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���é��aא�Yא��µK>�Tא��j�Lethal genes�:
���é�� YB<א�� h�� MA�Y&א� ¸X��k���j&א� a�Y��KCE#א���µK�� ،� M�EB&א�Lethal 

genes � M��C�� �j&א� é�� º£H��١٠٠٪� K��� ،�Sub - lethal 
genes���� h�� ��Ïא¹¡ L�C�� �j&א� é�� º£H���٥٠�–�١٠٠٪�f�� [E�¹� ،�
�.A�K$אf��Sub - lethal genes������k�� M��C�K�� �j�� gÓ� �Wç�
��h��Î��٥٠٪��h��f��¹�١٠٠٪�.
µא�K���Sub vital ���¸X��k��M"KCא���j&א�M����f?�¹�M�jE�A��fA?��·j@E��

�h�M�K$٥٠א٪����kא��� �K�jא��kA�LA=א���h@,�t� KE��¹� KEBA� KC�W?�� KBD�¹�،�
µא�K����Sub - lethal genes�،�lethal genes �h@,�h@�¹�

�̧X�� h� M����א&� �j&א� M���� fEA?�� _?��KCE#א��א££Z�� µj?א�� d�	� KB�¹� ،��
µKB������YB<א��k���£K�Zא��a��l<E�:א���j&א���.
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��KE�Tא�µK>�Tא�h��£W�Î���´Ï��»Xא��¶Tא�.
��NE����� �K�q�� ·K�
� h�j@�� é�� º£H�� kא��� MEא�¥jא�� LEא�Ïא�

�fא�j<א�� aEê»Y�Tא���MBE�� MEא�¥jא�� LEא�Ïא�� ¸XÓ� ·j@E	���
ME�K�����¢jE
�h�j@��é��º£H��kא���MEא�¥jא��LEא�Ïא��h�lA��
�K�q�. 
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���N<>�¥������ME�:א�� M�KC<א�� N�K�� KBA�¹� M7E<&א� ²¹Y��
���Y�j���.����LEא�Y��lA�K��·I��MCE<��ME�E��²¹Y��N���

�������^<�� h�� µj��� �Ï�� �KE$א� é�� �,jAEא MCE<�� ME¥¹א�
©K�
Tא��h�Y�Tא��.����KÓ�Mא�¥jא��·��µj?א��h@,�K�jB¹
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�����aא�jא��k�¹�Y���hoK��º��k���W!�KB��·K��xא�k��א�Y>:א���W!

���� ¥W�� W?�� K�K1� �¥£K�� Î�<�� t� �jABçא�٪٢٠א�:<Yא� §KCא�� h��
����¶K%א� MEא�¥jא�� �£K&א� l�� �א�:<Yא� ·I�� e�¤� kA¹� M��W�� �<Yא�

Row genetic material KD�W����� ��K���xא���
·K��xא�¥j:��k��l<E�:א���.

�µK�£��LA:���¥j:א���·��²¹Y<&¹א�K�u��y���k���WE>&א�MEא�¥jא��
£j���א�:<Yא�������א#ØEא& h�� lB;<א�� ME��K=א�� ·�� t�� ،� �Ð7<A��

���،� jC�K�� �¥Kp� ·j@�� ·K��xא� í� k��� k�� hoK�� º�� k�� �W�K7&א
������h@,� t� ªאY��� L���¹� ·K��xא� k�� M�E-� �א�:<Yא� ¸X�� ^<�

�NE-�i�
�Y�Tא�¹א��>^��j&א�é��»£H��¹��KD�u��.



������a�� KÓ�.A�K$א�f@��[E�¹�^<��� M�E-�¹�� MA�K��·j@�� W��א�Y>:א�� ¸X����^<א���·��
����lA��KDC�¹�KDC��NA>��W��Y�Tא��:

١−��sub - vital  )�����M�8A�� dA?�� ¹�� M�¹K?BA�� fA?�� K�KC<�� (�ªY�� f��� ،
�µאRetinoblastoma��������L���� �א�>. ME@�
� k�� �Wç� l�K�Y	�ªY�� j�¹�

£Y>א���j��.
٢−��� Y8א�� ªY��epilepsy�������i�� .A�K$א� �אY�Tא£ ^<�� �j�� é�� »£H�� »X¹א��

��\E<��Y�Tא�¹א��>^�.
٣−����¶Wא��M�jE	�ªY��Hemophilia��������Y����MEAא�Wא��¹¡Y#א�k��·j@��i�¥j:�¹�

���������i>�¹�L<8א��h��lAא�Wא��c�ZCא��·��OE��ME�:�.��h�א�
٤−ªY���¶Z?א����� lא�¥jא��Achondroplasia���WoK	� �Y>�� h� L����� j�¹�

������c?��l�K��K�¹�f>:א��fqK>��k��ME�¹Y9=א�� �¹��L��LA8��k�אZ�Tא�M�K:�	���£Y>א��
��k��º¹K����t¹�¶Z��U�8�¹�i�Boאj���»£K<א��£Y>א��a��MEא�¥jא���.

٥−����jCE��Tא�Albinism ������º��fB����t¹�K�K1�^E���¹��U�K��i�j��·j@��£Y>א��אX�¹�
��[B7א���jp�k����jp�.



�f��Î�<�א�:<Yא���M<�K��¹�Kp¥�؟������
�������ºא� ·I�� aא�jא�� k�¹�א�Y>:א���¹W�� ��@Yא¥ h�� W�Z�� t� ·�� f9�Tא� h�
��������¸X��h@�¹�ME�K��xא�LK�&א�h��W�ZE	�א�Y>:א���¹W��¥אY@��k���£K�¦
��������������u<��N�W��a�K��Y���¤א��א�Y>��£j�¹�ME�K@���a��ª¥K<���t�M?E?$א

��������M�Eא���a��·K��xא�MBoאj��é��M�KDCא��k���£�¹�.
��������������P�C�� K*�¹� K�£Y>+� �א�:<Yא� d�Y�� h� g��� t� MBoאj&א� jä� ¥j:��K�

���a��א�Y>:א��fK>�����K���xא�����k���Y���Î�<���WE>&א��Y>:�K��،�l<E�:א��
����L<8��l<E�:א��h�¹�،��¥K9א��א�Y>:א��f�,�\?א�� �M�j��h�א�?\��Xא
������Y�xא� ¸X��N�K�� ��¤א h@�¹� �א�?\�، M�j��h�� �Y�xא� ¸X��kA�µj8$א
�������¥KCא��¥¹£¹�KDC�£K�Yא��k��O���h@BE��³Y��M�j�א�?\�¹א�� �MBE��Wא
����������d�Y�� h� »jE$א� ¥j:א��� ¥¹W�� ��jא¦« ·j@�� �א�?\ M�j�� ³Y�� k��

���K���xא�k<E�:א��. 



Mental retardation  �lA?<א��Y�Gא��
�h��lא�j�٧٥�−�٨٠٪����uoK<א��k��»Y"�M>q�º��lAoK�·j@��lA?<א��Y�G�6א��h��is 

familial (runs in the � h�¹� ،� �٢٠�−�٢٥���f��� ME�j�jE�� f�K7��é�� a�Y��
.���¹�אYpTא¥��V&K�א�@j�¹Y	ME�j����א��=Ðא�

��ªאYT� M�u� ·j@�� £K$א� lA?<א�� Y�Gא��� é�� µW�<&א� lA?<א�� Y�Gא���h�� �K��� �W��
��KCE#א�אÐ=א���h��W�W<¹א������ME�j	j�¹Y@א���M	א¥£�§K	��kA¹�،�]?Cא��^<��hB9���

���� £K$א� é�� µW�<&א� lA?<א�� Y�Gא��� ·I�� goאjא��moderate to severe 
mental retardation�� h@�¹� �uoK<א�� k�� »Y"� M>8�� YD;�� t� �mild 
mental retardation�uoK<א��k���Wç��.

���é��a�Y��אX�¹�،��K�Cא��h�µK�Yא��k��lA��·j@��lA?<א��Y�Gא���µW<��i�7��t�¥j�Xא��·��
k���K�xא�����K�j	j�¹Y@א���kA�¥j�Xא��ºj�!�t�OE��ME�C#א�����¶j	j�¹Y��[����k�KE����

do not have a spare X chromosome�f�W<��� � �K�xא� f���
�jE<א����ME�j	j�¹Y@א��.



����MEA?<א��ªאY�TאMental diseases
���·I�� aא�jא��k�¹�·K��xא�k�� KpjB��ªאY�Tא� Y����h��Î�<�²אÏxא��ªאY�G�� KD��

��Xא������ �K�� W�¹� M�E�%א� ��¹¥uא¡ M�E��� N�E�¹�ªאY��� u<�� kD��²אÏxא���אY�G���
������t��O�W$א�L:א��k��foKÓא�¶W?א���h��g�Y�K�¹�אW��K�E:��K�W?��¶W?�¹���K�	��gD>��·��

�f!�Æ��Ð���MA@7��f@7��µא¦K��KD�u�M?�Y�¹�MEA?<א��ªאY�Tא�g;<���W<��K�K1�
�K9�א#��������������h��j9�k��cA���M�E����W!�kא���M�j9<א��ªאY�w��M��C�K����f���g�

.�k�א&V��¹�א#KD¦�א�>�8����
������Ö8<א�� ¦KD#¹א� V&א� kA� Y�H�� kא��� �K��Y&א� h�� :alkabtanuria , 

phenylketonureaW�¹� ،��c7����Garrod� ¶K�١٩٥٩��LE��� j�¹�
��Mא�¥jא��k��OÞ�fB�h��µ¹��ºZEA �ME�j�jE� Inborn errors��jC<א·��א�<

of metabolism ����M��C�K�� M�u��������Y:pyא��K�א�<�ME�j�jE���X�¹א� KÓ�kא���
�¥j:��Y��Tא�MEA?<א��ªאY�Tא�h�¹�ªאY�TKא�¥K7���¹��k��:



�t¹���:ªY��¶K8>����ME8��Schizophrenia��א�7
������ �Ð���MjBá��Y7��W��¤��i�K�	T�loZ��Ð�>��k���²Y<��Æ�·zא�é��h���

����ME�j�jE��א�7�ME8�h@�¹����¶K8>�I���Y�wא£�א&M�K8�אY:pxא��K�א�@M�jE�jBE�¹א�<
���� .�� KB�Kety , 1959������������̧X�� N�K�� ��¤א K�� K�K1� Up¹א� Ð�� i��� µK�¹���

����M�jE�jBE@¹א�� ME�j�jE��א�< �Kא�Y:pxא���אXD�� M�Kqy�� M�E��� k�� ¹�� L����
��Ð:%א�ªY&א��.
��M�j<8א�� h�¹�»Y�Tא��������������ªאY�Tא�]�7�� ·�� l�>��LE��� º�� aE:���� k@�� i���

��������������´jA	�k��¤¹X
�h��i;�u��·��h@,�K+�.<����·T�Y:9��i�I��ME�>Cא����¶u��¹�
����������cA�è�lpY��¹�� �K�q��©K�
��´jA	�·K�� �k�K�	jא��xא�´jA��،�¹א� ¸KpY��

�K�u��������¹��ME�>Cא��ªאY�Tא�kA�²Y<א���·K�� ���U9���i�K&¤א KC��h�¹� K�Y�j����
�����»Y���ªאY���º�� u¹�²Y<א���h��אÐ���L<q��MEA?<א����.



�̂ �Y&א�c8��¶K8>�I��ME8�¹h��j:�xKא��¹אK<��x£�א�7�M?E?$א�h��
h�Y�Tא¶W¹�§KCא��h��¶KB��xא��k�¹�]�7�K��M:E3א�²¹Y;�K��

� M	jAÓא� é��ªY&א� f8�� M�KDCא�Hallucination)��µK@
Tא
�h�١�−�٥�.(

����ªYBA��lא�¥jא��§K	Tא���:
���ªY�� k�� f�W��� Mא�¥jא�� ·�� kA� ME�K�� M�£�� �KBA<א�� h�� Ð��� ¶W���

¶K8>��W�W!� k�� f�Tא� kA� ME8���M�Kqy���אx	�W<א£�א�7 l�¹Tא�
i.����>^���jא

�KBA<א�� �tH�� h��� ·K&j��Kollman and athers�k��
ME@�Y�Tא��W�jאא��K�tj�א&�K:�	���¹£אWç�·��٩٥٣^�Y��¶K8>�I���

���k�� gÓ� ·K�¹� ´¥j�jEC�� MEA?<א��ªאY�Tא� �KE>7���� k�� ME8�א�7
��ªY&א�אX��O�¥j��M<E���M	א¥W��goאj��א�j��¹��j���N�jא��[>���.



�����������goאjא���h��.j��¹אW�¹�M�K$א�¸X��k�¹�:٢٦٨���goj��identical twins �
�،٦٨٥��goj��non identical ��ME�Kא���PoK�Cא��kA�M	א¥Wא��¸X��h��אjA8�¹�
)�µ¹W�١�،�٢:(

��µ¹W�١�.� ������ªY���¹W$�M�j�&א�M��Cא�¶K8>������������Mא�Y?א���K�u�ºj����kA�ME8��א�7
�����ªY&K��M�K8��MCE�k��M>A�� .א&

��K�u<א�Relationships������M�j�&א�M��C٪א����6A�Shizophrenic
�Mא�Y��º��W�j��t

General population��
٠,٧�–��٠,٨

�j�xא��K?
Tא�Ð��١,٨�
�j�xא�.E?E?$א��)��W¹א���¹¶����h��(٩,٨

�M�j�Tא�goאj١٤,٨א��
goאjא���M�jC8א����������gD9<��a��.E�Ï��gD�j��h�Y;Cא��^=��

Identical co twins
٨٦,٢

goאjא��M�jC8א��gD9<��a��.E�Ï&א�٩١,٥



Twin Studies of Affective Illness

Study Monozygotic Dizygotic
Concordance (%) Concordance (%)

Luxenberger, 1930 3/4 75.0 0/13 0.0
Rosanoff et al., 1935 16/23 69.6 11/67 16.4
Slater, 1953 4/7 57.1 4/17 23.5
Kallman, 1954 25/27 92.6 13/55 23.6
Harvald and Hauge, 1965 10/15 66.7 2/40 5.0
Allen et al., 1974 5/15 33.3 0/34 0.0
Bertelsen, 1979 32/55 58.3 9/52 17.3

TOTAL 95/146 65.0 39/278 14.0

�µ¹W�٢� �.���������goאjא���k��f�KBא���µW<&�M�j�&א� M��Cא��M�jC8א��������M�Kqxא�k��M�j�Tא� goאj¹א���
ªY+¶K8>�������M>A�ã��K	א¥£�µu��h��ME8�.��א�7
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Genes and environmentGenes and environment

Gene subset C
Pathophysiology C
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Pathophysiology A

Gene subset B
Pathophysiology B

Final Common
pathway

Disease

Environment
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The Human Genome ProjectThe Human Genome Project
• Goal

• Sequence all 3 billion base pairs in the human 
genome

• Identify all human genes
• The largest and most important scientific 

project in the history of biology
• Results

• Only ~35,000 human genes
• Function known of ~7000 genes
• Tools – over 3 Million DNA markers



The Human Genome ProjectThe Human Genome Project
• Goal

• Sequence all 3 billion base pairs in the human 
genome

• Identify all human genes
• The largest and most important scientific 

project in the history of biology
• Results

• Only ~35,000 human genes
• Function known of ~7000 genes
• Tools – over 3 Million DNA markers

� g�¥� f@
٣� �.��£W� Upj���KCE#א���£W¹� ·K��xא� k�� �£j�j&א��KCE#א��
��¹Y7��fB�M?�Y�¹�KDC��M�K<>א��¶jCE#א���»Y7א���. 



Genetic MappingGenetic Mapping
Collect Families

Study the inheritance of 400 markers on all the chromosomes

Find the chromosomal location of a disease gene

What genes are in that region?

Identify the disease gene

Find the mutation in the gene

Understand the function of the gene
And the mechanism of disease
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Figure 7 :  Overview: State of the Cross-
Sectional Schizophrenia Study ("GRAS 
Data Collection") in October 2006 
Collaborating centers: Göttingen, 
Merxhausen-Kassel ،Rostock ،Fulda ،
Kiel ،Bonn, Rieden 
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