il S0k s plnil A bt 2 g, Olge
g Oy o535 i w3550 Olee S0 51 e
sk 03 Kishe @l eslinl sy mlE 5 s S
e DS ) s slea (LSS e Ol e LSS el
mB Sl el wonl ba o35 e Coms Ol

Slao iy bw g ol a5 (S5 (bols bl G ol



https://mg.genetics.ir/article-1-1807-en.html

[ Downloaded from mg.genetics.ir on 2025-10-17 ]

e Ol 5 9 I3 b L o Ol 095 gt

O‘)&&Ajdiww

T Jl3le 3 51 eslial L (KEGG) 03 (s (Sl e
e <=L>,=;l (http://pantherdb.org/) Panther

ol Sad (sl (Sl S slaade 5505
Sy Sle CallS s st bl 4 el e
Sphilyy slie o 1S sl o dd BN Jgdr 55 o)
Sl o L5 e oS S0 gladle Jlas i 4 by e
@B LS Lk Che ol Gak e e Jelse S
Marina et al. ) 5ls Cilae L3 Sldlas 3 ol 55058
Lgia b oS 5l aalliae 355 Slio 6200185 Ol (2020
Komprej etal. ) coils cillas Sos Slallas mls b oS 55
L e Slis (gl SO aS das e 0L sl ol (2009
S Gosba Al by U oS b OS5 5 WS L
23 M il gl S, b AlS s Ses Il sk
bl Ghee Bl 5550 53 S e s ses Jb I
el oS iy b Mg Slie Sl g a8, S
S R L R RCT P R FPL S WO P COPU
Ol piomed 5 S e dr (S35 Sl Jsa bioares
S L1y s Bl alllas G S Lil5 oo g5l
S agde PP S g Dllas 53 S L Lle axlse
T
8 ke C,LJ oAl 4 e Wl e (sl - il

{(Ahbara et al. 2019) > (Jsl ¢ 5 sla)

odd g ol i 55 DUl HOlal e a5l a1 e, 55
L o bLS

Gt el T eyl e B gl 0 SO 5y 2
Lee etal. ) Js oslitel ol 5,51 5 ol a5 S5 bl
s 3l G Sl e S Es, sl skea (2017
JULIA s siasb 5 0L 53 (/A a5e) IWAS (5153l 5
5 aes ¢l &S gysba (Cheng et al. 2018) i eslaxul
(MCMC) J,I8 oo S5k oy 3l ad e (slaesls s
Sl wged Orrr Lol 5 igad Ovrer Job 4y lojeass b
e 255 Sblizal Gl (sda el YO 5 (555
A eslanal

Je e Dbstl 5 55 U8 G sl el Sl
Cho edd ax g (S35 bl i sl bl
bl & ol (o5 ey 02 DB L e 5 4l e
g edd ax s Pl (S5 ol Ol e
Yin ) ads 4 S s ol a5 bl 5 e Ol s
s s «(et al. 2019; Otto et al. 2020; Zhao et al. 2021
5 BioMart glaolL 5l eslinel b SSlo,siil s (sla 3JUT
5w wlaly > 5 Genome Data Viewer
5 Sas g s gl Al plubs (Oar vA.0) win S
GeneCards 3T Sledbl okl 51 ael sty slais
UniProtKB E (http://www.genecards.org)

6LAJ~:JUT Colg s s eslead (http://www.uniprot.org)

5 b tes J-:JUT Gk ol s sl s Sas

i S 3 SUS 5 5 W5 L et e Sl o5 slao bl ) Jsis

SRS Sady s L bl ool - Jole 2 Gl it Sl 5,55, 3l oo
el LSS5 Sl (1) & i syl
e

eENF Y ARV \#/4% Y¥/A\ AAAEES A f1/49 OOYE\TIA O+ A ((’)f>)~‘”"\':j)5
o/eENE/Y dakeg/ey 44 Vv Y-/ YAYY QV/FfEe2/4) O+ A ((a)f) s Slds

Yav/or
AR AVVEAY AEARVAAY f/VY VARAY Vo /Y=Av/OY AIVAR A\ZAELV.VEE QA ) S e
eV Y v/rkeq/ey A\di vy Y—/aY Y4/0Y VO/YAE¥T/AN O A ((_)f) s e

YYA/AA
oo EYF/0Y eENO Y DA v/ OA YIA-VE/N . ARVARS O/rEA /50 ATALEVA ) e Aoy
YRV JeECEY o YEV AT 0\ N Y/o PV A0+ A St sl sbes

VFoY 30l /Y o Lol [ ooz 0590 /0y g9 <S55


https://mg.genetics.ir/article-1-1807-en.html

[ Downloaded from mg.genetics.ir on 2025-10-17 ]

Q‘)&A}L;Aww

et OleS” § g Wi b b o Dlho (0985 gy

Vsl iy LB s sl e g Ll K55 bl Ol
S5 4, ssBayesB s WSSGWAS sla s, ool 1 (3L
b S sbolen Ll SLIY 5 Y (sl K3 43 o s
el sty o ar 58 (Rl B (S5 S3lls Ol 3580
& s WSSGWAS (55 51 Sl LSNP 1 eslizl oS
e b 3L ) e e ey 05 .35 SS-BayesB ks,
Slis gl (LA a5 Gble) sdd a5 (S5 ilols
Lons oo n Ol w2 desd (o Ol ot M
OV /0% X/F8 s Sh sbdsbe sl 5 0,
Cowdas WSSGWAS 55, ol 5 o ;5 O/YY 5 Y/AL (F/0Q
Olys SS-BayesB s, Sl eslized b blis 55 () [S2) Lol
Sl U N oy 03 b ekl ax g S5 Wbl
s Ol e besd (o Ol et Mg Slie
FING X7 e S sbdshe slae 5 055, oo

(Y K8 el sty Ao 55 Y/A0 5 Y/FY YYD F/0Y

—
wy
3
[
T
0 1 4
Expected ~0gp
’ ,,(”'(/ -
g
H
:
£
8
T T T T
1 2
Expecied - g, g
R
PY L
- T
o
3 -
:
B
B
H
[
:
H
£
[
o

Expecied -logylg

Observed —logw()

S IS s ok okl Sliv b ks e Q-Q slaedl
Q) S5 o5 S padd Gl s pdioy ol 0l
A \j"\ 4.3\.:& ;u:w' u:’JJ d,:izf A_)'i\ BE S JJ\; S99
a3 AS1) Y FS o5 swrer J S £ ,sSB
I g8l s o LGS ) 55 e Sl b s e
sk sbade Dlas 5 0l s oy s b o
S 4 V/ved 5 V/eAY A/ VY OY0 N evs /Y s S
Ol 5 sy VUl L 558 e sdalin 45 sb0les oS
5 ams Sl Gl mer g sy ede el
o5 N S s 3 5y i JS L Slo ok
o Dl S sl 4 (S5l Sl ) sl L |

.(El-Halawany et al. 2016) <...;

ed - logy(e)
\

Expected ~0g..p)

Observed g i)

55

Expecied -log,.(p)

3 FY) m Jkie «F%) o doss (PY) i SMie (P i doys «(MY) 15 a5 s LS 5 5 Ay i sl Q-Q (sl wodly - I
(SCS) ks sadshe Jlae



https://mg.genetics.ir/article-1-1807-en.html

[ Downloaded from mg.genetics.ir on 2025-10-17 ]

et OleS” § 9 g8 b b o Dlho (0985 a9

O‘)&&A‘}&MW

90503, ko3 /7Y s5d Ol L7 oslad pgise S il
LY ool pyipes S 5 o /M) s s LY ojla
S )l S5 ebols 51 Ay /Y s su oS
st S LB e el pluld e LB a5 51 s
S oyl LEP 5 LYPLAL PPARGCIA sy 4 Ols
5 sSs sos Ol s abuly iE PPARGCLA 05
05 ol s FIESIS 5 pm e ST e e
3 SIS ke e il 53 e s MG i
S 0F el L8 4 g Lol 55 Dol
s Jloi=l 4 (53,51 5 st 5SS d sie 5> PPARGCIA
23 Slad ess dsb s 1 SIsle glansl s 05
Slasls 03yl walp Uy 5 A8 e eS| e slasls
(Khatib et al. 2007) s,ls (g ls,ms o35 53 1, ¢l> S sl
L PPARGCIA 05 5 350 Aok o ol3 e BL3)
liils GlaglS b 80 doss 5 Ol o My Slio
{(Fontanesi et al. 2014) ol ol 5158 UL

Shs oSV by w53 elol [2E LYPLAL 0
Lo, .(Lindholm-Perry et al. 2012) s,ls ai, 5 3 ,wae
Chios (s s Olaiin § s A 5 L LYPLAL 05 oo (sol3 xs
SILLS O3 cpeamen ((Banos et al. 2019) ool sl 5,158
(5P e plie (St G e (i s gulS L8 LEP
On Solagme BLIL ol o 3L S s osb
s 015 Ol S 53 e M L o 05 0 e
.(Mahmoud et al. 2014) cwl ol 5,18

Slio LSNP (slae oty BLS,I mls Y-C 5 Y-b S s
Slee sy e ipge b edalin b o Ol 5 Ao
o5 L0 oled paises S Soy e (Y Jsdr) (o555
ARAFYPRC s LY ol p;y,; o yd /YA S50
Shda,s V0 sgd =5 L) led pg5ses S 5 A
RECF SN[ S DI P

i Ao 5 Olge b lad e el lulis Gl sladss
o,L5l CHRM3 5 PTPN1 (CACNALC (slais & Ol o o

S

VFoY 30l /Y o Lol [ ooz 0590 /0y g9 <S55

55 loly $odoms e 55w Ol e |y el pl Lo
3 S codlsy (S50 Sliv) QTL (gobs slaws
Syl g el asl eSS Sny 555l 5 QTL -
el Bl 2 By ame bl Losles e Je
SSS e WSSGWAS iy aSul a5 L 05 ojlsw
53 S Y s s e olantl gla SO gl 1 bl )
o3ls Sl w0 slite gWal3s b 35 2 B s e
.(Fernando and Garrick 2013) s 55 .

3 oed ML ks Dbl Gl elind LS lagh o
pll le S cnbitdha lasls s o (S5 5 r SLSS
L has b amslie 53 GBLUP (gl o S os,y 25y 0l
335 ar S ) St (KI5 by Ol B s gl 1
odd plobd VL bl o535 Slae iy slad imen
sl gl ladlas js ooean (Lee et al. 2019) s
33 sns Solen o b ke LS e g5 Gbla
YT U5 b glacame> 3 (IHNV) e Sap siles
5,40 SS-BayesB 5 WssGWAS s Ll iy, 53 OlS 5,
B s WSSGWAS g bl 35, e 8 13 obs)l
Rl (S5 Wbl Ol U ) asS slae iy
5 o505 a5 |, SS-BayesB Ly, Loaslis o g aie
Vallejo et al. ) as lobs g iy WLQTL sluas pioman
(2019

i LWSSGBLUP 25, 51 Jool> o535 o 2 03 Ols
Lol Jotls &5 lae ey wld a5 S) wibols Ol
el a5 Dlio bl e S Gl il bl
S5 il Olas sl odls (55158 Y Jgdm 55 Ls g o
02 e ) o5 glee ey 1S Al ol a5
wlelid b bl s ead 218 @b b Gl 5l G
st O ey 5 et g e b ki e g5 bl
Sl 3 Shm sl SO i Sl el L (YY)
J> (Ariyarathne et al. 2021) 1l o o) 5wl (g 0
b MS She LSNP (glae oy Ll mls -2 S
S0y sl S Sbhe iy i Ssde sdalie

w50 o wriSa (V dsdr) o b bl e gl


https://mg.genetics.ir/article-1-1807-en.html

[ Downloaded from mg.genetics.ir on 2025-10-17 ]

Q‘)&A}L;-wa

et OleS” § g Wi b b o Dlho (0985 gy

o
Z
.
T
=
1
B
Chromosome
C
=
=
g
g
o
i
=
Chromosome
E
=
2
L
5.
#
it 23 2 BT el me

Chromosome

Yo-var-exp

Yo-var-exp

Yo-var-exp

Chromosome

B omom oM

Chromosome

Chromosome

Olsee (€ ¢z doys (0 s W5 @1 Lo e UKV (lae 2y 5l ool ol i 55 Ll bl (S5 bl doys 5 BLII ozgie (slasls gas =Y K3

el ol ﬁ‘)\ﬁ& J.:::JJ:' Q‘J;.Aj Loy l; .E.JJA QLML'
YA s S Y oolad paisas S Say ) Akl (g tege
0555035 S5 e85 i OF 5l 5 Wl S Ao
51 S e a5 1y elols Sl Ay Y0 sl 45 4 6l
SLO3 (eBsn dens 5 Ol b ki b ae o]

el Cewsas ANGPTL 5 PCSK5 (glasuls

ki Sldles s CACNALC (S 05 dads ol s Sl &S
Oldiin 8 53 b o gladanl LBy, b (gyls jne LS
Rovadoscki et al. ) <l el 3,158 Santa Inés sl5 g
il e ke b JsadS lude L PTPNL 05 (2018
Bl 5ty 5 Ay e plis 53 PTPNL 05 cpimas
D0 ) coul ol o158 ol oo Slae b 05 ol (Suls s
SNP (slae 2=y LLS )| zl T-e Y-d JK5 s (etal. 2018



https://mg.genetics.ir/article-1-1807-en.html

[ Downloaded from mg.genetics.ir on 2025-10-17 ]

e D 5 3 M5 b 5 0 i 0333 oy s 5 Skt

47 A 4 B
3 37
&
=5
I t 24
F o2 =
] i
% £
&
1
1
. .
. - .
. 5 . . [ ] - b Lo i .
2 . = L i 0 ! ! I T T Tt
0- T T T T LI I B R I B R B 1 2 3 456 B8 10 13 16 18 22 26
1 2 3 456 8 10 13 16 19 22 26 on
romasome
Chromasome
4 -
C 4
D
3 3
-
— -
z =
L o2 ¥
g 2 2 24
z %
= B
1 1
.
.
.
. & g * -
o =2 P - Sam o L b * LY I P .
0- T L B e i e e o -
1 2 13 456 a 10 13 1% 19 22 2§ 1 2 3 456 & 10 13 16 19 22 26
Chromosome Chromasome
5 E 4 F
4
3
3 -
=
=
% Y
H g
i Lozq
£ 24 T
T
ES
' 1
. P
a- T i T T L T T L -
1 2 3 4656 B 10 13 18 19 22 28 . ) c . .
o
Chromasome
1 2 1 458 & 10 13 46 19 22 26
Chromosome

Q‘ﬂ.a(c CS o el ) ‘Jt“: J:J}S (abh.ﬁfé)b&\ le.hafu.l)] J«a\;—n.&.& a5 L;L.llj_e\ é:bjuuli)\)w))j.buj‘u;wéu)b}u—vJg.&

.Bﬂéld}f&&j)ﬂ&fﬂ@-*{gsud)bjlﬁh\(fEwﬁjﬁ‘)lk@(e EJ:S}J;TJ«;).:(d ST

VFoY 30l /Y o Lol [ ooz 0590 /0y g9 <S55


https://mg.genetics.ir/article-1-1807-en.html

[ Downloaded from mg.genetics.ir on 2025-10-17 ]

Q‘)&QAJL;-LWM

et OleS” § g Wi b b o Dlho (0985 gy

vty Solo opl 2580 sbml Oy JIs i pie adeesa
S Wl s sa B 5 b SL o sl Sl s i
ORIl s Oy 3 ol 5 el e DU I
e LedkS 5 WS SR s e od 5 SOl s slad sk
IR SO A P ICH [P VO NCH [ I
Wl S S Gosn 03 Solew i n S Goles

3,8 5 K e ool Pl sl 5o Ll e
2 = B s sd S5 Sl (S el i bagS sl
S gosba Al Ol 4 el 3 i 1 S s O
IL26 05 s B lsS] gl 53 ob 5 515 gl 53 b
Lols el sagaly 53 GAlS 2 daenS sule o5 8 55 o
Wang et ) ol,Kes 5 Sl axllas 4> .(Dzomba et al. 2023)
Dby £33 lom b 15 il U B3I s 1L26 35 (al. 2020
S o el eSSl 5 SL hes el o]

el odd 55158 s cpliids (g0

i sS kS L lad e Slis b gyls ias bLi, PCSKS 03
33 Oemen (LI 2019) ol i SIS 258 slaslS s
Sl sxe bL,I (Jiang et al. 2019) 0 Kas 5 Kl axllas
b LS 5 L s e o LANGPTL 03 s JISS dr oy
LS S8 e plide glaslS s

e i LSNP (glee iy BL5J mls T S5 s
3> Sa o) sk e el edd L) G glad sl
3 ool Sl Aoy /A sade 5T e led g5 ges S Sl el
VAV sgde 8 ooslad psises S Sa) g dlae OF 51
ol Ll lals S o a5 1) bl S Ao
SLoj @ 05 o S slade slae cido b L e o
3 S o,LAINEGR1 5 IFNG (IL26

ol Bl Rl s IS e gl (S s b
Oly oy B laolo (i gl Lol m e W5

S ol $h~4 She L;a)j: L;)L“‘:‘ “'ii QL\M\;N fjj ol 0l

old oLl Gl s 5 0 olle Slio 5 S5e ol a5 20158 S5 o~bols Mpw,.,,...“ml.:d)'lili» Voo slae ey =Y Jodt

1L slad s (S5 bols Ol Gl il Gl g2 ST o
(1) s
A
PPARGC1A Vinn% FAYASEOF FVFA4VAA I4
LYPLAL, FAM13A, NAP1L5 VN £1FFOAO] FOPEONSY 2
LYG2, MRPL30, MITD1, C20rf15, MYHS, . vy YEATYY v
TSGA10, MGAT4A
KCND2, LEP, TSPAN12 VALY QYTATOAY 4YTV14) ¥
s e 5 Ao
ATP6V1EL, TUBA8, CDC42EP1, LGALS2, YVE D1 YYars. yry v
GGA1, CACNAILC, U6, PDXP
ROBO2, U2 YOV VOV AY 45 V0PV P YSFO \
UBE2V1, CEBPB, PTPN1, PARDG6B, R AOYAAEY Ry -
BCAS4, DPM1, KCNG1, MOCS3
ZNF248, BMS1, CHRM3, ZNF33B AZNY AFYVATFY AYYYYFFY A
DRGX, ERCC6, SLC18A3, C25H100rf53,
OGDHL, PARG, TIMM23B, SNORA74, DARL OV VYV YO
MARCHF8, ZFAND4 FPYarYw
S5 ol
VPS13A, FOXB2, GCNT1, RFK, PCSK5 DAR\Y FEFATYAN YA YA Y
ANGPTL, ABRA, OXR1 Y0¥ VASYOTOA VYV SYYY q
S sladshe slas
LAP3, MED28, FAM184B, DCAF16, VY VYYD FAVTAGSY s
NCAPG, LCORL
LMO3, MGST1, SLC15A5, PEX26, STRAP JYAY AARAXAAIN YAYTEVEY. Y
CPM, SLC35E3, NUP107, RAP1B, MDML1, T LSTyeatTs VR "
1L22, IL26, IFNG



https://mg.genetics.ir/article-1-1807-en.html

[ Downloaded from mg.genetics.ir on 2025-10-17 ]

et OleS” § 9 g8 b b o Dlho (0985 a9

O\)&.«.A}‘_giww

0 S J;Lq& WssGWAS d‘ﬁd}-)ﬁ 5 U’i’}) Y (:bul
3 SB35 bl Olsee 4 55 55 SS-BayesB s, b avsli
25 el Iy gl Gl o 55 Gble 5 sls OLES 5
53 okd plubs Ll lads S5ssm 2 Shes 4 ax 5 L
2 kS e Wl A8 e Sl LSS s WL ks
Sl S5 g3 IS S e 2D S e ens
s 55 1y @olasl gad s Slis Les) Lhs ), GBLUP

Bl 3 JﬁU

&lw

Aguilar I, 1 Misztal, DL Johnson, A Legarra, S Tsuruta
and TJ Lawlor (2010) Hot topic: a unified approach to
utilize phenotypic, full pedigree, and genomic information
for genetic evaluation of Holstein final score. Journal of
Dairy Science 93:743-752.

Ahbara A, Bahbahani H, Almathen F, Al Abri M, Agoub
MO, Abeba A, Kebede A, Musa HH, Mastrangelo S, Pilla
F, Ciani E, Hanotte O, Mwacharo JM (2019) Genome-
Wide Variation, Candidate Regions and Genes Associated
With Fat Deposition and Tail Morphology in Ethiopian
Indigenous Sheep. Frontiers in Genetics 9:699.

Ariyarathn HBPC, M Correa-Luna, HT Blair, DJ Garrick
and N Lopez-Villalobos (2021) Identification of Genomic
Regions Associated with Concentrations of Milk Fat,
Protein, Urea and Efficiency of Crude Protein Utilization
in Grazing Dairy Cows. Genes (Basel) 12:456.

Banos G, EL Clark, SJ Bush, P Dutta, G Bramis, G
Arsenos, DA Hume and A Psifidi (2019) Genetic and
genomic analyses underpin the feasibility of concomitant
genetic improvement of milk yield and mastitis resistance
in dairy sheep. PL0S one 14:e0214346.

Cheng H, RL Fernando and DJ Garrick (2018) JWAS:
Julia implementation of whole-genome analysis software.
Proceedings of the World Congress on Genetics Applied
to Livestock Production, 11.859. Auckland, New Zealand.
Christensen OF and MS Lund (2010) Genomic prediction
when some animals are not genotyped. Genetics Selection
Evolution 42:242.

Cappio-Borlino A, Portolano B, Todaro M, Macciotta
NPP, Giaccone P (1997) Lactation curves of Valle del
Belice dairy ewes for yields of milk, fat and protein
estimated with test day models. Journal of Dairy Science
80:3023-3029.

Do DN, FS Schenkel, F Miglior, X Zhao and EM Ibeagha-
Awemu (2018) Genome wide association study identifies

VFoY 30l /Y o Lol [ ooz 0590 /0y g9 <S55

S il ol i oSl GO UFNG) LB-0 5 5
oS Slexlg b oaxlpe 53 el mul Ol Coeal
lasdlls 5 .(Pinedo et al. 2009) ol sl jasie o gta
53 b Ol pos 5 Joms IS sad) Ll Gua L

G s Sl 5l (S Olgew IFNG 05 (g S8
.(Sharifi et al. 2018) <ol o 5,158

S (S 4

SS- 5 WSSGWAS (glal> o0 SO o5, 218 iass ool s
O3 5 euises,S sble pluls Csus L BayesB

S Ol S 5 (golaiil & Sl L Lie gluwls

novel potential candidate genes for bovine milk cholesterol
content. Scientific Reports 1:13239.

Di Gerlando R, Sutera AM, Mastrangelo S, Tolone M,
Portolano B, Sottile G (2019) Genome-wide association
study between CNVs and milk production traits in Valle
del Belice sheep. PL0S ONE 14:e0215204.

Dzomba EF, Van Der Nest MA, Mthembu JNT, Soma P,
Snyman MA, Chimonyo M, Muchadeyi FC (2023)
Selection signature analysis and genome-wide divergence
of South African Merino breeds from their founders.
Frontiers in Genetics 13:932272.

El-Halawany N, Zhou X, Al-Tohamy AF, El-Sayd YA,
Shawky AA, Michal JJ, Jiang Z (2016) Genome-wide
screening of candidate genes for improving fertility in
Egyptian native Rahmani sheep. Animal Genetics
1:10.1111.

Fernando RL and DJ Garrick (2013) Genome-Wide
Association Studies and Genomic Prediction. Berlin:
Springer Series 1:237-274.

Fontanesi L, DG Calo, G Galimberti, R Negrini, R
Marino, A Nardone, P Ajmone-Marsan and V Russo
(2014) A candidate gene association study for nine
economically important traits in Italian Holstein cattle.
Animal Genetics 45:576-580.

Guarini ARDA, L Lourenco, LF Brito, M Sargolzaei, CF
Baes and F Miglior (2019) Genetics and genomics of
reproductive disorders in Canadian Holstein cattle. Journal
of Dairy Science 102:1341-1353.

Jiang J, L Liu, Y Gao, L Shi, Y Li, W Liang and D Sun
(2019) Determination of genetic associations between
indels in 11 candidate genes and milk composition traits in
Chinese Holstein population. BMC Genetics 1:48.

Khatib H, | Zaitoun, J Wiebelhaus-Finger, YM Chang and
GJ Rosa (2007) The association of bovine PPARGC1A
and OPN genes with milk composition in two independent


https://mg.genetics.ir/article-1-1807-en.html

[ Downloaded from mg.genetics.ir on 2025-10-17 ]

Qb&a.h)‘_;d.ww

et OleS” § g Wi b b o Dlho (0985 gy

Holstein cattle populations. Journal of Dairy Science,
90:2966-2970.

Komprej A, Gorjanc G, Kompan D, Kova¢ M (2009)
Covariance components by a repeatability model in
Slovenian dairy sheep using test-day records. Czech
Journal of Animal Science 54:426-434.

Lee J, H Cheng, D Garrick, B Golden, J Dekkers, K Park,
D Lee and Fernando R (2017) Comparison of alternative
approaches to single-trait genomic prediction using
genotyped and non-genotyped Hanwoo beef cattle.
Genetics Selection Evolution 49:2.

Lee S, C Dang, Y Choy, C Do, K Ho, J Kim, Y Kim and J
Lee (2019) Comparison of genome-wide association and
genomic prediction methods for milk production traits in
Korean Holstein cattle. Asian-Australas Journal of Animal
Science 32:913-921.

Lei H (2019) Impact of Genetics on Meat Quality of Pigs
and Beef Cattle. Ph.D. Thesis, University of Alberta,
Edmonton, AB, Canada 2019:1-275.

Lindholm-Perry AK, LA Kuehn, TP Smith, CL Ferrell,
TG Jenkins, HC Freetly and WM Snelling (2012) A region
on BTA14 that includes the positional candidate genes
LYPLAL, XKR4 and TMEMG68 is associated with feed
intake and growth phenotypes in cattle. Animal Genetics
43:216-2109.

Li H, XL Wu, RG Tait, S Bauck, DL Thomas, TW
Murphy and GJM Rosa (2020) Genome-wide association
study of milk production traits in a crossbred dairy sheep
population using three statistical models. Animal Genetics
51:624-628.

Lourenco DAL, BO Fragomeni, HL Bradford, IR
Menezes, JBS Ferraz and | Aguilar (2017) Implications of
SNP weighting on single-step genomic predictions for
different reference population sizes. Journal of Animal
Breeding and Genetics 134:463-471

Mahmoud A, A Saleh, N Almealamah, M Ayadi, A Matar,
F Abou-Tarboush, R Aljumaah and M Abouheif (2014)
Polymorphism of leptin gene and its association with milk
traits in Najdi sheep. Journal of Applied Microbiology
8:2953-2959.

Marina H, Reverter A, Gutiérrez-Gil B, Alexandre PA,
Porto-Neto LR, Sudrez-Vega A, Li Y, Esteban-Blanco C,
Arranz JJ (2020) Gene networks driving genetic variation
in milk and cheese making traits of Spanish Assaf sheep.
Genes 11:715.

Meuwissen T, TR Solberg, R Shepherd and JA Woolliams.
(2009) A fast algorithm for BayesB type of prediction of
genome-wide estimates of genetic value. Genetics
Selection Evolution 41:50- 63.

Mohammadifar A, Mohammadabadi MR (2011)
Application of Microsatellite Markers for a Study of
Kermani Sheep Genome. Iranian Journal of Animal
Science 42:337-344.

Mohammadabadi MR (2016) Inter-Simple Sequence
Repeat Loci associations with predicted breeding values of
body weight in Kermani sheep. Genet 3rd Millennium
14:4383-4390.

Mohammadabadi MR, Asadollahpour Nanaei H (2021)
Leptin gene expression in Raini Cashmere goat using Real

Time PCR. Agricultural Biotechnology Journal 13:197-
214.

Mohammadabadi M, Masoudzadeh SH, Khezri A (2021)
Fennel (Foeniculum vulgare) seed powder increases Delta-
Like Non-Canonical Notch Ligand 1 gene expression in
testis, liver, and humeral muscle tissues of growing lambs.
Heliyon 7:e08542.

Misztal 1, Samuel EA, Muir WM (2013) Experiences with
a single-step genome evaluation. Poultry Science 92:2530-
2534,

Misztal I, S Tsuruta, DAL Lourenco, Y Masuda, | Aguilar,
A Legarra and Z Vitezica (2019) Manual for BLUPF90
Family Programs. Available online:
http://nce.ads.uga.edu/wiki/doku.php?id=documentation
(accessed on 11 November 2019).

Otto PI, SEF Guimardes, MPL Calus, J Vandenplas, MA
Machado, JCC Panetto and MVGB da Silva (2020) Single-
step genome-wide association studies (GWAS) and post-
GWAS analyses to identify genomic regions and candidate
genes for milk yield in Brazilian Girolando cattle. Journal
of Dairy Science 103:10347-10360.

Pinedo PJ, CD Buergelt, GA Donovan, P Melendez, L
Morel, R Wu, TY Langaee and DO Rae (2009) Candidate
gene polymorphisms (BolFNG, TLR4, SLC11A1) as risk
factors for paratuberculosis infection in cattle. Preventive
Veterinary Medicine 4:189-196.

Raschia MA, JP Nani, HA Carignano, AF Amadio, DO
Maizon, MA Poli, | Nacional, DT Agropecuaria, | De
Genética and EA Favret (2020) Weighted single-step
genome-wide association analyses for milk traits in
Holstein and Holstein x Jersey crosshred dairy cattle.
Livestock Science 242:104294.

Rovadoscki GA, SFN Pertile, AB Alvarenga, ASM Cesar,
F Pértille, J Petrini, V Franzo, WVB Soares, G Morota and
ML Spangler (2018) Estimates of genomic heritability and
genome-wide association study for fatty acids profile in
Santa Inés sheep. BMC Genomics 1:375.

Safaei SMH, Dadpasand M, Mohammadabadi M (2023)
An Origanum majorana Leaf Diet Influences Myogenin
Gene  Expression,  Performance, and  Carcass
Characteristics in Lambs. Animals 13:14.

Sharifi S, A Pakdel, M Ebrahimi, JM Reecy, S Fazeli
Farsani and E Ebrahimie (2018) Integration of machine
learning and meta-analysis identifies the transcriptomic
bio-signature of mastitis disease in cattle. PLoS One
13:0191227.

Sutera AM, B Portolano, R Di Gerlando, MT Sardina, S
Mastrangelo and M Tolone (2018) Determination of milk
production losses and variations of fat and protein
percentages according to different levels of somatic cell
count in Valle del Belice Belice dairy sheep. Small
Ruminant Research 162:39-42.

Sutera, AM, A Moscarelli, S Mastrangelo, MT Sardina, R
Di Gerlando, B Portolano and M Tolone (2021) Genome-
Wide Association Study Identifies New Candidate
Markers for Somatic Cells Score in a Local Dairy Sheep.
Frontiers in Genetics 12:643531.

VanRaden, PM (2008) Efficient methods to compute
genomic predictions. Journal of Dairy Science 91:4414-
4423.

VPY 5l 1Y o Loy /poazs 0599 / (0 g5 S -



https://mg.genetics.ir/article-1-1807-en.html

[ Downloaded from mg.genetics.ir on 2025-10-17 ]

et OleS” § 9 g8 b b o Dlho (0985 a9

O\)&.«.A}‘_giww

Vallejo RL, H Cheng, BO Fragomeni, KL Shewbridge, G
Gao, JR MacMillan, R Towner and Y Palti (2019)
Genome-wide association analysis and accuracy of
genome-enabled breeding value predictions for resistance
to infectious hematopoietic necrosis virus in a commercial
rainbow trout breeding population. Genetics Selection
Evolution 51:47.

Wang H, | Misztal, | Aguilar, A Legarra and W Muir
(2012) Genome-wide association mapping including
phenotypes from relatives without genotypes. Genetics
Research 94:73-83.

Wang D, L Liu, SMA Augustino, T Duan, TJ Hall, DE
MacHugh, J Dou, Y Zhang, Y Wang and Y Yu (2020)
Identification of novel molecular markers of mastitis
caused by Staphylococcus aureus using gene expression
profiling in two consecutive generations of Chinese
Holstein dairy cattle. Journal of Animal Science and
Biotechnology 11:98.

Yin, H, C Zhou, S Shi, L Fang, J Liu, D Sun, L Jiang and
S Zhang (2019) Weighted Single-Step Genome-Wide
Association Study of Semen Traits in Holstein Bulls of
China. Frontiers in Genetics 10:1053.

Zhao B, H Luo, X Huang, C Wei, J Di, Y Tian, X Fu, B
Li, GE Liu, L Fang, S Zhang and K Tian (2021)
Integration of a single-step genome-wide association study
with a multi-tissue transcriptome analysis provides novel
insights into the genetic basis of wool and weight traits in
sheep. Genetics Selection Evolution 53:56.

VFoY 30l /Y o Lol [ ooz 0590 /0y g9 <S55

Zhang X, D Lourenco, | Aguilar, A Legarra and | Misztal
(2016) Weighting strategies for single-step genomic
BLUP: an iterative approach for accurate calculation of
GEBV and GWAS. Frontiers in Genetics 7:151.

Zhou C, C Li, W Cai, S Liu, H Yin, S Shi, Q Zhang and S
Zhang (2019) Genome-Wide Association Study for Milk
Protein Composition Traits in a Chinese Holstein
Population Using a Single-Step Approach. Frontiers in
Genetics 10:72.


https://mg.genetics.ir/article-1-1807-en.html
http://www.tcpdf.org

