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���� �� �����RhD ������ �� ���
� �� ����� ���� RhD�	 �� 
�� !�� "�� �#Hemi-nested PCR 

������� ����� �!��"�#$�� %�&'( �)�$*+�$,�!��"��-.�/ �0�


�����
$%& ' �(#�� 

���1 �2RhD 3���$� ��4.� �� �1 �� � ���� ��5( 60� �����7� 8$�$97�� 3�� #$$:� �" �.�;RhD �<� #$<=; 

>�� �� ���?�,� #<.� �� !@<	�� ���7A B�&�� �� #$=; � ���( 3��� �� ����CA !D�=,7$=(1 �=��( ��;�5� 3��

 E.��7�2 �� �.��F >G� 6��HIRhD �� #$=; DNA J�7<K �<� !������ �����( L�, �� �7;7( �=$=; ���1 

>�� �� ���?�,� �� � ��;�5� �$MHemi-nested PCR���F #$$:� .

)'�' ���� �&
���4� O7� �� ��	 L�4�� �:9�C((experimental) �7� .��7�� �7A 3��P������� ���( RhD��<�� �<" �?=( 

RhD�Q�; �=�	�� @&R( � �	 3��1DNA �1 L�, ���1 �.��F S��T�,� L� ��*" U=  >�� �� �� .���?�<,� ��

 ��3���F��M1 ��� �� �� � �K�'�A� PCR!�:CV ��DF� �� 3����2RhD �	 �$RW� .�?=( X.��� �$.�� 3���

 ��7�� 3�� �� �*K�Y #$=; U(�Y ������ �����( 3��RhD��� ���?�,� �� !�?=( 3���F��M1�:CV �K�'�A� 3�

L�� �� 3�Z.� �2 ��RhCE�.��F�$RW� .

�"*�� �&
, X.��� ���.�� �� ��	 L�4�� 3�$Z$I !�97� �� [I #<.� �� UK�Y X.��� ���.��� � �����7� \�� �=� �W.279��

 �� �" �7�� ]T^( 6��HI
_�� ��7( P�!3�$Z$I U��V ��7�� RhD ��D$( �� #$=; P�/��%#$$:� ��,�� ��

��	 @,� .�� b7��( X.���P��7� cd�" @&R( ��7( �, � cd�" �?=( ��7( 8. U(�	 �����$V�� ��7�� @,� .

�+ �,�"� -
��7A ���F �97� �� 6$I ]$T^� 3��� �" ��� ��^� 6��HI #.�RhD �<� � ��;�<5� �<$M >�� �<� #$<=; 

��7�� !���7� 3��� �CA B���Y� #.���" @<,� e<,�=( ��$� �����( �(�, 3�� .�� ���?�<,� b�<&��� #<.� ��

>�� �.�; 3��f�Y �>�� �=��( �97W97( Hemi-nested PCR@,� �� ��K�� ����1 ��D<$( �� �.g�� 

E.��7�2 ]$T^�RhD�( ��h(�� �� �� 3����$(� #.� �*A��( U(�7+ L��� \iY �� �" ���1 #<.� U<$�W� � �F

�( !>�� ��� ��" �� 8$=$*" �� �.g�� ��=$�/� �� �� ]$T^� #.� ��7� .


./0%�./ 1�:L�, !3������ !RhD !RhCE !PCR 

.

������ 	���
:�/�/��
����� 	���
:��/�/�
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 %�&'( ���)*� +,��-�������� 
.�/,0*$ 1�0$ :PhD # ������ ������� !��$ ����
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9��
�(: RhD ;�*(  <��= >; ���$ 4�7 RhD��?�$ �)"� 7��; ��2�@ , <��( A�BC$ �D��56 

��

���	� 
�(�E %,�F G)*�7Rh /�7 �� H" �I�I <��#� J#7�
 

)7  ,###�K###����$ �###5� >  L�###� H)E��###� ;�* , <��###


K�(:�(���  G)*�7 <��
 �� %�#� H)E��#� �(�E %,�F M�@

 M��#��� ��#N�  �� H#" �'#O( �#56 H� , �7  ;�*(  M�#@

 <�#�=, � >�#( K�)����@(HDN=Hemolytic disease of 

the newborn and fetus)LP�" , > ���( K�)����@ M�@

 �2#�3� �� L�� � ;�#��� �
  K�)����@ ��(8 , ;�E /�O)( 

�7  � ���E�� M���> ���@  > ).L�.(

!�#"�� Rh LK##� 4,>�#$,�" %�##
�" M,>�#� M,� �##� 

)�SP�#�/��P�(> �#)�" ���T� ���UUUU >�#� �#?= 

;: ,� , �� � � �VRhD ,RhCE 1��� �W( >  M>�� M�@ L

�X= M � � 4 �" �@ , �(� � G@ H� Y��O$ M��F�U;,3#F  

�$ �����)�L�.(�#$ ;�'#( H��$8 M�@��7  �7��� H#" �#@�

 ;: Z[�C\$ <#�  ,� �#@ , ��)*@ H��'$ ���*� +�� M�@

;: <�]
,�#� �@ M,�#^ M�#@��_�#@�3$�  � H#��$8 ��#7  

�$ �,�^ H" ���"��#(� � `a)#E  G@ �� �-�� .> �#2�

 <� ;:�)(8 �@ ;:D�$ /�)�"  � %�#��" �#" 4,� ;: , ��"

�##5� M�@�##�)b�C/c ,E/e�##7  .�##)(8 ;:DM,� J##O� 

/�B5F � ��  3$�V M�@RhD��5� , �Bc$ M�@�#�)b�C/c ,

E/e /�B5F M,� <#�  , �#(� � ��T#^ � ��  H�@ 3$�V M�@

 ���
 >  YBV d�e'
 !�7  LH)2(RhD ;�#E >   � <�#�= 

�� ; ���$ � ��RhD��$ Y�2'
 �?�$ �@�)�.(

�)(8 ;:DM�V K#�(:�(���  , <��
 �#)(8 <��#
 <#�  ;:

 �� �#$ �#c"  /,0*#$ LHN�)( �� , �7  �(�E %,�F G)*�7

����  �)(8 H� �B*( �� > ;:G)*�7 M�@Rh�$ ����)..(

� ���� ; ���$ RhD�; �*#�@ H#" �#?�$ RhD��#Bc$ 

V �(>�� Hf(��g L�(� � ;8 �5B �@RhD��B*( , ���� �Bc$ 

�)(8 H�;:RhD <��= L����� %�� !�*^ ;8�#hE �� �#@

M����� K�)����@ M�@HDN �� � � �V ./�#7 >  H)B� �IS� 

M��F��" H� ��anti-D <���5F�(��� )�\
 ��,� � i��V ��

 ; ��64�F,�(LJ#7�
 %�#� ��#N�  M����� �� �$ anti-D ,

HDNH##)��� P@�##" ##7  M��F>�##7�( >�##�@ �##$  L�RhD 

GX$ M��#��� ��N�  Y$�6 <��
 �#$ �B*#( H#g �#F  L�#���

M��F>�7�#( �)(8 ���7 H� j���$ �(�E M�#@ ;:G)*�7 M�@ 

Rh�7  H)��� P� 3�  ).(

�(�#E %,�#F <��k
  �� RhD �� l�C#E H#� L<�#�= 

��k#D, /�#)�" H#� , �� � ���@  M� ���� �� �)�  Y^ �$

M� ���##� M��##��� �##hE �� M�##@ K##�" K##�)����@ M�##@

��"�@ �E .

�#��
 >  P�#� <�#�k
 M �#� �$  RhD >  m[�#�k$ <�#�= 

�,� H(��( �� 3)�7���$8 ��W( ��=�X
 M�@ M�@>�� >  M��F

 �$ %��?)7  �(����" H#� <��= , ���$ M �� �
 �hE H" ���

 �� � /�##B(�)_LS.(�,� <)��##� M �##� �N)*##= �� M�##@

7��$i1'#" /�#B(� H#� , �#��
 >  YBV d�e'
 �X= �


 ���> ����O$DNA ; ��#��� 4�#7 , ��7a� �� M��$�
 � >8 

�� ;8 >  n� , ;�o�7 H� a)B$ ��=, H� ;���DNA ����= 

%�X� L� ���� ; ���$ ;�E ;���= �� >�p8 +�� %��  >  M� ���

����F)����.(

: � �#$ �#� ���#�>�  qB�$ <�  �E��� �� �#���= �#2�)(

 Y#��V M� ���#� Y#� ,  �� G#@ H#" ; ���#$ ;�E �� ��=�$

 P�#� , [�#� m�)B*( ����O$ G@ , �7  !�)7� %�#(,� �� M 

 d�e'
 L�� � M� ���� ; �,� %��?)#7  �� ���
 >  P�� M�@

�,� >  ;�2$  ��=�X
 ��p M�@ �� ����)���..(

#� j�#��$ Z�6ao  >  %��?)7  �� r�O\
 <�  �� ��#=, H

DNA ;8 M�#@�����" , � ���#� ; ���$ ;�E �� ����= � >8 

�,� <�###�f�@ ,Hemi-nested PCR 9###��
�(: LRhD 

� ���� ; ���$ ;�E 4�7 >  <��=RhD�; �*#�@ H" �?�$ 

RhD�����F <��k
 ��)� � �Bc$ )�S.(


 ��� �
���
H(��(  �)�  i5o, � G��7 � ��  ;�E M�@RhD�, �Bc$ 

RhD�q�= �?�$ �V� , M�,8 ;�E <�  >  �?5)e$ M�@ �@

�� H�X
 .j�5e$ ��W�$ <�  M �� � �#�  >  �#�> M�@RhD�

�Bc$(D+),RhD��?�$ (D-)H(��( ; ��6 H�/�#)�" M�#@

 ����F H�X
 :Y$�#� /,  /�)�"st> �#)��,�2�$ (D+)�#� 

�5�$ K� > �)��(D-)Y$�#� 4,� /�)�" L�UU��,�2�$ > �#)

(D+)�#5�$ K� �� > �#)��(D-)K#� Y$�#� 4�#7 /�#)�" L

�5�$ > �)��(D+)�#5�$ K#� �� > �#)��(D-)4��#Xg /�#)�" L

�5�$ K� �X�
 Y$�� > �#)��(D+)/�#)�" H#(��( ; �#�6 H#� 

c$B�5�$ K� �X�
 Y$�� 3�( GN�� /�)�" %�E[�� , �> �#)��

(D-)�W( �� �?�$ /�)�" H(��( ; ��6 H��� H)��F .;�#�$ > 
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�,� %.L%�����L;�)*��
�

��

�,� M>�#7 �= M �#� H#)�� ��#" H#� 1#5)e$ M�@DNA 

H(��( L�@ �B#7��$ 	#7�� 4�#�,�5" # Y#�� �� �(�)#7  �,� 

� �)�_.(�#� 4�#7 �� G�� �#( ��#W)(  H#" �7  �"u H� 4>[

 H(��( M��7a� G��7 � ��  M�@LDNA �#��� H)#� � ��#=, 

;�E >   �� 4�#
 H#(��( <#�  /�#)�" M�#@LDNA #7  v �e)

����F.%�#�N(> P�#" , w�#( >  > �#��5� M Hemi-nested 

PCR HkhV ��c2
 M �� ;: >  M RhD H(��( <�  M,� LM�@

 <�  �
 ����F � �2
 /�)�" H#(��( H" /�#)�" %�#� H#�X
 /,  

���� ��c2
 .H(��( M �� ��" �,� i�
�
 <�  H��5-  M�@

 G@ �� P@,x���.

H(��( <� �����  M��F � ���#� ; ���#$ >RhD�H#" �#?�$ 

; �*�@RhD�, ; ���$ ���D� 4a6  >  n� �(� � �Bc$ 

�� >�p8 L�2�3� +aE  /�-  4��
 ���6� .H(��( > M��F

� ��$ �� �O$ H� L� ���� cc.H(��( H)��F 4�N(  ;�E �� �@

H��� q�= ��Ok(  �D %��$ ;,�� M�@ �� M�,8 .H(��( <�  �#@

 �� >,� H7 Z�$ M�$� °C� H#" ��#W�$ <#�  H�;�#$> �� 

/�57 ;�� %��� �� L;�E ;�� H)e� ; 3#�$ �#@DNA �#&�  

���� P� 3� �(�� M� �X&()�IL��.(;�#E ;8 >  n#� �#@

 �,� ��rcf IUU)�###�rpm .UU (Z�###$ H###��UH###O�V� 

;8 4�7 , %�� :�?��)(�7 , �#�  �= �@.UU> �#)��,�2�$ 

v �e)7  M �� 4�7DNA ,� H� 4�#�,�5" Y�� �� �(�)7  �

����F %��?)7 )�_.(

%�##�N(> P�##" , > �##��5� M :�,� >  %��?)##7  �##� Hemi-

nested PCRHkhV ;,3F  >  M �U;:RhD 4,>�$,�" �� 

�;�*(  )%���� ��U�S�.��NM ;: K(�� �� (�� ��c2
 .

>  ��W�$ <�  M ��M�@�F>�p8 %,�#F J#7�
 H#)�� ��#" H�

�� n�(��?)7  �#$ �#�> A�#� H#� H" �� %� �#���y�F>�#p8 

5=#� /,  M�#( �#4�(RD-A3)� ,#1��� �M>�#� 5'-TAA 

GCA AAA GCA TCC AAG AA GGA TTT-3' L

�F>�p8O6#� i#4�( �(RD-2) M>�#� 1#��� �#� ,5'-ACT 

GGA TGA CCA CCA TCA TAT-3' %�E[�� ,�F>�#p8 

4�( �� 4,� M�5=(RD-5) M>�� 1��� �� ,5'-CAA GGC 

 CTG TTC AAA AAC AAG-3').U(.P�###" , ��

 �=��EPCR >  %��?)7  �� ,�F>�p8 M�@RD-A3 ,RD-2 

HkhV /�o H� M .I�����F ��c2
 >�� �?= .

b7#� n#?)7  �#> %��M�#@�F>�#p8� �5ERD-5 ,RD-2 

HkhV /�o H� M .S.�� ��c2
 /,  HkhV ;,�� >�� �?= .

4�N(  J� ��PCR%��� ��> Z��- H��7  :

H��,  ;�� %��
�(�DNA M�$� �� I�Z�$ H� H=�� 

Y2�7 �
� �^ H$�(�� , HO�V� �� i#�
�
 H� �,� <�  �� �@

 M�$�I�Z�$ H� H=�� �UM�#$� �� LH#�(�z _H#� H#=�� 

Z�$�UM�$� �� , H�(�z _.Z�$ H� H=�� �U4�N(  H�(�z 

�##� .Y2�##7 � �##k
 �,� �� �##@ /,  .4,� �,� �� ,�U

��� Y2�7 .4,� �,� ��PCR H#(��( >  LM�#@DNA �#�c2
 

�V� �� /,  �,� H)���
50
1

, �#���F %��?)#7  �&�  ; ��6 H�

�$8 ��  �=  H� /,  �,� Z��- ;��@ H� ;8 �
� �^ H$�(�� .

4,� �,� Z[�C##\$PCR >��##F8 /: M,� LS/��##-�� 

4����
  M,�^ �#��$,�� mg/ml �U�#� >��#�,�)2�  .H#N�)(

 P?�#� M �,�#$ 9#$[ M,�#^ %�&)#7� �� 3#�( >��#�,�)2� 

(UV Doc) �#��F � �V �7��� ���$ .4�#N(  >  �#k�PCR 

H(��( M,� M�@DNA � ���#� ; ���$ 4�7 >  %�� v �e)7  

;: ��T##^ 4�##6 �##� ��T##^ <�##�k
 ,RhD �##���
 M �##� L

H(��( M�@RhD��" , L�?�$ PPCR H#khV ��c2
 M �� M 

;: > (NM-020485)RhCE H####(��( M,� M�####@DNA 

<�#�= Y#$�^ � ���#� ; ���#$ 4�7 >  %�� v �e)7 RhD�

N(  L�?�$#� 4�#�.�#� M �#> ��W�$ <M�@�F>�p8 M�5= 

RD-A3 ;: �#� {�)'$ RhD ;8 l�C#e$ i#O6 , L(5'-

ACC CTA CAA CTG AGC rRhCE ACA ACC-3'(

�� %��?)7  HkhV ,/�o H� M �H#� J� �#� �� >�� �?= 

� ��")�;: M �� H��'$ , HRhD�� ��c2
 .

�� ����� 
<��= ���
 >  P�� d�e'
 ��W�$ H� LP@,x� <�  �� 

�= ,RhD o >  ��=�X
 ��p %��� L�r�H�3N
 ���#$ ;�E 

�� %��� ��" H�.H(��(  �)�  �#= , � ��  �(�E M�@RhD ,

�� L;8 �V�� % � M  �#���F %��?)#7  �,� M> �(  .H#� |��#)(

 �,� M��F��##" H##� >  %�##$8 �##7�Hemi-nested PCR 

�#(��( <�  M,��#H#@##)�" M�#/�L�*#� ##� ��#�#O(#, d

��� ����� �2
)Y2��.(

�$  � ���#� ; ���#$ 4�7 M,� �� %��� <� RhD��#?�$ 

��#� ���� � �2
 �)�" ." ��� <�  ;8 Y�[� >  �2� M�N$ H

�$8 , ��� %�&'��$>8 �� H#" M� �#�  4�#�
 , A�#o <#�  
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9��
�(: RhD ;�*(  <��= >; ���$ 4�7 RhD��?�$ �)"� 7��; ��2�@ , <��( A�BC$ �D��56 

��

UW	j:L����� Jg7'-( ��7 ���W9�PCR Hemi-nested 

��DF� �� �^T� �$RW� �� UK�Yjl�2RhD B7/ �� ��� @?; 

���F1 B2 3�� �� � B��=" 3�� ��7�� �� ��� �/��K�� 

%���� K@�gs:DNA L�"��$ 

��� K@�g %�},~:/�)�" H(��(sL

%���� K@�g�:/�)�" H(��(}L

%���� K@�g�,�:/�)�" H(��(~L

%���� K@�g �L�L�Lst,ss:/�)�" H(��(�L

%���� K@�g s}:/�)�" H(��(�L

%���� K@�gs~:�@�� /�)�" H(��( 

�= , ��)� �RhD �(��� .#
 M��F��#" H#� �� 4�N( �7 ��� �

 H5E �$ P@�" �� 4>[ Y#��V |��#)( ;��,8 �7� H� , �@�F

 4��
 M,� �� L� �2
�; ���#$ 4�7 H(��( LP��#$>8 M�#@

 ���#$ P@,x� <�  �khV |��)( , �$8 ��  �=  H� �W( ���$

�7��� ���F � �V .L|��)( <�  GO7 , �\- �7��� M ��

M��&�� <#�  ;�#�� > >  n#� �#
 ������ Z��- 4>[ M�@ 

P��#$>8 >  Y-�^ |��)( L; ���$ <�#�k
 K�:��,�#7 M�#@

RhD <#�  ��#�)E  �� ; � >�#( ;�#E �#� , `�#( ��� ;�E 

���F � �V P@,x� .> �H#� j�#��$ Z�#6ao  L���#$ ��

;8 <�#� >  H#" �#��F � �V !�)7� �� ���$ L�#@�I���#$ 

, ��� <��,  M ��..��#� <�$�#�g �#� , <�#$,� M �� ���$ 

%�� � ���� �(��� .H(��( ;�$> <�#� � ���#� ; ���$ >  M� ���

�
�SM� ���� H)?@ )<�&(��$ ���, H)?@ >,� (��� .

>  %�$8 �7� H� |��)( H*��O$ PCR >  Y#-�^ |��)( �� 

<��k
 K�:��,�7 P��$>8RhD �#� , ; � >�#( ;�E M,� 

>  H" � � ;�'( L`�( ��� ;�E..<�#�= RhD L�#Bc$ .�

��###$ �###� ��\###-�/I%,��7�*###^ ; 3###�$I/U

)�+.�/.��-�� (,> �I<��= RhD��#?�$ L�S���#$ 
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Non-invasive fetal RhD genotyping by hemi-nested PCR of 
maternal serum in RhD-negative pregnancies 

 

Rahmdani F.1(MS ), Mesbah-Namin S.A.1(PhD ),Tarihi T.1(PhD) 

1College of Medical Sciences, Tarbiat Modarres University 
 

Abstract 
Background and Objectives 
RhD antigen has an important role in causing hemolytic diseases in newborns; in testing fetal 
RhD status by an invasive method such as amniocentesis, it would also harm the fetus and 
mother. This study tried to detect fetal RhD genotype using free fetal DNA in maternal serum 
by a  noninvasive method  using hemi-nested PCR. 
 
Materials and Methods 
Blood samples were collected from 45 RhD- negative pregnant women whose spouses were 
Rh-positive; the women's serum free DNAs were isolated by Phenol-Chloroform method. The 
exon 10 of the RhD genes was amplified in two rounds of PCR using special primers. For 
confirmation of negative results obtained in the second PCR, the fragment of the RhCE gene 
was  amplified using special primers.  
 
Results 
Follow up and evaluation of the PCR results and relevant serological analysis of cord blood 
after delivery revealed that in 37 out of 41 cases the RhD had been determined appropriately 
(95.45%). There were one false-negative and three false-positive cases. 
 
Conclusions 
This study showed that maternal serum is very suitable for prenatal diagnosis of fetal RhD 
using noninvasive methods with minimum risk for neonates. In this regard, modern molecular 
methods with high sensitivity such as hemi-nested PCR and elimination of interfering factors 
could be applicable in clinical approaches.  
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