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Extended Abstract

Background: The profitability of sheep in terms of meat production largely depends on growth
traits and carcass characteristics. Despite the importance of sheep meat quality, few studies have
been conducted on native sheep in the country. Therefore, examining carcass characteristics,
especially when the animals are still alive, is crucial. The aim of the present study was to
investigate the genetic and phenotypic relationships between biometric traits, body weights, and
carcass traits measured by ultrasound in Kurdi sheep of North Khorasan. Since measuring carcass
traits is difficult and expensive, identifying strong genetic relationships could allow for the
replacement of hard-to-measure carcass traits with easier-to-measure traits in breeding programs.
Methods: Data from 658 Kurdi sheep at the Shirvan Kurdish sheep breeding station in North
Khorasan province, located in the northern area of eastern Iran (between 57 degrees east longitude
and 37.4 degrees north latitude), were collected during the spring, summer, and autumn seasons
of 2021. Information related to pedigree and birth weights (658 records), as well as weights at
three months (652 records), six months (638 records), and nine months (419 records), were
extracted from the station's records. The General Linear Models (GLM) procedure in SAS
software was used to investigate fixed effects on the traits. To estimate parameters and genetic
relationships between the traits, the Restricted Maximum Likelihood (REML) method was applied
based on single and two-trait animal models in WOMBAT software. Multivariate regression was
used to obtain prediction equations for carcass traits based on the other studied traits.

Results: Heritability estimates for subcutaneous fat thickness, as well as the area, width, and depth
of the ultrasound longissimus muscle, were 0.10+£0.06, 0.06+0.06, 0.10+0.03, and 0.08+0.03,
respectively. A high positive genetic correlation was observed between subcutaneous fat thickness
and longissimus muscle area (0.71+0.31). Ultrasound carcass traits exhibited a strong positive
genetic correlation with tail traits. Additionally, high positive genetic correlations were found
between ultrasound carcass traits and several morphometric traits, including height at the withers,
height at the rump, heart girth, belly circumference, body diagonal length, thigh circumference,
and rump depth. The model related to longissimus muscle area, which had the highest coefticient
of determination (0.82), was deemed more reliable for prediction than other models.
Conclusion: The low heritability of traits measured by ultrasound technology in Kurdi sheep at
the Shirvan breeding station indicates that improving these traits through individual selection may
not be very effective. Therefore, alternative selection methods, such as family selection or marker-
assisted selection, should be considered for trait improvement. Overall, due to the relatively high
coefficient of determination, regression models can be effectively used to predict carcass traits in
the Shirvan Kurdi sheep population.
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Table 2. Descriptive statistics of the studied traits
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Figure 2. Image of eye muscle in animal carcass
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Table 3. Estimates of (co) variance components and genetic parameters for biometric traits based upon best fitted model

AIC fan C4S.E h.tS.E h’+S.E o Gun o o ' o Je o cacTrait
Best model
2612176 B - B 0072006 913 E ; - B T2 — 1
2564.406 - 0.15:0.08 - 0.11:0.07 1851 - 13.78 275 - 1.9 2 5y el
2567.556 - - 0.03:0.07 0.11:0.07 0.03 - 15.97 - 0.52 1.9 3 Heiat o
2564.16 -0.91 - 0.3140.13 0.24+0.11 18.63 -4.60 13.06 - 5.77 4.40 *4 eight at
2566.408 - 0.15:0.12 0.00:0.1 0.11:0.07 1852 - 13.78 275 0.00 1.9 5 wither
2564.22 -1.00 0.16:0.13 0.15:0.18 023:0.11 18.61 343 1207 296 2.80 421 6
50287 B B B 0.0720.06 183 E 1736 B E 122 T
2548.852 - 0.09:0.08 - 0.11:0.07 17.98 - 14.49 1.59 - 1.90 2 S el
2550.03 - - 0.02:0.07 0.11:0.07 17.97 - 15.65 - 041 191 3 > ew)
2548.116 091 - 025+0.13 02240.11 18.07 -3.80 13.45 - 450 3.90 4 Height at
2550.854 - 0.09+0.11 0.00:0.1 0.11:0.07 17.98 - 14.49 1.60 0.00 1.89 5 rump
2549.726 0.96 0.08+0.13 0.17:0.18 021:0.11 18.06 -3.28 13.08 138 3.10 3.79 6
1496.104 B , 0.1220.06 38 E 301 E B 041 T
1474.056 - 0.04+0.08 - 0.16:0.06 337 - 274 0.14 - 049 2 Uik
1474.292 - - 0.06:0.06 0.15:0.07 337 - 2.86 - 0.16 0.50 3 Head
1460.804 0.94 - 031:0.15 0.24+0.13 3.46 -1.55 1.70 - 1.64 1.68 *4 -
1476.06 . 0.0420.11 0.000.1 0.16£0.07 274 : 274 0.15 0.00 049 5 length
1476.06 0.94 0.00:0.12 0.47+0.2 0.48+0.15 1.70 -1.55 347 0.00 1.64 1.68 6
4. B B B 0.0720.06 125 E T.16 E - T.60 T
840.136 - 0.0010.075 - 0.09+0.07 124 - 113 0.00 - 0.11 2 R
840.156 - - 0.001+0.07 0.09+0.08 1.25 - 1.14 - 0.00 0.11 3 fallc
841,682 097 - 0.02+0.11 0.1420.1 110 0.5 1110 - 0.18 017 4 Head
842.156 - 0.0010.10 0.0010.09 0.09:0.08 125 - 113 0.00 0.00 0.12 5 width
843.684 0.97 0.0010.11 0.02:0.15 0.1420.11 125 -0.55 L1l 0.16 0.18 0.17 6
975.646 - - - 0.1620.07 T33 - 129 - - 024 T
973.186 - 0.01:0.08 - 0.15:0.07 154 - 1.16 0.15 - 023 *2
974.44 - - 0.040.07 0.14:0.08 154 - 127 - 0.06 021 3 o5 Jsb
976.412 0.17 - 0.05:0.11 0.15:0.11 154 0.02 125 - 0.08 023 4 Ear length
979.816 - 0.18+0.13 0.000£0.11 0.18+0.10 174 - 112 031 0.00 031 5
977.068 -1.00 0.11:0.12 0.0030.15 0.18+0.12 1.54 -0.03 L12 0.17 0.00 028 6
76,558 B B B 0.3020.08 037 E 022 E - 0.09 T
-68.666 - 0.00:0.08 - 0.28+0.09 034 - 024 0.00 - 0.09 2
70972 - - 0.0030.07 0.30+0.10 031 - 022 - 0.00 0.10 3 S e
65916 0.99 - 0.0030.11 025+0.13 029 -0.01 022 - 0.00 0.07 4 Ear width
-56.374 - 0.0030.11 0.0030.11 030+0.11 032 - 022 0.00 0.00 0.09 5
-66.912 053 0.0030.12 0.004:0.17 025+0.13 032 001 022 0.00 0.00 0.08 6
2033.466 - - - 0.10£0.06 7.84 - 7.10 - - 0.75 T
2016.324 - 0.0040.08 - 0.11:0.07 7.81 - 6.92 0.03 - 0.86 2 5 b
2016.326 - - 0.000+0.06 0.11:0.07 7.81 - 6.94 - 0.00 0.87 3 E%
2012.236 0.94 - 0.22+0.13 0.2320.12 7.83 -1.68 5.95 - 1.73 1.83 4 Neck
2018.324 - 0.0040.11 0.00:0.09 0.11:0.07 7.81 - 6.92 0.03 0.00 0.86 5 length
2014.238 0.94 0.000£0.12 022:0.17 0.23+0.1 7.83 -1.68 5.95 0.00 173 1.83 6
1374.454 B B B 0.0320.05 282 E 273 E B 0.0 T —
1349.712 - 0.07:0.08 - 0.030.06 276 - 239 0.19 - 0.18 2 i 50
1349.838 - - 0.040.07 0.06:0.06 276 - 249 - 0.12 0.15 3 o
1345.95 -1.00 - 035:0.14 0.14:0.1 279 -0.60 2.04 - 0.97 038 4 Chest
1351.662 - 0.05:0.12 0.02:0.09 0.06:0.07 276 - 240 0.14 0.05 0.16 5 width
1347.954 -1.00 0.00:0.14 035:021 0.1420.10 279 -0.60 2.04 0.00 0.98 038 6
3375872 - - - 0.0330.06 622 - 60.37 - - T.90 T
3328.108 - 0.030.07 - 0.06:0.06 60.13 - 55.17 1.52 - 344 2 29 ke
3328.084 - - 0.02:0.06 0.06:0.06 60.15 - 55.35 - 147 333 *3 aps
3330.07 0.23 - 0.040.10 0.06:0.07 60.15 -0.62 55.11 - 2.10 355 4 Heart
3330.076 - 0.01:0.11 0.02:0.09 0.06:0.06 60.15 - 55.18 057 1.06 334 5 girth
3332.104 091 0.02:0.11 0.00:0.14 0.06:0.07 60.13 021 55.25 1.33 0.02 333 6
3456.162 B , B 0.080.07 70.79 E 6533 B B 5.6 T > b
3408.96 - 0.26:0.08 - 0.05:0.06 69.59 - 48.01 17.80 - 377 2 i
3406.48 - - 0.25+0.08 0.04+0.06 70.03 50.11 - 17.19 273 3 55
3404.876 0.94 - 0.45:0.13 0.08+0.07 69.98 -12.20 4547 - 31.36 536 4 Abdomen
3408.116 - 0.08+0.12 0.20+0.11 0.040.06 69.95 - 48.19 536 13.69 271 5 circumfer
3406.876 0.94 0.00:0.14 0.45+0.20 0.08:0.07 69.98 -12.20 45.46 0.00 31.39 536 6 ence
636.05 B - B 0.0520.05 0.89 E 0. E B 0.04 =T T b
il
637.682 - 0.01:0.07 - 0.05:0.06 0.90 - 0.84 0.01 - 0.04 2 5
637.778 - - 0.0010.07 0.05:0.06 091 0.86 - 0.00 0.05 3 L
636.978 -1.00 - 0.1440.12 0.1720.11 094 015 079 - 0.14 016 4 Canon(bo
639.77 - 0.02:0.10 0.0010.10 0.05:0.06 091 - 0.84 0.02 0.00 0.05 5 )
638.404 .00 0.001£0.12 0.1320.18 0.1840.11 0.91 0.14 0.76 0.00 0.12 017 6 o
TIR0T92 B , B 0122007 7536 E 77,66 - B 320 T .
2775.432 - 0.03:0.08 - 0.16:0.07 25.71 - 20.94 0.74 - 4.03 * b ok g
2775.53 - - 0.00:0.07 0.16:0.08 25.70 - 21.60 - 0.00 4.10 3 Body
2777.182 -0.57 - 0.060.12 0.2040.11 2575 -1.54 2067 - 1.40 522 4 (diagonal)
2777.432 - 0.030.12 0.000.10 0.16:0.08 25.71 - 20.93 074 0.00 4.03 5 length
2778.988 -1.00 0.05:0.13 0.01:0.18 0.20:0.11 2575 -131 20.10 137 033 526 6
1643.732 - - - 0.1220.07 130 - 379 - - 051 T
1617.414 - 0.3£0.08 - 0.19:0.08 424 - 332 0.13 - 0.80 * 2
1617.558 - - 0.00:0.08 0.19:0.09 425 - 342 - 0.00 0.82 3 L
1619.144 0.55 - 0.040.11 0.24+0.11 425 0.23 333 - 0.15 1.00 4 Rumy
1619.416 - 0.030.10 0.000.10 0.19:0.09 425 - 332 0.13 0.00 0.80 5 widt
1620.864 -1.00 0.05:0.11 0.01:0.15 0.24:0.11 425 -0.20 321 020 043 1.00 6
T793.37 - - - 0.05%0.06 340 - 314 - - 026 T
1779166 - 0.00:0.08 - 0.08+0.06 5.40 - 497 0.00 - 043 2 Ui g
1779.166 - - 0.00:0.07 0.08:0.07 5.40 - 497 - 0.00 043 3
1775.214 -1.00 - 0.150.12 0.30.14 5.47 -1.16 4.17 - 0.82 1.63 *4 R“mﬁ
1781.172 - 0.00:0.11 0.00:0.07 0.08:0.07 5.40 - 497 0.00 0.00 0.42 5 lengt
1777, 22 -1.00 0.00:0.12 0.15:0.17 0.3:0.14 548 -1.16 4.18 0.00 0.83 1.63 6
B B - 0.0320.05 EX:2: 73T E E 0.13 T .
1672 032 - 0.00:0.08 - 0.09+0.07 455 - 4.15 0.00 - 0.40 * Syl o2
1672.036 - - 0.00:0.07 0.09+0.08 456 4.16 - 0.00 0.40 3 o
1672.804 -1.00 - 0.030.12 0.18+0.12 457 035 3.95 - 0.15 0.82 4 Pin (bone)
1674.038 - 0.02:0.11 0.00+0.10 0.11:0.09 4.83 - 4.17 0.10 0.00 0.56 5 width
1674.808 -1.00 0.00:0.12 0.03:0.16 0.18+0.12 458 0.34 3.95 0.00 0.14 0.82 6
T327. E - - 0.0220.05 356 37 B B 0.0 T
1513.146 - 0.06:0.08 - 0.05:0.06 354 - 318 020 - 0.16 2 S
1513314 - - 0.040.06 0.04:0.06 354 327 - 0.13 0.14 3 Abd o
1511.156 -1.00 - 0.2320.12 0.110.09 3.55 -0.56 2.90 - 0.83 037 *4 lomen
1515.132 - 0.05:0.11 0.01:0.09 0.040.06 354 - 319 0.17 0.03 0.15 5 width
1513.16 -1.00 0.00:0.13 023+0.19 0.11:0.09 355 0.56 2.90 0.00 0.83 037 6
2031.502 B B B 0.0020.05 ; 76 E B 0.00 T
2012.708 - 0.02:0.07 - 0.0090.05 7.70 - 747 0.16 - 0.07 2 s
2012.592 - - 0.030.06 0.0040.05 7.70 - 748 - 0.20 0.03 *3 Cod
2014.564 1.00 - 0.02+0.10 0.004+0.06 7.70 0.06 7.48 - 0.13 0.03 4 R“mﬁ
2014.502 - 0.00:0.11 0.030.09 0.0040.05 7.70 - 747 0.00 0.20 0.03 5 deptl
2016.564 1.00 0.00:0.12 0.02:0.15 0.0040.06 7.70 0.06 748 0.00 0.13 0.03 6
033,638 B B - 0.001%0.0 IS IS - B 0.00 T
949.21 - 0.10+0.09 - 0.0010.06 147 - 1.32 0.15 - 0.00 2 Gl bee b
950.148 - - 0.01:0.07 0.0010.06 147 1.46 - 0.01 0.00 3 Leg
949 -1.00 - 0.27+0.14 0.1320.11 1.49 0.28 118 - 0.40 0.19 *4 circumfer
951.246 - 0.11:0.13 0.0010.11 0.0010.06 1.48 - 132 0.16 0.00 0.00 5 ence
951 -1.00 0.0010.16 027:0.23 0.130.12 1.49 0.28 L18 0.00 0.04 0.19 6
TT2T60.122 B B B 0.1220.07 956 E s E B TIT T
2139.112 - 0.00 - 0.130.07 9.49 - 8.22 0.00 - 127 *2 o
2139.112 - - 0.13+0.08 0.13+0.08 9.49 - 8.22 - 0.00 127 3 Thigh
2140.978 0.98 - 0.0020.11 0.11:0.10 9.48 0.14 8.25 - 0.02 1.07 4 circumfer
2141112 0.00:0.10 0.00+0.09 0.130.08 9.49 8.22 0.00 0.00 127 5 ence
2142.978 098 0.00:0.11 0.0020.15 0.11:0.10 9.49 0.15 8.25 0.00 0.02 1.07 6

S5 6 phacdlyy A (s pole o paiine (o2l (S5 oy el )lgeS Oam obilondl uilly 07 (5 )0le (oild (ame yuilyly 107 «(5yole (il 38l (S il I5 0 dpaiins (oifal38] (S5T el )lg 107
3l M eaitons ou2o]380

o7, Direct additive geneuc variance,
%enetlc covariance, h*a: Direct additive genetic heritability, h*m: Maternal heritability, C*: The ratio of permanent maternal environmental variance to phenotypic variance, ram:

irect and maternal additive genetic correlation, AIC: Akaic criterion, *: Selected model

5l Je 8 o SBlST e 2AIC g psle e (2]

S M Tam 93 by 4 g plo il oo Wu)lj o
o°: Maternal additive genetic variance, o’ Matemal permanent environmental variance, o°: Residual variance, 6,y Direct and maternal
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(Mohammadi et al., 2018) |,Kan g (gl (+/TY)

D0 (+IYY) 25 dbuwsS 5
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NASPRES ERV-RRYWIVERYRY N SRYRS SRRV AR - SRV P ¢
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JIedelewnna gpdcdlyy @ cans 1) guigul iyl
Arnold ) cosl 0dg05 (3155 508 (lasY (sl g puSojlul
Moeller and et al., 1991; Turner et al., 1990
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Table 4. Estimates of (co) variance components and genetic parameters for ultrasonic traits based on the best fitted

model
AIC . C4SE I, 4S.E I4S.E o, G o o o o J4o e caoTrait
Best model
TOT1.43 B E B 0.0620.06 _ 0.02 E 0.02 " - 0.001 T o b
-1918.67 - 0.06:0.08 - 0.09+0.07  0.02 - 0.01 0.001 - 0.001 *2 AR
-1918.67 - - 0.060.08  0.09:0.07  0.02 - 0.01 - 0.001 0.001 3 S
-1918.77 032 - 0.070.12  0.10£0.09  0.02 0.00 0.01 - 0.001 0.002 4 sgel gl
191111 - 0.06£0.12  0.06£0.12  0.08£0.08  0.02 - 0.01 0.001 0.001 0.002 5 Ultrasound
-1910.82 043 0.06£0.15  0.07+0.19  0.09+0.09  0.02 0.00 0.01 0.001 0.001 0.002 6 [ﬁﬁ(l};ef;‘;
T808.7T - E E 0.0620.06 3435 E 3T B - 033 T e colus
1757.49 - 0.11£0.08 - 0.07£0.06  5.14 - 4.21 0.56 - 0.37 2 .
1756.05 - - 0.13:0.07  0.06:0.06  5.16 - 4.19 - 0.67 031 3 [
1757.54 0.54 - 0.22:0.13  0.10£009  5.17 -0.40 3.96 - 112 0.49 4 gl gl
1758.05 - 0.00:0.12  0.13x010  0.06£0.06  5.16 - 4.18 0.00 0.67 0.31 5 Ultrasound
1759.54 20.54  0.00£0.13  02240.19  0.1080.09 517  -041 3.96 0.00 113 0.50 6 longissimus
22059 - E E 0.1320.0 024 E 02T - - 0.03 T ratle oy
-237.95 - 0.1040.08 - 0.10£0.07 0.3 - 0.19 0.02 - 0.02 *2 e
-237.69 - - 0.07:0.07  0.09:0.07  0.23 - 0.20 - 0.02 0.02 3 [
-235.70 - 0.06:0.12  0.08£0.09  0.23 0.00 0.20 - 0.13 0.02 4 gl gl
-236.04 - 0.08£0.12  0.030.10  0.10£0.07  0.23 - 0.19 0.02 0.07 0.02 5 luhr_asgund
longissimus
23413 097 0.080.13  0.01%0.17  0.08£0.09  0.23 0.01 0.19 0.02 0.01 0.02 6 et width
33393 E B B 0.0620.06  0.14 B 0.13 B B 0.01 T
- Wl Gos
57;3.7 - 0.09+0.08 - 0.09+0.07 0.14 - 0.11 0.01 - 0.01 2 2o
-578.88 - - 0.08£0.08  0.08+0.07 0.14 - 0.11 - 0.01 0.01 *3 Uﬁ""“'ﬂfj'
-577.15 -0.45 - 0.14+0.13 0.110.09 0.14 -0.01 0.11 - 0.02 0.01 4 lonessims
-576.97 - 0.04£0.12  0.05:0.10  0.08£0.07 0.14 - 0.11 0.01 0.01 0.01 5 s epth
-575.17 045 0.02+0.13  0.1240.18  0.1120.09 0.14 -0.01 0.11 0.00 0.02 0.01 6 °

S} 6 pdacdlyg ha (s dle g paiians (oaal3l (SBF oy il lgeS Gum cobilasdly yusl)ly 0% s y3le oily axe willy 107 (s ple oulEl (S8} uilly O cpeaiiione oal3l (S35 byl 07,

st o 38 S lano AAIC (2l g oo il Bl (S5 Shso fam 5298 l)ly 42 (62l (ol sbaaeo il ly s C s obo (6 g UM cois 21381
o°,. Direct additive genetic variance, %, Maternal additive genetic variance, o*. Maternal permanent environmental variance, 6% Residual variance, G,y Direct and maternal
genetic covariance, h’a: Direct additive genetic heritability, h>m: Maternal heritability, C* The ratio of permanent maternal environmental variance to phenotypic variance, ryp;
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

AIC fun 4S.E b SE W 4SE Cum o o &' o Jie o e
Best model Trait
75773 E P E 018007 323 E 233 P B T T
2385.584 - 0.000.08 - 0.18+0.08 1419 - 10.79 0.00 - 340 2
385,584 - 0.00:0.08 244009 419 10.79 - 0.00 3.40 *3 s glisy|
387.42 098 - 0.003:0.12 12720.12 420 042 10.70 - 047 3.87 4 Fat-tail height
387,584 - 0.00:0.12 0.00:0.11 :24+0.09 419 - 10.79 0.00 0.00 3.40 5
9.42 098 0.00£0.13 0.003:0.17 .2720.12 420 042 10.70 0.00 0.05 3.87 6
32 E - E 350.07 3.66 E 36.92 - E 6.74 T
3087.21 - 0.00+0.08 - | 1840.07 41.91 - 3453 0.00 - 737 2
B e o e - AP | B I e
. R - . 3 1640, B R 5 - . - Upper fat-tail width
3089.144 - 0.000£0.12 0.02:0.10 170,08 4192 - 34.06 0.00 078 7.08 5 P
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, - 0.07:0.08 2220.0 9636 - 8.94 2083 3 Vb 43 Lame
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Table 6. Estimates of direct additive genetic and phenotypic correlations among studied traits

i wouhls e iy anle joye Bgul g otz oale colus gl gyl iy oyl
Ultrasound longissimus muscle Ultrasound longl:iunui muscle Ultrasound longissimus muscle Ultrasound back. f'vt th Kkness
depth width area rasound back-fat thickness

Tp Ty Iy Ty Ty Ty T Ty Trait o
0.03£0.51 0.6810.13 0.03£0.58 0.35£0.57 0.03£0.54 0.5910.15 0.03£0.41 0.72£0.09~ Height at wither o5ga> ¢lis)|
0.03£0.50 0.6910.11 0.03£0.58 0.4010.41 0.03£0.53 0.5910.11 0.03£0.41 0.71%-0.08 Height at rump J.5" b ¢lis)l
0.03+0.38 0.50%0.25 0.030.45 0.3140.62 0.03+0.40 0.43+0.24 0.03£0.37 0.49%0.07 Head length o Jsb
0.04£0.22 0.97%-0.12 0.0410.25 0.51£0.32 0.0410.19 0.7510.01 0.04£0.11 0.85%-0.28 Head width yu 5,
0.04£0.02 0.63£-0.57 0.0410.11 0.3810.05 0.04%-0.02 0.49%-0.29 0.04£-0.01 0.49%-0.55 Ear length 355 Jsb
0.040.15 0.360.30 0.04£0.20 0.2440.51 0.04%0.15 0.270.45 0.04%0.11 0.3840.22 Ear width 3¢5 5 ,c
0.04£0.09 0.63-0.66 0.04£0.20 0.42+-0.28 0.0410.08 0.47%-0.65 0.04£0.65 0.51%-0.60 Neck length 3,5 Jsbo
0.04+0.30 failed +-0.99 0.04£0.36 failed +-0.66 0.0410.31 failed +-0.98 0.04%0.21 0.82+-0.83 Chest Width dipw awid 5,
0.0240.69 0.3710.65 0.0210.69 0.2410.73 0.0210.72 0.3410.60 0.0310.61 0.3710.56 Heart girth aiw )9 b
0.02+0.67 0.390.80 0.02+0.64 0.2840.73 0.02+0.70 0.3140.83 0.03£0.59 0.4420.56 Belly circumference S5 )55 b
0.04+0.12 failed+ 0.94 0.04%0.19 0.63+0.98 0.0420.12 failed £1.00 0.04£0.11 0.79%0.75 ‘;‘;l'{. Ol lae
Canon(bone) cu'cumfcrcncc
0.03+0.46 0.36%0.75 0.03+0.49 0.27+0.77 0.03+0.48 0.3140.76 0.04+0.34 0.4310.41 5 Jobo
Body (dldg()ndl) lenglh
0.04£0.32 0.71£-0.19 0.03£0.40 0.0410.13 0.0410.31 0.58%-0.18 0.0410.21 0.59%-0.33 Rump width J,5 ,5,s
0.03+0.39 0.5910.68 0.03+0.42 0.50+0.64 0.03+0.41 0.56+0.64 0.04%0.33 0.7410.26 Rump Length J.5° Jsb
0.04£0.28 failed £-1.00 0.0410.34 failed £-0.74 0.0410.26 failed £-1.00 0.04£0.21 failed +-0.80 Pin (bone) width y slssel Lo,
0.04£0.31 failedt 0.93 0.03£0.36 failedt 0.99 0.0410.32 failed% 0.99 0.04£0.28 failed+0.63 Belly width S5 5,e
0.0340.43 0.4340.83 0.03+0.45 0.39+0.60 0.03+0.45 0.4240.75 0.03+0.41 0.56%0.46 Rump Depth 5 Gos
0.04£0.18 0.63£-0.08 0.0410.17 0.42+0.40 0.0410.17 0.55%0.11 0.04£0.13 0.60%-0.01 Leg circumference § 3lw b
0.0340.43 0.33+0.74 0.03+0.44 0.29+0.76 0.03+0.47 0.30%0.75 0.04£0.29 0.40%0.50 Thigh circumference l, ks
0.03£0.55 0.37£0.84 0.030.51 0.2940.42 0.03£0.59 0.2610.77 0.03%0. 53 0.2810.68 Fat-tail height 4> ¢lis)l
0.0210.65 0.3210.65 0.030.57 0.32+0.40 0.0210.70 0.2210.73 0.03£0.60 0.26%0.65 Upper fat-tail width Y, 435 5,

sle 43 Lo
+ -+ + + + -+ + + e 43 o2
0.0240.67 0.2810.64 0.03£0.59 0.28+0.40 0.0210.72 0.2210.67 0.0310.62 0.2210.67 Median fat-tail Width

0.03+0.60 0.3410.67 0.03+0.54 0.30+0.36 0.02+0.64 0.25+0.67 0.030.57 0.260.65

0.02+0.66 0.300.86 0.03+0.59 0.20+0.64 0.0240.70 0.20+0.88 0.02%0.69 0.19%0.73 oL
Upper fat-tail circumference

0.0240.67 0.2910.72 0.03£0.59 0.23£0.52 0.0210.71 0.2210.69 0.0210.68 0.21£0.69 . . Le 53 ba
Median fat-tail circumference
0.03£0.60 0.3410.92 0.030.55 0.200.62 0.0210.65 0.21£0.87 0.03£0.58 0.21£0.74 . ‘)"l’ 5 bxe
Lower fat-tail circumference
0.03£0.48 0.4520.91 0.0310.42 0.2940.57 0.030.51 0.33£0.80 0.03£0.45 0.3110.73 \ll*.d"j),c“l’w
Upper fat-tail thickness
0.0340.43 0.40%0.75 0.03+0.39 0.30+0.64 0.03+0.46 0.3240.80 0.03+0.44 0.3240.73 (e 495 i
Median fat-tail thickness
0.03+0.49 0.03+0.51 0.03+0.42 0.2640.53 0.03+0.52 0.28%0.65 0.03+0.50 0.23+0.75 Ol o> Calied
Lower fdl tail thickness
+ + + + + * gl gl ety oy s
0.02+0.72 0.3340.73 0.030.61 0.24+0.86 0.0240.73 0.3140.71 W # Ultrasonnd back-for thicknoss
8l Uyl oot wanle Colis
0.0140.93 0.1240.92 0.010.85 0.11£0.90 #* # 0.02%0.73 0.3140.73 Ultrasound ~ longissimus muscle
area
gl gl oy azenle 2,0
0.02+0.76 0.21+0.79 #* # 0.010.85 0.11£0.90 0.030.61 0.2410.86 Ultrasound  longissimus m"-sglﬁ

widt
gl gl oty aznle Gos
# # 0.0210.76 0.21£0.79 0.01£0.93 0.1210.92 0.0210.72 0.3310.73 Ultrasound  longissimus m(‘judﬁ
ept

S olaj )2 e 0
0.0240.78 0.3010.84 0.0210.74 0.16£0.90 0.01£0.83 0.2010.85 0.0210.72 0.4410.62 Animal weight at the time of
ultrasonoghraphy
0.04£0.06 0.50%-0.19 0.0410.08 0.3310.34 0.040.04 0.43%-0.08 0.041£0.36 0.46%-0.09 Birth weight Jg5 4 jg
0.04-0.05 0.52%-0.01 0.0410.01 0.4810.01 0.04%-0.10 0.50%-0.10 0.04%-0.08 0.49%-0.24 Weaning weight  Sale aw jg
0.04+0.39 0.78+0.96 0.03+0.42 0.91+0.98 0.03+0.38 0.901.00 0.04%0.23 0.67£0.83 6-month weight  Sale jis 559
0.0340.41 0.99£1.00 0.03£0.41 0.69£0.70 0.03£0.39 0.8610.71 0.0410.31 0.55+0.80 9-month weight  Sale 4 435

ry: Genetic correlation, r,: Phenotypic correlation
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