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)299-308(85 زمستان4 شماره3دوره
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�� ��SSCP�#��$ %���$  

،5، دكتر سيروس زينلي4، ليلا كوكبي3، شهرام سميعي2پور، دكتر مرتضي كريمي1آبادي دولتعصمت كمالي

7، دكتر حميدرضا هورفر6نفيسه نفيسي

�����
&���� '(�  

و يا نقص عملكـرد فـاكتور است يك بيماري وابسته به جنس مغلوبBهموفيلي  IX كه در اثر كاهش مقدار
جهـش در نـواحي. اگـزون اسـت8 كيلو باز، داراي34 انعقادي به طول IXژن فاكتور. دهد انعقادي رخ مي

و بيماري IX انعقادي سبب نقص در پروتئين IXمختلف ژن فاكتور  . گردد ميBهموفيلي انعقادي
و درB انعقادي بيماران مبتلا به همـوفيلي IXتعيين جهش در ژن فاكتور هدف از اين مطالعه اسـتان اصـفهان

و فنوتيپ . اين بيماران بوديافتن ارتباط بين ژنوتيپ
� �  ���) ��

شد نمونه. مطالعه انجام شده از نوع توصيفي بود 24 ژنوميـك DNA.ندها به روش غير تصادفي آسان انتخاب
اصفهان، طبق روش استاندارد استخراج) اميد( مراجعه كننده به بيمارستان سيدالشهداBبيمار مبتلا به هموفيلي

و نواحي مهـم اكريل آميد در شرايط غير تقليب كننده براي كليه اگزون بر روي ژل پلي SSCPو PCR. شد ها
دره نمونه. بيماران انجام گرفت IXژن فاكتور  ، حركت آن روي ژل در مقايسه با كنتـرل نرمـال SSCPايي كه

و به روش ختم زنجيره تعيين توالي شدند افزارهـاي هاي به دسـت آمـده بـا نـرم توالي. متفاوت بود، انتخاب
و كروماس تجزيه شدنددبايوا . يت
&
��� ��

%2/4و deletionها از نـوع جهشnonsense ،7/16%ها از نوع جهشmissense ،3/8%ها از نوع جهش8/70%
شد پلي. بودندinsertionها از نوعهشج هاي به دست آمده ناهمگن جهش. مرفيسم مالمو در يك بيمار مشاهده

و حدود نيمي از آن  B رخ داده بود كه با نتايج موجود در بانك اطلاعاتي بيماران هموفيلي8ها در اگزون بوده

تح.مطابقت داشت به دست آمد ) C31088G ،C30857G،A17690C ،C6460G( جهش جديد4قيق در طي اين
.كه تاكنون گزارش نشده بود

*+�, &-�
� 
مي از اين يافته و نيز مشاوره ژنتيك در خانواده ها هاي اين بيماران توان در تشكيل يك بانك اطلاعاتي كشوري
. استفاده كرد

 جهش، B،SSCPهموفيلي:�. ���)����

����� �����	:��/��/��
����� �����:��/�/��

��� ��������� � �! "�# ��$ %!��! %�& '�()*! %�+,�- .�(/(0� 1$�+ 
��'234+ 5�3+ :PhD6	�27�� � %!��! ��)-�� �)/)4*! ���	�)-! � 8�����/9 ��� :;� � ��)-�� %�9�/&�<=)4��$ �:�>��� 
>��+ � =�/ �/9 � �! "�# ��$ %�& '�()*! %�+,�- .�(/(0� 1$ 
��%!��! ��)-�� �)/)4*! � =��?��+ 2 =��@- � �! "�# ��$ 
��PhD%!��! ��)-�� �)/)4*! ���	�)-! � =*�4*! 8/)*� 
��%!��! ��)-�� �)/)4*! � =��?��+ 2 =��@- "�# ��$ 
��%�ABC! !�AD�!�/- %�)-���/9 � =+��E 8 1� 
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��)$�� %� FAGIX �	=@/���� %!���/9B%�ABC! =���$ =H��+ �)$	 %!��?�� 2 ��� 

���

���	� 
=@/����BI�J�9 J)4�9!2 6��#�	 �1��*��& ����/9 8

K�/  �9 L�@M+ N#G��� �	 ��OOO =+ �$�+ ���� � �9

 ��)$��� ��/��P� ����  �� 2 Q�;+ I5/B& F��$ �9 J$IX 

�-! 6!��� �	�(P*! .��)$��� %�IX '��S J�9 �	��(P*! >�

�!�!	 I,���9 ���@/$����#@9 �2,���9 �2� ���9 2 6	���9 %21��T! 

U2,�+2�$XJ/V�* �	�.��Xq ��-! J�)��T �!��W )���.(

��)$���� %� =����A* '�Z��0+IX=��@� I�	���(P*! 8��� ���/)[�

6���/\*, �!�����9 =*���)�!	 ���@/$ ���2 J��#/+7 �/��-! �

J(]#+)domain ( =�+ �� �9)Signal peptide Ipre peptid I

GLA IEGF1,2 – like domain IActive peptide I

Catalytic domain(.,! U!���$ �����J��(]#+ �/��-! �!�!	

J#/+7 6�  �^��0+ 2 QA+ ��� �!�-! F#$!2 �	 J$����

 ��)$�� J9 '�Z�! I%�/-;/4$�9�$�+�TVII '�Z��! I�	�(P*! 

��)$�� J9VIII �	�(P*! I�$;� F(* 8/)/����$ �/��P� 2 ��

 =+ !�!	 !� 	�& _)`+ �# �9)���.(6!���� J9 a/b�2�� a�!

 I�	��(P*! ��D�97 �	 ����)$�� ���- 	��(P*! �	 =��A+ F�(*

	�!	 %�&)>��.(

%!	�T 1+� =V!�* �	 FAG J*�T ��)coding(%� a��! 

c+�  d�V)deletion(I��/��b@$�* 8�� 	2�2 )insertion(I

=9 FAG =#P+)nonsense(I=�#P+�T	 F�AG )missense(I

��)$��� a/b�2�� %!1/+ F��$ �� 2 	�?@�E�	 _(* J9 �\#+

IX 2 �	�(P*! ,2�9���/9 =+ �		�T)���.(e��S ,! ����/9

 =+ c()#+ �4� %!�*,�� J9 cW�* %�*, 	�� )>I�.(�O��� >O

�C�	 ����G F�AG .���C J9 I6�  ��!1T 	�!�+)de 

novo(	�!��* 	��G2 6	!�*��& �	 =�@fW J(9�- g/� 2 6	�9 .

	!h�* K��* J9 2 6	�9 %�4?� �/*	 i�(* U��� �	 ����/9 K�/ 

 =�* J)49!2 � �9 .%��& ����1g�+ c�C�B+ �	 =���/� ����

 Ij*�7 IJ*�  I�*!, I�-	ak� U����� I���2� c9�W �/l ���

 J9�m g/� %2�9 =��T J$ =�+ 	��\�! �! 	�� II���n���� 

�1��*�& 2 i�`+ ,! �1��*�& J��\�G c�&!	 ���� ,! �!

QA+ ,! 2 6	��9 2�92� %7 �9 %!���/9 J$ �-! =�;?D+ a���

 =+ j*� %7 �*�9 .;?D+ �9 62;E o�!��E J�9 ����9 p�� .

%��+�	 ,! = �* %!����/9 a��! �	 6��*�!�Ak* ����)c/?D��

=)*7 �	�9 �����/9 2 6�##$ ��A+ ��� ���� =*��BE ,! J�@()#+

%�& (	�$ 6�� ! .QA+ ,! ����/9 a��� %!����/9 J9 J@()#+ ���

 %�+�	 ,! = �* J$ Jk* ��� =+ I�-! 6�*�!	 ��/��[� J9 %!��

B���/��[� IC2HIV �� ! 6�� 	����*)���I�.(���k�	 ,!

 �� !	 ��^* ��+ %!����/9 ,! 62�T a�! �	 ���9 J$ �	�!�+I

J#�1� �`� '�M ! 2 =*�+�	 �q�9 ��� J�9 =*�)�-���/9 ���

J��+�*�9 a)�� !	 U���E c��/�	 '1��#+ �	 %2���+ =*���+�	 �����

�-!)<.(����/9 	��+ �	 =@/����� ��/^* =�?/)*� ���BI

rm�+ a��)A9 =+ ��/kD/� ��/T �9�!��9 U��T a/��2! 2 � 

%�/-� K�m�+ a�! J9 I�	 ;)�f+ 	!���! �	 F�AG =��-�#  

6	!�*�& �	 a/@W�* =��-�#  2 6	!�*�& �-�� .�	 %��#$! Q�

 ��D$ c$I��<�=@/���� ���/9 A2BJ�$ ��*�!	 	��G2 

J*q�-�����2�!	 %	��$ 	�!2 d��C s(� %�+�� 	��/@/+ 2

%7 �	�(P*! �����)$�� =+ �� 	��  .!��-	 J�9 .��E;S! ,

=+ e/(0� a�! �	 6�+7 _/`D�� 2 a/@W�* a//P� �!�9 %!��

 =@/���� 	�!�+ ���� ,! F/�B	�$ 6	�B)-! )��I�O(.

e/(0� a�! ,! d�� IFAG =��-�#  ��)$�� %� ���IX 

�	 �	�(P*!��=@/����� J�9 ;)f+ ���/9 B%�AB�C! %�)�-! 

�-! 6	�9 .


 ��
� �
���
�]+ K�* ,! 6�  U�\*! JP� =B/C�� 	��9 .J�P��]+ a��! �	

 2 %�AB�C! %�)�-! =@/����� %�*�$ �9 %	�$ t#���� ,! �P9

 =@/���� J9 ;)f+ %!���/9 %!�&!��B%�)�-���/9 J9 %!���/9 I

J�9 JfV�Z�+ %��*7 ,! 2 6	��$ JPG!�+ %�ABC! �!�AD�!�/-

 �+7 c�E .U�� ,! N�� 2 ��  c/�?� JS�9�+ =��E;S! ���

TIJ+�* ���m� a)�� �*2�D���& 	!���! J�$ a��! J9 JG�� �9 

FAG �!�!	 =+ J9�D+ ��� I�# �9 ��=@/���� ���/9 B�/l 

�*2�D��& J*��* �2� J9%�-7 =�	�Z� �/l ��/T a�! 	�!2 

�*�  JP��]+ .�O=@/+ �)/� J�9 %!����/9 ,! =T���/�- %�&

 J��� �	 2 J)��T J*�T!�G ��S P*! ��m 6	��+ �2�V ��� 	��(

EDTA �  J)`�� .J�P��]+ a�! 	�!2 J$ =*!���/9 =+��� �	

�*� I��)$�� u]- IX a/��� �	�(P*! 2 =�P/fS ��V ,! ���

 ��)$�� �/��P�VIII %7 ��9 %��+�	 ��0� 2 6	��9 =P/fS ��

 ��)$��IX6	�9 1/* �	�(P*! �*! .

v!�`)-!DNA:

DNA ��D)4  2 1/� ,! N�� %!����/9 �����2 %��& 
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 انعقادي بيماران هموفيليIX بر روي ژن فاكتور SSCP به كار رفته براي آغازگرهايمشخصات:1جدول

 ناحيه آغازگر*نوكلئوتيد سكانس bpسايزنگيلنيآ

°C�/�>��� gaagtaaatacagctcagcttg  
attctatgctctgcatctga 

-79 to -57 
196-176 

FIX11 
FIX12 

 Promoter 
& Exon I 

°C�� ��� cttttttgctaaaactaaag  
attctatgctctgcatctga 

6285-6304 
6533-6514 

FIX21 
FIX22  Exon II 

°C�� ��� taaaagataggaaatcaatacc 
ttagagggttggactgatct 

6510-6532 
6753-6733 

FIX31 
FIX32  Exon III 

°C�� ��� atcccaatgagtatctacaggg 
gtttcaacttgtttcagaggg 

10311-10332 
10565-10545 

FIX41 
FIX42  Exon IV 

°C�� ��� ccatgtactttttagaaatgc 
gctgaagtttcagatacaga 

17607-17627 
17849-17830 

FIX51 
FIX52  Exon V 

°C�� ��< gccaatgagaaatatcagg 
ccagttttgacacaccatc 

20317-20335 
20596-20578 

FIX61 
FIX62  Exon VI 

°C�O ��� gcctattcctgtaaccagcacac 
gagctagtggtgctgcagat 

29954-29976 
30196-30177 

FIX71 
FIX72  Exon VII 

°C�O ��> ttaggtcagtggtcccaagtag 
taagggttcgtccagttccaga 

30735-30756 
30958-30937 

FIX81 
FIX82  Exon VIII 

°C�� �>� ctcaccacaactacaatgcag 
tcggtcaacaagtggaactctaagg 

30885-30905 
31120-31096 

FIX83 
FIX84  

°C�� �O� cttcctcaaatttggatctggc 
tcccccactatctccttg 

31015-31036 
31222-31205 

FIX85 
FIX86  

°C�> ��� gctggcttccatgaaggagg 
agtgattagttagtgagaggccctg 

31172-31191 
31439-31417 

FIX87 
FIX88  

*6���  6���  "�-! �9 ��,�9 ��!�T ��!�T�$�)/ �� %!��?�� 2)Yoshitake et al.(=+� �9)��.(

��f@T�'�	�!�*�)��-! �2� e��fS 1��+�W �����K�f�� ! =��?�* 

)Salting out(����	�T v!�`)��-! )�>I��.(a/��/P� ,! ���P9

 �	 ��)+�)�2�)?[�-! �2� J�9 x��@& =9���,�! 2 �^@l

 ��+	�O�=)*�- JG�	 	!�T� ��!�Ak* .

��)$�� %� �/y?�IX :

��)$�� %� 5@)`+ eS�#+ IX c+��  ����/9 ��� �	�(P*! 

%21T! I���+2�� ��V �- =V!�* 2 �D� �� 8� 6���  ���

%21��T! %2���)#�! 2 ���� 6���/\*, F#��$!2 J@/��-2 J��9 ���� �!

=@� ,!�+)PCR ( �9�T,�l7 J�/V�* ��� �!�9 6�  =V!�S ���

 �S J�9 I�,��- J�#/A9 ,! N� ��  ��/y?� J�*�T!�G ��)���

��)('2�G�(.c+��  F#�$!2 a�! �	 6�  	�!2 	!�+�OO

,! U�T�*���*DNA I�����/9 ���� =+���*� �O,! '���+ ���?/� 

�T,�l7�-	 a/��� 2 �-	 q�9 ���)6��$ � Q�!�� =9��#G (I

i�@`+dNTP )z�%���7 � �2 (�^@l �9�OO �q�+ 2�?/+ 

MgCl2���^@l ���9 ������9 I�q���+ =��@/+ x�O Q�1��*7 2

SmarTaq DNA polymerase)%��#/��- (���^@l ���9�/O

=��A* Q\V �	 �V!2��	�9 �)/�2�?/+ .6��  J�#/A9 J+�*�9

 �!�9PCR J9	�9 ��, c?  :

<� JG�	 �IJ(/W	 <�JG�	 ��IJ/*�{ �>���JG�	 �O

J/*�{)��+	 *7/t#/@ 5�@)`+ =V!��* �!��9 6��  J#/A9 (I��

JG�	>�J$ J/*�{ >O-� U�\*! c?/ .��� ��/y?� ,! N��

J/V�*I.q�Z0+ PCR ,��T7 '� �2� �9 �%���)�2 �9�O

.�+ J9��t�*� ,! �P9 2 �  ,���2�)?�! J(/W	 ��9 �1�/+7

 FB#��9 }!�2���+ ����* F9���� ���0� �����+2�9 U�����/�!)UV (

�*�  6���D+ .

Single Strand Conformation Polymorphism(SSCP):

S! '�Z�V ,! N� .q�Z�0+ %	��9 ~�-�#+ ,! %��#/�

PCR I��k���9�l F��+,7 SSCP .��P]W J�/@$ �2� ��9 

'��+�* '��)#$ ��9 6!��� J*�T!�G ��S J9 %!���/9 J)��� �/y?�

 �����T U���\*!)��.(U���\*! �!���9SSCP ���/l �2� J��9 

�����/)$!��	!I�.q�Z���0+ ,! ����)/�2�?/+ PCR ����9 ��

x�Z`+ ���9 �)/�2�?/+SSCP �+��� c+��  J$ +��/<�%I

c*�/- a@�!, 2 �@9 c#��+�9O�/O�C�	 2EDTA �O=@/+ 

�  i�@`+ 	�9 �q�+ .��^#+ J9J) �-!2 J�*��* %	�$ I���

 ��+	 �	 p�� i�@`+<�=)*��- J�G�	 	!��T .��+ J�9�

���	�T c�()#+ ��� �2� ��9 ���P���- 2 6��  J�9�?*! J(/W	 .
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��)$�� %� FAGIX �	=@/���� %!���/9B%�ABC! =���$ =H��+ �)$	 %!��?�� 2 ��� 

���

J��*��* �����J)�� �-!26���  J��9 %�)@/+���� t*���- s��-��

8��n �/l '� �2� �9 6�  J/fP� ���J) �-!2 c��$! =@� 

�/+7�/
�/>�

�� �/�<I�O%.�+ J9 2 6�  c()#+�O�E�- 

��)�2 �9�OO ��+	 �	 ��2 �=)*�- JG�	 ,����2�)?�! 	!�T

�  .,���2�)?�! U���! ,! �P9I6�(* .!�)/* �2� J9 '� �/O

t*� ��, ~/��� J9 �C�	 � �1/+7 .

�9 '� !�)9! 8/)-! �/-! �%c*��! 2�O%2 6��  N?/��

 t*� 6�(* .!�)/* �9 �D)4  ,! N� ���	�T �1�/+7 .,! ��P9

 '��@0+ ,! ����*�9 %���	 ���^#+ J�9 ��](+ L7 �9 �D)4 

NaOH �/�%a/����+�� 2>�%���9 %������ �	 2 ���  6	�B)��-!

��	�T 5W�)+ F#$!2 8/)-! �/-! ,! 6	�B)-! .

1/��*7 2 =�!�� a//P�:

�* J*� �	 J$ =���SSCP%7 =�)$�V .2��B� ���)band 

shift ( 	��9 6�  6��	 '�+�* '�)#$ J9 �f4*I,! N�� PCR 

Q\V �	 	�\+�OO'�Z0+ _/@`� 2 �)/�2�?/+ PCR �9 

�/$ ,! 6	�B)-! _/@`� DNA '� ,! %��/$ )%��/$ �%���7(

�*�  =�!�� a//P� 6�/\*, Q)& �2� J9.,! =9��� =�!��� �	

�T,�l7 ����-	q�9)	�!2���(SSCP�  6	�B)-! .

=�!�� U��* ��9 6��+7 �-	 J9 ��� �����!1�! ���	!���9 2

J�1\� "�+2�$ ��)$�� %� �9 N[- 2 6�  IX J�9 �	��(P*! 

U���* J@/��-2 ������!1�! Blast 2Fasta3 2 6���  6	!	 e��/f]�

 N*�?�- J�9 ��/��b@$�* 	2�2 �� 2 d�V IJS�9�+ ,�9 �//M�

 +7 �-	 J9 %� =@C!�)��I��(.FAG 6��+7 �-	 J9 ���

 =@/����� F�AG =���E;S! 8�*�9 �9 %!���/9B2 J4���(+ 

�*�  _`D+ 6�D* ��!1T 	�!�+ .

�� ����� 
�2� �9 p�� e/(0���=@/���� J9 ;)f+ ���/9 BU�\*! 

�  .6�\  J9 JG�� �9 JP��]+ a�! �	 J+�* I%!����/9 �����

���/9 8�	!��[�-! U��� 	��+��2�>'��/@/+�� U��� 	���+ 

�*	�9 !�!	 !� ����/9 .�	�K��* ��9 '!	 =$���+ g/� 	��+ 

	�f* "�)-	 �	 '�/@/+�� 2 8�	!��[-! .

j��)*PCR :

�	 �>,! ���/9 ��6�  JP��]+ 	�!2 ���/9 I=V!�* J/@$ 

��)$�� %�IX ��	�T �/y?� �	�(P*! .Ql�/@E ���/9 8� �!�9

'�)#$ 5@)`+ ��� %21�T! s(� �������� �2 ��  ��/y?� 

%21T! ����2��*�D* �/y?� )c? �.(

 سايز مـاركر5فـردي. bp 242ه طولـب7زونـ اگ PCR:1شكل

kb 1،7رديـف.اي كه حذف در ايـن اگـزون دارد نمونه6رديف

 كنترل منفي

j��)*SSCP:

j��)* SSCP %21T! 2 ���+2�� J9 i�9�+ ��	�I����/9 

%21T!��	>%21�T! I���/9 ��	�%21�T! I����/9 ��	�

%21T! I���/9��	�%21T! 2 ���/9 ��	�����k�! ����/9 

�*	!	 %�D* '�+�* '�)#$ J9 �f4* !� =�2�B)+ =)$�V)c?� 

��5�! .(�	SSCP �I���/9 ,! U!��$ g/� �	 =)$�V �//M�

 ��)$�� %� =-��9 	��+ =V!�*IX �-	 J9�!��9 J�$ �+�/*

 	��  =�!��� a/�/P� %� c$ =)4��9 FAG %	�27 �-	 J9.

�2� �/-�4VSSCP F�AG %	�27 ��-	 J�9 �	 ��� ��9

 �fy+ 	�!�+ �f4* '�+�� ,! 6	�B)-!)���k�! �	 J$ �	�!�+

 %7 =)$�V ��	�T 6���D+ ��//M� '�+�* '�)#$ J9 �f4* �� (

L��m =�-��9 	���+ c�/���� ��/P�G c�$ J9 �	�OOI

	2�V<�%� Jf-�0+.

 هاي قابلو باند شيفت2 اگزون SSCP: الف-2شكل

ردؤر مي7رديف.4و3و2هايفييت در  باشد كنترل نرمال

=�!�� a//P� j��)*DNA:

��)*�C�V j�//P� ,! c�I����/9 .�  6!��� J9 =�!�� a

1 2 3 4 5 6 7�������

Bp���

�������
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���

 استان اصفهانBنعقادي بيماران هموفيلياIX هاي به دست آمده در ژن فاكتور جهش:2جدول شماره

 شدت بيماري◊CpG جهش+ تغيير اسيد آمينه منطقه درگير نوع جهش

�Promoter -A 13G NMild �

�Promoter -A 13G NMild �

Missense Propeptide R-4 W C 6364 T YSevere >

Nonsense Signal peptide 
Propeptide R 29 X A 192 G 

C 6425 T YSevere �

Missense Propeptide R 29 G C 6460 G YMild �*

Deletion EGF1 Del A 10371 NSevere �

Missense EGF2 N 92 T A 17690 C NSevere �*

Malmo polymorphism  
Nonsense EGF2 A 148 T 

R 116 X 
G 20422 A 
C 17761 T YSevere �

Deletion Active peptide -Del A 20293 NMild <

Deletion Active peptide Frame shift Del A 20365 NMild �O 

Missense Catalytic domain Q 246 E C 30857 G NMild ��*

Missense Catalytic domain R 248 X C 30863 T YSevere �� 

Missense Catalytic domain R 248 Q G 30864 A YSevere �> 

Missense Catalytic domain R 248 Q G 30864 A NMild �� 

Missense Catalytic domain Y 259 C A 30897 G NMod �� 

Nonsense Catalytic domain R 333 X C 31118 T YSevere �� 

Missense Catalytic domain R 333 Q G 31119 A YSevere �� 

Missense Catalytic domain R 333 Q G 31119 A YSevere �� 

Missense Catalytic domain R 333 Q G 31119 A YSevere �< 

Missense Catalytic domain L 323 V C 31088 G NMild �O*

Insertion Catalytic domain Frame shift Ins T 31140 NMod �� 

Deletion Catalytic domain -Del g & h? YSevere �� 

◊CpG:FAG �!�9 �]&�� eS�#+ 

*6���  =+ ���G FAG �-! 6�  _`D+ 6��)- �9 J$ =��� �-! 6�D* ��!1T %�#$�� =@/���� =��E;S! 8*�9 �	 J$ � �9 .

+6���  "�-! �9 ��,�9 ��!�T 15Yoshitade et al. 1985=+ � �9 .

Mild :I5/B& ����/9 .� Severe :I���  ����/9Mod :+ ����/9 .�  s-�)A. Y: Yes, N: No :Ia/*	7 ,�9G:Ia/*!��T ,��9C:Ia�,�)/�-T:

a/�/� .Del: deletion IIns: insertion.

R:Ia�/*��7W:I%����)[���G, Stop Codon: X :  Ia�/4�;TN:Ia������[-7T:I%����)[���A:Ia/*q7Q:Ia/+���@TE:I8�/+���@TY:Ia/*�����

C:4/-a/b) IV:a/�!2 

Missense : �-! 6�  J#/+7 �/-! �//M� ~f- J$ =*�/-���+ .Nonsense :�-! 6��	�T J���& %2�$ 	�\�! ~f- J$ =*�/-���+ .
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��)$�� %� FAGIX �	=@/���� %!���/9B%�ABC! =���$ =H��+ �)$	 %!��?�� 2 ��� 

���

J�(]#+ 2 J�#/+7 �/�-! ��//M� IF�AG 6��k��G IF�AG K�*

 '2�G �	 �/T�	 =#/b�2����-! 6�  JC;& .

F�AG ,! %��#/�S! '��ZV ��AG J�9 ��� 6�+7 �-	

J*��* %7 FAG J$ =��� =�!��� a//P� ��!	�\+ �*	�9 ���G ��

�*� )c? ��L.(

 تغيير سبب سيتوزين به تيميننمونه بيمار كه تغيير باز:ب-2شكل

.شد-4اسيد آمينه آرژنين به تريپتوفان در موقعيت

=+ 6���D+ J$ J*�T %��� 	� IF�AG �)D�/9 J�9 ����

 �-	 K�* ,! 6�+7missense =+ � �9 .%!����/9 ,! =�?� �	

 �	 a/*!��T ,��9 ��//M� I����/9 6�##$ 	�\�! FAG �9 62;E

 6�k��G�O��� a/�*	7 J9)G 20422 A ( �/�-! ��//M� ~f�-

 6�k��G �	 a/*q7 J#/+7���	�9 6�  a/*���� J9 .��//M� a�!

 =@� J9 2 6	�f* FAG Q4/���+ =+ ��AD+ ����+ �� �9 .!a��

=@� Q4/���+ �A#� 2 6�  =��-�#  ���- ��D$ �	 ��9 a/�2! 

=@� ��)$��� %� %!	��T 1+� =V!�* �	 J$ �-! =�4/��+IX 

�	�(P*! p�B�!=+�)�!)>.(�FAG ,! 	��+ ��-	 J�9 ����

 ���G 6�+7�*	�9 	�9 6�D* ��!1T %�#$�� �*.FAG a�! ��

,! �#���fE :C6460G IA17690C IC30857G IC31088G 

��� 
%�/+ ,! ����/9 ?/)*� ���=I����/9 21G =@/���� ����

 =+ q�9 =*�+�	 � =) !�A9 J#�1� �9 2 r��  � �9 .J�9 JG�� �9

 �!�9 =P]W %�+�	 ��;P� 2 6	�9 	��, ����/9 o�!�E J$ a�!

 	�!�* 	�G2 %7)%�+�	 %� 2 6	��9 6��*�!�Ak* 	��G�+ ���

 7��$ 2	 2 8�� ,��� �	 %7 �!�9 =*�+�	 �!��W =#/���9 =���+,

	�!	 (%�D�* ���m2 J9 !� 	�& ����/9 ,! ��/kD/� �/��!

=+ ��	)�<(.��/kD�/� ��AGIr�m�+ a���)A9 �	 ���/T

 ����/9 c9�(+ =?/)*� ���I,! c�fW _/`D�� Ia/@W�* a//P� 

=�+ ;)�f+ 	��� %�+7 �/*	 J9 ,! ��/T�@G 2 ���� �� �9 .��9

 )4�9!2 �����/9 8�� =@/���� J$ a�! J9 JG�� N#�G J�9 J

J�9 %!�4�� J�9 c�W�* %��*, e��S ,! ����/9 2 �-! L�@M+

 =+ ��! =)4���9 �����/9 ,! ��/kD�/� �!��9 a�!�9�#9 �-�

 �*�  =��-�#  cW�* %�*, .6!� 2	 c�W�* %��*, =��-�#  �!�9

	�!	 	�G2:

���2� ,! 6	�B)��-! ,! 6	�B)��-! ���/^* Q/()4��+ ���/l �����

 =�@� �����$��+ +�8�/��RFLP(Restriction Fragment 

Length Polymorphism(ISNP(Single Nucleotide 

Polymorphism ( 2VNTR(Variable Number of 

Tandem Repeats()�>��O.(

���2� 8��� ,! ���P9 =�!���� a/��/P� c��y+ Q/()4��+ �2� 

%7 %2�9 �� ��k��9�l)��.(

����$��+ r�W!�+ ,! ���/49 �	 �=�@� +�=�����T 8�/��

 �/9 �� 2 J) !�* =+ �	��+ 8� .��C J9 ��� �	 J�$ �� �9

 ��-! =�+!1�! 6	!�*��& FAG a//P� .��C a�! .�2� �	

Q/()4+I,! 6	�B)�-! ��9 ��� 2 6��  =�!��� a/�/P� %� c$ �� 

�2� 6	�$ =��-�#  !� %� �	 FAG 	2�V ��k��9�l ���

 =+ =�!�� a//P� J/V�* %��� �A#� N[- 2	� )>.(J�G�� ��9

 FAG J$ a�! J9��G�+ ��� ��)$��� %� �	 	IX %� c�$ �	

 !� %!����/9 ,! �	��, 	!�P� J$ =P��  FAG 2 6	�9 6�#$!��

 ��)$��� %� c�$ !��� I	�!�* 	�G2 ��	 F ��IX �	��(P*! 

	��/T �!��W =�-��9 	���+ ���9 %!���/9 .SSCP 8�� �2� 

I~-�#+ ��k��9�l q��9 ��*�+ .��W �9 2 "�)-	 �	 I%!,�!

 ��D/� .�*�?+! J9 ,�/* 2 6	�9J)	�!�* �! .a��! ,! !��� �2�

 FAG ��k��9�l �AG ��)$�� %� ���IX %!����/9 �	�(P*! 

��	�T 6	�B)-! e/(0� a�! �	 6�  	�!2 .a��! "��-!�2� 

=��H� c?  �9)Conformation (6�/\*, J)� � 8� ��� �!

DNA �-! �!�)-! .J���*�{ ��)&��- a��! I=�!��� J�9 J)4�9 

a�! 2 J)��� �//M� I���/��b@$�* ��$�V .2��B� ~f- J��4+

 '� 6��##$ ~�/@(� ��/l s�!��  �	 .��P]W ,���2�)?�! �	

=��+ 		���T)�����.(U���\*! ,! N���SSCP �2� ���� ���� 2

�k�	 ��k��9�lIJ�P]W %���� �2� =�!��� a//P� ��q��P+ �!

J*��* J9 �f4* �$�V �//M� J$ %�D�* '��+�* '��)#$ ����

=+ =+ U�\*! ��	 	�  .

JP��]+ a�! �	 =-��9 �!�9 F���+,7 ����� �!�?� ����

SSCPI6���D+ ���/9 8� J*��* �	 =)$�V .2�B� J�*�#n 
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���

=+ %!��#E J�9 F���+,7 ���P9 .��P�	 �	 J*��* %7 ,! � 

 =+ 6	�B)-! �fy+ '�)#$ ��	�T .!��//M� 	�!��+ =+��� �	 2

	�9 ���� �!�?� =)$�V .U�\*! ,! N�SSCPIa//P� ��q��P+ 

	��+ .�P]W =�!�� ,! =?� �9 �^* ���T,�l7 �k+ I�  U�\*! 

%�/-���+ �	 2	 ��/��� ��AG J9 =�!�� a//P� J$ ���G ���

 ���T U�\*! ��9 .=9�� =�!�� U�\*! ,! cfW J$ a�! J9 JG�� �9

DNAI�-! 6�  U�\*! ��k��9�l �2� 8� I8�� ��q��P+ 

�-! =��$ =9�� =�!�� ��9 .

FAG a)��� �9 ��)$�� ���IX J�9 ;)�f+ %!���/9 �	�(P*! 

=@/����B6	!�*��& �	 a/@W��* =��-�#  I��9 %!����/9 ����

 %��?+! ��)D�/9 �W	 2 �E�- ��-! ����� .%7 ��9 62;�E

 =@/����� ����/9B�!��9 =f�-�#+ ��/4�9 =���?��+ '��+ 

FAG a/9 i�f��! =-��9 ��)&��- 2 �����/9 .��  ��9 ���

 ! =�-��9 �!��9 =f-�#+ '�+ 1/* 2 =#/b�2�� J�#/+7 ����/�-

6���k��G �	 Q��A+ 4��V ������J��S�9�+ a/b�2���� �!���9 "

=+ � �9)��.(

�����/9 .��  �9 ���/9 �� �	 6�+7 �-	 J9 FAG K�* 

��  J4���(+ 2!)Genotype-Phynotype Correlation (J�$

 %!����/9 =���E;S! 8�*�9 �	 6��  ��!1�T 	�!�+ �9 e9�]+

	�9 =@/����)��(.

�,��- '�+ .�P��]+ J�#/+7 �/�-! �2� J�$ =�@fW ����

 ��)$�� a/b�2�� 5@)`+IX 6�  U�\*! �	�(P*! Ia��! �/��! 

J#/+7�/-! �-! 6	�$ _`D+ !� �� .,! =HP9 J$ a�! J9 �^*

FAG J�P��]+ a�! �	 6�+7 �-	 J9 ���G ���Imissense 

=+ �# �9I��)&��- �	 �//M� c0+ 2 .!�//M� K�* J9 JG�� �9 

��)$�� a/b�2��IX �9 I=P�- 2 J�)&!	�� �/P�m2 J�/G�� J

=+ 		��T =9��,�! ����/9 .�  		�T .6�T���	 ��9 a�!�9��#9

 FAG =���)V! ~W!�E J$ 6��	�T =P- p�� �	 ���G ���

 ��)$�� a/b�2�� u]-IX 2 �����/9 .��  J]9!� 2 �	�(P*! 

F/� FAG K�* 		�T =#/9 .

���/9 8� �	 I,�9 �//M� C 6460 G	!	 �� 6J�9 �\#+ J$ 

�/PW�+ �	 a/4�;T J9 a/*��7 J#/+7 �/-! �//M��<6��	�T 

�-!)R29G)( ���G FAG .(21�G J�/V�* a��! �	 a/*��7

a/*��7 =V!��* 6��  ��^��0+ ��!���  ���<%!��09 J�*�T 

�-!)��.(,! N�� J(]#+ a�! �	 rW!2 J#/+7 ����/-! ��+�T

%�/-;/4$�9�$I��)$��� '�Z��! �	 =���/V F�(* IXa J�9 

Q/4@$ U��� 	��\�! J�9 �\#+ J/V�* a�! �	 FAG !�� I�*�!	

 =@/����� ����/9 ��� B=�+ 		��T .=���E;S! 8�*�9 �	

 =@/���� %!���/9BI�//M� CJ9 TQ)�& %2��$ 	�\�! J9 J$

=+ 		�TIJ#/+7 �/-! �//M� �+! �-! 6�  ��!1T ��-	 J�9 

�-! 6�D* ��!1T ��;fW JP��]+ a�! �	 6�+7 .

��/9 8� �	 �//M� �A17690C J�#/+7 �/�-! ��//M� ~f- 

a����[-7)Asn ( a/*���� J9)Thr ( 6��k��G �	<�%21�T! �

	�9 6� )���G FAG .( 6�k��G �	 �//M�<��	 _(* ~f- 

��)$�� '�Z�!IX ��)$�� J9 �	�(P*! X=�+ 		��T .Glu782

Arg94��)$�� �	 IX 2	 a/�9 i�f��! ��!�W�9 ~f- �	�(P*! 

J(]#+EGF 6��  ��)$��� F#�$!2 �	 i��f��! a��! J�$ IX 

��)$��� 8f�- 6��/\*, ��9 �	�(P*!VIIIa ��/4�9 ��2��m

�-!)�<���.(J9 8�	1* ��/49 J#/+7 �/-! �	 �//M�Arg �	 

6�k��G<�=9 c&!�� a�! �2� �9 �4/* �/{�� .F�AG a��!

	�\�! ~f-	�9 6�  ����/9 ���  U�� .

,��9 �	 FAG c/�	 J9 ���/9 8� �	 C 31088 GI��//M� 

J*!��$ J^��0+)J�#/+7 �/�-! J9 J#/+7 �/-! c��f� %���� ,! �!

6	!�*�& (c0+ �	 a/-�� J#/+7 �/-!>�>a/��!2 J9 )L 323 

V(���/9 a�! �	 ����/9 5/B& U�� 	�\�! ~f- J$ 	!	 ��

	�9 6� )���G FAG.(

�	 >,��9 �//M� ���/9 G 31119 A �/�-! ��//M� ~�G�+ 

*��7 J#/+7 �/PW�+ �	 a/+���@T J9 a/>>>�� )R 333 Q .(

 ��	�T J#/+7 �/-! �	 =-�-! �//M� ~f- %!���/9 a�! FAG .

Q/()4�+ c&!��� IJ#/+7 �/-! ��9 F��$ �9 �//M� a�! =S �	

 ��)$�� �9 J#/+7 �/-! a�!VIIIa ��)$��� c���� 2 J)�� a/9 ,! 

IXa ��)$�� J9 VIIIa ���� F��$ 2����  =@/���� ~f- 

	� %!���/9 a�! �)��.(J9 ;)f+ %!���/9 =��E;S! 8*�9 �	

 =@/����BIFAG U��� ��9 J/V�* a�! �	 6�  ��!1T ���

 6!��� ���  ����/9 2 	�9 �9J)��� �	 6��+7 ��-	 J�9 ���

	�!	 �(9�]+ e/(0� a�! .

F���+,7 Ql��/@E ����/9 8� �	 ��9 6!���� 	��P)+ ����

'�)#$ 5@)`+ ���I%21T! ����2��D�* �/y?� .a�!�9��#9

 a�! �	 d�V �!�!	 ���/9 a�! J$ �  J) !�T a�! �9 o��

 =+ %21T! 2	 =�-��9 ��#+,�/* J�$ � �9 ��/^* I�)D�/9 ����

J?� %���- ��!�T)Southrn blot(�-!)��.(����/9 a��! �	

 ��)$�� d�Z+IX %�D�* J�$ 	�9 �	�E �V ,! �)D/9 ��/49 
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��)$�� %� FAGIX �	=@/���� %!���/9B%�ABC! =���$ =H��+ �)$	 %!��?�� 2 ��� 

���

�##$��A+ 	�G2 '��)V! 6�#�	 =+ ���/9 %�& �	 6�� �9 .�	

��)$�� �	 =*� d�V 	�!�+IXI6��##$��A+ 	��G2 '��)V! 

	2�V �	 ��q�9�O%�-! .

J)��� J$ J*�T %��� =+ %�D* p�� ��� J�9 K��G� 2 ��	

 =�+ ��/��� !� %7 1�/* %!���/9 =��E;S! 8*�9 J��*�#n I��#$

 �\#+ 2 ��	 �� %!�09 J*�T J* eS�#+ ,! =?� �	 FAG J�9

 =-�-! .!�//M�)�/-! �//M� J#/+7 �/-! J9 J#/+7 6	!�*�& ,! �!

 .2�B)+ .�/C�Z& �9 �k�	 (J*!��$ J^��0+ ��)�/�-! �//M�

 J�#/+7 �/�-! J9 J#/+7 .�/C�Z�& ��9 6	!�*��& %���� ,! �!

J9�D+ (eS��#+ ����- �	 FAG J$ a�! �� 2 	�  J#/+7 �/-!

 %7 J�#/+7 �/�-! =-�-! .!�//M� J9 �\#+ %� I		��T J�/V�*

 =�+ ����  K�* ,! J@C�V ����/9 	�� )>.(%!��09 eS��#+

 =+ %� ,! =(S�#+ ,! =#l J$ � �9GC a�! �	 FAG 2 6	�9 

	�!	 =k)49 ��	�+ a- J9 eS�#+)>��>O.(

6���  '2�G J9 K�G� �=+ %�D* F�AG J$ ��	 ����

 =@/���� ����/9 	�\�! c+�EB��)$��� %� �	 IX �	��(P*! 

�/9 �	 6�#$!�� =*!��! %!�� 2 �-! .�(/(0� j��)* J��4+ a�! 

��@fW����! �	 =�����- 2 %!�����D��$ �����/��� ��;+���$ !� �

=+ �#$)>�I>>(.	�!��+ �	 J�$ J�*�T %��� �k�	 d�S ,!

 =T�/�/� J9 JG�� �9 I�  6	!	 u/m�� p�� ���)&��- ����

 ��)$���� a/b�2����IX =��H��� =V!���* a)�� !	 2 �	���(P*! 
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Mutation analysis of coagulation factor IX gene in Esfahanian 
hemophilia B patients by SSCP and sequencing 
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Abstract 
Background and Objectives 
Hemophilia B is an inherited recessive X-linked bleeding disorder caused by deficiency or 
defect of procoagulant factor IX (FIX). The factor IX gene spans 35kb of DNA and comprises 
of 8 exons. Mutations in the factor IX gene may result in deficient or defective coagulation 
factor IX causing the bleeding tendency known as hemophilia B. The aim of this study was to 
identify the causative mutations and genotype-phenotype correlation for mutations in some 
known patients with hemophilia B in Isfahan province.   
 
Materials and Methods 
After informed consent was obtained, genomic DNAs of 24 hemophilia B patients referred to 
Omid hospital were extracted according to standard protocols. PCR amplification and single 
strand conformation polymorphism (SSCP) on nondenaturing polyacrylamid gel were 
performed separately on each sample for eight exons and exon-intron boundaries and 
promoter. The results of SSCP were compared to normal control and sequencing was 
performed for those with different migration patterns.   
 
Results 
The sequencing results showed 70.8% missense mutation, 16.7% deletion, 8.3% nonsense 
mutation, and 4.2% insertion. Many of the mutations had occurred in exon 8; it came out to be 
similar to haemophilia B mutation database. Malmo polymorphism (Ala 148 Thr) was found in 
one family. Four novel mutations not previously reported in the database were also found.  
 
Conclusions 
This study confirms the marked heterogeneity of factor IX mutations in the population. The 
results could be used to develop a national database and offer genetic counselling to families.  
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