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Table + Number of records for two data sets, and levels of e#ects in equations for single-record and

repeatability animal models

Teat length
Appearance ;

feet & legs
Rear legs
rear view

The others

Data set I (single-record model)

Records

Management groups

Cows with records

All animals including pedigree

Dominance classes

+2,5*+1

,.503,

+2,5*+1

0++5/--

0*25/10

+105*,/

,-530+

+105*,/

0*-5..3

/235+13

+-+5.*2

+1502-

+-+5.*2

/+05/*/

...51.,

,..5*12

--5-.*

,..5*12

03.5+--

2++501+

Data set II (repeatability model)

Records

Management groups

Cows with records

All animals including pedigree

Dominance classes

,/.5*01

-250.,

+2,5*+1

0++5/--

0*25/10

,.-5*,/

-15,.+

+105*,/

0*-5..3

/235+13

+1*52.0

,05,/.

+-+5.*2

/+05/*/

...51.,

-025*30

/.5,13

,..5*12

03.5+--

2++501+

�k����	39:=²�o;

IJ½? 12 �+� : ,+�,2, ,**1 ,-



���� ���	
����� SM��������
���	 FAV������ EM-REML !"# AI-REML

 ��$���%	&'��( )*+� +330 ; ,-�
,**, ; ./ ,**, ; Kawahara� ,**0b0� 1��	&'�
�2���345�� ��6 	78�9� ���
:;<�=>?�@��ABCDE	$9��	FGH
�(�I� JK�>LMH����345NOPQ(1
N�HR8$� ���� S����	345	TU	7
�OP��VW� ��	&'H345�OPXYZ��
���[\]^	_`�>LMH�Y$345�a��
���bc`	345������d�� e	_`!"
#[f	g��>LMH�hi�bc`	345���
��� ��	&'N	j�345	kl��TU�mI
���� @�� Misztal� )+331a0 �� /nk	 SMN 0

nk	 RM�������d�	 FAV�OP�� RM�
�	 FAV� SM��	 FAV"o�pqdZ����(
TU��(1N�&'��� >LM�!$r� RM��
�����S����	 FAV�� SM��	s�NOP

�� t[u	vwxyz*.+� )^	_`0 ��z-..�
)[f	{|0 	}~HpqdZ����(TU�mI
��� Misztal� )+331a0 	&'NklQ(TU�a�
��

FDV�� SM�!$r *.2� )^	_`0�� 1.*� )�
�0� RM�!$r *..� )^	_`0 �� 0..� )��0
	FGH������ SMN RM�������S��
��	 FDV�OP��VW� y��!$r +.+�!"#
�	g��!$r +.-�	}~�mI����� s	�
	��H� +.*�x�	}���9� ��:�j	 FDV

	}~� FAVNOP���Ir�9�H���� Misztal

� )+331a0 �� ���	�&�����������]
?���� +�7��@8$:;<�����VW�
RM�!�(��34��N��X� ���X¡�L
¢���£¤H��HR8$1N�¥¦��� >LMH
���:;<�� t§��N!o?���	
���
¨H$(1N� @�� Q©r�ª«����2���

�H�(�I� ���	�������
���@�r

Table , Means and standard deviationsa0 of proportions of phenotypic variance attributed to additive and dominance

genetic e#ects, ratios of dominance variance to additive variance, and means of inbreeding depression for type traits

estimated by single-record model

Trait
Estimated variance (proportion of phenotypic variance)

Ratio
Inbreeding

depressionb0
Additive Dominance

Appearance

Feet & legs

Dairy character

Body capacity

Mammary system

Final score

Stature

Chest width

Body depth

Angularity

Rump angle

Rump width

Rear legs side view

Rear legs rear view

Foot angle

Fore udder attachment

Rear udder height

Rear udder width

Udder support

Udder depth

Fore teat placement

Teat length

4,,0¬4*++

4+,*¬4**2

4,0+¬4*+,

4-./¬4**0

4+--¬4**2

4,+0¬4*+*

4./,¬4*+.

4,*0¬4*+,

4,10¬4**2

4+2*¬4**3

4-,1¬4**0

4,,,¬4**3

4+1-¬4**1

4*3*¬4**3

4*//¬4**0

4+/0¬4**1

4+20¬4**0

4+0+¬4**1

4+/1¬4*++

4-,3¬4*+,

4-+2¬4*++

4-.0¬4*+1

4*-,¬4*+-

4*+/¬4**3

4*,2¬4**/

4*1*¬4**2

4*-,¬4**2

4*.+¬4**/

4*03¬4**1

4*-/¬4**1

4*0-¬4**1

4*+2¬4**/

4*,/¬4**1

4*-+¬4**0

4*+-¬4**1

4*,,¬4*+1

4**2¬4**.

4**3¬4**0

4*,3¬4**.

4*,,¬4*+*

4*+-¬4**3

4*+1¬4**+

4*+0¬4**/

4*,*¬4**-

4+.

4+-

4++

4,*

4,.

4+3

4+/

4+1

4,-

4+*

4*2

4+.

4*2

4,.

4+/

4*0

4+0

4+.

4*2

4*/

4*/

4*0

4*--

4*-1

4*-*

4*.0

4*,3

4*-2

4*+0

4*+2

4*,*

4**1

4**-

4*+2

4**.

4**2

4**/

4***

4**+

4*+2

4**.

4*+,

4**.

4**.

a0Means and standard deviation were calculated from estimates of +* runs by method R.
b0 score/+� inbreeding.
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Table - Means and standard deviationsa' of proportions of phenotypic variance attributed to additive genetic, domi-

nance genetic and permanent environmental e#ects, ratios of dominance variance to additive variance, and means of

inbreeding depression for type traits estimated by repeatability model

Trait

Estimated variance (proportion of phenotypic variance)

Ratio
Inbreeding

depressionb'
Additive Dominance

Permanent
environmental

Appearance

Feet & legs

Dairy character

Body capacity

Mammary system

Final score

Stature

Chest width

Body depth

Angularity

Rump angle

Rump width

Rear legs side view

Rear legs rear view

Foot angle

Fore udder attachment

Rear udder height

Rear udder width

Udder support

Udder depth

Fore teat placement

Teat length

4,-,µ4*+,

4+-*µ4*+,

4,1*µ4**1

4-0*µ4**3

4+/2µ4**1

4,,-µ4**1

4.0/µ4**3

4,*1µ4**1

4,22µ4**2

4+2/µ4**0

4-,3µ4**1

4,-3µ4**2

4+30µ4*++

4*3.µ4*++

4*/0µ4**/

4+11µ4**2

4,*0µ4**3

4+0+µ4**3

4+3+µ4**2

4-0*µ4*+*

4-+.µ4**0

4-1*µ4*+/

4*.-µ4*++

4*+/µ4**1

4*-+µ4**0

4*0.µ4**3

4*,2µ4**1

4*.-µ4**1

4*0*µ4**1

4*-/µ4**0

4*/*µ4**1

4*+/µ4**-

4*,,µ4**.

4*,0µ4**/

4*+-µ4**-

4*+.µ4**2

4**.µ4**-

4*+/µ4**.

4*,3µ4**0

4*,*µ4**/

4*+2µ4**1

4*,,µ4**1

4*+2µ4**0

4*+1µ4**.

4--/µ4*+-

4-11µ4*+/

4,-,µ4**3

4,+0µ4*++

4-0+µ4**3

4-.3µ4*++

4+*+µ4*++

4+*/µ4**2

4+*1µ4**2

4*12µ4**/

4+2/µ4*+*

4++/µ4**0

4++/µ4**2

4+-2µ4*++

4*0+µ4**1

4+.-µ4**+

4+,0µ4**.

4+*0µ4**3

4+22µ4**3

4+-.µ4*+*

4+*3µ4*+*

4++2µ4*+-

4+3

4+,

4++

4+2

4+2

4+3

4+-

4+1

4+1

4*2

4*1

4++

4*0

4+/

4*0

4*3

4+.

4+,

4+*

4*0

4*0

4*/

¶4*-.

¶4*.*

¶4*-.

¶4*..

¶4*,3

¶4*-1

¶4*+.

¶4*+0

¶4*+3

¶4**1

4**.

¶4*+/

¶4**1

¶4**1

¶4**0

4**+

4***

¶4*+0

¶4**0

4*+.

4**-

¶4**-

a'Means and standard deviation were calculated from estimates of +* runs by method R.
b' score/+� inbreeding.
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Table . Linear regressions of dominance variance fraction on additive variance fraction and of dominance standard

deviation on inbreeding depression

Dependent
variable

Independent
variable

Parametera" Intercept
Intercept

SE
Slope

Slope
SE

R,b"

Dominance

variance fraction

Additive

variance fraction

SM

RM

*4.0µ+*�,

*4.1µ+*�,

*42,µ+*�,

*41-µ+*�,

*4++**

*4+***

*4-.µ+*�+

*4,3µ+*�+

*4-.

*4-0

Dominance

standard deviation

Inbreeding

depression

SM

RM

*4+-**

*4+.**

*4+3µ+*�+

*4,0µ+*�+

�/4,***

�14./**

*43*

+4,,

*40-

*400

a" RM ; Parameter estimated from repeatability model, SM ; Parameter estimated from single-record model.
b" Coe$cient of determination. **P!*.*+.

Figure + Distributions and linear regressions of

fraction of dominance genetic variance on fraction

of additive genetic variance estimated from single-

record ( and ) and repeatability ( and )

animal models for type traits.
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Relationships among Estimates of Additive Genetic Variance,

Dominance Genetic Variance and Inbreeding Depression

for Type Traits in Holstein Population of Japan
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The objectives were to investigate relationships among estimates of additive genetic variance, domi-

nance genetic variance and inbreeding depression for type traits of Holsteins. The data were type records

of ,..,*12 Holstein cows classified during the period from April +32. to March ,**, in Hokkaido region of

Japan. The traits analyzed were 0 classification and +0 linear type traits. The analyses were conducted by

two mixed models ; the single-record model (SM) contained herd-year, stage of lactation, age of classific-

ation and inbreeding depression as fixed e#ects and additive animal and dominance parental as random

e#ects, and the repeatability models (RM) including random permanent environmental e#ect. The variance

fractions for random e#ects were estimated by method R. Estimated fractions of additive genetic variances

ranged from /./� (foot angle) to ./.,� (stature) with the SM and /.0� (foot angle) to ././� (stature) with

the RM. Estimated fractions of dominance genetic variances ranged from *.2� (foot angle) to 1.*� (body

capacity) with the SM and *..� (foot angle) to 0..� (body capacity) with the RM. Estimated depressions per

+� inbreeding coe$cient with the SM were positive for ramp angle, rear leg side view, fore udder attachment

and fore teat placement, and negative ranging from S*.*.0/� (body capacity) to S*.**+/� (rear udder

high) for other traits. Estimated inbreeding depressions from SM were similar to those from RM except for

rear leg side view and rear udder high. Clear positive relationship (PT*.*+) was found between estimates

of additive and dominance genetic variances. The estimates of inbreeding depressions had significantly (P

T*.*+) negative relationship with the estimates of dominance genetic standard deviations.

Nihon Chikusan Gakkaiho 12 (+), ,+�,2, ,**1

Key words : additive variance, dominance variance, Holstein, inbreeding depression, type trait.
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