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Multiplex PCR-RFLP Assay for Detection of 
Factor V Leiden and Prothrombin G20210A

IBRAHIM BARIS,1 VEDAT KOKSAL,2 and OZDAL ETLIK2,3

ABSTRACT

Factor V Leiden and prothrombin G20210A are clinically relevant genetic risk factors for venous thrombo-
sis. Molecular diagnostic testing for factor V Leiden and prothrombin G20210A is widespread, and labora-
tories use a variety of technical approaches. Here we introduce a multiplex polymerase chain reaction-re-
striction fragment length polymorphism (PCR-RFLP) based on single (Mnll) restriction endonuclease
digestion. The assay was shown to simultaneously and accurately detect factor V Leiden and prothrombin
G20210A mutations.
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INTRODUCTION

TWO COAGULATION FACTOR POLYMORPHISMS, G1691A in the
factor V gene and G20210A in the prothrombin gene, are

currently the most common known genetic risk factors for ve-
nous thrombosis in Caucasian populations (Bertina et al., 1994;
Poort et al., 1996). For diagnostic analyses and for scientific
studies of large numbers of patients, fast and economic assays
that can be performed with standard polymerase chain reaction
(PCR) instruments are highly desirable. Several authors have
reported on multiplex polymerase chain reaction–restriction
fragment length polymorphism (PCR-RFLP) approaches for the
combined detection of both factor V Leiden and prothrombin
G20210A (Poort et al., 1997; Raoul et al., 1997; Ripoll et al.,
1997; Linfert et al., 1998; Keeney et al., 1999; Lastrucci et al.,
1999; Mitterer et al., 1999; Xu et al., 1999; Huber et al., 2000;
Endler et al., 2001; Lucotte and Champenois, 2003). In the cur-
rent study, multiplex PCR-RFLP approaches in the medical lit-
erature were reviewed, and a modification of reported ap-
proaches was established based on multiplex PCR-RFLP. The
multiplex method will allow us to provide genotypic informa-
tion on the prothrombin locus at no additional cost or labor over
that required for factor V Leiden genotyping by a second PCR-
RFLP. We evaluated the multiplex method for its ability to de-
tect factor V Leiden and prothrombin G20210A in a 408-pa-

tient base sample. We determined that the method performed
robustly and accurately.

MATERIALS AND METHODS

Samples

We have screened 408 individuals who requested genetic di-
agnosis from our laboratory between May 2001 and August
2004. Written informed consent was obtained from all partici-
pants.

Primer design

Primers were designed by using a web-based PRIMER 3.0
program (workbench.sdsc.edu). We used the BLAST program
at www.ncbi.nlm.nih.gov/blast to check for the specificity of
the primers. Hypothetical RFLP results were tested by using
NEBcutter V2.0 (tools.neb.com/NEBcutter2).

PCR method

Genomic DNA was isolated from the peripheral blood sam-
ples according to a standard protocol. PCR reaction was per-
formed in a total volume of 25 �l containing approximately 100
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ng DNA, 2.5 �l of 10� polymerase buffer (MBI Fermentas,
Hanover, MD), 2.0 mmol/l MgCl2, 0.2 mmol/l dNTPs (MBI
Fermentas), 0.4 �mol/l of each prothrombin primer, 0.8 �mol/l
of each factor V primer and 1 unit of Taq polymerase (MBI
Fermentas). The PCR program on PTC-150 Minicycler™ (MJ
Research, Watertown, MA) thermal cycler was as follows: an
initial denaturation step at 94°C for 4 min, followed by 33 cy-
cles of 45 sec at 94°C, 30 sec at 60°C, 45 sec at 72°C, and a
final extension step of 8 min at 72°C.

A 169-bp product from exon 10 of factor V (GenBank ac-
cession L32764) and a 221-bp product from the 3� untranslated
region of the prothrombin gene (GenBank accession M17262)
were coamplified using PCR. Factor V primers were as follows:
forward, 5�- ACATCGCCTCTGGGCTAATA -3�; reverse, 5�-
TTGAAGGAAATGCCCCATTA -3�. Mismatched primer was
used to amplify Prothrombin products. Prothrombin primers were
as follows: forward, 5�- ATGGGGTGAAGGCTGTGACC -3�;
reverse, 5�- AGCACTGGGAGCATTGAGCCT -3�. In the re-
verse primer, a single mismatched nucleotide (underlined) was

substituted so that amplification of a wild-type allele resulted in
the generation of a new Mnl I restriction endonuclease site.

A total of 5 �l from the PCR product was run on 2% agarose
to check for any nonspecific bands. A total of 15 �l of the PCR
product was digested with 6 units of the Mnl l enzyme (MBI
Fermentas) and 2 �l of its 10� reaction buffer in a 20 �l re-
action volume. The mixture was incubated at 37°C for 3 h. The
digested products were electrophoresed on 4% (w/v) agarose or
6% acrylamide gels at 100 V for 30 min or 50 min, respec-
tively. The gel and running buffers were 1� TBE (0.89 M Tris-
Base, 0.89 M boric Acid, 20 mM Na2 ethylenediaminete-
traacetic acid (EDTA) adjusted to pH 8.3). The fragments were
visualized by ethidium bromide under UV transilluminator.

RESULTS

Here we established a multiplex PCR-RFLP assay to detect
the factor V Leiden and prothrombin G20210A mutations. The
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FIG. 1. A 4% (w/v) agarose electrophoretic gel of the polymerase chain reaction (PCR) products of the 221-bp (prothrombin)
and 169-bp (factor V) amplicons. The effects of the temperature (A) and primer concentration (B) the primer ratio of Pll and
FVL is 1:1.5 in lane 1; 1:2 in lane 2; 1:2.5 in lane 3.

FIG. 2. Photograph of ethidium bromide-stained 6% acrylamide gel demonstrating multiplex polymerase chain reaction-re-
striction fragment length polymorphism (PCR-RFLP) analysis for prothrombin G20210A and factor V Leiden. Lane 1: Undi-
gested wild-type 221-bp (prothrombin) and 169-bp (factor V) amplicons. Lane 2: A prothrombin G20210 wild-type/factor V Lei-
den homozygote with digestion products of 192, 152, 29, and 17 bp. Lane 3: A prothrombin G20210/factor V wild-type with
digested products of 192, 115, 37, 29, and 17 bp. Lane 4: A prothrombin G20210 wild-type/factor V Leiden homozygote with
digestion products of 192, 152, 115, 37, 29, and 17 bp. Lane 5: A prothrombin G20210A heterozygote/factor V Leiden het-
erozygote with digestion products of 221, 192, 152, 115, 37, 29, and 17 bp. Lane 6: A prothrombin G20210A heterozygote/fac-
tor V wild-type with digestion products of 221, 192, 115, 37, 29, and 17 bp. Lane 7: A prothrombin G20210 heterozygote/fac-
tor V wild-type with digestion products of 221, 192, 152, 29, and 17 bp. The 37, 29, and 17-bp products are not shown because
they electrophoresed off the gel. N denotes the wild-type allele; M denotes mutant allele.
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effects of several factors, including MgCl2 concentration,
primer concentration, and PCR cycling conditions, on PCR
specificity and efficiency have been determined and optimized.
We observed significantly less amplification of the factor V am-
plicon compared to the prothrombin amplicon when equivalent
primer concentrations were used. We therefore titrated primer
concentrations to arrive at a 2:1 ratio of factor V to prothrom-
bin primers, which resulted in approximately equal amplifica-
tion of the two amplicons. The amplification conditions have
been optimized as 2:1 primer concentrations (factor V:pro-
thrombin) at 60°C (Fig. 1).

A representative multiplex analysis to detect factor V Lei-
den and prothrombin G20210A is shown in Figure 2. Undi-
gested products resulted in two products of 221 and 169 bps,
representing prothrombin and factor V amplicons, respectively.
MnlI digestion of prothrombin and factor V wild-type ampli-
cons yielded fragments of 29 bp and 192 (prothrombin ampli-
con) and 17 bp, 37 bp and 115 bp (factor V amplicon); the 17-
bp fragment was a result of an invariant MnlI site. Digestion of
the factor V Leiden homozygote resulted in fragments of 17 bp
and 152 bp, and the prothrombin G20210A homozygote yielded
fragments of 221 bp.

To evaluate the assay, we tested 408 known patients with re-
current venous thrombosis for whom we had previously deter-
mined the genotypes for the factor V Leiden (21 homozygote
and 58 heterozygotes) and the prothrombin G20210A (19 het-
erozygote, 5 of them were also heterozygote for the FV Lei-
den) variants by PCR followed by restriction enzyme digestion
as described (Gomez et al., 1998; Endler et al., 2001). We ob-
served complete concordance between methods.

DISCUSSION

Because the polymorphisms, G1691A in the factor V gene
and G20210A in the prothrombin gene, are common mild risk
factors for venous thrombosis, it would be useful to assay both
polymorphisms for thrombotic patients and their family mem-
bers. Multiplex PCR-based restriction enzyme analysis permits
simultaneous determination of these two important polymor-
phisms as demonstrated here for analysis using MnlI digestion
that has been shown useful to identify each polymorphism in-
dividually.

Our multiplex assay presents at least three main advantages:
first, the same restriction enzyme is used for the detection of
both mutations; second, the disappearance of 169 bp and sub-
sequent generation of a 152-bp and 17-bp band indicates that
complete digestion has occurred because the 17-bp fragment
results from an invariant MnlI site; third, the electrophoretic
patterns after MnlI restriction can be easily identified regard-
less of combination of genotypes between both mutations. If
the assays were done separately, the factor V amplicon has
built-in control for completeness of digestion whereas the pro-
thrombin amplicon does not have. In summary, the multiplex
PCR-RFLP evaluated in this study performed robustly and ac-
curately and is readily adaptable to the clinical molecular di-
agnostic laboratory setting without requiring expensive equip-
ment that is not available to all laboratories.
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