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Dataset N HTDT HY Cows Animals Avg (kg) SD (kg)

Test-Day Milk Full

Records
Subset

-day yield Persistency

Dataset N HY Cows Animals Avg (kg) SD (kg) Avg (kg) SD (kg)

Records by Multiple Full

Trait Prediction
Subset

Legendre

Pool ; Pool Meuwissen

NoHYC

HYC

Schaeffer Jamrozik

Wilmink Wilmink

Numbers of records (N), levels of herd-test-day-milking-time (HTDT) and herd-year of calving (HY),

cows with records (Cows) and animals in the pedigree (Animals), and average (Avg) and SD of the observations

for each dataset
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tion curves ; LM : animal model for measurements based

: genetic variance ; : phenotypic variance ; : her-

NoHYC : test-day model without herd-specific lactation

Estimated genetic and phenotypic parameters

from the test day models and the lactation model

curves ; HYC : test-day model with herd-specific lacta-

Estimated additive genetic variances, permanent environmental variances and heritabilities for the

random regression test day models with (HYC) and without (NoHYC) herd-specific fixed lactation curves.

Estimated genetic (upper diagonals) and phenotypic (lower diagonals) correlations for test day milk

yields between specific days in milk (DIM) from the test day models without (NoHYC) or with (HYC) herd-specific

lactation curves

NoHYC HYC

DIM

Fujii

NoHYC HYC LM
Suzuki ; Togashi

-day yield

NoHYC
persistency

Pool

Meuwissen

itability ; : genetic correlation between -day yield

and persistency

on phenotypic lactation curves.
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: ,

a y

a

y

a

y

a

a

a y

h

h

h

r

r

Table

Figure

Table

, , ,

,

,

,

,

,

,

, , /

+/ 0* 3* +/* ,.* -** +/ 0* 3* +/* ,.* -**

+/ *423 *41/ *4/* *4-* *4,, *422 *410 *40* *4/3 *40/

0* *41- *431 *42- *40, *4.+ *41+ *432 *43* *42/ *41-

3* *40- *41. *43. *410 *4/* *40- *41- *431 *43, *41-

+/* *4.0 *40/ *41, *43+ *40/ *4.2 *400 *41- *430 *41-

,.* *4-. *4/+ *40* *41* *43* *4.* *4/0 *40- *41* *423

-** *4-+ *4-2 *4., *4/* *41* *4-3 *4.. *4.0 *4/+ *403

,**0 ,**2

, -*/ .41* .400 .4/2

+*4.3 +*4.3 +,4*1

*4./ *4.. *4-2

.420 +403 +4,-

+14/. +14-/ 342-

*4,2 *4+* *4+-
,***

*4+3 *4,3 *4++
,**2

-*/-*/ -

- -*/

+*

2, - ,31 -*. ,*++ -**

-

+

,

s s

s

s

s

s

s s



� ������	


� � �
� �

� � � � �
�
� � � �� � �

� � � � �
� � �

� �
� �� � �

� �
� �

�� �
� � � �
�

� � � �
�

� �
� �

� �
� �

� � � �
� � �

�
� � � �

� � � � �
� � �

� �
� � � �

� �
� �

�

�

�	
���������

������� �������� !"#$% & 
'(�)��*+!,$-./001234'56$% ��7
4 (8(.!9 :;<=>,$8/0 ?%9
��@5AB> CADEFG��4HIJ D	
K�LM4B 'NOP23/0 9
QR �	
��2> S���TU*+>NOP2
3/0! ��*+> ������V-5A$
%0 ?%9& 89 WXY.��@> �
���V8/0 	Z����[\-�	
�� './0 ?& ���� S*+]*'^ _`a
bc�LM4��@> HI2��de 89 O fg�LM45AB����hi.j�!k9%0 �
P234'lm$%��4 9 no ���Jpqrst10?'! u�  _`afg
vwxyz{ |K`a�������^ �LM4*+]*5AB�}~s��(0'56$%
9 > HIJ�L(���@! 234'( 4
0

������� �� � *+>��-5A �������>�4��J��7�J����
$%4���3� & '(�����'��(�� :%�%���895A$%0u���E�@��
���.��@s^09(0 �����4 ��7 ����fgsT ��(0 ��
' 5AB> %& ^#23� $9��@��'����>��

(0B'./0 D	K���� u���895
A$%0���E�> ��J��7�JSR�L(

��7 ���%^ ��V���!k9%0 M. ¡
D	K�LM4���> TUBA¢��7��

�!£¤�¥./���^ :B��7������
¦�N§& !¨9%0 (8( �	
�����
� ���E��>��©-./0 ' 8
9���E�@��fg> ��J��7�J�L
(� :%�% ��7 23/0 >CA

23� ���89& > D���'>£¤�¥.4! ¨9%0���>
���89B'��V���!3/0 �����
�	
��> D	K'��(� ��>14��
����¥.4���!ª«$%4���34?'!�

Do¬l �

� �
� �
� �
� 	

 �

� �
� �
� �
� 	

 �

� �
� �
� �
� 	

 �

� �
� �
� �
� 	

 �

� 

a

b

c

a

b

c

. . .

. . .

. . .

. Pereira . . .

. . .

NoHYC . . .

NoHYC

.

. .

VanderLinde ;

Togashi

.

NoHYC

NoHYC Spearman

. . .

. . . .

. . .

. . .

. . . NoHYC HYC

. . .

. . LM

HYC HYC

Product moment (upper diagonal) and Spearman’s rank (lower diagonal) correlations

between estimated breeding values for the selected sires and cows from the test day models

and the lactation model

-day yield Persistency

NoHYC HYC LM NoHYC HYC LM

Sires NoHYC

(N , )
HYC

LM

cows NoHYC

(N , , )
HYC

LM

NoHYC : test-day model without herd-specific lactation curves ; HYC : test-day model with

herd-specific lactation curves ; LM : animal model for measurements based on phenotypic

lactation curves.

with or more daughters with records

with or more test day records

: ,

u

p

u

p

u

p

G

G

G

G

G

G

Table

,

/ +2 * -. * /*

* -. * -0 * *3

* /* * *3 * -/

-*/

* .* ,**+ 0 -/ * ,* * *2

* ,* + +0 * *2

* *2 * *2 * .+

* ,2 +

* +* * +/

,*** +

,**3

,**2 * +/

.

-*/

/ ,, * -3 * /+

* -3 + *1 * +- * 32

* /+ * +- * -. -*/

0 .- * ,, * *2

* ,, * 30 * *2

* *2 * *2 * .+

* 3*0 * 2+2

-*/

-*/

*4332 *433. *43*0 *4102
- ,-0 *4332 *433/ *43** *421.

*433. *433. *41/- *42/3

*4330 *432- *42+2 *4002
+ 1.+ 320 *4330 *432/ *42*- *42.1

*432- *432. *40.3 *42-2

,*
2

2, - ,31 -*. ,*++ -*+

.



� ����

�
� � � � �

� �
�

�
�

�
�

�
� � �

�

�
� ��

�
�

� �
� � �

� �
� � � �

� � �
� �

� � � �
� �

� �
� � ��

� �
� � � � �

� �
� �� � �

� � �
� � �

� � � �
� � �

� �
�
� � � � �

� �
� � �

� �
� �

� �
�

� � �
� �� �

� � �
� �

�
� � � �
� �

�	
 �� �������� � � ����
�������� 	 �  !�
"#$ �%&'(�)�*#+ ,-.!� ��
' /01��/� 2!	*#+ 1
!�#$ �
3 4 56789�: ���; ���/0�
���< /��=>?!� @AB�#$C 9-D
� �� 2!	4 � � ���	E��� �
���4< 9F �G��=>?!�

�� #$C �/0 � HFI9 0�D
�+ J;KH4FI� �LMN 4��
O 4 PH.�4Q R � /0 HST4#
$C 9 0�D0� @AB4 0�.;4 ?U
VW = � X�Y	!�N��

4���� #$C 4 0�D�J; X/�
VW � � � V4 HFI4 ���)
; 4 VW �Z �[1�\	!�N�� ST

]?!� N	 #$C 9 ���D�� ^���� HF
:4Q @AB�:10 _ FI9-D0 I(,+ �)��=>?!�

10� ` �� ,�� ��ab#$C �J� @AB� #$ c�4 H FI(
0d�� e +fg?!� ��ab #$C 9` ,9-D�JM� h�� �� i�)� #$
/�1jk 24��+lme� /01�n o �� ,4*#+-.!�4� p#�Q R
+)�  !9qND��D @ABN	= ?! 4q �r ���1 st� uv8wU xyz
�{#$C 4 , HFI(,9 g/ |� �}�� 4z � e�#$C 9-~@A
��0 � o4� 9fg/0  !9#$4 B9� /01�
� o�/� �0 �4��� /�*#�:
10#$ 9 / 2!� ���#$4 Q @AB9 1��	� � �-D�
� o9�; 0� �� � {@ABN	 �*# N����4" � � 4Mb�` ?!� ��
4lme� 24#$4 � o�4 '(,9fg #$ 4 4*#�'/0 �� � 4 h)
/� Q @AB� /0� �� ��� �1�� �J� 4 �+)���/0�  !��
4C � /0� 4 '9�f/� �JE � ����J; �G� " �4���
��10 #$4 � o�lme�4�4 ' M 4�^� � � � ��)�0 @AB

������)��+ ��10 1�+	� �-D� +)�N�/!�1 	
4 + ?!� 24�� '(,+ �)� �  ¡w4¢P#�:10 ����
� �N	 @AB�J�*#4 � ol � 4Q @AB� 2!�£ ,)�1� �
me� � o4K1#$� /01��}K1 ¤,9-D� ,4@ABN	2!¥! � o4�
��� ��ab @ABN	4lme� #$ e 9fg/� 24�� '� ¦ST4Q
C � �)��� D	!
 24< �J� ; R 9�:*#� /0� �� �)��
+-.!01��=>?!� �� ����� l ��10 � N	 �� e 4�
me� �#$C �4 '+ D	!� Q @ � '� ¦ST4Q R 9�:*#� /0�
AB��10#$C 9 §���G 2!	�lme /N�N�� ¨ +d���D ©� ª�r
��� ���4 �< �� �+«]?!� �)�+ ^����a+z��10#$C ���

/0` �¬G���)� ���+ e �}
Q �� #$4 P®B����� 24 4�	1¯°��N�:10 ±���� #$C 9
5678�² �� � ³@AB -~@AB�´µ� +)�+  !�¶·4¸ �

4 ¹��  !	� 2!¥!#$c�4 �JE )�
FI(,�/0@AB�-D�¬G�)� � o� ��� e@AB�'/0 #$C

��10 P®B�#$ Q º F,9-D �4< +Y	!�1 )�1� 9� ��
� �� �G�+ 5678� §?!� #  �+ ./1 /N/ @ABN	4= lme+
$ 4 5678� �¬0»¼�-.!� �� " /���1�
 @AB�J;lme4���

½

�� ��

� � � �
	

� � 
� �
� �� �

� �
� � � �

� �
��� � � �

�� ����
� �  ! " #
� � � $ �
�  % & �� '()

��� � � &
� � � � �� *�
+ � � ,

� -.
 ! � &/ ��
0 1 � �23 4
5 % � & 6 �

0 	
 7 23 8 �  !
 " 9 : �

� 1 4 ;  ��/ � �5 �
�� < = �� >

< < ? @A
�23 B # ��  ! > ��� BC

< � � D * E 0 F
�� < � � B G H I/ &

)  ! # � J �/ �
� # �K � � -. L M N

�� < � �/ O� P ��
Q ��

R % S � ���
�� < �K  ! T! M

�� < U % 8 �� <
�5 % �  

� VW X � 4 ! " # Q �
� �� D �5 %

�K � � X  ! �  ! " #
� Y Z � [ :

� \L � � ]
^ 0 M 5 _`

 !�/ a b �
�� I �� �� � �� c
d> ef

4 �� < # �5
a  ! � � � >
-. �� Y g \  

Bh �� i &j

!k l �

�

�
�

�

� �

� �

a

a a a

a

lactation curves ; LM : animal model for measurements

Correlations of estimated breeding values

(EBV) and permanent environmental e ect (PE) for DeRoos

persistency with BLUE of herd-specific persistency

estimated from HYC model for cows with or more

test day records (N , , )

NoHYC HYC LM

EBV Pearson

Spearman

PE Pearson

Spearman

NoHYC : test-day model without herd-specific lacta-

tion curves ; HYC : test-day model with herd-specific
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Yutaka MASUDA and Mitsuyoshi SUZUKI
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The objective of this study was to compare the genetic evaluation models for lactation persistency.

Persistency was defined as the di erence in production between -day and -day on a phenotypic or

genetic lactation curve. Data were test-day milk records from first lactation cows calving from to

in Hokkaido, Japan. A random regression model (NoHYC) was applied to test-day milk yields for the estima-

tion of genetic parameters and breeding values. An alternative model (HYC) was identical to NoHYC except

that HYC contained fixed linear regressions as herd-specific lactation curve. For both models, estimated

breeding values (EBV) for persistency were calculated from individual genetic curves. A bivariate animal

model (LM) with observed persistency and -day milk yield was also considered. EBV from cows with

or more test-day records and sires with or more such daughters were selected for the comparisons.

Higher heritability for persistency ( . ) was estimated for NoHYC, compared to those for HYC ( . ) and LM

( . ). Pearson’s correlations among EBV from di erent models for sires and cows ranged from . to

. and from . to . , respectively. When herd curves were ignored, the heritability was overesti-

mated and bias was observed in EBV due to the confounding of herd e ects with breeding values. The

random regression model with herd-specific lactation curves (HYC) was found to be the most suitable for

genetic evaluation of persistency because of less biased EBV, the precise adjustment for test-day e ects, and

the feasibility of simultaneous evaluation with -day milk yield.

: genetic evaluation, lactation curve, lactation persistency, random regression, test-day model.
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