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Problem/background ¢ Allele-specific amplification is an important tool for a large
scale study of geographic distribution of pathogens harboring
polymorphic genes. In this study, we have developed a simple
method to differentiate strains of Plasmodium falciparum based
on polymorphic block 2 located at the 5’ portion of the merozoite
surface protein-1 gene (PfMsp-1). Block 2 of PfMsp-1, a strong
candidate for asexual blood-stage vaccine, contains 3 basic
sequence types with MAD20 type, K1 type and RO33 type as
representative alleles.

Objective ¢ To develop a polymerase chain reaction (PCR) method capable

of detecting PfMsp-1 genotypes.

Design *  Experimental study.

Setting 1 Department of Parasitology, Faculty of Medicine, Chulalongkorn
University.

Materials and Methods : The method deployed semi-nested PCR targeting allele-

specific sequences of each representative type of blocks
2 of PfMsp-1. The performance of the method was evaluated
with 50 P. falciparum blood samples collected from patients in

Chanthaburi, Tak and Yala provinces.

* Molecular Biology of Malaria and Opportunistic Parasites Research Unit, Department of Parasitology, Faculty of Medicine, Chulalongkorn
University, Bangkok 10330, Thailand
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Results : The method is sensitive to detect as few as 5 parasites in
the samples whereas specific alleles of block 2 could be
unequivocally determined. Minor parasite populations in
the isolates containing multiple clone infections were detected
by the method. Of the 50 P. falciparum isolates examined,
MAD20, K1 and RO33 allelic types were identified in 28, 14
and 8 samples by the PCR genotyping method, respectively.
Multiple clone infections were observed in 4 of these isolates.

Conclusion : The PCR genotyping method developed in this study is
applicable for large-scale population genetic analysis of

P. falciparum population based on the PfMsp-1 locus.

Keywords : Malaria, Plasmodium falciparum, merozoite surface

protein 1, allele-specific amplification, genotyping.
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Approximately, 300 million people are
infected by malaria each year. Of these, nearly one
million cases die of the disease as a consequence
of complicated and severe infections. Among the
5 species of Plasmodium that cause human malaria,
Plasmodium falciparum is the most prevalent and
most pernicious. Attempts to control and eradicate
malaria have posed several obstacles mainly due
to the emergence and wide spread occurrence of
antimalarial drug resistant parasite strains and the
presence of insecticide resistant mosquito vectors.
Therefore, development of a malaria vaccine is an
essential task for malaria control. Several malaria
vaccine candidates have been identified aiming at
either destroying various stages of the parasites or
inhibition of parasite entry into the host cells that is a
crucial step in parasite survival. However, malaria
parasites in outbred population usually harbor diverse
genetic background, resulting in antigenic diversity
among several malaria vaccine candidates, an
issue that could compromise an effective vaccine
development. Undoubtedly, knowledge on parasite
population genetic structure and dynamics of parasite
spread is fundamental to malaria control measures
because effectiveness of a malaria vaccine can be
variable depending on parasite strains circulating in
an endemic area whereas early identification of drug
resistant parasite strains emerging in a community
will be more feasible to control or eradicate than
long-term widespread occurrence of drug resistant
parasites. Therefore, a practical genotyping method
for P. falciparum is essential to enhance malaria
control program.

A number of polymorphic genetic markers

derived from both coding and non-coding loci have
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been identified in Plasmodium falciparum that can
be applied for population genetic analysis. ' ~?
However, analysis using coding loci, especially genes
encoding proteins capable of inducing protective
immune responses or involved in drug actions, has
additional implications for public health in terms of
vaccine development and anti-malarial drug use.
One of the attractive targets for vaccine
development against P. falciparum infections is a
polymorphic molecule expressed on the surface of
merozoite, designated merozoite surface protein 1
(PfMsp-1). Both in vitro and in vivo studies have
revealed that antibodies to PIMSP1 can inhibit parasite
growth and confer protection in immunization trials in
animals. ¥ Sequence comparison of PfMsp-1 from a
number of parasite isolates encompassing a 5 kb
coding region has shown that the protein is encoded
by a single copy gene, containing 5 conserved, 5
semi-conserved and 7 variable blocks.” " Variation
in PfMsp-1 is basically dimorphic, i.e. one or the other
nucleotide exists at the positions where substitutions
occur. Exception to the dimorphic variation of the gene
is the presence of 3 major allelic types in block 2
characterized by K1 type, MAD20 type and RO33
type. Both K1 and MAD20 types possess tripeptide
repeats with sequence and size polymorphism among
isolates whereas a limited sequence variation has
been detected in RO33 type which lacks apparent
repeats.®? Extensive sequence variation in PfMsp-1
has arisen from intragenic recombination between
dimorphic parental alleles in anopheline mosquito

vectors. '

Therefore, polymorphism in PfMsp-1 is
an attractive target for P. falciparum identification and

tracking.
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Although a genotyping method based on
PfMsp-1 by nested polymerase chain reaction (PCR)
can differentiate P. falciparum strains, large scale
application can be compromised by time and budget
required. ® Meanwhile, mixed infections of different
PfMsp-1 within isolates are prevalent in endemic
areas and cannot be entirely determined by
direct sequencing per se. Here we develop a rapid
genotyping method based on available sequences
of PIMsp-1 by nested PCR targeting the polymorphic
loci located in blocks 2 of PiMsp-1. The method can
differentiate each of 3 major types of block 2 of PfMsp-
1 whereas variation in the number of repeats in
MAD20 type and K1 type further provides fine
resolution of subtypes of alleles in the 2 major types.
The method developed herein is applicable to isolates
with mixed infections of different PiMsp-1 alleles and
has practical implication for large - scale field studies

of P. falciparum populations.

Materials and Methods
Parasite samples

From 2009 to 2010, finger pricked blood
samples (~0.1 ml) were collected from P. falciparum-
infected patients attending malaria clinics in
Tak Province (n = 21), Chantaburi Province (n = 19)
and Yala Province (n = 10). Diagnosis of P. falciparum
infection was based on both microscopic examination
of Giemsa stained thin and thick blood films. All of
these patients had febrile symptoms during blood

sample collection.

DNA extraction
DNA was extracted from each blood sample

using the QIAGEN DNA minikit (Hilden, Germany)

Chula Med J

following the manufacturer's protocol. After
purification, these DNA samples were stored at

-30°C until use.

Nested PCR for malaria diagnosis

DNA from each blood sample was subject
to nested PCR targeting small subunit ribosomal
RNA of 5 human malaria species using primers and

amplification condition as previously described. ""'?

Allele-specific genotyping method

The PCR primers were derived from PfMsp-1
sequences available in the GenBank™ database
(accession numbers AB276005, X05624 and
X03371). Structure of PfiMsp-1 and the location of
primers are shown in Figure 1. DNA fragments
encompassing conserved blocks 1 and 5 were
amplified by PCR using primers common to
MAD20 type, K1 type and RO33 type: FMSP1B1F
(5'-CACAATGTGTAACACATGAAAG-3') and FMSP1
B5R (5-CAAGTGGATCAGTAAATAAACTATC-3').
The thermal cycler profile for primary PCR included a
pre-denaturation at 94°C for 1 min; 35 cycles of
denaturation at of 96°C for 30 sec; primer-template
annealing at 55°C for 30 sec; primer extension at
61°C for 1.30 min, and post amplification extension
at 72°C for 5 min in PCR System 9700 thermocycler
(Applied Biosystem GeneAmp®, PE Biosystems,
Foster City, CA). Amplification was done in 25
reaction mixture containing 1 UL of P. vivax DNA,
2.5 mM each deoxynucleoside triphosphate, 2.5 L
of 10X PCR buffer, 0.4 units of ExTag DNA Polymerase
(Takara, Seta, Japan) and 0.25 UM of each primers.
Amplified products generated from primary PCR

reaction were used as templates for determination of
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alleles of block 2 in 3 separate amplification reactions
in secondary (semi-nested) PCR. Primers for semi-
nested PCR included FMSP1B2R (5'-CCATCAATTA
AATATTTGAAACC-3’) and one of the following
primers: (1) FMAD20F (5'-GAACAGCTGTTACAAC
TAGTACAC-3’) specific to MAD20 type, (2) FK1F
(5'-GAAATTACTACAAAAGGTGCAAGTG-3’) specific
to K1 type and (3) FRO33F (5-GGAGCAAATACTC
AAGTTGTTGC-3’) specific to RO33 type. A semi-
nested PCR contained 25 Wl of reaction mixtures using
primers specific to each major type of block 2 of
PfMsp-1. The thermal cycler profile for semi-nested
PCR was essentially the same as that for primary
PCR except using 25 cycles of amplification and
polymerization for 1 min. Semi-nested PCR products
were analyzed by electrophoresis in 3 % agarose gels

(agarose for 150-1,500 bp, Nacalai Tesque, Japan),
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stained with eithidium bromide and visualized under

UV transilluminator.

Specificity

Positive controls were 3 P. falciparum-positive
samples (isolates CT114-MAD20 type, CT312-K1
type, YL1345-R0O33 type) whose block 2 sequences
of PfMsp-1 were previously determined by
sequencing. These positive controls were used as
single templates or as various combinations of
different templates. Potential cross amplification of
the semi-nested PCR developed in this study was
determined by using known DNA samples containing
P. vivax (n = 3), P. ovale (n = 1), P. malariae (n=1)
and P. knowlesi (n = 1). Distilled water was used as

negative control.
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Figure 1. (a) Structure of the Plasmodium falciparum merozoite surface protein-1 (PfMsp-1). Conserved

semiconserved and variable blocks are shown in unfilled, upward diagonal and filled boxes, respectively.

Blocks are numbered above the scheme. (b) Target fragment for PCR ampilification. Arrows underneath
indicate locations and directions of primers (FMSP1B1F, FMSP1B5R, FMAD20F, FK1F, FRO33F and

FMSP1B2R) for genotyping of block 2.
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Sensitivity

To test whether each pair of allele-specific
semi-nested PCR primers of block 2 yields
comparable sensitivity, the minimum limit of DNA
templates for PCR detection of PIMsp-1 was semi-
quantitatively determined. First the DNA fragments
encompassing conserved blocks 1 and 5 (1041 - 1059
bp) were amplified using primers FMSP1B1F and
FMSP1B5R. Because DNA sample isolated from
malaria-infected patients contained both human and
parasite DNA, estimation of P. falciparum DNA was
indirectly inferred from the amount of PCR amplified
product and the length of the amplified target DNA.
The amount of PCR product was quantified by using
NanoDrop apparatus according to the manufacturer’s
instruction (Thermo Fisher Scientific, Delaware, USA).
After the copy number of the target DNA was
calculated, the PCR product was diluted to
obtain 10°, 107, 10, 7, 5, 1 and 0.5 copies of PIMsp-1.
Sensitivity of detection of each major allelic type of
block 2 was determined by semi-nested PCR using
specific semi-nested PCR primers. The detection limit
was obtained when the minimum dilution of DNA
template gave reproducible positive results in 3

independent PCR reactions.

Ethical aspects

The ethical approval of this study has been
obtained by the Institutional Review Board of Faculty
of Medicine, Chulalongkorn University (IRB No. 365/
53).

Results
Specificity Genotyping Method
Ampilification of PIMsp-1 encompassing block

2 of PfMsp-1 using allele-specific primers has

Chula Med J

generated 316, 320 and 308 kb for MAD20 type,
K1 type and RO33 type, respectively, when positive
controls (samples with known genotypes of block 2)
were used as templates. No cross amplification
between these 3 major types was observed when
non-matched primers of block 2 were used. For
example, primers FMAD20F and FMSP1B2R gave
PCR products of expected size when isolate CT114
expressing MAD20 type of block 2 was used as
template whereas no PCR product was obtained
using different combinations of primers (FK1F and
FMSP1B2R, and FRO33F and FMSP1B2R). To test if
these primers retained specificity when isolates
contained multiple-clone infections, we artificially
mixed DNA samples from isolates with known different
PfMsp-1 sequences of one or another of MAD20, K1
(isolate CT312) or RO33 (isolate YL1345) types. These
combinations of 2 or more different types of block 2
of PIMSP1were used as templates for subsequent
PCR typing. Template containing genomic DNA
from MAD20 type plus K1 type gave successful
amplifications using primers FMAD20F and
FMSP1B2R. On the other hand, no amplification was
detected for reactions containing primers FK1F and
FMSP1B2R or FRO33F and FMSP1B2R. When triple
genotypes of block 2 were artificially applied to the
same tube, positive results were consistently and
correctly obtained, showing perfect concordant
results between specific pairs of primers and the
corresponding block 2 genotypes present in
the samples (Figure 2). This indicates that primers
of block 2 of PfMsp-1 gave high accuracy of
amplification regardless of the number of mixed
genotypes in the samples. No amplification was
observed when control water or non-P. falciparum

DNA were used as templates.
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Figure 2. Specificity of the semi-nested PCR assay for genotyping of block 2 of PiMsp-1. Agarose gelectrophoresis
shows PCR products amplified by using primers FMAD20F and FMSP1B2R (lanes 1, 2 and 3), FK1F and
FMSP1B2R (lanes 4, 5, and 6), and FRO33F and FMSP1B2R (lanes 7, 8 and 9). DNA templates are: lane 1 =
MAD20 + K1 + RO33; lane 2 = K1 + RO33; lane 3 = K1 + MAD20 + RO33; lane 4 = MAD20 + ROS33;
lane 5 = RO33 + MAD20 + K1; and lane 6 = MAD20 + K1. M, 100 bp ladder marker; N, negative control.

Sensitivity of Genotyping Method

The PCR products amplified by primers
FMSP1B1F and FMSP1B5R were semi-quantified and
the copy numbers of PiMsp-1 could be inferred. The
minimum copy number of PiMsp-1 in the templates
that gave positive PCR results by using internal
primers FMAD20F and FMSP1B2R, FK1F and
FMSP1B2R, and FRO33F and FMSP1B2R were 5
copies of target DNA. All of these estimations were
repeated 3 times independently and consistent results
were obtained, indicating high sensitivity of the
procedure. Table 1 summarizes the sensitivity of the
genotyping method by different combinations of pairs
of primers. We further determined whether the
sensitivity of each pair of primers can be altered by
isolates with multiple-clone infections. Three isolates
(CT114, CT312 and YL1345) were artificially mixed

using substantial difference in copy numbers of these

templates to test whether competitive amplification
occurs under this condition. Figure 3 depicts results
from this evaluation showing that regardless of the
quantity of each genotype in the template mixtures,
all pairs of primers could detect distinct block 2

genotypes with comparable efficacy.

Subgenotyping of PfMsp-1 block 2

MAD20 type and K1 type can be subdivided
into minor allelic types based on variation of tandem
repeat units in each type. Using 3% agarose gel
electrophoresis, It was possible to demonstrate that
amplifications by PCR with primers FMAD20F and
FMSP1B2R or primers FK1F and FMSP1B2R
generated positive results with size variation of the
amplified products whereas primers FRO33F and
FMSP1B2R gave positive band with no size variation
(Figure 4).
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Table 1. Sensitivity of PCR amplification of PfMsp-71 block 2 using different pairs of primers.

Forward primer Reverse primer Allelic type  Size of PCR product (bp) Sensitivity*
FMAD20F FMSP1B2R MAD20 316 5 copies
FK1F FMSP1B2R K1 320 5 copies
FROS33F FMSP1B2R RO33 308 5 copies

* Miminum number of PfMsp-1 copies in the templates for PCR that can be amplified by each pair

of primers.

Genotyping of clinical isolates

Itis important that all of these primers should
be applicable to characterize natural isolates.
Analysis of 50 P. falciparum clinical isolates identified
11 genotypes of block 2. Of these, genotypes 3 and
11, characterized by MAD20 type (320 bp) and RO33
type (310 bp) predominated (16.4%), respectively.
Four isolates (CTRB23, TSY2772, TSY2660 and
TSY3130) contained different block 2 genotypes, i.e.
MAD20 type mixed with K1 type. One isolate (CT341)
had coexistence of K1 type and RO33 type. In total
55 genotypes of block 2 of PfMsp-1 were detected
in 50 clinical isolates (Table 2). Subgenotyping
of isolates expressing MAD20 type and K1 type
harboring size variation ranging from 250 to 360 bp
and 300 to 350 bp, respectively, could be identified
by 3 % agarose gel electrophoresis whereas no size
variation (310 bp) occurred in all isolates having

ROS33 type.

Discussion

We have developed a simplified method for
strain differentiation of P. falciparum based on allelic
polymorphism in block 2 of PfMsp-1. One of the
advantages of using polymorphic loci of PfMsp-1

block 2 as a gene target is the possibility to identify 3

major genotypes including MAD20 type, K1 type and
ROS33 type as well as subgenotypes of MAD20 type
and K1 type based on variation in the number of
repeating units, resulting in length polymorphism of
the PCR products. All primers have been designed
to possess similar annealing temperature so that
a single amplification condition is applicable to all
pairs of primers; thereby simultaneous genotyping of
these 3 major types could be performed in a single
thermocycler albeit 3 reaction tubes are required
for each sample. Therefore, the method is rapid,
reproducible and easy to perform. Although PfMsp-1
is a single copy gene per haploid genome, as few as
5 copies of the gene that are equivalent to DNA from
5 P. falciparum parasites or ~0.0001% parasitemia
can be identified by semi-nested PCR indicating high
sensitivity of the method.

Potential artefactual results from in vitro
recombination have been demonstrated when allelic
genes were amplified by PCR."® However, our PIMsp-
1 genotyping method is unlikely compromised by such
phenomenon because we used allele-specific primers
for PCR. Furthermore, the target gene fragment did
not span a long fragment, precluding the possibility
to obtain false amplification of in vitro recombinant

products. Results of genotyping using artificial
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Figure 3. Sensitivity and specificity of semi-nested PCR assay for genotyping of block 2 of PiMsp-1. Agarose gel
electrophoresis shows PCR products amplified by using primers FMAD20F and FMSP1B2R (lanes 1-7),
FK1F and FMSP1B2R (lanes 8-14), and FRO33F and FMSP1B2R (lanes 15-21). DNA templates are: lanes
1-21 = MAD20 + K1 + RO33. Copy numbers of PIMsp-1 in templates corresponding to respective isolates
are 5/5/100 (lanes 7, 14 and 21), 5/100/1000 (lanes 6, 13 and 20), 100/100/10 (lanes 5, 12 and 19), 100/

100/100 (lanes 4, 11 and 18), 100/1000/1000 (lanes 3, 10 and 17), 1000/1000/100 (lanes 2, 9 and 16),
and 1000/10/10 (lanes 1, 8 and 15). M, 100-bp ladder marker.
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M 1 2 3 4 K1 RO33 M

7 8 MAD20 RO33 M

Figure 4. Genotyping of block 2 of PfMsp-1. Agarose gel electrophoresis shows PCR products amplified by using
primers FMAD20F and FMSP1B2R (A), FK1F and FMSP1B2R (B), and FRO33F and FMSP1B2R (C). DNA
templates are: lanes 1- 4 = 4 clinical isolates with MAD20 type; lanes 5 - 8 = 4 clinical isolates with K1 type ;
lanes 9 -12 = 4 clinical isolates with RO33 type. M, 100-bp ladder marker. MAD20, K1 and RO33 are

representative genotypes of control P. falciparum DNA.
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Table 2. Distribution of PfMsp-1 genotypes of block 2 among 50 clinical isolates.

Genotype Major Type Size (bp) Isolate Frequency
1 MAD20 270 CTRB23, CTRAG6 2
2 MAD20 300 CT338, TSY3179, TSY2772, TSY2844 6
TSY2647, TSY266
3 MAD20 320 CT18, YL1816, TSY2947, TSY2961, TSY2965 9
TSY2973, TSY2974, TSY3130, TSY3136
4 MAD20 310 CT446, TSY2970, TSY2639, TSY2643 4
5 MAD20 330 CT229, TSY2976, TSY2977, TSY2638 4
6 MAD20 360 CTRC44, CTRA75, CTRB17 3
7 K1 310 CT312, CT344, TSY3172, CTRB23 4
8 K1 320 CT339, CT341, CT476, CT213, CTRA49 8
CTRC41, TSY2978, TSY2660
9 K1 330 CT450, CT223, TSY2634, TSY3130 4
10 K1 350 YL1957, TSY2772
11 RO33 310 YL1350, YL1352, YL1353, YL1364, YL1813 9
YL1817, YL1355, YL1359, CT341
Tota 55

* Underlined isolates contained multiple genotypes

mixtures of known numbers of different PftMsp-1 alleles
as templates for PCR also confirmed the fidelity of
the procedure and sensitivity of detecting minor
populations of P. falciparum containing distinct
genotypes. Previous studies on diversity in PIMsp-1
and PfMsp-2 of P. falciparum have revealed a high
prevalence of multi-clone infections among natural
isolates from Brazil, Thailand and Vietnam.® '* ™
Likewise, results from PfMsp-1 genotyping of 50 field
isolates using the semi-nested PCR method described
herein provide further supportive evidence that it is
suitable for field application.

Several lines of evidences indicate that
PfMsp-1 is a leading asexual blood stage vaccine
candidate for P. falciparum. Immunization trials in

Aotus monkeys using merozoite-derived Msp-1

conferred complete protection against subsequent
blood stage challenge with homologous strain of
P. falciparum"® whereas partial protection was
obtained when challenge with parasite expressing
different alleles of Msp-1."" An in vitro study has shown
that antibodies against block 2 of PfMsp-1 could inhibit
erythrocyte invasion by merozoites in allele-specific
fashion."® The strength of immunological recognition
of antibodies to specific alleles of block 2 also depends
on both the tripeptide repeat sequence and the
number of repeating units."® An integrated serological
and molecular population genetics approach has
purported that block 2 of PfMsp-1 is a target of allele-
specific protective immunity upon natural infection."?
Taken together, protective immunity against P.

falciparum is partly induced by specific epitopes in
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block 2 of PfMsp-1 that are subject to sequence and
size variation. Importantly, block 2 of PfMsp-1 exhibits
extensive antigenic diversity among natural parasite

isolates.® %%

The distribution of the 3 major allelic
types of block 2 substantially differs from one malaria
endemic areas to another.®? Therefore, a rationale
design of a malaria vaccine derived from block 2 of
PfMsp-1 requires knowledge on allelic distribution of
this antigenic target within P. falciparum population
circulating in each endemic area and the promising
effective vaccine may need to incorporate appropriate
epitopes in a subunit vaccine that exist in parasite
population. Undoubtedly, the block 2 of PfMsp-1
genotyping method developed in this study has
practical implication for malaria vaccine program.
Recent resurgence of malaria in several
endemic areas has caused significant impacts on
public health and disease control.**"*¥ Undoubtedly,
tracing the populations of malaria parasites will
provide some clues to the understanding of disease
transmission. The extent of allelic diversity and
multiplicity of infections in term of PfMsp-1 correlate
with endemicity of malaria and intensity of
transmission in the mosquito vectors.® ™ ™
Meanwhile, during an outbreak or in isolated
geographic areas, populations of malaria may not be

132 Therefore,

panmictic; rather clonally expanding.'
exploitation of proper genetic markers is an essential
tool for population genetic analysis as a basis for

malaria control.

Conclusion
The PCR genotyping method developed in
this study can efficiently differentiate P. falciparum

genotypes. At least 11 different genotypes of

Chula Med J

P. falciparum were identified among 50 clinical
isolates in Thailand whereas multiple clone infections
were detected by the method. These support the
usefulness of the technique for genetic analysis in

large-scale population.
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