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The mutation of JAK2 gene in peripheral blood with normal healthy volunteers 

Maki SUGAYA��, Kaori SEKI��
�

ABSTRACT :We performed DNA sequencing of the JAK2 exon 12, related to polycythemia vera (PV), 
after TA-cloning in normal healthy subjects to identify clonal expansion of exon 12 mutations.  We 
analyzed at least 8 clones obtained from each individual and found that non-clonal nucleotide substitutions 
in two normal subjects (N542S and Q534R).  Since allele-specific polymerase chain reaction (PCR) is 
able to amplify only the limited region which contains known mutations with gain-of-function, we need to 
clarify the biological implications of unknown single nucleotide substitution of the JAK2 exon 12. 
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23�4�5&�67, 89:�;<=>?/#$%&
�'@A, PV �BCDEFGHIH�CJJanus kinase 
2(JAK2) KLF�M�=NOPQJD�'JAK2KLF	
RSTUV 9p24 � 28 W� exon  XY 143.5 kbp 5
�ZD DNA �CJ[\C, ]4^_ 1132 W�`ab
c^_/�defghiHj (EC2.7.10.2) =klPQ
�'JAK2�617 mO�`abc= Val (V) ^_ Phe (F) 
�M�3� V617F M�	, WHO =no3� PV �;
<pq%&�(1)'C^C, V617F M�=rsPQ/D
PV $t5u/^_v[\3�4�=w_^�/x, 4
Q_$t��DJ, JAK2KLF� exon 12 �yz{/|
}~�M�=rsPQ6(2-9)'4Q_M�	exon14:�
M�%&�V617F ��5�PV �EFGHIH�CJ
��3����_Q, ��%	PV�;<GHIH�C
J��PQJD� (2-9)'C^C, ]Q%5���J�
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 PV $t=�}~�M��DvQ^ �3���%	
/D4�=���_��x��PQ����6(10)']
4%, ���_���	V617F M� �6/D PV $
t���� JAK2 exon 12 �� ��C, BCDM� 
����C6 (11)'B6���PQ6M�	 ¡�M�
�]�M�¢£,M�¤p=¥JD�5��, hot spot 
¦§�M�5rsPQ, PV $t���� exon 12 M�
��¨�=��PQ����6'$t����JAK2KL
FM�	©ª�«�(11)�CJ, ¬ª%	 PV $t��
��B6/M� ��C6­®��DJ, ¯�°��D
J±²³DKLFM� ��C6�%´µ3�'�
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%&�'DvQ5���, �����������=p
q¿À�&x, BMI^_Á<CJÂÃV>%&�'�6,
�Ä,ÅÆÇÈÉT=s7_Qv, ÊË��KL+ !
�/D'¶·t%&�¯�°|½�	ÌÍ�ÆgÎÏH

ÐÑÒgÓgS 2�6Ô, ��ÕmL  Ö�C, ¦×
�Ø·�ÙD6'
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Panel A shows DNA sequence traces after TA-cloning from peripheral blood. Nucleotides are indicated by capital letters. The traces reveal mutations within 
the JAK2 exon 12 (indicated by arrow heads). Panel B shows the alignment of wild-type and mutant exon 12 JAK2 allele are indicated. Nucleotides are 
indicated by capital letters, and amino acids by bold capital letters. Normal healthy volunteers with JAK2 exon 12 mutations are listed (N-001 and N002). 
Clones indicate number of mutational clone detected per clones analyzed.  
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� äå�^_æçC6 DNA  èé�CJ PCR-direct 
sequencing  2D JAK2 KLFêë� DNA �� ì�
C6'PCR 	 Expand High FidelityPLUS PCR system (Roche 
Diagnositcs, Mannheim, Germany)  ÙDJ 95˚C % 30 
íî, 60˚C % 40 íî, 72˚C % 30 íî�ïð  35 ñ
ÆòÇóxôC6'õ_Q6  PCR ö÷ BigDye 
terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, 
Foster city, USA) � ABI PRISM 3130 Genetic Analyzer 
(Applied Biosystems)  ÙDJ  DNA �� ì�C ,
V617F M�=/D4� rsC6'
�
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� JAK2 exon 12 � PCR ö÷  pT7 Blue-2 T-øòùH
�Novagen,  CA, USA��úûC, �üÄ JM109  ýþ
��P�6'õ_Q6�üÄÒe�H^_ colony-direct 
PCR ��x JAK2 exon 12 êë ��P� , BigDye 
terminator v3.1 Cycle Sequencing Kit � ABI PRISM 3130 
Genetic Analyzer  ÙDJ DNA �� ì�C6'
�
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� |½�¯�°���� JAK2 KLF exon 12 êë 
TA-òeH�g�Ô���ì�C6�4�, M� �C
6¯�°=¼½rsPQ6'�	�¯�° (N-001) ^_
	 12 òeHg�"
 1 òeHg (8.3%) � 542 mO
�`È��
g�p (N) ^_Ó�g�p (S) ����
=��PQ6'�6, �	�¯�° (N-002)%	 10 òe
Hg�"
 1 òeHg (10%) � 534 mO��Çùa

g�p (Q) ^_`Ç
�g�p (R) ����=��P
Q6 (Figure 1)'
� 4Q_�`abcM�	DvQ5 1 ¤p�����
x��PQJ�x,  PV $t%��PQ6M��	�
/�M�%&�6'$t����M�%	, ��`ab
cM� !�/D silent mutation 5rsPQ6=, ¯�
°%rsPQ6M�	DvQ5`abcM� ��3�

missense mutation %&�6'4Q_M�	[\��=�
D67, PCR-direct sequencing %	��3�4�=%�
/D'¬ßà%	 TA-òeH�g�Ô���ì�3�4
���x PCR-direct sequencing %	rs%�/D���
�DM�=rs���/�6'

� PV ����KLFM�	
���
^_äå�=ö
�PQ�­®%��CJD����_QJD�'��


^_�E��­®��DJ, ���M���	 �!0
����
=M� 5"4� #²3�'�	, E�Ô
��M���	u�����
=M� 5"4� #²

3�'¬ßà%��PQ6M�	$7J��=�D67,
���
�E�­®%	%&{Ô�����M����

��_Q�'�6, KLFM� �3��
=¯�°%
5[\C64�	, 4Q_M� �3��
 '(3�
)*=[\C/D, &�D	[\CJ5'(�=�D4
� #²3�'4Q_M� �3��
�E�3�Í+

V�
=0��"/,-%[\3��^, �6, ]�Í
+V�
=0�®��òeHg ö�3��^	±²³

D'/./_, M� �3�Í+V�
�,-=�//
�4�% PV =��3�01Ç�, Í+V�
^_�
òeHg�
�=�//�4�% PV =��3�01
Ç�¼}~���01Ç=2�%��^_%&x, 01
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Ç���J�3/4565�/����_Q�'

� ¯�°��DJ missense mutation =rsPQ65�
�, 4Q_M�	$t%rsPQJD�M��	�/�
/�67, exon 12 �M�= PV �r�;<%/D4�
	wr%&�'C^C, ¬ßà�78CJ9D6¯�°
	%&{:A¸%&�67, ;¸t%��3�4���
D PV ��¸��x<$3����5��_Q�'4Q
_=>5X7, ��
&�D	Í+V�
� PV ;<
5;<GHIH,�Èò=>GHIH�/xõ����

_Q6'?Ô, @A��/¶·t� �,34�%, ¯�
°���M��A¸�BC ��3�=�%&�'
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