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“The most dramatic response to 
genomic selection was observed 
for the lowly heritable traits DPR, 
PL, and SCS. Genetic trends 
changed from close to zero to 
large and favorable, resulting in 
rapid genetic improvement in 
fertility, lifespan, and health in a 
breed where these traits eroded 
over time.”



'-�GS`U

Genomic prediction�9u_V%�
4�+7 ��<�



BO for genomic screening of plant 
germplasm

*�(@m����

£øQ�M
*į�

IE<
y

GWAS & GSbQejC

ÙĀµö*�ë

GWAS

GSbQejC

ĻøêĎĥ{

12GSbQejC+łØ



sAF���@m
yi = u+β j xij + ei

¬Ĭ¡:
Ĉňy��ãİ

1311*sx�û 
�SNPs�

All materials can be 
downloaded from
http://ricediversity.org/

sAFQ?

�������SNPs�Ĺm)… �.�)_jXOM
j��

�;()���;pČÇ�7*�

0e+00 1e+08 2e+08 3e+08

0
5

10
20

30

position (bp)

−l
og

10
(p

)



|etZn�W}N�DL

• IndicaħÔ��ä�)+Áą�M>\�û��
JaponicaħÔ�ĝ�)+Ĩ³*M>\�û�

]{�����9uZn

ûļç�·�$2�
'*¢Đ�2ē��
ń%8,�ŀç+
é�(��

����ÒÂ+…
ĪÙĀ�!�6� }¢µö�!�6�

7�→ �ŀç:é�7ªt&(7 16



ĪÙĀ)47Ĥ 
*o�:�Õ��7

|et�>OZn�[��
AF

¥w��A:
bQf)ô/º0

• Yu et al. (2006) Nat. Genet. 38: 203

yi = u+β j xij + vkqik
k=1

K

∑ +αi + ei

a ~ N(0, Aσα
2 )

�'#��#37@m��	�
H�k��H;k��HxT�

�
	����
������

�
	����
�����

ĳď+uç
�ªtpČÇ%(��

A B (þ�Ô*�°�

ĳď+ŀç
�ªtpČÇ%7�

C (þ�Ô*�°� D

��
��false positive rate: FPR�= B / (A + B)

��
��false negative rate: FNR�= C / (C + D)

����false discovery rate: FDR�= B / (B + D)

ĳď+uç(*)�ŀç�ªtpČÇ�&�$¦Ý�87�¸

ĳď+ŀç�ªtpČÇ�(*)�uç&�$¦Ý�87�¸

ŀç�ªtpČÇ�&�$Ğ¨�8�2**ă*�UKbW�uç�
*�¸

�ŀçŅ&�uçŅ+Rg�S@[*��)7
���!$

�Ğ¨Ņ:sĈ)EjRh�f�7ıĲ2¿587 18



large p small n�r

æï�æĴ æģ

y1
y2

:
yn

n
 1

x1
x2

:
xn

=

n
 p

w + e

X’X+Ĕn�Û��+%�(��

Zda�Mæ
�_�A��

Fj\fæ

p >>  n

y X

w = (X'X)−1X'y

�IPTWK�%,�O8�

!
�
�
�
�

�%,�

�IPTW

PRESS

Se

1��Oam_RO�IPTWP;fajZ0:NFYQFXSL/CMXA;
�*am_N�FX�%,�P=X0:�Z�N��FX<

fajO0:�

Ļøñğ:¶�GS%+�$+.6*Ň�%+(��
ĻøêĎ*Ň�:ĥ{�7�&�ÛĿ

0 2 4 6 8 10

0
2

4
6

8
10

12

0 2 4 6 8 10

0
2

4
6

8
10

12

x

y

0 2 4 6 8 10

0
2

4
6

8
10

12

xbby 10 +=

å
=

+=
7

1
0

k

k
k xbby

96�46�3��
.�����:



�*am_N@DX�%,�O4�
��� 3$�

(n-fold cross-validation)
1. am_Zn^`bN�
2. i'(O^`bZ9>Ifajd
hem_Z��

3. i'(O^`bNH>Ip2J#U
GfajJ�%
 Z2+

4. 2, 3Zn�-W6Fq
5. �IOam_NH>Ip�%

K�%
 Z"5EI,�Z
4�FX
,�NP�%
K�%
7O
)8V;�.O�O2��
nPRESSoMLZ&>X

nAam_�OKBpleave-one-outnr	�
Bo[k]ciam\glK>?

iŷ
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• ridge regression, LASSO, elastic net

• glmnet etc.
»¸bQf
• BLUP

• rrBLUP
���×
• SVM, RVM �A�VfĲ�

• kernlab etc.
• random forest

• randomForest etc
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• Bayesian linear regression (Bayesian ridge, Bayesian LASSO)

• BLR etc
• RKHS regression �A�VfĲ�
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