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“Abstract” 

Novel gene targets are needed in accurate diagnosis of malaria. Previous studies show 

that the dynein light chains (dlc) in Plasmodium are uniquely conserved within the species, 

possibly due to their role as the cargo adptor moiety. This study aimed at development of PCR 

assay for detection of Plasmodium based on the (dlc-Tctex) as a genus and species-specific tool 

in malaria diagnosis. Multiple primers were designed based on Plasmodium spp dlc(Tctex) 

genes. The primers were applied on PCR to detect malaria on clinical samples and on laboratory 

maintained isolates of P. falciparum and P. vivax for human infecting species and P.knowlesi 

and P.cynomolgi for zoonoses infection involving primates. The amplified PCR fragments were 

gene cleaned and sequenced. BLASTn e-values output from the raw nucleotide queries support 

that the genes are uniquely conserved. Species-specific primers amplified P. falciparum 

infections with no cross-reactivity to P. vivax, P. knowlesi or P. cynomolgi species. In this assay 

only 11 out of  the 30 microscope positive malaria positive clinical blood samples were positive 

for  PCR detection of P. falciparum infection. Primers designed for Plasmodium genus amplified 

the target band in all clinical malaria samples but also had another band amplification that was 

specific.  This is preliminary data demonstrate that a species-specific dlc(Tctex) PCR assay can 

be used for detection of P. falciparum and optimized genus primers can be applied to 

differentiate mixed malaria infections. 
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1.0. Introduction: 

Malaria infection is a major public health problem in tropical and subtropical regions of 

the world. Pregnant women and children below five years of age are at a higher risk of malaria 

than adults due to their relatively low immunity [1-5]. The disease is caused by infection of red 

blood cells by protozoan parasites of the genus Plasmodium that are inoculated into the human 

host by female anopheline mosquito while feeding [5, 6]. The four Plasmodium species that 

infect humans are P. falciparum, P.vivax, P. malariae, and P. ovale.  P. falciparum and P. vivax 

are the most widespread and common causes of mixed-species malaria [7]. Increasingly, human 

infections with the non-human primate malaria parasites P. cynomolgi and P. knowlesi are being 

reported in South East Asia [8-12]. P. knowlesi has a 24-hour asexual life cycle, the shortest 

observed thus far, for human-infecting parasites. This short cycle can lead to rapid increases in 

parasitaemia hence severe disease including fatalities as reported in recent studies [11]. 

Microscopically, P. knowlesi exhibits stage-dependent morphological similarities to P. malariae 

and these similarities have contributed to misdiagnosis of P. knowlesi as P. malariae, a relatively 

benign disease [11, 13]. 

The first symptoms of malaria are non-specific and similar to the symptoms of a minor 

systemic viral infection: headache, lassitude, fatigue, abdominal discomfort, muscle and joint 

aches, usually followed by fever, chills, perspiration, anorexia, vomiting and worsening malaise 

[13-17]. Malaria is thus frequently over-diagnosed on the basis of symptoms alone, especially in 

endemic areas. Conversely, in missed diagnosis malaria cases, delayed treatment or wrong 

prescription of medicines for for P. falciparum cases, the parasite burden rises in the less-

immune individuals and severe malaria may occur within a few hours. At this stage, fatality in 
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people receiving treatment is typically 10% to 20% and if further delayed, severe malaria is fatal 

in the majority of cases [18, 19]. 

 Recommended methods for routine diagnosis of malaria are observation of parasite in 

peripheral blood parasite by microscopy and detection of parasite antigens by rapid diagnostic 

tests (RDTs) [20]. There has been observed limitations in these methods in differentiating mixed-

species malaria infections. This has impact on therapeutic decisions, including selection, dose, 

and timing of anti-malarial drugs. Treatment for a single species, rather than multiple species, 

can have serious clinical consequences and the current reports of zoonoses infections is a 

concern [8, 11]. In addition, mixed-species infections are related to the growing problem of anti-

malarial drug resistance, which can enable emergence of drug-resistant clones of Plasmodium 

parasites and relapse infection [20-22]. In recent years, several polymerase chain reaction assays 

have been developed and evaluated for malaria diagnosing, most often based on species-specific 

sequences of the parasites’ 18S small subunit rRNA gene[23-25]. In our previous in silico study 

done on the Plasmodium spp. dynein light chain genes, the dlc-TcTex1 genes were found to be 

conserved within the species and had low similarity to human orthologues [26]. These 

differences can be attributed to variations in the cargo attached via the dlc adaptors to the main 

dynein motor complex [27].  In this study we analyze application of dlc-Tctex gene in PCR 

detection of Plasmodium spp as an additional tool for differentiating mixed malaria and zoonoses 

infections. 

 

 

 

 

UNDER PEER REVIEW



2.0. Materials and Methods: 

2.1.1 Laboratory derived Samples: 

Extracted DNA sample of laboratory culture isolates or laboratory animal propagated 

plasmodial parasites were kindly provided: P. falciparum (David Peterson, University of 

Georgia, USA), P. Knowlesi (Julian Rayner, Sanger Institute, UK), P. vivax (Robert Moon, 

London School of Hygiene and TropicalMedicine (LSHTM), UK), P. cynomolgi (Jenneby 

Mamun, Institute of Primate Research, Kenya (IPR)).  

 

2.1.2 Clinical samples:  

Ethical clearance for sampling blood from human subjects was obtained from Kenyatta 

National Hospital/University of Nairobi Ethics Committee (KNH/UON). Sampling was done in 

coast region of Kenya endemic to malaria. This study involved patients who went freely for 

clinical check up at Coast General hospital and Sacred Medical clinic, Mombasa. In presumptive 

malaria cases, approximately 500ul (microliter) of blood was collected in EDTA vaccutainer 

(Benton and Dickson), an aliquot for microscopy observation separated, and the rest of the blood 

was stored in the laboratory at -20
o
C. Laboratory tests by microscopy was carried out where 42 

samples were classified malaria positive but only 30 of these samples were non-ambigous.  

 

2.1.3 Ethics statement: 

This research project was conducted with approval of both Institute of Primate 

Research/National Museums of Kenya scientific committee and Pan African University of Basic 

Sciences-Jomo Kenyatta University of Agriculture and Technology graduate students project 

approval committee. Due to the use of human subjects, clearence was sought from KNH/UON 
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Ethics committee (above) in accordance to the Helsinki Declaration of 1975, as revised in 2000. 

Patients coming to the clinic were informed about the study through posters and personal contact 

and the study objectives were explained in English or in Kiswahili (vernacular). Patients 

expressing interest to participate got more information on potential risks. Questionnaire form 

cleared by KNH/UON ethics committee was applied to check subjects’ understanding that the 

study intent is to improve on malaria diagnosis.. For individuals under 18 years, parents gave the 

consent to participate by signing on behalf.  

 

2.2 DNA Extraction: 

200ul of blood was aliquoted into 1.5ml microcentifuge tubes for DNA extraction. 

Briefly, 20ul ProteinaseK was added to sample and 200ul of digestion/lysis buffer and incubated 

at 56
o
Cin a water-bath. DNA was bound to silica matrix spin column, washed and eluted in 

100ul-to-200ul nuclease free distilled de-ionized water, as described in owner’s manual 

(Invitrogen, Grand Island, NY 14072, USA ) and stored at -20
o
C.  

 

2.3 Primers and PCR: 

P. falciparum specific primers were designed based on Plasmodium dlc gene sequences 

obtained from NCBI nucleotide database [27, 28]. These were aligned by Clustal-W software in 

the BioEdit Suite (BioEdit v7.0.5 copyright (c) 1997–2005) against human and related dlc 

sequences (Supplementary data, Table 1). Similarly, Plasmodium genus and species specific 

primer sets were designed based on respective conserved sequences. PCR amplification was 

done using 100ng of the template DNA, 0.5uM of each primer, 200uM each dNTP, 10X buffer 

with 2.0mM MgCl2 and 0.5U Takara Taq polymerase (Takara Inc. Japan), made up to 25ulwith 
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ddH2O. Cycling conditions: Taq polymerase activation 92
o
C, 3 min; 35cycles profile:-

denaturation, 92
o
C, 1 min; annealing, 52

o
C-to- 57

o
C, 1 min; Taq polymerase nucleotide 

elongation, 70
o
C, 1 min; final polymerase extension step, 70

o
C, 3 min and final storage in the 

PCR machine at 8
o
C. 

 

2.4 Gene Clean and Sequencing: 

The different Plasmodium species control samples and clinical blood samples that were 

positive for malaria by PCR using P. falciparum specific and genus specific primers were re-

amplified for purposes of sequencing. PCR products were analyzed on 1% agarose gel and the 

DNA viewed via ethidium-bromide fluorescence in utra-violet transluminator.  The target 

fragments were excised from the gel and dissolved in sodium iodide solution at 56
o
C, then 

applied to the purification column (innuPREP gel extraction kit, Lifescience, Jena, Germany). 

DNA was eluted in 35ul nuclease-free ddH2O.  Eluted fragments were sent (Macrogen Inc. 

Netherlands) for custom sequencing in 454 Sanger’s di-deoxy sequencing procedures. 

 

2.5 Raw Sequence Editing and BLASTn Procedures: 

Raw sequences were Clustal-W aligned in BioEdit suite program and 20-to-30 

nucleotides at the 5’end and 3’end trimmed. Consensus sequence derived from three repeat 

sequences was applied in BLASTn analysis. Representative sequences were used as queries 

against NCBI non-redundant nucleotide databases using BLASTn [28, 29] at default algorithm 

parameters (expectation thresh hold of 10) to identify orthologous and paralogous genes.  
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3.0. Results: 

3.1 P. falciparum specific PCR products: 

P. falciparum specific primers PCR performed on different Plasmodium species control 

and clinical samples produced a band approximately 300bps. 3D7 P. falciparum laboratory 

culture controls and some of clinical samples positive for malaria had distinctive PCR product 

while others had faint or no bands. (Fig1a). Out of the 30 clinical blood samples which had been 

found to be positive of malaria through microscopy, only 11 had clear positive for P. falciparum 

by PCR. The samples re-amplified for sequencing purposes are shown (Fig 1b). 

 

         

                                                                 

 

Fig 1a. PCR products (P. falciparum specific primers).  Lane1; Mol wt  marker; clinical malaria samples: lane 2; 

KS3, lane 3; KS4, lane 4; H9C, lane 5; K10, lane 6; Dd2; lane 7, PR26D;  lane 8, 3D7; lane 9, Mumias1; lane 10, 

Mumias2;  lane 11, G9; lane 12, B3; lane 13, B1;  lane 14, PR26D;  lane15, H9C. 
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Figure 1b. (Gene Clean products): Lane 1, Mol wt marker;  lane 2, buffer only; lane 3 & 4 Malaria –ve human DNA 

samples,  lane 5, 3D7 control;  lane 6- 10 clinical malaria samples. 

 

 

 

3.2 Genus specific PCR products: 

PCR performed using genus specific primers produced variant size band in the respective 

species. P. falciparum (3D7and Dd2),P. vivax, P. cynomolgi and P. knowlesi control samples 

produced a band approximate of 300bps (Fig 2 (A), (B), (C)) but P. vivax, P. cynomolgi and P. 

knowlesi produced another band approximately 450bps. Experimental primates derived P. 

knowlesi and P. vivax and some P.falciparum samples also produced approximately 700bps and 

1000bps product. The extra PCR products in P. knowlesi and P. falciparum samples could be 

eliminated by application of stringent PCR conditions but remained persistent in all P. vivax 

positive samples (Fig 2 (c)).  
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Fig 2. (A). PCR (Genus primers). Lane 1; Mol wt marker, lane 2; P.cynomolgi, lane 3; P.vivax, lane 4; P. falciparum 

(3D7), lane 5; P. falciparum (Dd2)  

(B). PCR (Genus primers). Lane 1; Mol wt marker, lane 2, Malaria (negative), lane 3; P. falciparum (Dd2); lane 4,  

P.vivax; lane 5; P.kowlesi (Sanger Institute), lane 6; P. knowlesi (IPR). 

(C). PCR (Genus primers, strinent conditions PCR ). Lane 1, Mol wt  marker; lane 2, P. falciparum (3D7); lane 3; P. 

falciparum (Dd2); lane 4,  P.vivax; lane 5; P. knowlesi (Sanger Institute), lane 6;  P.knowlesi (IPR). 

 

 

 

When these primers were applied in clinical human blood samples, they produced at least 

one band in the clinical samples that corresponded to the control samples (270bps – to- 300bps)  

product but also amplified another gene target  approximately 1000bps band (Fig 3(A), (B), (C)).  

These target PCR products (Figure 4 (A), (B)) were gene cleaned for sequencing purposes (Fig 4 

(C)). 
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Fig. 3 (A): Clinical samples PCR (Genus primers). Lane1, Mol wt maker; Lane2, Malaria -ve sample; Lane3, P. 

vivax; Lane4, P. cynomolgi; Lane 5- to- 16 (clinical samples) 

 (B): Clinical samples PCR (Genus primers). Lane 1, Mol wt  marker; lane 2, P. falciparum (3D7); lane 3; P. 

falciparum (Dd2); lane 4,  P.vivax; lane 5; P. knowlesi (Sanger Institute), lane 6; P. knowlesi (IPR);  lane 7- to- 13 

(clinical samples) 

(C): Varied clinical samples PCR (Genus primers). Lane 1 and 14, Mol wt  marker; lane 2, P. falciparum (3D7); 

lane 3,  P.vivax; lane 4; P. knowlesi (Sanger Institute);  lane 5- to- 13 and 15 to-  21 (clinical samples) 
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Fig. 4. (A): PCR (Genus primers). Lane1; Mol wt maker; lane 2. P.falciparum; lane 3, P. vivax;  lane 4, P. Knowlesi; 

lane 5 –to- 13, clinical malaria samples. 

(B) PCR (Genus primers). Lane1; P.cynomolgi; lane 2, P. vivax;  lane 3, P. falciparum (3D7); lane 4, P. falciparum 

(Dd2); clinical malaria samples:- lane 5. KS4; lane 6, KS3; lane7, MP20.  

(C). Gene Clean samples for sequencing. Lanes1-5, 1000bps band  clinical samples viz G10A, KS3A, H9CA, B1A 

and B5A;  lane 6, B5B (400bps); lane7, MP20A (1000Bps); lane8, MP20B (400Bps); lane 9, P. knowlesi (1000bp); 

lane10,  P. knowlesi (400bps); lane11, P.cynamolgi (1000bp); lane12, P.cynamolgi(400bps); lane 13, P. knowlesi-

new (400bp); lane 14, P. knowlesi-new (1000bp). 

 

 

3.3 BLAST analysis of nucleotide sequences 

The raw DNA sequences were initially edited at the 5’ and 3’ prime end. Respective 

consensus sequences BLAST against NCBI non redundant nucleotide database showed species 

specific results. Each of the species specific primers derived sequences produced high score 

respective to the species (Table 1). The representative sequences from this work are deposited at 
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NCBI nucleotide data base (GenBank accession id: KM263613.1 -to- KM263613.1).  BLASTn 

results based on P. falciparum specific primers produced expectation value (e-value 3e
-151

) for 

3D7 dynein light chain type 2, while the nearest neighbor,  P. berghi, had e-value 4e
-23

 and there 

was no closely related human sequence observed (Table 1 (A). BLASTn output obtained from 

nucleotide sequences derived from Plasmodium genus specific primers showed interchangeable 

results where the high score for P. knowlesi dynein light chain type 2 had e-value 9e
-158

 and P. 

cynomolgi e-value 4e
-112

 (Table1; (B) & (C)) while P. vivax had the highest near neighbor score, 

e-value1e
-98

 and no significant score against human derived nucleotide sequences. The genus 

primers targeted P. knowlesi sub-class and the BLASTn results showed this specificity. 

Similarly, BLASTn results from field clinical samples PCR fragment sequence query (6PB and 

7PB) had high score hits (e-value1e
-124

-1e
53

) within P. vivax , P. knowlesi and P. cynomolgi 

reflecting this target subclass of Plasmodium species (Table 2).   
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Tables:  

 

Table1: Nucleotide BLAST query results for respective Plasmodium species. The low E-values observed in target 

species implies that the hits are significant. BLASTn default algorithm parameters (expectation thresh hold of 10). 
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Table2: Nucleotide BLAST query results for representative Malaria positive clinical samples 
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Supplementary data: 

 

Supplementary data: Table1. Primer design: Plasmodium genus, Homo sapiens and other reference nucleotide 

sequences for Tctex light chain dynein.  
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4.0. Discussion: 

This study presents new target gene for detection of Plasmodium spp in human peripheral 

blood by parasite DNA amplification in polymerase chain reaction (PCR). In  effort to address 

the need develop alternative target genes in detection of multiple species malaria infections, 

different laboratories have applied various PCR methods on 18S rRNA, cytochrome b oxidase, 

circumsporozoite protein, tubulin and other genes [9, 30-32]. Our previous in-silico studies [26] 

had shown that Plasmodium dlc-Tc-tex gene is a good target in diagnostic or drug development 

because the gene is conserved within the genus. The results presented in this study show that 

PCR targeting Plasmodium dynein light chain Tctex sub-unit can be applied to differentiate P. 

falciparum in a multiple malaria infection while application of the Plasmodium genus specific 

primers can discriminate between the species tested in this study: P. vivax, P. knowlesi and P. 

cynomolgi.  When tested on microscope confirmed malaria blood samples, P. falciparum specific 

primers detected 11 positives out of the 30 samples and the target PCR band intensity was 

presumably, reflective of parasitaemia (Fig 1a). The variation between microscopy observations 

and PCR results indicates other variant Plasmodium species are considered presumptive P. 

falciparum cases in routine clinical procedures. 

Microscopic observation does not reliably distinguish between P. falciparum, P. vivax, P. 

knowlesi and P. cynomolgi where all these species are in transmission and is particularly 

important for zoonotic cases [33, 34]. PCR done on in-vitro P. falciparum cultures (3D7/Dd2) 

and P. vivax, P. knowlesi and P. cynomolgi in-vivo controls showed that the species can be 

differentiated by PCR target gene band sizes, approximately 300bps and 400bps (Fig 2a).  When 

genus specific primers were applied on clinical malaria samples, both P. falciparum and non P. 

falciparum malaria targets and other undetermined products (Fig 2(A), (B), (C)). The genus 
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primers could further be optimized to produce specific target as seen in Fig 2(C). Detection of 

Plasmodium infection in clinical  malaria samples using genus primers  amplified  the 

approximately 300bps  target PCR product (Fig 3 (A), (B), (C)) and also a product 

approximately 1000bps coinciding with P. vivax controls  (Fig 3 (A), lane 3; Fig 3 (B), lane 4; 

Fig 3 (C), lane 3).  Some samples while positive for the 300bps PCR product were negative or 

had faint 1000bps product, indicating that the latter product reflect common P. vivax co-

infection.  

To determine the identity of the amplified PCR products malaria positive  and control 

samples (Figs 3 (A), (B), (C) and 4 (A), (B)), some of the PCR products  (Approx. 300bps- to 

400bps,  and 1000bps see Mol wt maker Fig 4 (A) and arrows Fig 4(B), (C)) were gene cleaned 

for sequencing purposes. These target bands could be indicative of P. falciparum and non-P. 

falciparum malaria, respectively and  also the1000bps product that presumably corresponded to 

P. vivax infection. The data indicate presence of P.falciparum and mixed infections in Kenya’s 

malaria endemic areas and has implications on policy choice drug regimes in treatment of 

malaria. Presumptive P. falciparum cases are routinely treated with Artemensin- Lumefatrine or 

other combined therapy (ACT) while other species may be treated with Primaquine or 

Chloroquine [22, 35]. Diagnosis of P. vivax and P. cynomolgi is required to administer anti-

hyponozoite treatment to prevent relapses, while in P. knowlesi cases, urgency is required due to 

this species short replication period (12hrs) that may lead to fatalities [36, 37]. Some malaria 

endemic regions, for example; Papua New Guinea and Indonesia, have already adopted a unified 

treatment by ACT for all malaria cases [19, 38]. 

Prompt accurate diagnosis is precedence in the choice treatment of the different malaria 

cases. Currently available methods for the diagnosis of malaria in peripheral blood are parasite 
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detection by microscopy, DNA or RNA detection methods by polymerase chain reaction (PCR), 

and detection of parasite antigens by rapid diagnostic tests (RDTs). The latter test is preferred 

because of its ease of use, relatively low cost and also detects circulating antigens even when the 

parasites are sequestered in the deep circulation [39-41]. There are concerns about RDTs test 

stability, accuracy, species detection, due to antigen genetic diversity, justifying the need for 

improving current RDT and further development of promising prototypes [12]. Moreover, new 

RTDs will presumably bet pre-tested at PCR stage.   The dlc-Tctex PCR target used in this study 

showed that the gene is unique to Plasmodium spp [26].  BLAST results of the PCR derived 

sequence query indicate that P. falciparum gene sequence is markedly different from other 

Plasmodium species: e-value1e
-151 

compared to nearest neighbor e-value1e
-53

 in P. berghi (Table 

1, (A)) and no significant similarity to any human gene sequence. This observation is supported 

by the PCR results, where P. falciparaum primers had non-ambiguous single band target 

amplifications (Figure 1a, Figure 1b).  BLAST e-values for sequence query from PCR primers 

targeting non-P. falciparum malaria indicate that Plasmodium species cluster differences; where, 

P. knowlesi and P.cynomolgi are in the same sub-group (Table 1, (B) & (C))  and P.vivax dlc-

Tctex sequence is very closely related. The expectation values scores were interchangeably 

similar (e-value1e
-158

 and 1e
-146

) and distinct to the subgroup. This demonstrates the difficult in 

designing genus specific PCR primers for this sub-group. Malaria clinical samples amplified 

using primers targeting non-P. falciparum infection had similar sequence high score results 

within the sub-group, where P. knowlesi, P. cynomolgi and P. vivax cluster had relatively similar 

e-values (Table 2, (A) & (B)) indicating these primers can be applied to detect this subclass of 

Plasmodium species based on different molecular size products (Fig 3 (A), (B), (C)). While the 

different species showed variation in molecular weight of the PCR band, the clinical malaria 
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samples did not have high yield distinct bands and the sequencing results were not of particularly 

high quality. It is necessary to do further re-sequencing of optimized PCR products of targeted 

non-P. falciparum in mixed malaria infections to achieve better results. 

Transmission of mixed species infections in endemic regions is related to transmitting 

mosquito vectors and the proximity of the alternate host.  In tropical and subtropical forested 

Southeast Asia, the importance of zoonoses malaria transmission buy non-human primates is 

increasingly being reported [8, 10, 13]. Such occurrence is expected in areas in sub-Saharan 

Africa, especially due to the close proximities between human and wild animals as people are 

encroaching forested areas for farming and urbanization.  P. knowlesi had been considered 

simian malaria until recently when PCR diagnosis [10, 13, 23] showed it is misdiagnosed for P. 

falciparum at ring stage and as P. malariae in other stages. Similarly, P. cynomolgi is 

indistinguishable from P. vivax and discriminative PCR is necessary to separate the two.  The 

reality of mixed malaria infections requires effective diagnostic tools so that the right treatment 

strategies are followed and the government can then recommend a more rational drug treatment 

policy [21-22]. P. knowlesi has the shortest life cycle known for Plasmodium and this can lead to 

high parasitaemia and possible fatality [14] while P. cynomolgi presents hyponozoites which can 

initiate relapses just as the case in P. vivax [8]. The Target gene (dlc-Tctex) sequence BLAST 

results from clinical samples in this study indicate that P. falciparum and P. vivax mixed 

infection are likely, very common while P.knowlesi/P.cynomolgi zoonotic infections are 

probable in Kenyan human population in malaria endemic areas. Further refinement of this data 

will give clear evidence of the zoonoses transmission of primate malaria in this region. 
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5.0. Conclusions: 

PCR targeting Plasmodium dlc-Tctex gene can specifically detect P. falciparum and differentiate 

the species in mixed infection. 

 

Various Plasmodium species have distinctive molecular size PCR band.  

 

dlc-Tctex sequences BLASTn e-Value scores show distinctive clusters within Plasmodium spp 

and are markedly different compared to human orthologues. 
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