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��BI�(��%&B��� sG
� � ŝ,
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,
 �J�K�stS	1B�´r

lm�·|�12�»¼�}~

��½F 1/ �+� : +�+*, ,**. ,



��� sG�� ��� ���	
����������
���/+.� +2	
� +, kg������ ���� sG��
� !"�#��$%�&����'()�*�+),
-./0��()�*1�23� 45�67�879:
�;<=��'()�*��>,?+)����@�
Suzuki� Van Vleck A+33.B -C��� sG
DEFGH
,1IJ�� sG�� KLMN?OP�Q��	"RS�
�3�� KL-TU�VWXYZ� sG-[\�� ]��
�E2H� ^_
E[\RS� ]�`a� b����
�� c��dae +���KL�f�g�h�ia�
�S-� jk� sG�� Olmno2	"�o�2H��
o����p1�qr�b?��RS������ 2	�
��� ���	
���������RS� sG �
sGm� sGf	
� sGp�st?&����u���
� +��� �������C�vwx?yz{4�w
�4�|}6�~�	
����-��o2�Z?u�
�� ����	
��������^_KL*���?
��1������Z��+32*o�+3306}���w�
4 -,*3-~� SB� DB��1��33.2��{4 +,-..,*/.

~� SC��1 3-.*�	
� DC��1 22.+�1IJ
�� q��� ��������RS����
��
+32*6���}���{4�������	
����
�		
]qP�Z1IJ�� ��� A,**-B �� �4
����4-��s�����4?y�2HYZ1E�

��p1&���^_�x��
S���>����-
IS��?u���HSo�� �������-��o
1I�e� 8�s�?yz{4	
��4�s�?yz
w�4�R���zH�^_KL*?�����
����?����w�4�Z� +,30-~1ID� �
p���� +32-6}�����zH�u��� ����
w�4-�@S�Z�� +32-6}���	H� ...��
R�2oJ�-� +3306}��1� 30.+������ ]
��1� �4-����� t?yz���¡=1}8
G��w�4 A0*2~� ¡8w�4B� �4-¢¡���
 t?yz�������RS�@�£¢o�¤¥G�
�w�4 A+,-//~� ¤¥w�4B 1IS� ����G�
�w�4�� ¡8w�4��@S�Z�� +32-6}��
�	H� 2+./�1IJ�-� +3306}��1� ,-./�
�[\��� 2	� ����w�4�¢�w�4���
����¦§�¨�©ª«¬�-®¯�9°±²
����� ³61��¥¬´�
S¢¡���-µ3?
�@�HS� {4�� �4��� t���-H¡=¶
�w�4��¥¬´o�}8G��E������� ¡
=¶�w�4 !��� �4-����� t?yz{
4���1ID� ³6�2S·¸� ����¹w�4-
�4�µ3?�@�HS� �¥¬´ !��� �4-¢
¡��� t?yz{4���1ID� �����¥�
¬"	
�}��¥�
S{4Er#º��S-� ·�

Table +. Number of bulls and cows and percentage of parentsaB with data usable in

the calculation of generation intervals and selection di#erentials by birth year

Birth year Bull no. SB (�) DB (�) Cow no. SC (�) DC (�)

+32*

+32+

+32,

+32-

+32.

+32/

+320

+321

+322

+323

+33*

+33+

+33,

+33-

+33.

+33/

+330

+331

+332

++2

+,1

++.

+,2

+.+

+2+

,,1

+3,

,/+

,0.

,.1

,0.

,*,

+2.

+1-

+2*

+**

324-

334,

+**4*

+**4*

+**4*

+**4*

+**4*

334/

+**4*

+**4*

3340

+**4*

+**4*

+**4*

+**4*

+**4*

+**4*

334,

+**4*

+**4*

+**4*

+**4*

334.

+**4*

+**4*

+**4*

3340

334,

334,

+**4*

+**4*

+**4*

+**4*

+**4*

/.5-/2

/15++,

0*5.2*

0*5,.+

0,5-.+

0/5-+*

1.5*.*

125/1+

2,5.3-

2/51-3

2.50*0

2,513-

1251*0

135-1.

135,2*

115*0*

1.5,.3

1+50//

-/50.0

3.4,

3-40

3-4.

3,42

3-4*

3,43

3,4/

3,40

3-4-

3-4/

3-4/

3-40

3-40

3,40

3,4*

3,40

3,4-

3,4,

3,42

214+

2142

2142

2142

224/

2240

224+

2143

224.

224/

2243

234*

234+

224*

214*

2140

214/

214/

2241

aBSB : sire of bull, DB : dam of bull, SC : sire of cow, DC : dam of cow.
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Fig. +. Means of standardized breeding values

(sG) for milk, fat and protein yields by year of birth

of bulls and cows.

Milk, Fat, Protein

Table ,. Annual genetic changes (sG/yr) by

regression of estimated breeding values for

milk, fat and protein yields on each range of

birth year

Bull Cow

+32*�+330 +32,�+332

Milk

Fat

Protein

*4+/
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*4,+

*4+,

*4+0

*4+0

+33-�+330 +33/�+332

Milk

Fat

Protein

*4-,

*4,*
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*4+.

*4+.

*4+2
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Fig. ,. Means of generation intervals (yr) for four

paths of selection by year of birth of bulls and cows.

sire of bull, dam of bull, [ sire of cow, \ dam

of cow

Fig. -. Means of generation intervals (yr) for

paths of sire ([) and dam (\) of domestic produced

bulls and sire ( ) and dam ( ) of imported bulls

taken into progeny test by year of birth.

Fig. .. Means of generation intervals (yr) for paths

of sire ([) and dam (\) for cows of sires with

Japanese registry number and sire ( ) and dam ( )

for cows of sires with foreign registry number by year

of birth.

Fig. /. Means of standardized genetic selection

di#erentials (sG) for four paths of selection for milk,

fat and protein yields by year of birth of bulls and

cows.

sire of bull, dam of bull, [ sire of cow, \
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Fig. 0. Means of standardized genetic selection

di#erentials (sG) of milk, fat and protein yields for

paths of sire (�) and dam (�) of domestic produced

bulls and sire ( ) and dam ( ) of imported bulls

taken into progeny test by year of birth.

Fig. 1. Means of standardized genetic selection

di#erentials (sG) of milk, fat and protein yields for

paths of sire (�) and dam (�) for cows of sires with

Japanese registry number and sire ( ) and dam ( )

for cows of sires with foreign registry number by year

of birth.

���f����������

���� 1/ �+� : +�+*, ,**. 0



�� SC�������	�
������ +33/�
���	��
�������� ����� �	��

�
������������� DC��
����
�� �	��
�
 !
�"#�$� %���	
��&'����!
(�)*+��,��"#�-.
/&01�2-��

� �

+� ����	
������������
SB���� ���3���4�56������

7�87�9-���:� ;Everett +32.<� ��=�
+32*�>����
*�!�?4�@A��0�2-
B-
��Van Tassell8 Van Vleck;+33+<��C���
D
 +31.�E +312��>���*�!�?4��,F
�GH ++.*�8�I J4�%8��9B-�� ��
=�(��� +32*�E +330�
!K
F�GH +*.,/

�E 1./+��� �D
@ALM7"#"-./&0�
�� NOPQ
 +32*�E +33*�>��
*�!�?4
� +-./-�E 2.,,� ;BurnsideE +33,< 8 J�� ��
=�#E��F�GH�� $�
!K�"-./&0�
����� +32*����-2�DR*�!
F�GH��
%	*�!LM7 +��S7&-TU�:���� +33*

���	�8DR*�!�?�27F�GH&"VWX
��Y
'(&014�LZB./�)YE��LZ�
B��� SB��
F�GH�� *!
+['��E)
*+
(���\�]�
,^UG�:�
�� _B$
87���� 0./�-��./�:�� ���� *!

(�)*+�`0W���\�*�! ;1a!< &\�
]�4�%8��9�LZ�2Y*�!&>R�2��
b� SB��
F�GH�WE� +�-��"VW��
7
8(cW��� ���� 2Y>R�2�$*�!d
�3$B�b� 4�Be5�./�BM� %
6
f
78ghE��� ��� %�&8i4��Y��� 9!

jklPkmd&:nWX��Y
'(&o-� \�
]��\
)*+
(���&/SWX�./�:�8
(cW���

SB��
������ �	��?�2 ,.* sGf�E
,./ sGf
!K�;<�B�E� ��L�p�&qr�2
-��� �Okstu��*�!
=>����� ��
BSv&0�� - sGp&>h����B��� 8$�� D
R*�!
�Okstu���4������� %	
*�!8 J�� w?BSv�)YE�� +330�>��

*�!�?�2 -.-1 sGp&8i��� jklPkmx
@�yz�A�� ��
y{�� *.3*-� ;)*+
|
B� 2+�< �:�8}���~�� ����� -.1. ;�
-.-1�*.3*< �S8BM� *.+��S
C���-��D&
����%8�B�� ���� NOPQ��� +322�>
��
*�!���� SB���� �Okstu���
�2 ..+/ sGp ;BurnsideE +33,< 
����&�E�

2-�%8�E� SB���WE��-���&���
9�����F��:�8(cW���

DB���� \�]�*�!&>R4��Y
�!�
?�4����:��E� �-���8F�GH
"V
��YE�����:�� DB��
F�GH�� +33*

�>��
NOPQ
�!x@�E#E�� -.1-�
;BurnsideE +33,< LM7&-F�GH&0��� %

���� DR*�!
 DB����-2F�GH�&-
�Y�:��� �\� DR*�!�?4�%
��
F
�GH&�FB�M"V4�%8�f78-hLZ�

DB��
������ *�!
=>����� SB

��
��8G���./�;<�2-��� HI��
SB��LM7�-����&qr�2-�� �Ok
stu����� SB��
������ ��7�8
7�$� +33,��E ,.* sGp&>h�LZ�B��� ��

y{�� *.1-� ;)*+
|B� .3�< �:�8}
���~�� ����� ,.20 ;�,.*�*.1< 8BM� ��
��� *.0�-��B�� DB��
F�GH
WEB
�"V8����
/S&8i4��Y��� "J
MOET��a
 �KL
LZBM���&�N4�
��:�� "JMOET��!
)*+�(�W�2-B
-TU���W���E� %
TO���-��
y{
���PW���� *�!�\�]�&��4� +�J

TU��� �!
)*+�(�W�2-��E� %

TO���� \�]�4�*�!&��4�b� ��Q
��&/S4�%8�U,�9�7
8(cW���

,� �������������
�!�� >�>R&e R�8��¡S�:��E�
�TWX� dR¢
£�&oZ./�:M� �
@A�
.¤dU
aV�>RW��� ��¥h� R�F(
(
�)*+��- !&W¦�XY��8�27� 4��
aV�>RW�2-�~��3$� pZ[\¡�� DC

����-2F�GH
"V8����
/S&§�
�U,4�%8�]�-� ���� R�F(
)*+�
�- !��� ^N*�!&¨©��'�4�LZ�4
�b� �N !8�2
aV&ª4%8B$� !^>R
�756�9�� WE�� R�F(
)*+��- !
��� M��
/S�L«¬_8®
2`&ab��
¯c°�&o-� �FB�M3$
±² !&>R4�
b� DC��
���56�³-27� :�-�U,�
9�8(cW���
p� SC���� d@��&eN��´µ¶���

f·�LM� ��
�-)*+�L�2��W��*
�!
��a&¸!K�¹N4�%8��9�LZ�B
M� ±² !&>R4��Y
º/B����8B�2
-�� ��� �	��
�
 !d
���Sv./�
:��� SC��
F�GH�L«R�F(
����
�E�	��
g»�&014�LZBw?Bhi�
)YE�B���� ��¥h� R�F(���b� SC�

R�¼u
����8F�GH

jS½� 1/ �+� : +�+*, ,**. 1



����������	�
�� ���������
�������	��������� !"!� 
#$
�%&�'()� *+,�����-.������
��/!� 0�1,��.�����	��23��
�+45678�9�+��!)3�9�"$� ��:
;�<��.	�=>��?@ABCD����E�
F���!)3��	G+�������� SC H�
�I�JK�� +33*����L� 2�MF��!)3
�+� �����N<��'O���PQR��S�
'L� ����TURJF�S8�9�+�$��	�
�L� I�JK��SFV�$8V������� W
�� SC H����	�
�� +33+�=X�YZ�[F
\89�Z]� �� ^��'O_`abD��c
!)1d e +.0 sGm� ,.- sGf�'O ,., sGpF��!)3
� ������^����	�
�� ���F-.
8� SB �'O DB H���/!� f!g SC H���
+23hiF\!� 9�9��� ���F-.8�j
�_`abD��k8�	�Fl[!� ^��k8
�	�Fmno!!)3�W��� "#p�_`ab
D��k8�	���Z$q^��k!)V$�%&
�r��	�Fst!)3�V������� 

-� ������	
' - ��� u� .�J vSB � DB H��c!) +33-

"$+330��SC�DCH��c!)+33/"$+332�w �
-x��y�����	�� . H��I�JK���	
�
"$��!�z(�RT����)�L	�*{�
vRT	�*{�w F\!� +|,����y����
-}.
��L�RT	�*{��� ��^��
1d*.,, sGm���'O *.,1 sGf����/!� _`ab
D�� *.-* sGp��+�Y"(� y��RT	�*{�
�� u� .�J����s~	�*{��k!� ��
^��'O_`abD��1d+/1�� +3-��'O
+01�2]Z�9�+/���� W��4]�%&vEverett

+32. ; Van Tassell � Van Vleck +33+ ; Burnside $ +33,w
��� .�=>�CD�V	��+�*���� RT
	�*{�'LVs~	�*{�+0]�����9�
F\�!)3� *+,��3)����P+�'��
)3�CD�!)�� .CD���� ABCD� �D�
�G�'O�12�&+678� 9�$�CD��
1d	����3���V��� "#p��()�� 8
�)+	��k��ZL�� x�� 9�$�CDJ�
�� ���Z$q3����c+678�9�+4��
�)3� 56$v,**,w�� ��'O����A�
�Y� vA�� 2�� l��'O��7w ��J��*.*2

"$�*.,+ �3����cF��!� x�� ��'
O����8�����J��*.,. "$�*.-2 �
3����cF��!� ��$ v+330w �� ��'
O������9��J�:%&"$233���
�cF��!� ;<��=�p>E��`_� v,**-w
�� �,�	���y���3)� .��3����
c+��^9�'O��"�ABCD���� ¡+
¢£hi���9�F4�!� ¤¥¦��F�R�
�§?8�"#p�� ¨�ABCD����E�F©ª
!�	�Fst!)3�V������� W�� .
��	�Fr«!)3�#p��()V� �¬<�F@
�����<�	� vWeigel ,**+w ��9�	�F
st!)3�@� .��s~	�*{��A®���
V��¯?$�� °�±� .��²����s~
	�*{��� 9�$�B³+´µ!� RT	�*{�
'LV0]������	G+��V������� 
x�� *+,��¶C����E�F·9���¥8
������ 	�� . H��I�JK�'O��	�

�%&F¸�!� ¹?qDº!)�]EB+��9�"
$� ²V�R�Z�»Fst8�EBG+�����
��� 

Table -. Annual genetic changes (sG/yr) expected in the future for milk, fat and protein

yields estimated from genetic selection di#erentials (sG) and generation intervals (yr) for

four paths of selectionaw

SB DB SC DC Total Genetic
Gain

Generation intervalb)

1412 .43/ 1432 .4.3 ,/4,*

Genetic selection di#erentialbw

Milk

Fat

Protein

,4+3

,4,2

,43/

+403

+42/

,4+.

+4/1

,4.*

,4+2

*4*2

*4*3

*4*3

/4/-

040,

14-0

*4,,

*4,1

*4-*

awSB : sire of bull, DB : dam of bull, SC : sire of cow, DC : dam of cow.
bw Means of genetic selection di#erential and generation interval for bulls born from +33- to +330 for

SB and DB paths and cows born from +33/ to +332 for SC and DC paths.
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The objectives of this study were to examine the e#ects of genetic selection di#erential (GSD) and

generation interval (GI) that a#ect actual genetic gain per year and to predict genetic changes in the future for

milk production of Hokkaido Holstein cows and progeny test bulls in Japan. The data for estimation of

breeding values consisted of -*/-d (�,.*-d) records of Holstein cows that produced milk with , times milking

from +310 through ,**+. The data included /,*+,,.,- records of +,021,+., cows for milk and fat yields, and

-,/1.,+03 records of +,-*0,+1. cows for protein yield. A single trait animal model with repeated records for

prediction of breeding values included herd-year-parity subclass as fixed management group e#ects, age and

month of calving within each birth year group as fixed e#ects, linear regression on inbreeding, random

permanent environment e#ects of cows, random additive genetic e#ects of animals, and random residual

e#ects. The GI was calculated as an interval of the birth dates between progeny and its parent and was

expressed in years. The GSD was estimated as the di#erence between estimated breeding value (EBV) of

a parent and mean EBV of cows which were contemporary with the parent. Then, GI and GSD were averaged

on each birth year of progeny for four paths of selection : sires of bulls (SB), dams of bulls (DB), sires of cows

(SC), and dams of cows (DC). Genetic standard deviations (sGm, sGf and sGp) for milk, fat and protein yields

were estimated based on the assumption that the accuracy of selection (square root of reliability) is equal to

the correlation of predicted and true breeding values. The GI for SB and DB paths decreased steadily over

the years and had dropped to 1.12 and ..3/ yr in the last four years (+33- through +330), respectively. The GI

for SC and DC paths were 1.32 and ...3 yr in the last four years (+33/ through +332), respectively. The GSD

for SB and DB paths were ,.+3 sGm and +.03 sGm for milk yield, ,.,2 sGf and +.2/ sGf for fat yield, and ,.3/ sGp and

,.+. sGp for protein yield in the last four years (+33- through +330), respectively. The GSD of protein yield for

SB and DB paths increased dramatically from +32/. The GSD of SB and DB paths for imported bulls taken

into progeny test was higher than domestic produced bulls in the +32*’s, the di#erence of GSD between both

bulls decreased in the +33*’s. The GSD for the SC path in the last four years (+33/ through +332) were +./1

sGm for milk yield, ,..* sGf for fat yield, and ,.+2 sGp for protein yield. The GSD in DC path had no large changes

and were below *.+* sG for all traits. The annual genetic gain expected in the future for protein yield (*.-* sGp/

yr) was greater than for fat and milk yields by�*.*- sGf/yr and �*.*2 sGm/yr, respectively. Those expected

annual genetic gains correspond to +/1� for milk, +3-� for fat, and +01� for protein with higher genetic

progress than the actual genetic changes per year in the last four years. However, because indications of the

possibility that selection on traits other than milk production have been intensified in the cow population of

Hokkaido region, it was predicted that the actual genetic changes for milk production is smaller than the

expected genetic changes.

Nihon Chikusan Gakkaiho, 1/ (+) : +�+*, ,**.

Key words : Genetic Gains, Four Paths of Selection, Selection Di#erential, Generation Interval, Holstein
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