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Introducing candidate Genes Associated with the Milk and Wool
Production Traits in Sheep
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Rl ss peslimal WS Slis 3l gl ol LWL lad]
Slio sl logast ol LLS Sl sl |y so b il
Ol oz sla i, Sl eslizal b ool 4 Olg s &S
GWAS axlllas .(Cao et al. 2020) ol 03 5l b 51> 55
STE X OARL 5, 1y SQTL il sl o
Sliv g5, OIS L e 55 Llulis OARE (53, o34
Matika et al. ) L ls Soeer Olgianl 5 oy ( SHas
o g e SSae Y WS sl Ol (5 K5 axdlas (2016
5 A e NS G Ul gy i S WS 035
355055 ogme (Shean dw iy 035 (Semen el
O35 2 S Y 5V lapsises s o sb Sana ¢y
sdalin 2l i ) 51 Comar 3 LG ik S oty
@bl Slis S35 e (Ebrahimi et al. 2017) .
Sshe JRS 05 by ke s Sl el sl
Osd s, S GWAS .(Mohammadabadi et al. 2021)
Clio b ) Gble Gn SbLE plubs Gl 428
P s Qb 50 8 Sy e 5l s
bl 23S nl s e el e 5l G s L e
S 4 Sl Sl s TONP) s iy S IS
A 8l p e 3500, SQ GWAS W1y > a5 g0 a8 S
srsd Slo b S Dbl gl 5 wals sbeo)
Slais, GWAS s o ole (Ozaki et al. 2002) ol Cilise
S dls ol eS8 s s, slanbesl 3 5l s s
S LS 3 Sl i o 5 g2 s DNA O 5dlze 'RNA
L ol (S5 Uil glsl 5 o Shas slad) alubs sl
L,S o 3 eslanad 5y0e diw S 5 (olail e Slao
@) Sy 9 ol ool (Song-Song and Meng-Hua 2017)
Soser 3 MF SRl e ol K8 gy clie (S35
Slaasl Ghomer s p opl 3l Gds A8 s Jal DUl
Lo 5 LA Glal) aies L3 old 3158 Slids il

.@l,\;@ﬁﬂ:)r:ié.x;j:owb.

® Single-nucleotide polymorphism
* selective sweep tests

®> RNA-sequencing

® copy number variations
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Ahsani et al. ) &,ls gl 28 glsal Gble 5 Sl
S5 Sl «»! sty .(2010; Vajed Ebrahimi et al. 2017
S5 s Sl S5 Sty s Capde  AST L
Zamani et al. 2011; ) ol s, 55 5 (93L 3 Coenl 51 Jls>
sskas .(Mohammadabadi 2016; Ghotbaldini et al. 2019

M s Sosn @gle KN s woledl oL S
Sy Sl e Wy 5 g5 s Ses (215l b i S
Ahsani et al. 2011; Mohammadabadi et al. 2017; ) L ..
Lo S (SIS 5 b5 (Amiri Roudbar et al. 2018
WS A sl e Olge (S Ly B S son
(el QLT S5 gl adsl sasls 31 S aS s (2
Cooal Jdsa Sl o3y Sl am g ssse oslsen Sl
Olteils cgslasl L 5l of Oldg 5 diw S s
5 ENES Doy e R Gl ke Olids
Al Sl el b (S35 e 51 S Sl s
Miles ) Llosls plosil '(QTL) (o5 Slio L0 5 o s
L ke glaos plulis 144y was 51 (and Wayne 2008
23 el 0l gl sl Sl s calse odomy Clio
Slivs plls Gl @olpl Olsew QTL 3l eslizal Lldle b
QTL (5L slani ax ST ez 8 )13 o sl 55 g soladl
olsale 5, Gl Sl Sl elid b oy Slie sl
Ol bl alsls ¢S Sl 428 b5 Ll sl 0 glalis
4l Ysome QTL & ol ol ol sds Js ol 55
Sl Jeilty s 5 sba 8 Llagy o 15 p 5551 (S5
55 oS byl Sldllae 55 s )0 e 5T 03
Zhang etal. ) il anw 5 SIS opl 035 5 sl (GWAS)
sl sl GWAS) s 55 blsl Sllas dies S 55 (2012
Aol Fli g S sl Shs kuea L
el gl GWAS 5l o35 4l .(Johnston et al. 2011)

! Quantitative trait loci
% Genome wide association study
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Ll s nodls 5 o5 sbals sl gl (db.org
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ol iden S 55 LOJ 5len S 5 cnl o 8 s iy S 2
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Corral et al. 2010; Noce et~ Merino sheep, JCRRR casein alpha s1 94699768..94716493 6 CSN1s1
al. 2016; Giambra et al. East Friesian . casein beta 94727455..94736605 6 CSN2
2014 Dairy and e casein kappa 94918390..94930149 6 CSN3
Lacaune 5 o
sheep @3linl Slhos pa
Rashaydeh et al. 2020; Awassi S 5 beta- 3 LGB
Bayraktar 2021 sheep, i lactoglobulin
Hamdani 3 IR A
Sheep PEBT
Wickramasinghe et al. Ghezel sheep, O el Sl very low 76235934..76267784 2 VLDLR
2008; Farhadian et al. density
2020 lipoprotein
receptor
lipoprotein 48325425..48351715 2 LPL
lipase
Symeou et al. 2020 Chios sheep R fatty acid 12314481..12333275 11 FASN
synthase
acetyl-CoA 50103918..50348330 11 ACACA
carboxylase
alpha
Anderson et al. 2007; Ghezel sheep O sl alss sterol 28662503..28680451 11 SREBF1
Farhadian et al. 2020 regulatory
element-
binding
transcription
factor 1
sterol 233718338..233782907 3 SREBF2
regulatory
element
binding
transcription
factor 2
Bionaz et al. 2008; Ghezel sheep A xanthine 98563643..98631660 3 XDH
Farhadian et al. 2020 dehydrogenase
butyrophilin 34164583..34170958 20 BTN1Al
subfamily 1
member Al
Pecka-Kietb et al. 2020; Hamdani e e solute carrier 110356160..110360877 1 SLC27A3
Bayraktar 2021 Sheep family 27
member 3
Wickramasinghe et al. Ghezel sheep 555V e lactalbumin 147491761..147493791 3 LALBA
2012; Farhadian et al. alpha
2020
Dettori et al. 2020 Sarda Sheep 55SY (6l gmn prolactin PRLR
receptor
Marina et al. 2020 Spanish Assaf 33l 5t g solute carrier 40611903..40722923 26 SLC20A2
Sheep o family 20
s s member 2
inositol 1,4,5- 23015238..23363543 19 ITPR1
trisphosphate
receptor type 1
neuroendocrine 38740228..38976806 13 PCSK2
convertase 2
CD44 molecule 70685940..70775436 15 CD44
Dettori et al. 2020 Sarda Sheep 4 s sl Pl protein O- 64030413..64054860 13 POFUT1
fucosyltransfer
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Sallam. 2021 Barki sheep Aoy ph A toll like 6068483..6078971 2 TLR4
. receptor 4
T S O
Loys )'}:Sy Aoy
3 Jsloee Aol 5l 4
g
Abousoliman et al. 2020; Barki Sheep 5 b A s Slas leptin 101297507..101302245 4 LEP
Mahmoud et al. 2014 Najdi sheep )
el Sy EW-R
EWPN ORI growth 72163946..72181117 4 GHRHR
) hormone
d03 3 gt 53 sl releasing
&S s hormone
receptor
oy Dl b Lo 0 S0 e (et 5 o 5 =Y
o A S5l 5 e O 5 Cnd g P35S o3
Author(s) Sheep breed Trait Gene Position(bp) Choromosome Gene
description
Sallametal.  Barki sheep oy Sl keratin associated protein 6-1 133365324..133365936 1 KAP6-1
2020
Mohammadi et Zandi sheep iy ks keratin-associated protein 11- 132879056..132880054 1 KAP11-1
al. 2020 ) 1
Maetal. 2020  Chinese 3 S calics atypical cadherin 1 17392183..17514225 26 FAT1
Merino o
» ISP S e
thrombospondin type laminin 287787229..287878982 1 TSPEAR
G domain and EAR repeats
Wang et al. Chinese = sl il b, s tyrosine 3- 84225055..84258975 9 YWHAZ
2014 Merino " monooxygenase/tryptophan
dm e IsE 5 monooxygenase activation
protein zeta
keratinocyte associated 36019530..36020962 3 KRTCAP3
protein 3
Wang et al. Chinese iy S by s phosphoinositide-3-kinase PIK3R4
2014 Merino " regulatory subunit 4
Zhaoetal. 2021  Alpine e e s b
Merino Ul s Sl
sheep, o .
Aohan fine- = ol
wool sheep SUl
and kinesin family member 16B 10486456..10787202 13 KIF16B
Qinghai protein tyrosine phosphatase 14245124..14400792 2 PTPN3
fine-wool non-receptor type 3
sheep G protein-coupled receptor 217233112..217253460 3 GPRC5A
class C group 5 member A
DEAD-box helicase 47 217294565..217308548 3 DDX47
10 TCF9
24040933..24079800 10 TPTE2
ephrin type-A receptor 5 88833081..88889823 6 EPHAS
neurobeachin 28245289..28912136 10 NBEA
ubiquitin-conjugating enzyme 139068007..139162191 2 UBE2E3
E2 E3
rhophilin Rho GTPase 46316437..46387023 14 RHPN2
binding protein 2
neurexin 1 78421231..79629988 3 NRXN1
S s ;':‘QL:‘
s sl Sl ankyrin repeat and 60057679..60102551 11 ANKFN1
SUl fibronectin type-111 domain-
’ containing protein 1
TNF superfamily member 4 44187802..44209767 12 TNFSF4
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ks bl oy, C-C chemokine receptor type 55182838..55192080 19 LOC101117971
Sl
SU G Jsb GTP binding protein 91114552..91127918 9 GEM
i overexpressed in skeletal
muscle
a3 skl Gl neuroligin 1 232267096..232294935 1 NLGN1
. Sl ubiquitin specific peptidase 225848989..225984436 1 USP13
Alpine : 13
Merino
sheep, S LG b EWS RNA binding protein 1 77796718..77823166 17 EWSR1
Chinese _
Merino ek Y]
sheep, neurofibromin 2 78005983..78076570 17 NF2
Aohan fine-
Zhaoetal. 2021 wool sheep calneuron 1 29311310..29832077 24 CALN1
Cavalcanti et al. and integrin beta-1-binding 84210680..84272589 1 LOC101117031
2017 Qinghai protein 1 pseudogene
Kijas et al. 2012  fine-wool
sheep F-box and WD repeat domain 24135120..24170707 2 LOC101123603
containing 12
multivesicular body subunit 9862389..10062196 3 MVB12B
12B
phosphatidylinositol transfer 13432170..13695031 11 PITPNC1
protein cytoplasmic 1
oty 853 LOC105604756
o o 2 neuregulin 3 39671004..39722758 25 NRG3
G el integrin beta-1-binding 84210680..84272589 1 LOC101117031
protein 1 pseudogene
neuroblastoma breakpoint 103348644..103409650 1 LOC101112943
family member 6-like
vav guanine nucleotide 89478487..89904012, 1 VAV3
exchange factor 3
uncharacterized 62191812..62219492 7 LOC105607291
LOC105607291
e oy Ao SRC proto-oncogene, non- 69080326..69134806 13 SRC
receptor tyrosine kinase
S L Cnslie beta-carotene oxygenase 2 25021687..25091194 15 BCO2
o s phosphoglucomutase 2 like 1 56801424..56861752 15 PGM2L1
] )
poly(A) polymerase alpha 61859330..61913847 18 PAPOLA
family with sequence 41730661..41763019 22 FAM204A
similarity 204 member A
chloroplastic group I1A intron 24646711..24655502 22 LOC105604253
splicing facilitator CRS1
melanocortin 1 receptor 15487155..15488108 14 MC1R
melanocyte inducing 33090888..33382201 19 MITF
transcription factor
agouti signaling protein 66447625..66475187 13 ASIP
KIT proto-oncogene, receptor 77314286..77396573 6 KIT
tyrosine kinase
Frizzled class receptor 2 18732255..18735587 11 FzZD2
Cavalcanti etal.  Brazilian = K melanocortin 1 receptor 15487155..15488108 14 MCI1R
2017 Crioula
sheep
Baazaoui etal.  Noire de o K follistatin 26932247..26938983 16 FST
2020 Thibar
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Shietal. 2021  Minxian ey S5, dopa decarboxylase 6520762..6615431 4 DDC
black fur dopachrome tautomerase 77492320..77531872 10 DCT
tyrosinase-related protein 1 87540602..87556595 2 TYRP1
tyrosinase 7263508..7379924 21 TYR
el 51 eslanl L 51 o u) g Oblly 5 i (galaal Coxy g g lo

Lol b LS e Ll Glaos plulid 5 ol Jla) 5 1 (5 2
AP Gl Ol (S5 el m DsBvee A5
51 58 (Marina et al. 2020) ol oo (5l sy 2L
Aoy Avosgd &S Cl Ll @l) sla Sy, s
g5 Sl elb ie S s e S Ol s
S ol k-Cn 5 B —Cn ws2-Cn wsl-Cn ¢ JoLs 558
Ols CSN3 5 CSN2, CSNLS, CSNISL (slal5 b 55 ol e
.(Noce et al. 2016; Barillet et al. 2005) L& . Mg 5
O3 ol 55 Gl 5 SO JSadr 45 Sl sl et
emed 5 oo Aend 5 pEsn dons ek A5 L
Corral et al. 2010; Noce ) s,ls bls,l 5 gslanil Dl sast

(et al. 2016; Giambra et al. 2014
55 AKE W i Oge S5 s S eslinad b addllas G s
5 asedkd sbul L Cotle 5 b WS Slis 4 by
5 CD44 PCSK2 dTPRL (slag; 45 Lsg o35  aseie
s asl el e b bLSSI s 4l ) s SLC20A2
o3 ladlas s (Marina et al. 2020) )ls (g S5 L u
S AS S S Sk G &S Sl eld asls
Ll iy 4 b sl il 5 POFUTL 03 51 Jool>
B-) 388 55N L (Dettori et al. 2020) 5,15 5 g5 s jxe
Lds S e 53 3 g g0 gr SRS 555 3l (lactoglobulin
5 iy Sl oK 5y ot euSslinl 5 Bls 534S o
2n BB s ae Olpea VU e 550 sl
LGB 0} kuwy 55, pl .(Moatsou et al. 2005) AL .
53 Gles S, bas B-lactoglobuling JSCone 555 o Ol
U mor o Sl el 3 ki S glasls Sl (g ke

sl 4 S

! Casein

L S 3 b A5 Slas b ks e S5e slal)

o33 QLES Y IS 55 ol A L ks e a0 e 55 4SS
e S T s s slao oK IS8 ol s ol e
X/00 10 8 amys o ge YA :baad sl TV ilse S sl L
Sy laad sl /848 1 abse (Sh 1S oo b st
sl osls 0Lz < 1.0e-16 PPl (g3l o6 p lads 5 ¥ ol
5 BTN1AL LALBA (CSN3 (CSN2 (CSN1SL slagys .ol
o2 b K Bl 5 X, e 13 s S s PRLR
LPL ACACA SREBF1 FASN LEP lagi ..)ls
LUl 5 s L1 pss S s 33 VLDLR 5 SREBF2
GHRHR PCSK2 (glai wa pyw 63,5 Ljls oa b g 2t
5 TLR4 XDH JTPR1 SLC20A2 SLC27A3 POUFT1
SoolS s Lol aes o oS LU 558 oS Lizes CD44
S TLRA 05 abawlsay 3 p55 5 sl 2dS 3 .ol o2
Aol ol ol dteas BLII 5 0o bl p g S se2e
Sallam ) cl TLRA 03 &l eds 5518 calby oS
(2021

Slr Dby 5 Slio 52 Ol (Kt WS
Mg Ol Juls Ol 5 by Sliw ol 0L
3 O3 dens d o Aeld o (S Aeld
05 by Toes Sliv ol Wy el ool OF 58V
(Ozmen et al. 2014) 535 0 J xS oo Jolse 5 il
S ole il clews S8 5 L alie o Lde S S
Sl G 3l 5 GBS el xS San e
.(Pecka-Kietb et al. 2020) ol jsbn g5la

205 I s ISaus a5 el esls Olis Cilie Slalas
S o IS e, 1) ek o sladenl 5 il Gl oS
iy Sl Sl b aman 5 b S5 w b Slio
Sy LS G5 b e Sepl 4 e s bl LI

dﬁ‘f- “ .]aj;f olhws ‘u'l‘fL"’ cJ}AI:L;a oslaal J.‘.":' J.:Jjj
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pesKe
GHRHR e
XM @
e’*m‘un
aﬁl C27A3
SLC20A2
TLRA 8

coad.—"

ITPR1

- @

sHREBE2

VLDLR

STRING il ; 3l eslizael b it ,S 3 o3 55 2l 3 o Jes Gl e B SE Y IS

Sh e BB ol i 5 Triantaphyllopoulos et al. (2017)
sladshe slaws 5 558N Ao ys s B-lactoglobuling JSCaos
LGB 05 it 36 . Liles S s e (SCC) ' Ko g
e o O 3l iy 2l 5 b DS 5 5 5 Ses
Valle del sl5 olais S s (Giaccone et al. 2000) ..l
o3y ol a5 iu WS L AA S y) Sarda 5 Belice
East Friesian s1% Oltiw S 5 (Giaccone et al. 2000) <.l
Sbesss 5o 5 i M5 L as b ons sl 5 AA LS 55
o35 olen A5 Ol (VL L BB GBS asnd s
Gt Oldiw S slasls s (Schmoll et al. 1999) ..l

DL 1y et Wy ) S slie AA glacs s U,

! Somatic Cell Score

VFee 300 /Y o lods /o000 5L 0590 [y 68 S5

Gl odd 5018w S 5 (C5B A) LI S rie P an
5 Al Sslite wl sladd 3 i L S LS
Marina et al. ) waes j5als 0T B 5 A M7 ¢l Yyens
O Mads e &S e e ol oldlks (2020
3prs Golagme BLII Lin S ol LS5 o5 I8 SV
oy s S a5 (Rashaydeh et al. 2020) s s
Ol S el W5 o oSSVl Saas ol
505 ol G Mk (g o5 oS el ek ol Gles
Db s bLl i 5SS  0Ssn eaden
o= Gras (2016) Lul, .ea > .(Bayraktar 2021)
2t S5 s S Ol s dsslS SV 0 sl s

s 5 s S 58 gl ame bLI
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el o Gl S el o e e s Ll B
sdas Ll slacpSsy do o opl L3 bt Lol glad;
5 SREBF2 5 SREBFL jias ¥ 5) Jj il oS a5 lis
oS 5 INSIG2 5 INSIGL o Gl o edl 05 5
Anderson et al. 2007; ) wawa SCAP oy J 2ul 4 ol
s o el 5o olg Aol 3 (Farhadian et al. 2020
BTNIAL 5 XDH (sla0} & col i 035 & or 5
Ll e nl 03 S e slageSsn S Oy
SLC27A3 o .(Bionaz et al. 2008; Farhadian et al. 2020)
L dshe b @ o del Jol oy 51 lesl sl
53 5 e hablws sl JolSS Jsb 53 45 LS e (5,108 5,
Oly s o ooliial o Aol 518 O ol elas
05l Sl 65 o 65 a3 o 0L Dllllae il 552
Olii S el 53 ol pLal Cox lbadal lgme
o) 05 (Pecka-Kielb et al. 2020) s ls 55  Siewes
ol 0N or 2 S 5 IS 03 5 S Ol sieas (LEP)
5 St Gy s Wsms & by Jlsl G b 5l &S
L .(Choudhary et al. 2005) &S . |3 5 Jslad (551 <8 e
F955 8 A S 5 O Sidsd e ey
L e 3 e 5 8l el sbml 55 Sl Ko LEP
O e T T PO PO K VS P ESVIpIA VO G
Lls 555 e 3 1y oo slie o ii OT Olpsle &5 slas
Sy O35 ol oSSle 5 VL (S8 8 s 5l 05 s
22 LS 05 S Ol LEP 05 5 s ezl (g i
e Slp e S Ulsse Ul el See d S
53 Ol S e W5 glaasl o g5 Slis 5 5 Ses
Yang et al. 2007; Mahmoud et al. 2014; ) 5,5 «3 5 L

.(Abousoliman et al. 2020
S 3SY L s A3 e s LALBA 5 BAGALTL 05 s
&5 s S Ol (Wickramasinghe et al. 2012) .15 sdes
i 5pSY Bl b e Saen SV edd (108 e,
Ll il s bl Lo« aase 0L
Wickramasinghe et al. 2012; Fox and Kelly 2006; )
shls H Sk 05 55 a5 0l 4 .(Farhadian et al. 2020

3 AB 555 e e bl (Ramos et al. 2009) Lilesls
S8l Sl d5 o0y oS b s 5SY oy A
Olis ol 5l o2a s (Yousefi et al. 2013) ol ou
Cxle s Goslp sl AA Glacs 55 b oS ol ol o3ls
ool ol 00S wd Ol Oss SebisS Msa
sbosss s S o~ (Gutiérrez-Gil et al. 2001)
s b 2 Shas sl BB o K550 2 1, AB 5 AA
L = ozl .(Garzon SAl etal. 1993) Lles S 5018 Say <
Pilla ) 5,05 &l 0Lan 5 S oo s ot 3155 laesls
2l BBl 6 S e s e Slallls 5o (et al. 1995
My Slho o8 SV by i gl 55 0 25
i &l dde S Calses el S ys (galindl Lol 5
Sl 5l el mls ol M oyl a8 el
g ol 03 8 Wi RS b aglie BB Lol il
wdi S s Sl sl SULE olp e ol
3 sl o 5w gl eslizal 355 sobl sladis

(Selvaggi et al. 2015) Wil o 30 sl
N e CohS 5 G5 Slo a5 8 5505 wpe bl
Sladed S5 S 5 ko lse IS e ST
a3 e sl S Sl Sl S o
ol (San Ol e 3y 5 G olP 4 S Aib s
2 S0 ol Gl S aS aas e Ol Slids S
Oly slime jsba ol oyss (b ogs b o e sl
s gl S U8 s 55 WS nl S GlS 4 L
i Ol s lols sl 51y o593 53 5 Oby Sl 331 gl
—Jd> .(Pastushenko et al. 2000; Farhadian et al. 2020)
oz Sl Sl b (07 ped e D3 e sl o e
VLDLR 5 LPL 05 33 a4 Ol5 o a0 opl 55 855 slad)
Wickramasinghe et al. 2012; Farhadian et al. ) .5 o L]
m s sl 03 pss Aulp o el jue (2020
ol p ol s 4 o3 FASN 5 ACACA 05 53 ool
s JSoua Sl el el Ol ads s Ao
i S el o Aoss S35 2 FASN 05 5 Jool> il

oS 31 S (Symeou et al. 2020) ol 4zl (5 56




gl Dlho b fad o Il SO (S 2

Qb\g.«.a 9 L;:\{TW u)-w

Ol Ll gme (BLII S 0efisn doss 5 pd L3 ol
.(Abousoliman et al. 2020) Llesls

Lk 53 iy SokS 5 A S5e g5

o303 QLIS Y S5 5o oy A8 L had e a0 o 55 4SS
b A T s s slao aSs IKa el s ol s
TN 08 ams lawgme OY ilaad sl (80 ilas S sl L
Sy laad sl 78V 1 asse (s 1WOIS oo o sie
s o3ls 0L < 1.0e-16 PPl (g3l &P Lldie 5 & ol
GLOS ol o3ls 0L Y IS s &S boles o
GCFC2 EPHAS5 NBEA (KKRTCAP3 GPRC5A
USP13 (RHPN2 NLGN1 TSPEAR DDX47 [K1F16B
YWHAZ , SRC PGM2L1 PAPOLA CALN1 UBE2E3
DLl )l gob; sliws agpl 5 aS L ,8 o 15 Jsl ad s
KAPB-L NRG3 VAV3 (lals ol sld asuie
MITF TYRP1 ASIP NRXN1 FAT1 BCO2 PITPNC1
s EWSR1 FAM204A TJTYR ODCT KIT MCIR
ol S sl S Als 13 ess as s KRTAPLL-L
Gl Jold ap ppm adpE Sl ol Sl bl
JINFSF4 DDC NF2 PTPN3 CCR1 FZD2 MVB128
Lyl 554 & dzes ANKFN1 5 FST GEM FBXWI12
el o5 58 O e ot

Lt oVl o8 250 5ms Lo > i S 55l G5l o
LBl B350 S e A5 ik oy 0 SHhS O ke M
Loy ey 5y S b aile il la el a4 0ty
oo Slio 3l (Ko OF 6 Cuslie 5 aned o2y
Ll 5 S5 s e 6 Cod Ologes
.(Naidoo et al. 2004) X,ls ;I3 lawgn U oS Sakiils
Lo Sl e Sl iy A58 Dlio b LS e a0 paseds
OIS 5 oy Sl opl gl (58 baesls (5 Sosll &8
Ly Al ewlidcag s bl (Wang et al. 2014) Ll .
Hardy and Lyne 1956; Fraser ) ooy JsSJs8 anv s 4 oy
Parry et al. ) oo, JsSJs s, @ (and Short 1960
o U8 osln sladshe Lo 5 (1995; Nixon 2002

ol (Auber 1952; Kaufman et al. 2003) >33 .« L,

VFee 300 /Y o lods /o000 5L 0590 [y 68 S5

ey o Jlde o3 pas it mol 51 S 0503 55 Ol Rl
b 53 5 SBLE (s D30 oS s (80 3 1
s gladlas s izmes (Farhadian etal. 2020) 555 s oS
DLl o abl sladul b o a5 Gble slulid G L
Oie S o5 55 555 lgme L PRLR 05 o (5l3 ome
{(Dettori et al. 2020) <l o 3,155 Sarda 515

Wl S8 g a6 5 pa 5o PRL) SN 05
Slio 5 PRL 53 IS o ol sdd S g5 o kS e
RamOs et ) 15 Olliw S 53 (s 53 4003 5 27 et 5
Moioli et al. ) East Friesian Serrada Estrella (al. 2009
s35 53 (Abousoliman et al. 2020) s,L sl5 5 (2007
Olgea cul Sas PRL O la JSCadier a5 .ol
Ll a Sk s Olie £ 55 el A5 Slio ¢l KL
ol jaseie S0 (gladlas 3 .(Abousoliman et al. 2020)
s U PRLR 05 51 Jols gl tSode o oS Codl
Dettori etal. ) 5,5 355 s e bLiI oo s slad sk
.(2020

el ke TLRA 05 51 dse 255 L slasdles s
et Mg Dlio b kie suiilSs Sl S
S Ao o Shes S L 05 ol &S Cnl sls skl
e 53 Jgloes dalo slge Ao s 5 58N Ao (o Ao
b TLRA 05 (Gobos ol @l ol Sl ime (bl 1l
22 oad Mg Clis s Glp LA 0 K Oles
ol (Sallam 2021) &S o slgiins Ol il Oldin S
5 edel sty guadi 3 05l Joee s iS AL il
Gy oy S S 53 () K8 el b Ll aslla
LEP lads g o s e 0L SHL oI5 Oltiaw S
oS5 53, 5kee 4 ers M6 36 GHRHR 5 STASBA
23 Sobgme LLVLEP 0F Glacs sl cwsn b oa)ls b
daly o et e dess s b WS s Shee Ly
el edd IS O1 g Aens 5 b KIS G e sSee
Aoy b s LB bl STATSA 05 Cilss slacs 55

Wl slge doss b GHRHR 03 slaciss 5 54 555Y



b‘)&a}h K Lg)la.Tu\w L’f)..\w

e g Dlao b dad g0 ™ SO S (S y%o

ol (S5 3 laaal 53 oty e glaadlpe (S
s aS ol laosd Sl eslizad el s ol Goda aS(s, sba
iy 035 Aile wosllas gla S5 nle @ ol sk 1 oty
a3 e alS O o3Il
g Sl Ol S (golaml ol oy A5 Sl 5 CukS
L obs e glads b Lajisl.;u S AS e e 1y b

i b el b Ol S sl5 ool elal 5wl ody ko

Sudshe glsl 5 O3 o el (Salen Jold Loyl 3

.(Rogers 2006) Ll oo S| Cows 5 3 &S Sl ilies
Sl Ok lBlE a4 muly oty S 3 S S
QM&(}\&.@\QT%&ASJMQ&&L&@
A 5 ey O35 o e Seed Sl cnl 4 ol aes o
e N I L e e e Ul
ol S 308 o 6 el ol s T e

.(Purvis and Franklin 2005) ..l

IS il Sl eslizal Sage Yoiml 5 s ol &S wal b o2y

FZD2

TNFSF4

0.
)

KRTAP11-1

PITPNC1 C
. e 6 6"”“

JJ‘};.L\;‘J;H):J&ALQL&Q)UAJJ&W -Y K

NRG3

VAV3

STRING sl sl eslizu) b dias S 23 g

st <o [



gl Dlho b fad o Il SO (S 2

Qb\g.«.a 9 L;:\{TW u)-w

Wang et ) ol sl 55158 Lol dax Jltde 5 Jsb e

.al. 2014
Ol s sdoee Jg5 laosls 5l eslinal LTl oS Liass o
P N T -y
iS oo I LS oS s a5 LB (SNPy) (i 2S5
Gosn sasly Gln st S Gl Llg e S Lo
SO g OV ek onl ps S sl b bk Olain S
el oy Slis gl LS 05 T 5 Sl pme U5 2S S
s, RHPN2 5 UBE2E3 slaps (FD) Ol s Sl
ANKFN1 5 NRXNL slaos (FDCV) *GUI a3 bl
TNFSF4  slap; (FDSD) "Gl b s ikl Ol sl
slos  SL) oUWl Ldsb
5 NF2 EWSR1 USP13 NLGN1.GEM LOC101108907

[LOC101117971

LOC101117031 lao (GFW) " = o2y 035 CALNL
5 LOC105604756 PITPNC1 MVB12B LOC101123603
[LO0C101117031 o35 (CWR) R e Ae)d NRG3
VAV3 LOC101112943 clags “'(SS) Ul LU sl
BCO2 SRC [L0C105607291 [LOC105610635
s FAM204A PAPOLA PGM2L1 BCO2 PGM2L1
(Zhao et al. 2021) .l sl b 20 L.OC105604253

iy 53 35 pe (LSS, b e e slal)

e S S b S Ol cile glaa S s
g b iy KO osde D G5 e 5 @35
e 5 (Sl sgs [ oles) dlasl Sl 5 LA Slde 4,
s Npde Mg blew e g S (3 ) 35))
L O3 Yee 5l i > S1 .(Ito and Wakamatsu 2003) s s
ol ool Ok (Ll 53 ol atlils L8
2> S, Wy edS e Olpear ol 0 L Ll woed

Rieder et al. 2001; Liu et al. ) Wlods 5 xe ol SUl s

* mean fibre diameter

% fibre diameter coefficient of variation
® fibre diameter standard deviation

" staple length

® Greasy fleece weight

® clean wool rate

19 staple strength
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! Keratin-associated proteins
2 High glycine/tyrosine
3 Barki sheep
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