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Abstract The Plasmodium vivax merozoite surface protein
1 (Pvmsp-1) locus codes for a major asexual blood-stage
antigen currently proposed as a malaria vaccine candidate
antigen. However, extensive polymorphism of this protein
has been observed in isolates from different geographical
areas. Here, we investigate the extent and the frequency of
allelic diversity at the Pvmsp-1 locus in field isolates
collected in the Republic of Korea during the past decade.
Among the 45 Korean isolates, six Pvmsp-1 gene types
(SKOR-I to SKOR-VI) were identified as unique combina-
tions of type sequences in each variable block. Of these six
different Pvmsp-1 gene types, two major Pvmsp-1 allelic
types were found in 72% (SKOR-I) and 28% (SKOR-II) of
field isolates collected in 1996 to 2000, and four different
allelic types (SKOR-III to SKOR-VI) emerged in 70% (10–
25%) of isolates collected in 2007 to 2009. These results

suggest that allelic diversity of Pvmsp-1 increased in
several variable regions, including the N- and C-terminals,
after reemergence of P. vivax parasites in the Republic of
Korea.

Introduction

Plasmodium vivax is the most widely distributed species
that causes human malaria. With 80 to 300 million clinical
cases reported each year, P. vivax presents a major public
health challenge in Central and South America, the Middle
East, Central, South, and Southeast Asia, Oceania, and East
Africa (Mendis et al. 2001; Mueller et al. 2009). The
complex biology of the P. vivax parasites and its transmit-
ting vectors has hindered the development of successful
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control strategies. The long-term goal of P. vivax prevention
will require a combined approach that includes vaccination,
chemotherapy, and vector control (Mendis et al. 2001).

Understanding of the extent and the dynamics of
genetic diversity in target antigens is needed for the
development of new vaccines and the interpretation of
the result of the vaccine efficacy tests. Because amino
acid variations caused by single-point mutations can affect
the immunogenic properties of antigens, identification of
genetic polymorphisms of target antigenic domains is essen-
tial for vaccine development (Takala and Plowe 2009).
Several laboratory and epidemiological studies have demon-
strated that natural variations can abrogate immune recogni-
tion in Plasmodium species (Tonhosolo et al. 2001; Tonon et
al. 2004; Bastos et al. 2007; Mehrizi et al. 2009). Thus, the
investigation of sequence polymorphism and antigenic
diversity of malaria vaccine candidate antigens has become
a subject of considerable importance.

P. vivax merozoite surface protein 1 (PvMSP-1) is a 200-
kDa polymorphic glycoprotein (Udagama et al. 1990)
whose complete gene sequence is firstly characterized in
two Latin American isolates, the Brazilian Belem (Belem)
and Salvador (Sal-1) strains (Del Portillo et al. 1991;
Gibson et al. 1992). The PvMSP-1 has been shown to
produce naturally acquired and vaccine-induced immunity
and has thus been identified as an important vaccine
candidate among PvMSPs (PvMSP-1, -4, -5, -8, and -10)
(Barrero et al. 2005; Dutta et al. 2005). Several experimen-
tal studies using native and recombinant PvMSP-1, partic-
ularly its C-terminal 19-kDa fragment, have demonstrated

the vaccine potential of this protein (Galinski and Barnwell
2008). The Pvmsp-1 gene has a mosaic and heterogeneity
structure with allelic recombination demonstrated in iso-
lates from different countries (Putaporntip et al. 2002). This
gene also contains several conserved blocks (CBs) and
variable blocks (VBs) (Fig. 1a; del Portillo et al. 1991;
Putaporntip et al. 2002). The VB6 region between CB5 and
CB6 shows a dimorphic pattern of “Belem type” and “Sal-1
type” strains. Interallelic recombination between these
types occurs at a high frequency among worldwide isolates
(Kolakovich et al. 1996; Putaporntip et al. 1997; Figtree et
al. 2000; Lim et al. 2000; Severini et al. 2002; Cui et al.
2003; Zakeri et al. 2006). Because Pvmsp-1 not only
encodes a strong vaccine candidate, but is also a useful
marker for the genetic polymorphism of the parasite, we
considered it important to determine the natural variation
and prevalence of Pvmsp-1 alleles.

In the present study, we determined the frequencies and
the genetic variation of Pvmsp-1 alleles by analyzing full-
length sequences from field isolates of reemergent P. vivax
collected in the Republic of Korea.

Materials and methods

Blood samples and DNA preparation

Blood samples were collected from 45 symptomatic
patients (25 from 1996 to 2000, 20 from 2006 to 2009)
who had been diagnosed with P. vivax infection by

Fig. 1 Schematic representation
of the merozoite surface protein-1
gene of Plasmodium vivax (a)
and its association with the type
sequence of each variable block
in this study (b). a Conserved
and variable blocks of the gene
are shown as open and closed
boxes, respectively. b Schematic
representation of six allelic types
(SKOR-I to SKOR-VI) and their
associations of type sequences in
each variable block from the
Pvmsp-1 gene. Variable blocks 2,
6, 8, and 10 contain short tandem
repeats, indicated by number.
Detailed allelic type and amino
acid sequence alignment data are
shown in Table 2 and Supple-
mentary Fig. 1. Box numbers
and the sequence type of each
variable block are based on a
previous report (Putaporntip et
al. 2002)
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microscopic examination at local health centers and clinics
in Gyeonggi and Gangwon Provinces, Republic of Korea.
This study was approved by the Institutional Review Board
of Kangwon National University Hospital. Genomic DNA
was purified from 200 μL of the whole blood using
QIAamp DNA Blood Mini Kits (Qiagen, Seoul, Korea),
according to the manufacturer’s instructions. The purified
DNA was dissolved in TE buffer (10 mM Tris–HCl, 1 mM
EDTA; pH 8.0) and stored at −20°C until use.

Polymerase chain reaction and sequencing

The DNA fragment spanning the entire coding region of the
Pvmsp-1 gene was amplified using primers based on the
Pvmsp-1 sequence of the Sal-1 strain (Putaporntip et al.
2002). Polymerase chain reaction (PCR) amplification was
performed by 35 cycles of denaturing the samples at 94°C
for 30 s, annealing at 60°C for 30 s, and extending at 72°C
for 5 min. To minimize errors introduced in the sequences
during PCR amplification, we used ExTaq and LATaq DNA
polymerase (Takara, Shiga, Japan). The PCR products were
examined by electrophoresis in a 1% agarose gel, visualized
with an ultraviolet transilluminator, purified with PCR
purification kits (Qiagen), and both strands sequenced
using a BigDye Terminator Cycle Sequencing Kit on an
ABI3100 genetic analyzer (Applied Biosystems, Foster
City, CA) using previously reported forward and reverse
primers (Putaporntip et al. 2002). When a singleton
occurred, the sequence was redetermined using DNA
templates from two independent amplifications from the
same DNA samples.

Sequence analysis

Preliminary pairwise sequence alignments and comparisons
were performed using MegAlign (DNASTAR, Madison,
WI). A multiple-sequence alignment was constructed with
the MUSCLE (Edgar 2004) and BioEdit programs (Ibis
Therapeutics, Carlsbad, CA). The Pvmsp-1 gene sequences
of the Korean isolates in this study were then compared

with previously reported sequences retrieved from Gen-
Bank using published accession numbers (Putaporntip et al.
2002). Sequences obtained in this study have been
deposited in GenBank with the accession numbers
HQ171934–HQ171941.

Results

The frequency of Pvmsp-1 allelic types and the association
of type sequences in each VB were studied and are shown
in Table 1 and Fig. 1. To assess the genetic diversity of
Korean P. vivax isolates at the Pvmsp-1 locus, we analyzed
the Pvmsp-1 sequences of 45 clinical samples from P.
vivax-endemic areas in the Republic of Korea. Comparison
with previously reported (Putaporntip et al. 2002) Pvmsp-1
sequences from the Sal-1 and Belem strains allowed us
to identify six allelic types among the Korean isolates
(Fig. 1). Two major allelic types (SKOR-I and SKOR-II)
were prevalent among the Korean isolates collected from
1996 to 2000, accounting for 72.0% (SKOR-I) and 28.0%
(SKOR-II) of the samples. Six allelic types (SKOR-I to
SKOR-VI) occurred with similar frequency (average
16.7%, range 10–25%) in the Korean isolates collected
from 2007 to 2009, and four new allelic types (SKOR-III
to SKOR-VI) were identified. Together, these four types
comprised approximately 70% (10–25% each) of the
isolates (Table 1).

Two to five type sequences from each allelic type were
identified in each VB of the Korean isolates. All the VB
regions in SKOR-I and SKOR-II except two (VB2b and
VB10) contained a single type sequence. In contrast, the
VBs in SKOR-III to SKOR-VI contained two or three new
type sequences (Table 2). In samples collected from 2007 to
2009, most of the type sequence in each VB differed from
those in the samples collected from 1996 to 2000. SKOR-
III and SKOR-IV contained the same type sequence in five
VBs (2a, 2c, 4, 6, and 8) and different type sequences in
three VBs (2b, 10, and 12; Fig. 1b). SKOR-I was similar to
SKOR-II, SKOR-III, SKOR-IV, SKOR-V, and SKOR-VI,

Allelic type No. of isolates (%) from years Example of isolates GenBank accession nos.

1996–2000 2007–2009 Total

SKOR-I 18 (72.0) 2 (10.0) 20 (44.5) SKOR 67 HQ171934

SKOR-II 7 (28.0) 4 (20.0) 11 (24.4) SKOR 69 HQ171935

SKOR-III 3 (15.0) 3 (6.7) SKOR 0803 HQ171938

SKOR-IV 4 (20.0) 4 (8.9) SKOR 0808 HQ171940

SKOR-V 5 (25.0) 5 (11.1) SKOR 0804 HQ171939

SKOR-VI 2 (10.0) 2 (4.4) SKOR 0814 HQ171941

Total 25 (100) 20 (100) 45 (100)

Table 1 Frequency of Plasmo-
dium vivax merozoite surface
protein 1 allelic types among
Korean isolates
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with 97.8%, 92.5%, 90.4%, 85.2%, and 85.5% sequence
similarity, respectively.

VBs 2, 6, 8, and 10 contained short tandem repeat (STR)
regions (Supplementary Fig. 1). The degenerate 5-mer
(GSXXX)n (n=2, 3, 6, and 7) was found in VB2b; this
block consisted of (GSXXX)7 in samples collected from
1996 to 2000 (types 5 and 7), but (GSXXX)2, 3, 6 in samples
collected from 2007 to 2009 (types 10, 18, and 20). In VB6,
polyglutamine (Qn) (n=1, 2, 10, and 14) was found in types
1 (and its variant), 2, and 4 sequences. The amino acid
sequence of type 1 and its variant in VB6 were similar to
that of the Sal-1 type, with few Q repeats, and the sequence
of type 2 was similar to that of Belem, with multiple Q
repeats. The sequence of type 4 (recombinant type) in VB6
represents a combination of a Sal-1-like sequence at the 5′-
end and a Belem-like sequence at the 3′-end, including the
poly-Q segment. This sequence was found in all 25
sequences obtained from 1996 to 2000 and in six (30%) of
the 20 sequences obtained from 2007 to 2009. The type 1
and type 2 sequences were found at the same frequency (7/
20, 35%) among the samples collected from 2007 to 2009.
In VB8, degenerate repeats of (PVTTTX)2 and (PXVAPX)2
plus PVTTNT were found in types 3 and 5, respectively.
Type 5 was observed in 70% (13 isolates) of the allelic types
SKOR-I to SKOR-IV collected from 2007 to 2009 and in
100% (25) of those collected from 1996 to 2000. The
degenerate 5-mer (VPXXX)n (n=2, 3, 5) was observed in
VB10. Both type 10 and type 14 in VB10 were highly
prevalent (75.6%), and other types appeared with two or
three tandem repeat sequences. No distinctive repeat
appeared in VB4 or VB12. In VB12, the C-terminal part
of Pvmsp-1, three new variant types appeared after 2000.

The alignment of the Pvmsp-1 alleles from the Korean
isolates revealed that amino acid sequences were highly
conserved in the CBs (Supplementary Fig. 2). We summa-

rized the nonsynonymous substitutions from six Pvmsp-1
CBs and observed the following unique sequences in the
Korean isolates: SQ/TEA in CB1, NVSASSTQ/
NVSASSTQ/EK/QA in CB3, SNTL in CB5, D in CB7,
and AE/G in CB9. The sequence analysis of the C-terminal
region (CB13) of the Pvmsp-1 gene showed no variation in
Korean P. vivax and was identical to those of the Sal-1 and
Belem strains. Many nonsynonymous mutation sites (Sup-
plementary Fig. 2) in CB1, CB7, and CB9 were found in
only two allelic types (SKOR0804 and SKOR0814) and
were identical to the Belem type.

Discussion

In the present study, we investigated the allelic diversity of
each block of full-length Pvmsp-1 from reemergent P. vivax
parasites collected in the Republic of Korea during the past
decade to understand the distribution of their genetic
polymorphism. Conserved and variable blocks of the full-
length Pvmsp-1 were compared among samples collected
from periods both immediately following reemergence and
about 10 years thereafter to determine whether the
genetic diversity of P. vivax parasites had increased
during this time. Our data identified four new Pvmsp-1
allelic types, indicating that the frequency of genetic
diversity of this gene was increased in areas of malaria
endemicity after the reemergence of P. vivax in Korea. It is
very important to consider that longitudinal sampling as
shown in this study is very rare in a low-endemicity
country such as Korea with reemerging P. vivax and that it
is valuable for understanding how the parasite population
changes in the field.

Since the 1993 reemergence of P. vivax in the Republic
of Korea, at least two genotypes have been found in

Table 2 Allelic variation in Pvmsp-1 among Korean isolates identified by associations of type sequence in six variable blocks

Allelic type Association of type sequencea in each variable block Year isolates were identified

2 4 6 8 10 12

2a 2b 2c

SKOR-I 1 5 7 3 4 5 10 3 1996–2009

SKOR-II 1 7 7 3 4 5 14 3 1996–2009

SKOR-III 3 18 5 4 1 5 10 2 2007–2009

SKOR-IV 3 18 5 4 1 5 1 13 2007–2009

SKOR-V 7 10 3 5 2 3 3 4 2007–2009

SKOR-VI 7 20b 3 5 2 3 3 4 2007–2009

No. of type sequence 3 5 3 3 3 2 4 4

a Amino acid sequences of the type sequence of each block are shown in Supplementary Fig. 1 and referred to in Putaporntip et al. (2002)
b New type sequence identified in variable block 2b
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vaccine candidate genes Pvmsp-1 (both ICB4–5 and ICB5–
6), circumsporozoite protein (Pvcsp), Duffy binding protein
(Pvdbp), and apical membrane protein 1 (Pvama-1), all of
which were identified in Korean isolates obtained before
2000 (Lim et al. 2000; Han et al. 2002; Kim et al. 2009;
Lim et al. 2001). In addition, subtypes or recombinant types
have been found in recent sequence analyses of Pvmsp-1
ICB5–6, Pvmsp-3α, and Pvcsp in samples collected from
1996 to 2007 (Choi et al. 2010; Nam et al. 2010). In a
previous report (Putaporntip et al. 2002), two Korean allelic
types (SK1 and SK3) over the full length of Pvmsp-1 were
identified from four Korean isolates (SK1 to SK4). These
were identified from samples collected before 2000, and
their VBs showed unique sequence types identical to some
of the 31 types from isolates collected from worldwide. The
present study identified four new allelic types in the Korean
isolates collected from 2007 to 2009, with different type
sequences associated with each VB and different numbers
of STR sequences. These four allelic types were also
identified from the unique association of each VB with
STRs from isolates collected from worldwide. Although
sequences from part of each allelic type were similar to
those of isolates collected worldwide, each association of
type sequences from the VBs differed from those previ-
ously reported.

Previous studies have examined the genetic diversity of
Pvmsp-1 ICB5–6 in Columbia, Brazil, Myanmar, and
Azerbaijan, all of which are high-risk regions for malaria
(Leclerc et al. 2004; Maestre et al. 2004; Santos-Ciminera
et al. 2007; Moon et al. 2009). These endemic geographical
areas have emerged as an important source of genetic
markers of P. vivax polymorphism that allows the detection
of mixed infections and recombination events between the
parental Sal-1 and Belem type alleles. In particular, high
diversification has been observed in the variable poly-Q
region between ICB5 and ICB6 of Pvmsp-1, where genetic
recombination often occurs. Until recently, the number of
type sequences in VB6 (similar to the ICB5–6 region)
seemed to be restricted to four. These four type sequences
(type 1 and variant, and types 2 and 4) of Pvmsp-1 VB6
from the Korean isolates from this study were similar to the
previously reported S-a, S-b, B-1, and B-2, respectively
(Choi et al. 2010). Although this VB sequence was found to
be a major recombinant type before 2000, Sal-1- and
Belem-like types appeared in the Korean isolates only after
2000 (Choi et al. 2010). In this study, a Sal-1-like type in
VB2b of Pvmsp-1 was a major allelic type before 2000 and
a Belem-like type of VB2a was found in the 2007 to 2009
samples. Sal-1 and Belem types of Pvmsp-1were predom-
inant in VB2a and VB12 before 2000, but both basic and
recombinant types were also observed in 2007 to 2009
samples. These findings indicate that a recombination
independently changed the allelic type of each VB of

Pvmsp-1 during the endemic phase of this parasite in the
Republic of Korea.

Recombinant proteins corresponding to PvMSP-1 vari-
able domains commonly found in field parasites were
poorly recognized by normal populations who are exposed
to malaria in endemic areas (Bastos et al. 2007). From this
previous report, few subjects had detectable IgG antibodies
against one or more of the several VBs 2, 6, and 10
expressed as recombinant proteins, although most of them
recognized the conserved C-terminal domains of PvMSP-1.
This CB10 contains MSP-1 19 kDa, which has been the
focus of malaria vaccine development because of its highly
conserved sequence and hypothesized critical function. The
report indicated that sequence polymorphism affected the
analysis of antibody recognition of PvMSP-1 variants, and
this information can be used to understand naturally
acquired immunity in the endemic population prior to the
selection of a particular domain for vaccine development.

In conclusion, sequence analysis of the full-length
Pvmsp-1 gene indicated that its genetic diversity has
increased during the past decade from two genotypes to
six. Monitoring of the genetic variation patterns of the P.
vivax parasites may help to analyze its endemicity in the
Republic of Korea. As allelic polymorphism is one of the
greatest hurdles in mounting a protective immune response
against the genetically diverse P. vivax, further research is
required to determine the impact of antigenic diversification
on the immunogenicity of the PvMSP-1 antigen in natural
populations.
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