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ABSTRACT

Microsatellites (MS) loci are abundant in the genome of the malaria parasite Plasmodium falciparum
(P.falciparum). MS markers flanking P. falciparum chloroquine resistant (CQR) gene (pfcrt) are useful for mapping the
origins of different pfcrt alleles as well as tracing CQR P. falciparum isolates. MS loci downstream of the K13 gene of
P.falciparum propose the hypothesis that one of the commonest artemisinin resistant (AR) alleles has recent independent
origins along the Thai-Cambodia and Thai-Myanmar borders. Twelve highly polymorphic MS loci in genetic structure of P.
falciparum populations in patients with severe malaria were observed to be difference from that in patients with
uncomplicated malaria. These loci might somehow influence the clinical outcome of malaria in Thai-Myanmar border
region. In addition, multi-locus haplotypes were not matched among different populations in one study indicate that a fairly
uniform malaria control strategy and drugs may be effective in this highly endemic region. In conclusion, in case of drug-
resistant P falciparum infections, not only molecular determinants of related genes are necessary to be studied but also
flanking MS markers should be assessed for the spread of drug resistance.
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control strategy.

INTRODUCTION

Microsatellites are simple sequence tandem
repeats (SSTRs). SSTRs are ubiquitous in eukaryotic
genomes. MS loci are often polymorphic because there are
differences in length of these simple sequences. MS loci
are abundant in the genome of the malaria parasite
P.falciparum. Genetic markers derived from polymorphic
MS loci have been used to investigate parasite population
genetics [1,2].

Twelve microsatellite markers were used to
characterize P. falciparum samples obtained in Papua New
Guinea and it was observed that MS could quantify
multiple infections [3]. MS genotyping has revealed
genetic diversity of parasites in some of the studies in
which  widely distributed parasite isolates were

investigated. MS studies could differentiate population
between areas of high and low transmission intensity [4].
In addition, predictions of spread of CQR have been made
recently [5,6].

MS markers flanking pfcrt are useful for mapping
the origins of different pfcrt alleles. When there is drug
pressure on a parasitic population, mutations that lead to
drug resistance are selected and propagated throughout the
population. The MS markers flanking these resistance
genes can also be propagated. The phenomenon is a form
of genetic ‘hitchhiking’ [5]. This propagation results in
lesser variation of allele frequency of the MS markers
upstream and downstream of the gene which is under
selection [7].
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Analysis of microsatellite markers, the pfcrt alleles and
genome-wide haplotypes for determination of origin of
CQR P. falciparum isolates

Many alleles on chromosome 7 of CQR isolates
from Africa and Asia are similar when compared with
those from Chloroquine sensitive (CQS) isolates indicating
common origins for CQR parasites. Therefore, analysis of
the pfcrt alleles, flanking microsatellite markers and
genome-wide haplotypes was undertaken [5].

Nearly all CQR isolates from both Papua New
Guinea and the Brazilian/Peruvian Amazon have the same
pfcrt allele, coding for five amino-acid substitutions.
However, the pfcrt-flanking microsatellite haplotypes are
notably different suggesting that this allele probably
evolved independently in South America and Papua New
Guinea [5]. In contrast, the genome wide allele sharing
between Papua New Guinea and the Amazon is not
significantly different in comparison with other Asian and
American isolates [5]. The pfcrt alleles, the flanking
microsatellite markers, and the lack of admixture shown by
genome-wide haplotypes demonstrate that there were at
least four independent CQR origins: one in Asia spreading
to Africa, one in Papua New Guinea, and two in South
America [5].

Microsatellite markers for the tracing of CQR P.
falciparum isolates

In the study of CQR P. falciparum in Phillipines,
for the tracing of CQR P. falciparum isolates, five MS
markers named B5M77, 2E10, PE12A, 2H4, and PE14F
were analysed [8]. The location of five MS markers in
relationship with pfcrt gene are shown in Table 1. There
were three alleles observed in parasites named Pla, P2a
and P2b. Most of the isolates with the P2a allele had the
identical size of all five MS markers. Some isolates with
the P2b pfcrt allele also had identical MS markers while
other had variations in MS markers [8]. The unique
patterns of MS marker patterns of these two pfcrt allelic
types indicate that these alleles evolved independently in
the Philippines. P2b carried an extra mutation (C72S)
suggest that the P2b allelic type was derived from P2a. In
case of Pla pfcrt type of isolates, the MS marker patterns
closely resembled that of the PNG and the Solomon
Islands isolates [8].

Throughout the provinces of Solomon and
Vanuatu Islands, genotyping of same five MS markers
flanking pfcrt revealed six haplotypes H1-H6 [7]. In
Temotu Province, Solomon lIslands, 34 of the 50 samples
were successfully typed at all five loci and resulted in three
haplotypes H3, H4 and another haplotype which match
with Southeast Asian pfcrt allelic type and a MS pattern of
the Thailand C2B group at all three downstream MS loci.
In Malaita Province, Solomon Islands, 28 of the 31 isolates
were successfully typed at all five loci and revealed four
MS haplotypes. H3 and H4, H1 and H6 haplotypes were
present with dominance of H3 and H4 haplotype [7]. In

Tanna Island, Vanuatu, eight isolates were successfully
typed at all five loci resulting in two patterns. Of these
75% (6/8) were determined as H1 and the two remaining
samples had unique MS sizes at three loci, were classified
as H2 [7].

MS markers flanking K13 gene associated with
Artemisinin Resistance in P. falciparum isolates

C580Y allele is the most common allele of K13
gene in P. falciparum associated with AR. C580Y and
R539T were the only two mutations observed at the Thai-
Cambodia border in the eastern Thailand. C580Y and
R575K mutations have been reported near the Thai-
Myanmar border while more than two mutations were
observed in the western Thailand. Analysis of MS loci
flanking two C580Y haplotypes revealed that alleles
circulating in the east and west Thailand have two distinct
patterns [9]. There were differences in the 8.6 kb and 31.0
kb and 315 kb loci downstream of the K13 gene
suggesting the C580Y mutations may have arisen
independently in the Thai-Cambodia (east) and Thai-
Myanmar (west) borders [9]. Regarding downstream MS
loci, C580Y alleles are more heterozygous to wild type
than between each other, which suggest recent independent
origins along the Thai-Cambodia and Thai-Myanmar
borders (Table 2). The information which supports the
hypothesis two different haplotypes of C580Y emerged
independently is geographic distance in association with
genetic difference [9].

MS loci and the clinical outcome of falciparum malaria

Ariey et al found that disease severity and certain
alleles in the polymorphic MS loci of clinical isolates from
French Guyana were associated [10]. However, Ferreira et
al indicated from their findings that there was no evidence
of correlation between the parasite genotypes of the
isolates from malaria patients in Vietham and disease
severity [11]. These results demonstrate that evaluation of
the role of parasite genetic factors in malaria pathogenesis
is difficult. Two parasite populations collected from
patients with either severe or uncomplicated malaria from
the Thai-Myanmar border region were assessed for their
genetic structures. This region is known to be endemic for
multidrug-resistant malaria [12-14]. Twelve highly
polymorphic MS loci were examined. The genetic structure
of P. falciparum populations in patients with severe
malaria was observed to be difference from that in patients
with uncomplicated malaria [15]. The MS loci selected in
this study were presumably unrelated to the antigenic
characteristics of the parasites and it was suggested that the
loci might somehow influence the clinical outcome of
malaria [15].

MS diversity predicts malaria control strategy

Studies on genetic diversity in MS loci provide
evidence of P. falciparum differentiation that could affect
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fitness and adaptation to drugs. Ten neutral microsatellite
loci were genotyped in P. falciparum infections from three
localities: a rural community, an urban location and a peri-
urban border settlement in southwestern Nigeria [16].
Analysis was undertaken on the genetic diversity, linkage
disequilibrium (LD) and inter-population differentiation
[16]. Allelic diversity values were similar across all

populations. Multi-locus haplotypes were not matched and
analysis of multi-locus LD showed no significant
association [16]. The absence of detectable population
structure of P. falciparum in southwestern Nigeria is
evident [16]. This implies that a fairly uniform malaria
control strategy and drugs may be effective in this highly
endemic region [16].

Table 1. Name of Five MS markers, their distance from mutated pfcrt gene and size of MS markers in World reference

samples
MS marker size (bp) **PECRT MS marker size (bp)
Samples B5M77 2E10 Mutations (amino PE12A 2H4 PE14F
(-20 kb) (-5kb) acids) (+6kb) (+22kb) (+106kb)
Thailand Dd2 149 170 CIETHALSESTI 314 204 145
Thailand C2B 149 170 CIETHALSESTI 314 204 145
Brazil 7G8 151 190 SMNTHALSQDLR 314 194 142
Philippines PH1 149 182 CMNTHTYAQDLR 314 228 136
PNG ANO001 149 174 SMNTHALSQDLR 328 184 142
PNG ANO018 149 174 SMNTHALSQDLR 328 192 139
Solomon Island N18 149 174 SMNTHALSQDLR 328 184 142

**Mutations in nucleotide lead to change to amino acid change which makes the parasite resistant to CQ. Short terms of amino

acids are shown in bold when there is change in amino acid.
Modified from Gresty et al, 2014 (7)

Table 2. MS downstream of K13 gene for Artemisinin Resistance in Plasmodium falciparum

K13 gene with C580Y mutation

+8.6 kb

+31.0 kb +31.5 kb

Eastern Thailand alleles

*300-318bp (6 isoates)

Western Thailand alleles

*278bp (8 isolates)

*300bp (1 isolate) *198bp (7 isolates)

*size of MS loci
Modified from Talundzic et al, 2015 [9]

CONCLUSIONS

In summary, the identification of polymorphic MS
markers should enable investigators to address questions
regarding the epidemiology and population structure of
Plasmodium species and host-parasite interactions. The
MS loci might somehow influence the clinical outcome of
malaria. Moreover, the markers should improve
assessments of therapeutic efficacy and ultimately
contribute to development of more effective treatments
needed for achieving control of a worsening trend in
endemic malaria transmission [6]. In addition, in case of
CQR P. falciparum and AR P. falciparum infections, not
only molecular determinants of related genes were studied
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