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Oy VPY Jold gy 2 3550 Camarr 38 plandl 0o S5 e (glahols 0553 GLOK 555 @
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ol £ 353035 ($32) Sale G 055 @i b LS QTL daesl sl gl il gl JUT elal s
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B J‘ﬁ\ Lf<'~';"5 LSUEC))UJ LI’:...Z\J Q).’u}ﬁ')ﬁ
L5 s el 48 8 )50 LT DNA s
el S5 55 55 oS3 5done Jolo (g3laiil
il o ol ol s sla g, Sl eslinal L
S5 2l e e slaesls 5l ke oS
L L .]a.ﬁja Slas ‘JWSLfa oalaul QL’\},:?-
o 53 45 Ay o B4 50050 oS Znle g1l
bed 2l Sl eS8 oS 05 ks
Lsdie JRS Loy isd sy S5
.(Falconer and Mackay, 1996)
Sl Sl Ko @ IS5 slagoslos
- oLi LT DNA o 53 1 sl 3 sl oS
SSES pr 03 e SHE IS e ol
b Ol ey Sl V.ML@ shls ols
asl oaxzls 05 L Sl KS o4 ol
5l eslezl b 51 .(Esmailizadeh er al, 2008)
ool Pl 5 ol o S s Sl
LS ms b NS5 Sk e sk
Mousavizadeh et al., 2009; Javanmard et )
s sl (S skl addlles 5 (al., 2008
Sl o508 5 03Y (S5 mbe 5l Bl 6
Ji>= 4> .(Khodabakhshzadeh er al., 2016a)
Sosn J e S WS el
JJJ‘JJ\J:Q C,M‘ G CJL?-JJ)J wﬁ}ﬂﬁ

Mohammadabadi and Sattai Mokhtari, )

\4

PRV

505 342 Ol oy a5 515 Yf‘ﬁéb.
Llbds L85l e gble L &S
Mohammadabadi and Sattai Mokhtari, )

2013; Zamani et al., 2015;
J& 5 .(Khodabakhshzadeh et al., 2016b

Sosn J s SRS WS ol
iy le o5 Sl 5 5 el Ol 3 i S
Lols 13 Gl (gl Dl s 53 Sangy 5 0
Mohammadabadi and Sattai Mokhtari, )

2013; Zamani et al., 2015;
0S| o .(Khodabakhshzadeh et al., 2016b

A5 Cnal 530S 3 Camer YL A & 5 5
(ol 03 S Ol 93 1) 503 i S 4l e
ooy el Do AL s 4 e
ol B VL Sy e b L Sl ¢ 558
R P S T CN N NCH RN
Lol o e 25 gl 05 35 3 S
- apls (SS3 0l5 5 clilig o2y e (45
OS5 k5 2 1 S ol ples Ols 312
SN P SO S W PRI
Syl 56 s el s s s ol
A oS 3 S ol — ) e S
oI5 )55 A3l e Ol e s i S slasls
C})a.a olail i o rege Olge 4 A
Olse a5 Sabs £ 035 5 (5,8 e 035 5 S
4,8 S ol opl s bl glajlns g
Lu1 5 bl .(Asadi-khoshoei 1999) coul ol
Sl lin s daih 315 ol s Ll Ol
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Sl — ol Gl ik S 53 A5, 2 e
Sl s 5 s ol b s S b
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(oS Slio b b e G5 slelKlr plubis
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3 ya3 o3lizul LT DNA o 53 313l glasls
Lol gwop cSrash opl Slol Gaa |
2 s (b)) JiSse gl Sl
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23 ok $ ) ol Lk S s WSl e

b b, g 3lse
Sass s el 35 bl 2 b
ool ol op ok SU b S oS
VEY Jolis Lo samen (5 50 el il oty slotes
L S5l Pl 5 g ol 51 Ol

3545 SrehS N0 5 Bl ol -

v

Oler slaysis 2l 53 NS 55k 4 2013
Gk 3 osls g Kdu S 515 Ol 5l s
ol ol 3 (3Ll s i b S 34
Go,b 5l Ll 03 5 ! (Soufy et al., 2009)
ozl s s Ol e a0 5 Oltidon 58 ol
3y Slio gl ol S5 Saols plal
Khodabakhshzadeh et al., ) 5,8 & 50 LS
.(2015a; Khodabakhshzadeh et al., 2016a
g5 B (S5 glacd i SRl L oK
o el 5l Olebl Gl Caner S (S
Sasly age aiby SO ke b bl
Khodabakhshzadeh er) .l sl ~Mol
23 e @315 Fol glaasl  al., 2015a
Jos ol Sl Al 5 Cund s 55 g
N5 g5 e 4 el (pl G 5 eSS s
e laalS 33

.(Khodabakhshzadeh et al., 2015a)

3,03 ke
305 5 Gl QTL phald  la sy oo

Ol S > (Kain QA L A5 Ol 5l 0 035
S SN Jol 2l 0V L esl sl S
o 330 QTL O 5 plnil o gy jo X ol
655 JS Gas Aime i 53 0L O3 5 A
Raadsma er al,) Ll s plulis kiw S
Sxia FY 5 0 035 ise QTL 55 (2009
YOV 5 WV glacand o 53 oo 5 4 Saia AT
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0355 W9) Sale 4 03 (HTO) Kol i oIl Jols o sd laesls s S sl
Sl 5 sl sy (WI2) (Sale o315 Sl K03y (BW) W 055 glag S
G ooy s Sl g slae Ol Sabe 25 055 (WW) (6,5 105 055 (WD)
ok 1) Jadr s 5U sl esl il S Jsb (HG6) Kabe i 55 w533 (W6)

ny 5 o8 5u gl ) «(BL6) Sale s 53 o

(S esl gl S5 4 g5 slias 5 andllas 3550 Sli (o 58 slae B pu) :SSke -\ g

Table 1- Traits mean (phenotypic standard deviation) and number of progeny per half-
sib family.

Total s half-sib family 50 o5l sl S

5 4 3 2 1 trait

5.01(0.84)  4.75(0.99) 5.09(0.78) 5.06(0.71)  4.93(0.95)  5.24(0.77) 3{‘;
12.66(27)  12.322.77)  13.1(29) 12.58(1.92)  11.993.1)  13.29(2.79) WI
29.36(5.4)  28.24(5.16)  30.6(5.63) 29.05(4.75)  28.5(5.09)  30.42(6.35) %(%3,
41.48(9.8) 41.64(10.88) 41.38(9.18) 40.55(9.47) 40.81(9.91)  43.04(9.58) %(vgg
75.69(6.36)  77.03(7.2)  78.06(6.2) 79.72(4.99)  65.34(6.66)  78.32(6.74) ngcg;%
64.67(5.13) 63.81(4.87) 64.88(5.13) 62.88(3.62) 65.44(7.28)  66.35(4.73) (BCILn6)
68.03(4.66) 64.34(5.01) 65.31(4.9) 66.66(4.56) 76.91(4.16)  66.94(4.68) (I?Tng
52.41(7.8)  51.38(8.82) 52.5(5.87) 52.42(7.41) 53.69(9.97) 52.04(6.95) (Svné)
55.77(10.78) 52.88(12.5) 55.21(9.47) 56.42(10.81) 58.25(11.04) 56.11(10.08) \%{%)2
157 31 31 31 31 33 S(fi
£k

33 0% dsb BL6 ( Kabs i )3 i 93 HGO ( Kale 23 055 W6 (6,8 i 055 WW (Kol K 055 W1 (W 035 BW

c el esiln 055 W12 5 Kol 6 055 W9 _Kabe ii s o8 yu ¢, HT6 (ol i
BW: Birth weight, W1: Live body weight at one month of age, WW: Weaning weight, Wé: Live body weight
at six months of age, HG6: Heart girth circumference at six months of age, BL6: Body length at 6 months

of age, HT6: Wither height at six months of age, W9: Live body weight at 9 months of age, W12: Live body
weight at 12 months of age.
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A3 S el sl o ' S gl s
Tl pale sy sla Slis S5 adds ol
http://rubens.its.unimelb.edu.au/%7) L. S
ol oyl sabeyn, Klis £ (Ejillm/jillhtm

S Gk sl olials 5 5 Al sles Sl

EDTA (g5l D gbadd ) (gabwy 40 5 055
dobol 0 adses el Jesw 5,505+
Al Jlasl oSl 4 5 A e S
o 3 sl b S 05 5IDNA gl

(S5S s o a5 5 4 Gleylablen sl Klis IS Slaseie —Y J s

Table 2- Characteristics of the microsatellites markers used in this study.

b baw g0 SU sl g Cpadge o5l Sl el s,
°C) w33 S5l s =l Ul s, e K
(F&R) (cM) (bp)*

Average melting Average number  Marker Expected Marker name  Marker

temperature of primers base location  size (bp)* row
°C) pairs (F & R) (cM)

64.4 24 200.6 203-239 INRAO11 P1
60.7 23 221.7 63-111 MCM137 P2
61.1 21 244.5 131-159 MCM130 P3
56.9 24 254 228-278 LSCV105 P4
62.1 22 279.5 260-288 MAF4 P5
58.3 20 304.5 173 DIK5034 P6

.L.a...n}f\ oy lods (“3‘33‘}; dj)ﬁw o “34 c()\-v [OV-L g ',)Basepair”"‘

el ole chle 5 e ( 2STy b glses ol 5| ¥

Ca.«.d‘ ol 4.?‘)‘ UI..SU DL

2- Microsatellite marker
)

u‘:;S\j )‘ oalaul La ol ubw\ LQLAQJ}ALA‘}.;.)

s> 53 . Las 35 (PCR) leads (glo e

1- Salting-out
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PCR jS1y b oo ;3 DNA iS5 ¥ g

Table 3- DNA amplification in 20 microliter volume of the PCR reaction.

Sl g 3l g0 chals Slde SeSly 5 glg bl
Reaction reagents = Concentration Amount Final concentration in
reacion
PCR Buffer 10X 2 ul 1X
DNTPs 10 uM 0.4 ul 0.2 uM
Primer mix 5 uM 1.3 ul 0.32 uM
Taq DNA polymerase 5U0/ul 0.1 ul 1U/ul
Mgcl2 5 uM 0.6 ul 1.5 uM
ddH>0 _ 11.85 _
DNA 16.6 ng 3 ul 50 ng

AL E sl s gy sl s 5o
T Sl woar g LA S8 e
odal sy (5,50 55 osle slally 5l ‘L;J:.J“Laﬂ
et B s SLE sl dlly a1 oy
03y S 4 (S P Ole LA 5 55
S 5 5 zon DIKS034 Sz a3 ol
MCM137 INRAO11 L;-’U“;ii-’ jiL:.., T2
S L iS5 MAF4 LSCV105 MCM130
N S G poler 5 ol sla s Obe
YU Gas e s e g3 Jsl sla s
WJol sla 5 F S g5 polexr 5 o sl 5
WJol sla s 5 ¥ 0L s puler 5 pom ps
S 7SS 6o polexr 5 e g
S Gl b g el e
LS 555 e s SOLES

?

($ilward sl g cad sl (g3lwand july Jl

G By b 5 S g 4 ST sl
03wy I a4 Glaas o slad men 5 Sl s
5 sl ISl e 5 ol K a8 ialesl
Jsd= 55 (s rle;;‘ TouchDown (g4sl 5 L
Touch s, 5l eslitul Cuje ool okel ¥
Jlasl glos 45 ol s & 5 =l ol Down
SIS L aalesT cpl s eslizad 5550 gla aul
ol Ll glos gauls SOl elis g o slina
5l gosd= UL ol s S sslizal S axs, 4
Lls ol dalS o olasl o slal g sl
SIKs 59 Eol PCR (gsle (glaas = s
(Don et al, 1991) Lss o hoslzel s
18 del L SIL U5 @5 PCR Y yams
Sy L el 5 s 50 S Glsnd

L sl b o i Ol 2o b (gl
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Table 4-Touch Down program for polymerase chain reaction (PCR).

W > 3l Les > 0 Ol L d> 0 fU
Number of Temperature (ai3s) Cycle step
cycles )
Time (minute)
- 94 °C aJ sl gslwans ol
Initial denaturation
94 °C Denaturation (g jloars jul s
7 56 °C -62 °C S gazdy 4 S5LT Jlasl
Annealing to the DNA template
72 °C Sheds v g Lo
Extension by polymerase
94 °C Denaturation (¢ jleacs il s
30 56 °C S gands, a0 S5l Jlasl
Annealing to the DNA template
72 °C Sleds v g Lo
Extension by polymerase
- 72 °C 10 Final extension ;g Lo
- 4°C Storage (¢ ,|4eS

23l o N g b el sl o

w8k s culb Sl Ol 4 A5l
i sl (5l Golel Jue ol ol 31 s
3 3l 5 Dl i ol i 59
G s A5 5 eslind 3550 A
2SS e Olgsa by oK e 055
Dl3le 5 3l eslizal b Laesls pJUT s 4 S Lo
b S oy e 53 55 5 GridQTL 30T
-osl gl 31 Sl s .(Seaton et al, 2006)

JJ).WJ;J‘J:QJ:)LJ J)‘}A |).‘>=A CJ)}..&ML&

3 A 55 M LSS 58S
$SU sl gl - b G s QTL jasis gl
S8 laeslgls 5l S s Plas= QTL Wb
QTL ol Clssl glosl gl 0 31 .bles Jol
Sl S sk S My B8 el 0 e
ST el i cledlbl Wiy oSl
o2 5 QTL ol 53 oa b bl oal SQTL
L S T I N e

.(Esmailizadeh et al, 2008)
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53 5 O 5e SLe YYV/S 5 YOV/F (la Cundsa
P<e/+V) s gxe QTL cpolexr ool sl
iy 3 (WD (Kol 035 b s e
A Ldd gl OB 4e sl YOF/7
w5 w4 G oliv QTL ol & b Sl
s MCMI137 sl S
slets s QTL s 55 .45y LSCVI05

INRAO11

Cie g el el s W a by e o
YE Y0 SISl g5 4 pgm 03l sl s WW
gl s Slio ol (eSSl Sl e A
s b sl esls (i 1) el S5 ls
S WL 5Y oslgls ;s WW eis slulis QTL
3 i OFA 58V L 5 4 Y sl il
sls jolansl s w

dsdr) e ST S =T sl e s
"G e gleds baesl Sl eled (g5, 4 (P
el ) psises S o 2 QTL Condye 5
QTL Cundpe 5 G35 35500 pshve 4 s S
ST s 2 3550 Comer 03 p505 S S0
L o3l ot ales 31 ol (sla 63l (555 Olosan
S QTL Lo 5l Sl s 45 S ol
Cdo jge dhols ;s (W) Sale K035 ko
ce OB se le YOF/F oy 355e
Sl b s () K 58 Jsax) 55 (P<2/0)
s)ls Ko 5 LSCVI05

2 Permutation Test

A

~adS a5 T ri S35 Gl A g Al 0
3 om 3,8 bl (3l ) Leosl sl g
Al Gk 3l edew; Dol glac bl bl
2o Sl O pLaldd B 5l s
43,8 wlitd QTL ST lye o5l 0 5
(5L el gl ,a 0,5 (Knott e al,1996)
w355 sk 53 VM Jolss 53 QTL 54
' oisns S Slspas slaailial 5 a3 8 nsl
Osa3l Sosy 5 eslixad L 7Y 5 70 cohaw
Churchill and) Wad  awlee " LS
o8 Olaabl alols oad (6l 5 .(Doerge, 1996
S el pluls QTL gls cundse 5
S 6aS W o5 S Sl S S
Visscher ) A sslizal ol o050 b Comenr

et al, 1996

C',-"ag}@l.ﬁ
S I 55 QTL ;LT =l e
350 e sk ool 5 p s cpss o ol S
)J.&:M‘O.L;OJ)}TO d).\?—JJCJJf)‘J:‘BJZJL»T
4.:.19}»_)# (P<'/'O> )\J&.’uQTL cr}b obb;b—
YN/ Camdge 53 (WD) Sale K0y Cudn
)‘J L;M QTL cr‘}m osb.'al;'- DL, cdlf)jﬂg;bb

2 ess a (WW) (6,85 035 5 (WD)

I Chromosome wide threshold
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(ij‘g; $o (K& @) CJLR' 3 e p3d sresl gl 5 QTL})UT @L‘J SaeNs -0 J i

(S g Wd BN ojlads

Table 5- Summary of QTL analysis results for families 2, 3 and 4 on chromosomel of

Lori-Bakhtiari sheep.

o s -QTL j
5 ol it Cwetd g0
c L Foyll QTLY God gl el gl Sl
2 lads! (cM)
(S.E)
QTL Sire
c F QTL allele .. Confidence Location .
Marker statistics  effects® effect Family interval (cM) Trait
(S.E.) (kg)
INRAOI1 8. 56* 11.2 5.48(1.87) 2 _ 210.6 Wi
LSCV105 9 79* 14 2.43(0.77) 3 _285.6 252.6 Wi
211.6
MCM137 g g2 24 6.71(2.28) 3 _ 223.6 WwW
LSCV105 19.p7#= 25 4.49(1.12) 4 214.6-274.6  254.6 Wi

d:ﬁl:.« J'| S y3 Oy gk QTL ;|b gb\f,y‘;‘i‘.« > ‘,"J:"“ P Q}AJT U“'L"")f QTL @y &5‘)‘3 740 0[3.:@19‘ ‘541.9\5“

.“jy‘,; ck..»)a Aoy ) 50 ch.w):QTL s flawis o™ 3" QTL 4 Kl o 5 Koss ot
2Confidence interval (cM) of the QTL location based on bootstrap resampling, "QTL effect as percentage

of the trait mean, ¢ closest marker to the QTL location,

5 and 1% levels.

35 Lk 5 Cgmar 53 (W) Kale G 055
AL 3L Y e S s 2 ok S
St e 95 53 QTL Comdye (1 J Jaims
Jols o a5 oS sy il Ls U
il ol el el sy 5 slize Oliebs|
Sl g baosl gl sadS ol o5 50T =T

2l (g iy slazel

q

B

significance of QTL effect at chromosome-wide

L () esl gl 43) ZOVA oo 631 QTL oyl

o eda |y Sdo pl 5O esl gl 53) VO
Aaosl gt (555 53l LT plonil L e

Sss 2 WW5 Wl Sliv L L3 QTL

JolS BT el by a5 3L Y passes S
io sl QTL i (el 55b a) Laol il

Ao 93 58 53§ semma 55 5 LI LA WW

Cio b b QTL S b S &g U
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Table 5- Summary of QTL analysis results for all of the studied families.

-

Kl F ooyl 4 o3 5l o
QTL? S.E)s,% 25l (cM)
QTL Sire . .
Marker © sta tii tics ei?’erlc‘{;b allele effect family C?::: :‘lj:]ce L(zzg}:ll)o " Trait
(S.E.) (kg)
LSCV105 5 .99* 578  0.97(1.18)Kg 1 200.6-263.6 254.6 Wi
LSCV105 5 99* 6.97 1.17(1.03)Kg 2 200.6-263.6 254.6 W1
LSCV105 5 .99* 6.97 1.17(1.81)Kg 3 200.6-263.6 254.6 W1
LSCV105 5 .99* 733 1.23(4.23)Kg 4 200.6-263.6 254.6 Wi
LSCV105 5 .99* 153 2.58(1.91)Kg 5 200.6-263.6 254.6 Wi

d:ﬁl:.« J'| B2 y3 Oy gl QTL ;|b gb\f,y‘;‘i‘.« > ‘,"J:"‘“ Y d_yﬂji U"L"‘)‘f QTL @y &5‘)‘3 740 OU.:J" ‘541.9&“

.f,,"w;clw,; RW TR ch‘aw):QTL s flawis o™ 3" QTL 4 Kl o 53 e

2Confidence interval (cM) of the QTL location based on bootstrap resampling, ® QTL effect as percentage
of the trait mean, ¢ closest marker to the QTL location, * ** significance of QTL effect at chromosome-wide

5 and 1% levels.

LiwsS 55 7 5 YO s i S G
Kmiec  Jass Cu a5 gl SbS
Sy om0 & sl olis (1999)
Wl 035 I8 36 iy o 53,5 psiges S
i o 3 ol b 5,508 s o9
(oSS s sl sl s a4 by ldesS
Slio L1 tiwsS 55 5l ol i bL

@l g 03ls 1B s 2)5e a2V 5 A

ol ol glulis Slis opl o 536 QTL

\I)

Gl o3 asdllas 5 50 Dlio Sl 4 4 55 L

Sen s Ll GV S SuS L o
e Ol oo bl A3y 4 bs e Olis
S amb opl 5 o5 b o5 Yl a5 25 S
il Jole 53 Ad, b oaS Ll L3 e
- b e ol o olE i S s S
03352555 S0 2 e S SAask 5o Al
N Slio 5 Liy L Las e QTL ciw S )
Esmailizadeh a5 55 Llead pluls

W 055 Cdo s g ls sas QTL (2010)
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Figure 1- Permutation test results for the individual (2, 3 and 4 families) and across
families’ analyses on 5% and 1% significant levels obtained for W1.
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Abstract

The aim of this study was to map loci affecting live weight and body size in Lori-Bakhtiari
sheep and identification of biomarkers linked to growth rate in sheep. Quantitative trait loci
(QTL) linkage analysis in a Lori-Bakhtiari sheep population was conducted using the
regression-based interval mapping method. The mapping population consisted of 162 animals
related to 5 paternal half families. Phenotypic data were measurements of birth weight (BW),
weight at one month of age (W1), weaning weight (WW), weight at six months of age (W6),
chest circumference (HG6), body length (BL6), wither height at six months of age (HT6),
weight at nine months of age (W9) and yearling weight (W12). Five sires and their progeny
were genotyped for microsatellite markers in a candidate region on sheep chromosome 1. Data
were analyzed in two phases, individual family analysis and combined family’s analysis using
a single-QTL model. Analysis based on individual families revealed QTL related to W1 (210.6
cM), near INRAO11 marker segregating in the second family. In the third family, QTL affecting
W1 and WW were identified at 252.6 and 223.6 cM, nearby MCM 137 and LSCV 105 markers,
respectively. In addition, in the fourth family, a QTL underlying W1 was detected at 256.6 cM
near LSCV 105 marker. Combined analysis of all the families resulted to the identification of a
QTL associated with W1 at position 254.6 cM relative to the centromere near the LSCV105
marker. There were two strong candidate genes close to the location of the detected QTL, the
transferrin and PIT1 genes, thus these genes may account for the observed QTL effects for
growth traits in Lori-Bakhtiari sheep.
Keywords: Growth traits, Sheep, half-sib family, microsatellite markers, QTL.
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