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;�D02�	�*O P/ �	 �0%�"��� �)�(. ����9J��� T��DH�T
U"J 5H��KL/  ��.1���	�J  �0� N9G� 5 ,��J (0�V��"&��W��

�0��7/X 5�J ��/�&I��@5 N�10��L� N* �0 ����T(�/H��� Y��� � �
2&��� . �1�A��+ TI�0��V���@Z� )��[� A�1�K2 �� T0T

2 )5�K2&���O)�(.
 �% 5� %  ��9J�� T���M 5A5B��2 �9	 ��9D��@ NJ�

)A2B2 (\.	 �� �0�@  ,�� A. �% 5� T���M 5I]�@�	
$� ���%  �C��\�2 �J �-&�/�� .% $����M 5A�1��

5� �1 $5(O �)%�25�J=% $� 5���M 5B�1��$5(�O 
5� �1�,���� )%�25�J��� � � �W)>(.

��9J�� ��V�J�>��KL/ �I�/�D 4Z9D �(����/ ,�"���
�5  NJ �@ 0�� NV	�2 T4�@��=��� (O ^�J5� ]@�	

�@  ,��)�(.10Z9V2 $ ���I��_� Z+�2 Y0��D N1 A�(��/
2&�/��)?(. �4Z9D  T2 N10�K	 $ (�V&�������/���`/ 

L�C02 a� �&���)?(.
 %$H% NJ �C����M 5A���	�J U�K/090\&5BU�K/

�� �  � A2�MI1 %5�1 NJ �@  ��b9/  A1�W0�����10N�1 �9�.
% $� �� U<C �*+����M 5A�@��1 �� 5 ����1&����
9/� �b/ %  ,�� )�[/ 0\&IU<C ���`*9G2&�� (�O N�J

,�� �/ c�V��d �C �*+ N1�(-�"&2 %�1&�"��1)?(.
L��e2N��� �J�� �O���9�7&I���<_ ���C5 ,%��M ��  �

[/% $��9D�@0,�A)5�/�@ A2���4���1 I�91 f�5�(�J�2
��	�J090\&(��@  ,� � $�./)�(. ��T,%��M �1 ��� N�@50N*

�0���/���0/�5��&\�/ 5&�1,%�M ���[/% �� N1�.20,�
A2 �/�1 A1�K2&�/��)=I�(.

Y� "_0@ ,�� EG.2 T0����2H0@ N�"0g9�70T>�?
)$5(O  ���(I�09�70��T>�>� ��h�@H 5�T>�=)��� 5�

$5(O  ���(�	 $ ��"+ N�1 ����	�J ��09�0\�.	 �� i0��/�1 A
 �9h�5(0��2 �J��&��""J)=(.��9J��� �>���KL/ � ��1�

/ $�� 4�L�0j�	 N1 %�0V25�	 �0T�� � .V25�	0� ��1 �1 T0�/�
10�/��H T0T>�*O 50�70T>�*� ���kM ��0� ���0��V�IT

(/H�4�L�  � Y&2����/.�� N10�� T0N�J �@  A��J U�G1
 ,�/�� $5(O �g	5�� ��0l�C�2 5 �� ��/ ���C5 4��L� T

 �C&�[/%0,�A% B2&���O)=(.(�/H ��\*�+ �1�YI��/�1

9h�0��102�	�*O T0[/% %  T0�2�O ,���� i0�V�� 5 T�0(�T
[/%0�2�O ,���0�V�� T� �-�2 ��[&���)�(. ��U"�J 5 T

N1 N971 5�7*J $�05 ,��1 Y�2 i�/�2H 4�\�0/ m� �0 � %H (
2&���)�(. n�+ ^X�F	& �)�\o9�@  l�C�2 ,�� ��[
�0�V�T&2���O)�(.

��9J���� $�A3�>���1 5��5%���1�)%���25�J ,���	�J=
)6P24-P25 ( 5 �� � � �W � �����1 5 $5(�O 0% U�=�
J04�p %�1�*&2���1.g	5��0 ]@�	 ,�� �J T�$� TI�>�

@ 02H �0�� � N")�(.*� �"_ ��&2���0Y7�������L92���
 �Y<2 �2  ,�� N9D�"� $� T�	�$H T���Val 34 Leu ��@ 

	�V2�	 ^XZ9D  �1 NJ02 , ��� i&���1)��(.
Vp ,%�10L&��L�0���9J�� �>��KL/ ��10T����	���

2 �;��&/X�p NJ ���1&�	�/ T0��+ N�)��3�%5�(��  �
10����9J�� T���KL/ ��� � .Nq/�"_20$ ( ��9�J N1 ��9J��

 % ��@�1 �;��IZ+���1 Y0"&�/�D A2���(�% �"1 r�/I
�����V<1 ��Y�D% T9�� ���I�/��D�(�N��[�C $5��  �5

]K@ ��Y/�D ���/�D5�(������1 ��)�	���� ^��; N1
�/�D 5�(�/X�p&�M �C 4��+  4�V/� N1&�2&����1)��I

��(.
10 ��V�J �1 $ ������9J�� TIU��2%H ��� ���KL/ �)PT I

PTT ITT (Vp0L&�2%H �2  N9� ��,�5  �� N�9G� s5t U�
5 �X�2�@ �09@ �0i�d �;��0�Vp0L&�/� �)�>(.��� 
W� �"_0u��	�L	 �5� T0�0 U�<C TIL	0�0 � ��	 T&�@ 0�

g*J�/��0��2 i&�5� ���2  �����1 CSGE )Conformation 

Sensitive Gel Electrophoresis ( ��5�&W� I!��7M �0 5 u
 ���1 $ %� �L	0��0 ���C v���FD N��1 U��<C T�(-�"&

2&���1)�?(.
 ��@�"� r�� �1 NL��e2 T�&U<C ���$5(O ��	��

��9J�� $� A3�>Z9V2 ��� ���V�J N�1 $� �� N�J ��9J��� T
�ZM $�2%H0@ �� N9G� �09@  �0d i0Vp �0L&�"9� �I��

���� ,�-/�2��0*& ��1 5 $ �0�*+ $�9�@���&$ ��� % �w�; 
\.	0,�/5�� A�/��1 ,� � � 50�@��1 f&9/�0�\&5� ��1�

$H )�[/  I��1 N9��-/ ^��; ����.
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Z+ �1���1 Y0"&20�/�D N1 A�(��/�D I�(���"1 %  �� r��/
 ����	 )�-"� ��2%H I�U���� L/  �K���)PT IPTTITT5BT (

Vp0L&2%H 5��Ud N9G� $�� AM0�Vp0L&NJ�1 ���/�-&
���� ,�-/�2��0*& �1 5 $ �0*+ $�9@���&$ �� % �w;  �Vj

 ,���� )�[/  I�/��1 .�n�  �91 ������� T��[/  N�2�/0*&
 ��\	 $ �0,�[� 5 A,��/5�� �� ,� �/��D �� N1 y�1�2 N2�/
10��� Y@� $ ���),� �/��D 2��� �V�7/ ���0*&��1���\��-

�"9� �/ .( 
N/��/ �5� N1 Ph@ O0����!�9@�I% $��D N�/��/

�� 105 ����?1 ,� �/�D %  �`/0x��[2 �� NJ $ ���?��`/
�/��1I��n �� ���KL/ EDTA B��C �5H���� .�5� N�1

@�\� Yk�0�g	5�� I���@ ��eK2 sH i��J �1 ��0%��"KI
�"C�	� ����/�&A/�	  5IDNA �� z �G9@ )��.(�<C

%� �1�&�J0J 5 �0`0�DNA �92�	��5�9\h�@  �5� % �
�� ,��`9@ .� �	&��9J��� $��>5 z �G9�@  $� i�/�1 % 

���O%�dH��1 %  $5(O  ���/�-&��9J����>5 s��G9/  N�1
��[	 ^��;��D�� ����)�=(.N�2�/�1 u�Vp $5(O  ��

PCR )^� �M ºC ��^�2 N1�W�0INKºC ��^��2 N1�
W�0INKºC =�^�2 N1�W�0INKºC ��^��2 N1�W�05 N�K
ºC ��^�2 N1�W�0NK��>�@0A\({\	0�� ,� � �.

{\	 %  P�0^X�Fo2 �PCR �15���J  4��2Z�0��
�;�� 5 ��9�5 �1 5��1 l@�"2 $�2% N�LeW ,% ��/  l�7MI

%���5�9\�  �� )�[/ |/� %  �L1 52H0(�	 ]�@�	 �0��)�
�25�1��I%�  ���2�1�&���O � �W.

%  P���PCR I�5� !���@  ���1 $5(��O  ����CSGE 
�-����1�d���O����.^X���Fo2PCR ���2� ���ºC ��N��1

 ^�2�W�05 $���J ,��	�/� �<C NKºC =�^��2 N�1>�
W�0 ��1 NK�/H0*0|�" ���[2 ��� ,� � � ��W .% P�� ��1 $H

%���5�9\�  5� �1�4�CSGE )	 0*O T*04�\����;�� I
2�2����0������;�� I�J �2Z��0 �BAP ��5 ���;�� �/�

���;��TTE20x (I$5(��O  �����&N��J � ��P\*15�5���9�
�1@�	�2 ��C5 4��9M  �1 �/�0$�4��Fo2 5 s�G9/  PCR 

$5(O  $��� !��hJ  8��H ,�-9�@� %  ,��`9�@  �1)Y0���2H
 }�	�01 � �0@�2���(L	�00� ��	 T&1 U�<C 5 ,���0$ ����

�@�"��&��.IU�<C $��� EG�.2 %  P�� ��������
� ���	&�������1 N)���/ %  ,��`9��@  ���1 ,���2H ���@� $� � (��� 

�/ �)��/>ver:(� �	 �1&Vp0L&�@�	�2 5 ,� � ��K1�e20$�
 ��@�"� ,�� ��[�&��.Y�"_0(/H T��;�F9D  Y& ��1�

U<C����b"2 N1 ,�� ��� �	�0��5N�1 ,��`9�@  ���<�@
 �5�RLFP L	0���0T�����.�5� % RLFP �����b"2 N���1

�-��1�d��@�"� 5&�*W�/0��� ,��`9�@  T.��@����9/���1 ~
U<C ����� ��C�2�1�/�-&U<C �����9J��� ,�� �Vj

�> 5NCBI �K2�N75�����,�-NCBI �Vj N1 @�0�.

����� ��
 ���Ko	 T0u��10 � � NJ ����Z+����1 Y0"&2�0N�1 A

�/�D�(�I�2%H�U��� ��KL/ �Vp0L&$��� AM $�2%H 5
N9G� d0Vp �0L&@ ��0�9@ 0i��/��1 5�?�/��D ��`/ ,�

������ B2���C ,���-/�2�� �� N��J !�9��@� A��1�W0*& ��� 5 $ �
10*+ $�9@���&��/��1 ,�� )�/ �Vj $ �� % �w; I�5� N�1

N/��/ O0��!�9@� ��IP"�C 5 T@ T9��O �b/ �� $5�1
�/�� s�G9/ .

)�[/  %  �L1PCR @��1 5 $5(O  ��&�5� N�1CSGE 
L	 500� �	 T&I\`	 N1�0��� EG�.2 i��10���� � ��

� m�9.2 U<C�$5(�O ?w	 A\�� N�1 �00 � ��	 �&TGG 
,���""J�J$�����9h��	 N��1CGG ��/��H ,���""J�J0���/��1 IT 

)(Try187Arg)A'� ���>3�(. % �T� �L	 ��10A��  ���
�/��1 $ �� % .�K2 %  P��� �	 N7&Vp0L&U�<C x��/ ��1

�N9��I(/H NJ �� EG.2�YStyl-1 N�LeW N�J ��@  ����W
{\	0��N9��>��%�1�NeK/ �� Y��@ � ��  ��  �>�����1

 ��V	 ���7W 5� N1  � $H 5 ,� ����"J A��2  10�� $ ����0f
�C���1 ,�-& �1� �(/H T��"9� �/ Y)A'�?(.

L	 4�V/� N100(/H T�YIN�/��/ ����1 ,� �/��D0N�1 $ ����
4��� �5� RFLP L	 �<C00%�  ����2 $���1 A�W�/ T��1�&

9��O � �W�".
�1 i0��� �1U<C $5(O �%�1 N@ 4�D� x�/ % GN�J

@  $�� N��n  lC�202H �0N"T0�7�ZO LW�2 �� �0 ���=
,�� I��1 ��O EG.2��)A'�����5=(.

�K2 ����1 N7DNA ��1 ��1 NeK/ �W�� NJ Y��@ IU�G1
{\	0��N9�� � ����? �� N�J ���1 %�1DNA �1 ��/�	�2 N
@50(/H N*�YAcid-1 N�LeW 5� N�1 5 ,����D ��1���5

��� 	�g*J�/0���V	�,�� A��1 .1N�-��1�d 4�V/��U<C
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Th	 ':[CCSGE ��@D+
�:�;�6 �C A�'�,�:o* 
d��_ �� VhQA���5�� ��-����	 ��!�

Th	 �:��@D+ V=�h/ 
�:�;�6 �C A�'�,84@.4�J�C�J �A-
T�56 V=�h/ �A �
4��� �� 0��/ 

C G C T A C C C A C A G G AG A A C A A G
G G A A C C T A C A T CC C A  G T G C C
TA T A G T C T C A G A G T T A C A A A G T
G G A A A G T G G G G G G C C A A G A T T
G T C A T G A G A G A G G A C A G G T C T
G T G C G G C T G T C C A T C C A G T C T T
C C C C C A A A T G T A T T G T G G G G A
A A T T C C G C A T G T A T G T T G C T G T
C T G G A C T C C C T A T G G C G T A C T T
C G A A C C A G T C G A A A C C C A G A A
A C A G A C A C G T A C A T T C T C T T C A
A T C C T T G G T G T G A A G

Th	�:9j V=�h/#<���	�forward +D��@
�:�;�6 �C A�'�.
� 	 pa�� ��AT��@D+ -�O�=+ �� 
,B/+ �:#/�!:� T$�.

Th	
:d��_ ��-
���A q:A5�DNA A#@=? 5H+ B$! �; �+���40
Styl-1 ��65D�+51 ��#r	5A �=:D��? �� + ��4� �= ��7 B/+.
d��_ ��-
�A q:A5�  <A �ADNA @=? 5H+ B$! �; ��:A [��5=40

+  =�A �� � ���:> P5A4�5D ��74B/+ � .[�+ X��_ 5;���
�� 	�A.

Th	 �:��@D+ V=�h/ e�:�;�6 �C A�'����#A,insertion ���A 

G�56 V=�h/ �A �
4��� �� 0��/ 

GTGAATGCCAAAGATGACGAAGGTGTCCT

CGTTGGATCCTGGGACAATATCTATGCCT

ATGGCGTCCCCCCATCGGCCTGGACTGGA

AGCGTTGACATTCTATTGGAATACCGGAG

CTCTGAGAATCCAGTCCGGTATGGCCAAT

GCTGGGTTTTTGCTGGTGTCTTTAACACA

T

Th	s:9j V=�h/#��@D+ t< e�:�;�6 �C A'� 

�>���������=�?>��

��=?>�� � ��=�?>��
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[� J':EOJ �5#7=� �� � 	 B6�4 -��A�:�)�6'�,�'�:�)�6 �:9�) �A ��+:=�>'�

�+���#A �+ <!��@D+�#*�=��6�4 5##g! ��A��6�4 5##g! �8#�?  #/+
��?�(#�2TGG → CGG Try  187  Arg 

���(#�2GGG  insertion Gly  286

���(#�2ATG → AAG Met  380  Lys 

>���(#�2CGG → CAG Arg  408  Gln 

>��4��1�GCC → GTC Arg  703  Gln 

[� J�:EOJ �5#7=� �� � 	 B6�4 -��A�:�)�6'�,�
�:�)�6 �:9�) �A �+���#A ��+:=�> -�o3+ 5K='�

�+56+ �+ <!
�+���#A ��+:=�>

B)5	� 88)
��@D+ �#*�= ��6�4 5##g! ��A ��6�4 5##g! �8#�?  #/+ �+ <!

T1�= �+56+ 
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Molecular study of coagulation factor ХШ-A  
among patients with inherited factor XIII-A deficiency 
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1Zahedan University of Medical Sciences, Zahedan, Iran 
2Tehran University of Medical Sciences, Tehran, Iran 

3Center of Pediatric Hemophilia, Tehran, Iran 

Abstract 
Background and Objectives 
Factor ХШ is the last enzyme in the clotting cascade. The gene of A chain is located on 
chromosome 6. Deficiency of factor ХШ in autosomal recessive conditions occurs at a 
frequency of 1 in 2 million general population. The aim of this study was to detect the 
mutations of subunit A in both patients and carriers.           
 
Materials and Methods 
In this study we have investigated the molecular basis of inherited FХШ deficiency among 
patients from 21 unrelated Iranian families. Mutation were detected by amplifying each exon. 
Those exons exhibiting the presence of hetero duplex formation sensitive gel electrophoresis, 
were selected for direct sequencing. After sequencing, detected mutation was carried out by 
restriction fragment length polymorphism (RFLP).                                                     
 
Results 
All patients having entered the study had mutations. Twelve patients had homologues 
substitution of TGG→CGG in exon 4, 1 insertion mutation occurring in exon 7 triple G, 2 
patients demonstrated mutation exon 9 ATG→ AAG, 3 patients had substitution of CGG→
CAG in exon 10, and 3 patients showed a homologue subsituation mutation in exon 15  
GCC→ GTC.                                                                
 
Conclusions 
Our findings suggest that the activity of enzyme is highly dependent on the core domain. 
Changes in charge, amino acid tail and conformation lead to decreased enzyme activity. Also 
tetrameric structure is calcium related. It seems that changes of amino acid sequence convert 
enzyme stability.                                          
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