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Multifactor Dimensionality Reduction(MDR)Õlé
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1) �̂�1lxô=2)

¹כ ���

{9�ìøÍ&h�Ü¼�Ð ���çß�_� |9�#î
õ� ��»¡¤_� �â
]j&h���� :£¤$í
�Ér 
���_� Ä»������� ����� #��Q Ä»

�����_� �©� ñ���6 xÜ¼�Ð {9�#Qèß����¦ b���¦ e����. ����"f �:r ���½̈\�"f��H [j@/\�¦ ��[þv½+ÉÃº2�¤

@/wn�Ä»�����_� Ä»���s� îß�&ñ
&h�Ü¼�Ð µ1ÏÒqt÷&#Qt��¦ >h�̂_� l�0px&h���� Ä»���&h� ��u�\�¦ f��]X�

&h�Ü¼�Ð ÆÒ&ñ
½+É Ãº e����H single nucleotide polymorphism(SNP)�̀¦ ô�ÇÄº_� �â
]j&h� :£¤$í
���

�̧�̂×�æ(carcass cold weight)\� @/
�#� �̧Ãº&h���� ~½ÓZO���� ANOVAü< q��̧Ãº&h���� ~½ÓZO����

multifactor dimensionality reduction(MDR)�̀¦ s�6 x
�#� 
���_� Ä»�����_� ò́õ�ü< ¿º >h

_� Ä»�����_� �©� ñ���6 x ò́õ�\�¦ q��§
�%i���. ANOVA\�"f��H 
���_� Ä»����� SNP1s� �̧�̂

×�æ\�Ä»_�ô�Ç ò́õ���e��%3��¦�©� ñ���6 x ò́õ�\�"f��H �̧�̂×�æ\�Ä»_�ô�Ç ò́õ���H\O�%3���. MDR

\�"f��H 
���_� Ä»�����_� ò́õ���� SNP1õ� ¿º >h_� Ä»�����_� �©� ñ���6 x��� SNP1*SNP2_�

ò́õ��� (��Ü¼ 9 SNP1õ� SNP1*SNP2\�¦ q��§Ùþ¡�̀¦ r�\���H SNP1*SNP2_� ò́õ��� �8 ß¼>�

����z�¤��. s���H >hZ>� SNPÄ»����� �Ð�� 4�¤½+Ë SNPÄ»�����_� �©� ñ���6 xs� �â
]j&h���� :£¤$í
���

�̧�̂×�æ\� �8 %ò
�¾Ó�̀¦ ï�r����H �¦̀�	כ ·ú� Ãº e��%3���.

ÅÒ¹6כ x#Q: SNP, ANOVA, MDR, �̧�̂×�æ, CART(classification and regression trees).

1. "V*́0

���çß�_� |9�#î
 ¢̧��H ��»¡¤_� �â
]j&h���� :£¤$í
\� �'aô�Ç Ä»�����_� ½©"î
�Ér Ä»����<Æ\�"f B�Äº ×�æ¹כ

ô�Ç �'ad����s���. {9�ìøÍ&h�Ü¼�Ð ���çß�_� |9�#î
õ� ��»¡¤_� �â
]j&h���� :£¤$í
�Ér 
���_� Ä»������� �����
#��Q Ä»�����_� �©� ñ���6 xÜ¼�Ð {9�#Qèß����¦ b���¦ e����. ÕªA�"f s���� #��Q Ä»�����_� �©� ñ���6 x
�̀¦ �¦�9ô�Ç �̧+þAÜ¼�Ð ���+þA�̧+þA °ú �Ér ³ðï�r :�x>�&h� �̧4Sq�Ð ��6 xK�M®o��. Õª�Q�� Ä»�����_� Ãº��
ú́§�̀¦ �â
Äº �©� ñ���6 x_� �̧½+Ës� ú́§��t�Ù¼�Ð 7áx7áx �̧Ãº[þt_� �©� ñ���6 x\� @/ô�Ç K�$3�õ� �̧+þA�̀¦

���&ñ

���H�
/@�\QÄ»�����_��©� ñ���6 x��9Ö�¦Ãºe����.Õªo��¦q�2�¤#�s�#Q	כ�#� �̧+þA�o�)a�â

Äº���̧ ú́§�Ér ��0pxô�Ç _�s��̂¦ !sq\� �'a8£¤°úכs� \O��̀¦ Ãº�̧ e����. s� �â
Äº\� ÆÒ&ñ
°úכõ� �̧	��� �8
ß¼>� ����±ú� Ãº e���� (Hosmerü< Lemeshow, 2000). ÕªA�"f Äºo���H #��Q Ä»�����\� @/ô�Ç �©�
 ñ���6 x�̀¦ ���&ñ

���H ~½ÓZO�Ü¼�Ð Multifactor Dimensionality Reduction�̀¦ �è>hô�Ç��(Ritchie 1px,

∗ �:r ���½̈��H 0lxaË>ÂÒ ���&ñ
 �â
·¡¤ô�ÇÄº��\O�éß�_� t�"é¶(2006)Ü¼�Ð Ãº'��÷&%3�6£§.
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2001). Multifactor Dimensionality Reduction(MDR)�Ér �©� ñ���6 x\� @/ô�Ç "î
SX�ô�Ç �̧+þA_� ��
&ñ
 \O�s� q��̧Ãº&h���� ~½ÓZO�Ü¼�Ð &h�{©�ô�Ç high-order 	�Ãº_� X<s�'��Ð 4�¤ú̧�ô�Ç �'a>�\�¦ µ1ß�n= Ãº
e����. ÕªA�"f �:r ���½̈\�"f��H ô�ÇÄº_� �â
]j+þA|9���� �̧�̂×�æ(carcass cold weight)\� �'aº���)a ÅÒ¹כ
Ä»��������\�¦ MDR ~½ÓZO��̀¦ s�6 x
�#� ¹1Ô���Ð�9�¦ r��̧ 
�%i���.
�:r ���½̈_� X<s�'���H Korean cattle (Lee 1px, 2007)\�"f Ãº|9�÷&%3�Ü¼ 9 0lxa�?×�æ�©��r ��»¡¤>h

|¾Ó ��Áº�è\�"f >hµ1Ï÷&%3��¦ 16 grand-sire half-sibs families�ÐÂÒ'� 229¿º_� Ãº5Åx��t��Ð ½̈$í

÷&#Q&����. �̧�̂×�æ�Ér �̧��H F1 ���<HÜ¼�ÐÂÒ'� Ãº|9�÷&#Q&���¦ ô�Ç²DG»¡¤íß�Óüt1px/åLóøÍ&ñ
�è_� ½©���\�
����8£¤&ñ
÷&%3���.@/ÂÒì�r_� QTL���½̈��H|9�éß�_�½©�̧�� ß¼����ìøÍ+þAB�(half-sib)\�"f sire_�
@/wn�Ä»�������Ä»���÷&��H microsatellite marker\�¦��6 xô�Ç��.Õª�Q�� QTL���½̈_����õ�[þt�̀¦�&³
�©�\� &h�6 x
�l��� �FGy� ]jô�Ç&h�s���. �=��
���� l�ï�r|9�éß�\�"f QTL�Ér ��6£§[j@/�Ð Ä»���÷&#Qt�
l� #Q§>�l� M:ë�Hs���. ����"f ú́§�Ér [j@/\�¦ ��[þv½+ÉÃº2�¤ @/wn�Ä»�����_� Ä»���s� îß�&ñ
&h�Ü¼�Ð µ1Ï
Òqt÷&#Qt��¦ >h�̂_� l�0px&h���� Ä»���&h� ��u�\�¦ f��]X�&h�Ü¼�Ð ÆÒ&ñ
½+É Ãº e����H single nucleotide
polymorphism(SNP)�̀¦ ô�ÇÄº_� �â
]j&h� :£¤$í
\� @/
�#� genetic test_� >hµ1Ï\� s�6 xô�Ç��.
�&³F���t��è\�"f��H �̧�̂+þA|9�(�̧�̂×�æ|¾Ó,1pxt�~½Ó¿ºa�,1pxd��éß����&h�,��H?/t�~½Ó�̧)õ�����'as�

e����H SNP marker[þts� {9�ìøÍ��»¡¤\�"f î̈
��÷&#Qt����� &h�6 x÷&�¦ e���� (Barendse 1px, 2004;
Page 1px, 2004). ����"f �:r ���½̈\�"f��H EST-based SNP ����'at��̧ (Snelling 1px, 2005)\�
"f Kim 1px (2003)\� _�K� ½©"î
 ÷&#Q��� ô�ÇÄº %i�Ò�o�̂ 6���\� 0Au�ô�Ç candidate QTL��� IL-
STS035 microsatellite marker ü< °ú �Ér ��o�\� e����H SNP[þt ×�æ polymorphisms�� ����èß�
31465 446(SNP1), 12273 165(SNP2), AH1-4(SNP3)\�¦ ���µ1Ï (Lee 1px, 2007)
�#� ²DG�� Êê@/
���&ñ
Äº 229¿º\� @/ô�Ç �â
]j+þA|9�_� �̧�̂×�æ\� @/
�#� ANOVA(Analysis of variance)���+þA �̧+þA
Ü¼�Ð ì�r$3�
�%i���. Õª�Q�� ·ú¡\�"f ú́�ô�Ç ��õ	כ °ú s� �©� ñ���6 x_� �̧+þA�Ér �̧Ãº_� �©� ñ���6 x\� @/
ô�Ç K�$3�õ� �̧+þA_� ���&ñ
s� #Q�9Ö�¦ Ãº e����. ÕªA�"f �©� ñ���6 x_� 4�¤ú̧�ô�Ç �'a>�\�¦ µ1ß�n= Ãº e����H
MDR~½ÓZO��̀¦&h�6 xK��Ð�9�¦ô�Ç��.s����½̈\�"fX<s�'�_��â
]j+þA|9�_� �̧�̂×�æs����5Åq+þA��«Ñ
s�l� M:ë�H\� ���$� X<s�'���s�_ç
 l�ZO�×�æ 
������ CART(classification and regression trees)~½Ó
ZO�Ü¼�Ð case-control�Ð s�ì�r�o r���� Êê\� MDR ~½ÓZO�\� &h�6 xr�(����. �:r �7Hë�H�Ér ��6£§õ� °ú 
s� ½̈$í
÷&%3���. 2]X�\�"f��H ·ú¡\� ��6 xô�Ç ì�r$3�~½ÓZO���� MDR\� @/
�#� �è>h\�¦ 
��¦ 3]X�\�"f��H
ANOVA, MDR�̀¦ &h�6 xô�Ç ���õ�\�¦ �Ð#�ï�r��. 4]X�\�"f��H ���½̈���õ�\�¦ ���¹כ &ñ
o�
�%i���.

2. Multifactor-Dimensionality Reduction(MDR) O,0;.ã �î|q@è

MDR ~½ÓZO��Ér {9�ìøÍ�o�)a ���+þA �̧+þA��� ���:�x&h���� :�x>� l�ZO�õ���H ²ú�o� #Q�"� �̧Ãº\� @/ô�Ç ÆÒ
&ñ
õ� genetic �̧+þA_� ��&ñ
�̀¦ 
̈½¹כ�t� ·ú§��H��(��r� ú́�
���� :£¤Z>�ô�Ç Ä»���+þA|9� �̧+þA\� @/ô�Ç ��
&ñ
s� ¹כ��9 \O���). Ritchie 1px (2003)õ� Hahn 1px (2003)\� _�
���� MDR �̧+þA\�"f %�6£§Ü¼�Ð
r�'��
���H ��Ér	כ caseü< control�̀¦ 1:1�Ð ç�H+þA�̀¦ ú́�ÆÒ��H �.���s	כ ��6£§ step\�"f case-control\�
@/ô�Ç MDR ~½ÓZO��̀¦ r�'��
���H õ�&ñ
�̀¦ �Ð#�ï�r��.

Step 1. X<s�'�\�¦ �½� ü�Ü¼�Ð 10>h_� °ú �Ér ß¼l��Ð ��è�H��. Õªo��¦ Õª×�æ 9>h\�¦ training set Ü¼
�Ð 1>h\�¦ testing setÜ¼�Ð é�H��.

Step 2. �̧��H SNP�ÐÂÒ'� k>h_� SNP�̧½+Ë ×�æ 
���\�¦ ���×þ�ô�Ç��.
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Step 3. ���×þ��)a SNP�̧½+Ë\�"f SNP_� y��y�� Ãºï�r�̀¦ l��í�Ð ô�Ç >h�̂[þt�̀¦ multifactor classes
¢̧��H cells\� l�Õütô�Ç��. \V\�¦ [þt#Q"f k = 2 {9� �â
Äº SNP��H 3>h_� Ãºï�rÜ¼�Ð ÷&#Qe����.
����"f 9>h_� !sq�̀¦ �������. y��y�� 9>h_� !sq\� case_� °úכõ� control_� °ú̀�כ¦ &h���H��.

Step 4. Caseü< control_� q�\�¦ ½̈
�#� 1�Ð�� ß¼���� °ú Ü¼��� high-risk, 1�Ð�� ���Ü¼��� low-
risk�� ô�Ç��. \V\�¦ [þt��� 1'�� 1\P�_� �â
Äº caseü< control_� q��� 1�Ð�� ���Ü¼��� s� !sq�Ér
low-risks���.

Step 5. K>h_� SNP_� �̧½+Ë ���ÂÒ\�"f X<s�'�_� 9/10��� traing set\�"f ú̧�3lw ì�rÀÓ�)a q�Ö�¦���
misclassification error(ME)\�¦ ½̈ô�Ç��.#�l�"f ú̧�3lw ì�rÀÓ�)a q�Ö�¦��� ME��H {Totalhigh−
Casehigh+Caselow}/N s���. Totalhigh��H highÕªÒ�̈_�����̂°úכs� 9 Casehigh��H highÕª
Ò�̈_� ����̂ case �â
Äº_� Ãºs� 9 Caselow��H lowÕªÒ�̈_� ����̂ case �â
Äº_� Ãºs���. Õªo��¦
N�Ér ����̂ X<s�'�_� Ãºs���. s�XO�>� ½̈ô�Ç ME[þt ×�æ\� ���©� ����Ér °ú̀�כ¦ ���×þ�ô�Ç��.

Step 6. Training set\�"f high-low�Ð ��è�H ³ð\�¦ �� Qt� 1/10_� X<s�'���� testing set�̀¦ s�6 x

�#� ú̧�3lw ì�rÀÓ�)a q�Ö�¦��� prediction error(PE)\�¦ Step 5_� &ñ
_�ü< °ú s� ½̈ô�Ç��.

Õª ��6£§ 0A_� õ�&ñ
_� ìøÍ4�¤\�"f ���:r 10>h_� MEü< PE_� î̈
ç�H�̀¦ ½̈K� Õª °úכs� ���©� ±ú��Ér
�¦̀�	כ best n-factors �̧+þAÜ¼�Ð&ñ
ô�Ç�� (Bastione1px, 2004). Õªo��¦·ú¡\�"f ½̈ô�Çy��y��_� ME\�¦
s�6 x
�#� cross validation consistency(CVC)\�¦ ½̈
���HX< s���Ér	כ 10���_� cross- validation�̀¦
r�'��½+É M: y�� r�'��\�"f ���×þ��)a best model�̀¦ 
�î�ràÔ
���H �s���(Chung	כ 1px, 2005). ����"f
MEü< PE_� î̈
ç�Hs� ���©� ±ú��¦ CVC�� ���©� Z�}�Ér °úכs� best n-factors �̧+þAs���.

3. ÍPæB�����ÄØþ l5æÑä

3.1. ÍPæB�� ���Ä

s� X<s�'���H 0lxa�?×�æ�©��r ��»¡¤>h|¾Ó ��Áº�è\�"f >hµ1Ï÷&%3��¦ 16 grand-sire half-sibs fam-
ilies�ÐÂÒ'� 229¿º_� Ãº5Åx��t��Ð ½̈$í
÷&#Q&����. �̧�̂×�æ�Ér �̧��H F1 ���<HÜ¼�ÐÂÒ'� Ãº|9�÷&#Q
&���¦ ô�Ç²DG»¡¤íß�Óüt1px/åLóøÍ&ñ
�è_� ½©���\� ���� 8£¤&ñ
 ÷&%3���. Õªo��¦ polymorphisms�� ����èß�
12273 165(SNP1), 31465 446(SNP2), AH1-4(SNP3)\�¦ s�6 x 
�%i��� (Lee 1px, 2007).

3.2. ANOVA�Þ2 c�ëà�f£­ �¬>u�¾�Qq 71f£­ SNP <�ê�ø³

ô�ÇÄº_� �ª�&h�+þA|9�\� @/ô�Ç Ä»���ì�r$3�\� e��#Q ���©� l��:rs� ÷&��H >h¥Æ��Ér #QÖ¼ >h�̂_� ³ð�&³+þA

s� Õª >h�̂_� Ä»�����+þA\� _�ô�Ç ò́õ�ü< 8̈��â
_� ò́õ�\� _�
�#� ���&ñ
�)a����H �.���s	כ 7£¤, >h�̂
\� @/ô�Ç ³ð�&³+þA�Ér ��6£§õ� °ú s� ¿º ÂÒì�rÜ¼�Ð ��Ðüt Ãº e����.

P = G + E. (3.1)

#�l�"f P��H ³ð�&³+þAs��¦ G��H Ä»�����ò́õ�, E��H 8̈��â
ò́õ��� ô�Ç��. ÕªA�"f ��»¡¤_� �â
]j+þA
|9� ���½̈\�"f��H {9�ìøÍ&h�Ü¼�Ð ��6£§õ� °ú �Ér :�x>�&h� �̧4Sq�̀¦ ��6 xô�Ç��.
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³ð 3.1: SNP1, SNP2, SNP3_� ÅÒò́õ�[þt\� @/ô�Ç �̧�̂×�æ_� î̈
ç�Hõ� ³ðï�r¼#�	�ü< P -value
Marker Genotype numberofAnimals x̄± s

SNP1 AA 16 294.19±26.999

AG 75 303.97±31.227

GG 138 313.61±34.369

significance(P−value) 0.020

SNP2 CC 45 305.89±29.071

CT 112 307.70±31.698

TT 72 313.28±38.015

significance(P−value) 0.662

SNP3 AA 54 307.74±35.971

AT 118 313.17±33.754

TT 57 301.95±28.786

significance(P−value) 0.703

Yijkl = µ + Ci + Sj + βage + Mk + εijkl, (3.2)

(P ) (E) (G)

i = 1, . . . , c, j = 1, . . . , s, k = 1, . . . , m, l = 1, . . . , n.

#�l�"f Yijkl��H �̧�̂×�æs��¦ Ci(contemporary)��H �̧»¡¤>�]X�õ� �©��è\�¦ °ú s� �¦�9ô�Ç ÕªÒ�̈Ü¼
�Ð �¦&ñ
 ò́õ�s� 9 Sj��H sire ÕªÒ�̈_� �½� ü� ò́õ�, Mk��H SNP ��&�_� �¦&ñ
ò́õ�, β��H ��s�\� @/

ô�Ç �r)
>�Ãº, εijkl��H N(0, σ2)��� SX�Ò�¦���Ãºs���. Õª�Q�� Äºo��� �'ad���̀¦ ��t���H ÂÒì�r�Ér �̧�̂
×�æ\� %ò
�¾Ó�̀¦ ÅÒ��H �Ü¼�Ð	כ 8̈��â
ò́õ��Ð�� Ä»�����ò́õ�\� �'ad��s� e����. ����"f Ä»�����ò́õ����
SNP�� �̧�̂×�æ\� #Q�"� %ò
�¾Ó�̀¦ ÅÒ��Ht�\� @/ô�Ç ANOVA :�x>�&h� �̧+þA�Ér ��6£§õ� °ú ��.

Yijkl = µ + αi + βj + γk + (αβ)ij + (αγ)ik + (βγ)jk + εijkl, (3.3)

i = j = k = 1, 2, 3, l = 1, 2, . . . , n.

#�l�"f Yijkl��H �̧�̂×�æs��¦ αi��H SNP1, βj��H SNP2, γk��H SNP3s� �)a��. Õªo��¦ εijkl��H

N(0, σ2)��� SX�Ò�¦���Ãºs���. �̧�̂×�æ\� @/ô�Ç SNP_� %ò
�¾Ó�̀¦ �Ðl� 0A
�#� 0A_� ANOVA�̧+þA\�
&h�6 xô�Ç ���õ���H ��A�ü< °ú ��.
0A_� ³ð 3.1�Ér ²DG�� Êê@/ ���&ñ
Äº 229¿º\�¦ s�6 x
�#� SNP[þt_� ÅÒò́õ�\� @/ô�Ç �̧�̂×�æ_�

î̈
ç�Hõ� ³ðï�r¼#�	�\�¦ ½̈
��¦ ��l�\� ���� ANOVA�̧+þA\�"f SNP_� genotypeçß�\� �̧�̂×�æ_�
î̈
ç�H\� 	�s��� e����Ht�\� @/ô�Ç P -value\�¦ ½̈ô�Ç �¦��s	כ ³ð 3.2��H SNP[þt_� 2>h_� �©� ñ���6 x
\� @/
�#� ³ð 3.1õ� °ú s� �̧�̂×�æ_� î̈
ç�Hõ� ³ðï�r¼#�	�\�¦ ½̈
��¦ ��l�\� ���� ANOVA�̧+þA
\�"f SNP_� genotypeçß�\� �̧�̂×�æ_� î̈
ç�H\� 	�s��� e����Ht�\� @/ô�Ç P -value\�¦ ½̈ô�Ç ��s	כ
��. ���õ�\�¦ �Ð��� 2>h_� �©� ñ���6 x\� @/ô�Ç ò́õ���H �̧¿º :�x>�&h�Ü¼�Ð �̧�̂×�æ\� Ä»_�ô�Ç 	�s�
�� ������t� ·ú§��¤Ü¼ 9 1>h_� ÅÒò́õ�\� @/ô�Ç ��Ér	כ SNP1s� :�x>�&h�Ü¼�Ð �̧�̂×�æ\� Ä»_�ô�Ç 	�
s�(significance = 0.020)�� e�����¦ ½+É Ãº e����. genotypes� GG ��{9�{9� �â
Äº ���Ér ��{9��Ð��
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³ð 3.2: SNP1, SNP2, SNP3_� 2>h_� �©� ñò́õ�[þt\� @/ô�Ç �̧�̂×�æ_� î̈
ç�Hõ� ³ðï�r¼#�	�ü< P -
value

Marker Genotype numberofAnimals x̄± s

(SNP1*SNP2) (AA , CC) 5 307.00±25.436

(AA , CT) 6 283.50±27.472

(AA , TT) 5 294.20±27.689

(AG , CC) 15 303.07±32.101

(AG , CT) 35 304.03±30.014

(AG , TT) 25 304.44±33.594

(GG , CC) 25 307.36±28.860

(GG , CT) 71 311.55±32.090

(GG , TT) 42 320.81±40.211

significance(P−value) 0.322

(SNP1*SNP3) (AA , AA) 3 292.33±11.015

(AA , AT) 6 297.83±39.163

(AA , TT) 7 291.86±21.965

(AG , AA) 19 296.84±34.012

(AG , AT) 38 312.74±29.431

(AG , TT) 18 293.00±27.903

(GG , AA) 32 315.66±37.044

(GG , AT) 74 314.64±35.502

(GG , TT) 32 309.19±29.205

significance(P−value) 0.243

(SNP2*SNP3) (CC , AA) 10 311.10±28.521

(CC , AT) 26 308.73±32.189

(CC , TT) 9 291.89±14.641

(CT , AA) 31 309.39±35.861

(CT , AT) 50 306.78±32.783

(CT , TT) 31 307.48±25.918

(TT , AA) 13 301.23±42.748

(TT , AT) 42 323.52±34.103

(TT , TT) 17 297.18±37.323

significance(P−value) 0.135

�8 �̧�̂×�æs� 	�H �¦̀�	כ ·ú� Ãº e����. 
�t�ëß� Äºo���H ·ú¡\�"f �â
]j+þA|9���� �̧�̂×�æ\� %ò
�¾Ó�̀¦ ÅÒ��H
Ä»�������>hZ>� SNPÄ»������������#��Q>h_�4�¤ú̧�ô�Ç SNPÄ»�����_��©� ñ���6 xs��8%ò
�¾Ó�̀¦ï�r
���¦ b���¦ e��%3���. Õª�Q�� ANOVA\�¦ s�6 xô�Ç ~½ÓZO�\�"f��H �̧�̂×�æ\� �©� ñ���6 xs� ÅÒ��H %ò
�¾Ó
�Ér \O���H �Ü¼�Ð	כ ����z�¤��. ANOVA��H �̧�̂×�æ\� %ò
�¾Ó�̀¦ ÅÒ��H ¦¹����̀כ 
���_� �¹���õכ �©� ñ���
6 x¹����̀כ¦ ô�Ç�����\� °ú s� &h�6 x
���H �̧+þA�̀¦ ��6 x
�Ù¼�Ð 
���_� ò́õ�s���� 
���_� ò́õ�ëß�, �©�
 ñ���6 xs���� �©� ñ���6 xò́õ�ëß� �¦�9
���H ~½ÓZO���� MDR �̧+þA\� &h�6 x
�#� �Ð��x��.
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3.3. Multifactor Dimensionality Reduction(MDR) �î|q@è�Ùÿ c�ëà�f£­ O,0;.ã

·ú¡\�"f ú́�ô�Ç���Q>h_�Ä»�����_��©� ñ���6 xs��õ�°ú s�#	כâ
]j+þA|9�\��8%ò
�¾Ó�̀¦ï�r���¦½+É

Ãº e����. ����"f #��Q �©� ñ���6 x\� @/ô�Ç high-order 	�Ãº_� X<s�'��Ð 4�¤ú̧�ô�Ç �'a>�\�¦ µ1ß�n= Ãº
e����H MDR ~½ÓZO��̀¦ s�6 x
�#� ì�r$3��̀¦ K��Ð��. MDR ~½ÓZO��Ér caseü< control data\�"f #��Q Ä»
�����_� �©� ñ���6 x�̀¦ ¹1Ô�̀¦ Ãº e����. �̧�̂×�æ\� %ò
�¾Ó�̀¦ ÅÒ��H SNP[þt_� �©� ñ���6 x�̀¦ ·ú����Ðl� 0A
ô�Ç ~½ÓZO�Ü¼�Ð MDR ~½ÓZO��̀¦ s�6 xô�Ç��. MDR ~½ÓZO��Ér caseü< control ¿º ÂÒì�rÜ¼�Ð ��¾º#Q4R��

��¦ caseü< controls� 1:1�Ð °ú ����ô�Ç��. Õª�Q�� "é¶ X<s�'�\�"f��H �̧�̂×�æ ���Ãº�� ���5Åq��� X<
s�'�s���. ÕªA�"f Õª@/�Ð MDR ~½ÓZO�\� &h�6 x½+É Ãº \O���. ����"f 'Í	 éß�>�\�"f��H �̧�̂×�æ ���Ãº
\�¦ X<s�'���s�_ç
l�ZO� ×�æ CART ~½ÓZO�Ü¼�Ð case-control�Ð ��è�H +' Ritchie 1px (2003)õ� Hahn
1px (2003)_� MDR ~½ÓZO�\� &h�6 xô�Ç��.

Step 1. �̧�̂×�æ ���Ãº\�¦ CART ~½ÓZO�Ü¼�Ð s�ì�r�o\�¦ r������. ÕªaË> 3.1_� STEP 1�̀¦ �Ð���

CART ~½ÓZO�\�"f �̧�̂×�æ ���Ãº\�¦ l�ï�rÜ¼�Ð 1px/åLs� case(high)ü< control(low)�Ð �� ¾º
#Q�����. #�l�"f caseÕªÒ�̈s� 54>h controlÕªÒ�̈s� 175>h�Ð ��¾º#Qt���HX< s�XO�>� ��¾º#Q
��� X<s�'���H 1:1s� ÷&t� ·ú§Ü¼Ù¼�Ð SPSS clementin10.1�̀¦ s�6 x
�#� case ÕªÒ�̈ 175>h\�¦
l�ï�rÜ¼�Ð ç�H+þA 7£x;�¤ r������. s�XO�>� 7£x;�¤÷&#Q��� 350¿º\�¦ s�6 x
�#� ��6£§ Step[þt\� &h�
6 xô�Ç��.

Step 2. X<s�'�\�¦ �½� ü�Ü¼�Ð 10>h_� °ú �Ér ß¼l��Ð ��è�H��. Õªo��¦ Õª ×�æ 9>h\�¦ training set
Ü¼�Ð &ñ

��¦ 1>h\�¦ testing setÜ¼�Ð &ñ
ô�Ç��.

Step 3. 3>h_� SNP[þt�ÐÂÒ'� 2>h_� SNP�̧½+Ë ×�æ 
���\�¦ ���×þ�ô�Ç��.

Step 4. ���×þ��)a SNP�̧½+Ë\�"f SNP_� y��y�� Ãºï�r�̀¦ l��í�Ð ô�Ç >h�̂[þt�̀¦ multifactor classes
¢̧��H cells\� l�Õütô�Ç��. 0A_� ÕªaË>_� STEP 4ü< °ú s� 2>h_� �̧½+Ës�Ù¼�Ð 32 = 9>h_� !sq
�̀¦ �������. y��y�� 9>h_� !sq\� case_� �̧Ãºü< control_� �̧Ãº\�¦ &h���H��.

Step 5. Caseü< control_� q�\�¦ ½̈
�#� 1�Ð�� ß¼���� °ú Ü¼��� high-risk, 1�Ð�� ���Ü¼��� low-
risk�� ô�Ç��. 0A_� ÕªaË>\�"f%�!3� 1'�� 1\P�_� �â
Äº caseü< control_� q��� 1.333s�Ù¼�Ð
high-risk�� �)a��.

Step 6. 2>h_� SNP_� �̧½+Ë ���ÂÒ\�"f X<s�'�_� 9/10��� traing set\�"f ú̧�3lw ì�rÀÓ�)a q�Ö�¦
��� misclassification error(ME)\�¦ ½̈ô�Ç��. 0A_� ÕªaË>\�"f%�!3� ME_� °úכs� ���©� ����Ér
SNP1õ� SNP2_� �̧½+Ë�̀¦ ���×þ�ô�Ç��.

Step 7. Training set\�"f high-low�Ð ��è�H ³ð\�¦ �� Qt� 1/10_� X<s�'���� testing set�̀¦ s�6 x

�#� ú̧�3lw ì�rÀÓ�)a q�Ö�¦��� prediction error(PE)\�¦ ½̈ô�Ç��.

s�%�!3� 2>h_� SNP_� �©� ñ���6 x\� @/
�#� Step 2∼Step 7_� õ�&ñ
�̀¦ 10��� ìøÍ4�¤K�"f ���:r
MEü< PE_� î̈
ç�Hõ� 10���_� ìøÍ4�¤õ�&ñ
\�"f ���:r °ú̀�כ¦ l�ï�rÜ¼�Ð CVC\�¦ ½̈ô�Ç ���õ�ü< °ú �Ér ~½Ó
ZO�Ü¼�Ð 
���_� SNP\� @/ô�Ç MEü< PE_� î̈
ç�Hõ� CVC_� ���õ���H ³ð 3.3õ� ³ð 3.4ü< °ú s� ��
��z�¤��.
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ÕªaË> 3.1: �̧�̂×�æ\� @/
�#� SNP[þt�̀¦ s�6 xô�Ç MDR ~½ÓZO�_� &h�6 xõ�&ñ


³ð 3.3: �̧�̂×�æ\� @/ô�Ç SNP y��y�� �̧½+Ë_� average MEü< average PE ���õ�
Numberoffactors Marker averageME averageME

1 SNP1 0.4299 0.4412

SNP2 0.4478 0.4971

SNP3 0.4322 0.4588

2 SNP1*SNP2 0.3713 0.3853

SNP1*SNP3 0.4131 0.4353

SNP2*SNP3 0.4226 0.4706

0A_� ³ð 3.3�Ér MDRõ�&ñ
�̀¦ 10��� ìøÍ4�¤ô�Ç Êê y��y��_� SNP �̧½+Ë\� @/ô�Ç MEü< PE_� î̈
ç�H
�̀¦ ½̈ô�Ç °úכs���. Best model�Ér average MEü< average PE�� ���©� ±ú��Ér �¦̀�	כ ���×þ�
���HX< 0A
_� ³ð\�¦ �Ð��� 
���_� �\���¹כ @/ô�Ç ò́õ�\�"f SNP1_� average ME�� 0.4299. PE�� 0.4412�Ð
���©� ±ú�>� ����z�¤�¦ ¿º>h_� �\���¹כ @/ô�Ç ò́õ�\�"f��H SNP1*SNP2_� average ME�� 0.3713,
PE�� 0.3853Ü¼�Ð ���©� ±ú��Ér ����Ð ����z�¤��. ����"f 
���_� f��H"�\���¹כ SNP1s� ���×þ�÷&%3�
�¦ ¿º >h_� f��H"�\���¹כ SNP1*SNP2�� ���×þ�÷&%3���. Õªo��¦ SNP1õ� SNP1*SNP2\�¦ �Ð��� �©�
 ñ���6 x ò́õ���� SNP1*SNP2_� average MEü< PE�� �8 ±ú��Ér �¦̀�	כ ·ú� Ãº e����. ����"f 
���
_� �\���¹כ @/ô�Ç ò́õ��Ð����H �©� ñ���6 x\� @/ô�Ç ò́õ��� �8 ú́§����H �¦̀�	כ ·ú� Ãº e����. ��6£§Ü¼�Ð



60 s�]j%ò
, �̂�1lxô=

³ð 3.4: �̧�̂×�æ\� @/ô�Ç 
���_� Ä»�����ò́õ�ü< ¿º >h_� �©� ñ���6 x ò́õ�_� CVC ���õ�
Number of factors 1 2

Cross Validation SNP1 SNP2 SNP3 SNP1*SNP2 SNP1*SNP3 SNP2*SNP3

Interval ME ME ME ME ME ME

#1 of 10 0.4299 0.4522 0.4395 0.3599 0.4108 0.4268

#2 of 10 0.4236 0.4459 0.4299 0.3758 0.4204 0.4204

#3 of 10 0.4299 0.4427 0.4331 0.3758 0.4076 0.4045

#4 of 10 0.4236 0.4395 0.4299 0.3694 0.4108 0.4236

#5 of 10 0.4268 0.4459 0.4140 0.3599 0.3949 0.4045

#6 of 10 0.4363 0.4490 0.4236 0.3790 0.4236 0.4236

#7 of 10 0.4427 0.4490 0.4459 0.3694 0.4172 0.4363

#8 of 10 0.4363 0.4682 0.4522 0.3726 0.4076 0.4395

#9 of 10 0.4299 0.4395 0.4268 0.3758 0.4172 0.4236

#10 of 10 0.4204 0.4459 0.4268 0.3758 0.4204 0.4236

count 7 0 3 10 0 0

CVC���õ� (³ð 3.4)\�¦ ¶ú�(R�Ð��.
s���H 10���_� cross-validation�̀¦r�'��½+ÉM:y��r�'��\�"f���×þ��)a best model�̀¦
�î�ràÔô�Ç°úכ

s� CVC���¦ ô�Ç��. 0A_� ³ð 3.4\�¦ �Ð��� #1 of 10_� r�'��\�"f ME�� SNP1s� 0.4299, SNP2��
0.4522, SNP3�� 0.4395Ü¼�Ð SNP1s� ���©� ���Ü¼Ù¼�Ð SNP1\� @/
�#� count +1�̀¦ ô�Ç��. 8úx
10����̀¦ r�'�� Ùþ¡�̀¦ M: ³ð 3.4ü< °ú s� SNP1s� y�� r�'��\�"f ���©� a%~�Ér �̧+þAÜ¼�Ð ���×þ��)a ��s	כ
7���s�l� M:ë�H\� SNP1_� CVC��H 7s� �)a��. SNP1*SNP2 %i�r� y�� r�'��\�"f ���©� a%~�Ér �̧+þA
Ü¼�Ð 10���s����×þ�÷&%3�l�M:ë�H\� CVC��H 10s��)a��.����"f³ð 3.3õ�³ð 3.4\�¦�Ð���þj7áx best
model�Ér �¹���sכ ô�Ç >h {9� M:��H average MEü< average PE�� ���©� ±ú��¦ CVC�� ���©� Z�}�Ér
SNP1 set�̀¦ ���×þ�÷&�¦ �¹���sכ ¿º >h {9� M:��H average MEü< average PE�� ���©� ±ú��¦ CVC��
���©� Z�}�Ér SNP1*SNP2 sets� þj7áx best setÜ¼�Ð ���×þ�÷&%3���.

4. l5æ*́0 Ë�ì �Ã?ê

Äºo���H 4�¤½+Ë|9�#î
\� @/ô�Ç 0A+«> ¢̧��H ��»¡¤_� �â
]j:£¤$í
_� #��Q Ä»�����\� �'aº���)a polymor-
phism_� �̧½+Ë�̀¦ s�6 x
�#� �̧Ãº&h���� ~½ÓZO���� ANOVAü< q��̧Ãº&h���� ~½ÓZO���� MDR�̀¦ �è>h
�
%i���. s�[þt ~½ÓZO��̀¦ &h�6 x
�#� �̧�̂×�æ\� %ò
�¾Ó�̀¦ ÅÒ��H SNP[þt�̀¦ ½©"î

��9�¦ r��̧ô�Ç ���õ� �̧Ãº
&h����~½ÓZO���� ANOVA\�"f��H SNP1s� �̧�̂×�æ\�Ä»_�ô�Ç	�s���e��%3��¦�©� ñ���6 x\�@/ô�Ç%ò
�¾Ó
�Ér \O���H �Ü¼�Ð	כ ����z�¤��. 
�t�ëß� q��̧Ãº&h���� ~½ÓZO���� MDR~½ÓZO�\�"f��H 
���_� SNP\�"f��H
SNP1s� �̧�̂×�æ\�%ò
�¾Ó�̀¦ ú́§s�ÅÒ%3�Ü¼ 9¿º>h_��©� ñ���6 x\�"f��H SNP1*SNP2��%ò
�¾Ó�̀¦ ú́§
s� ÅÒ��H �¦̀�	כ ·ú� Ãº e��%3���. ¢̧ô�Ç SNP1õ� SNP1*SNP2_� MEü< PE\�¦ q��§ô�Ç ���õ� SNP1���

���_� Ä»�����_� ò́õ� �Ð����H SNP1*SNP2ü< °ú s� �©� ñ���6 x\� _�ô�Ç Ä»���ò́õ��� �̧�̂×�æ �â

]j+þA|9�\��8 ú́§�Ér%ò
�¾Ó�̀¦ÅÒ��H������Ðµ1ß)�&����.��Ö�¦�Q CVC���&ñ
���õ�\�"f�̧ SNP1*SNP2
������� þj7áx�̧+þAe��s� µ1ß)�&����. ����"f ô�ÇÄº_� �̧�̂×�æ\� %ò
�¾Ó�̀¦ ÅÒ��H SNP\�¦ ½©"î

���H ë�H
]j\�"f �̧Ãº&h���� ~½ÓZO���� ANOVA�̧+þA\�"f ������t� ·ú§�Ér ÅÒ¹כô�Ç �©� ñ���6 x\� �'a>��)a �����
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�� MDR ~½ÓZO�\� _�K� ½©"î
÷&#Q&����.
ô�Ç¼#� MDR ~½ÓZO�\�"f ë�H]j&h��Ér X<s�'��� case-control�Ð s�ì�r+þAs� ÷&#Q��
�l� M:ë�H\� ���

5Åq+þA ��«Ñ��H ��6 x½+É Ãº \O�����H �.���s	כ s���� ë�H]j&h��̀¦ K����
�l� 0AK�"f �:r ���½̈\�"f��H �̧
�̂×�æ ���Ãºü< °ú �Ér ���5Åq+þA ��«Ñ��H ·ú¡ ]X�\�"fü< °ú s� �̧�̂×�æ ���Ãº\�¦ CART l�ZO�Ü¼�Ð p�o�
caseü< control�Ð ��è�H +'\� MDR\� &h�6 x½+É Ãº e��%3���. Õªo��¦ ¢̧ ���Ér ë�H]j&h�Ü¼�Ð MDR~½Ó
ZO��Ér �©�@/&h�Ü¼�Ð &h��Ér ³ð�:r Ãº\�¦ ����� �â
Äº\� �©� ñ���6 x�̀¦ ½©"î

���H q��̧Ãº&h���� ~½ÓZO�s�l�

M:ë�H\� Ä»�����_� Ãº�� ú́§�̀¦ �â
Äº y�� !sq\� �'a8£¤°úכs� \O���H ��� !sqs� ÒqtU�́ Ãº e����. \V\�¦ [þt���
SNP Ä»�����_� Ãº�� 10>h s��©�{9� �â
Äº SNP Ä»����� 10>h �©� ñ���6 x\�"f_� ò́õ�\�¦ �Ð��� ���
59049>h_� !sq�Ð ��¾º#Qt�l� M:ë�H\� ú́§�Ér !sq îß�\� �'a8£¤°úכs� \O���H �â
Äº�� Òqt|����. �:r ���½̈\�
"f��H SNP Ä»�����_� Ãº�� 3>hs�l� M:ë�H\� MDR ~½ÓZO�\� &h�6 x½+É Ãº e��%3�Ü¼��, ú́§�Ér SNP Ä»
�����[þt_� �â
Äº �©� ñ���6 x½©"î
\� ë�H]j�� e��6£§�Ér �8 ���½̈÷&#Q�� ½+É ÂÒì�rs���.
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Main SNP Identification of Hanwoo Carcass Weight

with Multifactor Dimensionality Reduction(MDR)

Method∗

Jea-Young Lee1) Dong Chul Kim2)

Abstract

It is commonly believed that disease of human or economic traits of livestock are

caused not by single gene acting alone, but by multiple genes interacting with one an-

other. This issue is difficult due to the limitations of parametric statistical method like

as logistic regression for detection of gene effects that are dependent solely on interac-

tions with other genes and with environmental exposures. Multifactor dimensionality

reduction (MDR) nonparametric statistical method, to improve the identification of sin-

gle nucleotide polymorphism (SNP) associated with the Hanwoo(Korean cattle) carcass

cold weight, is applied and compared with ANOVA results.
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