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Abstract:

Nucleotide positions 5063534 to 5063554 and 5063973 to 5063952 within the Human Janus Kinase 2 (JAK2) gene (Gene bank accession number 
NT_008413.17) were identified as novel, optimized oligonucleotide primer hybridization sites for thermal amplification of a robust 440 bp PCR 
amplicon which encompassed the V617F mutation linked to occurrence of Polycythemia vera (PV), a well known myeloproliferative disorder (MPD) 
in humans. The single strand oligonucleotide primer pair was also found suitable to generate high quality fluorescent nucleotide sequence data 
from both strands of DNA that was sufficient for detection of all possible genotypes of JAK2 gene with regard to V617F mutation. The accuracy and 
reproducibility of the method was satisfactory ((r2=0.99, p<0.0001).  Experiment using simulated mixture of mutated and normal alleles indicated 
that 6-11% of mutant allele could be detected at an accuracy of r2= 0.99.  In a resource population of 15 patients suffering from PV, 73.3% were 
found to carry the V617F mutation while one suffering from chronic myeloid leukemia was positive for Philadelphia chromosome and harbored 
normal JAK2 gene alleles.

Introduction

Polycythemia vera (PV) along with essential thrombocythemia (ET), 
idiopathic myelofibrosis (IMF), chronic myelocytic leukemia (CML) and 
essential thrombocythemia (ET) are important myeloproliferative dis-
orders (MPD) that are demonstrated to arise clonally from a pluripotent 
hematopoietic stem cell (Fialkow et al., 1967; Adamson et al., 1976). It 
is a well known stem cell anomaly more specifically identified as a pan-
hyperplastic, malignant and neoplastic marrow disorder. The disease 
causes high level of absolute red blood cell mass as well as increased 
white blood cell (myeloid) and platelet (megakaryocytic) production.  
(Berlin, 1975; Landolfi, 1998; Streiff et al., 2002). A constant hallmark 
of PV as well as other MPD bone marrow cells is their hypersensitivity 
to several cytokines (Prchal and Axelrad, 1974; Dai et al., 1992; Correa 
et al., 1994; Dai et al., 1994) and their ability to generate EPO-indepen-
dent erythroid colonies in vitro (Prchal and Axelrad, 1974), commonly 
referred to as endogenous erythroid colonies (EECs).
The gene JAK2, codes for a tyrosine kinase and is essential for effective 
signaling in response to several cytokines (Parganas et al., 1998). Within 
this gene, there exists a hotspot at nucleotide position 1887 where a G 
is substituted by T. This leads to alteration of amino acid at position 617 
of the protein from valine to phenylalanine. The mutation is commonly 
known as the JAK2 V617F. It has been found in a majority of patients 
suffering from PV and in some patients with ET and IMF (Baxter et al., 
2005; James et al., 2005; Kralovics et al., 2005; Levine et al., 2005; Zhao 
et al., 2005).

The V617F mutation occurs within the negative regulatory domain 
thereby enhancing the JAK2 kinase activity which in turn causes cy-

tokine-independent growth of cell lines and cultured bone marrow 
cells. It has been demonstrated that mutant JAK2 transfected into mu-
rine bone marrow cells produces erythrocytosis and subsequent my-
elofibrosis in recipient animals (Wernig et al., 2006;  Lacout et al., 2006) 
suggesting a causal role for the mutation.  
Till date, nucleotide sequencing remains one of the most popular and 
convenient method of detecting JAK2 V617F mutation (Ma et al., 2009; 
Ohyashiki et al., 2009). The method assists in direct detection of the 
single nucleotide polymorphism (SNP) apart from providing additional 
information on neighboring regions also for further detection of other 
cryptic mutations unlike other methods such as those based on real 
time PCR (Rapado et al., 2008) that rely on specificity of probe hybridiza-
tion and has potential for generating false negatives if cryptic mutation 
occurs close to the target but within the probe hybridization region.

In this study we report an improved set of oligonucletoide primers for 
PCR amplification of the exon 12 region of JAK2 gene harboring the 
V617F mutation followed by their use in generating high quality nucle-
otide sequence employing an automated genetic analyzer.

Material and Methods:
Samples Collection and storage:  

The study group comprised of 15 patients diagnosed for polycythemia 
vera (PV) and one for chronic myeloid leukemia (CML). Blood sample / 
bone marrow was collected from all individuals included in this study 
in K2-EDTA vacutainer (Becton Dickinson, Sun Diego, Calif.) at SN Gene 
laboratories, Surat, Gujarat (India) and transported to the central pro-
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cessing laboratory at geneOmbio Technologies, Pune, Maharashtra, 
India within 48 hour of collection at ambient temperature.  

Nucleic Acid Extraction:

Genomic DNA was extracted by phenol/chloroform method after pro-
teinase K digestion following standard techniques (Sambrook and Rus-
sels, 2001). The quality of DNA was checked by agarose gel electropho-
resis (0.8%) and the quantity was determined using spectrophotometer 
reading at 260 nm wavelength.

Designing of oligonucleotide primers:

The nucleotide sequence of Homo sapiens chromosome 9 genomic con-
tig reference assemblies were accessed from the public domain (http://
www.ncbi.nlm.nih.gov; Gene bank accession number NT_008413.17). 
The hotspot for mutation at amino acid position 617 in the JAK2 gene 
was subsequently identified and oligonucleotide primers designed us-
ing the Primer 3 software (Rozen and Skaletsky, 1999). 
 In silico analysis was performed to confirm the specificity of the probes. 
Electronic PCR result indicated that the primer pair would generate a 
PCR amplicon of size 440 bp flanking the mutational hotspot.

PCR Amplification and automated capillary electrophoresis:

PCR amplification was performed using an automated thermal cycler 
(GeneAmp PCR System 9700; Applied Biosystems, Foster City, Calif ) us-
ing a genAmp Total PCR kit (geneOmbio Technologies, Pune, India). The 
reaction comprised of 250 nanograms of genomic DNA, 10x PCR buffer, 
1.5 millimolar MgCl2, 200 micromolar (each) deoxynucleotide triphos-
phates, 20 picomoles of each primer, JAK2F (5’- GGCAGTTGCAGGTC-
CATATAA–3’) and JAK2R (5’- TTCATTGCTTTCCTTTTTCACA –3’) (Sigma 
Aldrich, India) and 1 unit of Taq DNA polymerase. 
The thermal cycling condition was as follows: 5 min for 95°C (initial de-
naturation) followed by 35 cycles of 95°C for 30 seconds, 56°C for 30 
seconds, and 72°C for 1 min followed by a final extension for 7 min at 
72°C. The PCR amplicon was analyzed by electrophoresis on a 2% aga-
rose gel spiked with Ethidium bromide (0.5 micrograms/ml) in 0.5X TBE 
buffer) and visualized under UV transilluminator (260 nm). 
The PCR products were purified by using  Genpure PCR product pu-
rification kit (geneOmbio Technologies, Pune, India) and sequenced 
with JAK2F and JAK2R primers respectively using the BigDye Termina-
tor v3.1 Cycle Sequencing Kit and analyzed with an automated genetic 
analyzer (Model 3130, Applied Biosystems, USA). 

Data Analysis: 

A consensus sequence was generated from the double strand nucle-
otide sequence data for each sample and then multiple sequence 
alignment were performed using clustal W software (Thompson et 
al., 1994) with reference sequence (Gene bank accession  number 
NT_008413.17).
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Bone marrow karyotyping:

GTG banding study of the clinical samples was done as described by 
Gadhia et al., (2005). Twenty well spread metaphases were studied and 
documented for each patient prior to recording of the data. 

Results and Discussion

The term “myeloproliferative disorders” (MPDs) was coined by Dr. Wil-
liam Damashek in the year 1951 to address overlapping features of 
polycythemia vera, essential thrombocythemia (ET), myelofibrosis and 
myeloid metaplasia (MMM) (Damashek, 1951). One of the recent find-
ings is the association of a gene coding for tyrosine kinase and belong-
ing to the Janus kinase (JAK) family. Four different JAKs are reported in 
mammals. These are JAK1, JAK2, JAK3 and TYK2 (Valentino and Pierre, 
2006). The JAK and STAT (another set of signal transduction proteins) 
signaling pathways play a pivotal role in establishing MPD by trans-
mitting signals through the cytokine receptors to activate intracellular 
signaling pathway (Kwaja, 2006). Due to the V617F mutation in JAK2 
gene, valine at codon position 617 is substituted by phenylalanine. This 
results in loss of auto-inhibition property of the encoded protein thus 
leading to constitutive transmission of signals from the erythropoietin 
(EPO) receptor, the thrombopoietin (TPO) receptor and the granulocyte 
colony stimulating factor (G-CSF) receptor in haemapoietic cells with 
high efficiency (Kwaja, 2006). This phenomenon is the primary cause of 
myelo-proliferation associated with polycythemia vera. 

The discovery of this well known V617F mutation within JAK2 gene and 
its relation to MPD in the year 2005 can be compared to that of bcr-abl 
fusion gene responsible for chronic myeloid leukemia (CML) in the year 
1983 (Bartram et al., 1983). 

The primary aim of our study was to design, optimize and validate an 
improved and robust set of oligonucleotide primers that are well suited 
for identifying the V617F mutation within human JAK2 gene using PCR 
and automated DNA sequencing technology using Sanger’s chain ter-
mination method (Sanger and Coulson, 1975). The primer pair was de-
signed with an aim to generate specific PCR amplicon of size >250 bp 
and <500 bp in size for efficient thermal amplification. 

Thermal amplification of a region within the JAK2 gene covering the 
mutation hotspot at nucleotide position 1849 generated a PCR ampli-
con of 480 bp size (Figure 1). No non-specific amplification was detect-
ed across all samples and further the primer concentration was found 
to be optimized such that no significant primer-dimer formation could 
be seen on an agarose gel. 

JAK2 1849G>T mutation was identified by two different sequencing 
reactions, each targeting one of the two strands of DNA from all the 
105 patients analyzed. Example of the electropherograms generated 
is shown in Figure 2. Perfect correlation was found from the data gen-
erated from both the strands. Analysis revealed that the accuracy and 
reproducibility of the method was satisfactory (r2=0.99, p<0.0001). In 
order to obtain the linearity of the test developed, we undertook titra-
tion experiments where in DNA from a normal individual and that from 
a mutated one bearing 50% or 80% of the mutated JAK2 allele respec-
tively were used. Mixture of DNA samples of varying ratio were ampli-
fied by conventional PCR and sequenced using the primers reported 
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in this study. Liner relationship was observed between the content of 
patient DNA and amount of mutated allele that was detected by our 
method (r2=0.99). If was observed that the lower limit of detection was 
between 6-11% mutant allele. Detailed information of the oligonucle-
otide primers used for PCR and nucleotide sequencing in this study ap-
pear in Table 1. 

Out of 16 patients, one was found to be positive for Philadelphia chro-
mosome and subsequently diagnosed with chronic myeloid leukemia 
(Figure 3). Remaining 15 patients were found to be suffering from Poly-
cythemia vera. Out of them, 20% (3/15) were genotyped as homozy-
gous mutant and 53.3% (8/15) as heterozygous mutant while 26.6% 
(4/15) were found to be of wild type with regard to V617F mutation 
within the JAK 2 gene (Figure 4). Almost 73.3% of the PV patients were 
found to carry the V617F mutation. This finding is in line with the report 
published by Jelinek et al., (2005) that also reported high proportion 
(86%) of PV patients to be positive for V617F mutation within the JAK2 
gene. Table 2 summarizes the diagnosis report of all the 16 samples 
included in this study.

The discovery of the drug named imatinib mesylate (IM) for the treat-
ment of CML had its basis in the identification of bcr-abl fusion tyrosine 
kinase that had occurred almost two decades earlier (Agarwal, 2007). 
Therefore significant enthusiasm exist in the medical fraternity that fol-
lowing the discovery of JAK2 mutation there will be development of 
similar specific pharmacologic inhibitors of JAK2 with the potential to 
transform the treatment of PV, ET and MMM. 
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Superior molecular biology methods for error-free scanning of the mu-
tational hotspot spanning nucleotide position 1849 within the JAK2 
gene will have greater impact on the screening efficacy of patients. 
This study brings together a highly improved thermal amplification 
protocol for amplification of a region of the JAK2 gene coupled with an 
indigenously manufactured, low cost PCR product purification kit that 
in combination generated a pure and specific amplicon which formed 
the basis of generating good electropherograms. The oligonucleotide 
primers designed for this assay functioned with equal efficiency both 
as PCR as well as nucleotide sequencing primers and were capable of 
consistently generating high quality read of bases that is vital to accu-
rate identification of heterozygotes. 

Methods of identification of single nucleotide polymorphisms using 
nucleotide sequencing methods has the lone advantage of being ca-
pable of detecting the altering base directly rather than by indirect 
methods such as altering restricted PCR amplicon profile (RFLP) (Muk-
hopadhyaya et al., 2000) or using allele specific probes (Taqman chem-
istry based allelic discrimination or ARMS protocol) (Salvi et al., 2004; 
McWeeneya et al., 2000). 
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Table 1: Characteristics of the novel oligonucleotide primers designed for PCR amplification and nucleotide sequence-based detection of V617F mutation (nucleotide position 1849) of JAK2 
gene (Reference sequence: Gene bank accession number NT_008413.17).   

Name of the primer

 

& orientation

JAK2F(+/+)

JAK2R(+/-)

Reference gene bank 

accession no.

Homo sapiens chromo-

some 9 genomic contig 

(Gene bank accession 

number NT_008413.17)

Homo sapiens chromo-

some 9 genomic contig

(Gene bank accession 

number NT_008413.17)

Primer hybridization 

position  (nucleotide)

5063534   to 5063554

5063973  to 5063952

Tm

59.97

59.74

% GC

48

32

Length

21

22

Hairpin

Not 

found

Not 

found

Cross 

dimer

Not 

found

Not 

found
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Table 2: Diagnostic report of the resource population in this study. 
Abbreviations used: PV, Polycythemia vera; Ph, Philadelphia chromosome; CML, Chronic myeloid leukemia

Serial number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Sample code

JAK2-1

JAK2-2

JAK2-3

JAK2-4

JAK2-5

JAK2-6

JAK2-7

JAK2-8

JAK2-9

JAK2-10

JAK2-11

JAK2-12

JAK2-13

JAK2-14

JAK2-15

JAK2-16

JAK2 genotype status

Homozygous mutant 

Homozygous mutant 

Homozygous mutant 

Homozygous normal

Heterozygous mutant

Homozygous normal

Heterozygous mutant

Heterozygous mutant

Heterozygous mutant

Heterozygous mutant

Heterozygous mutant

Homozygous normal

Heterozygous mutant

Homozygous normal

Heterozygous mutant

Homozygous normal

Cytogenetic report

normal

normal

normal

normal

normal

normal

normal

normal

normal

normal

normal

normal

normal

Ph positive

normal

normal

Diagnosis

PV

PV

PV

PV

PV

PV

PV

PV

PV

PV

PV

PV

PV

CML

PV

PV

Figure 1: A representative 440 bp PCR amplicon generated using primers JAK2F and JAK2R (this study) and template DNA from sample ‘JAK2-10’. Lane M: 100 bp DNA size standard; 2: 440 
bp PCR amplicon.
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Figure 2: Electropherograms generated from normal homozygous, mutant heterozygous and mutant homozygous samples (V617F mutation; JAK2 gene). The amino acid stretch flanking 
position 617 and corresponding nucleotide stretch flanking position 1849 are shown along with electropherogram profile of all three categories of genotype encountered (three black 
boxes). The hotspot triplet codon and corresponding amino acid for each genotype is also indicated below each electropherogram boxes.   

Figure 3: Karyotype showing presence of Philadelphia chromosome in sample number JAK2-14 where the patient was diagnosed with chronic myeloid leukemia (CML). The points of 9:22 
translocation are shown in red boxes. This sample harbored wild genotype for V617F (JAK2).
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Figure 4: Distribution of the JAK 2 genotype (V617F) in the resource population of 16 patients.
Abbreviation used: PV, Polycythemia vera.
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