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ABSTRACT

This study was conducted to analyzed the statistical model of Hanwoo(Korean native cattle) cows linear classification trait, analyze
the structure and environmental effects of linear classification data, and estimate genetic parameters for linear classification data
by applying the analyzed environmental effects to use them as basic data for improving the body measurement and appearance
of Hanwoo cows animals at the farm level. The data used in this study collected cows linear classification data that participated in
the Hanwoo cows linear classification project promoted by the Korea Animal Improvement Association(KAIA) from 2014 to 2019 to
quantify the body measurement of cows and use them for livestock improvement, selection, and culling. Among them, the most
recent linear classification data was selected as analysis data, the previous data was deleted, outliers in the data were removed,
and 369,723 Hanwoo cows suitable for Estimated Breeding Value(EBV) analysis were used. In addition, outliers were removed from
the Hanwoo cows linear classification data, and the final score calculated by applying level and grade trait data and four data
such as body height, body width, rump length, and pinbone width, which were found to have a high genetic correlation among 19
traits, was used. After removing outliers from the data, the most recent data was selected and used for analysis based on the linear
classification month age when the linear classification data was repeatedly recorded for each parity. The least square mean analysis
by linear classification trait showed that body height, which is most involved in body measurement and growth, steadily increased
up to about 50 months, but there was no change thereafter. It was analyzed that the growth of Hanwoo cows ends on average when
they are 50 months old, and the increase in body height slowed after the calf was produced. In the basic statistical analysis of linear
classification traits, the average and standard deviation of body height, body width, rump length, pinbone width, and final score
were analyzed as 6.22+1.33, 5.83+1.22, 5.88+1.20, 5.63%1.32 and 80.0+1.83. To analyzed the factors of environmental effects, the
farm-birth year-birth season was set as one effect HYS(Herd-Year-Season) to establish the BCS(Body Condition Score), the classifier,
the linear classification month, and the contemporary group, and a variance analysis was conducted to confirm that there was a
high significant difference(p<0.001) with traits in BCS, classifier, linear classification month, and HYS. In the estimation of the genetic
parameters of linear classification traits for Hanwoo cows, the heritability of body height, body width, rump length, pinbone width,
and final score were estimated to be 0.42, 0.18, 0.34, 0.25 and 0.37, respectively. In the analysis of the genetic correlation coefficient
between linear classification traits, body height, body width, rump length, pinbone width, and final score were analyzed as 0.80, 0.96,
0.95 and 0.94, respectively, pinbone width and final score were analyzed as 0.84, 0.84, and 0.89, rump length and pinbone width
and final score were 0.94 and 0.92, and pinbone width and final score were analyzed as having a high genetic correlation of 0.97.
In the phenotypic correlation coefficient analysis, body height, rump length, pinbone width, and final score were analyzed as 0.39,
0.63, 0.54, and 0.70, respectively, while body width, rump length, pinbone width, and final score were 0.40, 0.48, and 0.65, and rump
length, pinbone width, and final score were analyzed as 0.61 and 0.70, and pinbone width and final score were 0.73, showing a high
correlation between the traits. In the future, continuous research on linear classification traits should be conducted to find out the
ideal body type ability of Hanwoo cows for growth ability and fertility trait, and it is believed that the productivity of Hanwoo should
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be improved through this.
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Table 1. Appraisal method of Linear Classification Traits in Hanwoo Cows (KAIA, 2023)(continued)

Traits Score
1 2 3 4 5 6 7 8 9
TSC” Body Height 119cm 12Iem 123cm 125cm 127cm 129cm  13Iem  133cm 134cm
Body Length 140cm 142.5cm  145cm  147.5cm 150cm 152.5cm - 155em - 157.5cm 160cm
Body Width Extremely short < Intermediate < Extremely wide
Chest Depth 62cm 64ecm  66cm  68cm 70cm 72cm  74cm 76cm 77cm
BCC? Skin Color Light yellow Yellow Dark yellow
Outline Thick and < Sharp and < Extremely sharp
coarse anglular angular
Shank Extremely thick < 18cm < Extremely thin
Thickness
FQC? Chest Width Extremely < Intermediate < Extremely wide
narrow
Shoulder Extremely thin < Intermediate < Extremely thick
Attachment
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Table 1. Appraisal method of Linear Classification Traits in Hanwoo Cows (KAIA, 2023)

Traits Score
1 2 3 4 5 6 7 8 9
MQC? Rib Opening Extremely narrow < Intermediate © Extremely wide
Backto Rump  Extremely dropped < Intermediate © Extremely straight line
line
Fore Rib to Extremely dropped < Intermediate < Extremely straight line
Udder line
RQCY Rump Gradient  Extremely sloped © Slight slope © Hocks and pins are
from Hocks to pins from Hocks to parallel
pins
Rump Length 41cm 45cm 49cm 53cm 57cm
Pinbone Width 24cm 25cm  26cm - 27cm 28cm 29cm  30cm  3lem 32cm
Udder Volume  Extremely small < Intermediate © Extremely large
FLC?  Hoof Angle Extremely low © Intermediate © Extremely steep angle
angle
Rear Hock Postry and straight < Intermediate < Extremely sickled
Gradient
Rear Leg stance ~ Narrow between © Intermediate © Hoofs and hocks are
hocks parallel

ITSC: Total stature composite, ?BCC: Body characteristics composite, ?FQC: Front quarter composite, "MQC: Middle quarter
composite, "RQC: Rear quarter composite, 6)FLC: Foot and leg composite.
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Supplementary Figure 1. Description of images by linear classification and grade traits in Hanwoo Cows(KAIA)
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Table 2. Numbers of Records by Linear Classification Traits Factor Considered on Analysis Models

ICF No. IRG No. Iy No. IS No. IMOL No.
1 4,011 GW 2,888 2017 3,898 Spring 10,397 24 1,082
2 2,564 GG 2218 2018 4318  Summer 6,857 25 L111
3 1,768 GN 2871 2019 4,300 Fall 3,820 26 1115
4 1,640 GB 6,892 2020 5,891 Winter 1,736 27 897
5 1,416 IN 902 2021 4,403 28 806
6 1,410 JB 4,044 29 785
7 1,392 CN 921 30 716
8 1,288 CB 2,074 31 963
9 1,187 32 824
10 1,001 33 924
1 713 34 953
12 693 35 1,085
13 689 36 1,116
14 569 37 1,206
15 530 38 1,154
16 493 39 981
17 456 40 856
18 434 41 788
19 276 42 791
20 143 43 811
21 137 44 758
45 672
46 887
47 858
48 671
Total 22,810 22,810 22,810 22,810 22,810

1)CF : Classifier, 2)RG : Region - GW: Gangwon, GG: Gyeonggi, GN: Gyeongnam, GB: Gyeongbuk, JN: Jeonnam, JB: Jeonbuk,
CN: Chungnam, CB: Chungbuk 3)LY : Linear classification year, 4)LS : Linear classification season, 5)MOL : Monthly age of
Linear classification
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RESULTS AND DISCUSSION

1) 7|1%E

2 AollA 242281072 1970 A UAL o A E2k T
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3| AETD

Table 3. Basic Statistics on Linear Classification Traits in Hanwoo Cows

A

a3, ?—TL, S AA R F

22 A4

A A5+ THSupplementary Figure 2).

+2 Table 31| A|A|5FA

Traits Obs. Mean 7Std Min IMax R6Y
TSCY Body Height 22,810 6.17 1.32 1.00 9.00 21.39
Body Length 22,810 6.38 1.44 1.00 9.00 22.57
Body Width 22,810 5.61 118 1.00 9.00 21.03
Chest Depth 22,810 5.69 1.25 1.00 9.00 21.97
BCC? Skin Color 22,810 4.16 0.84 1.00 5.00 20.19
Outline 22,810 5.96 1.18 1.00 9.00 19.80
Shank Thickness 22,810 6.43 1.10 1.00 9.00 17.11
FQCY Chest Width 22,810 5.87 1.32 1.00 9.00 22.49
Shoulder Attachment 22,810 5.63 115 1.00 9.00 20.43
MQC? Rib Opening 22,810 6.12 113 1.00 9.00 18.46
Back to Rump 22,810 6.95 115 1.00 9.00 16.55
Fore Rib to Udder 22,810 6.01 1.03 1.00 9.00 17.14
ROQC? Rump Gradient 22,810 5.99 1.32 1.00 9.00 22.04
Rump Length 22,810 5.98 1.23 1.00 9.00 20.57
Pinbone Width 22,810 5.54 131 1.00 9.00 23.65
Udder Volume 22,810 4.99 0.94 1.00 9.00 18.84
FLCY Hoof Angle 22,810 5.12 1.04 1.00 9.00 20.31
Rear Hock Gradient 22,810 4.53 0.75 1.00 5.00 16.56
Rear Leg stance 22,810 5.24 1.20 1.00 9.00 22.90
Final Score Final Score 22,810 80.02 1.80 64.10 86.92 2.25

UTSC: Total stature composite, ?BCC: Body characteristics composite, ?FQC: Front quarter composite, YMQC: Middle quarter
composite, YRQC: Rear quarter composite, FLC: Foot and leg composite, ?Std: Standard deviation, ¥Min: Minimum, *Max:

Maximum, 'CV: Coefficient of Variation
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Supplementary Figure 2. Histogram for verification of normality of Linear Classification Traits in Hanwoo Cows
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Jholw 2R, A5, S, S, A= FHEste] HERIITE Table 45 A0 W, oh-¢-0f ARk X (|11, A, A| =, Al 4)2t 24
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7ol A Aol thek F7daakrt S| wofshA] Al DSl AALE AL Qs Aoz AlRE Y. fke-of ARG U],

Journal of Animal Breeding and Genomics 151



Genetic Parameters for Linear Classification Traits in Hanwoo cows
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A, 22 F AR Aol tisted 1=0] 7212 Zo](p<0.01)E 7HAI AL Thal BAtstith B3, T 5(2008)2 FEHCW)
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=, Sk vl 7127], sioke] 2kA) B S ot S aakel AARA A, AARA AR, AR 8L AR ol Tiste] 24t
< Ak ghe-of A|A| Felol| Soh= U Zh, Sleke] A 8l S ol tiet AR AAF 22 A, A =A%
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Table 4. Analysis of Variances for Linear Classification Traits in Hanwoo Cows (N=22,810)

Source DFY  BodyHeight  BodyLength  Body Width Chest Depth Skin Color Outline Shank Thickness

MS’ Fvalue MS Fvalue MS F-value MS  Fvalue MS” Fvalue MS Fvalue MS Fvalue
Herd 130 1656 12447 1556 1218 2114 20357 1612 1349” 240 3.79" 8.44 7.04" 8.63 9.14"
YS! 17 1029 773" 4731 37.04" 488 4.7 2412 2018 4.73 757 1637 13657 1378 14.6"
Classifier 36 3208 2411" 10325 80.84" 1382 133" 3594 3007°  14.33 277 3020 25177 4506 47727
Age? 24 117.04 87.94° 12161 9521" 5257 50.6” 93.25  78.02" 343 543" 438 3.65" 116 1.22%
Error 22,809 133 1.28 1.04 1.20 0.63 1.20 0.94
Source DFY  Chest Width Shoulder Rib Opening Back to Rump ForeRibto Udder Rump Gradient — Rump Length

Attachment

MS? Fvalue MS Fvalue MSY F-value MS  Fvalue MS Fvalue MS? Fvalue MS F-value
Herd 130 1444 1454 1267 12077 1241 12597 5.77 542" 6.44 817" 1371 945 1137 12147
YSY 17 1338 1347° 1636 1559 1623 1647° 8.96 841" 1353 1716 798 55° 1989 21237
Classifier 36 159.64 160.75"  43.07 41.02° 2996 304" 3529 33167 5478 6949 5019 34577 8055  86.017
Age? 24 3017 3038° 1879 179" 2841 28.83" 3.55 3.347 221 28% 422 291" 9031 9644
Error 22,809 099 1.05 0.99 1.06 0.79 1.45 0.94

Source DFY  Pinbone Width Udder Volume  Hoof Angle  Rear Hock Gradient ~ Rear Leg Stance Final score
MS Fvalue MS Fvalue MS? F-value MS  Fvalue MS Fvalue MS Fvalue

Herd 130 1592 1229 386 525" 850 10.61" 2.00 5.07" 4.82 515" 4336 17.267
s 17 1158 894" 369 501" 545 681" 3.86 9.79" 645 689" 5344 21277
Classifier 36 3443 2657 2018 2743" 2037 2543" 1837  46.66"  47.25 505" 46.23 184"
Age? 24 10198 787" 665 904" 313 391" 0.50 1.27% 3.77 403" 17098 68.05"
Error 22,809 130 0.74 0.80 0.39 0.94 2.51

YS : Year of linear test, Season of linear test, ?Age : Monthly age at linear test, ?DF : degree of freedom, YMS : mean square. ™ : P < 0.001, “: P < 0.05, NS
* not signification
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3) /8
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al,, 2008)=|0] &2 Azt oF7h UhA| Upebtt. He-o] AP P o) st 82 22 FJolgte F5HH | ool utal AAt
o S, AAF A7, “*PL“E, AAFEE 2 B EA| Sol et ThEA) F4E 4= lom, fA RS 27 0] e Aol uhaka
T o2 g9t &3k 4] Hole 8k EE, HHhe] Holet %}f‘oﬂi’}(:‘w} A2 5)2] Hol &2 295 7]0
EAPE 5ol H]s HED%E} Xt A e E2H A 02 AFSHITh 2 Aol B4 19709 gk A o] oSt et F9t
o] thek 5 BAPd 23t 522 Table 57+ o] 2| ik

Table 5. Additive genetic variances (%), error variances (o%), heritabilities and stand errors for 19 Type
Classification Traits and Final Scores

Group Traits Ccv? h?
0% 0%

Final Score Final Score 0.5084 2.0870 0.20
TSCY Body Height 0.3511 1.0380 0.25
Body Length 0.3792 1.0700 0.26
Body Width 0.1053 0.9574 0.10
Chest Depth 0.2074 1.0510 0.16
BCC? Skin Color 0.0752 0.5788 0.12
Outline 0.1327 1.1170 0.11
Shank Thickness 0.0879 0.9295 0.09
FQCY Chest Width 0.1605 1.0880 0.13
Shoulder Attachment 0.1297 0.9903 0.12
MQC? Rib Opening 0.1218 0.9139 0.12
Back to Rump 0.1133 1.0090 0.10
Fore Rib to Udder 0.0551 0.8222 0.06
RQCY Rump Gradient 0.1714 1.3610 0.11
Rump Length 0.2027 0.8665 0.19
Pinbone Width 0.2385 1.1170 0.18
Udder Volume 0.0582 0.7113 0.08
FLC? Hoof Angle 0.0665 0.7689 0.08
Rear Hock Gradient 0.0497 0.3752 0.12
Rear Leg stance 0.0708 0.9411 0.07

UTSC: Total stature composite, ?BCC: Body characteristics composite, ?FQC: Front quarter composite, “MQC: Middle quarter
composite, Y RQC: Rear quarter composite, “FLC: Foot and leg composite, ?CV: Coefficient of Variation

2 Aol EAS MPAAL A S FEE Eoto] A0 238 E AHBAE eI Table 60ll+= 197 AP F 2
1 ko] fA et FH e A S YERGIT). dRte] o) Lok AP AAL FA 7] 397 AFhtAloll A

44 S UEHIRIAL o] = o] 0117k B gk A ek 4|7, A4 2] 0.92,
0939} AFSH 23S L}EMC’*EP 2 5(1996)°] A1} A4 7] G AAFTHS 0.72, ColeX} Null(2009)°] AyshireZ, Brown SwissZ
Guernesey<-, Jersey%:, Milking Shorthorn-2] 1o A 1.2} 2|7 2 2|4l 7hol] 22} 0.54011 A1 0.807HA] 12| 772 AdtkA| & Let
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Table 6. Genetic(upper) and Phenotypic(below) Correlations for 19 Linear Classification Type and Final Score in
Hanwoo Cows
FSY BH? BI? BDY CD? SC? OL7” ST® CW? SA® ROY BR? FRU® RGY RID PW© UVY? HA® RHGY RIS

FSY 0.88 090 0.73 087 021 0.77 015 073 081 085 045 053 024 087 08 014 022 011 019
BH?  0.67 093 0.57 083 011 056 018 0.61 065 075 037 045 004 087 083 006 016 004 011
BLY 0.67 0.72 0.62 0.78 016 0.60 024 0.70 0.67 072 040 040 011 087 082 0.02 014 002 003
BDY  0.60 0.36 0.41 0.62 0.09 0.56 -0.02 074 0.70 0.66 029 035 016 060 069 010 0.08 018 022
CD? 070 0.58 0.54 047 010 0.64 0.08 054 070 0.76 034 041 010 080 077 012 016 0.07 019
N& 0.01 -0.05 -0.06 -0.05 -0.03 0.28 017 0l1e 017 017 013 014 010 007 017 002 -010 -005 0.01
oL 051 024 027 019 029 0.05 0.09 0.56 0.66 068 039 048 021 059 061 024 010 011 016
ST 019 0.07 006 -001 0.03 -001 018 0.04 008 003 017 007 -013 012 014 -008 -0.04 -015 -0.09
CW”  0.62 036 043 055 038 0.01 030 0.09 070 063 037 032 011 065 072 000 009 010 0.02
SAY  0.62 031 035 038 037 -0.01 038 013 0.52 076 048 042 019 065 076 -003 016 006 018
ROW  0.64 034 0.33 040 045 -0.02 036 0.07 041 0.53 027 047 019 071 079 014 017 016 019
BR? 032 010 0.08 008 014 001 032 011 013 024 029 038 004 034 036 -022 016 -018 -0.04
FRU® 0.34 014 0.08 011 021 -0.01 023 007 0.06 016 030 0.25 012 035 04 015 014 005 0.08
RGY 042 018 024 021 017 -0.02 020 013 029 025 019 0.03 013 0.04 009 0.00 010 0l6 017
RL®  0.67 059 0.61 043 054 -0.05 027 006 044 035 034 0.09 009 018 082 012 015 002 007
PWH 071 0.52 0.53 044 049 -0.05 023 005 045 039 039 012 017 022 059 010 018 005 018
uv?” 027 014 012 011 014 -0.02 012 002 008 012 012 009 009 007 013 017 -0.07 018 020
HA® 014 0.07 003 000 0.01 0.00 004 001 -0.03 003 004 001 007 002 001 004 -0.02 -0.06  0.05
RHG” 012 0.02 001 000 0.2 001 0.04 001 -0.02 005 004 006 0.08 005 -0.01 002 0.05 0.02 0.33

RLS® 028 015 010 013 016 0.00 011 005 012 017 015 010 015 010 012 021 012 010 012

VFS: Final Score,?BH: Body Height, ”BL: Body Length, ¥BD: Body Depth, ?CD: Chest Depth, 9SC: Skin Color, ”OL: Outline, ¥ST: Shank Thickness,
CW: Chest Width,'”SA: Shoulder Attachment, PRO: Rib Opening, ?BR: Back to Rump, ?FRU: Fore Rib to Udder, ¥RG: Rump Gradient, ”RL:
Rump Length, 'YPW: Pinbone Width, ”UV: Udder Volume, ®HA: Hoof Angle, ”RHG: Rear Hock Gradient,?”RLS: Rear Leg stance
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CONCLUSION
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