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pigmentation � .����gDE�� P�C�� t� kpY&א� ·�� W � KC�¹
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Normal  human
Homogentisic acid ------------------------------------►Maleylacetoacetic acid

Homogentisic acid oxidase
Gene   A 

Alkaptanuric
Abnormal  human 

Homogentisic acid -----------------------------------►Homogentisic  acid  
Absent of Homogentisic acid oxidase

Mutant gene   a
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phenylalanine hydroxylase�����،� £j�j��
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��� Ð�@�� k�Phenylalanine���� g�Z��� ·j@�� K�WC
� g��א# k��phenylalanine 

hydroxylase��� µj����OE�� ،� £j�j��phenylalanineé���.	¹Ðא������M�K��k�� KBCE�� ،�
�� g�Z��� �KE�phenylalanine hydroxylase���� ·I�� g��א# k��phenylalanine��t�
�é��µj���.	¹Ðא������·��kC<�� K-�g���k�א# phenylalanine��f��h�����ZE�Yא���¹	l?�E�Yá£א

and phenylpyruvic acid�����aA���£K�Z��£א£Z��²j	�phenylalanine���.



٠ على الشكل المظهرى للكائنات الحيوانية والنباتية الراقية                للجينات  تأثير المسارات المعقدة     ) ٣شكل رقم   (يتناول الشكل التالى         

 Tyrosine catabolic pathway التيروسين   يوضح مسار هضم   .  ٣شكل رقم   
Note : The enzyme block in hereditary tyrosinemia type 1 (HT1) is at the 

conversion of fumarylacetoacetate (FAA) to fumarate and acetoacetate. In 
alkaptonuria (aku), the conversion of homogentisic acid to maleylacetoacetate is 
defective. (http://jasn.asnjournals.org/cgi/content/full/11/2/291 ) 

http://jasn.asnjournals.org/cgi/content/full/11/2/291
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�א&�K¥א�� k�� �W¹א��M�jE�jBE@א��� MEA%K��One mutant 
gene-one metabolic block �.

�� M�Y;�� Î�<�� e�X�Garrod�� k��Y;C�� M��C�K�� �Woא¥�One 
gene – one polypeptide concept & one 

gene – one enzyme concept.
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Enzyme defects in disorders of the amino acids phenylalanine and tyrosine. 

http://www.blackwellpublishing.com/korfgenetics/figure.asp?chap=03&fig=Fig3-5

http://www.blackwellpublishing.com/korfgenetics/figure.asp?chap=03&fig=Fig3-5
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������KCE#א����£K
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���·K��y��ME¥¹א��ªאY���h��:

�����ME<pj&א� �א�:<Yא� h
� M"KCא�� MEא�¥jא�� ªאY�Tא� MA���� h�
��¶Wא�� ��Yא� K�u�� KEBE��� ªY�� MEA�C&א�Sickle cell 

anaemia����¶Wא�� ��Yא� K�u�� KEBE��� ªY�� Y7�C�� ،�
MEA�C&א��M����f8��OE��KE?�Y���³Y
¹�_	¹�k��Ð���f@7��

� éאj�� é��ªY&א� ��XDא M�K8&א� ��>^�א&KC�d�٪٢٠אY�Tא£ k��
�� éאj�� é�� i�� �KE�jא�� M���� f8�¹−١�٢٪����µ¹�� k�� MqK�

YB<א���.
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��.�jA�jBEÓא�j��kCE�¹Y��L�Y�HbA�k:<��t�ºX¹א��
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�f@7א�� ��éK��K���א&kA�Cא$YBא� f?�¹� �j@	¹Y@E&א� N!�
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�
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��¶Wא�� ��א&Y�MEA�Cא� kא�¥jא�� KD�E�Y�� k¹א���HbS / 
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�����kA
� iC�� tW�� ºj�!¹� gÓ� �א$YBא� ¶Wא�� �Yא�
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�¶Wא�� ��M�K���א#YBא��Yא� k�� kqY?א�� f@7א��­K>�¥���ºj����

f@7א�� X�G�� KBCE�� .���TאkA�C&א�M�K�� k��ªK>å���
�.���Tא�ºj���)�g�¥�f@
٥.( 
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Sickle-shaped red blood cells لكرات الدم الحمراء  المنجلييوضح الشكل .  ٥شكل رقم 
/sec14/ch172/ch172g.htmlmmhe.com/merckhttp://www.

http://www.merck.com/mmhe/sec14/ch172/ch172g.html
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg


.    يورث آصفة جسمية متنحية     المنجلية يوضح أن مرض أنيميا خلايا آرات الدم       .  ٦شكل رقم   
Sickle-cell disease is inherited in the autosomal

recessive pattern, depicted above.
_recessiveAutosomal/wiki.org/wikipediahttp://en.

http://en.wikipedia.org/wiki/Autosomal_recessive
http://en.wikipedia.org/wiki/Image:Autorecessive_tay_sachs.gif
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���¶K�¹�.�j��Tא��ºZ��k��MECE�Tא�ªKëTאIngram ��
���������·��.��¹�.�jA�jBEÓא��K��Z��kA
�eEC@א���אX��dE�:��

������ éאj�� kA
� ºj�ç� .�jA�jBEÓא� �ºZ�٦٠٠�^�K��
����� kA
� ºj�ç� ºXא�� .�j��Tא� �ºZÝ� M�¥K?�� kCE��٥١�

��_?��kCE���^�K��.



� ¶K
� k�١٩٤٩�� h@1�Beet & Neel ����u�	� M	א¥£� h��
��KEBE�Tא�h�� ­jCא�� ��kpY��XDא g9��kא����uoK<א��^<���L�Cא�

��¶Wא�� ��Yא� K�u�� KEBE��� k�¹� M>8א�� ¸X�� ·�� ���א&MEA�C�YD��¹א
KDB@ç�kא����K>8א�� ´jA	�kא�¥jא�� KD�jA	�k�� a���¹��¥אj���

.�[C#K��_��Y��Ð��k�C���.
� � ­jCא�� h�� .�?�K:��� .�A�A	� h�� .�jA�jBEÓא� ·j@���α��

� h�� KBDC�� f�� ·j@��١٤١� kCE��� ^�K���.�A�A	� h�� e�X�¹
�­jCא��h��.�?�K:��β�h��KBDC��f��·j@����١٤٦kCE���^�K��. 
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�º£K<א��.�jA�jBEÓאHbA.�jA�jBEÓא� �ºZ�¹� ���º¦אY��א&

HbSe�¤¹�µKB<�	I����ºZ�� ·�� W�j�� M�W?��� M�¹KBE�� ³Y��
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�k�� é¹Tא� ME�KBא��� MECE�Tא�ªKëTא� LE�Ï�� KD�E�Y�� OE�� h�

��kA��KB��º£K<א��£Y>א��k��K�E��MA�A�:א�
 val  - his  - leu  - ther  - pro – glu  - glu  - lys 



��K�E��MA�A��KBCE�W�¹��·��LE�Y��X¸�אªKëT�א��ME�KB�אé¹T��k�א�
�KEBE�TK��M�K8��£אY���h��]A�����j���א&k�MEA�C�א�jA�jBEÓ.�א&

éK��K�:
val  - his  - leu  - ther  - pro – val   - glu  - lys

·j@�� e�¤� kA
¹²u��xא�º£K<א�� .�jA�jBEÓא� k
j�� u�� .���
kA�C&¹א�MA�A��א� k��§£K��א� kCE�Tא�^�K$א� a�j�� k�� ¥j8â�

�kCE�Tא�^�K$א� £j�¹�h��tW��� K�E�e1jA����M�£K<א�� ��k�אY�Tא£
HbA.�jA�jBEÓא�k��.�K�� kCE�Tא�^�K$K�� µW����� i�I���
� kA�C&אHbS  � g�¥� f@7¹א��٦�.�jA�jBEÓא�.�� ³Y>א�� Upj��
»£K<א�lA�C&¹א�.



Comparison of known gel results for normal hemoglobin (AA), 
sickle cell disease (SS) and sickle cell trait (AS). S represents 
the molecular size marker.

��g�¥�f@
٦��.����������»£K<א��.�jA�jBEDA��²¹Y<&א�fE#א�PoK���.��M�¥K?&א�Upj�(AA), �����א�Y��K�u��KEBE���ªY�¹�
¶Wא�� MEA�C&א�(SS) �K�u%א� M>q¹�� MEA�C&א�(AS)���� ·G�� KBA
� ،�Sg�$א� kC<�������Y�¥KBA�� l��Z#א�

molecular size marker.�   
htm.gelelectro/htm/MMIA/edu.iupui.wellscenterhttp://www.  

http://www.wellscenter.iupui.edu/MMIA/htm/gelelectro.htm
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�éjא���MA�A��א.�jA�jBEÓ�¥j8â��k��LE�Y�אªKëT�אMECE�T��k�א�
M�WE������k�� �Y>�� �¹W�� é�� e�¤� a�Y�¹� M9�Y&א� K�E�¹� ME<E�:א�� K�E���
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�������.�jA�jBEDA�� M��C�K�� K����kA�C&א����������k�� §£K��א� a�j&א� k�� W�j�� i�I��
�éjא��� MA�A���h����������M�WE��א� tW��.�K�� kCE�Tא�^�K$א� K�E�����e1jA#א��

��������������.�K��kCE�Tא�^�K$K��MqK%א� �Y>7א��k�¹�£j@א�� £j�j��e�¤�a�Y�¹
���� �ºZ�� kA
� a�j&א� [>�� k�DNA ������MqK%א� MEא�¥jא�� �¹א�Y>7א� �
��������k��.�K��kCE�Tא�^�K$K�:

�CAC  ,  CAT  , CAA  ,  CAG
�·��º�����µאW��	�����W
K�����.BEא���T ����̂ �K�� �Y>
�k�� ME:	jא�����e1jA#א��

��k�� ºY��� �W
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� ÐE=�� é�� º£H�� �
DNA ��������h�� tW��.�K�� kCE�Tא�^�K$א� dEA���� UB�����e1jA#א�����k��

������K�E��MA�A�.���Xא�א&a�j�א��§£K��h�א�



��·�� Upj�� _?��[E�� µK�&א� ��«K7���¥j>����[E��W�¹�א#.�Xא �W�¹� j�� f��
aא�j�� h��Ð��� h�� ·j@���¥j>:א����KD�� £j8?&א� aא�j&א� ¸X�¹���א�WE�EA�jECא���
��KDC��·j@���kא��� �W�W<א#.א�������^�K$��Y>
� KDC��M�u��f��f�1�k¹א���

�א�:<Yא����� h
� M"KCא�� MEא�¥jא��ªאY�Tא� f�K7�� Upj�� KB�� ،�.<��ØE���
�MECE#א��aא�j&א�h��a�j��»��k���.

��������k��MECE�Tא�ªKëTא�LE�Y��k���W!�W��kא���א�Ð=א���·I��e�¤�kA
¹��
éjא���MA�A�
º£K��Xא��	K	K������M�WEא��Ð��.�jA�jBE��KDC
�G7C�¹�K�E��

��������ºZ��ºj����kA
��L�א�:<Yא�����W!�kא��� MEא�¥jא��א�Ð=�A��a�Y�
DNA ���l�jא��� MA�A���¹��L��k���µu��^�K���ØE�fâ���Y��k�א���
M�WE���.�jA�jBEDA��. 



�g;<�� �X��� W?�¹�KCE�jA�jBEÓא���W<�� KD�EB��� M�£K
� Ð=א���
KD�K7����lא�j��²¹Y<��U�q��W�¹�،�٣٥M�K��²u�����LE�Y��k��

éjא��� MA�A������M�WEא� éאj�¹� K>���٦٥���MA�A���LE�Y�א� k�� M�K��
K�E��.

�אY�Tא£�� ·�� `�u�� ·��Læ� KC�¹�M:EA%א�� kא�¥jא�� KD�E�Y�� k��
HbS / HbA  ���k
j�� u�� �א$YBא� ¶Wא�� ��Yא� k�� fB!�

� �.�jA�jBEÓאHbA  & HbS�M�K$א�eA�� k�� kD��e�X�¹�
��u��·T�e�¤¹�ªY&א�h��M>E>%א�M�K$K��¹��M�W�<&א�KEBE�TK��kB����

.AE�Tא£אY�Tא� k�� i�>E�¹� º£H���M:EA%א�K��C�¹�gD"אj���
�Y�KC�&א.  



k�� K�X��� ��¤א e�¤� a�¹� �X��� W?�¹¥K��
xא���KEBE��� ªאY
�� MEB���
·I�� ME@ECEA�xא� ME�KCא�� h�� .�jA�jBEÓ.א����א�Y�� K�u�� KEBE���

¶Wא��MEA�C&א�YD;��.���¶K���k�Cא���f�K��.#א����N<�1�א¤��»£K<א��
��>^�א$�tK��·��א%M:EAאY�Tא£ k���Wç� W�� KBCE�� M�£K
� M�8��

�אY�Tא£ kA
� YD;�M:EA%א���¶Wא�� ��Yא� K�u�� KEBE��� ªY�� ªאY
���
MEA�C&א·j@�� X�CE���.��HbSkA
� WoK	��.��HbA�e�X�¹�

�eA��é��a�Y��t�k�C¹א����£KE�
MEAB�א��·��µj?א��h@,�i�I���KCE#א���
�é�¹� ME�K�� h�� KDE�� g@���� kא����K>8א�� é�� _?�� a�Y�� h@�¹� KD�>�

��Ð�<��kA
�Y�H��k¹א���ºY���ME�K��h��ME�Eא���²¹Y;א��KCE#א�. 



Mqu%א��:
g@����KCE#א��éjא��� f	u��א� LE�Y�� k��M�WE������k�� f�W�� kא���
LE�Y���KCE�¹Îא����Y>�� N�W�� ��I¤א ،�M�jE�jBE��k��.���.<��

�W
K���Ð�MECE�¹ÏE����iEA
�L�Ï��²j	� e�¤� ·I�� ºY��� �W
K?��

h��Xא��P�KCא���¹.Îא��k��kCE�Tא�^�K$א�ÐE=��.#א��WB�<�¹� ،�

����M?:C&א�kA
¹�µu���i���W��ºXא��kCE�Tא�^�K$א�M<E���kA
�e�¤
�éjא��� MA�A��א� h�M�WE���������M>E�¹� kA
¹� �Y>:א�� K�WC
� N�W�� kא���

.�¹Îא�Y�K:א��MEA%א�k��. 
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�KDא�Ð�G��h
�Î<��
���������éjא���f	u������M�WE��א�f@7�א&;ºYD��hoK@A��h��µu��h�j@�א�

��K�Ð>7��� ¶j?�� k٠א�����Ð�<א��� P�K�� k�� �K,Z�xK���kCE#א���
���������¸X��£W���¹�MEA%K��k>E�jא�� KDoא£��k�� �M88��Wא¼���Î�<�
��������������j��ºX¹א���K,Z�xא�¸XÓ�é¹Tא�LE�Ïא��kA
א���ME88���KCא�

��MECE�Tא�ªKëTא�h��.<��h��a�K���h
��¥K�
٠�



��é�� a�Y�� g�Z�xא� h�j@�� k�� MECE�Tא� ªKëTא� a�K��� MEB��� g�K<�
����W
�א�?jא ��¦¹א  �K<�K��� f<>�� �K,Z�xא�  K���� k�� kא�¥jא�� g@��א��

MECE�¹ÏECא��k�� ¼K<��M:��Y&א��KCE#א��h�j@��h
�M�j���א�ME�E�Ï�א&
�éjא���f	u�.������M�WEא�

���k��א�Y>:א���W!�K�WC
�KCE#א���h�j@��k��L�����KD�I��ME�E�Ïא��
��� M�K<�� Ð�� �K,Z��Inactive��K�� fA�� KD�� �K,Z��� ¹�� � �

Defective enzymes� 6�K��kB���fA%א�  Inborn��Xא
errors of metabolism  �ME@E�K@E�� [@<�� K-� ،

�fA%א�Y��¹�koאX=א��fE�Bא����KEAB
�k��kא�¥jא�� g@�
kA��א#kCEא���
�ME$א��KCoK@א��k��MEAB<א��¸X��.



��ME�Kא���MA�	Tא�aEê�h
�eA9��h��L���:
١−���ªאY���W<��t�,    Albinism, 

pentosuria,  cystinuria�����loאX=א��fE�Bא���ªאY���h����.
٢−���Ð��ÐE=��k���Y>:א������l�K>�����£Y>A��lא�¥jא��LE�Ïא��k���Wç��.
٣−��¶jD>��Ð=���Ð=���·��f9�Tא�h��One gene-one enzyme �é��One gene –

one polypeptide.
٤−���� .�jA�jBEÓא� í���kA�C&א������������éjא��� MA�A��א� k�� §£K��א� a�j&א� k�� W�j�� i�I����M�WE�������^�K$א� K�E��

���h��tW��.�K��kCE�Tא��e1jA#א��.
٥−��� ªY�� P�C��Albinism���� koאX=א�� fE�Bא��� k�� k¥¹א�� fA�� h
�Phenylalanine-

tyrosine metabolism��.�



��M?�K�:���M�K�אT	�MA�א�
١−���ªאY���W<��t�,    Albinism, 

pentosuria,  cystinuria�����loאX=א��fE�Bא���ªאY���h���)���.���M��K��M�K����(
٢−���Ð��ÐE=��k���Y>:א������l�K>�����£Y>A��lא�¥jא��LE�Ïא��k���Wç�)��.��M��K��M�K����(
٣−��¶jD>��Ð=���Ð=���·��f9�Tא�h��One gene-one enzyme �é��One gene –

one polypeptide�)�.���M�E�q�M�K����(
٤−���� .�jA�jBEÓא� í���kA�C&א������������éjא��� MA�A��א� k�� §£K��א� a�j&א� k�� W�j�� i�I����M�WE�������^�K$א� K�E��
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