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Abstract
Objective

Leptin is a product of the obesity gene expression and is mainly produced in adipose tissue. It is
also associated with feed intake, growth, and lipid metabolism. The aim of this study was to
investigate the polymorphism of the 271 base pair loci, including the entire exon 2 and part of
intron 2 of the leptin gene in two sheep breeds, Lori-Bakhtiari and Zel, and to determine the
relationship of this locus with growth traits and identify desirable genotypes for these traits in the

studied sheep.

Materials and methods

In this study, blood samples were collected from 373 sheep, including 169 Lori-Bakhtiari lambs
from the Sholi Breeding Station in Shahrekord, 74 Lori-Bakhtiari lambs from the industrial
slaughterhouse of Farsan County, and 130 Zel sheep from the Shirang Breeding Station in Gorgan
County. DNA extraction was performed using an optimized salting-out method. A 271-base pair
(bp) fragment encompassing exon 2 and a portion of intron 2 of the leptin gene was amplified via

polymerase chain reaction (PCR).
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Results

Analysis of the 271-bp fragment (covering exon 2 and part of intron 2 of the leptin gene) using
single-strand conformation polymorphism (SSCP) revealed nine distinct banding patterns.
Sequencing of these patterns identified three mutations in this region. The first mutation (A/G
1416) has been previously reported in Iranian sheep breeds. The second mutation, located in the
coding region, involves the insertion of a cytosine base (+C 1328), resulting in a truncated protein.
The third mutation was found in intron 2, where a thymine-to-guanine substitution occurred at
nucleotide 1566 (T/C 1566). The allele frequencies for the first mutation (+C 1328) were 0.552
and 0.935 in Lori-Bakhtiari and Zel sheep, respectively; for the second mutation (A/G 1416),
0.359 and 0.039; and for the third mutation (T/C 1566), 0.179 and 0.065. Comparison of the

obtained sequences with those in the NCBI database identified six distinct genotypes.

Conclusions

Evaluations conducted in this study indicate a significant relationship between the identified

genotypes in Lori-Bakhtiari sheep and traits such as birth weight, daily weight gain, cholesterol

(p<0.05), and rump width (p<0.01).
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Introduction

Leptin, a peptide hormone encoded by the 0b gene, primarily regulates appetite and energy
balance but also influences metabolism, immune function, and the endocrine system (Dornbush
& Aeddula, 2023). The gene consists of three exons and two introns, encoding a 167-amino acid
protein that is secreted after the removal of the signal peptide (Barzehkar et al., 2009). Plasma

leptin levels exhibit a linear correlation with body fat mass, making it a useful biomarker for
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adiposity in both humans and livestock (Shojaei et al., 2010). Leptin expression is regulated by
hormones (such as stimulation by estrogen and insulin and inhibition by androgens),
glucocorticoids, and inflammatory cytokines like TNF-a and IL-1 (Moschos et al., 2002).
Through binding to the LepR receptor and activation of the JAK-STAT pathway, leptin transmits
satiety signals to the hypothalamus (Palmioli et al., 2023). Leptin resistance, observed in
conditions such as obesity, arises from impaired hypothalamic transport, inflammation, or
inhibition of signaling pathways (Zieba et al., 2022). The objective of this study was to investigate
polymorphisms at the 271-bp locus, encompassing the entire exon 2 and a portion of intron 2 of
the leptin gene, in two sheep breeds (Lori-Bakhtiari and Zel). Additionally, we aimed to assess
the association of this locus with growth traits and identify favorable genotypes for these traits in

the studied sheep populations.

Materials and methods

For this study, we collected samples from three sheep populations: 169 Lori-Bakhtiari
lambs (63 males, 106 females) at Sholi Station, 74 Lori-Bakhtiari lambs from Farasan
Slaughterhouse, and 130 Zel sheep (30 rams, 100 ewes) at Shirang Station. Phenotypic data
included birth weight, weaning weight, rump width, and weights at 6 and 9 months. Blood was
drawn for DNA extraction (EDTA tubes) and plasma isolation (heparinized samples centrifuged
at 3,000 xg for 20 min). Plasma triglycerides and cholesterol were quantified using Pars Azmun
kits at the University of Tehran’s Nutrition Laboratory. Triglyceride levels were determined
enzymatically via quinoneimine formation (546 nm), while cholesterol was assayed through
hydrogen peroxide-mediated quinoneimine generation (496 nm). This study was conducted in
2012 (1391 SH) prior to mandatory ethical codes at the University of Tehran. All procedures
complied with, the university's ethical guidelines for animal/human research at that time. DNA
was extracted from 250 pL blood using a modified salt precipitation protocol (Miller et al., 1998),
with quality verified by spectrophotometry and 1% agarose gel electrophoresis. A 271-bp leptin
gene fragment (spanning exon 2 and part of intron 2) was amplified via PCR with primers
(Forward: 5’-CGCAAGGTCCAGGATGACACC-3’; Reverse: 5-
GTCTGGGAGGGAGGAGAGTGA-3’; Bucher et al., 2005) in a 25 pL reaction containing 50
ng DNA, 1X buffer, 1.5 uL. dNTPs, 0.5 uL. MgClz, 0.7 pL primers, 1.5 U Taq polymerase, and
16.8 uL deionized water. Thermal cycling involved initial denaturation (94°C, 5 min), 35 cycles
of 94°C (30 sec), 59°C (30 sec), and 72°C (1 min), followed by final extension (72°C, 5 min).
Products were resolved on 2% agarose gels. Polymorphisms were detected using single-strand
conformation polymorphism (SSCP): PCR products were denatured (95°C, 10 min),
electrophoresed in 1X TBE at 300 V (4°C, 14 h), and visualized by silver staining (Sambrook &

Russell, 2001). Allele frequencies were computed with GenAlex 6.41, and sequences were
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analyzed using BioEdit and Vector NT1. Statistical analyses in SAS 9.12 included Box-Cox
normalization for nonparametric data:
X = (N =1/

Where X(n) = normalized data.

Three mixed models assessed genotype-phenotype associations: Model 1 evaluated growth
traits with fixed effects (genotype, sex, birth type, birth month, maternal age) and covariates (birth
weight, weaning age). Model 2 analyzed blood parameters and biometric traits, incorporating
genotype-sex interactions. Model 3 combined data from Sholi Station and Farasan
Slaughterhouse, testing breed, age, sex, genotype, and their interactions. Random animal effects
were included in all models (MIXED procedure, SAS 9.12).

Model 1:

Yiikimno = 4+ G; + gj + LSy + MB; + DA, + Ay, + Animal, + €jjiimno
Yijkimno = # + G; + gj + LSy + MB; + DA, + A, + b1(BW, — BW) + b2(AWw, — AWw)
+ Animal, + €;jximno

Variables: Yijkmno: Trait value for each animal, p: Population mean, Gi: genotype effect, g;:
sex effect, LSy: birth type effect, MB:: birth month effect, DA,: maternal age effect, A,: Effect of
nth animal age at blood sampling, b1: Regression coefficient of Y on BW, BWo: Birth weight of
oth animal, BW: Mean birth weight of animals, b2: Regression coefficient of Y on AWw, AWw,:
Age at weaning weight measurement for oth animal, AWw: Mean age at weaning weight
measurement, Animal,: random animal effect, ejjum: Residual effect.

Model 2 (for blood parameters/biometry):

Yijkimno =+ G; + g; + Cgy + (gCg) jx + Animal; + e;jyy

Variables: Yi: Phenotypic value for the individual animal, p: Population mean, G;: Fixed
effect of the ith genotype, g;: Fixed effect of the jth sex (gender), Cgy: Fixed effect of the kth
sampling group, (gCg)jk: Interaction effect between sex and sampling group, Animal;: Random
animal effect of the Ith individual, ej: Residual error.

Model 3 (combined analysis of Sholi Station and Farasan slaughterhouse data):

Yijkim = 4+ Bi + Aj + g + G + b(Wp, = W) + (Bg) i + Animal,y, + €;jiim

Variables: Yijm: Trait value for each animal, p: Population mean, B;: Effect of i-th breed,
Aj: Effect of jth animal age, g«: Effect of k-th sex, Gi: Effect of 1-th genotype, b: Regression
coefficient of Y on W (animal weight at blood sampling), W.: Slaughter weight of animal, W:
Mean weight of sampled animals, (Bg)ik: Interaction effect between breed and sex, Animaln:
Random effect of m-th animal, ejjum: Residual effect.

Analysis: Fixed effects (genotype, sex) and random effects (animal) were evaluated using SAS

9.12 (MIXED procedure).

30



o S,

Azizi et al., 2025

o

Results

This study, utilizing an optimized saline method for DNA isolation and quality assessment
(average concentration of 180 ng/uL and A260/A280 ratio of 1.9) and PCR-SSCP, identified three
mutations in the leptin gene of Iranian sheep: a novel mutation in the coding region (+C1328)
leading to truncated protein production and two intronic mutations with no structural impact.
Comparison with the NCBI database revealed six genotypes, highlighting key differences: the
Lori-Bakhtiari breed exhibited higher diversity (all six genotypes) and significant associations of
genotypes 3 and 6 with superior productive traits (birth weight, tail dimensions, and triglyceride
levels), while the Zel breed showed only three genotypes (genotype 6 stabilizing). Statistical
analyses confirmed the effects of sex, birth month, maternal age, and multiple births on traits such
as weight, body dimensions, and blood parameters (p<0.05). In Zel, genotype 5 correlated with
lower birth weight, and genotype 6 with reduced triglycerides. The study also demonstrated
alignment of the A/G1416 mutation with morphologically similar foreign breeds and allelic
frequency discrepancies with prior studies (e.g., Boucher et al., 2006), underscoring the

importance of genetic diversity and genotype roles in enhancing productive traits of Iranian sheep.

Conclusions

In the Zel breed, genotypes 2, 5, and 6 showed significant associations with traits such as
birth weight, tail length, body length, thigh circumference, and blood triglyceride levels. The Lori-
Bakhtiari breed exhibited all six genotypes, reflecting its high genetic diversity. These genotypes
were significantly linked to traits including triglycerides, chest circumference, animal height and
length, upper/mid-tail dimensions, left/right tail length, and tail cleft length. Similar to Zel,
genotype 5 in Lori-Bakhtiari had the lowest performance, while genotype 6 (superior in Zel) and
genotype 3 showed advantages in many traits. Lambs with genotype 5 in both breeds had
significantly lower birth weights (p<0.05), highlighting the potential of these polymorphisms for
elite animal selection. Identifying genetic loci and genes influencing growth and carcass traits is
pivotal in breeding programs. The leptin gene, a key candidate regulating feed intake and growth-
related traits, was studied here for the first time in Iranian sheep breeds. Novel mutations in this
gene were identified and their associations with economic traits were confirmed, emphasizing the
importance of leptin and its related QTLs in controlling critical production traits. These findings
provide a valuable foundation for selective breeding and genetic improvement strategies in

Iranian sheep populations.
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5 Sy o el 43y 15 oyl Jto 50 o5, MIXED a5, s SAS 9.12 15815 | ssloaos ole lie 45 s
sl Sglato ] 2 g Jelge g 501 g5 as iy (ol (slmog)S g ool
Yijkimno = U+ G; + gj + Cgx + (gCg) jx + Animal; + e;jy (Y Jse
095 ol K 31001 i 0l ] 5130 oy el T 316 cnola (3o st 6>y gl o e Y
dolse 5l i e ool 1 g1 ANIMal; «g)ls pasdges 09)5 5 puiz o Jolite Il :(9CG) ji syl paises
oilo 8l
FB el Jelge plgis 4 Guig] g i ol gytagn Clio 5 (S Sladodiwld 4 bgye sloodl gl pgd Jae
Caoldid 5,18 i adlee ;o (gabdiwd
Yijkim = i+ Bi + Aj + gi + G, + b((Wy, = W) + (Bg) i + Animaly, + €;jxim (¥ J
o el K g s oo el ] 1A SI5 el T 31By el (50S0le s el 2 gl o ke Yjam
W i iS plSin 15 o> (59 Win (s uSigs plSim 3 Wapls 39) W59y Y Comli canp—3 b iy el 1 514G
Alijiam g ol M J1ANIMAL, iz 5 35 G Jlite 31:(BG) ik 0 (55 S5 sloph 0y (il

oo 3l Lolss
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—) 35 )b e mis o8 HliS laphy o Joud (goliins oKl (glaphy Syt slacis iy oyl 4

S el 38 Cgis g iz W00 (b)) oo b Wi (g ytage Siidio 5 (995 sbraomilf o pS )3 & ()i
8)S )8 oo ables 5> (ganaod BB ol Jelse plgis @ Lol

(S eg SBodl> el s 4 bgipe slaosls 1 ke )3 39290 Jalge b Olico (s b (55lof (v

o s el (S35 e e diile iy wtwnd BB el else (5 JyedS 9 2B 5 5) (F55 slraominl B

IR ‘_;:L»))‘ MIXED L9y 9 SAS 9.12 )‘)5] gy lJ Excel AAL)J Pl uwl).:9 )‘ o UJ"J Lu.).; olo 9 Jl.w

58T J5 g9y 2 aiged DNA L)l (el o 1085 plal (Sod adly e gy 42 DNA (g5l las

G903 YVO &3 S35 o (Sl lime g Mo 4 (30 (g sl DNA 332551 (05" Jols lisabl 1 g g 505 53951
9 VA ng/uL ladiges ;> DNA clale 5 a8 0 s obj,l Gyl oliws b dged VFF dg0s g 00 (gjLuwlis DNA
Hyoay slogenis 28Ty plomil J1 g 292 VAl (A260/A280) yiegil YA+ &1 09l YE+ gge Jsbo 53 i sl (550
52989 5SITY 8T 5 59y 2 Indiges dem el iS5 i5u (s> 5 aodjglys (SisSe 41 (30 (g sl i 8 35

) JSes) s

(63U s YY) Wlahad) PCR Jomase ;989 wSJ1 de ) JSd

Figure 1. Electrophoresis result of the PCR product (271 bp fragments)

935 Jo g @ig gy Jj o155 ooy o alig, oyjg sl Jlo gl 08,5 plsl (35 oy oygej] ol (sl
39 4 e Olio Slpsii o b g sl Bl ool (Sl il ineS 25 (0 (S9pm Jloy @iy Sl p2 593 0jlNl o
2l a3 LS 5 &lio) ()9 LSl 6 S 5 5l (g g8 019 M8le S g (63, Mes Clao (s togn 5 (S5 slayielil

.CM‘D.\A]\N?Y A J}lb » )R d)yg0 d“.m.)‘)) )l&_i.zrfbcb 109.3).4
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Table 1. Statistical characteristics of traits in Lori-Bakhtiari sheep

FITA Y

Olyss o g 3kl Bl oSSl A " Caduo
Coefficient of Standard Mean Maximum Minimum Trait
Variation deviation
16.69 10.18 60.98 99.77 39.56 (mg/dL) Jj 2.
Cholesterol
28.86 10.47 36.28 63.84 16.17 (ME/AL) s pulS s 3
Triglyceride
16.11 6.28 38.99 56 31 (em) 02,5 93
Neck circumference
6.96 6.73 96.73 120 73 (6m) s 9>
Chest circumference
(cm) oS5 590
6.46 6.83 105.65 128 88
Abdominal circumference
6.74 4.81 71.39 85 61 Height (cm) 5
532 3.36 63.16 78 54 (em) o Jsb
Body length
7132 2/42 33/03 38 27 _lom) ol
Thigh circumference
20.97 0.85 4.06 7.6 2 (cm) ai> jlas
Tail fat diameter
11.52 8.10 7032 98 53 (em) s> Yl 592
Upper tail fat circumference
. .L_o b
10.53 6.50 61.70 79 49 (em) 5> Gl 59
Middle tail fat circumference
12.92 6.58 50.62 72 35 (em) 43 ol sp0
Lower tail fat circumference
(cm) by Jobo
19.48 538 27.63 40 18
Middle length
24.53 4.03 16.41 29 8 (em) oo oo Joo
Left length
25.08 4.01 15.98 26 8 (em) el cuo Jsbo
Right length
24.84 3.80 15.28 25 6 (em) ai> S5 Jobo
Tail fat cleft length
R
12.10 5.62 46.40 74 34 (cm) a5 sV 25
Upper tail fat width
S
11.85 4/83 40.83 54 28 (em) 5> Gl (200
Middle tail fat width
25.72 6/09 23.70 4 15 (em) 5> el 25
Lower tail fat width
kg) J5 o
14.06 0.78 551 72 3.1 (kg) J5 035
Birth weight
11.69 3.96 33.84 43.40 24.50 (ke) 55551 0s
Weaning weight
13.02 41.02 314.92 429 212 (&) a9, 0ig L2
Daily weight gain
539 121 22.41 25.36 17.72 (8) i oL

Kleiber index
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Table 2. Statistical characteristics of traits in Zel sheep

Jj 315 oS Olio g bl b S5y Y Jga

Olyoss w)w 3,5kl Bl ol oSl .
Coefficient of Standard . .. )
L .. Mean Maximum Minimum Trait
Variation deviation
_\J .o
19. . . 4 2 (ke) A5 s
93 0.68 335 > Birth weight
19.65 3.84 19.55  29.20 10.10 (ke) 55 S g
Weaning weight
30.94 48.41 156.44 257 55 (8) s, 0js 612!
Daily weight gain
20.67 343 16.57 21.78 9 (8) S
Kleiber index
13.90 2.43 17.46 25 13 (cm) > Jobo
Tail length
14.52 2.53 17.43 26 13 (em) £ 593
Tail circumference
Ay yed
11.88 3.12 26.27 33 18 (em) ol 59
Thigh circumference
7.54 423 56.04 69 45 (cm) o Joo
Body length
7.43 4.46 59.91 72 52 Height (cm) 5
10.06 7.98 79.32 96 64 (Cm) s 593
Chest circumference
(cm) oS5 )90
10.61 8.70 81.96 100 63 Abdominal
circumference
22.84 7.00 30.65 54 22 (em) )5 )92
Neck circumference
24.20 12.92 53.41 82.13 22.42 (mg/dL) J .
Cholesterol
66.55 9.77 1468 5139 1.94 (ME/dL) s yelS s 3
Triglyceride

i PCR-SSCP (39, ax o) 00 03— 5655 4 li > o)l 9 J5 313 99 @etigh) omed sl 90 52

slasSl b (I ) g 2 Jlwyl (S 29y b) b I sl 905 93 95Uy 5l (V JS) oaalidia (i 6551

9039 a8lsl g5 5l 9,53 o5 oaiSuS Al > (WYA +C) Ligs <O s olwlis i 4w PCR-SSCP I ol

Vol padl (g g 30bise b bl 0998 4 ¥ aelail 087 e ol S ccslend JIg o)l (gt Sk S

S ((27300) Ligs 95 ool omomed caslodd (plolid )b s gl e ol (F Jsia) 09 o0 aid L aipeliul

5 (Quereshi et al., 2015) culoads 5,55 15 (w5 B 2g)) Slash mbwsS ladlp opid o5 ¥ ol

25 )18 aagi 3)90 Sl kS )3 015 Mol laacly gl (il (JeSUge )SOLES i 4y Wl o
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Table 3. Statistical characteristics of body measurements and blood parameters in Lori-
Bakhtiari sheep (Common traits)

3yl Bl

) Sle Ay LIRS Cdio
Coefficient of  Standard M ) .. .
... .. ean Maximum Minimum Trait
Variation deviation
15.19 5.74 37.77 55 27 (em) 035 592
Neck circumference
7.18 6.85 95.35 120 73 (em) 2 52
Chest circumference
(cm) x5 9
4 . 103. 12 2
749 7.76 03.63 8 8 Abdominal circumference
6.32 4.53 71.69 85 60 Height (cm) 8
5.36 3.37 63 78 49 (cm) o Jg
Body length
(cm) g, 599
9.22 2.94 31.87 38 23
Thigh circumference
26.06 1.16 4.46 8.5 2 (cm) ais jLas
Tail fat diameter
11.28 7.82 69.29 98 49 (em) &> sVl y92
Upper tail fat circumference
(em) ags Sle 90
11.37 7.11 62.56 81 45
Middle tail fat circumference
16.52 8.78 53.15 82 21 (em) 4> ol 50
Lower tail fat circumference
g Jsb
20.04 5.88 29.32 53 18 (cm) Loy
Middle length
27.33 5.01 18.33 33 8 (M) o Canw Jobo
Left length
28.33 5.12 18.06 33 8 (cm) e,
Right length
s S5 b
28.45 4.16 16.35 27 6 (cm) as> &
Tail fat cleft length
11.67 5.45 46.57 74 34 (em) > Vb (B
Upper tail fat width
(em) ais> Sl yope
13.45 5.73 42.64 59 28
Middle tail fat width
. . L .
25.52 6.44 25.25 48 15 (em) 4> ol 25
Lower tail fat width
17.71 10.6 5985  99.77 36.58 (mg/dL) Jy s
Cholesterol
28.55 10.68 37.4 78.14 16.17 (ME/dL) s yeulS s 3
Triglyceride

W3 e Lt Gimgy ol dysl cowd )l i Se LSl ) (28 g 03 gyl LiSu 3 K03 e 9

Sy ol adllas oyl ol 5yl ISSas ¢ dtad GlusS (C/G) VFEY a59ilS o 03ls &y s sl olpl s oS

] i Sladllae (clodbl b gen o Sl sladls 3 (A1416G) YV cu59ilS' g Cunbge 3 A/G Ligs oS

41



RN,

(V€4 € oyl € 0ylowd VY 295) (650908 (5590983 gy dlo

wamsml,

2 Sl b1y (A103G) padyso s o0l 5929 (Boucher et al., 2006) SUgslas § cuwysd sdlp (55 p Slalllao
ol {Barzehkar et al., 2009) (c5; 9 Jj (Lo sladlp > wlacuily by sMae slbyud oS 5 g SMae 43,
NS 039 3 Sl 5 (P<0.05) (655 3135 1 66558 J) 0jg S22l o 5l gy Sliuo )3 )l sime Sl b il

(Moradi Shahrebabak, (5,5 5 Jj a3 > it cul G55 osizas 22 om (p<0.01) s 315 »
Lés 5| Sl (Quereshi et al., 2015) Low 5 x5 o 2y LSl slosli 5 (A3201G) )] Llolus 52009)

a8y lio ) o 0gill Cuenl g poitie aumen ) (S5 ol oy

Ond 095 099557 50 vawi daalin (gl s gSILY IS

Figure 2. Banding patterns observed in exon 2 of the leptin gene

VYA SS9 55 5 i 1 aar 5 b bt (s Jol £95 ol Lo JIgi € Jgaa
Table 4. Sequence of leptin protein structure type I before and after mutation at nucleotide
1328

LS ) o (o n Jgl &9 bl & bgiye Jlg 5l i o Caxdy
Part of the sequence related to the leptin Protein structure of type I in sheep Mutation Status
MRCGPLYRFLWLWPYLSY VEAVPIRKVQD? Before mutation e jl 8
MRCGPLYRFLWLWPYLSYVEAVPIRKVPG* After mutation _igs jl Ja

oS 515 pllis g s HE605296.1 s olass 4 NCBI ools 6lSly Jlgs L alisls slo Jlgs duusli

oid ol 31 5015 55 g 350 329 ()l (55555 (o)lise 15 13 & Jgdr glaodls 4y a5 b .cuslods 03)51 0 Jgd> 5

Gl Cazes cpl 50 b Hlul 4 5y idh Cuiedf a5 @)y dem g Cuiel dw S g

S https://proteomics.ysu.edu/tools/OrfPredictor. htm
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Table 5. Mutations and genotypes of exon 2 and part of intron 2 of the leptin gene

Base number b csosles Genotype g
1328 1416 1467 1566 ‘
- A C T HE605296.1 AACCTT
- A C T 1 AACCTT
- A C C 2 AACCCC
- G/A C C 3 AGCCTT
- G C T 4 GGCCTT
C G C T 5 CCGGCCTT
C A C T 6 CCAACCTT

O (35 99 9yl 31 (oiSu 9 95 (3935 SR o (Flglyd aw pd T Jgun

Table 6. Frequency percentage of exon 2 and part of intron 2 genotypes of the leptin gene

O gl R edel ke e dw i) 90 gl SS9

Breed sl
Genotype 6 Genotype 5 Genotype 4 Genotype 3 Genotype 2 Genotype 1
Lo
25 30 2 7 11 25 whsra)
Lori-Bakhtiari
88 5 0 0 7 0 Zel J;

o5 Jhws Slglyd 51 J5 015 ;0 VOFF 9 VPV slaussdSs jo aadosalin slaies F Jodo sloodh 4 ang L

o bloyl &8 ety lalllas [ 5 laaily oyl dim oo oLt angs b LSSy (g ks ol o a8 s 5 o )loyes
o5 )9 GhisS ) e Jlte lsie il JI)55 0 glofag cumnl jlenlodly (L |y Sijsle 8 lao 5 o) 0 lagier
Caslaiily (gl e byl Shgs Brame 5 (55 (535 3 o) eign sk LY 09351 T a4 € Gl ol o
oot (69,5dae Sl Wlgi e cpitd 0F D (Su] 95 & A3 o i mex clialse opl (Jonas et al., 2016).
PLG 5L T Sleld laadllas 45 .ail cglite calise sl 3 cwl 5Sow Ol ol oo an 31 il ails
N0 IV a8 9 Ji e JUs gl sl g /oY g /WY iy Sgdls g Cowygd sladlp (gl VNS useilSys
Lol yls (ooloj ool J5 315 390 50 Lidgi opl slasygleews L aS (Boucher, 2006) slos,S )55 +/VA 4
Slpen $5005 S5 215 4 405 0,1y o5 Cwd (wlibion) 13 5l & (2B ladlp b el cnl sl jglen

k.A-w-u ).aio.uo LQC)SLQJ Lbbl).: )i_.;‘.) 3y90 5 L;? ..))‘.) (5):“"""""
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Table 7. Allele Frequencies of Exon 2 and Partial Intron 2 Mutations in the Leptin Gene

il iz 3 oo S 4 T Syl

Allele frequency by mutant base number Breed »l3
1328 (+C) 1416 (A/G) 1566 (T/C)
0.552 0.359 0.179 Lori-Bakhtiari  ¢,lise—(s)
0.935 0.039 0.065 Zel J;

(P<0.001) ssonss Ho ize jlwas 00 (g S03l8l Slawo y i § gl 15 o 16, WiBu— 5 ) 355
Sy Sl ol 93,505 sloo yy &) S SBST slooyy (31ke 935 S0 Slhio (59 2 ot Jols (S o9 B
ORI xS ity jgmo & Jhe Gt opd &S e ppl @ Jg 095 00 (dre Clio (B g8 (S 50y
@ s 139080 Ly olo Al )3 a5 slwe s g sl Woi 139 0 1y 1 cpyai Mg olo .85 )13 Jae )0 oyl ply cdb o
O ORI L 5 (D<0.01) 392yl gtme 665 58 5l (139 9 W5 (g 2 oo o 31 5392 3 S ol (pore Wgie (sl
36495 omlb g Yh (oye 5 Coly 5 oo Jsb s ol 93 s Jlad Clawo (gl pmzmen 8l e (I3 oy (g Lo
lS G il (39 Sl Wb (59 Sl b b)) AP 50 G G el (p<0.05) g2 515 (e pole s 5]
FP<0.05) 815> (515 (mo datly (8 el 65 iam 9 480 SIS Jobo > (Slio 593 05 593 65 13 3l Ui
9 4w lacagi A5 cpl ) canldiib |y b jlide (p yieS byl 5 (lise 3)90 ) 170 E g wdg) LD cnl e
dw wigd (p<0.001) Wl glate a6 b dds YU (o, Cio (gl Lol cyls (650 sl plw 4 Caws (i
Sl Ty 48> (Vb oye op e i CS9) g oy pieS
Psine daly (P<0.0T) (53,5593 5 4 193 (P<0.05) > Jobo 8 oy Jsbo b (i o5 3135 53 2] 3135
Slao 5 5 Jao Alslas )3 o ssmg Ll el o i) Slio Sy g y1 o) Loine y5i6 s (SsSa 5l .caslazils
oy 9 (P<0.01) cusls ol cos g aliy) 01jg Gl 1y J1 oyt Vg olo ey (o )3 1) Jdo el cupo 0l
olo 2 3155 cal )3 iz 03I 1) Wlig) (yjg LRl (o yeS g e e Siel Ly olo Culigudl g olojge )3 &S
A5 005 53 (p<0.05) cutly 3529 3,05 sins alasly diw 593 5 £3 593 p3 Jobo e Jobo <]y 193 (Solo aw (g 5 g5
JormalS lise 5 o1 08 Slao (el 52 o1 (o e (P<0.05) 593 Jlo sime s 553 5 p3 490 ¢ Jobo Slaio 1l oo
ables 5l g @il gyl gxe 3l K05 Slao sl Jg 8,5 )5 bl Jao dlslee j3 cuidls olyon 1 1) s oy il 9>

3,5 Gl gl Jse
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Table 8. Least squares mean (£S.E) of various traits for genotypes identified in Lori-

Bakhtiari breed
U TPy WY ke 59 4w 9] 9 ) ) S
Genotype 6 Genotype 5 Genotype 4 Genotype 3 Genotype 2 Genotype 1 Trait

5064026  4.68°£0.18  4.620:047  4.86%:031 491":028  4.78:0.16  Birth weight #Jg 53
343.00%51500 34456741401 355.09%42739 367.18418.40 3343051627 340.00%15023  F99 o o
Daily weight gain
228204048 23.041:0.44 23379:0.84 23.61:£0.58 22.99%:052  23.09%:0.48 (1) y2elS s
Kleiber index
3690140 37.68%4133  38.8542.56 38654171 36404155 3680144 (M) xS il
Weaning weight
1.73°£0.0035 1.74%£0.0033 1.71°£0.0145 1.75%0.0068 1.74+0.0053 1.74°£0.0036 #(0) Jysneds
Cholesterol
224%0.041 22590.038  2.3240.075  2.21%40.051  2280.045  2.27%0.042 (05) () sl 3
Triglyceride
40312085 40.60:0.80 40254226 4022125 39.53:1.01  40.12%0.86 (08) 0255 592
Neck circumference
101.8342.34 101.74%2.19 106.864.29 103.93%2.88 102.11%2.53  100.9%:2.38 (0S) dizes 59>
Chest circumference
(nS) pS5 592
109.5042.52 109.87%2.36 110.65%4.63 111.16:3.10 109.17%42.73  109.71%£2.56 Abdominal
circumference
7250081 72474076  75.9542.15  73.49%1.19 71.86%0.96  72.67%0.82 Height (ns) 15
N
32959059 33264055 35274156  33.72%:0.86 32.89%0.69  33.25%0.59 - (s gy
Thigh circumference
42644023 4299021  3.9590.60 4774033 4304027  4.39%0.23 (nS) 4> b3
Tail fat diameter
(ns) 4> YU y90
73.0543.04 73221285  80.0245.60  74.94%+3.75 71.75%3.30  71.40%3.10 Upper tail fat
circumference
(08) (&) 4> Sle 592
65274151 641994142  69.66%44.01 6658121 64474178  63.31%1.52 Middle tail fat
circumference
(nS) 45> (b 9
527611155 5299146 50.094.12 548291228 52.18%1.83  52.67%1.57 Lower tail fat
circumference
. .Lm
258%0.018 2.59:0.017  2.6240.048  2.61%:0.027 2.57::0.021  2.59::0.018 (08) > Sl Jsbo
Middle tail fat length
19595119 19154112 17.05%2.19  19.49%:1.45 1840129  19.424+1.20 (ns) el Jsbo
Right Length
18.6741.07 183341.00 17454197 18.99%4132 1847%%1.16 18.0641.09 (1S) 45> S5 Jsb
Tail fat cleft length
##dsd Vb o
50281132 47.88%+144 478901121 469504122 4724%:128  45.11°:1.86 a5 oYl oo
Upper tail fat width
B354120 4376104 44739303 4404178 4265144 Alsawlnz (0S4 Sle he
Middle tail fat width
(nS) () 483 ol uoye
145440007 1.45%40.006 1.44%:0.018  1.46:0.01 1.44°+0.008  1.45%0.007 ~

Lower tail fat width

ol (08) aed o i |y ad Jloys () By g 0393 o> Vg duoyd O xlaws )D (651> (ime odidd (LS iy &y W g %
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Table 9. Least squares mean (£S.E) of various traits for genotypes identified in Zel breed

S G & e PRROR Cio
Genotype 6 Genotype 5 Genotype 2 Trait
3.520+0.26 2.10°+0.61 3,489+ 0.64 5 0o

Birth weight
124.99°+11.41 157.020432.55 144.49°+31.36 (05) i) 0ig o4
Daily weight gain
17712+ 0.98 18.97°+3.97 19.66°+2.75 (0S) 5 5 J 039
Weaning weight
18.04°+0.67 18.91%+1.42 21.642+1.75 *e> Jobo
Tail length
2.47°40.03 2.37240.06 2.4280.07 (B8] () p2 90
Tail circumference
26.75%+(.90 23.29+2.03 29.00°+2.07 R
Thigh circumference
55.373+1.10 55.092+2.27 56.87°+2.3 (08) o Jobo
Body length
82.91242.33 82.918+5.11 857204522 (0S) e 52
Chest circumference
81.792+2.32 81.47°+5.22 86.81°5.31 (0S) 52 92
Abdominal circumference
0.48°+0.00 0.48*+0.00 0.48°+0.00 (1) (o) 0255 59
Neck circumference
52.742+2.99 51.79°+9.55 58.79°+9.85 (08) Jyy2l
Cholesterol
2.79+0.16 3.26°%0.63 421240.61 #o) e 5
Triglyceride

Ll (65 dze pas onimd (ylis (NS) dad o lis |y il Jloy () By 5 Cawl o3 B grdaww j5 (41 (ime oiad )Ll 3

Sy (o) (gixe bl Guigi dmw cnl b Wg g o5 cal )3 &S Doy I gy 90 Glrgds) 5015 50
$) &S (5 QhdsS W (e8I (g 03 ] 93 4 W09y i) S & (oo (p<0.03)
Ol 95 Jsbo Slao gl Jg (P<0.05) s ily 1503 cuigi 99 4 S (658 3 Jsb g oy ygo Wi db ) iy
A5 9 3l ieS do S5 Ol i Gy b slopldy ) 5 cdly Sl 10> iy 99 b Lid Gugi) (09 el
(P<0.05) wzdls 1) 4y juuelS 5 Glie oyt S gy b gloph g0 S
cusly g3l Glis 503 gl g Abodyd HI xe 3 Job g (5,5 H9d Slius (gl s lite ol 1 1S piade oo
JoredS x5 (P<0.001) 592 )15 (sxe oo ann (555 2 §)kBums) 315 > uir J1a)5 Bl Jae 5l ulple
09,5 3 4 (53l (s ) A5 sloph (T a4l o (gl pdiged 09,5 il gty ko i (glaply 5 S Blio 4y
il by gxe Jl lis K5 S sladminl g 4> SIS Job b Jobo jom aiid 515 alSi] § (25 ks

Aye a1y 55 opl loime sy Slio b 5 ol bLs )l 5 odel cwd @ ol 4 dv g5 b a5 ol 5 LB cols 5> (p<0.01)
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Table 10. Least squares mean (£S.E) of various traits for interaction effects between sex and

sampling group

Interaction Effects of Sex and Sampling Group (5,54 09,5 5 i Jolie <l 3l

Slaughterhouse Slaughterhouse . . Trait
Station Female Station Male
Female Male
BT
28.35°+1.49 34.52%+0.56 35.35%+0.56 46.3740.53 Neck
circumference
2.55%%1.013 2.61°£0.005 2.63%+0.005  2.66°+0.005 (&) o sk
Body length
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AP 3 el (65 0 el )R> & S &5 5015 )0 &5 i Guigj miomed Cdb 1y 0,58 o pteS gy g L
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Table 11. Least squares mean (£S.E) of various common traits for genotypes identified in
Lori-Bakhtiari breed

oMb el e ke edd] 4wy 5 w5 K s o
Genotype 6 Genotype 5 Genotype 4  Genotype 3 Genotype 2 Genotype 1 Trait
36.40%0.65 36.22%:0.61 35.72%1.70 36.13%:0.86 36.00%:0.74 36.42%:0.64 (1S) 02,5 90
Neck circumference
92.44+1.07 92.26*1.00 95424325 94.07%£1.58 94.67%+1.27 92.53%1.09 (nS) 4w 93
Chest circumference
100.00+1.24 100.442+1.16 107.59%3.77 102.99%+1.83 100.96%+1.47 101.63%+1.26 e
Abdominal circumference
70.5224£0.59  70.16*£0.55 72.831.79 70.78+0.86 71.100.70 70.51:0.60 I({nesl)gﬁt
2.61%£0.006 2.60+0.005 2.62+0.015 2.61%0.007 2.61%0.006 2.61%0.006 (ni)e(rf;tﬂ’b
30.61£0.42  30.61%£0.39 31.61%1.27 30.93%0.62 30.7120.50 30.67%:0.42 )l
Thigh circumference
4574020  4.5840.18  4.3540.60 4.84+029  4.834023  4.7540.20 (BS) e3> s
Tail fat diameter
2.8540.06 2.80%0.05 2.92:0.17 2.81+0.08  2.82%0.07  2.77%0.06 (05) o) > VL 92
Upper tail fat circumference
() 483 Sbe 9
8.282+0.07 8.12b+0.06 8.26°*+0.21 8.13%*+0.10 8.20%+0.08  8.14%+0.07 Middle tail fat
circumference
8764038 825036  7.40+0.16 8221057 871046  8.71£0.39 (08) (0) 43> ol y92
Lower tail fat circumference
1.63%£0.005 1.63%:0.004 1.63£0.014 1.63%+0.007 1.63%+0.006 1.63%£0.005 (05) (o) &> Jsb
Tail fat length
1970063 18.55%0.59 17.17£0.92 20.02%40.93 19.61%0.75 19.10%£0.64 (ns) 2 Jgbo
Left Length
19.33440.63 18.39%£0.59 16.64%:0.92 19.78:£0.93 19.41:£0.75 19.07%+0.64 (ns) el Jobo
Right Length
16.88+0.57 16.36"+0.53 14.59%+1.72 17.96"+0.83 17.90+0.67 16.66%+0.58 Ry SIS Jobo
Tail fat cleft length
46.81:£0.83 4578077 48584250 46.64%122 473544098 4539084 (n5) 4> SV 2
Upper tail fat width
44.61°:0.93 4326087 43.58%2.81 42329136 43.85%1.10 42.91%:0.94 (05) 453 gl 20
Middle tail fat width
1.422:0/005 1.41%0.004 1.4342.014 1.43%£1.007 1.422:1.006 1.42%0.005 (15) (o) 453 oy 20
Lower tail fat width
1.7330.005 1.734%£0.004 1.736*0.01 1.437%£0.007 1.732%£0.005 1.734%£0.005 (08) (o) Jys2ed
Cholesterol
5319011 54204210  5.882.31  5.12%40.16  5.29%+0.13  5.45%0.11 #o) 2l
Triglyceride
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