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ÓæîU[� ô�Ó��∗

�̂����<ÉÌ1) �©��ª�Ãº2)

¹כ ���

���²ú�Ô�¦ç�H+þA ���&ñ
ZO�(transmission and disequilibrium test)õ� °ú �Ér ��>�×�æd��(family-

based) ���&ñ
ZO�[þt�Ér |9�#î
 �'aº�� Ä»�����\�¦ ¹1Ô��H X< B�Äº Ä»6 xô�Ç ~½ÓZO�Ü¼�Ð ·ú��94R e����. ��

YV-@/�̧ç�H ���½̈ü< ²ú�o� ��>�×�æd�� ���&ñ
ZO�[þt�Ér |9�éß� �D¥½+Ë(population admixture)Ü¼�Ð ���

ô�Ç %ò
�¾Ó�̀¦ ~ÃÎt� ·ú§l� M:ë�H\� |9�#î
 �'aº�� Ä»�����ü< ³ðt���(marker) ��s�_� |9�éß� �D¥½+ËÜ¼�Ð

���ô�Ç ���� ����'a$í
(spurious association)\� �̧Ø�¦|̈c 0A+«>s� \O���. ��>�×�æd�� ���&ñ
ZO�[þt�Ér @/

�̂�Ð ³ðt���\� @/ô�Ç ÂÒ�̧_� Ä»�����+þA(genotype) &ñ
�Ð\�¦ ¹�Ðכ��9 ô�Ç��. Õª�Q�� �¦§î
8£x\�

"f µ1Ï#î
���H |9�#î
_� �â
Äº\���H µ1Ïéß���(proband) ÂÒ�̧_� Ä»�����+þA�̀¦ ½̈½+É Ãº \O���H �©�S!�\�

7áx7áx ��ÅÒu�>� �)a��. �:r �7Hë�H\�"f��H s���� #Q�9¹¡§�̀¦ �FG4�¤�l� 0AK� ÂÒ�̧_� Ä»�����+þA @/���

|9�#î
\� �̧Ø�¦÷&t� ·ú§�Ér µ1Ïéß��� +þA]j�� ��B�_� Ä»�����+þA�̀¦ s�6 xô�Ç ���&ñ
ZO��̀¦ ]jîß���¦��

ô�Ç��. s�\�¦ 0AK� ���$� ��0pxô�Ç �̧��H {9�C��̂+þA(haplotype)\� @/K� Mantel-Haenszel +þAI�_�

:�x>�|¾Ó�̀¦ &ñ
_���¦ Õª��\	כ l��íô�Ç ¿º ��t� ���&ñ
:�x>�|¾Ó�̀¦ ]jîß��%i���. �̧_�z�́+«> ���õ�, ]j

îß�ô�Ç���&ñ
ZO��Ér|9�éß��D¥½+ËÜ¼�ÐÂÒ'��Ð!QÛ¼àÔ��¦Ä»����ª�d��(mode of inheritance)\��'a>�

\O�s� �©�@/0A+«>(relative risk)s� 7£x���<Ê\� ���� éß��̧&h�Ü¼�Ð 7£x�����H ���&ñ
§4��̀¦ °ú���H �¼Ü	כ

�Ð ����z�¤��. ]jîß�ô�Ç ���&ñ
ZO��̀¦ ���[j@/�<Æ�§ d��a�=�'a>�|9�8̈� Ä»����̂���½̈G'p'��ÐÂÒ'� Ãº|9�ô�Ç

��«Ñ\� &h�6 x��¦ Õª ���õ�\�¦ �¦¹1Ï�%i���.

ÅÒ¹6כ x#Q: í�H\P� ���&ñ
, îß�t��̧_�r��̧��p Ä»�����, ����W x9� ����'a$í
 ì�r$3�, {9�C��̂+þA, ���²ú�Ô�¦ç�H+þA
���&ñ
ZO�.
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 |9�8̈�õ� �'aº��
�)a Ä»�����_� 0Au�\�¦ ¹1Ô��H X< ú́§�Ér ÈÒ��ü< �̧§4��̀¦ l�Ö�¦s��¦ e����. Õª×�æ �����H |9�#î
 �'aº�� Êê
�Ð Ä»�����ü< |9�8̈� ��s�_� ����W x9� ����'a$í
�̀¦ ���&ñ
�l� 0Aô�Ç :�x>�&h� ~½ÓZO��:r�̀¦ >hµ1Ï���H ��s	כ

��.s�\�¦0AK�s�]j��t���Héß�{9�³ðt���\�_�ô�Ç���½̈�� ÅÒÀÓ\�¦s�ÀÒ%3���HX<þj��H[þt#Q"f��HF�
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�̧½+Ës� ��_� \O��̀¦ &ñ
�̧�Ð ��ÅÒ y©��>� ������÷&#Q e����H #��Q ³ðt���[þt_� �̧e����� {9�C��̂+þA\�

_�ô�Ç ���½̈�Ð �̀������¦ e����. s�ü< °ú �Ér ���½̈�� ��0px�>� �)a ��Ér	כ {9�	�&h�Ü¼�Ð ��H��o� ?/\�
ú́§�Ér ³ðt���[þt\� @/ô�Ç Ä»�����+þA SX�&ñ
(genotyping)s� ��0pxK�&��l� M:ë�Hs� 9, :�x>�&h���� 8£¤���
\�"f �Ð��¤�̀¦ M:��H ³ðt���[þts� "f�Ð y©��>� ����W÷&#Q e��l� M:ë�H\� éß�{9� ³ðt���\� l��íô�Ç ���

½̈�Ð����H {9�C��̂+þA\� l��íô�Ç ���½̈�� �8 ú́§�Ér Ä»���&ñ
�Ð\�¦ {���� èq Ãº e��#Q :�x>�|¾Ó_� ���&ñ
§4�

�̀¦ �¾Ó�©�r�v���H ò́õ��� e��l� M:ë�Hs���.
�:r �7Hë�H\�"f ��ÀÒ�¦�� ���H ��«Ñ��H µ1Ïéß���_� Ä»�����+þAõ� �<Êa� µ1Ïéß���_� +þA]j�� ��

B�(sib)_� Ä»�����+þA &ñ
�Ð��H ·ú��94R e��t�ëß�, µ1Ïéß��� ÂÒ�̧_� Ä»�����+þA &ñ
�Ð��H ���8£¤�)a ��>�
��«Ñs���. s�ü< °ú �Ér ��«Ñ��H �Ð:�x �¦§î
8£x\�"f µ1ÏÒqt���H |9�8̈�\�"f 7áx7áx ¹1Ô�� �̂¦ Ãº e����HX<,
µ1Ïéß����� �¦§î
8£x\� 5ÅqK� e������� Õª µ1Ïéß���_� ÂÒ�̧��H @/�̂&h�Ü¼�Ð Òqt�>rK� e���̀¦ ��0px$í
s� �B

~ÃÌ�l� M:ë�H\� µ1Ïéß��� ÂÒ�̧_� Ä»�����+þA�Ér ���8£¤|̈c Ãº µ1Ú\� \O���. �:r �7Hë�H\�"f��H ÂÒ�̧_� Ä»
�����+þA�Ér ���8£¤÷&%3�t�ëß� µ1Ïéß���_� +þA]j�� ��B�_� Ä»�����+þA &ñ
�Ð\�¦ +�"f |9�#î
 �'aº�� Ä»�����

ü< |9�#î
_� ����W x9� ����'a$í
 ì�r$3��̀¦ 0Aô�Ç :�x>�&h� ~½ÓZO��̀¦ ]jîß���¦�� ô�Ç��.
2]X�\�"f��H Spielmanõ� Ewens (1998)��]jîß�ô�Ç sib-TDT(transmission and disequilibrium

test) ~½ÓZO��̀¦ {9�C��̂+þA\� l��íô�Ç �â
Äº�Ð SX��©�ô�Ç :�x>�|¾Ó�̀¦ ]jîß���¦�� ô�Ç��. 3]X�\�"f��H ���ª�
ô�Ç +þAI�_� �̧_�z�́+«>�̀¦ :�xK� ]jîß�ô�Ç ���&ñ
:�x>�|¾Ó_� �è³ð�:r $í
|9��̀¦ ¶ú�(R�Ð�¦�� ô�Ç��. 4]X�\�"f
��H ]jîß�ô�Ç ���&ñ
ZO��̀¦ ���[j@/�<Æ�§ d��a�=�'a>�|9�8̈� Ä»����̂���½̈G'p'��ÐÂÒ'� Ãº|9�ô�Ç ��«Ñ\� &h�6 x

�#� AGT(angiotensinogen) Ä»�����ü< �¦a�=·ú�_� ����W x9� ����'a$í
 ì�r$3��̀¦ Ãº'����¦ Õª ���õ�
\�¦ �¦¹1Ï��¦�� ô�Ç��.

2. l5æ�Å/�Ùÿ �¬��°�Kûý ���Ä�Þ2 c�ëà�f£ sib-TDT

2.1. :�5}ê Ë�ì \��Ë

µ1Ïéß���_� ���§î
s� Z�}Ü¼��� µ1Ïéß��� ÂÒ�̧_� Ä»�����+þA�̀¦ �<Êa� G�2[���H ��s	כ 7áx7áx Ô�¦��0px�

��. s�ü< °ú s� µ1Ïéß��� ÂÒ�̧_� Ä»�����+þA ��«Ñ��H ���8£¤÷&%3�t�ëß� µ1Ïéß���_� +þA]j�� ��B�_� Ä»���
��+þA�̀¦%3��̀¦Ãºe�������,Õª sib(s)[þts��'ad��e����H|9�#î
�̀¦°ú��¦e����Ht�(affected),°ú��¦e��t�·ú§
��Ht�(unaffected)\� �'a>�\O�s� sib(s)_� ÆÒ�� &ñ
�Ð\�¦ |9�#î
 �'aº�� Ä»�����ü< |9�#î
_� ����W x9� ���
�'a$í
 ì�r$3�\� Ä»6 x�>� �Ö̧6 x½+É Ãº e����. s�ü< �'aº���)a ���½̈��H Spielmanõ� Ewens (1998)\� _�
K� %�6£§Ü¼�Ð r����÷&%3���HX<, Õª[þt�Ér �:r �7Hë�H\�"f ��ÀÒ�¦�� ���H {9�C��̂+þA ��«Ñ @/���\� Ä»���
�� ýa0A(locus)�� ô�Ç >h��� éß�{9� ³ðt���\� @/K� ��ÀÒ%3���.

Spielmanõ� Ewens (1998)~½ÓZO�_�l��:r&h������s�n�#Q��H affected sib(s)_�@/wn������(allele)
ì�r�íü< unaffected sib(s)_� @/wn������ ì�r�í\�¦ q��§���H �.���s	כ 7£¤, ëß�{9� ³ðt����� |9�#î
 Ä»
�����ü< ����'a÷&#Q e��t� ·ú§����� ¿º ì�r�í�� "f�Ð Ä»����¦, ÕªXO�t� ·ú§����� Ñüt�Ér "f�Ð �©�s�ô�Ç
�ª��©��̀¦ �9� �Ü¼�Ð	כ l�@/÷&l� M:ë�Hs���. Spielmanõ� Ewens (1998)_� sib-TDT ~½ÓZO�\�"f��H ÂÒ
�̧_� Ä»�����+þA�̀¦ �̧ØÔl� M:ë�H\� sib(s)\� �í�<Ê�)a @/wn������_� ì�r�í\�¦ "f�Ð q��§���H ìøÍ���\�,
Zhao 1px (2000)õ� �̂����<ÉÌ 1px (2004, 2005)\�"f�è>hô�Ç TDT ~½ÓZO��Ér µ1Ïéß���\�>� ���²ú�÷&��H ÂÒ
�̧_� @/wn������_� ����̧\�¦ q��§�l� M:ë�H\� ¿º ~½ÓZO��Ér "f�Ð ��ØÔ���¦ ú́�½+É Ãº e����. Õª�Q��
¿º ~½ÓZO� �̧¿º ��>�\�ëß� _��>r�#� :�x>�|¾Ó�̀¦ ½̈»¡¤�l� M:ë�H\� |9�éß� �D¥½+Ëõ� °ú �Ér �§|ÃÌ¹כ���Ü¼



+þA]j x9� ��B�_� Ä»�����+þA ��«Ñ\� l��íô�Ç ���²ú�Ô�¦ç�H+þA ���&ñ
ZO�\� �'aô�Ç ���½̈ 83

³ð 2.1: |9�éß� �D¥½+Ë\� _�ô�Ç ���� ����'a$í
_� \V]j: ¿º |9�éß�s� 1:1�Ð �D¥½+Ë÷&%3��̀¦ M:

|9�éß�1 |9�éß�2 �D¥½+Ë |9�éß�

³ð�:r M1 M2 ½+Ë>� M1 M2 ½+Ë>� M1 M2 ½+Ë>�

��YVç�H 9 1 10 25 25 50 34 26 60
@/�̧ç�H 81 9 90 25 25 50 106 34 140
½+Ë>� 90 10 100 50 50 100 140 60 200

χ2 = 0(p°úכ = 1.000) χ2 = 0(p°úכ = 1.000) χ2 = 7.26(p°úכ = 0.007)

�ÐÂÒ'� �Ð!QÛ¼àÔô�Ç �©�&h��̀¦ t�m��¦ e����. ³ð 2.1�Ér ���©�_� \V]j�Ð ����'a$í
 ���½̈\�"f |9�éß� �D¥
½+Ës� #Qb�G>� �§|ÃÌ¹כ���Ü¼�Ð ���6 x½+É Ãº e����Ht�\�¦ �Ð#�ÅÒ�¦ e����. |9�éß� �D¥½+Ë s����\���H @/wn����
�� M1õ� M2_� ì�r�í�� y��y�� ‘|9�éß�1’\�"f��H ‘9:1’, ‘|9�éß�2’\�"f��H ‘1:1’�Ð ��YVç�Hõ� @/�̧ç�H\�
"f �̧¿º 1lx{9���¦, ���&ñ
:�x>�|¾Ó_� Ä»_�SX�Ò�¦s� �̧¿º 1s�l� M:ë�H\� Êê�Ð Ä»�����ü< |9�#î
 çß�\�
��Áº��� ����'a$í
s� \O���. Õª!3�\��̧ Ô�¦½̈��¦ ¿º |9�éß�s� ‘1:1’�Ð �D¥½+Ë�)a s�Êê\���H ��YVç�Hõ� @/
�̧ç�H_� @/wn������ ì�r�í�� °ú t� ·ú§�̀¦ ÷�rëß� ��m��� ���&ñ
:�x>�|¾Ó_� Ä»_�SX�Ò�¦�̧ 0.007Ü¼�Ð B�Äº
���l� M:ë�H\� Êê�Ð Ä»�����ü< |9�#î
 çß�\� ����'a$í
s� e����H �Ü¼�Ð	כ ����:rf±	��H �̧ÀÓ\�¦ #3�½+É Ãº e��

��. {9�ìøÍ&h�Ü¼�Ð ��YV-@/�̧ ���½̈ü< °ú �Ér |9�éß�×�æd��(population-based) ���&ñ
ZO�[þt�Ér s�ü< °ú �Ér
�§|ÃÌ¹כ���Ü¼�ÐÂÒ'� ��Ä»\�vt� 3lwô�Ç ìøÍ���\�, TDT ���½̈ü< °ú �Ér ��>�×�æd�� ���&ñ
ZO�[þt�Ér ��>� ?/
\�"f ³ðt���[þt_� ���²ú�/q����²ú�(transmission/non-transmission)�̀¦ ���½ÓÜ¼�Ð �l� M:ë�H\� ³ð
t���ü< |9�#î
 Ä»������� z�́F��Ð��H �'aº��s� \O�6£§\��̧ Ô�¦½̈��¦ ���Ér "é¶���\� _�K� Ñüts� "f�Ð ���

�'a÷&#Q e����H �Ü¼�Ð	כ ����:r ?/o���H �̧ÀÓ\�¦ x�½+É Ãº e����H �©�&h��̀¦ t�m��¦ e����.
�:r�7Hë�H\�"f��Héß�{9�³ðt���\�@/K���ê�r Spielmanõ� Ewens (1998)õ� Monks1px (1998)_�

sib-TDT :�x>�|¾Ó�̀¦ ³ðt���[þt_� �̧e����� {9�C��̂+þAÜ¼�Ð SX��©���¦�� ô�Ç��. éß�{9� ³ðt���_� �â
Äº
ü< ��ØÔ>� s� õ�&ñ
 5Åq\�"f ���©� ���$� @/¿º÷&��H #Q�9¹¡§�Ér µ1Ïéß���ü< Õª_� sib(s)\� @/ô�Ç Ä»���
��+þA_�&ñ
�Ðëß�·ú��94Re���̀¦÷�r,{9�C��̂+þA�©�\�@/ô�Ç&ñ
�Ð��H �̧�Ér����H�s���.s�%�!3�{9�C��̂	כ
+þA�©�_�Ô�¦SX�z�́$í
�ÉrÄ»�����ýa0A�� ú́§��|9�Ãº2�¤,s�+þA]X�½+Ë$í
³ðt���(heterozygous marker)��
ú́§��|9�Ãº2�¤ t�Ãº&h�Ü¼�Ð 7£x���l� M:ë�H\� �:r �7Hë�H\�"f ��ÀÒ�¦�� ���H ½̈�̧��H Spielmanõ�
Ewens (1988)õ� Monks 1px (1998)\�"f ��ê�r éß�{9� ³ðt���_� �â
Äº�Ð�� �̧�FK �8 4�¤ú̧�����¦ ú́�
½+É Ãº e����. sib-TDT \�"f ���©� ×�æd��s� ÷&��H :�x>�|¾Ó�Ér ��>�Z>� affected sib(s)_� {9�C��̂+þA_�
>hÃº���X<, ëß�{9� �̧��H sib(s)_� {9�C��̂+þA �©��̀¦ ·ú� Ãº e������� :�x>�|¾Ó�̀¦ >�íß����HX< #Q�9¹¡§s�
\O��̀¦ �.���s	כ Õª�Q�� @/ÂÒì�r sib(s)_� {9�C��̂+þA �©�s� Ô�¦SX�z�́�l� M:ë�H\� {9�C��̂+þA_� >hÃº
\� @/ô�Ç ÆÒ&ñ
s� +'������ ½+É �.���s	כ s�\�¦ 0AK� �:r ���½̈\�"f��H Zhao 1px (2000)õ� �̂����<ÉÌ 1px
(2004, 2005)\�"f ]jîß�ô�Ç ~½ÓZO��̀¦ �̧{9���¦�� ô�Ç��.
"f�Ð ���Ér c(> 0)>h_� Ä»����� ýa0A\�"f s�@/wn������(bi-allele)\�¦ °ú���H���¦ ���. s�M: 8úx

3c>h_� "f�Ð ���Ér Ä»�����+þAs� �>rF�½+É Ãº e��Ü¼ 9 s�\�¦ G1, . . . , Gk ���¦ Z�~��. éß�, k = 3c s�

��. "f�Ð ���Ér F>h_� ��>��� e�����¦ ���. f(f = 1, . . . , F )���P: ��>�_� sib(s)��H 8úx Nf"î


s� 9, Õª×�æ\�"f affected sib(s)��H Na
f"î
 s��¦ unaffected sib(s)��H Nu

f"î
s����¦ ���. ¢̧ô�Ç
f���P: ��>�_� sib(s)[þt ×�æ\�"f Ä»�����+þAs� Gg(g = 1, . . . , k)��� sib(s)��H 8úx tfg"î
 s� 9, Õª
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³ð 2.2: f���P: ��>�_� sib(s)[þt_� |9�#î
_� �©�I�ü< Ä»�����+þA\� ���Ér ì�r½+É³ð

Ä»�����+þA

|9�#î
 �©�I� G1 G2 . . . Gk ½+Ë>�

affected xf1 xf2 . . . xfk Na
f

unaffected yf1 yf2 . . . yfk Nu
f

½+Ë>� tf1 tf2 . . . tfk Nf

×�æ\�"f affected sib(s)��H xfg"î
, unaffected sib(s)��H yfg"î
s����¦ ���. ³ð 2.2��H f���P: ��

>�\�"f |9�#î
_� �©�I�(affected/unaffected)ü< Ä»�����+þA\� ���Ér sib(s)_� Ãº\� @/ô�Ç ì�r½+É³ðs�
��. Na

f , Nu
f , t′f = (tf1, . . . , tfk) �� ÅÒ#Q&���̀¦ M: ³ðt���ü< |9�#î
s� ����W÷&#Q e��t� ·ú§����H

)Áº��[O�(H0) �\�"f ³ð 2.2�Ér �����|¾Ó �íl��ì�r�í\�¦ ���Ér��. ô�Ç¼#� ³ð 2.2_� ��«Ñ½̈�̧\�"f
Spielmanõ� Ewens (1998)�� ���/åLô�Ç ��3!�%	כ ��6£§ ¿º �̧|	�s� ëß�7á¤÷&#Q�� ô�Ç��.

• �̧|	�1: ��>�Z>��Ð &h�#Q�̧ ô�Ç "î
_� affected sib(s)ü< unaffected sib(s)�� �>rF�K��� ô�Ç��.
7£¤, Na

f ≥ 1, Nu
f ≥ 1s���.

• �̧|	�2: ��>�Z>��Ð �̧��H sib(s)_� Ä»�����+þAs� °ú t� ·ú§���� ô�Ç��.

2.2. ÎPæ:�>uB�! ¡î|�Ùÿ l̀v���� ��=�êÔכ� 5}ê ®

���$�µ1Ïéß���\�¦�í�<Ê�#� �̧��H sib(s)_�{9�C��̂+þA�©�\�@/ô�Ç&ñ
�Ð\�¦·ú��¦e�����¦��&ñ
���.
s�@/wn������\�¦°ú���H c>h_�Ä»�����ýa0A\�"f��0pxô�Ç"f�Ð���Ér{9�C��̂+þA[þt�̀¦ h1, . . . , hl ���¦

Z�~��. éß�, l = 2c s���. f���P: ��>�\� 5Åqô�Ç Nf "î
_� sib(s)[þt ×�æ\�"f hh(h = h1, . . . , hl) {9�C�
�̂+þA�©��̀¦°ú���H sib(s)_�Ãºü< hm(m 6= h){9�C��̂+þA�©��̀¦°ú���H sib(s)_�Ãº\�¦y��y�� rfh, sfh ��

���. �̧��H sib(s)_� Ä»�����+þA\� @/ô�Ç {9�C��̂+þA �©��̀¦ ·ú��¦ e��l� M:ë�H\� rfh, sfh��H Ä»{9��>�

���&ñ
�)a��. f���P:��>�_� affected sib(s)[þt�ÐÂÒ'��'a8£¤�)a{9�C��̂+þA h_�>hÃº\�¦ Ofh�Ð&ñ
_��

��.{9�C��̂+þA h\�@/K��©�Ãº 7�'� c′h = (ch1, . . . , chk)���¦���.#�l�"f chg��HÄ»�����+þA Gg\�

�í�<Ê�)a {9�C��̂+þA h_� >hÃº\� ���� 2, 1, <�Ê�Ér 0_� °ú̀�כ¦ °ú���H��. x′f = (xf1, . . . , xfk) ���¦ �
��� Ofh = c′hxfü< °ú s� ³ð�&³÷&Ù¼�Ð, H0 �\�"f Ofh_� î̈
ç�Hõ� ì�ríß��Ér x′f = (xf1, . . . , xfk)��
�����|¾Ó �íl��ì�r�í\�¦ ���Ér����H ��z�́�ÐÂÒ'� ��6£§õ� °ú s� Ä»�̧½+É Ãº e���� (Bishop 1px, 1975).

Efh = E(Ofh|H0) = (2rfh + sfh)
Na

f

Nf
,

Vfh = Var(Ofh|H0) = {4rfh(Nf − rfh − sfh) + sfh(Nf − sfh)} Na
f Nu

f

N2
f (Nf − 1)

.

{9�C��̂+þA h\� @/K� ³ðï�r�o�)a :�x>�|¾Ó zh(h = h1 . . . , hl)\�¦ ��6£§õ� °ú s� &ñ
_����.

zh =

∑F
f=1 Ofh −

∑F
f=1 Efh√∑F

f=1 Vfh

.
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1lx{9� ��>� ?/ sib(s)[þt_� {9�C��̂+þA[þts� "f�Ð 1lqwn�s����¦ ��&ñ
���. |9�#î
 �'aº�� ³ðt���ü< |9�
#î
 çß�_� ����W x9� ����'a$í
�̀¦ ���&ñ
�l� 0AK� zh\� l��íô�Ç ¿º :�x>�|¾Ó�̀¦ ]jîß���¦�� ô�Ç��.

T1 = maxi=1,...,l|zhi
|,

T2 =
l − 1

l

l∑

i=1

z2
hi

.

T1�Ér Mantel-Haenszel +þAI�_� :�x>�|¾Ó��� zh_� ]X�@/°úכ ×�æ\�"f ���©� 	�H °ú̀�כ¦ °ú���H {9�C��̂+þA\�

ëß� _��>r���H :�x>�|¾Ó���X< ìøÍK�, T2��H "f�Ð ���Ér l>h_� {9�C��̂+þA[þts� "f�Ð 1lqwn�s����¦ ��&ñ


��¦ y�� {9�C��̂+þA\� @/6£x���H zh_� ]jY�L�̀¦ ½+Ëô�Ç :�x>�|¾Ós���. Spielmanõ� Ewens (1998)õ�
Monks 1px (1998)��H y��y�� éß�{9� ³ðt����� s�@/wn������ü< ��@/wn������(multi-allele)\�¦ ��|9� M:
³ðt���ü<|9�#î
çß�_�����Wx9�����'a$í
���&ñ
�̀¦0Aô�Ç:�x>�|¾Ó�̀¦]jîß�Ùþ¡��HX<0A\�"f]jîß�ô�Ç¿º:�x

>�|¾Ó�Ér Õª[þt_� :�x>�|¾Ó�̀¦ {9�C��̂+þAÜ¼�Ð SX��©�ô�Ç �.���s	כ ����"f Spielmanõ� Ewens (1998)õ�
Monks1px (1998)%�!3� T1\�l��íô�Ç���&ñ
�Ér Monte Carloí�H\P����&ñ
(permutation test)Ü¼�Ð��
0px��¦ (Boehnkeü< Langefeld, 1998; Monks 1px, 1998; Spielmanõ� Ewens, 1998), T2\� l��í

ô�Ç ���&ñ
�Ér í�H\P� ���&ñ
s��� ��H��&h�Ü¼�Ð ��Ä»�̧ (l − 1)\�¦ °ú���H 
�s�]jY�L ���&ñ
Ü¼�Ð ��0px���.

2.3. ÎPæ:�>uB�! ¡î|�Ùÿ ¢Å=�êÔכ� 5}ê ®

t��FK��t���H µ1Ïéß���\�¦ �í�<Ê�#� �̧��H sib(s)_� Ä»�����+þA\� @/6£x���H {9�C��̂+þA �©��̀¦ ·ú��¦
e�����¦��&ñ
�%i���.Õª�Q��s�+þA]X�½+Ë$í
Ä»�����+þA_�Ä»�����ýa0A�� 2>hs��©��>rF�����ÕªÄ»
�����+þA\� @/6£x���H {9�C��̂+þA_� �©�s� Ô�¦SX�z�́�l� M:ë�H\� Õªü< °ú �Ér ��&ñ
�Ér ��z�́�©� ëß�7á¤÷&

t� ·ú§��H��. s�ü< °ú �Ér #Q�9¹¡§�̀¦ �FG4�¤�l� 0AK� �:r �7Hë�H\�"f��H Zhao 1px (2000)õ� �̂����<ÉÌ 1px
(2004, 2005)s� ]jîß�ô�Ç ~½ÓZO��̀¦ �̧{9��#� Ô�¦SX�z�́$í
s� �>rF����H Ä»�����+þA\� @/K�"f��H SX�Ò�¦&h�
C�ì�r�̀¦ :�xK� {9�C��̂+þA �©��̀¦ ���&ñ
��¦�� ô�Ç��. Õª�QÙ¼�Ð rfhü< sfh�Ér s�]j �8 s��©� Ä»{9��

>� ���&ñ
÷&t� 3lw��¦ �̧f�� �̧|	�ÂÒ SX�Ò�¦�̀¦ :�xK�"fëß� ÆÒ&ñ
|̈c Ãº e����. Ä»�����+þA Gg\� @/6£x�

��H �̧��H í�H"f�o�)a {9�C��̂+þA �©�[þt_� |9�½+Ë�̀¦ Hg(g = 1, . . . , k) ���¦ Z�~��. 8úx l >h_� {9�C��̂+þA

\� @/ô�Ç p�t�_� ����̧\�¦ fh(h = h1, . . . , hl) ���¦ ���. fh_� ÆÒ&ñ
~½ÓZO�Ü¼�Ð Clark_� ·ú��¦o�7£§
(Clark, 1990), EM ·ú��¦o�7£§ (Excoffierü< Slatkin, 1995), Gibbs Ò�re�¦a�A ~½ÓZO� (Stephens 1px,
2001), Partition-ligation~½ÓZO� (Niu1px, 2002)1pxs�V,�o�æ¼s��¦e����HX<�:r�7Hë�H\�"f��H EM·ú�
�¦o�7£§ ~½ÓZO��̀¦ ��6 x��¦�� ô�Ç��. {9�C��̂+þA h_� ����̧ fh\� @/ô�Ç ÆÒ&ñ
°ú̀�כ¦ f̂h(h = h1, . . . , hl)
���¦ ���. Áº���0A �§C�(random mating)ü< Hardy-Weinberg î̈
+þA�̀¦ ��&ñ
��¦"f

Dg = Pr(Gg|fh, h = h1, . . . , hl) =
∑

(s,t)∈Hg

fsft, g = 1, . . . , k,

wstg = Pr({9�C��̂+þA �©� = (s, t)|Gg) = fsft/Dg, s, t = h1, . . . , hl; g = 1, . . . , k

Ü¼�Ð &ñ
_����. ����"f Ofh, rfhü< sfh\� @/ô�Ç ÆÒ&ñ
°úכ Ôfh, r̂fhü< ŝfh�Ér �̧|	�ÂÒ SX�Ò�¦ wstg\�¦

:�xK� ��A�ü< °ú s� %3�#Q�����.
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Ôfh = 2
k∑

g=1

xfg





∑

(s,t)∈Hg

ŵstgI(s = h, t = h)





+
k∑

g=1

xfg


 ∑

(s,t)∈Hg

ŵstg{I(s = h, t = m,m 6= h) + I(s = m, t = h,m 6= h)}

 ,

r̂fh =
k∑

g=1

tfg





∑

(s,t)∈Hg

ŵstgI(s = h, t = h)



 ,

ŝfh =
k∑

g=1

tfg


 ∑

(s,t)∈Hg

ŵstg{I(s = h, t = m,m 6= h) + I(s = m, t = h, m 6= h)}

 .

éß�, D̂g =
∑

(s,t)∈Hg
f̂sf̂t, ŵstg = f̂sf̂t/D̂g s���. ô�Ç¼#� Efh, Vfh, zh, T1, T2\� �í�<Ê�)a rfhü<

sfh\�¦ y��y�� r̂fhü< ŝfh�Ð u�8̈���¦, zh, T1, T2\� �í�<Ê�)a Ofh\�¦ Ôfh�Ð u�8̈��#� %3��Ér �¦̀�	כ

Êfh, V̂fh, ẑh, T̂1, T̂2 ���. T1õ� T2ü< ²ú�o� ¿º :�x>�|¾Ó T̂1õ� T̂2_� &h���Hì�r�í��H r̂fhü< ŝfh_� 4�¤

ú̧�$í
 M:ë�H\� ~1�>� Ä»�̧÷&t� ·ú§�� �:r �7Hë�H\�"f��H í�H\P� ���&ñ
~½ÓZO��̀¦ +�"f ¿º ���&ñ
ZO�_� :�x>�&h�

Ä»_�$í
�̀¦ ·ú����Ð�¦�� ô�Ç��. Monks 1px (1998)\� _�K� ]jîß��)a í�H\P� ���&ñ
�Ér ��A�ü< °ú �Ér ]X�	�
\� ���� Ãº'���)a��.

• éß�>� 0: ÅÒ#Q��� ��«Ñ�ÐÂÒ'� ���&ñ
:�x>�|¾Ó T̂1, T̂2\�¦ >�íß��#� y��y�� T̂10, T̂20 ���¦ Z�~��H��.

• éß�>� 1: ��>�Z>��ÐNa
fü<Nu

f\�¦Ä»t�����"fy�� sib(s)_�|9�#î
�©�I�(affected/unaffected)\�¦
Áº���0A�Ð C�u�ô�Ç��.

• éß�>� 2: _���³ð�:r(pseudo-sample)Ü¼�ÐÂÒ'����&ñ
:�x>�|¾Ó T̂1, T̂2\�¦>�íß��#�y��y�� T̂1b, T̂2b

���¦Z�~�¦,s�¿º°ú6£/@�\כx���H T̂10, T̂20ü<@/�è�'a>�\�¦y��y��·ú����:r��.éß�, b = 1, . . . , B

s���.

• éß�>� 3: éß�>� 1õ� éß�>� 2\�¦ B��� ìøÍ4�¤��¦, z�́+«>&h� Ä»_�SX�Ò�¦ °úכ(p-°úכ)�Ér B���_� ìøÍ4�¤ ×�æ

\�"f T̂1b, T̂2bs� @/6£x���H T̂10, T̂20 �Ð�� 	�H °ú̀�כ¦ °ú���H ����̧�Ð y��y�� &ñ
_�ô�Ç��.

3. �¬?êÍPæB�� ��ä��

�̧_�z�́+«>\�"f��H 3>h_� ³ðt��� ýa0A\�"f y��y�� 2>h_� @/wn������ 1õ� 2\�¦ °ú���H �̧+þA�̀¦ ��&ñ

��¦�� ô�Ç��. |9�#î
 �'aº�� Ä»����� ýa0A\�"f��H s�@/wn������ Dü< d\�¦ °ú���H���¦ ��&ñ
���. s�M:
��0pxô�Ç 8>h_� {9�C��̂+þA�̀¦ y��y�� h1 = (1, 1, 1), h2 = (1, 1, 2), h3 = (1, 2, 1), h4 = (1, 2, 2), h5 =
(2, 1, 1), h6 = (2, 1, 2), h7 = (2, 2, 1), h8 = (2, 2, 2) ���¦ ���. 8>h_� {9�C��̂+þA ×�æ\�"f h7õ�

h8�Ér |9�#î
 �'aº�� @/wn������ d\�¦ �í�<Ê��¦ e���¦, Õª ü@ �� Qt� 6>h_� {9�C��̂+þA�Ér ü<{9�×¼ @/wn�
�����(wild allele) D\�¦ �í�<Ê��¦ e�����¦ ���. Õª�QÙ¼�Ð h7õ� h8�Ér �¦0A+«>(high risk) {9�C��̂
+þA, Õª ü@ �� Qt� {9�C��̂+þA[þt�Ér $�0A+«>(low risk) {9�C��̂+þAÜ¼�Ð ½̈ì�r�)a��.
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³ð 3.1: {9�C��̂+þA_� ì�r�íü< |9�éß� �D¥½+Ë\� ���Ér �̧|9�éß� ì�r�í

Ä»+þA |9�éß� (fh1 , fh2 , fh3 , fh4 , fh5 , fh6 , fh7 , fh8)
I 1 (0.125,0.125,0.125,0.125,0.125,0.125,0.125,0.125)

2 (0.250,0.000,0.250,0.000,0.250,0.000,0.250,0.000)
II 1 (0.343,0.147,0.147,0.063,0.147,0.063,0.063,0.027)

2 (0.490,0.000,0.210,0.000,0.210,0.000,0.090,0.000)

]jîß�ô�Ç ���&ñ
:�x>�|¾Ós� ]j17áx �̧ÀÓÖ�¦�̀¦ ú̧� �̧]X����Ht� ·ú����Ðl� 0AK� {9�C��̂+þA_� ì�r�íü<
|9�éß� �D¥½+Ë\� ���� ¿º ��t� Ä»+þA_� �̧|9�éß� ì�r�í\�¦ ³ð 3.1õ� °ú s� ��&ñ
�%i���. Ä»+þA I\�"f��H
|9�éß� 1_� ì�r�í\�¦ ç�H{9��>� ��&ñ
ô�Ç ìøÍ���\� Ä»+þA II\�"f��H {9�C��̂+þA\� ���� ��ØÔ>� ��&ñ
�%i�
��. |9�éß� 2_� ì�r�í��H Ä»+þA I, II\� �'a>�\O�s� [j ���P: Ä»����� ýa0A\�"f Ä»����� ���s��� {9�#Q
��t� ·ú§�Ér �Ü¼�Ð	כ ��&ñ
�%i���. sib(s)_� Ãº(2"î
/5"î
)ü< ��>�_� Ãº(50��½̈/100��½̈)_� �̧½+Ë
Ü¼�Ð ��0pxô�Ç 4��t� �̧��H �â
Äº\� @/K� �̧_�z�́+«>�̀¦ Ãº'���%i���. Ä»+þA I, II\� �'a>� \O�s� |9�éß�
1\� 5Åqô�Ç >h�̂�� |9�#î
\� �̧Ø�¦|̈c ��0px$í
 7£¤, l�$� 0A+«>Ö�¦�̀¦ 0.1�Ð ��&ñ
ô�Ç ìøÍ���\� |9�éß� 2\�
5Åqô�Ç >h�̂��H 0.2, 0.3 <�Ê�Ér 0.4�Ð ��&ñ
�#� |9�éß� 1õ� |9�éß� 2�� "f�Ð ��ØÔ�̧2�¤ �%i���. °ú �Ér
ß¼l�_� ³ð�:r�̀¦ 1,000��� ìøÍ4�¤�#� i(v�¦, y�� ³ð�:r\� @/K� 300���_� í�H\P� ���&ñ
�̀¦ :�xK� z�́+«>&h�
Ä»_�SX�Ò�¦�̀¦ ½̈�%i���. �̧|9�éß�_� Ä»+þA(I/II)õ� |9�éß� 2_� l�$� 0A+«>Ö�¦(0.2/0.3/0.4)\� ���Ér ���
&ñ
:�x>�|¾Ó T̂1õ� T̂2_� z�́+«>&h� Ä»_�Ãºï�r_� ���õ�\�¦ ³ð 3.2\� ����ÍÇx��. ¢̧ô�Ç EM ÆÒ&ñ
|¾Ó_� &ñ

�̧(precision)\�¦ î̈
���l�0AK�{9�C��̂+þA�©��̀¦&ñ
SX��>�F��̧½+Ë���Hq�Ö�¦(éß�0A:%)�̀¦ ½̈�#�
³ð 3.2\� ]jr��%i��� (Rohdeü< Fuerst, 2001).
���$�{9�C��̂+þA�©��̀¦&ñ
SX��>�F��̧½+Ë���Hq�Ö�¦�̀¦¶ú�(R�Ð���³ð�:r_�ß¼l��Ð����H �̧|9�éß�_�

ì�r�í\� �8 _��>r���H �Ü¼�Ð	כ ����z�¤��. s���H 3>h_� ³ðt���\�"f ��0pxô�Ç Ä»�����+þAs� 8úx 27>h
�Ð ���ª��t� ·ú§�� ³ð�:r_� ß¼l�(��>�_� Ãº <�Ê�Ér sib(s)_� Ãº)�� Zþt#Q���̧ éß�t� 1lx{9�ô�Ç Ä»���
��+þA_� >hÃºëß� 7£x��½+É ÷�r ÆÒ&ñ
|¾Ó_� &ñ
�̧\�¦ >h������H X<��H %ò
�¾Ó�̀¦ ÅÒt� 3lwÙþ¡l� M:ë�Hs����¦

Òqty��ô�Ç��. Ä»+þA I\�"f_� q�Ö�¦s� Ä»+þA II\�"f_� q�Ö�¦�Ð�� ���çß� ����Ér ��Ér	כ Ä»+þA I_� {9�C��̂+þA
ì�r�í�� Ä»+þA II�Ð�� �©�@/&h�Ü¼�Ð �8 ç�H1px�#� {9�C��̂+þA �©�_� ��0px�̧(likelihood)�� #QÖ¼ ô�Ç
�©�Ü¼�Ð u�Äº}9� ��0px$í
s� &h�l� M:ë�Hs����¦ Òqty��ô�Ç��. ô�Ç¼#� 17áx �̧ÀÓÖ�¦\� @/ô�Ç ÆÒ&ñ
°úכ_� ³ð
ï�r�̧	��� 0.0069s�Ù¼�Ð ]j17áx �̧ÀÓÖ�¦\� @/ô�Ç 95% ���ø@½̈çß��Ér @/|ÄÌ (0.037, 0.064) s���. ³ð
3.2\� e����H �̧��H °úכs� �̧|9�éß�_� Ä»+þAs���, ��>�_� Ãº Õªo��¦ sib(s)_� Ãº\� �'a>�\O�s� s� ½̈
çß�\� �í�<Ê÷&l� M:ë�H\� ]jîß�ô�Ç ���&ñ
ZO��Ér ]j17áx �̧ÀÓÖ�¦�̀¦ B�Äº ú̧� �̧]X���¦ e�����¦ ú́�½+É Ãº
e����.
]jîß�ô�Ç¿º���&ñ
:�x>�|¾Ó T̂1ü< T̂2_����&ñ
§4��̀¦q��§�l�0AK�Ä»����ª�d��Ü¼�Ð��HÄº$í
�̧+þA(D)

õ�\P�$í
�̧+þA(R)�̀¦��&ñ
�%i���.Äº$í
�̧+þA\�"f��H�¦0A+«>{9�C��̂+þA��� h7õ� h8 ×�æ\�"f#QÖ¼�

��ëß�°ú��¦e��#Q�̧ÕªXO�t�·ú§�Ér>h�̂�Ð���©�@/0A+«>(RR)s�7£x���t�ëß�,\P�$í
�̧+þA\�"f��H h7õ�

h8\�¦ �̧¿º°ú��¦e���̀¦M:ëß�7£x��ô�Ç��. �̧_�z�́+«>\�"f��H�©�@/0A+«>�̀¦ 1,2,3,4,5�Ð��&ñ
Ùþ¡��HX<Õª
×�æ\�"f :£¤y� RR=1\� @/6£x���H ���&ñ
§4��Ér ]j17áx �̧ÀÓÖ�¦�̀¦ _�p�ô�Ç��. ³ð 3.2\�"f ¶ú�(R�Ð��¤1pw
s� ]jîß�ô�Ç :�x>�|¾Ó�Ér |9�éß� �D¥½+ËÜ¼�ÐÂÒ'� �Ð!QÛ¼àÔô�Ç $í
|9��̀¦ °ú��¦ e��l� M:ë�H\� ���&ñ
§4��̀¦ q�
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³ð 3.2: �̧|9�éß�_� Ä»+þAõ� |9�éß� 2_� l�$� 0A+«>Ö�¦\� ���Ér ���&ñ
:�x>�|¾Ó T̂1õ� T̂2_� Ä»_�Ãºï�rõ�

{9�C��̂+þA �©��̀¦ �̀¦��ØÔ>� F��̧½+Ë���H q�Ö�¦(%)

|9�éß� 2_� sib(s)_� Ãº
l�$� 2 5

Ä»+þA ��>�_� Ãº 0A+«>Ö�¦ q�Ö�¦ T̂1 T̂2 q�Ö�¦ T̂1 T̂2

I 50 0.2 80.0 0.041 0.053 80.4 0.049 0.048
0.3 80.0 0.054 0.050 80.3 0.054 0.056
0.4 80.1 0.051 0.051 80.7 0.053 0.050

100 0.2 80.0 0.055 0.048 80.1 0.047 0.042
0.3 80.1 0.053 0.058 80.1 0.044 0.043
0.4 80.0 0.044 0.047 80.2 0.052 0.046

II 50 0.2 85.6 0.043 0.052 85.9 0.050 0.057
0.3 85.7 0.047 0.050 85.7 0.052 0.056
0.4 86.0 0.048 0.050 85.8 0.048 0.048

100 0.2 85.4 0.047 0.045 85.5 0.040 0.050
0.3 85.4 0.053 0.055 85.7 0.054 0.052
0.4 85.4 0.046 0.051 85.7 0.050 0.044

�§½+É M:��H Ä»+þA Iõ� II\�"f |9�éß� 2��H ]jü@��¦ |9�éß� 1�Ðëß� s�ÀÒ#Q4R e�����¦ ��&ñ
�%i���. l�
$� 0A+«>Ö�¦�Ér 0.1�Ð ��&ñ
�%i��¦, 8úx 200>h_� ��>�\� 2"î
 <�Ê�Ér 5"î
_� sib(s)�� e�����¦ ��&ñ
�
%i���. Ä»_�Ãºï�r 5%\�"f ���&ñ
:�x>�|¾Ó_� z�́+«>&h� ���&ñ
§4��Ér °ú �Ér ß¼l�_� ³ð�:r�̀¦ 1,000��� i(v�¦,
y�� ³ð�:r\� @/K� 300���_� í�H\P� ���&ñ
�̀¦ :�xK� %3�%3���. Ä»��� �ª�d��õ� �̧|9�éß� Ä»+þA\� ���� ����
��H ���&ñ
:�x>�|¾Ó_� ���&ñ
§4��̀¦ ÕªaË> 3.1\� ����ÍÇx��. ÕªaË> 3.1\�"f &h����õ� z�́����Ér y��y�� ���&ñ
:�x
>�|¾Ó T̂1õ� T̂2_� ���&ñ
§4��̀¦ ³ðr���¦, ��y��+þAõ� "é¶�Ér y��y�� sib(s)_� Ãº�� 2"î
, 5"î
{9� M:_� ���
&ñ
§4�\� K�{©�ô�Ç��. Ä»��� �ª�d��õ� �̧|9�éß� Ä»+þA\� ���Ér 4��t� �̧��H �̧½+Ë\�"f /BN:�x&h�Ü¼�Ð µ1Ï|
�
÷&��H ���&ñ
§4�_� :£¤fç
�Ér ���&ñ
:�x>�|¾Ó T̂2�� T̂1�Ð�� ÄºÃº��¦, sib(s)_� Ãº�� ú́§��|9�Ãº2�¤ ���&ñ
§4�
s� 7£x��Ùþ¡��. :£¤y� Êê��_� �â
�¾Ó�Ér ��«Ñ Ãº�� 7£x���<ÊÜ¼�Ð+� ����èß� ���õ����¦ ú́�½+É Ãº e����.
Õª�Q�� 2.1]X�\�"f ���/åLô�Ç ‘�̧|	�2ï\�¦ ëß�7á¤���H sib(s)ëß�s� ���&ñ
§4��̀¦ 7£x��r�v���HX< %ò
�¾Ó�̀¦ p�
u�l� M:ë�H\� ��«Ñ Ãº_� 7£x��(2 → 5)\� q�K� ���&ñ
§4�_� 7£x��;�¤�Ér Õª��t� ß¼t� ·ú§���¦ Òqty��ô�Ç
��. ô�Ç¼#� �̧|9�éß� Ä»+þA\� ���Ér ���&ñ
§4��Ér {9�C��̂+þA_� ì�r�í�� �©�@/&h�Ü¼�Ð �8 ç�H{9�ô�Ç Ä»+þA Is�
Ä»+þA II�Ð�� �8 �pu�̀¦ ·ú� Ãº e��%3���. ����"f �̧|9�éß�_� ì�r�í�� Y>�Y>� {9�C��̂+þAÜ¼�Ð u�Äº5g e��
�̀¦Ãº2�¤ Õª ëß��pu ��f±	��� )Áº��[O��̀¦ ���Ø�¦�l��� #Q�90>|9� Ãº e�����¦ Òqty���)a��. Ä»��� �ª�d��\�
���Ér q��§\�"f��H Äº$í
�̧+þAs� \P�$í
�̧+þA�Ð�� �s̀��� �8 ÄºÃºô�Ç ���&ñ
§4��̀¦ �Ð#�ÅÒ%3���. :£¤y� \P�
$í
�̧+þA\�"f Ä»+þA II��H Ä»+þA I�Ð�� ���&ñ
§4�s� B�Äº ±ú��ÉrX< Õª s�Ä»��H ô�Ç µ1Ïéß����� ���s� 1lx+þA
]X�½+Ë��(homozygote)�� |̈c ��0px$í
s� Ä»+þA II��H 0.006Ü¼�Ð 0.047(Ä»+þA I)�Ð�� B�Äº ±ú�l� M:ë�H
��� �Ü¼�Ð	כ Òqty���)a��.
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ÕªaË> 3.1: Ä»��� �ª�d��(MI: D/R)õ� �̧|9�éß� Ä»+þA(TYPE: I/II)\� ���Ér ���&ñ
:�x>�|¾Ó T̂1õ� T̂2_�

���&ñ
§4� (&h����õ� z�́����Ér y��y�� T̂1õ� T̂2\� K�{©���¦, ��y��+þAõ� "é¶�Ér y��y�� sib(s)_� Ãº�� 2"î
,
5"î
��� �â
Äº\� K�{©��<Ê.)

4. =.ãëà� Qr

���[j@/�<Æ�§d��a�=�'a>�|9�8̈�Ä»����̂���½̈G'p'�\�"fÃº|9�ô�Ç��«Ñ×�æ\�"f AGTÄ»�����ýa0A\�
"f �̧��ô�Ç 4>h_� éß�{9�%i�l�"f\P���+þA$í
(single nucleotide polymorphism; SNP)�̀¦ :�xK� AGT
Ä»�����ü< �¦a�=·ú�_� ����W x9� ����'a$í
 ì�r$3��̀¦ Ãº'���%i���. ì�r$3�\� ��6 x�)a 4>h_� SNP ×�æ\�"f
3>h_� SNP��H áÔ�Ð�̧'�(promoter) %ò
%i�\� �>rF���¦, �� Qt� 1>h��H "lo�<H(exon) 2 %ò
%i�\� �>r
F�ô�Ç��. �������H G-217A, A-20C, G-6As��¦, Êê����H M235T s���. 8úx �̧���)a 92>h_� ��>� ×�æ
\�"f #QÖ¼ ô�Ç sib_� Ä»�����+þAs� ���8£¤÷&���� 2]X�\�"f ���/åLô�Ç ‘�̧|	�1’�̀¦ ëß�7á¤�t� 3lw���H 7£¤,
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³ð 4.1: ���&ñ
:�x>�|¾Ó T̂1õ� T̂2_� �'a¹1Ï°úכõ� 10,000���_� í�H\P� ���&ñ
�̀¦ :�xK� %3��Ér z�́+«>&h� p-°úכ

SNP ��>�Ãº T̂1 T̂2

>hÃº SNP(s) (Ä»ò́ ��>�Ãº) �'a¹1Ï°úכ p-°úכ �'a¹1Ï°úכ p-°úכ
4 s1, s2, s3, s4 26(16) 1.342 0.538 4.382 0.420
3 s1, s2, s3 26(15) 1.342 0.559 2.796 0.475

s1, s2, s4 28(17) 1.087 0.669 2.337 0.585
s1, s3, s4 28(15) 1.357 0.370 4.042 0.295
s2, s3, s4 26(11) 1.342 0.461 3.982 0.312

2 s1, s2 35(19) 0.662 0.836 0.621 0.795
s1, s3 28(14) 1.286 0.424 2.400 0.403
s1, s4 31(16) 1.302 0.373 2.460 0.373
s2, s3 26(10) 1.342 0.479 2.300 0.304
s2, s4 28(12) 1.087 0.525 1.859 0.502
s3, s4 28(9) 1.357 0.240 3.124 0.236

1 s1 38(13) 0.176 1.000 0.031 1.000
s2 35(12) 0.494 0.775 0.244 0.775
s3 28(7) 1.151 0.334 1.324 0.334
s4 44(11) 1.109 0.382 1.230 0.382

�̧��H sib(s)_� |9�#î
 �©�I�(affected/unaffected)�� 1lx{9�ô�Ç ��>���H ì�r$3�\�"f ]jü@�%i���. Õª�Q
�� ‘�̧|	�2’\�¦ ëß�7á¤�t� 3lw���H ��>���H ���&ñ
§4�\���H %ò
�¾Ó�̀¦ p�u�t� ·ú§t�ëß� �í�<Ê�#� ì�r$3��
%i���. ì�r$3�\� �í�<Ê�)a SNP_� >hÃº(1>h∼4>h)\� ���� ���&ñ
:�x>�|¾Ó T̂1õ� T̂2_� �'a¹1Ï°ú̀�כ¦ >�íß�

�%i��¦, 10,000���_� í�H\P� ���&ñ
�̀¦ :�xK� z�́+«>&h� p-°ú̀�כ¦ ½̈�#� ³ð 4.1\� ����ÍÇx��. ³ð 4.1\�"f
SNP_�³ðl�\�¦éß�í�H�>��l�0AK� G-217A��H s1, A-20C��H s2, G-6A��H s3, M235T��H s4�Ð��

Ë̈#Q ����ÍÇx��. ��>�Ãº��H ì�r$3�\� �í�<Ê���H SNP_� >hÃºü< 7áxÀÓ\� ���� ���� 9 2]X�_� �̧|	�
1õ� 2\�¦ �̧¿º ëß�7á¤���H Ä»ò́ ��>�Ãº�̧ F�c ñ îß�\� �<Êa� ����ÍÇx��. Ãº|9��)a ��«Ñ\���H sib(s)_�
Ãº�� 2"î
��� ��>��� ú́§�� Ä»ò́ô�Ç ��>��� &h�>� ��M®oÜ¼ 9, Õª ß¼l���H 7∼16 ��>�\� s�ØÔ!3���.

SNP�̀¦ 1>hëß� �í�<Ê�#� ì�r$3�Ùþ¡�̀¦ M: ¿º :�x>�|¾Ó_� �'a¹1Ï°úכ�Ér ²ú����̧ ���&ñ
§4�s� {9�u����H
��Ér	כ ¿º :�x>�|¾Ós� "f�Ð q�YV �'a>�\�¦ ëß�7á¤�l� M:ë�Hs���. Ä»_�Ãºï�r 0.05s��_� p-°ú̀�כ¦ °ú���H
SNP�Ér \O�%3�t�ëß� 4>h_� SNP ×�æ\�"f ���©� Ä»_�ô�Ç p-°ú̀�כ¦ °ú���H SNP��H G-6A�Ð ����z�¤��.
SNP\�¦ 2>hëß� �í�<Ê½+É M: ��0pxô�Ç �̧½+Ë�Ér 8úx 6 ��t����X< Õª×�æ\�"f ���©� Ä»_�ô�Ç �̧½+Ë�Ér G-6A
ü< M235T s�%3�Ü¼ 9, SNP\�¦ 1>hëß� �í�<ÊÙþ¡�̀¦ M:_� ���õ�ü< >��Ð\�¦ s�ÀÒ�¦ e��6£§�̀¦ ·ú� Ãº e��%3�
��. p-°úכ_� ����o\�¦ �Ð��� 0.334\�"f 0.236Ü¼�Ð ß¼>� ×�¦#Q[þt#Q AGT Ä»�����ü< �¦a�=·ú�_� ����W
x9� ����'a$í
 ì�r$3�\�"f G-6Aëß��̀¦ �¦�9���H ��Ð����H	כ G-6Aü< M235T\�¦ �<Êa� �¦�9���H ��s	כ
:�x>�&h�Ü¼�Ð�8Ä»_��<Ê�̀¦·ú�Ãºe��%3���. SNP\�¦ 3>h1lxr�\��í�<ÊÙþ¡�̀¦M:��H G-6Aü<M235T �̧
½+Ë_� >��Ð\�¦ Ä»t�����"f G-217A�� ÆÒ���Ð �í�<Ê÷&%3�t�ëß� p-°úכ_� ����o��H 0.236\�"f 0.295�Ð
���çß�7£x��Ùþ¡��.s���H SNP\�¦����8�¦�9�<ÊÜ¼�ÐK�"fÄ»ò́ ��>�Ãº�� 9\�"f 15�Ð 6ëß��pu7£x��
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³ð 4.2: ì�r$3�\� �í�<Ê�)a SNP_� >hÃº\� ���Ér {9�C��̂+þA\� @/ô�Ç EM ÆÒ&ñ
|¾Ó

SNP(s)
(s1, s2, s3, s4) (s1, s3, s4) (s3, s4) s3

{9�C��̂+þA f̂h {9�C��̂+þA f̂h {9�C��̂+þA f̂h {9�C��̂+þA f̂h

AAAT - AAT - AT - A 0.8281
AAAC 0.1983 AAC 0.2031 AC 0.8281
AAGT - AGT - GT 0.1641 G 0.1719
AAGC - AGC - GC 0.0078
ACAT -
ACAC -
ACGT -
ACGC -
GAAT - GAT -
GAAC 0.4655 GAC 0.6250
GAGT 0.1810 GGT 0.1641
GAGC 0.0086 GGC 0.0078
GCAT -
GCAC 0.1466
GCGT -
GCGC -

Ùþ¡t�ëß�, s�ü< 1lxr�\� :�x>�|¾Ó_� ��Ä»�̧�̧ 3\�"f 7�Ð 4ëß��pu 7£x���%i��¦, �:r ��«Ñ��H ��Ä»�̧_�
7£x���� �̧y��9 Ä»ò́ ��>�Ãº_� 7£x��\� ���Ér ���&ñ
§4��̀¦ ·ú��̧Ùþ¡l� M:ë�Hs���. ��t�}��Ü¼�Ð 4>h
�̧��H SNP\�¦ �í�<Ê�#� ì�r$3����� Ä»ò́ ��>�Ãº��H 1>h(15→16) 7£x�����HX< q�K� :�x>�|¾Ó_� ��
Ä»�̧��H 8ëß��pu(7→15) 7£x���l� M:ë�H\� p-°úכs� �8 �����t�o����¦ \V�©�½+É Ãº \O���. ³ð 4.1\�"f
�̂¦ Ãº e��1pws� G-217A, G-6A, M235T\�¦ �í�<Ê½+É M:�Ð�� 4>h �̧��H SNP\�¦ �¦�9Ùþ¡�̀¦ M: �̧y��9
:�x>�&h� Ä»_�$í
s� b��#Qf���̀¦(0.295→0.420) ·ú� Ãº e��%3���.
ô�Ç¼#� ì�r$3�\� �í�<Ê�)a SNP_� >hÃº\� ���� ���©� :�x>�&h�Ü¼�Ð Ä»_�ô�Ç SNP_� �̧½+Ë\� @/K�"f

ëß� {9�C��̂+þA_� EM ÆÒ&ñ
|¾Ó�̀¦ ³ð 4.2\� ����ÍÇx��. SNP_� >hÃº�� 1>h{9� M:��H G-6A_� @/wn����
�� Aü< G_� ì�r�í\�¦ ½̈Ùþ¡��HX< �̧|9�éß�\�"f A�� 	�t����H q�Ö�¦�Ér G�Ð�� 5C� ��|¾Ó Z�}�Ér �¼Ü	כ
�Ð ����z�¤��. SNP_� >hÃº�� 2>h{9� M:��H G-6Aü< M235T_� @/wn������[þt_� �̧½+ËÜ¼�Ð ��0pxô�Ç
{9�C��̂+þA (A,T), (A,C), (G,T), (G,C)_� ì�r�í\�¦ ½̈Ùþ¡��HX< y��y�� 0%, 83%, 16%, 1%�Ð ����
z�¤Ü¼ 9, (A,C)ü< (G,T)s� t�C�&h�e���̀¦ ·ú� Ãº e��%3���. affected sib(s)ü< unaffected sib(s)[þtëß�
_� {9�C��̂+þA ì�r�í��H ³ð 4.2\� ���Ð ³ðr��t� ·ú§��¤��HX< �������H 0%, 79%, 21%, 0%�Ð ����z�¤
�¦, Êê����H 0%, 86%, 12%, 2%�Ð ����z�¤��. ����"f �¦a�=·ú� �è���s� e����H ��|ÃÐ[þt�Ér ÕªXO�t� ·ú§
�Ér ��|ÃÐ[þt�Ð�� {9�C��̂+þA (G,T)\�¦ �©�@/&h�Ü¼�Ð ú́§s� °ú��¦ e����H �Ü¼�Ð	כ Òqty���)a��. SNP_� >h
Ãº�� 3>h{9� M:��H (G-217A, G-6A, M235T)_� �̧½+ËÜ¼�Ð 8úx 8>h_� {9�C��̂+þAs� ��0pxô�ÇX<, Õª×�æ
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\�"f 4>h_� {9�C��̂+þA (A,A,C), (G,A,C), (G,G,T), (G,G,C)\�ëß� ì�r�í�%i���. ��t�}��Ü¼�Ð �̧
��H SNP\�¦ �í�<ÊÙþ¡�̀¦ M:��H ��0pxô�Ç 16>h_� {9�C��̂+þA ×�æ\�"f �̧f�� 5>h_� {9�C��̂+þA (A,A,A,C),
(G,A,A,C), (G,A,G,T), (G,A,G,C), (G,C,A,C)\�ëß� |9�×�æ�#� ì�r�í���H �Ü¼�Ð	כ ����z�¤��.

5. l5æ*́0 Ë�ì ��ÐHx

�¦a�=·ú�, {©��¹ 1pxõ� °ú �Ér $í
���#î
s��� ���õ� °ú �Ér �����$í
 |9�#î
õ� #��Q Ä»�����_� ����W x9� ���
�'a$í
 ì�r$3��Ér éß�{9� ³ðt��� @/��� {9�C��̂+þA�̀¦ ���½ÓÜ¼�Ð ���H ���½̈�Ð Õª ×�æd��s� �̀��� ���¦ e��

��H ÆÒ[js���. s�\� µ1Ïú́�ÆÒ#Q �:r �7Hë�H\�"f��H {9�C��̂+þA\� l��íô�Ç sib-TDT ���&ñ
ZO��̀¦ ]jîß��
%i�Ü¼ 9 �̧_�z�́+«>���½̈\�¦ :�xK� ]jîß�ô�Ç ¿º ���&ñ
ZO� �̧¿º Ä»_�Ãºï�r 5%\�"f ]j17áx �̧ÀÓÖ�¦�̀¦ ú̧�
�̧]X�ô�Ç����H ��õ	כ |9�éß� �D¥½+Ë\� @/K� �Ð!QÛ¼àÔô�Ç $í
|9��̀¦ °ú��¦ e��6£§�̀¦ SX����½+É Ãº e��%3���. ¢̧
ô�Ç Äº$í
�̧+þA\�"f��H {9�C��̂+þA_� ì�r�í�� s�|9�&h�{9� M:�Ð�� 1lx|9�&h�{9� M: ���&ñ
§4�s� �8 ÄºÃºô�Ç

�Ü¼�Ð	כ ����z�¤Ü¼ 9, \P�$í
�̧+þA\�"f��H {9�C��̂+þA_� ì�r�í\� ���� ���&ñ
§4�s� ���y���>� ���½+É Ãº
e��6£§�̀¦ ·ú� Ãº e��%3���. ô�Ç¼#� ³ð 3.2\� ������ e��t���H ·ú§t�ëß� |9�éß� �D¥½+Ës� e����H �̧_�z�́+«>\�"f
]j17áx �̧ÀÓÖ�¦_� ÆÒ&ñ
°úכs� "î
3lq+þA Ä»_�Ãºï�r\� @/ô�Ç 95% ���ø@½̈çß�\� �í�<Ê÷&t� 3lw���H �â
Äº
�� µ1ÏÒqt��4H Ùþ¡��. s�\�¦ �FG4�¤�l� 0Aô�Ç ô�Ç ~½ÓZO�Ü¼�Ð��H í�H\P�(permutation) S��Ãº\�¦ Zþt�9 ]jîß�
:�x>�|¾Ó_� l�y��%i�_� °ú̀�כ¦ �8¹¡¤ &ñ
SX��>� ÆÒ&ñ
���H ~½ÓZO��̀¦ �¦�9K� �̂¦ Ãº e�����¦ Òqty��ô�Ç��.
���[j@/�<Æ�§d��a�=�'a>�|9�8̈�Ä»����̂���½̈G'p'��ÐÂÒ'�Ãº|9�ô�Ç��«Ñ\�@/K� AGTÄ»�����ü<�¦

a�=·ú�_� ����W x9� ����'a$í
 ì�r$3��̀¦ ô�Ç ���õ���H Ä»ò́ ��>�Ãº�� &h�#Q"f(7∼16 ��>�) :�x>�&h�Ü¼�Ð Ä»
_�ô�Ç���õ�\�¦%3��̀¦Ãº��H\O�%3���.Õª�Q��ì�r$3�\��í�<Ê÷&��H SNP_�>hÃº\�����:�x>�&h�Ü¼�Ð��
�©� Ä»_�ô�Ç SNP[þts� ��6£§õ� °ú s� >��Ð\�¦ +þA$í
��¦ e��6£§�̀¦ ·ú� Ãº e��%3���.

G-6A → G-6A, M235T → G-217A, G-6A, M235T → G-217A, A-20C, G-6A, M235T

0A 4 ��t� {9�C��̂+þA_� �̧½+Ë ×�æ\�"f :�x>�&h�Ü¼�Ð ���©� Ä»_�ô�Ç ��Ér	כ (G-6A, M235T)Ü¼�Ð µ1ß)�
&����HX<, {9�C��̂+þA\� �í�<Ê÷&��H SNPs� ú́§��|9�Ãº2�¤ ³ð�:r_� ß¼l��� &�4R ���&ñ
§4�s� 7£x�����H
8£¤���s� e��t�ëß� ���&ñ
:�x>�|¾Ó_� ��Ä»�̧�̧ �<Êa� 7£x���l� M:ë�H\� ò́Ö�¦&h���� SNP[þt�Ð s�ÀÒ#Q���
{9�C��̂+þA, �è0A tagging-SNP[þt�Ð s�ÀÒ#Q��� {9�C��̂+þA�̀¦ +þA$í
���H ��s	כ ×�æ¹כ�����H �¦̀�	כ ·ú�
Ãº e��%3���.
�:r �7Hë�H\�"f��H 1lx{9� ��>� ?/ sib(s)[þt_� {9�C��̂+þA[þt ��s�\� �>rF�½+É Ãº e����H �©��'a�'a>�\�¦

�¦�9�t� ·ú§�¦ ���&ñ
ZO��̀¦ ]jîß�Ùþ¡l� M:ë�H\� ô�Ç>�&h��̀¦ °ú��¦ e�����¦ Òqty��ô�Ç��. �¾ÓÊê ���½̈\�"f
��Hs����&h��̀¦�FG4�¤�l�0Aô�ÇDh�Ðî�r~½ÓZO��:r�̀¦r��̧��¦��� 9,&h��ÉrÄ»ò́ ��>�Ãº_�ë�H]j��H
ÂÒ-�̧-���Ð s�ÀÒ#Q��� ��>�_� ��«Ñ\�¦ �í�<Ê���H :�x½+Ë&h���� :�x>�|¾Ó�̀¦ ëß�[þt#Q K����K��Ð�¦�� ô�Ç
��. ¢̧ô�Ç �:r �7Hë�H\�"f ��6 xô�Ç EM ·ú��¦o�7£§�̀¦ �í�<Ê�#� {9�C��̂+þA_� ÆÒ&ñ
~½ÓZO�\� ���Ér ]jîß�
:�x>�|¾Ó_� ���&ñ
§4��̀¦ q��§K��Ð�¦�� ô�Ç��. s� q��§ ���õ���H z�́]j ��«Ñ_� #��Q ���ª�ô�Ç �©�S!�\�"f
���©� &h�½+Ëô�Ç {9�C��̂+þA_� ÆÒ&ñ
~½ÓZO��̀¦ ���×þ����H X< �̧¹¡§�̀¦ ×�¦ Ãº e���̀¦ �Ü¼�Ð	כ l�@/ô�Ç��.

�Úy��?ê �ÔÌ

)×�æô�Ç e���©���«Ñ\�¦ ]j/BNK�ÅÒ��� ���[j@/�<Æ�§ d��a�=�'a>�|9�8̈� Ä»����̂���½̈G'p'�\� y����×¼o�
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�¦, ì�r$3� ��«Ñ_� &ñ
o�\� �̧����̀¦ K�ÅÒ��� ���[j@/�<Æ�§ e���©�r�+«>G'p'� y©�@/2 x �§Ãº_��a� U�·s� y��
��×¼wn�m���.
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Transmission and Disequilibrium Tests Based on

Sibship Data∗

Jinheum Kim1) Yangsoo Jang2)

Abstract

Family-based tests such as the transmission and disequilibrium tests(TDT) have

proved to be powerful tools in the search for disease genes. Unlike case-control studies,

the tests are not affected by population admixture, which can lead to spurious associa-

tion of multiple highly linked makers with disease-susceptible genes. Those tests have

largely required knowledge of parental marker genotypes. However, parental data are

often not available for late-onset diseases. In this article we propose sib-TDTs that

overcome this problem by use of marker data from unaffected sib(s) instead of parents.

To do this end, we first defined a Mantel-Haenszel-type statistic for each haplotype

and then proposed two tests based on this statistic. Simulation studies suggest that

the proposed tests are robust to population admixture and are monotone increasing

as a relative risk increases irrespective of mode of inheritance. We also illustrated the

proposed tests with data adopted from Yonsei Cardiovascular Genome Center

Keywords: Angiotensinogen gene, association, haplotype, linkage, permutation test,
transmission and disequilibrium test.
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