So3LES (854 55 5 s

ISC 9 gf;'ﬁ)ji_d"“l‘;

-~ 1y

vl s

o SNes g e a5 Ol L ILKK 05 Ll o o s LSS Lo g DL )
PCR-RFLP £ilts 3l aslisl b ol oy bio

3505 A ok 1 o F(53l o i o L3 il g 5
Ol e oK (555528 edKils ¢ gals psle o3 S ol POl 5 K3 skl !
Ol (SISl sl ol Mol 5 K55 e
Ol oS 0 oKy ab b 5 (5300US s 653 S gmils
1392/01/20 - 5 5y 0,6 1391/07/16 2l s 6
e.&.&}

Lapls § b s 5o b 5055 p0Les (50l dapls 5o Joo A5 5 A 55 Dl 55 sl 2 St
Al 53 edes sk &Sl Olnl 3 St s sblE Sl S e Sl L0
ol o e s Sas 5 b A5 Slis e LS Glaos el b e s n 5558
ol addllas Sl Gla s sy 1 ols Dol slaasl 033L g e 5 a3 Caasl sl 55
O3 oS (GH) Ay Usasem (i) WA 05 Dl L5 3590 JSSkir o BLSLI e 2
SOl sl eslazad b gl 58 e W5 Slis & 5 b A5 Slis U (Pit-1 03 5 (GHR)
$GHR GH ) a3 51 S o (sl MT sla Jlsl b o iy oS 313 0L S .5 5 PCR-RFLP
- LL sbes sl s (0/55) B 5 (0/65) + (0/51)V «(0/72) A s JT &l s 5« Pit-1
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2011; Rothschild and Soller, 1997
G—a>5 53 (Mullen et al., 2012; Pimentel
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a 338 sladl_. ,s.(Tavakolian, 2000)
2> Ml e 2 e o Al Slido
el s plnil ol sl il gla0)

Aslaminejad et al., 2010;
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o—sl 53 Ll (Aslaminejad et al., 2011
Lol sdaline o ISCaner bl olagss
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033l sl e A 5 ) slas, S
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OLSGl al g5 e 03,555 ol slaels ¢l —
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i A g Dl L Mo 8 05 sl o
Jj_lé c(v.h.bﬁ_.; 39y 250 LS‘j—’ ol C'M)
S slasss 5 ol ol (a1l (o0
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Shlesl sl 4 Flae (GH) Ay O s 50
Sk 3l oS o) S35V e s (5180 5050
ot plowil Dlalllas 345 o 5ty 53 g
sesl ud s anl s L GH oS das e OLiS
fok = Geosn (rl Sl e A sl
S Gk ol s 3 b CalS 5 U
(Kerry il o ouslo oo oliS SaS ik
S > GH ;= and Harvey, 2000)
Slad 7S5 Jdosd 5l 5 o0 S (oS
(Harvey et al, 1S .+, Sl S8
SS (GHR) uiy ey 8 (ol S 1995)
S hs bl aS Ll Sl U s
e gl 035 ola] 5 WL 5ES ol
sl 3l oo 33 GHR LWl GH L s
Sl adS o camale S e O la
Gl o S5 0558110 3105 ool 358 00
.(Harvey et al., 1995)
s 33 POULFI' ol L S Pit-1 0
0P b e 5SS Olse 4 5 0
Oyoo52 SL0S Ol 8 255 0 o gmime b 5000
sy 55 1, (PRL) SYs 0 5 (GH) 1,
cpl (Tuggle et al., 1993) .S .- VJM .
GId s 5 S 5 golasl Slin L 8 s 05
Seeoled 0I5 S35 23 3 bl s
Ail e 05516 lyls s ol a S 13
5 PRL ol e 4 .(Woollard et al., 2000)
i M5 s Sl eeds saxn 5l GH

L. Pou Domain, Class 1, Transcription Factor 1
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Sl s Sl g3 37 slos 53 05,4 ) 5
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PCR &Y pazms Jgb Jlail slos (o slap 51 codd 1285 ailane oo S50 JIs -1 dpot
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Table 1-

Primer sequences, Amplified region,

Restriction enzymes, Annealing

temperature, Length of PCR productions, Allelic sizes and the references used for

investigating of candidate genes.

PCR
. productions
) - ) Restriction Annealing lengths (bp) Allelic sizes (bp)
Gene name Pnr/nerf Amplified region Enzyme temperatur J dsb yi o3Il
05 et b 556 ok iS5 (g il s e ? )
IR Gt gles i) PCR Gl i)
b
F:5-TGG AGT GGC TTG
TTATTT TCT TCT-3° AA 390,32
Leptin R:5-GTC CCC GCTTCT Intron 2 Sau3Al 59 423 BB 303, 88
GGC TACCTA AC-3° and 32
Liefers et al., (2002)
F: 5°-GCT GCT CCT GAG 49bp of the
GGC CCT TC-3° fourth intron LL 211
GH R: 5°-CAT GAC CCT CAG and 162bp ALul 61 211 VV 159,52
GTACGT CTC CG-3° from the fifth
Gordon et al.,(1983) exon
F:5-TGG CAA‘CTC GTT Alul(-/-)458
CCT ACATG-3 Promoter Alul(+/+)296,
GHR R:5-AGC AAC CCC ACT region and Alul 58 458 162
GCT GGG CAT-3° exon 1
(Aggrey et al.,(1999)
F:5-AAACCATCATCT
CCCTTCTT-3
. T Intron 5 and . AA451
Pit-1 R:5-AAT GTACAATGT exon 6 Hinlll 60 451 BB 207,244

GCCTTCTGAG-3°
Woolard et al., (1994)

$lm oty BT s Bl saa gl
) et s Sls s Shee gaslie
o033 Jb (a3 2 555,250 () o
maes 3 5L sladss s Sl galol (sl
0 golel Jde 5l eslizal b o 95 ileses (gla
55 5 LS 3JUT SAS 3l 5 GLM s 5o
Oya3l s sdalive (gols gme bLi| a5 (63,04
30550 S i m s aslie gl SIS

51

Sl e ) 3t RS IRt

e 3l S5 s T sla sl 3 anciloes
las, s S, . a_s sl ol POPGEN V 1.31
o5 bl Sl galol o by e
038 5 lane g 5IUT 51 LS 5 s s Jla g
“3,555 5 A 4 8 bl ol b (3 &
3 3kl Sl a5l ol S s
- U Sl 13 edls s (o Sle
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S50 e S35 8 Olgee RalS s WSl e
L.J'Q—;}':-JJ J_J:Lﬁ )‘75-‘ La:el_<il.>- U_L\ BE) )Uﬂ.‘f;‘
uf_‘;-.’ C_)l_'\j:;- )‘ (G 9d>=0 9 VS Sl LSJJ‘}‘
.J_;)|J °"\—€'9J'.’ ‘) o.l;..:j 6[.&&”4 J.:.Sjj)b .U}A
s ) S5 e Jelse i
25 Sy Oy g iyl ol 4 S
Q‘J_..A .1_>|j36_» J—"’ (.,\_.S:L:u_» ob‘yl_>-
Las falS (gyls pme sb a by e 5555
.(Zhang et al., 2002)

;\;ou@fdgquﬁ @LZS
P 53 (i S SIS (b IS S
= sladlas s s e Sl ool Jsls
05 4 by s I Sl b a8 as eals oL
il sl glls aadllas 3540 (gamsl> ;5 GH
350 S by ol dslss 3l (ol s
alo> ;I (Mohammadabadi et al., 2010)
Lgs S ls gaols sl sl adlas ;50 sla
.)\_Iy L;LAJK oLle JJWjWVSeJUJ
‘)-; L= U‘Aﬂ'J 9 LFQJLGS JEW rJJ« WKZ.MJ“\ B
Q‘J_:.A U':"l‘J—e‘ A )0 oK.:_M._i\ 0 9l =s
Bdms ol il 6 s alons G o
Comar 53 1y g K55 8 o sien falS
Bl olas

1 Founder effect
2 Bottleneck
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LS)L‘T JJ_A A eslaud 4L€.j LS)\DL;.‘*A Q}A‘)T

D4 ) s 4 oslital ) g
Yijkim=H+Y Si+Sj+Lx+Gi+b1 (X1)+b2(X2) +ejj
Kim
W‘Ls jﬂ}:f DJ)SJ :Yijklm ‘dﬁ.ﬁb L.)'-{‘JJ

s —dlw sl T oal JYS) ¢ gy 3550
Kool bk s 58 el J ol 315 il
e 55 el |l G5 oS
slajs, ol Ges ) Cdo Sl D01(Xa)
(Rl Sl el el g0 4 R0
g a3l w3l Cio Cunls D02(X2)
sz 5 €ijkm 5 SOl (gl 2 el e

A2l e el

Cou g s
T SOTEURIPPS g\ TP
g5 sele g slanl sy 5ol sdalin gla
2 Jgd> 53 andllas 5550 03 o Nei 3
Sl Sl sl Jols bl ol <
4S5l 0L gl slaslS 5 555 5 S5
il Gl 03 s Sl s ol
AO0/72) T la Sl iV ol e
——s 5 4= B(0/55) 5 )(0/65) V(/51)
Jol= Pit-1 5 GHR GH () sla 05

Ogzman 503 cpioes Slalllas b mls cpl L
Woolard et al., 1994; Aggrey et al., 1999;
Gordon et al., 1983; Liefers et al., 2002

Syl callas
alas ;50 LS Lol s Gl
AS b i sdalin a S5 ae als
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SLr05 sl SISl 5,50 5 ok odalive (gla s 5K 5 20 (eS8 8 B s Sl -2 s>

Table 2- Genotypic and allelic frequencies, expected and observed hetrozygosity and
Nei’s genetic diversity of different candidate genes investigated in this research.

s Total Frequency Hetrozygotsity Nei’s genetic
ene ota 0l ¢ iversi
Il : 05 2 diversit
name AIIe}e number L.;Jf ' SN -L;y
VG s Genotypic  Allelic  Observed Expected o=
< 2 o
PR oy oddodalie  Llasls,e  (NeD) S5pss
AA 54 0.57 0.72 (A)
Leptin AB 29 0.30 0.30 0.40 0.40
BB 11 0.13 0.28 (B)
LL 32 0.34 0.49 (L)
GH LV 29 0.30 0.30 0.50 0.49
vV 33 0.36 0.51 (V)
(+/+) 46 0.48 0.65 (+)
GHR (+1-) 32 0.34 0.34 0.45 0.44
(--) 16 0.18 0.35 (-)
AA 30 0.31 0.45 (A)
Pit-1 AB 27 0.28 0.28 0.49 0.49
BB 37 0.41 0.55 (B)

2 550 02 o SAS 132 Ol 4 AA 55
Sy Syt Gyae hls 5 M8 6 s
e Al e 35 55 0 S 5kS 0773 Jsles
Cl (S B T a8 das o 0Lis 5,158 o
S5A e dalad sl Ok od W55 350 0
Liefers et ) aisl asls & g 5L als

.(al., 2002

e gl 5 Sl Bl (Sl

sEP5 SIS 2 s 2 Sls
03 Sl ol o3l bl 3 Jsde 5 calises
S5 o Sl Dol sk
adlae 3550 SOl Gl ad OF il
Sladlze )‘ 4_5”)" Citl: L: S sdalie

53
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Table 3- least square means and comparison of traits mean in different genotypic classes
of four candidate genes.

Lactation _ Milking yield
period _Ci"V'”Ei corrected for
interva
Gene Genotype Total (Day) Open days (Day) 250 days (Kg)
name Number J (Day) y s s M
v T . soprd T 505 s abol SR
05 el H Gas) 34 sy, o8 201250 el oid
() op . e
Gss) _
(pSAS) (35
AA 54 280.97+£0.78 113.02+1.5 392.27+£1.71 1493.50+8.16
Leptin AB 29 281.29+1.03 117.42+2.04 394.14+2.25 1478.14+£10.77
BB 11 280.07+£1.62 117.66%3.21 395.89+3.54 1468.72+16.93
LL 32 250.4746.07 109.23+5.71°  392.59+6.30 1434.48+30.092
GH LV 29 234.90+£6.22 122.69+5.852  400.20+6.46 1421.122+30.83°
\"AY 33 246.31+4.36 116.17+4.10® 389.51+4.52 1424.76+21.61°
(++) 46 278.93+1.43 113.74+1.73 392.83+1.91 1445.75+13.06°
GHR (+/-) 32 280.62+1.04 116.89+1.98 391.68+2.18 1443.78+10.44°
(-1-) 16 282.78+0.87 117.47+2.83 397.80+3.13 1508.57+£14.932
AA 30 281.61+£3.05 122.67+£3.013% 393.60+6.63 1486.90+31.66°
Pit-1 AB 27 279.59+3.05 113.19+6.02°  391.58+6.65 1509.36+31.732
BB 37 281.12+1.88 116.24+3.71* 397.12+4.09 1504.09+£19.562

Sl el b ol cpkils clasl
Cil:; S sl )\J.; O 290 PCR'RFLP
b M5 Ol L 03 cnl BLSI edins 0L L]
ol G s Jol> ElS 3 2 s AP
s cslw il alin Oldlas kb
e, b Sl (o) 25 50 Slad sa
o3l 5y gl &L.:_‘)‘J& Oslae C“)‘f 3
(2002
ol qL:..,GH Qj w)f)‘ J.,ol?— 6[3.’

54

S Sl ol Sl F 50 6,5 andllas s

5 A d My e e 58 ad 05 T
S35 @9 35500 S Sk slad sk sl
Pd Ss3 bt B n 5 o Ol
.(Buchanan et al., 2003) sl s,ls sae 30
S e Sl ol il gt T 5o
Ol a8 s a S a5 A sdaline o) 5
bl il kol Wi b el ol ade
Almeida et al., ) das ials ol 2 51 S
o, 5 Heravi Moussavi ycoees (2003
Ol 53 35 g JSas o bLS I (2006)
ol st My Sl Ll o) 052
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55 S A S (i (83,5
P g NPT L O IS PRCIP N Fov
s 53 50 (1997) O 5 pw Lis s
S 53 35 s Sl S 55—
GLasls 53 dd; O35 0k pS 05 555050
L ol ol o8 W8 55058 0l opliila
o s Lilea S a0 g Ol e
Sles $a) p Sols sme ssb 4 Pit-1 05

st Mg i b glassy 5 b S
AA 555 5l ie BB 5 AB e s 53
SeS 5k s, LAB sl rmmen oy
BB _us5 L ol sl audl &S 55 ol en
S Lsls ol QTL?) WS Sl el
5 e M gols pme DI Gl OF
oS s (1997) olL,Kas Renaville
s 6 L§°)L’°~": d}ﬁ‘ DL A Jj‘ 45 .)..3‘0))4;.3

do)s alS 55 g e g s A Nl

.(Georges et al.,

Tl 3 aadlas cpl 55 sl S5 o
5 (e S5s +73/6 £44/6) .o Iy ¢l A
A (s +2/93+1/45) s, Ay
(-0/038£0/018) i » Loys sl LoalS
O, 5 Parmentier.co.l eas 518
53 dles S 3 elie s 55 (2001)
beg B TS Kl s G ol

G oBsn s e et MWy sl A TS

Y Interval Mapping
2 Quantitative Trait Loci

55

o) Susb 4 (P<0.01) 55 5L slass,
5t et S bod 55 sl a o LL
= 05 o=l U sl QLA T (6 S 5L sl
35 I3 g oy 3550 Dlio S5 (535
— 5(1996) o, 5 Falaki
el Lty b d s s GH 05 (et
Ol 5 dsls 415 aallas 5, 40 RFLP KL
M5 Sde 5 05l 03 ISk e S A
3 sl sy ol me BLSSI
05 L T as Wsgei 3501585 2000) ol en
St S 5 e et M el GH
5 b Cd IV T Tl 5 e
Sk s L 5 (1378) 0L SCes
Slasl s i, sessm 055 05551 3 3 50
PCR-RFLP S5l asliel b 0l o) ol
st K5 Ol Lol cpl 48 L8 218
el LSl s 315 ol s

wllan ol 53 sy 3550 Slis Ols Sl
AU s A cdo gy 2 28 GHR O
IS 3 et My pSle il (gl
Falaki .55 s S plo 51 iy () o)
sporge W g5 s p L (1996) 0K
Oaysa 05 s 5 olrlu la JIs s
La0) o 48 W3 S o158 ol (go 1S 5 A,
A M S G e 8 L e b @
ol 3 ol 5 Ll ol oS Llosy 3
OLLSea 5 Aggrey.ossls e llas 3=
Gl 5 gl s s 5 1S 5 (1999)

ol la Gl gl (F1H) —35 535
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o Bl
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Coler o anllae ) oS e (50Kl
Dlml3T bl Sy e 5 el Olasla
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J.':.‘ JZ?" (1387) Qb&o.h 9 L}.;JL& C.am‘ obﬁ
G s e s ol ol
PCR-RFLP Lt 51 aslizal L 01l cpliils
slias Ol w@u‘«smu)\; o S
S st A5 Ol L s 05 o B
Chlas Sl Gkt 5l Jols @l Ll

..,\.;)b

S S oms
BLUP' cowpast L bl sla s,
b G555 G S il O
Slos 1S Hsky (POl slaasl 5o 5 al b
s ahas el o Js ssd e eslin
J,ALSJJQ_, ulre 5 ooy alial 5 S
5 e kiS Lquﬂ el (S5 Wbyl
SLEs 03 1) s Seb ) G s
G sk o3l s ool WS S
Bl ol 3 L;.Uﬂj.g s Ll e bl LB
ot ol Il s s s b
ooy o Jeol= el iy Lo el 5l
S ols sy ol pl JSse SIS
Slio b ke b L 5 Loy plubs
M5 s woladl Sl piar 4 e
PO N I ¢L§ NH curb 53 ke
A se Dbl 1 el US55 &bt
53 sl el igs DBl L S 5

1 Best Linear Unbiased Prediction
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Abstract

Selection for improving of production and reproductive performance traits in livestock
IS a time-consuming process and can only be applied to adult animals. Sarabi cow is one of
the local Iranian dairy breeds with dominate geographical distribution on NorthWest of Iran.
Characterization of candidate genes associated with milk yield and reproductive performance
traits is important and can help to improve the efficiency of breeding programs in this breed.
Therefore, the objective of the present study was to evaluate the association among four
candidate genes (Leptin, Growth Hormone (GH), Growth Hormone Receptor (GHR) and Pit-
1) with milk yield and some reproductive performance traits in Sarabi cattle breed using PCR-
RFLP marker. The obtained results revealed that the highest allele frequencies were observed
for A (0.72), V (0.51), + (0.65) and B (0.55) for Leptin, GH, GHR and Pit-1 genes
respectively. The respective LL, -/- and AB-BB genotypes of GH, GHR and Pit-1 genes
showed higher milk yield production compare to other genotypes of these genes (P< 0.01).
Also, LL and AB genotypes of GH and Pit-1 genes were related to shorter open days
(P< 0.01). No evidence showing the association between other genotypes of these genes and
the other investigated traits were observed in the present study. Overall, candidate genes
showed deficiency of observed heterozygosity value compare to the expected heterozygosity
value. In addition, the results of chi-square analysis showed that all candidate genes were in
Hardy-Weinberg disequilibrium. As a conclusion, the finding of the present study revealed
the association of investigated candidate genes with milk yield and open days in Sarabi cattle
breed and the application of these polymorphisms for marker assisted selection (MAS) should
be further evaluated.
Key Words: Candidate genes, Production and reproduction performance traits, Sarabi cattle,
PCR-RFLP marker.
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