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Table 1. Pedigree structure 

 Pedigree Number 
 Total no. of animals  1045 

Total no. of Sire  125 
Total no. of Dam  501 

The total no. of animals with offspring  626 
Total no. of animals without offspring  419 

 No. of base animals  626 
No. of base male animals  125 

No. of base female animals  501 
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Figure 1 Some biometric traits in Kurdi sheep 
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Table 2. Descriptive statistics of the studied traits 
 

C.V.(%) SD Average Maximum Minimum 
 

Number 
ID Variable

21.36 0.82 3.84 6.90 2.00 658 W0 Birth weightKg 
22.37 5.12 22.90 36.60 13.00 652 W3 Weaning weightKg 
17.06 5.59 32.77 54.60 18.60 638 W6 6-month weight Kg 
18.82 7.71 40.96 71.50 17.90 419 W9 9-month weightKg 

35.84 13.12 36.61 103.00 13.20 658 LW  
Animal weight at the time of ultrasonoghraphyKg 

10.85 7.08 65.28 88.00 45.00 658 WH Height at withercm 
10.92 7.04 64.48 88.00 45.00 658 RH Height at rumpcm 
13.99 3.01 21.53 30.00 10.00 658 HL Head lengthcm 
11.44 1.70 14.83 19.00 10.00 658 HW Head widthcm 
9.38 1.38 14.72 20.00 10.50 658 EL Ear lengthcm 
7.61 0.60 7.94 9.50 6.00 658 EW Ear widthcm 

15.54 4.66 29.98 43.00 16.00 658 NL Neck lengthcm 
12.77 2.29 17.90 24.00 12.00 658 CW Chest widthcm 
13.38 10.48 78.31 116.00 48.00 658 HG Heart girthcm 
12.93 11.53 89.15 134.00 55.00 658 BC Abdomen circumferencecm 
13.48 1.21 8.98 13.00 6.00 658 CC Canon(bone) circumferencecm 
11.79 7.21 61.18 82.00 40.00 658 BL Body (diagonal) lengthcm 
20.98 3.54 16.86 26.00 8.00 658 RW Rump widthcm 
14.45 3.15 21.84 31.00 12.00 658 RL Rump lengthcm 
20.39 3.35 16.45 27.00 8.00 658 PW Pin (bone) widthcm 
13.73 2.50 18.18 35.00 11.00 658 BW Belly widthcm 
10.94 2.98 27.21 36.00 17.00 658 RD Rump depthcm 
10.36 1.11 10.70 15.00 6.50 658 LC Leg circumferencecm 
12.42 3.47 27.91 39.00 15.00 658 TC Thigh circumferencecm 
22.48 4.52 20.09 40.00 10.00 658 TH Fat-tailed heightcm 
27.21 8.07 29.67 60.00 12.00 658 UTW Upper fat-tail widthcm 
28.03 7.13 25.42 54.00 10.00 658 MTW Median fat-tail widthcm
26.64 4.94 18.54 52.00 9.00 658 LTW Lower fat-tail widthcm
33.43 13.87 41.48 110.00 15.00 658 UTC Upper fat-tail circumferencecm
32.91 12.39 38.65 97.00 12.00 658 MTC Median fat-tail circumferencecm
33.40 10.88 32.57 80.00 8.00 658 LTC Lower fat-tail circumferencecm
42.12 0.35 0.83 3.00 0.20 658 UTT Upper fat-tail thicknesscm
43.87 0.40 0.91 3.60 0.20 658 MTT Median fat-tail thicknesscm
49.53 0.54 1.09 4.00 0.20 658 LTT Lower fat-tail thicknesscm

33.46 0.14 0.42 1.16 0.17 658 UBFT 
Ultrasound back-fat thicknesscm

36.75 2.69 7.31 19.98 2.53 658 ULMA 
 

Ultrasound longissimus muscle areacm2

10.67 0.56 5.27 7.56 2.24 658 ULMW 
 

Ultrasound longissimus muscle widthcm

22.88 0.43 1.86 3.57 1.02 658 ULMD 
 

Ultrasound longissimus muscle depthcm

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Image of eye muscle in animal carcass 
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Figure 3. Ultrasonic measurements of carcass traits in Kurdi sheep in North Khorasan 
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Table 3. Estimates of (co) variance components and genetic parameters for biometric traits based upon best fitted model 
Trait 

Best model 
2
a 2

m 2
c 

2
e am 2

p h2
a±S.E h2

m±S.E c2±S.E ram AIC 

Height at 
wither 

1 1.28 - - 17.87 - 19.15 0.07±0.06 - - - 2612.176 
2 1.99 - 2.75 13.78 - 18.51 0.11±0.07 - 0.15±0.08 - 2564.406 
3 1.99 0.52 - 15.97 - 0.03 0.11±0.07 0.03±0.07 - - 2567.556 
*4 4.40 5.77 - 13.06 -4.60 18.63 0.24±0.11 0.31±0.13 - -0.91 2564.16 
5 1.99 0.00 2.75 13.78 - 18.52 0.11±0.07 0.00±0.1 0.15±0.12 - 2566.408 
6 4.21 2.80 2.96 12.07 -3.43 18.61 0.23±0.11 0.15±0.18 0.16±0.13 -1.00 2564.22 

Height at 
rump 

1 1.22 - - 17.36 - 18.58 0.07±0.06 - - - 2592.87 
2 1.90 - 1.59 14.49 - 17.98 0.11±0.07 - 0.09±0.08 - 2548.852 
3 1.91 0.41 - 15.65 - 17.97 0.11±0.07 0.02±0.07 - - 2550.03 
*4 3.90 4.50 - 13.45 -3.80 18.07 0.22±0.11 0.25±0.13 - -0.91 2548.116 
5 1.89 0.00 1.60 14.49 - 17.98 0.11±0.07 0.00±0.1 0.09±0.11 - 2550.854 
6 3.79 3.10 1.38 13.08 -3.28 18.06 0.21±0.11 0.17±0.18 0.08±0.13 -0.96 2549.726 

Head 
length 

1 0.41 - - 3.01 - 3.42 0.12±0.06 - - - 1496.104 
2 0.49 - 0.14 2.74 - 3.37 0.16±0.06 - 0.04±0.08 - 1474.056 
3 0.50 0.16 - 2.86 - 3.37 0.15±0.07 0.06±0.06 - - 1474.292 
*4 1.68 1.64 - 1.70 -1.55 3.46 0.24±0.13 0.31±0.15 - -0.94 1460.804 
5 0.49 0.00 0.15 2.74 - 2.74 0.16±0.07 0.00±0.1 0.04±0.11 - 1476.06 
6 1.68 1.64 0.00 3.47 -1.55 1.70 0.48±0.15 0.47±0.2 0.00±0.12 -0.94 1476.06 

Head 
width 

1 1.60 - - 1.16 - 1.25 0.07±0.06 - - - 847.036 
*2 0.11 - 0.00 1.13 - 1.24 0.09±0.07 - 0.001±0.075 - 840.136 
3 0.11 0.00 - 1.14 - 1.25 0.09±0.08 0.001±0.07 - - 840.156 
4 0.17 0.18 - 1.10 -0.55 1.10 0.14±0.1 0.02±0.11 - -0.97 841.682 
5 0.12 0.00 0.00 1.13 - 1.25 0.09±0.08 0.001±0.09 0.001±0.10 - 842.156 
6 0.17 0.18 0.16 1.11 -0.55 1.25 0.14±0.11 0.02±0.15 0.001±0.11 -0.97 843.684 

Ear length 

1 0.24 - - 1.29 - 1.53 0.16±0.07 - - - 975.646 
*2 0.23 - 0.15 1.16 - 1.54 0.15±0.07 - 0.01±0.08 - 973.186 
3 0.21 0.06 - 1.27 - 1.54 0.14±0.08 0.04±0.07 - - 974.44 
4 0.23 0.08 - 1.25 -0.02 1.54 0.15±0.11 0.05±0.11 - -0.17 976.412 
5 0.31 0.00 0.31 1.12 - 1.74 0.18±0.10 0.000±0.11 0.18±0.13 - 979.816 
6 0.28 0.00 0.17 1.12 -0.03 1.54 0.18±0.12 0.003±0.15 0.11±0.12 -1.00 977.068 

 
Ear width 

*1 0.09 - - 0.22 - 0.31 0.30±0.08 - - - -76.558 
2 0.09 - 0.00 0.24 - 0.34 0.28±0.09 - 0.00±0.08 - -68.666 
3 0.10 0.00 - 0.22 - 0.31 0.30±0.10 0.003±0.07 - - -70.972 
4 0.07 0.00 - 0.22 -0.01 0.29 0.25±0.13 0.003±0.11 - -0.99 -65.916 
5 0.09 0.00 0.00 0.22 - 0.32 0.30±0.11 0.003±0.11 0.003±0.11 - -56.374 
6 0.08 0.00 0.00 0.22 0.01 0.32 0.25±0.13 0.004±0.17 0.003±0.12 0.53 -66.912 

 
Neck 
length 

1 0.75 - - 7.10 - 7.84 0.10±0.06 - - - 2033.466 
2 0.86 - 0.03 6.92 - 7.81 0.11±0.07 - 0.004±0.08 - 2016.324 
3 0.87 0.00 - 6.94 - 7.81 0.11±0.07 0.000±0.06 - - 2016.326 
*4 1.83 1.73 - 5.95 -1.68 7.83 0.23±0.12 0.22±0.13 - -0.94 2012.236 
5 0.86 0.00 0.03 6.92 - 7.81 0.11±0.07 0.00±0.09 0.004±0.11 - 2018.324 
6 1.83 1.73 0.00 5.95 -1.68 7.83 0.23±0.12 0.22±0.17 0.000±0.12 -0.94 2014.238 

 
Chest 
width 

1 0.09 - - 2.73 - 2.82 0.03±0.05 - - - 1374.454 
2 0.18 - 0.19 2.39 - 2.76 0.03±0.06 - 0.07±0.08 - 1349.712 
3 0.15 0.12 - 2.49 - 2.76 0.06±0.06 0.04±0.07 - - 1349.838 
*4 0.38 0.97 - 2.04 -0.60 2.79 0.14±0.1 0.35±0.14 - -1.00 1345.95 
5 0.16 0.05 0.14 2.40 - 2.76 0.06±0.07 0.02±0.09 0.05±0.12 - 1351.662 
6 0.38 0.98 0.00 2.04 -0.60 2.79 0.14±0.10 0.35±0.21 0.00±0.14 -1.00 1347.954 

 
Heart 
girth 

1 1.90 - - 60.37 - 62.28 0.03±0.06 - - - 3375.872 
2 3.44 - 1.52 55.17 - 60.13 0.06±0.06 - 0.03±0.07 - 3328.108 
*3 3.33 1.47 - 55.35 - 60.15 0.06±0.06 0.02±0.06 - - 3328.084 
4 3.55 2.10 - 55.11 -0.62 60.15 0.06±0.07 0.04±0.10 - -0.23 3330.07 
5 3.34 1.06 0.57 55.18 - 60.15 0.06±0.06 0.02±0.09 0.01±0.11 - 3330.076 
6 3.33 0.02 1.33 55.25 0.21 60.13 0.06±0.07 0.00±0.14 0.02±0.11 0.91 3332.104 

 
Abdomen 
circumfer

ence 

1 5.46 - - 65.33 - 70.79 0.08±0.07 - - - 3456.162 
2 3.77 - 17.80 48.01 - 69.59 0.05±0.06 - 0.26±0.08 - 3408.96 
3 2.73 17.19 - 50.11 - 70.03 0.04±0.06 0.25±0.08 - - 3406.48 
*4 5.36 31.36 - 45.47 -12.20 69.98 0.08±0.07 0.45±0.13 - -0.94 3404.876 
5 2.71 13.69 5.36 48.19 - 69.95 0.04±0.06 0.20±0.11 0.08±0.12 - 3408.116 
6 5.36 31.39 0.00 45.46 -12.20 69.98 0.08±0.07 0.45±0.20 0.00±0.14 -0.94 3406.876 

 
Canon(bo

ne) 
circumfer

ence 

*1 0.04 - - 0.85 - 0.89 0.05±0.05 - - - 636.95 
2 0.04 - 0.01 0.84 - 0.90 0.05±0.06 - 0.01±0.07 - 637.682 
3 0.05 0.00 - 0.86 - 0.91 0.05±0.06 0.001±0.07 - - 637.778 
4 0.16 0.14 - 0.79 -0.15 0.94 0.17±0.11 0.14±0.12 - -1.00 636.978 
5 0.05 0.00 0.02 0.84 - 0.91 0.05±0.06 0.001±0.10 0.02±0.10 - 639.77 

6 0.17 0.12 0.00 0.76 -0.14 0.91 0.18±0.11 0.13±0.18 0.001±0.12 -1.00 638.404 

  
Body 

(diagonal) 
length 

 

1 3.20 - - 22.66 - 25.86 0.12±0.07 - - - 2801.942 
*2 4.03 - 0.74 20.94 - 25.71 0.16±0.07 - 0.03±0.08 - 2775.432 
3 4.10 0.00 - 21.60 - 25.70 0.16±0.08 0.00±0.07 - - 2775.53 
4 5.22 1.40 - 20.67 -1.54 25.75 0.20±0.11 0.06±0.12 - -0.57 2777.182 
5 4.03 0.00 0.74 20.93 - 25.71 0.16±0.08 0.00±0.10 0.03±0.12 - 2777.432 
6 5.26 0.33 1.37 20.10 -1.31 25.75 0.20±0.11 0.01±0.18 0.05±0.13 -1.00 2778.988 

 
Rump 
width 

1 0.51 - - 3.79 - 4.30 0.12±0.07 - - - 1643.732 
*2 0.80 - 0.13 3.32 - 4.24 0.19±0.08 - 0.3±0.08 - 1617.414 
3 0.82 0.00 - 3.42 - 4.25 0.19±0.09 0.00±0.08 - - 1617.558 
4 1.00 0.15 - 3.33 -0.23 4.25 0.24±0.11 0.04±0.11 - -0.55 1619.144 
5 0.80 0.00 0.13 3.32 - 4.25 0.19±0.09 0.00±0.10 0.03±0.10 - 1619.416 
6 1.00 0.43 0.20 3.21 -0.20 4.25 0.24±0.11 0.01±0.15 0.05±0.11 -1.00 1620.864 

 
Rump 
length 

1 0.26 - - 5.14 - 5.40 0.05±0.06 - - - 1793.378 
2 0.43 - 0.00 4.97 - 5.40 0.08±0.06 - 0.00±0.08 - 1779.166 
3 0.43 0.00 - 4.97 - 5.40 0.08±0.07 0.00±0.07 - - 1779.166 
*4 1.63 0.82 - 4.17 -1.16 5.47 0.3±0.14 0.15±0.12 - -1.00 1775.214 
5 0.42 0.00 0.00 4.97 - 5.40 0.08±0.07 0.00±0.07 0.00±0.11 - 1781.172 
6 1.63 0.83 0.00 4.18 -1.16 5.48 0.3±0.14 0.15±0.17 0.00±0.12 -1.00 1777.22 

 
Pin (bone) 

width 

1 0.13 - - 4.51 - 4.64 0.03±0.05 - - - 1698.594 
*2 0.40 - 0.00 4.15 - 4.55 0.09±0.07 - 0.00±0.08 - 1672.032 
3 0.40 0.00 - 4.16 - 4.56 0.09±0.08 0.00±0.07 - - 1672.036 
4 0.82 0.15 - 3.95 -0.35 4.57 0.18±0.12 0.03±0.12 - -1.00 1672.804 
5 0.56 0.00 0.10 4.17 - 4.83 0.11±0.09 0.00±0.10 0.02±0.11 - 1674.038 
6 0.82 0.14 0.00 3.95 -0.34 4.58 0.18±0.12 0.03±0.16 0.00±0.12 -1.00 1674.808 

 
Abdomen 

width 

1 0.08 - - 3.47 - 3.56 0.02±0.05 - - - 1527.588 
2 0.16 - 0.20 3.18 - 3.54 0.05±0.06 - 0.06±0.08 - 1513.146 
3 0.14 0.13 - 3.27 - 3.54 0.04±0.06 0.04±0.06 - - 1513.314 
*4 0.37 0.83 - 2.90 -0.56 3.55 0.11±0.09 0.23±0.12 - -1.00 1511.156 
5 0.15 0.03 0.17 3.19 - 3.54 0.04±0.06 0.01±0.09 0.05±0.11 - 1515.132 
6 0.37 0.83 0.00 2.90 -0.56 3.55 0.11±0.09 0.23±0.19 0.00±0.13 -1.00 1513.16 

 
Rump 
depth 

1 0.00 - - 7.76 - 7.77 0.00±0.05 - - - 2031.502 
2 0.07 - 0.16 7.47 - 7.70 0.009±0.05 - 0.02±0.07 - 2012.708 
*3 0.03 0.20 - 7.48 - 7.70 0.004±0.05 0.03±0.06 - - 2012.592 
4 0.03 0.13 - 7.48 0.06 7.70 0.004±0.06 0.02±0.10 - 1.00 2014.564 
5 0.03 0.20 0.00 7.47 - 7.70 0.004±0.05 0.03±0.09 0.00±0.11 - 2014.592 
6 0.03 0.13 0.00 7.48 0.06 7.70 0.004±0.06 0.02±0.15 0.00±0.12 1.00 2016.564 

  
Leg 

circumfer
ence 

1 0.00 - - 1.47 - 1.47 0.001±0.05 - - - 953.658 
2 0.00 - 0.15 1.32 - 1.47 0.001±0.06 - 0.10±0.09 - 949.21 
3 0.00 0.01 - 1.46 - 1.47 0.001±0.06 0.01±0.07 - - 950.148 
*4 0.19 0.40 - 1.18 -0.28 1.49 0.13±0.11 0.27±0.14 - -1.00 949 
5 0.00 0.00 0.16 1.32 - 1.48 0.001±0.06 0.001±0.11 0.11±0.13 - 951.246 
6 0.19 0.04 0.00 1.18 -0.28 1.49 0.13±0.12 0.27±0.23 0.001±0.16 -1.00 951 

 
Thigh 

circumfer
ence 

1 1.11 - - 8.45 - 9.56 0.12±0.07 - - - 2160.122 
*2 1.27 - 0.00 8.22 - 9.49 0.13±0.07 - 0.00 - 2139.112 
3 1.27 0.00 - 8.22 - 9.49 0.13±0.08 0.13±0.08 - - 2139.112 
4 1.07 0.02 - 8.25 0.14 9.48 0.11±0.10 0.002±0.11 - 0.98 2140.978 
5 1.27 0.00 0.00 8.22 - 9.49 0.13±0.08 0.00±0.09 0.00±0.10 - 2141.112 
6 1.07 0.02 0.00 8.25 0.15 9.49 0.11±0.10 0.002±0.15 0.00±0.11 0.98 2142.978 

22
m

2
c 

2
eamh2a

h2mC2ramAIC
2

a
2

m  2
c

2
e: Residua am: Direct and maternal 

genetic covariance, h2a: Direct additive genetic heritability, h2m: Maternal heritability, C2: The ratio of permanent maternal environmental variance to phenotypic variance, ram: 
Direct and maternal additive genetic correlation, AIC: Akaic criterion, *: Selected model  
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Fogarty, 1995

Brash et 
al., 1992  

Maxa et al., 2007 
.(Larsgard and Olesen, 1998

Fogarty et al., 1994 
Mohammadi et al., 2018

 
 

Table 4. Estimates of (co) variance components and genetic parameters for ultrasonic traits based on the best fitted  
               model 

Trait  
Best model 

2
a 2

m 2
c 2

e am 2
p h2

a±S.E h2
m±S.E c2±S.E ram AIC 

 

 
Ultrasound 

back-fat 
thickness 

1 0.001 - - 0.02 - 0.02 0.06±0.06 - - - -1911.45 
*2 0.001 - 0.001 0.01 - 0.02 0.09±0.07 - 0.06±0.08 - -1918.67 
3 0.001 0.001 - 0.01 - 0.02 0.09±0.07 0.06±0.08 - - -1918.67 
4 0.002 0.001 - 0.01 0.00 0.02 0.10±0.09 0.07±0.12 - -0.32 -1918.77 
5 0.002 0.001 0.001 0.01 - 0.02 0.08±0.08 0.06±0.12 0.06±0.12 - -1911.11 
6 0.002 0.001 0.001 0.01 0.00 0.02 0.09±0.09 0.07±0.19 0.06±0.15 -0.43 -1910.82 

 
Ultrasound 

longissimus 
muscle area 

1 0.33 - - 5.11 - 5.45 0.06±0.06 - - - 1808.71 
2 0.37 - 0.56 4.21 - 5.14 0.07±0.06 - 0.11±0.08 - 1757.49 
*3 0.31 0.67 - 4.19 - 5.16 0.06±0.06 0.13±0.07 - - 1756.05 
4 0.49 1.12 - 3.96 -0.40 5.17 0.10±0.09 0.22±0.13 - -0.54 1757.54 
5 0.31 0.67 0.00 4.18 - 5.16 0.06±0.06 0.13±010 0.00±0.12 - 1758.05 
6 0.50 1.13 0.00 3.96 -0.41 5.17 0.10±0.09 0.22±0.19 0.00±0.13 -0.54 1759.54 

 
Ultrasound 

longissimus 
muscle width 

1 0.03 - - 0.21 - 0.24 0.13±0.07 - - - -220.59 
*2 0.02 - 0.02 0.19 - 0.23 0.10±0.07 - 0.10±0.08 - -237.95 
3 0.02 0.02 - 0.20 - 0.23 0.09±0.07 0.07±0.07 - - -237.69 
4 0.02 0.13 - 0.20 0.00 0.23 0.08±0.09 0.06±0.12 - 0.20 -235.70 
5 0.02 0.07 0.02 0.19 - 0.23 0.10±0.07 0.03±0.10 0.08±0.12 - -236.04 
6 0.02 0.01 0.02 0.19 0.01 0.23 0.08±0.09 0.01±0.17 0.08±0.13 0.97 -234.13 

 
Ultrasound 

longissimus 
muscle depth 

1 0.01 - - 0.13 - 0.14 0.06±0.06 - - - -553.93 

2 0.01 - 0.01 0.11 - 0.14 0.09±0.07 - 0.09±0.08 - 
-

578.7
7 

*3 0.01 0.01 - 0.11 - 0.14 0.08±0.07 0.08±0.08 - - -578.88 
4 0.01 0.02 - 0.11 -0.01 0.14 0.11±0.09 0.14±0.13 - -0.45 -577.15 
5 0.01 0.01 0.01 0.11 - 0.14 0.08±0.07 0.05±0.10 0.04±0.12 - -576.97 
6 0.01 0.02 0.00 0.11 -0.01 0.14 0.11±0.09 0.12±0.18 0.02±0.13 -0.45 -575.17 

2
a

2
m

2
c 

2
eamh2a

h2mC2ramAIC
2

a: 
2

m  
2

c: 
2

e: am: Direct and maternal 
genetic covariance, h2a: Direct additive genetic heritability, h2m: Maternal heritability, C2: The ratio of permanent maternal environmental variance to phenotypic variance, ram: 
Direct and maternal additive genetic correlation, AIC: Akaic criterion, *: Selected model  
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Table 5. Estimates of (co) variance components and genetic parameters for tail traits based on the best fitted model 

2
a

2
m

2
c 

2
eam

h2ah2mC2ramAIC

2
a: 

2
m: 

2
c: 

2
e: Residual variance, 

am: Direct and maternal genetic covariance, h2a: Direct additive genetic heritability, h2m: Maternal heritability, C2: The ratio of permanent maternal 
environmental variance to phenotypic variance, ram: Direct and maternal additive genetic correlation, AIC: Akaic criterion, *: Selected model  

Fernandez et al., 2004
Macfarlane et al., 2006 

 

Trait 
 
Best model

2
a 2

m 2
c 

2
e am 2

p h2
a±S.E h2

m±S.E c2±S.E ram AIC 

 
Fat-tail height

1 2.71 - - 12.53 - 15.23 0.18±0.07 - - - 2454.752 
2 3.40 - 0.00 10.79 - 14.19 0.18±0.08 - 0.00±0.08 - 2385.584 
*3 3.40 0.00 - 10.79 - 14.19 0.24±0.09 0.00±0.08 - - 2385.584 
4 3.87 0.47 - 10.70 -0.42 14.20 0.27±0.12 0.003±0.12 - -0.98 2387.42 
5 3.40 0.00 0.00 10.79 - 14.19 0.24±0.09 0.00±0.11 0.00±0.12 - 2387.584 
6 3.87 0.05 0.00 10.70 -0.42 14.20 0.27±0.12 0.003±0.17 0.00±0.13 -0.98 2389.42 

 
Upper fat-tail width

1 6.74 - - 36.92 - 43.66 0.15±0.07 - - - 3137.528 
2 7.37 - 0.00 34.53 - 41.91 0.18±0.07 - 0.00+0.08 - 3087.218 
*3 7.08 0.79 - 34.05 - 41.92 0.17±0.08 0.02±0.07 - - 3087.144 
4 6.55 0.10 - 34.47 0.80 41.93 0.16±0.10 0.002±0.10 - 1.00 3089.096 
5 7.08 0.78 0.00 34.06 - 41.92 0.17±0.08 0.02±0.10 0.000±0.12 - 3089.144 
6 6.55 0.10 0.00 34.47 0.79 41.91 0.16±0.10 0.002±0.15 0.000±0.12 0.98 3091.096 

 
Median fat-tail 

width

1 7.90 - - 28.85 - 36.74 0.22±0.08 - - - 3019.316 
2 8.89 - 0.00 26.05 - 34.94 0.25±0.08 - 0.00±0.08 - 2961.1 
*3 7.35 2.93 - 24.66 - 34.94 0.21±0.09 0.08±0.08 - - 2960.05 
4 7.28 2.81 - 24.74 0.13 34.94 0.21±0.11 0.08±0.11 - 0.03 2962.05 
5 7.35 2.93 0.00 24.67 - 34.94 0.21±0.09 0.08±0.11 0.00±0.12 - 2962.052 
6 7.26 2.81 0.00 24.75 0.13 34.94 0.21±0.11 0.08±0.18 0.00±0.13 0.03 2964.05 

 
Lower fat-tail width

1 3.43 - - 14.02 - 17.45 0.20±0.07 - - - 2540.374 
2 4.00 - 0.00 12.62 - 16.62 0.24±0.08 - 0.00±0.08 - 2486.824 
*3 3.72 0.99 - 11.96 - 16.67 0.22±0.08 0.06±0.08 - - 2486.266 
4 3.13 0.21 - 12.50 0.81 16.65 0.19±0.10 0.01±0.10 - 1.00 2488.066 
5 3.72 1.00 0.00 11.95 - 16.67 0.22±0.09 0.06±0.11 0.00±0.13 - 2488.268 
6 3.18 0.31 0.00 12.42 0.74 16.66 0.19±0.10 0.02±0.15 0.00±0.13 0.75 2490.064 

 
Upper fat-tail 

circumference

1 34.52 - - 106.93 - 141.45 0.24±0.08 - - - 3886.37 
*2 31.46 - 11.10 92.90 - 135.46 0.23±0.08 - 0.08±0.08 - 3829.75 
3 29.83 8.94 - 96.86 - 135.63 0.22±0.09 0.07±0.08 - - 3829.858 
4 31.99 11.80 - 94.86 -2.93 135.72 0.24±0.12 0.09±0.12 - -0.15 3831.812 
5 30.30 4.51 7.47 93.28 - 135.55 0.22±0.09 0.03±0.10 0.06±0.11 - 3831.648 
6 30.90 5.49 7.14 92.89 -0.83 135.58 0.23±0.12 0.04±0.16 0.05±0.12 -0.06 3833.644 

 
Median fat-tail 
circumference

1 28.62 - - 82.96 - 111.58 0.26±0.08 - - - 3731.406 
2 28.41 - 4.93 72.47 - 105.80 0.27±0.08 - 0.05±0.08 - 3667.992 
*3 26.83 4.88 - 74.12 - 105.83 0.25±0.09 0.46±0.08 - - 3667.952 
4 28.49 7.17 - 72.51 -2.26 105.91 0.27±0.12 0.07±0.12 - -2.26 3669.912 
5 27.16 3.36 2.54 72.77 - 105.83 0.26±0.10 0.03±0.11 0.24±0.11 - 3669.914 
6 28.24 5.50 1.70 72.06 -1.61 105.89 0.27±0.12 0.05±0.17 0.02±0.12 -0.13 3671.898 

 
Lower fat-tail 

Circumference

1 23.00 - - 63.29 - 86.29 0.27±0.08 - - - 3563.998 
*2 21.54 - 6.36 55.10 - 83.01 0.26±0.08 - 0.08±0.08 - 3512.346 
3 22.76 0.00 - 60.24 - 83.01 0.27±0.09 0.00±0.08 - - 3513.076 
4 22.67 0.00 - 60.26 0.08 83.00 0.27±0.12 0.00±0.11 - 0.41 3515.076 
5 21.53 0.00 6.40 55.08 - 83.01 0.26±0.09 0.00±0.10 0.08±0.11 - 3514.346 
6 22.68 0.04 6.74 54.55 -0.97 83.04 0.27±0.12 0.00±0.16 0.08±0.12 -1.00 3516.31 

 
Upper fat-tail 

thickness

1 0.03 - - 0.98 - 1.42 0.02±0.04 - - - 934.026 
*2 0.01 - 1.73 0.08 - 1.81 0.003±0.01 - 0.95±0.01 - 722.78 
3 0.00 2.62 - 0.10 - 2.73 0.00±0.01 0.96±0.01 - - 859.19 
4 0.13 2.62 - 0.07 -0.58 2.24 0.06±0.03 1.17±0.03 - -1.00 830.218 
5 0.01 0.00 1.73 0.08 - 1.80 0.003±0.01 0.001±0.10 0.95±0.10 - 724.782 
6 0.01 0.02 1.69 0.08 -0.01 1.82 0.01±0.01 0.01±0.13 0.93±0.11 1.00 726.578 

 
Median fat-tail 

thickness

*1 0.02 - - 0.11 - 0.13 0.14±0.07 - - - -623.976 
2 0.02 - 0.05 0.11 - 0.13 0.14±0.08 - 0.38±0.08 - -616.24 
3 0.02 0.00 - 0.11 - 0.13 0.15±0.08 0.01±0.07 - - -615.752 
4 0.03 0.01 - 0.11 -0.01 0.13 0.23±0.13 0.05±0.12 - -0.86 -614.918 
5 0.01 0.00 0.01 0.11 - 0.13 0.10±0.08 0.01±0.11 0.08±0.12 - -613.62 
6 0.03 0.00 0.01 0.10 -0.01 0.13 0.23±0.13 0.03±0.18 0.05±0.14 -1.00 -613.334 

 
Lower fat-tail 

thickness

1 0.05 - - 0.17 - 0.22 0.22±0.08 - - - -292.948 
*2 0.04 - 0.007 0.16 - 0.21 0.19±0.08 - 0.03±0.08 - -301.652 
3 0.04 0.00 - 0.16 - 0.21 0.19±0.09 0.02±0.08 - - -301.566 
4 0.06 0.02 - 0.15 -0.02 0.21 0.27±0.14 0.09±0.12 - -0.02 -300.14 
5 0.04 0.00 0.01 0.16 - 0.21 0.19±0.10 0.005±0.11 0.005±0.12 - -299.64 
6 0.05 0.20 0.00 0.15 -0.02 0.21 0.27±0.14 0.10±0.19 0.005±0.14 -0.53 -298.12 
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Table 6. Estimates of direct additive genetic and phenotypic correlations among studied traits 

  
Ultrasound back-fat thickness  

 
Ultrasound longissimus muscle 

area 

 
Ultrasound longissimus muscle 

width 

 
Ultrasound longissimus muscle 

depth 
Traitrg rp rg rp rg rp rg rp 

 Height at wither0.72 0.09  0.03 0.41 0.59 0.15 0.03 0.54 0.35 0.57 0.03 0.58 0.68 0.13 0.03 0.51 
Height at rump0.71 -0.08 0.03 0.41 0.59 0.11 0.03 0.53 0.40 0.41 0.03 0.58 0.69 0.11 0.03 0.50 

Head length0.49 0.07 0.03 0.37 0.43 0.24 0.03 0.40 0.31 0.62 0.03 0.45 0.50 0.25 0.03 0.38 
Head width0.85 -0.28 0.04 0.11 0.75 0.01 0.04 0.19 0.51 0.32 0.04 0.25 0.97 -0.12 0.04 0.22 
Ear length0.49 -0.55 0.04 -0.01 0.49 -0.29 0.04 -0.02 0.38 0.05 0.04 0.11 0.63 -0.57 0.04 0.02 
Ear width0.38 0.22 0.04 0.11 0.27 0.45 0.04 0.15 0.24 0.51 0.04 0.20 0.36 0.30 0.04 0.15 

Neck length0.51 -0.60 0.04 0.65 0.47 -0.65 0.04 0.08 0.42 -0.28 0.04 0.20 0.63 -0.66 0.04 0.09 
Chest width0.82 -0.83 0.04 0.21 failed -0.98 0.04 0.31 failed -0.66 0.04 0.36 failed -0.99 0.04 0.30 

Heart girth0.37 0.56 0.03 0.61 0.34 0.60 0.02 0.72 0.24 0.73 0.02 0.69 0.37 0.65 0.02 0.69 
Belly circumference0.44 0.56 0.03 0.59 0.31 0.83 0.02 0.70 0.28 0.73 0.02 0.64 0.39 0.80 0.02 0.67 

 
Canon(bone) circumference

0.79 0.75 0.04 0.11 failed 1.00 0.04 0.12 0.63 0.98 0.04 0.19 failed 0.94 0.04 0.12 
 

Body (diagonal) length
0.43 0.41 0.04 0.34 0.31 0.76 0.03 0.48 0.27 0.77 0.03 0.49 0.36 0.75 0.03 0.46 

Rump width0.59 -0.33 0.04 0.21 0.58 -0.18 0.04 0.31 0.04 0.13 0.03 0.40 0.71 -0.19 0.04 0.32 
Rump Length0.74 0.26 0.04 0.33 0.56 0.64 0.03 0.41 0.50 0.64 0.03 0.42 0.59 0.68 0.03 0.39 

Pin (bone) widthfailed -0.80 0.04 0.21 failed -1.00 0.04 0.26 failed -0.74 0.04 0.34 failed -1.00 0.04 0.28 
Belly widthfailed 0.63 0.04 0.28 failed 0.99 0.04 0.32 failed 0.99 0.03 0.36 failed 0.93 0.04 0.31 
Rump Depth0.56 0.46 0.03 0.41 0.42 0.75 0.03 0.45 0.39 0.60 0.03 0.45 0.43 0.83 0.03 0.43 

Leg circumference0.60 -0.01 0.04 0.13 0.55 0.11 0.04 0.17 0.42 0.40 0.04 0.17 0.63 -0.08 0.04 0.18 
Thigh circumference0.40 0.50 0.04 0.29 0.30 0.75 0.03 0.47 0.29 0.76 0.03 0.44 0.33 0.74 0.03 0.43 

Fat-tail height0.28 0.68 0.03 0. 53 0.26 0.77 0.03 0.59 0.29 0.42 0.03 0.51 0.37 0.84 0.03 0.55 
Upper fat-tail width0.26 0.65 0.03 0.60 0.22 0.73 0.02 0.70 0.32 0.40 0.03 0.57 0.32 0.65 0.02 0.65 

 
Median fat-tail Width

0.22 0.67 0.03 0.62 0.22 0.67 0.02 0.72 0.28 0.40 0.03 0.59 0.28 0.64 0.02 0.67 
 

Lower fat-tail width
0.26 0.65 0.03 0.57 0.25 0.67 0.02 0.64 0.30 0.36 0.03 0.54 0.34 0.67 0.03 0.60 

 
Upper fat-tail circumference

0.19 0.73 0.02 0.69 0.20 0.88 0.02 0.70 0.20 0.64 0.03 0.59 0.30 0.86 0.02 0.66 
 

Median fat-tail circumference
0.21 0.69 0.02 0.68 0.22 0.69 0.02 0.71 0.23 0.52 0.03 0.59 0.29 0.72 0.02 0.67 

 
Lower fat-tail circumference

0.21 0.74 0.03 0.58 0.21 0.87 0.02 0.65 0.20 0.62 0.03 0.55 0.34 0.92 0.03 0.60 
 

Upper fat-tail thickness
0.31 0.73 0.03 0.45 0.33 0.80 0.03 0.51 0.29 0.57 0.03 0.42 0.45 0.91 0.03 0.48 

 
Median fat-tail thickness

0.32 0.73 0.03 0.44 0.32 0.80 0.03 0.46 0.30 0.64 0.03 0.39 0.40 0.75 0.03 0.43 
 

Lower fat-tail thickness
0.23 0.75 0.03 0.50 0.28 0.65 0.03 0.52 0.26 0.53 0.03 0.42 0.03 0.51 0.03 0.49 

 
Ultrasound back-fat thickness

  0.31 0.71 0.02 0.73 0.24 0.86 0.03 0.61 0.33 0.73 0.02 0.72 
 

Ultrasound longissimus muscle 
area

0.31 0.73 0.02 0.73   0.11 0.90 0.01 0.85 0.12 0.92 0.01 0.93 

 
Ultrasound longissimus muscle 

width
0.24 0.86 0.03 0.61 0.11 0.90 0.01 0.85   0.21 0.79 0.02 0.76 

 
Ultrasound longissimus muscle 

depth
0.33 0.73 0.02 0.72 0.12 0.92 0.01 0.93 0.21 0.79 0.02 0.76   

 Animal weight at the time of 
ultrasonoghraphy

0.44 0.62 0.02 0.72 0.20 0.85 0.01 0.83 0.16 0.90 0.02 0.74 0.30 0.84 0.02 0.78 

Birth weight0.46 -0.09 0.04 0.36 0.43 -0.08 0.04 0.04 0.33 0.34 0.04 0.08 0.50 -0.19 0.04 0.06 
Weaning weight0.49 -0.24 0.04 -0.08 0.50 -0.10 0.04 -0.10 0.48 0.01 0.04 0.01 0.52 -0.01 0.04 -0.05 

6-month weight0.67 0.83 0.04 0.23 0.90 1.00 0.03 0.38 0.91 0.98 0.03 0.42 0.78 0.96 0.04 0.39 
9-month weight0.55 0.80 0.04 0.31 0.86 0.71 0.03 0.39 0.69 0.70 0.03 0.41 0.99 1.00 0.03 0.41 

rgrp 
rg: Genetic correlation, rp: Phenotypic correlation  

 Mohammadi et al., 
2018

 

Mohammadi 
et al., 2018
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Taheri-yeganeh et al., 2022
 

 

Pinheiro et al., 2014 

Mohammadi et al., 2018

Milerski and Jandasek, 2018 

Brown 
et al., 2006
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yi= 0.34 +0.008 X1  0.005 X2 + 0.004 X3  
0.006X4 -0.009 X5 + 0.003 X6 +0.004 X7 + 
0.003X8 + 0.007X9 + ei 

yi X1X2X3X4

X5X6X7X8X9

R2adj-R2

yi= 3.36 +0.14 X1  0.22 X2  0.1 X3 + 0.07X4  
0.13 X5  0.09 X6  0.12 X7  0.06X8 + 0.12X9 + 
0.02X10  0.01 X11 + 0.1 X12  0.06X13 + 0.06 X14 
+ 0.03 X15 + 0.02 X16  0.07X17 + ei 

 yiX1X2X3X4X5

X6X7X8X9X10X11X12X13X14X15X16X17 

R2

adj-R2

 

yi= 1.28 +0.02 X1  0.03 X2  0.01 X3 + 0.01X4  
0.03 X5  0.03 X6  0.01 X7 + 0.02X8 + 0.01X9  
0.01X10 + 0.009 X11 + 0.006 X12 + 0.005X13 + 
0.01 X14 + ei 

yi X1X2X3X4X5X6

X7X8X9X10X11X12X13X14

R2adj-R2

 

yi= 2.66 + 0.02 X1  0.02 X2 + 0.02 X3 + 0.01X4 
 0.02 X5 + 0.02 X6 + 0.0005 X7 + 0.01X8 + 

0.01X9 + ei 

 yi X1X2X3X4X5X6

X7X8X9

R2

adj-R2

ei
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