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0* A�B$C  �-D ,E-F3# G3�H  I'&�6 I3: �� �J4$'# �4-D ��$# K"L-��$( 8''&� MN�O  2O $P <�O�
�  J	�� .E-F3# R'ST U'�-=V 8''&� I'��* �� �6-� �� �-OD WO"�2� �O� ��
O�*� �*���'� �� 2 $P <��)$O'X4

 MN	 �(*� �4-D Y% � K'�(Z�� �*���'�(,�*� �&��9  8"* BJ� ���O"0�* A[O( � ��-ON�-  \�� <0*JO4*
�
"��  ��$# 8''&� �� �-'(�='�-3#��� ��-N�-  \�� �� <* �JO==% IOV�"�� ��O(Z�� �*��O�'� �� �4-D <��

�-� �J&�  <��J>*� .
#���  �	� �&

�-� �C'H�� ]-4 0* �J	 )�^4* �&��9  .DNA �9'S  �-D 0* 
��V Y��O( _̀*$��a �$V �#�*-4�OD W�*-O( JOP
��(Z�� �77M �	 ���'� 1���L�  ��(Z�� �� ?�F  ���'� )�@� �-D E���4* K'�'�-�� �b��: �� $;4 ��$O;4 

�b��: 8"* JP�V(,��"J $�="* ��(Z�� �� ?�F  $;4 )
� K'�'�-�� �b��: �� $;4 �K'�'�-�� �b��: JP�V $;4 (
��� M( MN'( ��(Z�� �� ?�F  $;4 K'�'�-�� �b��: �,J	 <0�(*J6 .M�/ <�� RHD / RHC / RHc / RHE 

/ RHe / JKA / JKB / FYA / FYB / KELL1 / KELL2  �� $#0�c/I(� <�� ��-O  <0*-O  d�-OT �� 0�(
 J=�V$# �*$P �(�$� .� )�^4* �9'S  �-D �4-�4 <�� $� 2'4 �-'(�='�-3#��� \�� �� �['�-=V �(�$� 8'=e Y�

N�-  \�� ��J4J	 �
"��  ��- .
��-�. �&

�-� ����  E$�=% �*$V* ��� �� U'�-4L � U'�-=V 8''&� .]-O�^  �� � *�1\�� �� 8'O� <��#0�O(�4 ��-O  
�� �-'(�='�-3#/ � ��-N�- 
�<��#0�(�4 8"$��'� �% J	 �J���  ���'� )�@��-  (�4-D ��$# ��Rh A� �

��$# �� �/ 0* �V*� �4-D <��)����-  (�J'%)����-  (�-� .
/��� �0��
 

W'�S� 8"* ����4/ R'ST 8''&� �� ���P <L-��$( \�� �L��� �-F4 �(�$� IS� �*���'� �� �4-D ��$# <��
 �O  � ��-O� WV-  �-D <��J>*� �J==% IV�"�� �*���'� �&P*� �-D ��$# 8''&� �� U'�-4L 8''&� �O� JO4*-�

 E-F3# f�H�4* JP�V 2 $P <��/��4 �L�J	 gP*� �-'(*2'4-�"*-�/ BJ� �% �"�� J4*,W"�2� �� KO�% <J&� <��
J"��4 .I'(�
>/\0�* � I'T�C�D* \�� �O� �
O"��  �� �-'O(�='�-3#/ \�� �O;=  � IOFi  <��FD* <��

��4/ <*$� ��-N�-  �LD,MT�> ��-D _̀��F
4 j"��4�-�4��4/ 8"* �% I3: �*J� J"�	 ,W"�2� ]�$	 0* MFP �L
�-D �  8''&� �*���'� �� � I"�:� <��#0�( 8"* 2'4 �-D W"�2� d�-T �� � �-	 �-	 .� $X4 �� *k� JO(�

 ��$# 8''&� ��-  �� ��'�C� 8'=e .�H�* ��$# $"0 <*$� MP*J> �-D W"�2� �� ]�$	 �J� �� �:$V <�� <�O�
Rh �Kell �6-� �� ,J4�*� K'�'�-�� l�*-: ��^"* �� *� Y+( 8"$��'� �% ,,��-ON�-  \�� $�Z�� �="2� �� 

J	�� �V$T �� ��$�  ��'
� .��4/ 8"* 8''&� 8'=e Y� �L2O'4 $��
O  ��#JO==%*J�* 0* <��JOS  �*JO&� �� ��
�  K�% �*���'� 8"* <*$� m(�=  �4-D ��$# �� �J==%*J�* 8''&� �� J4*-� J	�� �J==% .
�1�%��1� 2�:,��(Z��PCR��4/ ,�L��$# <�� -D�4

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

������ ���� �:PhD � ��  �!" ��#$%  ���&�' (�#)#*	 +,�� �����$'  � -.!�!%!/�  0$�� 1�234 �:����5��66� 
�� ��  �!" ��#$%  ���&�' (�#)#*	 +,�� 07�� � 0/)8!)7 28�  9�38��, �
:5.!�!;%  � -.!�!	�/< =>?	 1!� 0/'@�	 A�B%���� � � ��  �!" ��#$%  ���&�' (�#)#*	 +,�� �����$'  � ��,�!, -
�5PhD �A��C 0%�DE FE�� A�BG���&H 0�!;�!� I?7 J)�� �!$���7 � J)KB%  �!" ��#$%  � 0%!" -�< 
�A��C 0%�DE FE�� A�BG���&H 0�!;�!� I?7 � 28�  9�38��, ��7 � J)KB%  �!" ��#$%  � 0%!" -�< �!$�� 
6�9�38��, � ��  �!" ��#$%  ���&�' (�#)#*	 +,�� � -.!�!)7 
�9�38��, ��!" ��#$%  �!� �� ��  �!" ��#$%  ���&�' (�#)#*	 +,�� 
��9�38��,L��;)� � ��  �!" ��#$%  ���&�' (�#)#*	 +,�� � 0'�38 
��=>?$��#$%  ���&�' (�#)#*	 +,�� �����$'  � 0M�/$E  0;8+� � ��  �!" �N#O3� A�B��� �08&!�H - �!" ��#$%  & �)8 
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A��C P)	!%. 0/'@�	 � ��/)7 �� 0%!" -�< � ��;/< � ��B��8 ��CQ� �$,� 

���

���	� 
0$%H �.A��C -�< 2�%!)� � �!�" ���#$%  �� 0%!�" -�<

�RM ST�/�  �!�" U�)$)�!/< 0/%H �� ����� -��C&��'�% 

2%� � 0/D� I#% T)3E)�.(�!�" ���#$%  ���Y%� N7ST)�)Z	 

� ��)Z/E �KM N7 SA2%�)C 0%!" A��C U�.!���' [K$�?

�!YKC 0� \;G� +��] -�< 28�7):S�.(P�)	!3� T)�)Z	  ��

 �!YKC ^)*4 �!�" _���+	 N7 N$�7 � � ��/)7 �� +��] -�<

 U)/'@�	 � ��/)7 �)`%S0�/%H � \;�8 0�' � 0%!�" a�, 

�!)/� !	  U)$)�!/<S�!YKC �!Rb �KM N7 �� 0#��+	 -�<

 A2%�)C �!" ���CSNE !� 0$?' �7 �' ):(.T)�3c a�< 

�� �� +��] �!YKC P)	!3� T))Z	 �DE �!)'�3)	!KC�/< �

A28 +)% A+)%!)/�  � N$8 � �!" ��#$%  de �)"  N, 0% ��/)7 S2% 

 �7 �28 A2)8!� �KM N7IgG �]� f���$% �)��g	 � A�!7 �)C

 0� \;G� 2�8�7)�.(-���/)7 ��7 N�h%�3c ��i�b ���b ��

 0$%H �!Rb �KM N7 N, �!8 ��!"�7 -��7 ��<S�!�YKC ��< -

S238�7 A28 A2)8!� +��] de@�/$b  �!)�'�3)	!KCH ��� f��$%

 0� �Yj� 2%��C.\;G�� � ���  T��  0%!�" A��C T))Z	  �� 

�!�" _��+	 N7 -� &�)% (�!4 �� � A�!7S_���+	 �!$�'� 

0%!" A��CO0g3� 0� A� � �!8.T�;/� N�, 0	�!�4 �� 

A��C -��C&�'�% �'  N$�8 � �!�E� 0�M�� -��<�k�M�7 

/� !�H �!)' +)%!)�!8 .0$%H T�  l!)8 -��7 NZ��O� �� �< -�<

 ���g$� �!��4 N��7 ���K$?��(S):���	 ��2��4�� (�� +��C

A28 2% )�5�.(P�)	!%. 0'��7 A2���)DNA ( 0�$%H �.-��<

 NK)�'� � !3M N7 +��] �!YKC - ��7 -  ������ N�, 0% ���/)7 

2%� � �2Z$� �!" _��+	S����2�*� ��7 N�YKm �DE -��<

 �3)	!KC�/< ��� 0� �!)' 28�7.���#$%  ��7 ��� T��   ���& 

0/% � �] �)n�	 �*	 �!" ��)C)�.(

��� _7�O	 �`% &  CH -��<K��� � �!)�'�3)	!PCR S

P�)	!%. 0�'��7 �DE)DNA ( 0�$%H �.S��< �� +�C -��<

 2�%� � �!�E� 0gK$?�.T��&� � ���;/< �)���' ���ooo 

-�p)��� (0��KM 2��%��, �� +��C 0��q �!��" �������� a��m�

%!/%N-�)CST)�)Z	 f���$% ��7 P)	!3� T))Z	 &  \4�b f��$% 

0� N7�G� 0�!;�!� ��� N7 P)	!%. 238�7)�.(!D)K)$�, ��

-�� �7 �!" NZ��O��o0' � 0%!" a, N7 p$Y� ��/)7 \;8

 N7 \, ��6\��8 S-��C&�'�% ��!� ��� -��C&��'�% ��!� 

a$���)'2��), N��, �a$���)' �� -��C&���'�% ��!��� 0��� � 

$8 �N��, A��8  S2% )�o.(T)�/< [�'!	 -�B�� NZ��O� ��

 -�� �7 ����oI3�, � N�i��M ��7 0/'@�	 N7 p$Y� ��/)7 

-�)"�	 U)$)�!/<SN7 \, �� ��� T)�7 -��C&��'�% ��!�� 

\��8 N, �!/% A��8  1!� ���:��`% &  ��!�� RHC S�

��`% &  ��!�RHE S:�`% &  ��!�� 2�),)Jka Jkb ( U�� �

&  ��!� a$�)' �`% 0� � 0�238�7)��.(2��8�� ��0'��7

�oo���  �� �!��" A2��33, 2<  )�oo�(S��6��!��� r2��M

 P)	!%. � P)	!3� T)7 _7�O	  �a$��)' �� 0�� � � s��O� 

Nt)$% �!/% -�)C N, & ��� �� T��  ��C2�33, 2<  �� dep�, 

2%� ��!"�7 0Y'�3� _7�O	)�.(03��BK� �� +�)% � ���;/< �

0'��7��o�!" A233, 2<  ��� ST)�)Z	 f��$% ��!7 ���;� 

2%�!/% rpM   � a��' � ��  P)	!%. � P)	!3�):.(N�E!	 ��7

 ��� 0'��7 r2M � �!E!� (�Mpq  N7 �!)'�3)	!KCH -�<

 S� ��  �� 0/'@�	 � ��/)7 �� 0�!;�!� �N�Z��O� T�  u2<

 A � T/i 0�!;�!� ��� -& 2% SA��C P)	!%. T))Z	 -��<

0%!��")Rh SDuffy SKidd SKell(0�!��;�!� ��� N��7 �

� ����/)7 0��"�7 �� S�!)��'�3)	!KCH ��� ���7 �H N�����#�

NZE �� �!7 � �D	 ���C�+7 � ��/)7 A�B%���� N7 A233, .

A���C ^)*4 =)?G	 �� T))Z	 �� P)	!%. T))Z	 -��<

 0�� ������ �!" de ��;� N, 0% ��/)7 �� 0Z] � 0%!" 2�33,

 '  aD� 0$%H!�H T))Z	 N7 � �-��7 �<-L��?$%  � v!;G�� 

�!YKC 0$%H 2]�� +��] -�< �.U�/, _��+	 - �7 w�" -�<

0� 23, .0	��YM N7xA��C ^)*4 P)	!%. T))Z	 �7 0M�� -�<

 ���;� �!�" _��+	 N, 0% ��/)7 �� 0�!;�!� ��� N7 �!"

 �!��YKC P��)	!3� T)��)Z	 � N$��8 � �H -���< ��� ���7 ���<

�!)'�3)	!KCH 0� \;G� 0� S28�7 �!�" _���+	 ��;�  � !	

 ���3)/q  ��7  � �!�" ���#$%  y� !M I<�, �DE ��C&�'

 �!��/% a< ���� -�$G�)7.��� T)��)Z	 - ���7 0�!��;�!� -���<

0$%H �.A��C -�< �� 0%!" -�< ��!/% =?G� (@p$�"  

-��C&�'�% �T)3E � ���� -�<S(!�7  T)�)Z	 )Paternity ( �

2)z��$��  A�� 03�+B��E �!K' 2%!)� &  J� --���)37 -��<

0� A��g$'  \7�] +)% &��%!" 28�7)��(.


 ��
� �
���
(�2�] 07���&�  ��DE � 0>)?G	 l!% &  NZ��O� T�  

0�!;�!� ��� �7 N���#� �� �!)'�3)	!KCH ��� 0>)?G	
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��� A6SA��/8 �S��$�7�	��

���

0$%H T))Z	 �� �.A��C -�< N�7 p$�Y� � ��/)7 �� 0%!" -�<

 A2�33, N�ZE �� 0/�'@�	 � � ��D	 ����C�+7 A��B%���� N�7 

��C2�33, 2<  ��� � -���/)7 T��  2]�� a��' � ��  &  -� 2Z	

28 r�t%  �!" .N%!/% ��� �!7 ��'H 0���>	 S-�)C .

�0'0'-���b N��!� �� 0�O)*� �!" N%!/% EDTA 

28 N$��C .��N�7 A2�33, N�ZE �� 0/�'@�	 N�7 p$Y� ��/)7 

8+� ['!	 �@��C�+7 A�B%���� N�Z��O� T��  �� � f��Z� U

2%28.���$3, A���C N�7 -&��)% N�Z��O� l!�% T�  �� Nc�C 

0/% CH f���$% N����#� ��DE ��  28�7K��� ��7 �!)�'�3)	!

0�!;�!�S�o�!�" ��C2�33, 2<  ��� 1!� -��/)7 2]�� ��� 

N%!/% ��!� +)% 23$��C � �] -�)C .

N�%!/% � � ���/)7 l�E�  &  J� 	!3� T)�)Z	 S-��)C P�)

 \/Z� �!$�'� ��7 _7�O� +��] �!YKC ��� ��7 �!�E!� -��<

CHKA��C - �7 �!)'�3)	! 0%!" -�<Duffy SKidd SKell S

RhD / C/ c/ E/ e28 r�t%  .-.!���' ���)& A��g$�'  �7

0$%H r�' -�<Innotrain ( 2�8 r��t%  .\/Z� �!$�'� _7��O�

 A2%&�' N%�"��,S0$%H r�'  � I����&H N�!� �< N7 � A��+��

 �!/% {!K?� L!"a�.N�!� �� � ��;	 �7S�!YKC N�	 &   � �<

 +)�!��/< ���� �!)��'�3)	!KCH |���*� &  � A����,  2��E N���!�

NE�� 28 -2372%.CHK�!YKC �!)'�3)	! �!Rb �� +��] -�<

 0$%H U� w�" r�'S�!R�b � A�!�7 ��Yj� I3�, � N%�G% 

0��$%H 0��� ��G��%  � +����] �!��YKC ^O��' �� �. 2��<� .r2��M

CH 0� 0#K	 0g3� Nt)$% � !3M N7 �!)'�3)	!K ��7 � � � ����C

 0$%H � 2#� 0�� +��] �!YKC ^O' �� �. 2�8�7 .��� - ��7

0�!;�!�S} �?$�'  DNA } �?$�'  ��), ��7 High Pure 

)��~�(Nucleic Acid Kit  I�����&H �����& ���	 � r���t%  

- ���7)RHD, RHE/Rhe, RHC/RHc, KELL1/KELL2, 

FYA/FYB, JKA/JKB (��	!���� N)b�% �!)'�	!� 0'��7 

0� � �.S-��� �� ° C�o528 -� 2DB% .

0�$%H �< \�H 0'��7 - �7 2�3�H�� 0�q  2�$7  �.PCR S

DNA N%!/% &  A28 } �?$'  � A2�8 ��)j;	 � ���!#	 ��<

 &  NKb�� T�  �!>*� J�'PCR a�+%H -�)C��, N7 �7 -�<

A����B��E �� &��K,!%�2���%  ����7 04�>���$"  -����< A� � �

2����82%)RFLP= Restriction Fragment Length 

Polymorphism ( �&�!���$;�  &  A��g$'  �7 NK4�b (�ZO]

 0��'�38 ��!� 23$��C � �] .��� P�)	!%. T)�)Z	 - ��7 �<

 2%2�8 A��g$�'  +,�� T�  �� 0	 �))�	 �7 A �/< +��] �!YKC .

0$%H �< 0'��7 - �7 �.S\��8 N%�C 2E L!)	��;)� U� µl 

�/�& DNA SA2��8 } �?$��'  µl 6/���C&���mH {!��K?� 

0$%H �< N7 {!7�� �.)0��D% �`Km �7µm �/o(Sµm �oo &  

�<2)	!�K,!%S)mmol �(MgCl2�Betaein ��`Km �7 �o%S

������7X�o��H N���7 µl :/oHot Start Taq Enzyme 

)�!>*� ��~�(J�;	�� �� ���, ��)� �7 � A��+� )�o5�

N)%�n (L!"2%28 {!K?� .

�'� \�H �< -�<�C&�mH &�' (��#)#*	 +�,�� T�  �� �

2�%�!7 A28 N)D	)��2�E�(.L!�)	��;)� �����	 ��  � ��<

�K;)')Heating block�7�!, �!>*� (��& N��%�7 � A2)c

28 A� � �H N7:

E�J6�:��!�"� 0/ �� �J	 �'+� <��$#0�c/ ��*-�)7(

A4�N( ��$#0�c/ 

5'-GGC AAC AGA GCA AGA GTC CA-3' CE14 
5'- CTG ATC TTC CTT TGG GGG TG-3' CEX5 
5'- AAG CTT GGA GGC TGG CGC AT-3' KEL S 
5'- CCT CAC CTG GAT GAC TGG TG- 3' KEL R 
5'- TCC CCC TCA ACT GAG AAC TC-3' FYAB1 
5'- AAG GCT GAG CCA TAC CAG AC-3' FYAB2 
5'-CAA GGC CAG TGA CCC CCA TA-3' FYN1 
5'-CAT GGC ACC GTT TGG TTC AG-3' FYN2 
5'-TGA GAT CTT GGC TTC CTA GG-3' JKIS 
5'-ATT GCA ATG CAG GCC AGA GA-3' JK2 
5'-GTG TCT GAA GCC CTT CCA TC-3' RH141 
5'-GAA ATC TGC ATA CCC CAG GC-3' RH142 

��� N��"�c °C�� (2��� N��7 ��� N��#)]� �oN��"�c )��

°C�� (2� N7 �oN)%�n S��°C6� (2� N7 �o�� SN)%�n °C

�� (2� N7:oN)%�n (���� N�"�c °C�� (2�� N�7 �o

N#)]� .

�!)�'�;)� 0K��H ����� &  J� S(@!>�*� PCR - ��7 

RFLP23$��C � �] A��g$'  ��!� ��& N��%�7 _Yq .

,a�+%H N)K (@!>*� �< ��~��)4�>�$"  N�, 2�%�!7 

�H �. - �7 �< ��2E �� �<�A28 2)] 0�$%H �< - �7 S2%  �.

���C � �] 0'��7 ��!� L!)	��;)� U� .

L!��" �����, ����)� ���7  � L!��)	��;)� ���< (���!$*� 

��2���� aK)� ����� ���7 � {!��K?�a��!��/% .�H��  � ���<

� �!��' g��4 U��� -���<*� ���] 0t3g��'  N-�� �� � A� � 
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A��C P)	!%. 0/'@�	 � ��/)7 �� 0%!" -�< � ��;/< � ��B��8 ��CQ� �$,� 

���

T7 -���°C:� 2%28 ���38 �8 U� (2� N7 .- �7 J�'

 ��Z� �)m a�+%H -&�' �<SL!)	��;)� (2�� N7 �<�oN�#)]�

 ��°C6�2%28 A2)c �� -�� NK4��p7 �.

f����$% 0��'��7 - ���7 RFLPS���+���  ���7 µl �/o���%� 

Loading &������CH �. -�� (@!>����*� N����7 �)%high-

resolution(�����7 �� A2��8 N��)D	X�TBE -����b �µl �

2�����7 r!�2)	  �!K*� �� S(2�� 6o5�oN�#)]� .��$�� ��7

��2b V/cm ��U� �!Rb �� size markerS&�!���$;�  

2%2���C .��7 A2�8 ���t�  (��ZO] 0�'��7 ��7 f��$% �)�g	

 ���' ��7 N����#� �� Nq!7�� 0�!;�!� � &�  ��b+�,���� 

28 r�t% )��2E:)(�(.\�H 0'��7 - �7 0$%H -�< �.-��<

RHC �RHD SN%�C 2E ��� \���8 N, 28 A��g$'  - µl 

�& DNA �� ��C 2E L!)	��;)� �%A ��/< N�7 Nµl ��& 

{!K?� 0$%H �< N7 {!7�� �C&�mH ��`Km ��7 �.µm �/o�

)m mol �(Cl2Mg S�<2�)	!�K,!% )µm �oo (����7X�o S

µl :/oFast start Taq Enzyme �!>�*� ��~��Betaein 

�`Km �7�o%2%28 N��i  .

N���!� ���< (����!$*� �����, {!��K?� &  J��� S���< N��7 

L!)	��;)�µl �o�K;��' ����	 �� � A��+�  0%2Z� Tm�� 

2%28 I���&H ��& N��%�7 �7 :

)cycle �(→°C�� min �→:�N��%�7 

°C�� Sec �o→:�N��%�7 

)cycle :�(→°C6� Sec :o→:
°C�� Sec :o→

)cycle �(→°C�� Sec �o→::N��%�7 

f��$% 0'��7 - �7 Rh D/C/c S���+��  �7µl �/o��%� 

Loading (@!>*� N7PCR &��CH �. -�� �/�)%Range 

–Wide ( ����7 �� A28 N)D	X�TBE -���b �µl/ml �

!�2)	  �!K*� (2�� N�7 2�����7 r�o5��N�#)]� .��$�� ��7

 ��2bV/cm �U�� �!R�b �� size markerS&�!����$;� 

2%2���C .

f��$% 0$'�� ��$3, �DE SN�%!/% N�)K, � � ���/)7 -��<

 ��� N�7 �!$����7 �!" ��#$%  +,�� �� ��$3,Real time 

PCR 23$��C � �] 0'��7 ��!� .N�%!/% N�7 ��� +�,�� �� ��<

�!, (�!��4����� �� +��,�� �� f����$% � 0��'��7 !��'����7 �

2%28 N���#� �B�2;�.

�� ����� 
NZ��O� �*	 � ��/)7 ��0/�'@�	 N7 p$Y� ��/)7 \���8

:� ��.�� 0/'@�	 N7 p$Y� �g% )���H �g% N�i��M - � � �<

 � U)$)�!/<�6N�i��M T��  2�]�� �g% (S�N�7 p$�Y� ��g% 

��2��$3�  0/'@�	)��7 �g% i��M N�6N�i��M 2]�� �g% (�

�\' \;)' 0/'@�	 N7 p$Y� �g% )U�)$)�!/< N�i��M ��7 (

2%�!7 .� ��/)7 03' A��2*���5�:� ���' ���$3, � ���  

��5��� ���3Z� up$�"  2�]�� -����H �`% &  N, �!7 ��' 

2%�!7 .0%���& NK�4�� ��7 NZ��O� T�  �� -�)C N%!/%:o5�

&��)T)B%�)� �7��&�� (���� &  2�8 r��t%  �!" 0KY] �� .

��.�� 0/'@�	 � ��/)7 �� �!" _��+	 \4 !��5:� N$g< 

0/'@�	��2��$3�  r�+� (�!4 ��S+�)% A�� 23c &  I)7 N7

0� '�)� ���/)7 [�'!	 0$����� �!" -�<2b � � 2Z	 � 2

A��2��*� ����� ���	 ��6\����, �!��" 2��b �)�����& & 

�H �� -��/)7 =)?G	 NZ��O� ���& �	 �< (�!7 .

- ��7 S�@���C�+7 A��B%���� �� �!�E!� ( ���#� _Yq

 �� 0$)�'!;� A2�3<�, -��<�$K)� &  � ���/)7 N7 �!" _��+	

�$�7)�jZ7 (28 A��g$'  .

N�$��� ��� f����$% N�, 2�%� � ��G�% N��Z��O� T��  -��<

 � ���  �� A���C �� �< �� 0�!;�!�)��� N�7 A2�8 r��t% 

RFLP ( !;�!� ��� f��$% N7�G� ��� N�7 A2�8 r��t%  0�

Real Time PCR�7 �� ��A � � 2�%�!7 �!$� ��� -& 2�% 

�!7 NZ��O� T�  u 2<  &  0;� N, 0�!;�!�S2���C \4�b .

a��' � ��  ��S-.!����' � 0�!�;�!� ��� �� f���$% 

2%�!7 ���;� .0$%H 0% � �� � ��  T�  �� �.D��%0$%H S�.

C6o%0$%H S�.c�o%0$%H S�.E��%0�$%H S�.e�oo%S

0��$%H �.Fya �o%0��$%H S�.Fyb�o%0��$%H S�.Jka �o%S

0���$%H �.Jkb �o%0���$%H S�.K�%�0���$%H �.k�oo %

�!7)��2E�(.a< ��!� �� ��  ��7 -.!����' ��� 0% !"

 (�����g	 � �����/)7 �� 0�!���;�!� ��� A2<�G���� 0�����<

2���C)��2E�(.

�� �� _7�O	 r2M ��!� U� -� P�)	!3� N�, -���/)7 �

RhD N�, 0�!�;�!� ��� ��7 S�!7 0g3� RHD �!�7 ��Yj� 

�!�YKC �!R�b ��KM N�7 �de@��/$b  N�, 2�8 A2<�G�RhD 

0g3� �'  A�!7 -� �!" ���C �� A23<� .�� de�M!/t��6

S� ��/)7 &  �g%�:2���C A2<�G� -��C&�'�% ��!� .
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��� A6SA��/8 �S��$�7�	��

���

E�J6
:$� ��-� $� �� 0�'4 ��-  �*-  � Y^> <*RFLP 

Y"24/ �*2'  �*2' PCR Product �*2' BSA f/ �*2'  Y"24/ Y^> �(�$� ��-  M�/ 

µl �µl �o5µl �/�)µl�/�(5��MN RH (E/e) 
µl �µl �o5µl �/�)µl�/�(5��MN JKA/JKB 
µl �/oµl �/��µl �/o5)µl�(5�5Ban FYA/FYB (Duffy I) 

µl �µl �o5µl �/�)µl�/�(5�5Sty �!)'�	!� 0'��7 - �7
Duffy (Duffy II) 

µl �µl �o5µl �/�)µl�/�(5�5BSM KEL1/KEL2 

E�J61:\�� j"��4 $'
;� � d�&9P �0*J4*RFLP 

�4-D ��$# Y�
'( ��$#0�c/ 2"�( Y"24/ 2"�( Interpretation 
CE14 �� S�:S�:S��� 
CEX5 �� S�oS:�S†�� 

RHE/RHE 

��� MNl 1 �: S�:S��� S��� 
�� S�oS:�S†�� S��

RHE/RHe 

�� S�:S�:S��� 

RHE/e 

�� S�oS†�� RHe/RHe 

KEL S �6 S�oo KEL 1/ KEL 1 
KEL R 

��6 Bsm 1 
�6 S�oo S��6 KEL 1/ KEL 2 Kell 

��6 KEL 2/ KEL2 
FY AB1 �6 S�6S��o FYA/ FYA 
FY AB2 �6 S�6S��o S:o6 FYA/ FYB Duffy I :�� Ban 1 

�6 S:o6 FYB/ FYB 
FYN1 �� S�o� Wild/WildGATA 
FYN2 �o S6�S��S�o� Wild/Mutated Duffy II* ��� Sty 1 

�o S6�S�o� Mutated/Mutated 
JKIS �� S��S6�S��JKA/JKA 
JK2 �� S��S6�S��S��JKA/JKB Kidd ��o MNl 1 

�� S��S��JKB/JKB 
* For Mutation analysis in promoter region of Duffy genes 

 
E�J67:�4*�*$V)�F
4 � W39  (��4/ �*���'� �� ��-N�-  � <L-��$( \�� �� �4L 

��-N�-  \�� <L-��$( \�� 

��4/ �L��IFi  

�*J&�)JT��(

�;=  

�*J&�)JT��(

�;=  

�*J&�)JT��(

i  IF 

�*J&�)JT��(

D:6)��(�)��(:�)��(�)�6(

C��)66(��):�(:�)��(�)��(

c:o)6�(��):�(:�)��(�)��(

E��)��(::)��(��)�o(��)�o(

e��)�oo(5��)�oo(5

Fya ::)��(��)��(:�)��(�)��(

Fyb :�)�o(�)�o(:�)�6(6)��(

Jka :�)��(�)��(��)�:(:)�(

Jkb ��)66(��):�(:6)��(�)��(

K�)��(:�)��(�)�(�o)��(

k��)�oo(5��)�oo(5
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A��C P)	!%. 0/'@�	 � ��/)7 �� 0%!" -�< � ��;/< � ��B��8 ��CQ� �$,� 

���

E�J6�:�*���'� �� ��-N�-  � <L-��$( \�� <��#0�(�4 ��*� � U'�-4L � U'�-=V 8''&� j"��4 

n��'�> U'�-4L)��PCR(nU'�-=V)<L-��$( ��(

RHE/RHE �E-e+

Rhe/Rhe �E+e+

RHc/RHc �C+c+

RHC/RHC �c+c+

)Discrepancies ��(

RHC/RHc �c+c+

KEL1/KEL2 �K-k+

)Discrepancies :(
KEL2/KEL2 �K+k+

FYB/FYB �Fy(a+b+)

FYA/FYA 6Fy(a+b+) )Discrepancies ��(

FYA/FYB �Fy(a+b-)

JKA/JKA �JK(a+b+)

JKA/JK �JK(a+b-)

JKB/JKB �JK(a+b+)
)Discrepancies ��(

JKA/JKA �JK(a-b+)

0%!�" A���C �� -��C&�'�% T��$G)7Rh �� �H &  J�� �

A��C 0%!" -�< 0� � S2), �\,2�8 A2<�G�� .\�, ���

\���8 0� � - �7 �!)'�	!� ��!�:A���C � ���  �� ��!�� 

��$3,)��,�� ��� U� � k%�� ��� (U�� �� ��!�� U� �

N7 p$Y� �,�� ��/)7 U�)$)�!/< N�i��M ��7 ��.�� 0/'@�	

28 N$"�38 .

��� 
��/< � � ��G% �i�b NZ��O� 0�� ��`$%  N, N%!C ���S��

��;� � �2Z$� �!" ��#$%  �7 � �� )��� ��$7 0/�'@�	 � ��/)7

��.�� (A��C T))Z	 �� CH ��� N7 0%!" -�<K�� �!)'�3)	!

 0�!;�!� ��� �7 N���#�S-��C&�'�% �!E� 0��< �� � �� �

�:��% ��!���� ��� �� T)7 -��C&�'��6<�G� ��/)7 �A2

2���C .NZ��O� T�  0q ��Sf���$% �)��g	 � I����&H r�t%  

��'��/� 23�&�)% ��'  .���  ���& ��7 0�3$Y� -��<PCR 

w��" P)	!%. U� �!E� T)3c a< � A�!7 0C�!�H 2Z$��

 0$%H �!Rb �B%�)7 �'  T;/� +)% �G�m -�� N�q!7�� �.�

�)Z�i� T)3c N, 28�Y% +��] �!YKC 07����� \���8 0���<

�. �!)�'�	!� �7 �< ��!�� {��#% &  }���" � �!���" -��<

7�0'��)GATA Box (' ��.� �� �Z��O� U�	 �� N�),��N

['!	 ��	�%�, - �7 N, � ��;/< �:o6� � �!�" A233, 2<  

��� 0�$%H P�)	!3� S0/'@�	 N7 p$Y� ��/)7 �.-��<Rh N�7 

��!)'�3)	!KCH �. ��)2����� (=?G�� S2%2�8 0�'��7

 P)	!3� �!�� N, 2���CR1R2 : �/:o%SRlr : ::%SR2R2 

:�/�%SR2r : �/�o%Srr : 6/��SR1R1 : �/��%�� �

���)	�	 N��7 � ����/)7 :�/:�%S�/�%S�/�%S6/6%S:/�o%�

�/�%(���g	 ��`% T��  &  N, 2%2���C �� +C T)�7 0���<

 0% � �� �Y�% 0$%H P)	!3� �.a$��)' ��K$?� -�<Rh ��7

 �i�b NZ��O� A2<�G� 2%28 SN,(��g	 T�  �<]\7� L��$%  

(��g	 N7��K$?� \K� 0�!] � -� Q% -�< ��' )��5�:.(

�$,� !DK)$'�, ���' �� �oooS��� �� T)�7 _7��O	 r2�M 

��  � -.!���' � 0�!;�!��o��$7 0/�'@�	 N7 p$Y� ��/)7 

� �!/% 0'��7 !�  � ��& ��  �� +�C ���, :�� 2�4 _7��O	

 ��!� �� ��� �� T)7 24RHD �\,)KELL1/KELL2 (

 S:2�), a$��)' �� -��C&�'�% ��!� )P�)	!3�Jka/Jkb ��7 

P)	!%.JKB/JKB(�� �����!� ��7 GATA Box 0�Z)Yq 

�� N, A�!7:-��C&�'�% ��!� )P)	!3�fya/fya P�)	!%. ��7 

FYA/FYB ( 28 A2<�G�)��(.T)7 P�)	!%. � P)	!3� �oo

�8 � �!E� _7�O	 +)% �!" A233, 2<  .�� -� T)�3c a�<
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��� A6SA��/8 �S��$�7�	��

���

��' �� -�B�� NZ��O��oo�S-�� �7 �oN�7 p$�Y� ���/)7 

�� �$7 0/'@�	�& ��!� �o��/)7 S� P�)	!3� T)7 up$"  

�!YKC P)	!%. �!/% �� +C  � +��] -�<)��(.�r2M ��!� 

a$�)' �� _7�O	RH)P)	!3� U�Rhcc 0�Z] � P�)	!%. �7 

RHC/C S�P)	!3� RhCc 0�Z] � P�)	!%. �7 RHC/C S�

P)	!3�RhEe 0�Z] � P�)	!%. �7 RH e/e(S:r2�M ��!�� 

a$�)' �� _7�O	 2), P�)	!3� ��7 )a+b+ (JK)P�)	!%. N�,

 0Z] �JKB A�!7 (S�a$��)' �� _7�O	 r2M ��!� 0�� �)��7

P��)	!3�)a+b- (fy 0��Z] � P��)	!%. ���7 N��, FYB �!��7 .��

�. �!�	!���� I?7 �� �!)'�	!� l!]� (�!4ba$��)' 

0��� �)FYB(S�<���� -2��)z��$��  A�� ^O��' �� T)�	����� 

0��/% �!��8 .A�� �����' -�� �� ����  -2��)z��$��  ���)m -���<

 0� A2<�G� �!8)�6S��(.l!�]� T)�7 ��$3, ��� �� ��  �� 

0� � �. �� �!)'�	!�b�!D� �0�$%H T�  �!�YKC -�� �.

 +��] P)	!3� �7 � �� 2% �!E�)fya+/fyb- (fya/fya ��#7�O� 

�� � .0/'@�	 N7 p$Y� ��/)7 ��!� �� �� S-�� 2���Y% de�	2M�] 

0$%H -� +��] �!YKC 0� � �.b��7 N�, 2�8�7 N$8 � �!Rb 

- �7 A28 T))Z	 P)	!3� ���/)7)fya+/fyb+ ( �� 2�% _7��O	.

��KM de@�/$b S0�$%H T��  �!R�b �YKC -�� �� �.�!-��<

 �!" ���C �� �!E!� 0$�����-�0�28�7 .0% ��/)7 N$Y� 

 23$��< 0�)	!3� T)3c - � � N,S& �!�" ������� 2�3�&�)% 

0� � � ��  b-)fyb- ( 23$�)%.!�3��BK� -�� ��7 N�Z��O� �� 

��o �!" A233, 2<  N�, �!/% rpM  0�KM �. �!�E� a�m�

FYB �� �/:o%S�H P��)	!3� (�!���4 N��7 ����<Fya/Fya 

0� 28�7):(.

A���H�� �� 0�!;�!� ��� N7 P)	!%. T))Z	 A&���  -�<

 +��] �!YKCSA���H��� N�)D	 � 0�'�$'� N�7 �t3� ��7 0���<

 0� 0% ��/)7 - �7 N7�G� � ��C&�' P)	!3� ��KM N7 N, �!8

0��$%H U��� � 2��#� �.S0��$%H ����t�  A�!��/% -����7 2��%  .���

 -��C&��'�% =)?G	 �� 0�!;�!� )�)Z	 -��< A���C T-��<

 -����/)7 0�!BG��)� � T)��3E � ������ -��C&���'�% S0%!��"

 N�)D	 ���G�)� � �!�YD7 N7 �t3� � A�!/% U/, U)$)�!/<

 �!YKC 0'��7 &�)% ��!� �� !� ��'  A2�8 +���] -��< .��� 

0KM �� 2%�$�'  ��� U� � !3M N7 ��� T�  ����� am� S

��, -��H��� 2��7 N, ��� T��  �7 P)	!%. T))Z	SA� !�/< 

0/% 0�!BG)�  � P)	!3� 2��/%)��.(

����� ���� 
N)�4!	 N�7 ��t3� �!)' +)%!/�  \;G� N�, A2�8 0���<

 ��$7 0/�'@�	 N�7 p$�Y� � ��/)7 A���H��� S � �!�" -��< &  

0$%H �7 ��C233, 2<  �.U��+% -�< ������� �!" �!" N7 �	

23��/%)�6.(�)'���b T)�)Z	 N�7 N�E!	 �7/� �)4�>�$" 

�&�  -�< �� �!)�'�3)	!KCH ��� 0�g3� � ��Yj� -��Y"  

0�$%H - ��7 0�!�;�!� ��� �7 N���#� �.DSde�$Y��% f���$%

 2���C \4�b 07!".0�$%H T�  N, �KM � 27 2��8 \�Y] �.

 l��8 &  0�� T)�)Z	 � ���/)7 N�7 �!�" _���+	 �� � �!�8

 0� ���M� -��C&�' T�  +)% �!" _��+	 (�!4 �!8 . ���

 0�� �`% N7�?	  2�'� T)�)Z	 ��!�� �� 0/)/>�	 T)�3c ��

A��C �!" 0M�� -�< S�!�" _���+	 N�7 l���8 �27 �� ��7 

0�!�;�!� ��� �	@��7 N3�+< N7 NE!	S���& - ��7 \] 2�b 

A��C -�<Rh �Kell y� !M ��t�  ��  � aD' T��$G)7 N, 

N���4 N�7 ���#� ��)�7 �� � U)$)�!/< ��'  .T)�3c a�<
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Abstract 
Background and Objectives 
Blood typing by serologic methods after transfusion has limitations due to  presence of donor 
red cells  in recipients. Accurate determination of red blood cells (RBCs) antigens is very 
important  in multitransfused patients including  beta-thalassemics and sickle cell anemics. 
So, the aim of this  study  was to evaluate DNA- based  methods as supplement to the  
hemagglutination technique to determine  the red blood cell (RBC) antigen profile of 
multitransfused patients with beta- thalassemia.  

Materials and Methods 
DNA was extracted from peripheral blood of 20 apparently normal people and 44 patients 
including 35 with beta- thalassemia (out of whom 19 had clinical evidence of delayed 
hemolytic transfusion reaction) , 8 with thalassemia intermedia (out of whom 2 had hemolytic 
reaction), and one with sickle cell thalassemia. RHD/ RHC/ RHc/ RHE/ RHe/ JKA/ JKB/ 
FYA/ FYB/ KELL1/ KELL2 alleles were  determined by PCR and were then compared with 
the hemagglutination method.  
 
Results 
Phenotype and genotype results were the same in all controls. The phenotypes and genotypes 
of 53 blood antigens of 26 patients were incompatible. Most of the discrepancies (19 cases)  
occurred in the Rh system, and  fifteen in the Duffy and Kidd systems. 
 
Conclusions 
The results show that screening platelet concentrates for bacterial contamination is necessary 
for blood transfusion centers and hospital blood banks. Blood typing by serologic method was 
not accurate in this study but genotyping could determine true  blood groups in  
multitransfused patients and help in selection of RBCs without alloimmunized antigens in 
future transfusion attempts. Specificity, sensitivity, positive and negative predictive values of 
hemagglutination method for RhD antigen had good values in comparison to the molecular 
method. This might be due to pre- transfusion determination of  RhD for thalassemic patients 
so as to receive  Rh- matched blood units. It seems pre-transfusion blood typing of Rh and  
Kell antigens, which are  the cause of hemolytic reactions, in comparison to the molecular 
method could be cost effective. In addition, typing of Rh and  Kell antigens in some regular 
blood donors could be helpdul  for selecting antigen-negative RBCs for transfusion dependent 
patients 
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