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Abstract 

A longitudinal survey of malaria species distribution in Thailand was performed by 

microscopy-based method using Giemsa's stained blood smears and polymerase chain reaction 

• 	 (PCR)-based detection using species specific primers targeting the small subunit ribosomal RNA 

genes of the four human malaria species and Plasmodium knowlesi. Human infections with P. 

knowlesi have recently been found in humans in Thailand, Malay Penninsula, Malaysian Borneo 

and The Philippines. During 2006-2008, a total of 1,859 blood samples from febrile patients in 

malaria endemic areas along international borders of Thailand were recruited in this study. Of 

these, 908 isolates contained malaria parasites as detected by microscopy, comprising 32.0% P. 

falciparum, 67.0% P. vivax, 0.2% P. malariae and 0.8% coinfection of P. falciparum and P. vivax. 

On the other hand, the results from the PCR-based method clearly outperformed those from 

microscopy because additional 115 positive cases and more multi-species infections (12.0%) were 

found by the former method. Mixed species infections were remarkably prevalent in malaria 

populations in northern and western endemic areas of the country. It is noteworthy that an isolate 

from a patient in southern Thailand gave positive test for P. knowlesi-specific primers while the 

morphology of the parasites in blood smear resembled that of P. malariae. Analysis of P. falciparum 

• 	 strains inferred from the genes encoding sporozoite-threonine-asparagine-rich protein and block 2 

of the merozoite surface protein-1 has revealed genetiC polymorphism at these loci. Importantly, 

multiple clone infections were more commonly identified among P. falciparum populations from 

northern and western areas than those from eastern and southern regions. Likewise, genetic 

polymorphism occurred in the genes encoding block 6 of P. vivax. However, multiple clone 

infections of P. viva x were almost equally distributed throughout all endemic regions, ranging from 

19.1 to 23.2%, suggesting differential patterns of clonal mixture in P. falciparum and P. vivax 

populations in Thailand. Meanwhile, the mitochondrial cytochrome b sequence of P. knowlesi 

isolated from a patient in this survey was phylogenetically clustered with those derived from 

macaque monkeys while those from Sarawak patients were placed in a disparate clade. Therefore, 

malaria parasites that circulate among patients in Thailand display spatial difference in prevalence, 

species distribution and multiple clone infections that could have impact on a nation-wide malaria ,. .. 
control policy. 
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Abstract 

One of the effective malaria control strategies relies on antimalarial drug regimens that can 

completely eradicate parasites in infected individuals in order to prevent severe illness and abolish 

further disease transmission to community. Although chloroquine used to be an effective 

antimalarial drug against Plasmodium falciparum resulting in a dramatic decline in worldwide 

malaria incidence, the emergence and wide-spread of drug resistant strains has hindered its role in 

current control program. Because one of a few foci of chloroquine-resistant parasites occurred in 

Thailand-Cambodia border, analysis of the chloroquine-resistant transporter gene and the 

multidrug-resistant 1 gene of P. falciparum (Pfcrt and Pfmdr-1) is essential to understand the 

evolution and maintenance of chloroquine-resistant phenotype in malaria population in Thailand. 

Here, we have recruited 165 P. falciparum isolates collected in 1991, 2003, 2005-2007 from diverse 

endemic areas of the country. In vitro drug susceptibility testing has revealed that all isolates 

express chloroquine-resistant phenotype, characterized by the minimum inhibitory concentration of 
~ ~ ~ 

1 x 10 M (n=18), 5 x 10 M (n=139), and 2 x 10 M (n=8). Sequence analysis of the entire Pfcrt 

gene of these isolates using templates from reverse transcriptase polymerase chain reaction • 
amplification has shown that only two genotypes, i.e. CIETHALSESTI and CIETLALSESTI at 

codons 72, 74, 75, 76, 97,144,160,220,271,326,356 and 371, respectively, circulated in P. 

falciparum population of Thailand. It is noteworthy that the genotype CIETHALSESTI remarkably 

outnumbered the genotype CIETLALSESTI for all periods of parasite collection, suggesting 

balancing selection or genetic fixation of chloroquine-resistant alleles. Despite the paucity in number 

of Pfcrt genotypes of P. falciparum identified in this study, sequence analysis of the Pfmdr-1 gene 

of the same isolates displayed 10 distnct genotypes, suggesting that these P. falciparum were not 

originated from a few parasite clones but rather implies that different selective pressures operate on 

these gene loci. The temporo-stable pattern of Pfcrt along with the limited number of genotypes at 

this locus in malaria population of Thailand may reduce the chance for the chloroquine-sensitive 

ones to re-emerge, an issue that requires a more rational policy of antimalarial drug use at the 

nation-wide level. 
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~"lJ El-J L.:EEl 

aJ1~lL1[J"1!ii~Yl ~lRh.IL~ mJVt~6fttll~aJ LL~::Yl ~1RlaJ L~ [JaJL1 LL1 n"D'1~ [Jn11i Lml::r{V'ULhvl ~U LEltlfl El~LiiaJ 
LU1'ULLEl 'U~ L~'U~ 1 "lJEl-JYl ~1RlaJL~ [JaJVt~6fttll~aJ (PfAMA-1) ltl1~'UU'Ut11"lJ El-J1::[J::LaJ Elf[1"D'El [J~"lJ El-J 

Yl~lRlaJL~[JaJLlLLlni"1!ii~~ 4 (Pvmsp-4) ltl1~'UU'Ut11"lJEl-J1::[J::LaJ Elf[1"D'El[J~"lJ El-JYl~lRlaJL~[JaJL1LL1ni 
A .J ~I ~ A.J 'f .. '1\ ... 

"1!'U~'Yl 5 (Pvmsp-5) LL~::LEluflEl~LaJaJLU1'ULLEl'U~L~'U'Yl 1 "lJEl-JYl~lR~aJL~[JaJ nLLln"D' (PvAMA-1) ~ln 

~lElcil-JL;fiEl"1!ii~~::aJ1nn11 240 ~lElcil-J~L~~ln~ih[J1'UL"lJ~tl11niJhfl"lJEl-Jtl1::L'Yli'lL'Yl[J ltl1~'ULVI~lit 
uU11~~n[J1l1Yll'Un11LU'UEl-Jf1tl1:: n ElU"lJ El-J1f1<n'UL ~El-J~lnaaJaJ1'UL';J'U';Jl n 1 tl1~'UL~~litR1aJl1m~~[J1ib

'II 

1iLii~ll~T1aJn'U~ Eln11'Yl~ RElU n11~~L.:EEll'Un11'Yl~~ El-J 1'Un11~nMlift~'tiln11iL ml::r{~1 El cil-JL;fiEl
'II , 

Yl~lRlaJL~[JaJVt~6fttll~mr-J~'U 242 ~lElcil-JYlU PfAMA-1 ~-J~aJ~ 55 LLeJtlltl~L'Yl1J 1~[JYlUn11LL'Yl'U~"lJEl-J 
iilf1t:ilEl L 'Yl~ 72 ~lLLWl-t-J ~-J'til1i n1~ El::~lm tl~[JmLtl~-J 56 ~ILLVlli-JLL~::n11LL 'Yl'U~~l'Ul~qjLn~;]'Ul'U 

~l'ULafihll~LaJ'U"lJEl-Jltl1~'U ~1~~Un11iLml::r{Rl[Jl[J~'UlinddaJYlU11V'U PfAMA-1 ~fll1aJLL~n~l-Jn'U, 
')~LU'U 2 n~aJ 'UEln-;JlnitiJ-JYlUl1elmln11LL'Yl'U~"lJEl-Jiilf1~lElL'Yl~~'til1in1~El::~1 'UL tl~ [J'U"1!ii~~El, 
~lLL~li-J (dN) 3hhaJ1nn11elml n11LL'Yl'U~"lJEl-Jiilf1~lElL'Yl~~L~'til1im~El::iil 'UL tl~ [J'U"1!ii~~El~ILLVlli-J 
(dS) Elcil-J~it[J~lflqjLLR~-Jn-Jn11fl~L~Eln1'UL~-Juln'til1V;Ln~mlaJ~~ln~ ~1 [J"lJEl-JV'U it l'U"lJru::L~[Jln'U 
n11iLml::r{~1~uiilf1~lElL'Yl~"lJEl-JV'U PvAMA-1 YlU 54 LLeJtlltl~L'Yl1J 1~[JYlum1LL 'Yl'U~"lJEl-Jiilf1~lElL'Yl~ 

48 ~ILLVlli-J LU'U"1!ii~~'til1i m~El::~l'ULtl~[JmLtl~-J 28 ~ILLVlli-JLL~::m1LL 'Yl'U ~~1'U1~ qjLn~;]'Ul'U~l'U 
Laflhlhmm"lJEl-Jltl1~'UL"1i'UL~[Jlnu~Ylul'U PvAMA-1 Elcil-JL1n~laJYlui1fh dS "lJEl-J PvAMA-1 ~~1 
aJ1nn11~1 d N El cil-J~U[J ~lflqJ~-J LLR~-Jn-Jn11flWl L~ Eln1 m ~-J~u~ ~-J~~~ El mlaJ~~ln~~1 [J"lJ El-J V'U 

~-Jn~11 'UEln-;Jlnm1fl~L~Eln~laJli11aJ"1!1~LL~1f1ru::m,)[JiJ-JYlu~~mn'Un11Ln~n1::Ul'Um1LL~nLtl~[J'U
'II ... 

'Yl1-J~'Ulim1aJ1'UV'U~-J REl-J L~El-J';Jln m1W111';JYlUn11~~ ~-J"lJ El-J~1 linkage disequilibrium ~ijit[J~lflru, ., 

1::~11-J1~L"D'LriEl1::[J::vil-J1::~11-J1~L"D'~~IaJ1n;r'U ~1~~UV'U Pvmsp-4 LL~:: Pvmsp-5 tt'Uflru::m,)[JYlU
'II 

38 LL~:: 66 LLeJtlltl~L'Yliln11LL'Yl'U~"lJEl-Jiilf1~lElLm118 LL~:: 143 ~lLLVlli-J LU'U"1!ii~~'til1imWlEl::3Jl'U 
Ltl~[J'ULLtl~-J 10 LL~:: 123 ~ILLVlli-J~laJ~I~U Lu'U~lili-JLn~11"lJElUL"lJ~fll1aJ~~ln~~I[J"lJEl-JV'U Pvmsp­, 
5 (~lmlaJ~~ln~~l[J"lJEl-Jiilf1~lElL'Yl~ij~1 0.03487) ~~IaJ1nnilV'U Pvmsp-4 (~1f111aJ~~ln~~I[J"lJEl-J 

iilflt:il elL'Yl~~~1 0 .0.00104) ~-Jitm1fl~IL~Eln~laJ li11aJ'151~1'UV'U~-JREl-J~mlaJLL~n~l-Jn'U n~11~Elm1 
fl~L~ Eln1~L~-JUln ~lWrUV'U Pvmsp-5 ~-Jlil';J::LU'U~ ~~lnLL1-Jn~~'U';Jlnn11~ ElU ~'UEl-J"lJ El-J1::UU 

1l~T1aJn'ULL~::m1fl~L~ Eln1m~-J~U~I~~U Pvmsp-4 el'UEll';JL ~El-J';JlmrEl~ln~1'Ulm-JRfl-JLL~::~Ul~"lJEl-J 
'II , 

ltl1~'U 1~ [JR1tlfl ru::m,)[JYlul11m-J Rfl-J tl 1:: '151 n 1"lJ El-J L.:EEl aJ1~IL1[J'15ii~Yl ~1RlaJL~ [JaJVt ~6fttll~3JLL~:: 
, 'II 

, Yl~lRlm~ [J aJLlLLIn"D'1'Utl1::L'YlI'IL'Yl [J ~m1LL~ nLtl~ [J'U 'Yll-J~'Ulim1aJ1'Un ~ aJtl1::'151m 1 'U"lJ ru::~, , 
m::Ul'Un11flm~ El n WIIaJ li11aJ'151 ~~-J1 m ~-J~ULL~::L~-JUlnLn~;r'U1'Uv'U~Rfl-J 1 tl1~'UL~~lit~~~n [J1l1Yl 

1 'Um1L U'UEl-Jf1tl1::n ElU"lJ El-J1f1tn'U 
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Abstract 

We have determined the population genetics and molecular evolution of Plasmodium 

falciparum as inferred from the apical membrane antigen-1 (PfAMA-1) and P. vivax inferred from the 

merozoite surface protein-4 (Pvmsp-4) , the merozoite surface protein-5 (Pvmsp-5) and the apical 

membrane antigen-1 (PvAMA-1) of more than 240 clinical isolates for each species collected over 3 

year period from endemic areas of Thailand. These proteins are considered to be strong malaria 

vaccine candidates because immunogens derived from these proteins conferred protective effect 

against parasite challenges in experimental trials. Of 242 P. falciparum isolates examined, 55 

haplotypes of PfAMA-1 were identified. In total, 72 nucleotide substitutions were observed, resulting 

in 56 amino acid changes and most of these changes were clustered in the ectodomains of the 

protein. Phylogenetic analysis has revealed that PfAMA-1 of Thai isolates seem to be grouped into 

two clusters. The rate of non synonymous substitutions per nonsynonymous site (dN) significantly 

greater than the rate of synonymous substitutions per synonymous site (dS) in PfAMA-1, indicating 

positive selection shaping polymorphism at this locus. Meanwhile, sequence analysis of the 

orthologous gene in P. viva x has shown 54 haplotypes, 48 nucleotide substitutions and 28 amino 

acid exchanges. Like PfAMA-1, most of the substituted residues were located in the ectodomains of 

PvAMA-1. In contrast to PfAMA-1, we observed dS significantly outnumbered dN in PvAMA-1, 

implying that purifying selection has maintained sequence polymorphism at this locus. Besides 

selective pressure, we observed intragenic recombination occurred in both loci as evidenced by a 

remarkable decline in significant linkage disequilibrium over molecular distance and the minimum 

number of recombination event analysis. For Pvmsp-4 and Pvmsp-5, we detected 38 and 66 

haplotypes with 18 and 143 nucleotide substitutions, resulting in 10 and 123 amino acid eXChanges, 

respectively. It is noteworthy that the extent of sequence polymorphism in Pvmsp5 (nucleotide 

diversity = 0.03487) is much greater than that in Pvmsp-4 (nucleotide diversity = 0.00104). 

Contrasting signatures of selection were observed in these loci characterized by negative selection 

in Pvmsp-4 and positive selection in Pvmsp-5, implying that structural or functional constraint has 

limited diversity in the former locus and probably immune pressure has enhanced diversity in the 

latter. In conclusion, we observed panmictic structure in both P. falciparum and P. vivax populations 

in Thailand while differential selective pressures occurred in these loci that encode vaccine 

candidate proteins. 
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"' .... .,Jtfl~\I nTn;:Ia't1 1 

~111\1~ 1.1 bL~~\I~li1JL1J~"l.IEI\I primers ~liLtl.m1~m~1 14 

~111\1~ 1.2 ~~m1~11,;)Yllb:ffmJlfnL~lJ,;)lmL~tl.vM3J1~~~ 19 

~111\1~ 1.3 LL~~\I~~m1~11,;)""lL:ffEl3J1~lL~1Jl~lJifi peR 22 

m11\1~ 1.4 bL~~\I~113JLL~mh\l"l.lEl\lbL~~:: haplotype ltl.iitl. STARP 26 

m11\1~ 1.5 bL~~\I~~m1~11,;)~El1J allele ltl.~ltl."l.IEI\I block 2 "l.IEI\liitl. PfMsp-1 27 

m11\1~ 1.6 LLL~~\I~~m1L~3J1.n3J1w, DNA ltl.~ltl."l.IEI\liitl. PvMsp-1 1J1-L1w, block 6 ,;)In 28 

ilElrJl\1L:ffEl Plasmodium vivax ,;)ln1)ij1)l~~l\1 ') "l.I EI\ltl1::b 'YW1 
'II 

~111\1~ 1.7 bL~~\I~~m1~11,;)~El1J allele Ltl.~ltl."l.IEI\liitl. PvMsp-1 1J1-L1w, block 6 ,;)In 29 

ilE1rJl\1b:ffEl Plasmodium vivax ,;)ln1)ij1)l~~l\1 ') "l.IEI\ltl1::b'YlY'l 

"' .... .,J 
'II 

tfl~\I n1~'l\lll't1 2 
.,J 

m11\1'Yl 2.1 ~~n11'Yl~~El1Jm1~El1J~tl.EI\I"l.IEI.:J Plasmodium falciparum GlEIm chloroquine 56 

.,J tI . • ,.,J "" .,J "'1 1 
_ 4 m11.:J'Yl 2.2 1 bb1J1JLb~::,;)1tl.ltl.~lLmtl.\I'Yl3Jn11LL'Yltl.'Yl"l.lEl\lm~EI::3J tl. tl. Pfcrt bL~::n11n1::,;)11J'Yl1\1 57 

'II 

'" ..
1)3JY'!1~~1
'II 

~111.:J~ 2.3 1t1LL1J1Jn11Lb'Yltl.~"l.IEI.:Jm~EI::ij1tl.Ltl.iitl. Pfcrt ,;)lnilE1rJl.:JL:ffEl3J1~lb~1J Plasmodium 58 
'II 

falciparum Ltl.t11::L'YlI'IL'Yl1J 

~111.:J~ 2.4 1t1bb1J1Jm1Lb'Yltl.~"l.IEI.:Jm~EI::ii1tl.ltl.iitl. ptmdr1 ,;)lnilE1rJl.:Jb:ffEl3J1~lL~1J Plasmodium 59 
'II 

falciparum Ltl.t11::b'YlY'lL'Yl1J 

m11\1~ 2.5 ~113J~"l.IEI\lm1Lb'Yltl.~"l.IEI.:Jm~EI::ii1tl.ltl. codon Gll\1 ') "l.IEI.:Jiitl. Pfmdr1 ,;)lnilE1rJl.:J 60 

L:ffEl3Jl~l L~IJ Plasmodium falciparum 1 tl.t11::L 'YlY'lL'Yl1J 

"' .... .,Jtfl~\I n1~'l\lll't1 3 

~111\1~ 3.1 Lm~.:J~li1JL1J~"l.IEI.:J primers ~hltl.m1~m~n 73 

m11.:J~ 3.2 n11bL'Yltl.~"l.IEI\lm~EI::ij1tl.Ltl. PtAMA-1 ';)In 242 ilE1rJl.:JLtl.t11::L'YlY'lL'Yl1J 77 

m11.:J~ 3.3 n11LL'Yltl.~"l.IEI.:Jm~EI::ij1tl.ltl. PvAMA-1 ,;)In 241 ilE1rJl.:JLtl.t11::L'YlY'lL'Yl1J 83 

m11.:J~ 3.4 n11LL'Yltl.~"l.IEI.:Jm~EI::ij1tl.Ltl. PvMsp-4 ,;)In 240 ilE1rJl\11tl.t11::L'YlY'lL'Yl1J 90 

m11.:J~ 3.5 m1LL'Yltl.~"l.IEI\lm~EI::ij1tl.Ltl. PvMsp-5 ,;)In 240 ilmh\lLtl.t11::L'YlI'IL'Yl1J 93 
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f" A .... oJ 
LA'i\ln1'i'HHlYI 1 

i 1U~ 1.1 (A) ll~\1,I1~lL~~\l1T11\l~f1\l"lltJ\l small subunit ribosomal RNA "lItJ\ll:A'mJ1~1l1£J1J~l1rn 13 
'U 'U 

~"lI11~tJ conserved block 1J~llrn~~h~tJ variable block Ll~::1J~l1rn~1£JYlLL£J\l~tJ 
semiconserved block (8) ~1ll'V\U.\l"lltJ\l peR primers ~1i~1'V1~1JLl£Jn"lSii.~"lItJ\ll:A'mJ1~1l1£J 

.I..l 1 '" ..1lJYI 1.2 ll~~\l Tl1\l~11\l"lltJ\l £J\1, sporozoite threonine asparagine-rich protein "lItJ\l Plasmodium 16 
'U 

falciparum ll~~\l~1ll'V\U.\l"lltJ\l peR primers 1J~l1rn conserved 5' lL~:: 3' "lItJ\l[j\1,ll~~\lCill£J 

vt\1,~~~11J'illrn M region ~tJ~\1,~~lYl11J~l1rn~~f1\lm~tl::~1\1, 45 ~lL1£J\l'lhnmu\1,"lS~
q 

ll~::1J~l1rn~~f1\ln1~tJ::~1\1, 10 ~lL1£J\l'lhn\1,dJ\1,"lS~ll~~\lCill£JKn'Mrn:: diagonal brick ll~:: 
q 

upward-downward diagonals. 

1U~ 1.3 ll~~\l1T11\l~f1\l"lltl\l[j\1, merozoite surface protein 1 "lItJ\l Plasmodium falciparum ll~~\l 17 
'U 

~1ll'V\U.\l"lltJ\l peR primers 

1U~ 1.4 ll~~\l1T11\l~f1\l"lltl\l[j\1, merozoite surface protein 1 "lItJ\l Plasmodium vivax lL~::~1ll'VIU.\l 18 
'U 

"lItJ\l primers ~hl\1,m1~1T;)~tJ1J11.hl1J1J"lItJ\l[j\1,1\1, block 6 
'U 

1U~ 1.5 ll~~\l1T11\l ~f1\l"ll tl\l[j\1, small subunit ribosomal RNA "lItl\l Plasmodium spp ll~::~1ll'V\U.\l 18 
'U 

"lItJ\l primers ~H1\1,m1L~ :IJ1Jhn rn"ll tl\l [j\1, 
.1": "" .t

1lJYI 1.6 ll~~\l~n'Mrn::"lItl\lL"lStJ Plasmodium falciparum 1::£J::l\lLL'VIl\1,Ll~::1::£J:: female gametocyte 20 
'U • 

fiV'l1J~1mL~\1,Vl~~1~~~1J1\l 
1U~ 1.7 ll~~\lKn'Mrn::"lItJ\lL:fftl Plasmodium falciparum 1::£J::l\lLL'VI1 \1,~V'l1J~1mL~\1,Vl~~h~~'VI\1,1 20 
'U ..t . 
1ufi 1.8 ll~~\l~n'Mrn::"lItl\lL"lStl Plasmodium vivax 1::£J:: growing trophozoite fiV'l1J~1mL~\1,Vl~~ 20 
'U 

1~~~1J1\l 
1U~ 1.9 LL~~\lKn'Mrn"lltl\lL:A'tl Plasmodium vivax 1::£J:: growing trophozoite ~V'l1J~1mL~\1,Vl~~'VI\1,1 21 
'U ..t . 
1ufi 1.1 0 ll~~\lKm!l'rn::"lI tl\l L"lStl Plasmodium malariae 1:: £J:: growing trophozoite fiV'l1J~1 mL~\1, 21 
'U 

Vl~~1J1\l 

1U~ 1.11 LL~\1,I1~ll~~\lftl £J~::"lItl\lL:A'tlm~1L1£J~V'l1J1\1,lL~~::11~111T1~1nm1~11~Cill £J1TI peR 23 
'U 'U 'U 

~l L~"lI fi1n1J Cil1\1, 1J\1,~1 'VI ~1J LL~~:: II r\\l m1~ Ll~~ \lftl £J ~::~ V'l1J 

1U~ 1.12 LL~~\l~ltl ~1\l ~~m11LTl11::.,{~~~ ~~ peR ,nn[j\1, sporozoite threonine-asparagine- 24 
'U 

rich protein "lItl\l Plasmodium falciparum Cill£J1TI agarose gel electrophoresis L1£J\lm~ 

'VI~1m~"lI 1, 2, 3, 4, 5 LL~:: 6 ~lern'M1 M ~tl~iL5\1,ltl1Jtln"ll\1,1~ (marker) 1~£J1i A/Hind 

1U~ 1.13 m1ml';)~tl1J~~~~~ peR ~1Cil,nnm1L~~m~1rn DNA 1\1,~1\1,"lItJ\l block 2 "lItl\l 27 
'U 

PfMsp-11~£J agarose gel electrophoresis Lanes 1-14 LL~:: 16-17 ~tl~ltl~1\l~YI~~tJ1J 
Lane 15 ~tl DNA 1JtJn"ll\1,1~ 

1U~ 1.14 Agarose gel electrophoresis LL~~\lm1~11';)~tl1J allele 1\1, block 6 "lItl\l PvMsp-1 29 
'U 

xv 



J. , .... .J'1 1",
~tJ -n primers 'Yl,;)lLYn::~El Salvador 1 LL~:: Selem ~\!U (A) 5'-primer Salvador 1 LL~:: 

3'-primer Salvador 1, (S) 5'-primer Selem LL~:: 3'-primer Selem, (C) 5'-primer Selem 
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LL~ :JJ1'i11m1m1T11U~3Jh~t1mhn'il'iiltl,rfJ3JtI'YI1.,'11::Ul'i1i'YI m~iiTlll3JTltll'i1L~~fJtt :fi-lL'YI~1ttl~[j
~ 'II 'II 

'YIl-l'iilttfJ rn;li'YI m~::1i~llmL1ittrjl~.,'I nllifim1'i11l~iU~QtI~1nvhf3J1~~ 'iI ttfJn~lndm1L~11::l.,'l
'II 'II 

LL~::~'iI!iI13JU1::'7flm"lJ fJ.,'I L:ftfJ:JJ1t1l L'1t1~~fJ ~ fJm'7fU'iI~l-l ') ~ fJ3Jii~ll3J~lflty~fJm1ll.,'1ttlt1Ult1 
1::~u'7fl~lttm1L~fJn1im~luTl3Jl1T1 1l3J~.,'Im1ll-lLL~tt1::tI::mlL~fJiJ fJ.,'InltL1i1iLn'ilm1~tl~fJm 

~ 

'iilttL:ftfJ:JJ1t1l L'1t1 t11U1::'7fl m"lJ tl-lU1::L 'YI~ii ~"lJfll'\Al~~ fJ 3JL t1ltnl~.,'I~fltlJ1ttnl1t1n1::~U L~1M;)n~"lJ fJ-l 
~ ., ... 

U1::L'YI~ 

2.3 lI't1B~1"(;lfL';:mYhJ~mJn1Vi1"nT'iU~\I;r"'!Ju\ltl'1::L't1~ 
~ 

2 



~lunTntJu~nUrmn\lnT:iY]Eh1 L~ r.n1UTlijTn~~ rt\l~U 
u 	 ti 

m1~1nn~llX~113J~lTlrunum1~\lL~13Jm1y]El\lL~£.I1113Jtf\lm1~uvJLL~::~~U1LL'VI~\I
~ ~ 	 ~ 

Y]El\l L~m~~El~,;)UU1U1.h \I ~ rnTl1l"1 LL~ ::3J1~1;i1Um1u1m1,rU ~lVi1U LL Vici\lY] El\l L~ £.I1m3Jli113J"1I1~ 
, , 	 u 

113JJ'\l1::UUitLl~ulUU1::L'Yl~i. 'Yl £.I UU LtJU~lU~~lTlrulum1~i'l\111£.1i.~llXnuu1::L'Yl~ LL~LtiEl\l ';)1 n 
~ 

;. 	 U1L1 rnl"l13JLL~U1::W;J1\1U1::L'Yl~LtJUL"lJ~U11n!Jt 1~ 3J1 ~lL1£.1 113JJ'\I~\I~ EllT1£.1 El~~13J1I1Ell,;)LtJULL'VI~\l1\1 
t 1~ ~Vi1U L :fiEl3J1~l L1£.1U1\1"11it~~ ~13J11(l~~ ~El ~~Ui.~ UEln,;)lnU m1ii11 £.I\11U11"1111 ~l\1"111~~L~U 

~ 

'Yl1\1 L-nl3J1Y]El\l L~ £.I1luu1::L'Yl~i. 'Yl ml3J~\lUnY]El\l L~£.I1"1111i.'Yl£.liim1~~ L:fiEl3J1~lL1£.1,;)lnfhn113Jm1 
Y]El\l L~£.I1 £1El3J ~\I ~~n1::'YlU 1 ULif\I ~U~ ElUt £.IU1£.1m1~\I L~3Jm1Y] El\l L~m"lJ El\l1;iU1 ~ ~\I,rUm1'Yl11U 

~ 

, 
~lU~113J3JU~\I 

LL3J11m1~m~11itIL ~ £.11 num1~lU~ ,3Jt 1~~~~ El ~13J"1I1 tlLL~U1::Vi 11\1U 1:: L 'Yl~El1';)~LViii ElUi.3J 
~ 

L~m-nEl\lnU1::UU~113J~U~\I"lJEl\lU1:: L 'Yl~ LL~L~El\l,;)l nU1::"1I1n1~ El £1~~I3J"1I1£.1 LL~U"lJEl\lU1::L'Yl~3Jn 
~ 

U1::n ElU~l £.1"1111i.'Yl £.I LL~::"1I11~l\1"111~~L~U'Yl1\1-n13J LL~UL~Elm1Tl1 LL~::L~11!t;in';)"lJ El\l"1l3J"1IU ~\lU1L1 rn 
u , 

~\lnci111YnLUUL"lJ~U11n n t 1~3J1 ~1 L1 £.I ~\I,rut11 ii,1ruVi1~1ULL1\1 L~ £.11 num11::U1~~~ El~';)um1~ L:fiEl:oJ 	 ~ , 

3J1~lL1£.1 El £11U~Tl11::~~lU~3Ji.~£.11 n ci El3J ~\I ~~~ El1::UU~lli11rn~"lJ1::Vi11\1U1::L'Yl~auEll';)riElllXdi~~113J
~, , 

-li~LLrJ\lm1n~nU~1 tIL Vi~~~"lJEl\lt 1~~~L:fiEl ~~El~,;)U"1I11 i.'Yl £.I~El1T1£.1Elciu1L1 rn~\lnci11 Ell,;)"lJ1~ml3J, ~ 

L;mrulum1i.~1u~113JTl3J~1El\lVi~El LEllh 1~t~£.I1;iU1~ ~\I,rum11i£.llUU1U'Yl~L~ £.I 1n1Jt 1~~~~El~Elci 
, u 	 ~ 

~13J"1I1t1LL~U"lJ El-1U1::L'Yl~L~ El11-13J1~1m1~lU~,3Jt 1~ £1 El3J~-1~fmUU~U,U~113J~U~-1"lJEl-1"111~ LL~::Ell,;) 
iJEl-1nU~113J,r~ LLrJ\I ij~lVi 3J~Ell';) Ln~;fU 

~Vi1Utm-1n11UEl £.11 ULL~U\l1Uli£.l~U;i1ULL~::LLUl'Yl1-1m1~lU~,3Jt 1~ 3J1~lL1£.1m3J"1I1£.1LL~U"lJEl\l 
~ 

.1 i." .... .f
u1::L'Yl~ 'Yl£.l3J~\lU 

.d ..... .t ..... .d,t~ .. .t .... .d 1t~1\1n11'Yl 1 m11L~11::m"1IEl3J1~lL 1£.1"11U~'Yln El 1mU3JU1!ttILL~::L"1IEl3J1~lL1£.1"lJEl\l ~\I'Yl'YlU U, 
3Ju~mU~th £.Im3J"1I1t1LL~U"lJEl-1U1::L 'Yl~i. 'Yl £.I t~£.I~~~lm::£.I:: £.111, ~ 

(Longitudinal analysis of human malaria and primate malaria in humans along 

international borders of Thailand) 

t~1\1m1~ 2 11~U1n11"lJEl-1m1~El £.I1~~Elh~lU"lJEl\l'Yl~l~t3JL~ £.I3JW~~U113JlUU1::L'Yl~i. 'Yl£.l: 

Evolution of chloroquine resistant Plasmodium falciparum in Thailand: a basis 

for decelerating anti-malarial drug resistance 
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1m\lm~~ 3 m~lLfI~1:;~~Ulin~~1I1h:;"llln~LL~:;11~lnm~~:;~11111L~n~"lItl\lL:fitlm~lL1rJ"llU~
1 	 1 

~~6Blh~'l1 LL~:;L1LL1n6Jllulh:;L"-WIL'Yl rJ L~mull.~U;ilU1Um~fl111f1111~flm~l L1rJ 
u 1 

Analysis of population genetics and molecular evolution of Plasmodium 

falciparum and P. vivax in Thailand: a basis for malaria control 

.. 

l~f1U~:;~\I~~Kn
i 

1. 	 ~11\ltl\l~fl111l1L~r.l1nl1~:;111~1'Yl m~:;~l1111 L~n~L~rJ1nl1L:fitlm~lL1rJ1U~th rJmll"lll mL~U 
'II 	 1 'II 

"lI tl\lU~:;L'Yl~ 1~ rJfI~tll1f1~lIn\l~1111:;~L~~lm~f1~~1';)~mnw~1I1~~~ LL~:;m~-,jlLLun"llU~ 
1 

..t "" ..1'1 1 ... ..t "" ~..I L" ..."lItl\lL"lltlm~lL~rJ'Yln tl ~fI UlIU~mL~:;L"lltlm~lL~rJ,;)ln~\I'Yltll,;)~l1 ~lIU~rJ 
1 	 1 

2. 	~n~1~::111~lm.n"lltl\l1111:;m~~tlm~lUm~lL1ml'U~~l\l "lItl\lL:fiEl1l1~lL1rJ"llU~~~6BUltll 
mll111L1m"lllmL~U"lItl\lU~:;L'Yl~ 1~rJm~'Yl~~tll11UlKtl\lU~l11im~ 
• 1 ~ 1 " .1..1 .1 "" ..1..1 "... ..t 1 ~ 3. 	 u~:;LlIU~1111:;LLU 1 UlIm~Lu~ rJULLu~\I~:;rJ:;m1"l1 tl\l rJUmnr.J1"l1 tl\lnl1m~~tltllfl~tl ~fl1U 

"lI tl\l L :fitlm~lL1rJ"llU~~~6BUltll 1~ £J~n~liJ';)~tf'Yll\l11~Ulnl~~iif.l~ ~ tlm~~lL~~l"ll tl\l~U 
~~ tl~';)Um~LU~ rJULLU ~\I~Ulin~~lIU~::"llln~"lI El\l L:fitlm~l L1rJ ~\I n ~11 

1 

4. 	~n~111~Ulm~LL~:;m~LU~rJULLU~\lU~:;"llln~"lItl\l P. falciparum LL~:; P. vivax 1~£J 
A 45'" 0 ..... 0 ..... 	 0 ..... 

1LfI~1:;~~1~l1Ll1~El\l genes ~1~~11 PfAMA-1 "lItl\l P. falciparum LL~:; genes ~1~~11 

PvMsp4-5 LL~:; PvAMA 1 "lIEl\l P . vivax ,;)lni1mh\l~L~,;)lnl13j111fl~l\l ') "lItl\lU~:;L'Yl~L'YlrJ
'II 

~Lnl1~111~1111u~:;rJ:;L1~1~l\l ') nu 

..... 	 • I 6" 0 

1~f1 u~:;~\lfI,;)l L~l:; 
i 

1. 1 LfI~l:;~fl111l~~ln~ ~l rJ"lI tl\lL:fitlm ~lL1rJ1U~\I"llU~~~m~f1~~~ tl ~lIu~m~ rJln-m~'Yll\l 
'II 	 1 

tlmihl'Yltll L~tlU~:;L3ju~1111:;nl~LUU1\11~fl1um~nlrJ'Yltl~L:fitl1l1~lL1rJ~lIU~6 
'11'111 

2. 	~n~1~::111~1'Yl tIl~:;~l1hJ L~n~"lI tl\lm~~~ L:fitlm ~lL1rJ1u~th rJ~lll"lllmL~U"lItl\lU~:;L'Yl~L'Yltf 
1 	 'II 

"llU~~ntl1~fl1UlIU~6LL~::L:fitlm~lL1rJ"lItl\l~\I~~111ulIu~mU~th rJ~lll"lllmL~U"lItl\lU~:;L 'Yl~ 
1 	 1 'II 

1~rJln- PCR LL~:;LmrJl1LYitfl1nl1f.1~m~~~1,;)'Yll\lim~lUl'YlrJl,;)lnW~1I1~~~.. 
3. U~:;L3ju1111:;nl~~l1L:fitlm~lL1rJmnnl1 1 "llU~ 1~rJln- PCR LL~:;LmrJl1LYirJl1f.1~m~m1,;) 

,;)lnm.hrJfl111f1111~fI~~~mi.l1~mLlI~\I ~1tl,;)ln~mU~tIl111~~11l11tl\l~~l\l ') 111L1m 
1 

"lllmL~UU~:;L'Yl~L 'Yl rJ 
A 6'0..... A 0 ..... 	 Id 

4. 1LfI~1::~~1~l1Ll1~tl\lrJU~1~~11 Pfcrt LL~:: Pfmdr1 'Il\lfl111f1l1nl~~tll1m.ttl\l~tltll 
1 

fI~tlhfllU"lItl\l P. falciparum ,;)ln~1tl~l\lL:fiEl~Ln111utl~~i\lLL~tJ ~ . ~. 2521 ';)un\l 

iJ,;),;)lJU
1 

5. 	~n~111~Ulm~LL~:;m~LU~rJULLU~\lU~:;"llln~"lItl\l P. falciparum ,;)lnnl~~~1,;)~tll1~U~ 
..t ..I 1" , 	 1 .. .....I"".f 

fl111f1l1m~~tl til L~tl WYl~11111m~~tll1~Utl\l"lltl\l tIlfl~tl ~fl1U'Yl~"lIU111rJ~~\I,;)ln~ rJ~ 
1 	 1 
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1irnLtb::rJ::~rt-1tt\un~~lnm'HJ1L~~ln~u (back mutation) "lJtl-1~lrJ~,"fi~~Elrn~1mn~ 
~ 

~lnm~L~lJtrhnm"lJ tl-11h::"151njL'~'tllJ1~lL~rJ~~ ElU~'"tl-1~~ El [.n~~ ElL~~l," ~-1tl::tl,"nu 
<V A....d.f 1 

~lt1V4,"li'Yl~tlrJl ,"li~~lJ"151~ 
~ 

A 6'" 0 -... 0 .... a .... 

6. 'lL~~::~~l~ULU~tl-1 genes ~l~~U PtAMA-1 "lJtl-1 P. falciparum LL~:: genes ~~~u 

• PvMsp4-5 LL~:: PvAMA 1 "lJtl-1 P. vivax ~lml'ltltil-1~L~~lnl1ij111~~1-1 ~"lJtl-1tl~::L'Yl~L'YlrJ 
'Il 

.d ~ 1 ,<v 
'YlLnU~'lU~'llJ ,"~::rJ::L'l~1~1-1 ~ n," 

7. ~m~nll~,"lm1LL~::m1Ltl~rJ,"LLtl~-1tl1::"151m"lJtl-1 P. falciparum LL~:: P. vivax L~rJmirJ 
~'lllJ~~ln~~lrJ"lJa-1 genes 1WlJtl 7 LiI,"i'l~~mlJ 

5 




A 1 \'I .. ... .f d.. d . 1 'I ....f d ..
"lHl fl1\1 m1 (fl1'M1 L 'YW) m11Lfl11::'VIL"lHl3J1 i;llL1[J"Ifll.~ 'Yl n tl 1fl LlI.3JlI.'Mr.JLLi;l:: L"If tl3J1i;ll L 1[J"lJ tl\l i;l\l , 

~Yl1JLlI.3JlI.'MmlI.~th[Jm3J"1I'l mL~lI."lJ tl\lth::L'Yl~L 'Yl[J 1~ [J~~m3J1::[J::[J11
, 'II 

(fl1'M1er\ln~'M) 	 Longitudinal analysis of human malaria and primate malaria in humans 

along international borders of Thailand 

mj'11LlI.ihr1Juw;hll.1l1.~thm:nn11fl3Jli;llL1[J LLi;l::er~11~1t1'1J1nl1fl~\Imh1L~i;l~i;l\l'1J1ntl~~tlci1\13J1n 
, 'II 

'1J1m1[J\l1l1.th::~liJ"lJtl\l~1,"nhfl~~~mb1~ mL3Ji;l\l m3Jfl11Jfl3Jhfl Yl1Jer~11m1~~L;tlLlI.~tJ1[J-k11.h::L'Yl~ 
, 	 'II 

LlI.U Yl . ~ . 2541 ~tl 192,042 flll. LUlI."1I'11L'Yltl 125,013 flll. "If11~l\1"11'1~ 67,029 flll. ~1l1.LlI.U Yl.~ . 2546 Yl1J 

~tJ1[J113J-k11.h::L'Y1~~ll1.1l1. 62,526 flll. ~\lLUlI.~tJ1[J~l\1"If1~ 33,983 TIll. ~\ldLlI.LL~i;l::Un~tJ1[J1111tl[Ji;l::
'II 	 'II 'II 

35-45 LUlI."If11~l\1"11'1~~3jflih~1 L lI.1L mh::L'Y1~LmfL~ [J\I L~lI.'Yll\13J11.h::n tl1J tl1~Yl Vi1tltlYl [JYl L"JJl3J1~l3J 
'II 

"11'1 mL~lI."lJ tl\ll.h::L'Yl~L 'Yl [J'Y11L~Lf1~iJUJVi1m1U1L ;tl3J1i;l1 L1m "JJ13J1LlI.tb::L'Yl~L 'Yl [J'1J1nm1rJ1 [J~lI.~ll1."lJ tl\l 
~ 	 a 

m::'Yl11\1R1lfl1ru.R"lJ: http://www.thaivbd.org) 
fl d 

, 
'" d..f d d. 1 'I d .. \'I'" • 

Lull.'Yl'Yl111Jnll.~11L"1I'tl3J1i;llL1[J'Ylntl 1fl L'Uflll.3J 4 "1I'lI.~ L~LLn Plasmodium falciparum, Plasmodium 

vivax, Plasmodium malariae LLi;l:: Plasmodium ova/e 1~ [J LlI.U1::L'Yl~L'Yl [J Rl3J11flYl1JL~'Yln"1l'U~ 1~ [JYl1J
1 

Plasmodium falciparum LLi;l:: Plasmodium vivax 113Jrlll.U1::3J1ru.1tl[Ji;l:: 99 '1J1nm1~11'1JVl~3JL~tl~"1I'U~Vill.1 

1~[JViti1 [J\l1l1."lJtl\ln13Jfl11Jfl3Jhfl n1::'Yl11\1R11111ru.R"lJ LlI."lJ ru.::~L:%tl3J1i;ll L1[J5n 2 "1I'U~~\ln~11Yl1JL~Utl[J, 	 , 
mn lI.tln'1J1ndfl11::~3jm1~~Litl3J1i;llL1[J113Jrlll.3J1nn11 1 "1I'U~ Yl1JL~~Liill.1tl[Ji;l:: 1 tlci1\1L1nm3J'1J1n 

m1~n'M1Lntl\l ~lI."lJ tl\l fl ru.::m,JtI L~mrl1Jfl113JL 1 LLi;l ::fl113J~lLYl1::"lJtl\l m1iU'1Jum:%tl3J1i;ll L1[J1~ [Ji~
'II 

u~m[J1~nl'1ilYl~L3JtlfL1R (polymerase chain reaction, PCR) Lyjm~3Jm3Jlru. DNA LlI.~1l1."lJtl\l small 

subunit ribosomal RNA (SSU rRNA) gene LlI.~tJ1[J~nL"JJLLi;l::3J111Jm1~11'1JL~tl~LyjtlVi1L:%tlmi;llL1[J Yl1J11 
'II 

i~m1m1'1J~1 [J 	 PCR 3jfl113JL1R\ln11nl1~11'1JVi1L;tl3Jli;llL1[J'1J1nVl~3Jli;l~~"IfU~1J1\1U1::3J1ru.1tl [Ji;l:: 38 
'II 

LLi;l::3jfl113JL1R\ln11m1~11'1J'1JlnVl~3Jh~~"IfU~Vill.1U1::3J1ru.1tltli;l:: 22 lI.tln'1J1ndi~ PCR Rl3J11fl~11'1JYl1J 
'II 

m1~~L:%tl3J1nn11 1 "1I'U~ 3J1nn11n11~11'1J'1J1mL~lI.Vl~3Jli;l~~ tl ci1\1i~L'1JlI.LLi;l::Rtl~fl~tl\lrl1Jm1~n'M1~lI. 
"'::. .1" ... 1(Coatney 1971; Mayxay et al 2004; Snounou & White 2004) ~\llI.lI.m1u1::L3JlI.Rmll.m1ru."lJtl\l 1fl 

mi;llL1[J~fln~tl\l Utl3J n"JJtl~l rl~t11 tl1~[J"JJtl3J i;l'1J1nm1~11'1J LL~lI.Vl ~3Jh~~~\I £1\1 tl1'1JL~c.m LL~n~l\1rlll.'1J1n 
'II 	 'II 

U1::~'1Jm1nr"lJ tl\l ~m1'1JiU'1Ju[J LL3J11'1J::Yl1Jm1~ ~L:%tl113J rlll. 1:: Vi 11\I L:%tl3J1i;llL1[J~1\1 species nll.LlI.U1::L'Yl~ 
'II 

L'Yl [J 

6 


http:L'Uflll.3J
http:http://www.thaivbd.org


't1.~'~~L'LfHHtU.rJ ~1rJ~'L~LIt 
~ 

~!..llt~n.l~!..Lun.n.::w~n.u,::!..um~L'~It ~pU LIt't1.l 't1.L~'t1.fJ' M~L~n.~U::!..flLit L,lT-, 13 ~,rJ U.V~u.'::!..fln.,V~~'t1.~" It!..M 
no 

~~L'rJ~'L'L,lT-~U.'::!..flUL~'t1.l1.Lll.::!..flL'~ IT.MrJ M~!..LUItL~\J!..1..L'LP ~ L'~~m~L'Lp~L'~~~rJu.1..lLl1.fl lr,t~'t1.l't1.L~ ::t:m 

~!..lL'~IT.flL~::WtM"!..LU~tt;!1':IL'~ l~'~l!..~1..L~::WlJ!..LItL~LHUk!..LU::~'m~~U~!..LU~t~~' ~lA.1::!..fl l~rJL~::W . 

(j 
~ ~ 

~!..1 UL!..fl~'t1.¥Itt;!~n.~!,,~UU~~rJ~'Lt;!LIt L'1~!l!..LUrJ ~1rJ~'Lt;!LIt~!..llt~n.l~!..LUL~,Ct" 't1.,VL'L~U~"LHUk!..LU 
no ~ 

~~L'~'t1.~n.~ ~!..LUltrJ!'" Lt;!LIt ~l1.'UL~L'~'t1.' L'~ ~UlJL'LrJ ~~, ~!..llt~n.l~!..LU't1.tL'Lu,l 't1. "::t;!"!..LU!..~LItL'LllJ!..LIt~ I 'f:1IJ::f' r p .... '"k 
~ ~ 

II\t~ M' ~II\' L~'t1.Il' U,fl!.. 'Lt;!LIt~l1.' L'~ IT.~'t1.l1.ItL~ ~!..1L'~ IT.'I1.1!..LU ~n.~L'fl L'Lfl ~::LMn, rJ ~lfl!..'Lt;!LIt~l1.' ~~!..LU "P I';F'" ,f''' ........ :'" ",f''' 

no no no ~ 


L'~ IT.LrJU.~~Ln.::!..'t1.L~t;!It~,IT-L'~ IT.L'~~UlJItLl~n.,Vp~'t1.}It~ r fl~' Lt;!LIt ~!..llt~n.l~!..LUL'~ IT.MLl1~U.~::!..fl 


It I'lt It It ,. 

~~L'~MLl1~U,~::!..fl~~'~t~~'!..~L'ln.!..~L'LP~fl~'Lt;!LIt~!..llt~n.l~!..LU't1.t L'l!II\!..LU::!..fl~~~ru~~ 
no .,. no r 

U,fl ~~rl't1.ll m~fl L'~ ~UlJU,'t1.LJ:'t1.MItU,Lfl U,l~Ln.::!..L'LU.t;!1t ~IT.'t1. 't1.L'~ l3 U!.."::fl::!..'t1.' ~~~lItLIT.~l1.'~~!..LU~"L'~ f" ..,. h" I; I " F' ,f" JC" F' '=" .... -:: ..,. lsi,... ,f" -.:::r I ';l 
no ~ ~ ~ 

L'~~UlJ~~!..lL'k L'~11\'m~n.l~!..LUUL~~L!..flfl~UJH't1.1tn.,VL,lT-'l~n.kflL'~'t1.t n.M~fl~'Lt;!LIt ~J:'~t ~II\' L~'t1.fJ' ~L~ 
~ ~ 

~L~II\m~'L~LIt ~J:' ~~!..LUL'~IT.J11!..LU~rmn.L!"U,ft1..!..LU~~lI\rJ t;! '::t;!!..LU ~H't1.It::t;!"L'~'t1.t n.M~~Ul1.L'~~1..fl~1L~LIt 
It It It I'lt 

~J:' LttlJ!..LItL~ ~Ul1.L'Ln.::t;!"~H't1.It't1.t fl~'Lt;! LIt~!..lL tt:: 11\ LM't1.1} '~~Ul1.L'fl n.,Vt.fl ~m~U't1.W~~~ lsa/Mowf 
~ ~ .,. 

wnlPowse/d rJ~' Lt;! LIt~J:1 Ltt::II\LM 't1.fJ '~L'rJ UL~L'~~' j\~~t;!~L'~~U~trJ Ll1LflU.~'t1.LJ:'I1.1~L'LU,~U~!..LUUL~ 

~1..fl~~U~lJ!..LItL~ft1..~'mu.1..'t1.~'t1.W1..n.M~L~~L'~UL~fl~'Lt;!LIt~J:'::LMnm~l (saseaS!p snolpaju! DU!DJawa) 

ftll\t~~~J:'~~~!..ll~~'!..LU't1.ll1::W~tL,lT-'!..LU't1.t fu~L~~'t1.LK't1.¥'t1.fJm~ rl~flLt;!1I\ Ja>pew ::mauaD ll-tfl ~1't1.~'t1.t 
~ ~ 

n.M~L'~L'~IT.rJ~1Lt;!LIt~J:' L'~ IT.1t!..W.!l't1.~Jt::L!..~'~~~'LrJ U,~~Ln.::ULU,LHU~!..LU't1.JtL'~ ~H't1.It't1.t 11M ~fl~'Lt;!LIt 

~J:m,VflL~~~~t;!llt~~~l!..~!..LUUL~Lfl u,~'t1.LK'I1.1~ L'LU,::mHU~~~Ul1.fl Lt;! 1I\L'~'t1.t n.M~fl~'Lt;!LIt~J:' fl~~U~!..LU 

't1.L~~,VL~~,lT-UL~L'~~' llL'~ULltft1..'t1.l't1.L~~n.M~fllr,t~'t1.l't1.L~L~,Ct1' (1700lle la SaMllnMDUOr) LftM::t;!,mu,1.. 
no 

't1.~'m!..Mn.,V~~fl U, 1..~u''::!..flL'~ IT.J.ht't1.~ ~L'LU,'t1.~'mLl1.~IT.1't1.tU~L,lT-'::'11.1 IT. lsa/Mowf wnlPowse/d ~J:' ~~~rJlr,t~ 
~ 

n.M~l!..~!..LU't1.¥-'L'~ ~1J1H't1.It't1.t~!..1~!llJ!..LItL~~Ul1.L'Ln.::t;!" ~Ul1.fl Lt;!I1\~1..fl~' Lt;!LIt~J:'~~lJ!..LItL~llL~II\' 
~ no 

L'~ It L~\J!..1,.L'Lr ~ L~UULIt!..LII\L~L'~ 11\'mk~1..~Lu~l~L'~L'~ ~H't1.1t L'~ IT.fl~L~P ~~~UtLr,t fl Ll1.ItL~fl~L~n.~l1.Ulf 

ULIt 't1.l't1.L~L'~!"ULl1.::!..flL~n.M~" Lr,t't1.t rJ~L~::~llL~11\' L'~l~" ~Ll1.It!..!...!l rJ ~1L~,Ct" fl u.1..~u''::!..fl't1.t ULItWLl1.::!..fl 

't1.l't1.L~[!U~lL'~::t;!" L',VL'~ 1t~"L'~ 't1.¥-' ~Ul1.L'Ln.L'~UL~L'~~' fll~ ~ L'L~L'~L'~ltl!..~Ul1.flLt;!II\Lr,t}~~L'~1T. 
~ ~ 

fl~L~L'~11\,1't1.fJ'L'll lL~UL'~j\~l 'Un.n.::!..::t;!" fl~' Lt;! Lit ~!..1L tt::II\LM 't1. fJ' ~L'~~fl't1.1! L'fl.¥'t1.~::LM'!..LU~ ~fll't1.L~ 
no 

~~,~}~~L~[Sl1L'LU,::lLl1~~Lft M::t;!,m U.1,.L'L~II\::!..L'~L'LP~ ::LMn, fl ~1~U, '::!..flL'L~II\::!..'t1.~'m!..M'11.1 l ,~n. l~" 

lL~UL'~~Ll1.L'L~lLl1.L'~ IT.'t1.LK't1.~ rJ Ll1 !..LUU L~rJ U, 1..~u.'::!..fl't1.t Lit L,lT-'fl £;.'Lt;!LIt~J:' Ltt!..LULlc1.fur:u L~U~'t1. 
~ 

~U,'::!..flL'~IT.'t1.~"rJ Ll1.ItL~rJ~'Lt;!LIt~!..llt~n.l~!..LU't1.t!..LU!..~LItL'Ll!..LU't1.~~~ t;!~ ~!..lL'~IT.flL~::WtM" 

!..LU~ ~ ~ L'L~fl~~r:UL~n.U,::Wt;!I':I~~1I\ 't1.~flLl1!..LU 't1.!f.' ~ L'L~~M~U.~UL~~J:'L'~IT.L't;! fl'1't1.fl~fl'!"LUItL~~~ 
~ 

!..LU n::!..LM'!..LU't1.' 't1.l1.rJl::!..1l 't1.1l ,::~ ~'t1.l1.::t;! ~" fl!..'Lt;!LIt~l1.1't1.' .!l't1.Mfl L~L'~IT.fl L~::W!..LUn.Ut.fl U'Lfl U,l~Ln.::!.. .... L; I.t9 I g I; 'C1I F:J' ,f" 1t:J"" ..,. F' I 'CJ' 

L'LU,t;!~~11-I1L!"U,!..LUllUL~U~'t1. ~u"::!..flL'~I1.~Ll1[SVUU.'t1.tfl~f1~1..I1ML'~ xelllll wnlpowse/d ::~" wnJedp/eJ 

wnlPowse/d L'~L'LP ~::LMnm~1fl£;.'Lt;!LIt~J:' L'~I1.WLl1.::!..flL't;!fl'1't1.fl~fl'!..LUItL~~~!..LU't1.t L'~L'Lp~fu~L~ItLl~ 
no no ~ no 

[!L'~ rJ U,1..~ U, '::!..flL'~I1.~Ll1[S 11::~ ~,1't1.t rJ lr,t,t:l UL~L'Lr~l~::t;!~'1't1.t n.M~l!..~~ J't1.~fl~L'~ 11.11f111 fl!..'t1.~~~ ~~ 
~ ~ 

J't1.~fl L~L'~I1.'t1.~1ftl1lftItLl~~11.' 11~I1.I1L!..U.!..LU't1..rL'~ ULItL'LP ~fl~' Lt;!LIt ~J:1L'~ IT.Lfl ~~!..LULlI\rur:n.k1::!..fl 
r ~ ~ 

~, flU.' ~u.'::!..Il't1.tUL~L'~'t1.' 't1.~'t1.Il' rJ!.. 'L~LIt't1.L~LrJ~~!..LU 't1.l1., 't1.UL'L~U~"U. l3 't1.~::mHU~'I1.1~::t;!'m!..W.!l't1.M ,... k k I v p"" I; II=" "',f' I F' P"" I..,. .... 

http:t1.~'t1.Il
http:t1.~'m!..Mn
http:n.,Vt.fl
http:L~'t1.fJ
http:rl't1.ll
http:L'l!II\!..LU
http:L~'t1.Il
http:t1.L~'t1.fJ
http:t1.~'~~L'LfHHtU.rJ


LrtEh'J~lm;fimn ~lL1lJij"lf1\1:g1~~ijm1~lJ~ufLL1.JlJ Ell~1JL~~1UlJ\lnUU~El\l ~\ltfU 1 U"lf1\1 L1~1~\ln~11, , 
L'lf~~~lJ~UFnEl\lL;fimJ1~l L1lJ~l\1~llJ~ufnu~\lmElm ~Ln~m1LL~n L u~ [JU'Yll\1~Ulm113J ~\I~~l""L;fiEl

1 , , 

m~lL1[J1Un~'tJij~m~rn::'Yll\1~Ulin113J~LL~mh\l~lm~3J 'VI1EllWli rn::~L ;fiElm Iill L1lJ El rJl1llJl~LL1\1n~~U~ln 
" 'II 

..... do ......,J ~ ......... I .d" a
Q 

m::lJ1Um1fI~LIil Eln~13J1i113J"15l~ (natural selection) ~Ulin113J'YlLn lJ1'l1 El\lnlJm1El[J1El~'lIEl\l L"15Elm ~lL 1lJ 
1 'II 

~\ln~11 El1~ijm1LU~ [JULLU ~\I'U~ln L~ 3J LL~::~lm1f.1rl1 [J'Yl El~~ ru.~m~Hlt::~\ln ~11'tJ~L;fiEl m~lL1[J1 U 1un~'tJ 
1 'II 1 

~ ~~~fflLn~;ju~Elm1L n~~1l3J'VI ~ln'VIlill [J'Yll\1~Ulin113J1 UU1::"15ln1'l1 El\l L;fiEl mlill L1[J1 U li113J"15l~ ~\ltfU, 
o II=/> .J' A.... ...........J"' Ad 


UEln~lnm1~1 LL un"15U~'lIEl\l L "15Elmlill L 1lJ LLIil1 m1~11~ ~EllJ~ rn~ m~ru.::'Yll\1~Ulin113J'lI El\l L"15Elm~lL1[J~\I, , 
,rlJ';hij~1l3J~1f1ru~ Elm11l\1m~1m11Um1~1lJ~3Jt 1~m~lL1lJ flu'VI ~l [J"15il.~~~lJ~1l3J'VI ~ln'VI~l[J1 U ... , 


'" "" 1 1" .1 .t....
li113J"15l~LL~::3J~1l3JL'VIm::~3J um1 "15~11~~EllJlJ1::"15lm'llEl\lL"15El3Jl~lL1[J L"15U merozoite surface protein 1 

'lIEl\l Plasmodium falciparum LL~:: Plasmodium vivax, sporozoite threonine-asparagine-rich protein 'lIEl\l 

Plasmodium falciparum ~\I rJ\I'3Jijm1~nMl'l1El'U L'lI~~1l3J'VI ~ln'VIlill [J~ln~1 El rJl\11Uli113J"15l~mri ElU L t1u 

~U 
A_l!i ....t "" A ""t- 1 ... .J:"I

lJU~1'l1El\l1::[J::~lJEl1 L1'lfEl [J~"l.IEl\lL"15El3Jl~lL1lJ"15U~ Plasmodium falciparum 3J lJ1~U'YlLlJU 

El\l~U1::nEllJElrJ'VI~llJ"15il.~ ~\lUEln~ln~::~lJtU1~U circumsporozoite protein (CSP) (Vanderberg et al 
'II 

1969) LL~1 rJ\lijt u1~uiln"15il.~'VIrt\l~ij~n 1J[n~1um1Lt1UEl\l~tJ1::nEllJ"l.I El\ll~~UiJ El\lnU3Jl~lL1lJ tU1~U 
~\ln~11L1[Jnll sporozoite threonine-asparagine-rich protein (STARP) (Fidock et al 1994) tU1~U 

~\ln~11~lJ'~lJU~1"l.1 El \I 1:: lJ::~'U Elf[1'lfEl [J~ 1:: [J::fI L ;fiElm ~~I L11JLi3J L~1ty1UL'lflil ~~lJ LLIil::1::lJ::~3J~uri ElUL"JJl 

L:ij~L~El~LL~\I t~[JijJl'V1,rnt3JL~nIilU1::3Jlru. 78 nt~~llil~U ij"l.lUl~~1l3J[J11"l.1El\lfluU1::mru. 2.7 ntlilLlJ~, 
t~[Jijt~1\1~1l\1U1::nEllJ~1lJlJ1L1ru. exon 2 LL~\lLLIil::ijlJ1L1rn intron kUnlill\1"l.1Ul~ 175 bp ~ij consensus 

splice donor/acceptor sites 'Yll\1~lU 5' LLIil:: 3' ij~1U~LtlU non-repetitive region LLIil::lu~1unlill\1 ij~1U 
repetitive region ~\lLLtl\lElElmtlu 3 ~1U ~El mosaic (M) region, Rp45 region LtlUlJ1L1rn~ij repeat ~ij 

At ~..... ..... d ~ .. I .... d A At ..,
m~El::3J U'lflnU"15~Iil:: 45 ~1 3J'Yl\l'VI3J~ 2 "15~ LLIil:: Rp10 region u1::nEllJ~1lJ repeat 'Yl3Jn1~El::3J U 10 ~1, , 
L1[J\lClhnuU1::mrn 26 "15~ 

1 

~l~lJLlJ~El\lflu STARP U1::nEllJ~1lJn1~El::3jtU"15il.~ asparagine 1EllJlil:: 25.2 LLIil:: threonine 1El[J 

.d :"1 "'t .J .J 1 ... "" .d. _1 .J :"1 At
Iil:: 19.3 'If\lLlJUn1~El::3J U'Yl~lJmn'Yl~~ Um1f.1El~1'V1~[JU STARP LUEl\l~ln~1UlJ1::nEllJ'YlLlJ'\.tn1~El::3J U, 
~\ln~11tll1'V1LU1~udij~lU1U"l.IEl\l N-Iinked glycosylation (Asn-X-SerlThr) site m3Jlru.~\l3Jlnn\l 38 ~Uli:: 

'II 

~ln~\I'VI3J~ ~1~lJ"l.IEl\ln1~El::3jtu~lnUlilllJ N-terminus ~::~~1U'1U1::~LLIil:: hydrophobic ~\I~1U~ijU1::~
, 1 

lJ1m~U 6) El rJU1WtXl LLIil::ij ~1U~ ij.ff1 LLIil::U1::~ El rJ~l3J'VI ~\I ~1U~1\1 6)~\I n~11m~LL~~\llJ'YllJl'YlLtlu signal
'II 1 'II 

sequence peptide LLIil::rJ\lij~1U~Ltlu hydrophobic iln~1UElrJ~UlilllJ C-terminus ~\lLtlU~1U'1U1::~LLIil:: 
'II 1 

::; , A d, d :' ..... I~ II=>I 

hydrophobic ~U6) 2 ~1U lJ1L1ru. Rp45 region LLIil:: Rp10 region ~::3J~1UL'VIIilEl3JlillnUEllJ 'If\llJ1L1rn Rp45
'II 

region tfU~1Wlh~\I ~El\l~::f.1 n1nMl~l1l~'l'El rJl\1 ~3JlJ1rnlU1::~lJn1~El::3jtULLIil::il.1~~tEl''Yl~ 1 U 'Yll\1~1\1nU 
'II 'II 

"JJ13J~1UClh (repeats) lu Rp10 region tfu~::ij~1l3J[Jl1LL~n~l\1nU iln~\lijm1LL'YlU~LLIil::"l.Il~'VI1[JElrJl\1ij 
~1~lJ"l.IEl\ln1~El::3jtU t~ [Jij 24 - 26 repeat mrll~::ijm1LL'YlU~'VI1Elm1"l.11~'VI1 [J'U"l.IEl\ln1~El::3jtulu repeats 

L'VI~ld LL~~1ul'V1tlllJ1L1rn Rp10 repeats tfufirJ\I~\lt~1\1~1l\1 ~-turn structure ~\lLtlu~1lJElnn\l"JJEl~ln~'Yll\1 
t ~1\1 ~1l\1mnnll~ Lt1ut~1 \I ~1l\1.ffU tJ;j3JI13j 

.. 'II 

8 




~l'V\~ln:: rJ::L3J Elft1'llEl rJ ~ (merozoite) "lJ El\l L;m.niinL1rJ L UU1::rJ::~~El\liiln ii113J L-ll1 ,iLnVlL~ ElVlLLVl\lhuj
, 	 'II 

~\l,ru~\lLilu1::rJ::~LiLlii11il\l'VIii\lLilu~,n::Lun1::LL~tiil~Vl LUil\lL1 iii1 ~U ') UL3J Elft1'llEl rJ~~\lLtJuLi]1'V13J1 rJ 

eJU~1flru1::rJ::'VIii\lLUm1tln1UnlU'VI1ElYi1ii11 rJ tVl mLElU~UEl~,nner~~Vl L;El (Miller & Hoffman 1998) tU1~U 
~ 'II 	 'II 

~~U3J1n~~VlUU~lL3JElft1'llElrJ~Lilu glycoprotein ~~1i'1'V1Unt3JLiilniil ~\lL1rJn11tU1~UUU~lL3JElft1'llEl rJ~ 
, 	 , 'II 

.. .J . 	 . .J t. 1 ...t.L :'1 .... 1 "' .. .. 	 "15UVl'Yl 1 (merozoite surface proteln-1, Msp-1) 'll\lU'YlU1'Yl"lJEl\l u1VlUU Um1LuUEl\lflu1::nElU"lJEl\l1f1'llU 

UEl\lnU3J1ii11L1rJL~~m1~m~nEl ci1\lnl1\l"lJl1\lLU Plasmodium falciparum ~\lL1rJn11 PfMsp-1 tVlrJ~1i'1'V1Un 
t3JLiilnmLVln~1\lLUm3J~1rJ~UTI"lJEl\lL;ElU1::3J1ru. 185 t1\l 200 kDa (Holder 1988) ~\lU[J\l~U11 PfMsp-1 ~ , 	 , 
fl113J'VIiil1n'VIiil1rJL U 1ULLUU"lJ El\lLLElU~ L,;)U~\l (antigenic polymorphism) LUU1::"151mL;El3J1ii11L1rJLU1i113J"151~ 

'II 	 'II 

(McBride et al 1985) Elci1\lL1nm3Jfl113J'VIiil1n'VIiil1rJ~\ln~11~~U!1U,;)1nflu~~~n~ru.::Lilu allelic 

dimorphism ,;)1nm11Lfl11::~~1~ULU~"lJEl\lflu PfMsp-1 Yi1Li'Yl11Utfl1\l~11\l~U!1U"lJ El\lflu ~\lU1::nElU~1rJ 
A ~cLICIII 	 I ~ 6" .k A .Ja 

U1L1ru.'Yl3Jfl113J'VIiil1n'VI ii11 rJ"lJ El\lLU~1::'VI11\l~1 rJ~U1i"lJ El\l L"15El ~\l (variable block) U1L1ru.'Yl3Jfl113J'VI ii11 rJ'VI iii1 rJ 
, 'II 

U1Uniil1\l (semi-conserved block) LLiiI::U1L1ru.~~fl113JfI~1rJfI~\l"lJEl\l~1LU~~\l (conserved block) tVlrJ 
'II 

variable block LLiiI:: semi-conserved block ~~1~ULU~~U!1UL~rJ\l 2 JULLUU (Tanabe et al 1987) rJnL1U 

block 2 ~\lU1::nElU~1rJ tripeptide repeats tVlrJ~~1~ULU~~U;i1U 3 1ULLUULUU1::"151m Plasmodium 
... 'II 

falciparum (Jongwutiwes et al 1992) m1LnVlfl113J'VIiil1n'VIfl1rJlu1uLLUU"lJEl\lLLElU~L,;)U"lJEl\l PfMsp-1
'II 

LrtEl\l,;)1nm1LLiilnLU~rJU~U1in113J (recombination) 1::'VI11\l PfMsp-1 ~~ allele ~1\lnU lU"lJru.::L;El3J1ii11L1rJ, 
~m1~u~uTILLuuliL~f'fLurJ\lnUU~El\l (Kerr et al 1993) ~\lUniilLn~\ln~11~13J11tlVl11,;)~ElUL<il,;)1nnl'~, , 
lLm1::~u1::"151n1"lJEl\l Plasmodium falciparum LU1i113J"151~tVlrJEl1~rJm11Lfl11::~Vl13J'VItnm1'Yl1\l 

~U1in113JU1::"151m (Conway et al 1999) Elci1\lhnVl13JeJm1m1LnVl recombination El1,;)LLVln~1\lnULUm3J, 
fliifl1f1"lJEl\l tiiln;Junufl113J"15n"lJEl\l hfILLiiI::tn~ru.::'Yl1\lfliif'f1~Vlf"lJEl\lL"lJ~U11n 11hfl (Anderson et al 2000)
'II , 'II :.J 


:'1 'i". 1 ....J ....¥ ~, 'II'" L . 1
PfMsp-1 LuULu1VlU'Yltln~11\l"lJUVl\lLLVl1::rJ:: L"15'llElUVl (schizont) U1u"lJEl\l precursor protein 
'II 	 'II 

'VIt\l,;)1n,rULrlm;m,;)1ru3J1n;Ju';)::~m1ciElrJtU1~U~\ln~111~~"lJU1VlL~niil\ltVlrJm::U1um1 2 ,TUVlElU tVlrJ 
~ 

.ffUVlElULL1n (primary processing) ';)::L'VI1U1~U~"lJU1Vl 83 kDa, 30 kDa, 38 kDa LLiiI:: 42 kDa ~'VI~U 

.ffUVlElU~~El\l (secondary processing) {UfilU"lJU1Vl 42 kDa ';)::tlnciElmilu 2 filU~El~"lJU1Vl 33 kDa ~\l,;)::
'II 

tlnUiilVlU~ElrJLum3Jn1::LL~1ii1~Vl LLiiI::"lJU1Vl 19 kDa ';)::tlml1L-ll1fiL'lliil~LnVlL~ElVlLLVl\lL'VI3J (Holder 1988; 
'II 	 'II 'II 

Blackman et a11993) ~1El3JnUL3JElft1'llElrJ~,;)UL,;)1qJLilu1::rJ::l\lLL'VI1U (ring stage) {ufi1U"lJEl\llU1~U~\l~ 
"lJUlVl 19 kDa UL1rJn11 PfMsp-119 U1::nElU~lrJ epidermal growth factor (EGF)-like domain 1i1U1U 2 

domains ~\l,;)1n-llEl~ii11u~El\luli~m1 (Blackman et al 1990) LLiiI::m1~n~1LUL~\l1::U1Vll'Ylm (Egan et al 

1996) ~Ul1 PfMsp-1 LUULU1'V13J1 rJ~ L'VI3J1::~3JlUn11LilUEl\ly)'u1::n ElU'VIii\l"lJ El\llfltnuu El\lnu Plasmodium 

falciparum 	LLiiI:: [J\l L UUEl\lflU1::nElU"lJ El\l DNA vaccine ~\lTht\l El cih::'VI11\lm1~~U1 LLiiI::U1::LiiU~ii1 El ci1\l 
'II 

,;)1\l~\lLuir';)';)UU (Kumar et al 2002) Elci1\lL1nm3JU1L1ru.~U ') "lJEl\l PfMsp-1 El1,;)~U'Ylu1'Yllum1L'V1rtrJ1lb, 
l~LnVlfliiT13Jnu~iiU1::~'YlTIfl1~L<il ~\l LL Ul'Yl1\lm1~n~1UEln,;)1n';)::L,nTI1Lm1::~u1L1 ru.~1\l ') "lJEl\llU1~U 

'II , 

L~El'VI1 protective T cell 'VI1El B cell epitopes LL~1 m11Lm1::'VI'1VlrJ~~3J~~UEl\ly)'fl113J1l11\l<il1u~U1in113J
'II , 

u1::"151m 'Yl1\l~1U~3J3JU1'YlrJ1LLfl::1::u1Vll'YlmYi1Li'Yl11ul1LLElU~UEl~~ElU1L1ru. block 2 "lJEl\l PfMsp-1 ~ 
'II 

fl113J~3J~WIT~ncrunUm3J1ru.m1m1,;)~UL;ElLun1::LL~1ii1~Vl,;)1n erihrJLUL"lJVlU11n I111f1LueJmn1~\l-llEl3JiiI 
'II :oJ 	 'II 
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flll3J~l3J1·H)1unTl[Juff"~"n~ll[J,,iiflll3JR3J~UrrnUflll3JLi3J"1i\t"lJthmtlU~Utl~ (Conway et al 1999) 

~1'V11U Msp-1 "lJtl" Plasmodium vivax (PvMsp-1) L~tl'hiiU'YlUl'YILtlUtl"~U'l::ntlU"lJtl"lfl~UL~ 
L"liuL~rnnu PfMsp-1 1~rJwuil~,,~L~1Um'l5.~lfl~u~iitl,,~u'l::ntlU"lJtl" PvMsp-1 d1~1)ij~lU'YllU~tlm'l

'II 

'" .¥ '1 !'I "" .¥ "" ,.,.01",.¥
~~L"lftlL~LU1)lrJmH (Collins et a11999; Yang et a11999) UtlmnnUrJ"~Ullt-1'Yl~~L"lftl Plasmodium vivax 

'II 

1U1i1'l3J"lfl~iim'l~fl" LLtlU~U tl~~ tl PvMsp-1 1~mu~l::tl cil" ri"U1L 1 rn ~ iiflll3J'VItnnmn rJ1 U 'l,J LLUU"lJ tl" 
'II 

A • ~cv I ......J~ 
LLElU~L,;)U~" (Mertens et al 1993; Levltus et al 1994; Soares et al 1999) Utln,;)lnUrJ"~Ullt-1'Yl3J

'II 'II 

LLtlU~UEl~~tlU1Llrn~ii"lJU1~ 42 kDa (PvMsp-1d'VI1tl 19 kDa 'Yll"~lU C-terminus "lJtl,,1u'l~U (PvMsp­

119) iim3J1rnnl'l~~L;tl1un'l::LL~1t1~~utlrJnil~~L3JiiLLtlU~Utl~~"n~ll (Ak et al 1998) 
'II 

L rttl",;)ln PvMsp-1 iiflll3J'VI tlln'VItllrJ 1 U 'lULLUU"lJtl"LLtlU~L,;)U~"L"liUL~mnu PfMsp-1 LL3Jil 
'II 'II 

m'l~mYl';)::iitlcitlcil",jln~3J1nnil tlcil"hfi~l3J,;)lnm'llLfI'll::~~lLU~"lJtl"~U PvMsp-1 ~Uiliiflll3J 
'II 

LL~n~l",;)ln PfMsp-1 i~L';)un~ll~tl flll3J'VItlln'VItllrJ1U~l~ULU~ii~Wii1U3J1,;)ln allele 3J1nnil 2 LLuu1u.. 
'VItllrJu1Llrn'Yi11'V11f1'l"~fl""lJtl,,tiu PvMsp-1 ii~mYrn::~L3JLtlu 'l::djrJU LLUULLt-Iui<ilL';)U (mosaic 

organization) tl cil"hfi<ill3J,;)lnm'llLfI'll::~~l~ULU~"lJtl"tiu PvMsp-1 40 ~ltl cil" ';)1 n'VI til [J1) ij1)1fI"lJ tl"hn 
'II 

~Uil~l3J1'lmLl.i"tiuLtlu 13 block (Putaporntip et al 2002) U'l::ntlU~l[J conserved block 7 LL~" LLtI:: 

variable block 6 LL~" l<i1[Ju1Llrn conserved block ~um'lLL'Ylu~"lJtl,,\bfl~LtlL'YlCil~'Y'h1in'l~tl::ijluLu~[Ju 
, .01.01 • 1... "'1 '" • I ... ~ .¥ .01 "" , , 1Ft... 'fl3J1nnllm'lLL'YlU'Yl'Yl'Yll 'VI n'l~ tl::3J UfI" L<il3J LtlnUtl [J (u'l::3J1 rn'ltl rJ tI:: 55) 'Yl"Um'lLL 'YlU'Yl<il"ntlll ~lU 'VI ill LuU... 

dimorphic substitution ~'VI1UU1Llrn block 13 ~"mtlUfltl3JU1Llrn~~'l"nUU1Llrn~U'l::ntlU~lrJ EGF-like, 
I .-::III cv .cI I I A '" I d .J 0 .... 

domain L"lfUL~mnU PfMsp-1 19 L'l[Jnll PvMsp-1 19 ~UllU'lLlrn<il"ntlll3Jflll3JfI"'Yl"lJtl"tll<i1ULU~~"3J1n 

l~rJ~um'lLL'Ylu~'l::'VIil" G nu A L~rJ"l3ilLL'VIU"L~[JTti11in'l~tl::ijluLu~rJu,;)ln lysine LtlU glutamic acid 

1ul3ilLL'VIu"n'l<iltl::ijlu~ 1709 "lJtl" Salvador I strain (Pasay et al 1995; Soares et al 1999; Putaporntip et 

al 2000; Putaporntip et al 2002) Lrltl~,;)1'lrnlU1Llrn variable block ..,t" 6 LL~"~"U'l::ntlU~l[J block 2, 4, 

6,8 LLtI:: 12 ,tu ~Uiliiflll3J'VItlln'VItll[J"lJtl"~l~ULU~~"3J1n L"liU block 2 ~3Jl'lmLl.i"Ltlu 3 U1LlrncitlrJ 
'II 

L~LLTi block 2a U'l::ntlU~l[J~l~ULU~~U~lU (basic type) 4 LLUU LLtI:: recombinant type 5 LLUU block 2b 


U'l::ntlU~lrJ~l~ULU~~L1-rJ"JlnuLtlU"1f~ (repeats) ~u..,t"'VI3J~ 19 LLUU LLtI:: block 2c U'l::ntlU~lrJ basic
, 
type 4 LLUU LLtI:: recombinant type 6 LLUU Ltlu~ulR"Ln<ililU1Llrn variable block 2 "lJtl" PfMsp-1 LtlU 

U1LlrnL~[Jl~ii repeats i<ilL,;)U LL~~1'V11U PvMsp-1 ~U repeats 1u block 2, 6 LLtI:: 10 ~",fU"lJtlUL"lJ<ilflll3J 
'VItlln'VItllrJ"lJtl" variable block 1u PvMsp-1 ~"~"3J1n (Putaporntip et al 1997; Putaporntip et al 2000; 

'II 

Putaporntip et al 2002) U1Llrn variable block "lJtl" PvMsp-1 ~"iiflll3JL'VI3J1::~3J~1'V11U1i~<iI<ill3J'VI1tl1i 

LL[Jnflll3JLL<iln~l"'l::'VIil" ~ rJ~Urr"lJtl" Plasmodium vivax ~~ , 
d .¥ fl • I '" "" ~, . .¥ ..

mWIn'M1UL uUm'lu'l::L3JU"lJ tlU L "lJ~flll3J'VI tlln'VI til [J"lJ tl" ~1 [J~Uli LULL<iI tI:: species "lJtl"L"lftl3J1t11 L'lrJ, 
~l3J"lflmL~U"lJtl"U'l::L 'YlY'lL 'Yl [J1~ rJ1mTI PCR ~,,1iflll3JL1LLtI::flll3J LL3Ju~11um1<i11l';)~"nl11TIm'l<il'll,;)

'II 

5u ') m'l<il'll';)dutln,;)ln,;)::~3Jl'lmLrJnL;tl3Jlt11L1[J..,t" 4 "1fU~~~u1U3J,*'M6LL~l [J"~13J1'lmL[Jn"lfU<iI"lJtl" 
3J1t11L1[J~ii~uihLU<iI,;)ln~""lfU<iI~~13Jl1mitll1f11U3JU'Mm~ ~l tlcil,,~li~n'MlL~,;)ln~ltlcil"1t1~<iI~~3J11U 

, 'II 

m'lml,;)lU';)urJ rn 3J1t11L1[JfI~Un 'VI1tl'VIUl[JfllUfl3J 1 'lfl~<iI~mt11<i1mL3JtI"'VI1tl<il13J~mU~rJ1Ult1~1" ') ~ , 

10 




tlcl1 Utllnl.1'lJ1L 1 ru~u~~n1!tl Lrttl-1~lnm11::'lJl~"lJ tl-13Jl~lL1£J1UU1::L 'YlYl1'1'1 £Jijfl113JLL~n~1-1nUm3Jrj~m~
'U 	 'U . 

~-1,fu~::'t11m1Ln'lJ11'lJ113J~ltl~1-1iJ~:: 2 flf-1 l~£J~::~hLitum1~~~tlnULUU1::£J::L1~1 3 11 L~tl1iRl2J11n 

1. ~n1!tl1::'lJl~1'Yl £J11::i'lJ13JL~n~"lJtl-1m1~~L;5tl2J1~1 L1£J1U~lh£J~l3J"1l'l £J LL~U"lJtl-1U1::L 'YlYl1'Yl£J"1l'it~ 
, 	 'U 

~ritlhfllU3JU1!tEJLL~::L;5tl3Jl~lL1£J"lJtl-1~-1~~'lJlU3JU1!t£J1u~lh[Jm3J"1l'l £JLL~U"lJ tl-1U1::L'YlYll~[J1TI PCR LL~:: 
, 	 , 'U 

Lm[JULYi [J'lJn'lJ ~~m1~11~ '1'11-1 «ru~lUl'Yl £J1~lnYJGf3J1~~ ~ 
.u 

2. U1::LiiuI111m1rn~'lJL;5tl2J1~lL1[J2J1nnl1 1 "1l'it~ 1~£J1TI PCR LL~::Lm[J'lJLYi[J'lJ~~m1~11~ 
~ln'VIU1[Jfl1'lJfl3Jhfl~~~m.bl~mL3J~-1 'VI~tl~lnRmU~£J1'lJl~~l3Jlitl-1~~l-1 ') 'lJ1L1ru"1l'lmL~uu1::L'YlYlL'Yl£J, 

.. .. 	 ...... .¥ '" .1'"
3. 	1 Lml::'VIfl113J'VI~ln'VI ~1 £J"lJ tl-1Rl[J~Uli"lJ tl-1 L"1l'tl3Jl~l L1[J~13J"1l'1 mL~U"lJ tl-1 u1::L 'YlYl L'Yl£J 

.. ...... .... 
, 

.¥ '" ...cl 1 .... '1 1. I ..,
4. 1Lml::'VIfI ru~ n1!tru::'Yll-1~Ulim13J"lJ tl-1L"1l'tl2J1~l L1[J"lJ tl-1 ~-1'YlVl'lJ U~ u1 [J Uu1::L'YlYl L'Yl £J 

" 	 'U 

5. ~n1!tlf1113J ~ULLU1'Yll-1~U lim13J"lJ tl-1U1::"1l'ln1"lJ tl-1 L;5tl2J1~l L1[J1ULL~~::1tl'lJiJm3J"1l'1£J LL~U"lJ tl-1, 
U1::L'YlYl 

A.:::tO A A,Q.I 

1il~1L""nT'n'ilti 

U~::2f1 n~G11 tlU1\! 

't11m1~3Ji1 tl cll-1L;5tl2J1~lL1[J~ln L"lJ~U11nnl1f1~13J"1l'1 mL~U1~ £Jfl1tl'lJflfl3J~U~~-1~tlLUii' (1), 	 ,~ 

111f1LWtitl (i-1Wr~mn'VI~mL3Jeitl-1RtlU'VI~m~[J-11'VI3j'VI~tli-1'V11~1n ~L~ £J-1) (2) 111f1 ~::lu~n (i-1'V11~m qj~ UlJ1 

'VI~tli-1'V11~1n~L~[J-1) (3) 111f1~::lUtltln (i-1'V11~iu'Yl'lJ1'V1~tli-1'V11~ln~L~ [J-1) (4) 111f11i (i-1'V11~, 
u1::~1'lJm,yufvI~tli-1'V11~1mtL~ £J-1) 1~[J1uLL~~::1I1i~ltlcll-1U1::2J1ru 600 ~1 tl cll-1~-1 lf11-1m1ULUU 

lf11-1m1~m\itl-1~-1,fu1ULL~~::iJ~::1i~ltlcll-1U1::2J1ru 200 ~lmh-1 
I .J 5i'.... • 

2fl\!llalmnU\;l1m.l1\! 

'Yhm1L nU~l tl cll-1 L~ tl~~lnU ~1 £JU1 'VI~tl~l n'VI ~ tl ~ L~ tl~~l~ LL"lJU~ln ~~ ij1-nLL~::R-1 ~£J~::~~L;5tl
'U 

2J1~lL1£J~L-n12J1-r'lJm1-rn1!tl ru YlUEJfl1'lJfl3J hfl~~~m.b1~ mL3J~-1 'VI~tl~13JRrllUVHJ1'lJl~ 1ui-1'V11~~~n1!tl 
'U , 

1~£J-rl1-1L1~1~Ln'lJ~ltlcll-1LLti-1LUU 2 flf-11U1tl'lJiJ 1~£JLn'lJ1tl'lJ~::U1::2J1ru 3 - 4 L~elU n1::'Yh~~~tlflU 3 iJ 

n1 ~(;1 ~Til \111 L~mna11~Erin n 1L~ '"ihf3JLa~ (;1 

m1't11LL~Uyhf3Jl~~~'lJl-1 (thin blood film) 
... , \l ...cl ... .1 ...I....d 

- 'VI£J~L~tl~~-1'lJULL~un1::~nR L~~'YlLL'VI-1LL~::R::tll~ 1 'VI£J~u1::2J1ru 3 1-11 'lJ1L1ruu~1£J~lU'VIU-1"lJtl-1 

LL~un1::~nR1~~ 

1... \l""".d ... 0 I 	 .cl \l ...cl• 

- "1l'''lJtl'lJm::~nR L~~tlmL~U'VIU-1LL~::'VI£J~L~tl~'Yl13J3Ju1::2J1ru 45 tl-1Yll L~tlU"lJtl'lJm::~nR L~~'1'1, 
't113J 3J tl ci mm1U'Yll-1U ~1 £J1~ £JL11 LL~::R~lLR3J tl L~ tl~~ ::mhUULL~UYJ Gf3J'lJl-1'lJULL~un1::~n ~-1111iLLi-1Rit'1'1 

, 'U 

- li.11U~3J1u absolute methanol fl1-1U1Yi ~-1111iLLi-1Rit'Yl, 

http:2fl\!llalmnU\;l1m.l1


- u1111[JElaJ~'"HJ~1~mHnJ~ Giemsa L"llaJ"llU~L~1rJaJlr 1 ml n1Jwn~::~ntJ PBS (pH 7.2) m1l1~1 
10 ml ~ft'aJl~L"ll1nuLL~1'V1rJ~~~\l1JULL~uvMaJ1~~~1Jun1::~nft'1~~~u'YllaJ1J1L1rn~~::[JElaJ~\llr 10 U1t; 

- ~1\1~ElEln~lmr1111::111 ~\ll~LL~\I LL~lLn1J11~11~'VI1L;ffEl~El111 
m1't'i1LL~UvMaJ1~~~'VIU1 (thick blood film) 

... , '/I .-..1 ... • I ' '/I .­

1... 
- 'VIrJ~L~El~~\l1JULL~un1::~nft' L~~rtLL'VI\lLL~::ft'::El1~ 1 'VIrJ~u1::3J1rn 5-6 ~I ~1\1n~1\1LL~Uft' L~~ 

'/1'-'" ,d ...... 'I'" ... !'I' !'I 
- "1I'aJaJ"lI El\ln1::~nft' L~~ ilmL~U'VIU\lLL~::'VIrJ~ L~ El~ LL~llUL'VIL~ El~ LuULL~m::~lrJEl ElmuUl\1n~aJ• 

L~U~1~u6n~1\1111::3J1rn 1 cm ~\lln~LLi\lft'il."r1 
\l 

- U13J1[JElaJ~lrJ~1~tJ~ft'aJ~~aJ6]f1L"llaJ,yU~L~1rJaJ111 ml n1Jft'11~::~1tJ PBS ~~Ti1 pH 7.2 m1l1~1 
10 ml ~ft'aJl~L"lllnULL~l'V1rJ~~~\l1JULL~UvMaJ1~~~1Jun1::~nft'1~~~u'YllaJ1J1L1rn~~::[JElaJ~\l111 0 mt; 

- ~1\1~ElEln~1m.h111::111 ~\lliLLi\l LL~lLn1J11~11~'VI1L.:lEl~El111 

- m1ml~'VI1L.:lElaJ1~1L1rJ~1nvMaJ1~~~"1I'il.~1J1\1LL~::"1I'il.~'VIU11~rJ't'i1m1~11~~1n 200 l\1n~El\l 
111 rJl~ objective lens fh~\I"lItJ1 rJ 100 L 'Yl1 ~1'V\'r1Jm11il.~urJ"1I'il.~"lI El\lL.:lEl3J1~1L1tJ~1nvMaJ1~~~"1I'il.~1J1\1 

IV cv t.oo .... ~.A "" I.J .. I ~.4 d A .A' d I 

El1~ rJ'VI ~nm1ft'\I Ln~1::rJ::LL~::~m~rn::"lIEl\l L"1I'El3J1~1L1rJ m1L u ~ rJULLu~\I"lI El\l LaJ~ L~ El~LL~\I"r1aJL"1I'El3J1~1L1rJEl rJ 
\l 

111 rJlu 11aJ~\I~n~rn::"lIEl\l hemozoin ~lum11il.~UrJ"1I'il.~"lIEl\l L;ffEl3J1~1 L1rJ~lnvMaJ1~~~"1I'il.~'VIU1 El1~rJ 
~n~rn::"lI El\lL;fiEl3J1~1L1mtJU'VIanl~m t; rJ1JL~ rJ\ln1JLn~ L~ El~"lI11 ~\l3Jnii"llmhn~lum1,)1 LL un"1l'il.~"lIEl\lL.:lEl 
1I1~1L1rJ aJ1nn';hVl~aJ1~~ ~"1I'il.~1J1\1 

..­
fll 'l1Pl '11;) 'H1 L1iu lIlal L~tI~1 tI~ii fll'lf1l\J u m~h~f1 til 


" 
- 't'i1m1ml~'VI1L.:lEl3J1~lL1rJ~lrJ1TI-m1"r11\1Elrn~11"r1tJ11~rJli small subunit ribosomal RNA gene 

\l 

1Um11LTl11::rhil.~"lI a\lL.:lEl3J1~l L1rJ~~1J1UTlULL~::~~1J1U~\I 1~ rJ ~.ffu~ au1um1't'i1~\ld 
m1ft'n~ DNA 

U1~lmh\lL~El~maJ1~1 200 ~I ~1~3J1't'i1n11ft'n~ DNA l~rJli QIAamp DNA mini kit ~\ld 
1. L~aJU~L~af ATL ~\l111 180 ~I ~ft'aJliL,y1nu u1111 spin down 

2. L~aJ proteinase K 20 ~I ~ft'aJliL,y1nul~rJli vortex LtJUL1~l 151U1t; u1111 spin down 

3. U1~lU~ft'aJ~\I'VIaJ~lu'VI~a~111 incubate ~arn'VI11ij 56°C dJUL1~l 5 -tl1aJ\I'VI1a "lllaJ~U L~ali 
• \l 

" .=. I I ~ 
LaJ~ L~ a~ LL~\Inn tJElrJ atJ1\1 ft'aJ1J1rn 

\l \l 

4. 'VI~\I~lmrUU1111 spin down LL~lL~aJU~L~af AL 200 ~I ~ft'aJliL"lllnu l~rJli vortex L1JUL1~l 
.. ... 

151m"r1 

5. u1111 incubate ~Elrn'VI11ij 70°C LtJUL1~1 10 U1t; ,,1.1111 spin down 
• \l 

6. L~aJ absolute ethanol 200 ~I ~\l111 LL~::~ft'3JliL,y1nu l~rJli vortex LtJUL1~l 151U1t; LL~lU1111 

spin down 

7. ~~~lU~ft'aJ~\I'VIaJ~1~~\l1111u QIAamp spin column ~acilu collection tube LL~lU1111iru~ 
\l \l 

Tll1aJL11 8,000 ,.a1J~aU1t;LtJUL1~1 1 U1t; ~aru'VI11ij~El\l
• \l 

8. U1 QIAamp spin column 1111~1U collection tube 1'VI3,j~ft'::El1~ 



- -

9. L~1Juvkv~af AW1 500 ~I LL~l\hi.tJiJlt~~ll1JL~l 8,000 1alJ~altlYi LUltL1G'11 1 ltlYi ~ 
a rn.'IMlij~a", 
~ 'II 

10. U,1 QIAamp spin column i.tJ1~1lt collection tube 1'V13-i~~:::al~ 

11. L~1Juvh~af AW2 500 ~I LL~1U,1i.tJiJlt~~111JL11 14,000 1alJ~altlYi LUltLlG'11 3 ltlYi ~ 
a rn.'VI 11 ij~a'" 
q 'II 

12. U,1 QIAamp spin column i.tJ1~1lt collection tube 1'V13-i~~:::al~ 

13. U,1i.tJiJlt~~111JL11 14,000 1alJ~altlYi LUltLlG'11 1 ltlYi ~arn.'VIl1ij~a", L~arhi~u~L~af~llt 
~ 'II 

~L'VI~ aaanlV;'VI1J~ 
14. U,1 QIAamp spin column i.tJ1~1lt'VI~a~"1.Iltl~ 1.5 ml ~~:::a1~ 
15. L~1JU~L~af AE ~",i.tJ 30 ~I i",rr",i.l~arn.'VIl1ijV;a", 1 ltlYi 

q 'II 

17. U,1i.tJiJlt~~111JL11 8,000 1alJ~altlYi LUltLlG'11 1 ltlYi ~arn.'VIl1ijV;a", 
~ 'II 

18. ~~LnlJ~1G'1:::~lEJ DNA ~i.~'l~arn.'VIl1ij -20°C L~a1iLUlt DNA template 1ltn11'Yh PCR ~ai.tJ 
'II q 'II 

n11L~1J1.fi1Jlrn. DNA 1lt'VIG'1a~'Yl~G'1a",t~EJtJ~mEJ1~nt6Jit~~L1JafL1~ (PCR) 

n11~1T;)~alJ'15it~"1.Ia"'L;!a1J1G'11L1mnnilacil'" DNA t~EJlfi PCR ~",1i primers ~3J~lilJLlJ~~ln 
~llt"1.la", SSU rRNA gene ~3J~ll1J,jlL~l:::~a Plasmodium falciparum, Plasmodium vivax, Plasmodium 

malariae, Plasmodium ovale LL~::: Plasmodium knowlesi (1tJ~ 1.1) t~EJn11'Yh nested PCR ~"'~lilJLlJ~ 
'II 

"1.Ia", primer LL~G'1:::"lI'it~LL~~'"1lt~111"'~ 1.1 

A 
_----' f'J 2000 bp 

B -800 bp 

~ P.j'alciparllm 

'---.......J.. Po.vivax 

- .. ­
-.. ..'---.......J.. - P.malaritl'e -500-600 bp 


,.. -
P.IJVlIle 

L...--.......J..L...-----'... P.knowlesi 

- -

"itlYi 1.1 (A) LL~ltl1ijLL~~'"t~1",~i'1"'"1.Ia", small subunit ribosomal RNA "1.Ia"'L:5a1J1G'11L1EJ lJ1Llrn.~"ml 
u 'II 

?i a conserved block lJ1Li rn.a-~h?i a variable block LLG'1:::lJ1L1 rn.G'11 EJ 'Yl LLEJ",?i a semiconserved block (8) 

~lLL'VIti"'"1.Ia", PCR primers ~1ilh'VI1lJLLEJn'15it~"1.Ia-lL;!a1J1G'11L1EJ 

http:lLL'VIti"'"1.Ia
http:t~1",~i'1"'"1.Ia
http:llt"1.la


(fl1'l1\J'n 
d 

1.1 Lm~"~1~1JL1J~"lJa" primers ~1,num1~n~1Ylf"d' 
primer nucleotide sequence (5' -> 3') parasite targeted annealing amplicon 
name temp ( ° C) length (bp) 

~rimer ~uan (outer ~rimers}
u 

UP18SF1 TGGTTGATCTTGCCAGTAG 
P18R1 CGAACGAGATCTTAACCTGCTA 

Plasmodium spp. 50 1700 

~rimers ~lu (inner ~rimers}
u 

P18F1 GTTGCAGTTAAAACGCTCGTAG 
PFR CATCTTTCGAGGTGACTTTTAGATTG 

Plasmodium falciparum 60 548 

P18F1 
PVR 

GTTGCAGTTAAAACGCTCGTAG 
TTTCTCTTCGGAGTTTATTCTTAGATTG 

Plasmodium vivax 60 549 

P18F1 
PMR 

GTTGCAGTTAAAACGCTCGTAG 
ATATGAGTGTTTCTTTTAGATAGCTTCC 

Plasmodium malariae 60 596 

P18F1 
POR 

GTTGCAGTTAAAACGCTCGTAG 
AAATTTCTTAGATTGCTTCCTTCA 

Plasmodium ovale 60 567 

P18F1 
PKR 

GTTGCAGTTAAAACGCTCGTAG 
CTTTTCTCTCCGGAGATTAGAACTC 

Plasmodium knowles; 60 578 

... 
1. PCR -iJu~auLL1n 

.yhm1L~3JlIhl1rn DNA "lJa" SSU rRNA gene "lJa"L.;ffam~1L1£..11~[Jli primer ~uan (UP18SF1
'II 

LL~:: P18R1) ~iiYl113J,j'LYn::nu Plasmodium 'Yln"1lU~ 1~[Jii.ffu~au~"d', 
'"1 DNA ~~n~L1LiJu DNA ~ULL1J1J (DNA template) a",hh::na1J~liLum1LnmJ~n1[J1 PCR 

yf"~3J~1U1fim~1~'YlTI 15 ~11.h::nmJ~1[J, 
DNA template 5 ~I 

forward primer (UPS18SF1) 0.2 ~M 

reverse primer (P18R 1) 0.2 ~M 

10X ExTaq Buffer 1.5 ~I 

dNTP mixture mh,,~:: 2.5 mM 

sterilized distilled water 7.03 ~I 

TaKaRa ExTaq DNA polymerase 0.3 uniU~1 

'"1 PCR reaction mixture L-n1LYlia"Yl1UYl3Jarn~fl~LL~::L1~1er~1um; (PCR thermal cycler) 
" 'II 

d. 1 ... :::. ..,.J' 
~"u1::na1J~1£..1"lJU~aU~"u 

lu.ffu~auLL1m)a".yhm1LL[Jn~1[J DNA (DNA denaturation) riau~arn~fl~ 94°C LiJUL1~' 
, 'II 

1 u,Yi LL~1L~3JU~n1[J1 PCR ~"U1::nau~1[J 
1. m1LWn~1£..1 DNA ~arn~fl~ 94°C LiJUL1~1 40 lu1Yi 

, 'II 

:::. .J .... .... ..J .. ° fl
2. "lJu~au'Yl primer "iIunu template DNA (primer-template annealing) 'Ylarn~fl3J 55 C LuUL1~1 

, 'II 

14 

.. ..

30 1U1'Yl 



3. m1~1l\1~ltJ DNA ,nn DNA ~\ULUU (primer extension) ~eHu.V\1lii 68°C LthUl~l 1 U1Yi 30 
1 'II 

A 

lU1Yl 
.. 

1~tJtll)mtJ1tf\l'V\:JJ~ri161hnwilUfl1U 35 1tlU LL~::.ffu~tlUm1~1l\1~tJ DNA ~:JJ\J1rnm~'\l1tlU 
~~'t1ltJ1itlnl.'V\llii 72°C LUULl~l 5 U1Yi 
q 1 'II 

m1ml,;)~~~~~ PCR l~tJ agarose gel electrophoresis 

1. L~1tJ:JJ agarose ~iiflll:JJL-llmrU1tltJ~:: 11~tJi\l agarose 1 n1:JJ ~::~ltJ1u TAE uvkWtlf 100 ml 

2. \bLtl~:JJ,;)UL~tl~ L"llrhLUl ') 1i agarose LUULdtlL~mnu k\l.yi'\lLltiLfiu~\ltl1::mrn 50 n\l 60°C 

\'bLtlLYl~\lUU gel chamber ~~~Ll LL~ll~ comb .yi'\lLl,;)ULLojJ\I~l 
3. L~:JJ TAE ~\lLtlUU'V\'~rlL,;)~Yl tl'Yh1J LrltlL';)mLojJ\I~l~LL~l L vitl"lfl tJ1i~\I comb tl tlnL~~ltJ;)U LL~:: 

LiJum1iJtl\lnuLaJ1i'V\~:JJ (well) 1uL,;)~LL~n fitltJ ') ~\I comb tltlnl~tJ~\ltl~ltJtf\l 2 il\1tltlnYl1tl:JJ ') nU1::1\1 

tlcil1iiim1an"l.l1~"lltl\lL,;)~LL~T\.bLtl1~lu electrophoresis chamber ~\lii TAE tlci1mn:JJlrn~'Yil:JJ'V\,rlL,;)~
'II 

4. \b PCR product 5 IJI ~~:JJnu loading dye 1 IJI1i1:JJlmtlLtl~~'V\tJtl~LL~~::~ltlcil\1~\l1u'V\~:JJ 
q 

L,;)~1~m1tJ\lfh~uLL~::,;)~uutinL1 

5. 1i IJHind III LL~:: marker VI L1JU DNA Utln"llm~ (marker) ~1'V\1U~~~~~ PCR 1tlULL1n 

LL~::1tlU~~tl\l LvitlLmtJuLYitJu"llUl~1~tJtl1:::JJlrn"lltl\l~~~~~ PCR tJ~~l electrophoresis chamber ~tl.ffl 
ElL~nlYl1~LilnULfl~tl\lrilLU~L'v-lV:h ~~1~ DNA ~\lL-lll'V\1.ffluln1iLL1\1Lfl~tlUL'v-l-Wl 80 volts Luun~l 30 .. 
U1Yl 

6. \bL';)~LtlrJtl:JJ~ltJ ethidium bromide flll:JJLi:JJ-llU 1 IJg ~tl IJI dJUn~l 15 U1Yi \bLtl~m1L1tl\l 
'II 

LL~\I"lltl\lLLrlU DNA IlltJ1~LL~\I tl~~11LlltlL~~,;)lmL'V\~\lfhLU~LL~\I (UV transilluminator) LL~::riltJlllYlLlLvitl 
q 

l~"llUl~"lltl\lLLtlU DNA ~tlLtll~tJm1LmtJuLYitJunu DNA 1Jtln"llUl~ 
~ .d 

2. PCR "l.IU~tlUYl~tl\l 

rilm1Lvl:JJ1nmrn DNA "l.Itl\l SSU rRNA gene "lltl\lL:fitlm~lL1tJ~L~rilm1tltlmLUU primer fi1u 
'II 

1 iiiflll:JJ-;ilL Yll::nu Plasmodium LL~~:: species ~\lLL~~\llUm1l\1~ 1 l~tJii.ffu~ tlU~\ld 
un~~~~~ PCR ,;)In PCR 1u.ffu~tlmL1nmrilnl1L~tl,;)l\1~ltJ~11~::~ltJ TE uvh'v-ltlf (10 M 

.,j .:'1 .., ." 1::' .d 1"Tris-HCI, pH 8.0 LL~:: EDTA, pH 8.0) LYltlLuU DNA ~mLUU ~1'V\1U PCR U"llU~tlUYl~tl\l ~tJ:JJ 

tl\l~tl1::n tlu~li1um1Ln~tll)mtJ1tf\l'V\:JJ~1Umm~1~YlTI 10 IJI tl1::n tlU~ltJ 
DNA template 2 IJI 

forward primer (P18F 1 ) 0.2 IJM 

reverse primer (species-specific primers) 0.2 IJM 

10X Ex Taq Buffer 1 IJI 

dNTP Mixture tlcil\1~:: 2.5 mM 

sterilized distilled water 6.02 IJI 

TaKaRa ExTaq DNA polymerase 0.25 unitlj../I 



ttl PCR reaction mixture L"JJ1Lfl~a~fl1ufl:JJarnVlIliJLL~::L1"ne1'i1t'U3T~ t'ilVl'h1~ DNA LL£JmnEJ 
" 'II 

(DNA denaturation) ria'UtJnmEJ1~arnVlIliJ 96°C Lil'UL1~l 1 'Ul-t1 LL~::,nmi\t~~arnVlIliJLL~::L1~l'i1l:JJ::oJ , 'II , 'II 

~ cv.¥
"1.1 'U'iI a'U'iI~ 'U . 

1. DNA LLVmnEJ ~arnVlIliJ 94°C LiJ'UL1~l 40 l'Ul-t1 
, 'II 

2. primer ,)unu template DNA ~arnVlIliJ 60°C Lil'UL1~l 301'U1Yi 
, 'II 

3. m1,d'1~~lEJ DNA ~arnVlIlii 68°C Lil'UL1~l 40 l'U1Yi t'ilEJtJnn1EJ1yt~VI:JJ'iI'Yll'Jhnw;l'U.fl1U 30 
, 'II ::oJ 

1au LL~::.ff'U'ila'Um1~fl~~lEJ DNA ~:JJu1rn1iarnVlIliJ 72°C LU'UL1~l 5 'U1Yi 
'II ' 'II 

,nmf'Uttl~~'iI~~ PCR ~''illwff'U'ila'U~ 2 'tJ'Yllm1'i11T;)~~'iI~~ PCR t'ilEJ agarose gel 

electrophoresis u'UYinIlTV'lrllEJ LL~::\b'lJ1Lfl1l::~"1J'Ul'i1"1.1a~LLtlU DNA ~'~~a'tJ 

1. Plasmodium falciparum 

1.1 Sporozoite threonine asparagine-rich protein gene 

~1V11Um1'i111~~au allele t'il EJ al~EJfl1l:JJVI ~lnVl ~l EJ"1.I a~ sporozoite threonine asparagine-rich 

protein (STARP) gene ,f'ULrta~~lmj~~UU"JJa:JJ~~1~uLU~1'U~'U~~n~11iiL'wEJ~ 2 ~1aEh~ ~a~lEJ~'UTI 3D7 
.. 1.1 .... .. 

LL~:: T9/96 ~~iJ~'1l~1:JJ11tl1iLil'U~1LLl'l'U.1'Un11Uan"1.l au L"1J'ilfl1l:JJVI~lnVl~lEJ1'U~'U~~n~11'~ ~~,ru1'U 
m1~m~n1'UtJ~ 1 ~~'Yllm1L~:JJm:JJ1rn DNA LL~::Vll~l~ULU~ t'ilEJ'il1~~ln~~~~'iI PCR ~ln~'U~~n~11 
t'ilEJ1i primer PFSTARPFO: 5'-CATAAGMAATCTTTATACCACCAG-3' LL~:: PFSTARPRO: 5'­

TTAGTACATAAAAACTACATATAG-3' ~~~~~~'iI~'~iifl1l:JJEJ11tJ1:::JJ1rn 2 nt~Lu~ 1'Um1V1l~1~uLu~,f'U 
~::'Yllm1'i111~ ~aut'il EJ1i primers ~Vl1Uyt~ sense LL~:: antisense strands 1 un1ru~~um1LL'Yl'U~1'U 

~lLLVlti~L~EJ1~ln~1mh~L~EJ1 ~::'Yllm1'i111~~aUfl1l:JJtln~a~t'ilEJm1L~:JJm:JJ1rn DNA 1V1llt'ilEJ1i 
'II , 

genomic DNA L~:JJ ~1V11utfl1~~fl~"1Ja~~'U STARP LL~'iI~1'U1tJ-t11.2 
'II 

PFSTARPFO -7 ~ PFSTARPRO 

"iuri 1.2 LL~'iI~tfl1~rll~"1Ja~~'U sporozoite threonine asparagine-rich protein "1Ja~ Plasmodium.. 
o I A &If ... J" da 0 A 

falciparum LL~'iI~'iI1LLVI'U~"1Ja~ PCR primers U1L1rn conserved 5' LL~:: 3' "1.Ia~EJULL~'iI~'il1EJ~'U'Yl~'iI1U1L1rn 

M region ~avr'U~~L'YllU1L1rn~~fl~n1'i1a::iJt'U 45 ~1L1EJ~~ln'ULilw1f'ilLL~::u1L1rn~rll~n1'i1a::iJt'U 10 ~1, 
L1EJ~~ln'ULUW1f'ilLL~'iI~~1EJ~m~rn:: diagonal brick LL~:: upward-downward diagonals. , 

1.2 Merozoite surface protein 1 gene 

m1'i111~~aU allele 1'U block 2 "1.Ia~~'U merozoite surface protein 1 "1.Ia~ Plasmodium falciparum 

Vl1a PfMsp-1 t'ilEJnl1L~:JJm:JJlrn DNA 1'Uu1L1rn~~n~11t'ilEJ1TI PCR ~~fl1aufl~:JJfl1l:JJEJ11tJ1:::JJ1rn 300­, 



600 LU~ ;t~nU~lrJ~~~e:h'l ~l'V\~U primer li1.~~1~~WH)UmUJ~1~ 3' "lHh'l block 1 t~WiJ~l~ULU~~\lU 
q. q 

FP1B2FO: 5'-CTAGAAGCTTTAGAAGATGC-3' 1~~1W1JEJ\I reverse primer ~~i~1~ULU~,;)ln~1~ 5' "lJEJ\I 

block 31~wiJ~1~uLU~~EJ FP1B2RO: 5'-CCATCAATTAAATATTTGAAACC-3' fl113JrJ11~HH.J~~ PCR ~~~ 
';):::iJfl113JLL~n~l\1n~;t~nu ~1 rJ~~fn EJ\I L~EJ miillL~rJ lm\l ~fl\1"lJEJ\lE~LLiil:::~l LL'VIU\I"lJEJ\I PCR primers LL~~\I 
lwnl~ 1.3 

'IJ 

1 2 3 45 6 78 9 1011 1213 1415 16 17 

I_I ~ ~ ~I~ ~ • 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

FP1B2FO 7 ~ FP1B2RO 

JtI~ 1.3. LL~~\ItWi\l~fl\1"lJEJ\lE'\.l, merozoite surface protein 1 "lJEJ\I Plasmodium falciparum LL~~\I~lLL'VIU\I 
"lJEJ\I PCR primers 

2. Plasmodium vivax 

2.2 Merozoite surface protein 1 gene 

tm\l~fl\1"lJEJ\lE'\.l,~l'V1~U merozoite surface protein 1 "lJEJ\I Plasmodium vivax 'VI~EJ PvMsp-1 iJ 

fl113JrJ11U"i:::mru. 5 Aliil LU~ U"i:::n EJU~1 rJU~L1 ru.~iJfl113J'VI iilln'VIiillrJ"lJ EJ\I~l~ULum:::w:ll\1~lrJ~WIT~\I 
q'IJ 

(variable block) LLiil:::U~L1ru.~iJfl113Jfl\l~"i:::Wjl\1~1 rJ~mI~\I (conserved block) t~ rJ ~m"imLu\l~~LiI'\.l, 13 
q'IJ 

A A d .1 '" blocks L~EJ\I,;)lnU"iL1ru. block 6 "lJEJ\I PvMsp-1 'U\lfl"iEJUfliil3Jfl113JrJ11u"i::mru. 300-500 LU~3Jfl113J 
q 

'VIiilln'VIiillrJl'\.l,~l~ULU~~~\lmnn-hu~L1ru.~'\.l, ') ~\I;t'\.l,nu~rJ~'\.l,rr"JJEl\lL~EJ LLiil:::U~L1ru. 5' LLfl:: 3' "lJEJ\I block 
'IJ q 

~\ln~11£T\I~m"ifl~lLmn~~LiI'\.l, 2 ~1'\.l,[jEJrJ ~\I,r'\.l,U~L1ru.~\ln~11~\liJfl113JL'VIm::~3J1'\.l,m"iliLiI'\.l,~1G1~m3J 
~1'V1~Um"i~"i1,;)~EJU allele t~rJlmTI PCR ~\I~~~n~11~uLL~1"lTl\1~~ ~1'V11U PCR primer Ti~EJn ~EJ PVF: 

'IJ 

5'-CCAGTGTTCGTACATCTTT AAACC-3' LLiil::: VCR: 5'-AATTGCACGTGGCGCCGCTGCACTTGCTGC­

3' ~1~ PCR primer Til'\.l, iJ 4 primers ~~LLTi 
'IJ 

(1) B9F: 5'-CCAAGCCGGCAGCGTCAGCGCCAGTGACCA-3' 

(2) B9RS: 5'-TGCTGGTGTGGCTGATAC-3' 

(3) S9FS: 5'-AGATATAGTGGCAAAGGGACAA-3' 

(4) S9RS:: 5'-TTGTTGAACTTGTGCTGCTTG-3' 


"ilrJiil::L~rJ~L~rJ1nu~hLL'VIti.\I"lJEJ\I primers LL~~\ll'\.l,"iU~ 1.4 

. 'IJ 

17 




12 3 4 5 6 7 8 9 10 II 12 13 14 15 

, , , , ,,, ,, ,, , 

PVF7 ~VCR 

B9F7 ~B9RS 

S9FS7 ~S9RS 

"itl~ 1.4 LL~~\llm\l~i'1\1"llfl\l~U merozoite surface protein 1 "llfl\l Plasmodium vivax LL~::~1LLVlti\l"llfl\l 
" 
primers ~1,nUn11~11~~fl1J1tlmJ1J"llfl\l~u1u block 6 

'II 

3. Plasmodium malariae LL~:: Plasmodium ovale 
d ... .J...... AI.t A A 

LUfl\l~1n"llfl3J~ Lmnn1JTl113JVI~1nVl ~1t1"llfl\ltlUm\l ') "llfl\lL"nfl3J1~1L1t1"nU~ Plasmodium malariae 
'II " • 

LL~:: Plasmodium ovale rJ\lLlJnn11;lnH1flci1\1nl1\1"ll11\1~\luu~\I\hHj genetic marker fiLVI3J1::~UJ flci1\1hf) 
A '-0'" a 0 .., A A a 

m3Jn111Lm1::VI~1~1JL1J~"llfl\ltlU~1V111J small subunit ribosomal RNA Vl1fl SSU rRNA gene ~\l3J 

tl1::lt1"nmUn11~1LLUnTl113JLL~n~1\11::V\'j1\1~1t1~U'IT~1\1 ') a-1V111JlTl1\1~i'1\1"llfl\l~U~\ln~111UL;%fl3J1~1L1t1, 
~1\1"nit~nu~::n KnHru.::~ Tl ~1 tlnui\l LL~~\11U1tl~ 1.5 

'II 

Forward7 ~Reverse 

"itl~ 1.5 LL~~\llm\l~i'1\1"llfl\l~U small subunit ribosomal RNA "llfl\l Plasmodium spp LL~::~1LLVlti\l"llfl\l 
" .J1~ ';'.I'! ..primers'Yl "nmn11LYl3J1J13J1ru."llfl\ltlU 

4. Plasmodium knowlesi 

a-1V111J,]fl3J ~'Yl1\1~Ulm113J"ll fl\lL;%fl3J1~1L1 tI~\I~ ~13J11mi fll1TlL~UTlUttUrJ\I n fl ci fl ci1\1~1rl~L"liUrlU 
" 'II , 'II 

i\luu1uri1Ufl\lL~tl1n1JL;%fl3J1~1L1t1"nit~ Plasmodium malariae LL~:: Plasmodium ovale n111Lm1::~~1~1J 
L1J~"llfl\l~U SSU rRNA gene LL~:: mitochondrial DNA LUGf1U"llfl\l cytochrome b ~\ln1.h::1t1"nu1Un11~1LLUn 

..,.- ..f ..... ..f., 
~ tlYlUll"ll fl\l L"nfl~\lmn1L1J fl\l ~U, 

lR 



1. U"i::'1fln'iGl1mh\l 

l~.yhm1LfhnllJ11lJ~leJrh"L~eJ~,;)ln~ll.~lhln!Jt1~1I1~lL1rJlll.,r"'VI1~~~rJ~11m1~~L~eJ~"mlJ
'II 

"ll'lmL~ll.t~rJ~1eJlJ~~lJ~ll.~lllm'VIUeJ 730 ~lmh" Ill~~::lll.~n 514 ~lmh" Ill~~::lll.eJeJn 178 ~lm.h", 
LL~::lll~1~ 437 ~lmh" 11lJ,}1ll.1ll.rt" ~ll. 1,859 ~1 eJ til" 

2. rHml"iGl"i1"'VI1L~m,J1alL~tI"lnmh\Yl~3Jtai1fR 
~~m1~11,;)'VI1L~eJ 111 ~l L1rJ1ll.~1 eJ til" L~ eJ~~LnlJ,;)ln ~th rJ ~1 rJn ~eJ,,';)~'Yl~t!,;)lnm1.yh LL~ll.~GflJ 

'II , 

h~~"ll'U.~'VIll.1LL~::lJl" LL~:: £JeJlJ~GflJL~eJ~~l rJ~ Giemsa L~m'hm11U.';)umLrJn"ll'u.~~ eJ" L~eJlll.LL~~::~lmh" 
, 

LL~~"~~~"m1l"i11.2 

Tnfl 

• ~ 
"ltl.ltl.'Y1;)'VI3J~ 

(1El r.JCl::) 

.f ~ 
VHJL'lHl'Y1;)'VI3J1il 

(1El r.JCl::) 

'hi'WlJL:fta 
~ 

Yl-J 'VI 3JIil 

(1Elr.JCl::) 
P. f P. v P.rn P. f+ P. v 

730 

(39.3) 

445 

(61 .0) 

145 

(32.6) 

293 

(65.8) 

o 
(0.0) 

7 

(1 .6) 

285 

(39.0) 

514 

(27.6) 

118 

(23.0) 

63 

(53.4 ) 

54 

(45.8) 

1 

(0.8) 

o 
(0.0) 

396 

(77.0) 

178 

(9.6) 

109 

(61 .2) 

32 

(29.4) 

77 

(70.6) 

o 
(0.0) 

o 
(0.0) 

69 

(38.8) 

437 

(23.5) 

236 

(54.0) 

51 

(21.6) 

184 

(78.0) 

1 

(0.4) 

o 

(0.0) 

201 

(46.0) 

"i13J 1,859 

(100.0) 

908 

(48.8) 

291 

(32.0) 

608 

(67.0) 

2 

(0.2) 

7 

(0.8) 

951 

(51.2) 

'VI1I1m'VI~ P. f= Plasmodium falciparum, P. v = Plasmodium vivax, P. m = Plasmodium malariae , 

..l .J' ... ,. .... , ..l • ::; .. .J' 
mn,,'Yl 1.2 LLa'~" ~~nl1~11,;)'VI1L"ll'eJlJl~lL1rJ~lJll,;)1ll.1ll.~1 eJ rJl"'Ylll.llJl ~11,;)'Yl"'VIlJ~~lJm1~~L"ll'eJ 

d A. .fl 1&00' 'I () J"..... .:::l oR .ell AI A.d" A A 

1I1~1L1rJ 908 1lrJ~~LlJll.1EW~:: 48.8 Lll.,;)1ll.1ll.ll.~lJ~leJm"'YllJnl1~~L"ll'El1l1~lL1rJ"ll'll.~L~rJl 901 1lrJ ~~ 

LiJll.1eJrJ~:: 99.2 LL~::~lJnl1~~L~eJillJnll.1::'V\';h" Plasmodium falciparum LL~:: Plasmodium vivax LYirJ" 7 

1lrJ lll.lllm'VIuEl ~~LiJll.1ElrJ~:: 0.8 LL~::~lJll~~~1ll.~El"m1~lJL.:ffEl Plasmodium vivax ~"nll 
'II 

Plasmodium falciparum lll.'Ylnlll~t~mu~m 'YhnlJ 2 L'YhrJmill.lll.l1l~~::lll.~n ~leJtil"L.:ffEllJl~lL1rJ"ll'U.~, 
Plasmodium falciparum, Plasmodium vivax LL~:: Plasmodium malariae lll.~ihrJ~~lJ,;)ln~GflJt~~~'VIll.l 

'II 

LL~::lJl" LL~~"~"11.J~ 1.6 - 1.10 
'II 

lQ 

http:eJ,,';)~'Yl~t!,;)lnm1.yh


~ ~ ~ ,
JtI't11.6 LL~~\I~m!l-ru.:;"lJel\lL'H) Plasmodium falciparum 1::rJ::1\1LL'V\1ULL~::1::rJ:: female gametocyte li'r'-lu 

,:nmL~uYMlJt~~~Ul\1 

)0 



" 


luff 1.9 LL~~\I~m!trn"l.lEh1L;te:J Plasmodium vivax 1::r.J:: growing trophozoite ~'WU~1mL~tl.lAJGf3J'VItl.1 

'..r .lufi 1.10 LL~~\I~m!trn::"l.Ie:Jwne:J Plasmodium malariae 1::r.J:: growing trophozoite l1'WU~1mL~tl.lAJGf3JU1\1 

0.­

3. eHm1"G1"1~'H1L~mJ1n1L~tlr(;HJ1fi peR 

~~m1~11~ DNA "l.Ie:J\I~1e:Jci1\1L~e:J~~LnuLiI:~r.Jm1iLfl11::~~1r.JiTI PCR L~e:JiU~ur.J-nU~"l.Ie:J\lL;te:J 
m~1L1r.J1~r.Jli primers ~ij~1~uLu~~1n~1t1."l.Ie:J\I SSU rRNA gene ~~1L'W1::nu Plasmodium Yln-nU~lt1. 

~ 

m1yh peR 1e:JULL1n ~1r.J primer ~tl.e:Jn ~1mftl.\t1~~~~~ peR ~L~mrh PCR 1e:Ju~~e:J\l1~r.Jli primer ~ 
~ ~ 

lt1.~ijm13J~1L'W1::nuL;te:J3J1~1L1mL~~::-nU~ ~1~ULU~e:J\I primers ~li~\I'V\3J~' LL~~\I~\lm11\1~ 1.1 

L~m/hm1~11~~e:JULLr1U DNA "l.Ie:J\I~~~~~ peR ~1n1e:JU~~e:J\I~L~~'W agarose gel 
.... d L; A ,J", "".... A .¥ &II d.

electrophoresis 1~r.Jl~LYltJunU"l.Itl.1~"l.Ie:J\I~~~~~YI L~nu DNA m~1~1t1. mm1mLtJn-ntl.~"l.Ie:J\lL-ne:Jm~1L1tJYI 

'WulmrthtJ LL~~\I~~i\lm11\1~ 1.3 
~ 

?1 



111fl 

~lU1U 
to 

'Yl.JVl3Jil 

(70£Jfl::) 

.¥ 
YitlL'lHl 
to 

'Yl.JVl3Jil 

(70£1 

~::) 

-;il,"l,"II1"Hlcil.J~~UL~eJ:IJ1~lL~[Jt~[Jlli peR (fmJ~::) LliYitl 
.¥ 

L'I!O 

(70 £I fl::)P.f P. v P.rn P. o P.k 
P.f+ 

P. v 

P.f+ 

P. rn 

P.v+ 

P.rn 

P.v+ 

P.o 

P.rn+ 

P.o 

P. f+ 

P. V 

+P. rn 

muo 
730 

(39.3) 

496 

(67.9) 

153 

(30.8) 

267 

(53.8) 

1 

(0.2) 

2 

(0.4) 

0 

(0.0) 

71 

(14.3) 

0 

(0.0) 

0 

(0 .0) 

1 

(0.2) 

0 

(0.0) 

1 

(0.2) 

234 

(32.1) 

~::lu~n 
514 

(27.6) 

150 

(29.2) 

63 

(42.0) 

49 

(32.7) 

1 

(0.7) 

0 

(0.0) 

0 

(0.0) 

32 

(21.3) 

2 

(1.3) 

2 

(1 .3) 

0 

(0.0) 

1 

(0.7) 

0 

(0.0) 

364 

(70.8) 

~::luoon 
178 

(9.6) 

115 

(64.6) 

41 

(35.7) 

67 

(58.3) 

0 

(0.0) 

0 

(0.0) 

0 

(0.0) 

7 

(6.1 ) 

0 

(0.0) 

0 

(0.0) 

0 

(0.0) 

0 

(0.0) 

0 

(0.0) 

63 

(35.4) 

LGi' 
437 

(23.5) 

262 

(50.0) 

70 

(26.7) 

185 

(70.6) 

0 

(0.0) 

0 

(0.0) 

1 

(0.4) 

6 

(2.3) 

0 

(0.0) 

0 

(0 .0) 

0 

(0.0) 

0 

(0.0) 

0 

(0.0) 

175 

(40.0) 

"l13J 
1,859 

(100.0) 

1023 

(55.0) 

327 

(32.0) 

568 

(55.5) 

2 

(0.2) 

2 

(0.2) 

1 

(0.1) 

116 

(11.3) 

2 

(0.2) 

2 

(0.2) 

1 

(0.1) 

1 

(0.1) 

1 

(0.1) 

836 

(45.0) 

'VI:IJ1tJL'VI~ P. f =Plasmodium falciparum, P. v =Plasmodium vivax, P. m =Plasmodium malariae, P. 0 =Plasmodium 

ovale LL~:: P. k = Plasmodium knowlesi . 

• 
-;)ln~lTn"~ 1.3 Y41Jn11~~L~a3J1~lL~tl1u~lmh"~"V\3JGl 1 ,023 ~laci1" -;)lmhu1U~"V\3J~ 1 ,859 

~laci1" ~~dJufatl~:: 55.5 Y41Jil3:i~1J1t1~~~L;fiam~1~tI"1fUGlL~tl1~lU1U~"~ 900 11t1 A~Lilufatl~:: 
'IJ 

88.0 ~".nm1~~L;fia Plasmodium falciparum "1fU~L~tI1Y41J1u~1J1t1 327 11mL~:: Plasmodium vivax "1fU~ 
'IJ 

L~tI1Y41J1u~1J1t1 568 11t1 thW¥1Jm1~~L;fia 2 "1fU~3:i 122 11t1 LL~::rr"Y41Jn11~GlL;fia113,JflU 3 "1fUGl1U~1J1t1 
'IJ 'IJ 

" .::II A ~ I A <Do :=1 .., ..J" ~ I A ~ &:II

111t1LUll1flL'VIUa m1~~L"1famnn11 1 "1fU~fl~LuU1atl~:: 12.0 "lJa" uan-;)lnU-;)::L'VIU11m1~~L"1fam~lL1t1 

mnni1 1 "1fU~Y41JLillull1flL'VIii.mL~::~::lu~m.nnni1111flGl::luaamL~::1l1T11~ 
o IV A .~ .a.J~ A ..¥ . . 0 .., 

~1'V111J"1fU~"lJa"L"1fam~lL1t1'Yl'Yl"'VI3J~Y41Jn11Gl~L"1fa PlasmodIUm falclparum -;)lU1U 446 11t1 (1atl 

~:: 38.9) Plasmodium vivax ~lU1U 688 11t1 (fatl~:: 60.0) Plasmodium malariae ~lU1U 8 11t1 (fatl~:: 

0.7) Plasmodiumovale~lu1u 411t1 (fatl~:: 0.4) LL~:: Plasmodiumknowlesi~lU1U 111t1 (fatl~:: 0.1) 

~".nY41JL;fimJ1~lL~tI Plasmodium vivax mnni1 Plasmodium falciparum 1Wt'lnll1T1 tlmlUll1T1~::lu~nY41J, 
Plasmodium falciparum mnni1 Plasmodium vivax L~mratl ~"LL~~,,1U1tl~ 1.11 

'IJ 

22 




80.0 
71 .8 

70.0 

58.3
60.0 53.8 

40.0 

30.0 

20.0 

10.0 
0 .00.0 2 .0 

o P. fa/ciparum
50.0 

o P. vivax42.0 

o P . ma/ariae 

o P . ova/e 

r;j Mixed Infection 

')uri 1.11 LL~UflijLL~~~fEl [J~::"lJEl~ L:%m.n~lLl[J~~1Jlu.LL~~::flijfllTl~lnm1~11~~'w1TI peR ~lL~"lJfhn1J 
~ ~ ~ 

~lU1Jutl~f1JLL~~::LL'Yl~n1lvJLL~~~fEl [J ~::~~1J 

o ......... I .J" ~ A 


~~11J~~~lU"lJEl~m1~11~~1JL"1!m.n~lL1[J"1!U~ Plasmodium falciparum LL~:: Plasmodium vivax 

~1JlllutJ Tl.~. 2005 L:%m.n~lLl[J Plasmodium vivax ihnnnll Plasmodium falciparum 1.47 L'YlllutJi1~ 
m13J~1JLLU11u~m1L~[JULLu~~i~n~l11~[J~1Jll Plasmodium vivax 3Jmnnll 1.48 L'Yll tlwr1JLLU11u~ 
lutJ Tl.~. 2007 ~1Jll Plasmodium vivax 3Jmnnll Plasmodium falciparum 1.39 L'Yll mh~11iim~ 

LLU11u~~~n~l113JiiTlll~LL~n~l~mh~3Jum~l~ru~~El~ 3 tJ~Lii1J111J11~~lElcil~lum1~m~nd uEln~lnd... 
• £Tw~1Jllm1~~L:%Elm~lLl[Jmnnll 1 "1!UmtULL~ll~::iiEl1J1im1nrLL~n~l~num~flijfllTlLL~1 LL~1~ml~lu. ~ 

LL~~::tJ~1JllfEl[J~::"lJEl~~lUlU~lEl cil~~3Jm1~~L:%Elmnnll 1 "1!U~3J~h13J LL~n~l~nu,y~L~ulULL~~::tJ~ 
d '" ~I • I ... d"'::' ~ '1\.... ..t.. 1 . I '1\" 
~nBlTlElu~::u1::mru1El[J~:: 11 t1~ 13 ~~UU~::L~U L~llm1m::'iJl[J"lJEh1L"1!Elm~lL1[J Uu1::L'Yl~ L'Yl[J~ 

Lm11u~Tl~~lu~~l[Jij~luLL~~::tJ~~nBl 

4. rH~ n1,)1 Lfl ,)1::-Hfl113,J'VI ~1 n'VI ~1 tI't11\l11,",Bn,),)3,JiI thHii't1 Plasmodium falciparum, 
4.1 ~~m11LTln::~Tlll~~~ln~~l[J"lJEl~~U STARP "lJEl~L:%El Plasmodium falciparum 

nl1L~~mmru~hBuLEl"lJEl~~U STARP 1~[JEll~[Jullm[Jl~n1'1i1'W~L~ElfL1~ ~lnm11i' primer ~El 
.-:l d A ttA 0 .... I 0 

STARPFO LL~:: STARPRO sn~Tl1El1JTl~mm STARP ~lnm11LTl1l::~~~~~~ peR ~lU1U 300 ~la[Jl~ 'Yll, 
m11Lml::lf~~~~~ peR ~1[J1TI agarose gel electrophoresis 1~[Jli agarose gel Tlll~L-nll-nufEl[J~:: 1 

LL~::Lm[J1JL.yj[J1Jn1J~iLBuLElm~1;jlu1Jan"lJul~~a A/Hind III ~1Jll~~~~~~lhUllLTln::lfii"lJul~u1::mru... 
2,000 bp ~~LL~~~lu1u~ 1.12 ~~LiJU"lJUl~~Elcilwrll~~~El~m1~nBl LL~::~lacil~a-1ul~ru~1Jvf"LLt11J~hBU 

~ ~ ... 
Lm-n~~m1t1i~Ln~1~El cil~,y~L~ULL~::3J1Jl~~lacil~~'W1J LLt11J~ LBULEl'iJl~ vf~dal'iJ~::L~ [Jl"JJa~n1Jm~l ru 

"lJa~~LBULa1U~la rh~~l-nlum1~nBl LrtEl~~ln1Jl~~la cil~ii~LBuLaa ciua mflU1uLL~::Lii1J11LiJuLl~lUlU 
~ 

Lnmi.lml-nlum1'Yl~~a~~~1~LLt11J~LBuLa~~l~nll~lacil~~u ') LL~a cil~11iim~'iJlnm1L~~mmru~L5uLa 
"lJa~~u STARP 1~[Jtlll'1[Jullm[Jl~n1'1i1~~L~afL1~ 13J'W1JLLt11J~L5uLa~lnnll 1 LLt11Jlu~lmh~L~[Jlnu 



-+ -2kb 

AId. .... I A 6' A d 
'llJ'Yl1.12 LL~~h'~1mn-1~~nl'nLTl11::Vi~·Hil~~~ PCR ,nn£JU sporozoite threonine-asparagine-rich protein 
u . 

"lJe:J-1 Plasmodium falciparum ~1tJ1TI agarose gel electrophoresis t.1tJ-1~l3JVi3J1tJL~"lI 1, 2, 3, 4, 5 LL~:: 6 

~1ern~1 M ~e:J~h5uLe:JUEtn"llUl~ (marker) t~tJ1i A/Hind 

L~m'hm11LTl11::~~1~ULU~e:J-1UU STARP t~tJ~3JL~e:Jn~1e:J£.h-1L~m'hm11LTln::~~lu1U 124 
~ 

~1e:J ril-1'WU11iiTl113JVi ~1nVi~ltJ1w;hu1UU1T1~ttl1'Yl~~LtJUtl-1~lh::ne:JU"lI e:J-1 UULL~n~h-1num3J~1 e:J ril-1~ 
'" t "" .J d A 1'" A ""t ~.. 0~n~l ~tJ3J"lIU1~ 1847,1877, 1982 LL~:: 2024 LU~ '1l-1L3Je:J'W,;)11ntl U1::~Ul\,1T1~ tlL'Yl~'WU11~3J11f1 

~lLLun1~LtJu 20 haplotypes 

tf-1dL~tl1im1ell-1B-1 LtJU1tl'tu~~'Yll-1 L~ tJ1nu~hLmti-1"l1 e:J-1U1T1~te:J1'Yl~1uuu STARP ';)::fl~Vi&rn,;)ln 
~1~UU1T1~ttl1'Yl~"lIe:J-1~ltJ~uf T9/96 ,;)lnnl11LTl11::~~1tlril-1tf-1Vi3J~'WU11'tU~1U"lle:J-1 exon 1 ~-1 

~ .,1 

tl1::ntlU~1tJU1T1~te:J1'Yl~'Yl-1~u 72 ~1 iim1LL'YlU~"lIe:J-1 codon L~tJ-1 2 ~lLmti-11~LLri U1T1~te:J1'Yl~~lLmti-1 
A 

~ 13 'Wum1Ltl~tJuLLtl~-1,;)ln T LtJU A rh1i codon Ltl~tJl\,,;)ln phenylalanine dJU isoleucine LL~::U1T1~te:J 
1'Yl~~lLmti-1~ 20 'Wum1Ltl~tJuLLtl~-1,;)ln G dJU A rh1i codon Ltl~tJU,;)ln arginine LtJU lysine 'tU~1U 
"lIe:J-1 exon 2 tl1::ntlU~1tJU1L1nt M region ~-1T11e:JUTI~3J 330 U1T1~te:J1'Yl~,fu 13J'Wum1LL'YlU~"lIe:J-1U1T1~ttl 

~ 

1'Yl~lu'Yln~1e:Jril-1~'Yl~~e:JU 1m11ue:J-1L~tJ1nu13J'Wum1LL'Yll\,~"lIe:J-1U1T1~ttl1'Yl~lU~1u"lIe:J-1 Rp45 region ~-1 ' 
1 

LtJUU1L1nt~~11-1n1~tl::ijtU 45 ~1 LL~'WU11Ul-1~1e:Jril-1iim1L~3J;]U"lIe:J-11ill\,1U"1f~~Jlnud~lU1U 1 "1f~ 
I .... .., 

'tU~1U"lIe:J-1U1L1ntriii codon 'lhnULUU"1f~ 10 ~1 Vi1tl Rp10 region 'WUTl113JLL~n~1-1"l1e:J-1~lU1U"1f~ 
t. l.d t.~. .. A.-::t .J A.-=I 6' 0 I"

~-1LL~ 25 fI-1 28"1f~ 'Yl-1U1ULL~~::"1f~"lIe:J-1 repeats 'tUU1L1ntu'Wum1LL'YlU'Yl"lle:J-1U1T1~ttl1'Yl~Vi~ltJmLmU-1 
1 1 

1~LLri U1T1~ttl1'Yl~~lLLViti-1~ 823 'Wum1Ltl~£Jl\,LLtl~-1,;)ln C LUll. A l'hli codon Ltl~tJU,;)ln threonine LUll. 

lysine U1T1~te:J1'Yl~~lLmti-1~ 1155 'Wum1Ltl~tJULLtl~-1,;)ln G LUll. A ,h1i codon Ltl~£JU,;)ln aspartic 
!'I . A ""t ~ .. • 0..1 tl..l tl !'I· 1" tl..lacid Lull. asparaglnes U1T1~ e:J L'Yl~mLmU-1'Yl1225 'WUm1L ~tJULL ~-1,;)ln A Lull. T 'Yll Vi codon L ~tJU 

,;)In lysine LUll. isoleucine U1T1~te:J1'Yl~~lLmti-1~ 1230 'Wum1Ltl~tJULLtl~-1,;)ln A LUll. C ,h'ti codon 

Ltl~tJU,;)ln threonine LUll. proline ue:Jn,;)lndu-1'WU11 repeat unit ~ 15 ii~1~UU1T1~te:J1'Yl~LVi3'itlUnU 
repeat unit ~ 14 LL~:: 16 'twyjlUtl-1L~tJ1nu repeat unit ~ 21 LL~:: 22 ii~1~UU1T1~te:J1'Yl~LVi3'ie:Jl\,nU repeat 

..J .J .d 0 .... A 4II:IIt '1 if A..... • ,J
unit'Yl 18 LL~:: 19 LL~:: repeat unit 'Yl 23 3J~1~UU1T1~ e:J L'Yl~m3Je:Junu repeat Unit 'Yl 24 LL~:: 25 

thW~'UU1L1nt intron 'W Ul1iiTl113J iruLLtl1 't U~lU1U AT repeats ~-11Um11-1~ 1.4 LL~~-1T1113J 
LL~n~l-1"l1e:J-1LL~~:: haplotype luuu STARP ';)::'WU111ilU1U AT-repeats 1u intron ii~lU1UirULLtl1~-1LL~ 7 

repeat units ,;)U~-1 16 repeat units U1L1nt intron U-1LiJU~1U~ii adenine LL~:: thymine LUUtl-1~tl1::ne:JU 
3J1n~-11tltJ~::: 91 e:Jril-111nm3JUtln,;)lnTl113JiruLLtl11u1ilU1U repeat units LL~113J'WU11~1e:Jril-11~iim1 

LL'YlU~"lIe:J-1U1T1~te:J1'Yl~lU~1U"lItl-1 intron L~tJ utln,;)lndLde:J~,;)11ntlLmtJULfitJU1tltJ~::"lIe:J-1 thymine 'tU~1U 

http:llJ'Yl1.12


~LtJlI. codon 1l1. repeats "lIeJ.:l Rp45 LL~:: Rp10 Lmtl1JLYitlUnUu~Llrumll.~l3Jii repeats VlU11 codons Lu 

Gflll."lIeJ.:l repeats ii1eJtI~::"lIeJ.:l thymine 3J1nn11u~Llru~lI.~l3Jii repeats eJrJ1.:lii,rtlfl'1~qJ ~.:lfl'eJ~Tl~eJ.:lnu 
A .. ~, , ... .d 

m11LTl11::'VI codons LlI.fl'lll."lIeJ.:l repeats LlI.tllI.eJlI. ') (Verra & Hughes, 1999) 

Lrlm11m11LTl11::~~1~UU1Tl~LeJl'Yl~ll1.nll. STARP "lIE.l.:l Plasmodium falciparum 1~tlm1~ll1.1ru 
nonsynonymous sUbstitutions 'iieJ nonsynonymous site (dN) LmtlULYItlUnU synonymus substitutions ~eJ 

synonymous site (dS) Vlu'"h ~1 dN LL~:: dS 1l1. exon 1l3JiiTll1:IJLL~n'ii1.:lnll. LL'iill1. exon 2 VlUl1 dN 

3J1nn11 dS E.lrJ1.:liiUtlfl'1~qJ (p< 0.05) LLfl'~.:l11m1LL'Ylll.~"lIeJ.:lU1Tl~leJl'Yl~ll1. exon 2 eJ~1l1t1L~a'YlRVlj;l"lleJ.:l 
m1~~L~ eJnm:IJli11:IJ'1l'1~ ~.:l eJ1';1'V1m tlt1.:lm1ii epitope ~iiU'YlU1'Yl ~ eJ m1~eJUfl'lI.eJ.:l"ll eJ.:lllij~:lJnll."lI E.l.:lLufl''il 

~ , 
1l1.u1Ll ru~.:ln~11 

fl'1'V1-ru~~m1~11';l allele "lIeJ.:lnll. STARP ,)ll1.1ll. 200 ~leJrJ1.:lL~tI-W';l11ru1,;)ln"llll.l~"lIeJ.:lnll.VlU11 

m11i primers ~L~:IJln:IJ1 ru DNA "lIeJ.:lnll.,f.:l'VI:IJ~l3Jfl'13J11[)')lLLlI.n"llll.l~~LL~n~l.:lnll.Lv:l tI.:lL~nll'eJtll~eJrJ1.:l 
i~L ';Ill. ~.:l,flI.LL3J11 nll. U';I::iiTll1:IJ LL~n ~1.:l1l1.U1.:l ~lLL'VIli.:lLlI.1::~U U1Tl~leJ1'Yl'ilLL'iil3J fl'1:IJ11[)1iLtJlI.~11';lfl'E.lU 
allele "lIeJ.:l nll.';I1n m11~"lIlI.1~"lI E.l ~~ ~~~ PCR 

A" ... ~ .t
4.2 m11Lm1::'VITl11:IJ'VI~lm'l~lt1"l1e.hWll. PfMsp-1 LlI. block 2 "lIeJ.:lL'1l'eJ Plasmodium falciparum 

,nnm1L~:IJlnmru DNA Lu block 2 "lIeJ.:lnll. PfMsp-1 L~eJ~11,;)fl'eJU allele "lIeJ.:lL:leJ Plasmodium 

falciparum ,;)lm.h::'1l'lm~leJ rJ1.:l-;i1l1.1ll. 300 ~leJrJ1.:l~VlUm1~~L:leJ'1l'U~ULv:ltl.:l'1l'U~L~ til Vlu'"hL,x~~Uln 
,;)lnm1L~:IJ'l.fimru DNA -;i1l1.1ll. 279 ~leJrJ1.:l ~~LtJlI.1eJtI~:: 93 L~tI~leJrJ1.:l~iim1~~L:leJ Plasmodium 

falciparum ~ii1ULLUU"lIeJ.:lnll. PfMsp-1LlI.fhll."lIeJ.:l block 2 Lv:ltl.:l1ULLUUL~tllVlU-;i1l1.1ll. 204 ~leJrJ1.:lV\1eJ~~ 
~ ~ 

LtJlI.1eJtI~:: 73.1 ~leJrJ1.:l~ii1ULLUU"lleJ.:lnll. 2 1ULLuuii-;i1l1.1ll. 58 ~leJrJ1.:l'VI'1eJ1eJtI~:: 20.7 ~1'V1-rU~leJrJ1.:l~ 
~ ~ " .to .t 

ii1U LLUU"lI eJ.:l nll.mnn.:l 3 1U LLUUVlU 17 ~l eJ rJ1.:l'VI1eJ-reJ tI~:: 6.1 'I1.:lll.LlI.LL~~::'t1eJ.:lrill.VlU m1~~1 L'1l'eJU::UlI.nll. 
~ ~ 

3J1nn11 1 fl'lt1~lI.iLL~n~l.:lnll. L~tlVlU11 Plasmodium falciparum LlI.1l1TlL'VIUmL~::~::lll.~niierm1m1ml,;). , 
VlU allele Lu block 2 "lIeJ.:l PfMSP-1 3J1nn11 1 allele LlI.~leJrJ1.:lL~tllnll.Ln~L~tI.:lnll. Gflll.L:leJ:lJ1~lL~tI'1l'U~ 
~.:lmhlLlI.1l1TlhiVlum1~~ L:leJmnn11 1 allele LlI.~l eJ rJ1.:lL~ til nll.ll'eJtI~fl'~ lI.eJn,;)lnU£T.:lVlU11"l1l1.1~"lIeJ.:l, 
~j;l~~~ PCR ~l~ii"llll.l~LL~n~1.:lnW~rll.nULL~~::~leJrJ1.:l~.:lLLfl'~.:lLlI.1U~ 11.13 LL~::~111.:l~ 1.5 

~ 

http:l~ii"llll.l~LL~n~1.:lnW~rll.nULL~~::~leJrJ1.:l~.:lLLfl'~.:lLlI.1U
http:tJlI.~11';lfl'E.lU


.,. ... 
~ "1 A~1"i1"'Y1 1.4 ll~~"~113Jll~n'i11""lIehm'il~:: haplotype UEJU STARP 

Exon 1 AT-repeats Exon 2 
Haplotype n codon unit in 45-repeat codon la-repeat unit 

5 7 intron unit 264 374 428 430 #15 #21 #22 #23 

1a 5 F R 7 1 T 0 K T ---------­ ONNNNTNTKA TONNNTKIIS ---------­
1b 4 F R 11 1 T 0 K T ---------­ ONNNNTNTKA TONNNTKIIS ---------­
1c 1 F R 13 1 T 0 K T ---------­ ONNNNTNTKA TONNNTKIIS ---------­
2 27 F R 7 1 T 0 K T ---------­ ONNNNTNTKA ---------­ PONNNTKTIS 
3a 8 F R 7 1 T 0 K T ---------­ ---------­ TONNNTKIIS PONNNTKTIS 
3b 1 F R 8 1 T 0 K T ---------­ ---------­ TONNNTKIIS PONNNTKTIS 
4 32 F R 7 1 T N K T ---------­ ---------­ TONNNTKIIS PONNNTKTIS 
5 1 F R 7 2 T 0 K T ---------­ ---------­ TONNNTKIIS PONNNTKTIS 
6 1 F R 7 1 T 0 K T ---------­ ONNNNTNTKA ---------­ PONNNTKTIS 
7a 14 F R 7 1 T 0 K T ---------­ DNNNNTNTKA TONNNTKIIS PONNNTKTIS 
7b 2 F R 10 1 T 0 K T ---------­ ONNNNTNTKA TONNNTKIIS PONNNTKTIS 
8 14 F K 7 1 T 0 K T ---------­ ONNNNTNTKA TONNNTKIIS ---------­
9 4 F R 7 1 K 0 K T ---------­ ONNNNTNTKA TONNNTKIIS PONNNTKTIS 
10 4 F K 7 1 K 0 K T NNNTOIILTO ONNNNTNTKA TONNNTKIIS ---------­
11 2 F K 7 2 T 0 K T ---------­ DNNNNTNTKA TONNNTKIIS ---------­
12 2 F K 7 1 T 0 K T ---------­ ONNNNTNTKA ---------­ PONNNTKTIS 
13 2 F K 7 1 T 0 K P ---------­ ONNNNTNTKA TONNNTKIIS ---------­
14 3 F R 7 1 T 0 I P ---------­ DNNNNTNTKA ---------­ PONNNTKTIS 
15 2 I R 7 1 T 0 K T ---------­ ONNNNTNTKA TONNNTKIIS ---------­
16 1 F R 13 2 T 0 K T NNNTDTISTO ONNNNTNTKA TONNNTKIIS ---------­
17 2 F K 7 1 T 0 K T ---------­ ONNNNTNTKA TONNNTKIIS PONNNTKTIS 
18 2 F R 7 2 T 0 K T ---------­ ONNNNTNTKA TONNNTKIIS ---------­
19 2 F K 12 2 T 0 K T ---------­ ONNNNTNTKA ---------­ PONNNTKTIS 
20 1 F R 16 2 T 0 K T ---------­ DNNNNTNTKA ---------­ ---------­

n = number of isolates in this study including 3 sequences in the GenBank databases under the accession numbers 
XM001348922 (clone 307), Z26314 (clone T9/96) and AF209925 (strain FCC1/HN). 
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GlTl1\l~ 1.5 LLa-~-J~H~m1'il11~a-au allele lu~hu"lJa.J block 2 "lJa.J~u PfMsp-1 

• .d 
1l1A :ij1,"1'l-n1Y1Gl~tJU 1 LUlU 2 nuu 3 LUlU 

... 
L'VmtJ 225 185 120 (64.9) 49 (26.5) 16 (8.6) 

97 80 63 (78.8) 14 (17.5) 3 (3.7) 

48 33 30 (90.9) 3 (9.1) o 

76 64 62 (96.9) 2 (3.1) o 


'l13J 446 362 275 (76.0) 68 (18.8) 19 (5.2) 

• A IV , ~ A 

agarose gel electrophoresIs Lanes 1-14 LLiil:: 16-17 ~a'illa[J1-Jl1l1'ila-au Lane 15 ~a DNA Uan"lJU1'il 

5. ~,m1'l1LA'l1::tfA113J1II11l1 n'VI11l1 tI'YI1\l~,"1in'l'l3JtltJ\lL~tJ Plasmodium vivax • 
5.1 m11L~11::~~111lVliillnVliill[J"lJa-Jflu PvMsp-11u block 6 "lJa.JLiEl Plasmodium vivax 

lU~lU"lJEl.J block 6 "lJEl-J PvMsp-1 LiJuU1L1rn~ii~111lVliillnVliill[J"lJEl.J~1~uii,l~~1ElLl1~a--J1'il[J~1~U
~ 

m'ilEl::3j1Uii~111lLL'iln~h-J1::w;h.J Salvador 1 strain LLiil:: Belem strain acil.JlIln uan~lnd'u1L1rn~.Jn~11 
£J.JLn'iliim1LLiilmU~ m.1.l11.J~Ulm11111::Vll1-Ja-l [J~u:f~~l-Jnmf-Ja-El~ l'hl"'~l~uii,1~~1ElLl1~~ilu 5' LLiil:: 3' 

q q 

Ell~L3Jii~111lill~u:f Elrt-J~1~uib~~1aLl1~"lJa-J Belem l11.J~lU 3' £J.Jii~111lLL'iln~1.Jnu 2 LLUU~El Belem 

, LLUU A LLiil:: Belem LLUU B 

~lnm1'il11~a-ElU allele "lJa-J block 6 "lJEl.J PvMsp-11'il[Jli~lElcil.J Plasmodium vivax ~ln1l3hn~ 
~ 

~1.J ') "lJEl.JU1::Ll1Y1~lU1U 446 ~lElcil-J 'V'Iu-hl~~iilUln~lnm1~11~~.Jn~11~lU1U 362 ~lElcil.J~lVl1U 

~lmh.J~l"'~iiliilU 84 ~lacil.J LiJU~lElcil.J~ii~111lVlU1LLtiU"lJa-JLiEl~l LrtEl.J~lnm1'il11~Vll"l5U'il"lJEl.JLiEl 

lIliillL1[JEll~[Jm1L~lImlllrn DNA lu~lu"lJa-Jfiu small subunit ribosomal RNA ~.JLiJuflu~iiVliill[J"l5'il~El
q 
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genome l~"l.Irn::~fi~ PvMsp-1 LtJ~fi~~ijL~r.h1 1 "1f~ ~>l,f~fl113Ji.11~m1Wf1,;)Y'l1 allele "l.IeJ>l PvMsp-1 ~>l 
q 

~ln'hm1~11,;)Y'l1"1fii.~"l.IeJ>lL.:ffeJ3Jl~lL1tJ 1~m1~11,;)Y'l1 allele PvMsp-1 ,;)ln~1eJcil>l1~111flLY'lUm)1~1~ 185 

~1eJcil>l~1Jl1 120 ~1eJcil>lli~~~~~ peR ~ijLLn1JL~m~~LtJ~feJtJ~:: 64.9 ~1eJcil>l~li~~~~~ peR 2 
d .d:.A A ~ ..::loA d I IV I'" A 0 

LLrl1J'Il>lY'lmtJm3Jm1~~L"1feJ Plasmodium vivax 'Yl:IJ PvMsp-1 'YlLL~n~l>ln~eJm>l~eJtJ 2 "1f~~ ,;)1~1~ 49 

~1eJ cil>lY'l1eJfeJ tJ~:: 26.5 LL~::~1 eJ cil>l~ij~~~~~ peR 3 LLn1J~1J 16 ~1 eJ cil>lY'l1tl~~LtJ~ftl1J~:: 8.6 1~"l.Irn::~ 
~1tlcil>l,;)ln'YI1>l~::1~~n"l.ltl>l1.h::L'YI~~1JeJ~11m1n1::,;)ltJ"l.Itl>l~1tlcil>l~li~~~~~ peR ')1~1~ 1 LLn1J 2 

LLrl1J LL~:: 3 LLn1J ~~LtJ~feJtJ~:: 78.8, 17.5 LL~:: 3.7 m3J~l~1J ~>lln~L~tJ>ln1J~ltlcil>l~i.~,;)ln111flLY'lUeJ"l.Itl>l 
th::L'YI~ 1~'YIl>l~1>l"1h3J~1tl cil>l,;)ln111fl~::1~tleJn"l.ltl>llh::L'YI~i.r1 tJ~1Jl11i~~~~~ peR LLn1JL~mLL~:: 2 

LLn1J~~LtJ~feJtJ~:: 90.9 LL~:: 9.1 m3J~1~1JLL~::,;)ln111flhl~1Jl1~ltlcil>l~li~~~~~ peR LLn1JL~tJ1ftltJ~:: 
.... ::1 ..J I 1 "" ~IV I ilL<'

96.9 LL~:: 2 LLn1J 1tltJ~:: 3.1 Lu~'YI~1~>lLn~11~1tlm>lL"1ftl Plasmodium vivax ,;)ln111fl~::1~tltlnLL~::,;)ln 

111fll~i.~~1J~1tlcil>l~li~~~~~ peR 3 LLn1JL~tJ (~111>l~ 1.6) 

Plasmodium vivax ,;)lnl1ihnfl~l>l ') "l.Itl>lth::L'YI~ 
'U 

';lU1ULLflU~HH~~Gl peR ('Yo) 

o ~ 
nl~ '11U 1 wn 't1 (;H'fu U ';lU1uri'lti~~u1n 1 LLflU 2 LLflU 3 LLflU 

a 
A 

L'HUu 340 302 232 (76.8) 51 (16.9) 19 (6.3) 

..... 
Gl::1UGl n 83 77 61 (79.2) 11 (14.3) 5 (6.5) 

..... 
Gl::1Uuu n 74 65 50 (76.9) 15 (23.1) 0 

'l~ 191 178 144 (80.9) 34 (19.1) 0 

'l13J 688 622 487 (78.3) 111 (17.8) 24 (3.9) 

1~m1~11,;)~tl1J allele 1~ block 6 "l.Itl>l PvMsp-1 ,f~~tln,;)ln,;)::~Ufl11mL~n~1>l1~')1~1~LLn1J 
~~~~~ peR ~Ln~;f~LL~1£T>l~1Jl1"l.l~1~"l.Itl>l~~~~~ peR l~LL~~::n~3J allele ijfl11:IJLL~n~1>ln~ ~1Y'l11J 

q 

~1tlcil>l~~~~~ peR L~tlli primers 1~m1~11,;)~tl1J~1>ln~LL~~>l1~1tJ~ 1.14 
'U 

m1n1::,;)ltJ"l.Itl>l allele 1~ block 6 "l.IeJ>l PvMsp-1 ~1:IJl1ij111fl~1>l ') "l.Itl>ltJ1::L'YI~LL~~>l1~m11>l~ 
'U 

1.7 ,;)lnm1~'hfl11::~~1tlcil>lvf>lY'l:IJ~ 688 ~1tlcil>l~1Jl1tJ1::ntl1J~'W~~~~~ peR ')1~1~ 781 LLn1J t~tJ 
.J , .J "" . ..4 .., A

allele 'YI~1J1JtltJ'YI~~fltl 5'-Salvador 1-3'- Salvador 1 'Il>l~1J1eJtJ~:: 44.0 1tl>l~>l3Jlfltl allele 5'-Salvador 1­
q 

3'- Belem B ~1JftltJ~:: 36.0 ~Y'l11J allele 5'-Belem-3'-Belem ~uftltJ~:: 12.5 ~1~ allele 5'-Salvador 1-3'­

Belem A ~ui.~,rtl tJ~~~~~LtJ~ftl tJ~:: 7.4 1~"l.Irn::~ allele 5'-Belem-3'-Salvador 1 i.~~1J1~'YIn~1eJ cil>l~lil 
q q 

n111 Lml::~ LtJ~ ~ti l~>l L n ~11~1 tl cil>l,;)ln111flL VlUtl LL~::'YI1>l ~::1~~n"l.ltl>ltJ1::L'YI~ijm1m::,;)1 tJ"l.I tl>l allele 

~l>l ') fI~ltJfI~>ln~ 1~"l.Irn::~~1eJcil>l,;)ln111fl~::1~eJeJnLL~::111flhlijm1n1::,;)ltJ"l.Itl>l allele LL~n~l>li.tJ t~tJ 

? 
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~lElth~ Plasmodium viva x ~lnlllfl1~~Lwtl~ 2 alleles ~El 5'-Salvador 1-3'-Salvador 1 ~1.J'fmJ~:: 36.3 

LL~:: allele 5'-Salvador 1-3'-Belem B ~u:lJlnii~fEltl~:: 63.7 

.."i1..1fi 1.14 Agarose gel electrophoresis LL~'il~nT~'il11~~ElU allele 1u block 6 "lJEl~ PvMsp-11'iltlli 

primers ~-,jlL~l::~El Salvador 1 LL~:: Belem ~~d (A) 5'-primer Salvador 1 LL~:: 3'-primer Salvador 1, (B) 

5'-primer Belem LL~:: 3'-primer Belem, (C) 5'-primer Belem LL~:: 3'-primer Salvador 1 LL~:: (0) 5'-primer 

Salvador 1 LL~:: 3'-primer Belem 

A 8 

c D 

• 

GlT'n\Jfi 1.7 LL~'il~~~m1'il11~~ElU allele 1U~lU"lJEl~~U PvMsp-1 1J~Llrn block 6 ~ln~lmh~L:ffEl 
Plasmodium vivax ~lnllijlllfl~l\l ') "lJEl~1..h::L'YlT'l 

'IJ 

Block 6 Allele iltl\I PvMsp-1 (%) 

1l1~ Sa11-Sa11 Belem-Belem Sal1-BelemA Sal1-BelemB Belem-Sal1 "l13J 

.... 
mUtl 176 (45.0) 71 (18.2) 36 (9.2) 108 (27.6) 0 391 

,. 
"" Gl::1UGl n 43 (43.9) 13 (13.3) 9 (9.2) 33 (33.6) 0 98 

.... 
Gl::1Utltln 48 (60.0) 14 (17.5) 13 (16.3) 5 (6.2) 0 80 

1G1 77 (36.3) 0 0 135 (63.7) 0 212 

"l13J 344 (44.0) 98 (12.5) 58 (7.4) 281 (36.0) 0 781 
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A. ~ 	 Q; ~ 
6. ~anl'l'l L~'ll::'VI~'ll3J'VIal n'VIal EJfll\l't'i'lU)fl'l'l3Jiltl\l L'7Itl Plasmodium malariae• 
~1acil\1~1~~HH.J~~ peR lum1-;ilLL'Un"l5U~"lIa\lL:lmJlalL1tJ Plasmodium malariae -;ilU1u 6 

~1acil\1~-1LtJU~1acil\1,;)ln1l1f1L~ii.a-;ilu1u 2 ~1acil\1LLa::~1acil\1,;)ln1l1f11~-;jlU1U 4 ~1acil\1 '~\b~lL~~ 
mmrn DNA maUf1a~[ju small subunit ribosomal RNA ~\liif111~tJ111.h::mrn 2, 174 LU~ m11Lml::~• 
~l~uLu~l,r DNA template ,;)In recombinant plasmid subclone ,;)lnm11Lf111::~Ylu';h[ju~\lmh1iif111~ 

LL~n~h-1nUL~mratJ (microheterogeneity) 1::~11\1LL~a::~1acil-1~~mYl Ylul1iim1LLYlu~"lIa\lU1f1~la"Yl~ 
-;ilU1U 26 	~lLL~U\l LL~~\ll11un~~"lIa\lL:la~lalL1tJ"l5U~ Plasmodium malariae ~YlulU1.h::LYI~'YltJiif111~• 

QJ 	 ,d ~QJA' 	 d 

~aln~altJYll\1YlU1in11m"l5UL~tJ1nUL"l5amalL1tJ"l5U~ Plasmodium falciparum LLa:: Plasmodium vivax • 
fhW~'U11tJa::LatJ~"lIa\l~1~UU1f1~la'YI~LL~~\llU1U~ 1.15 

'II 

A. ~ 	 Q.,o "" 

7. ~anl'l'l L~'ll::'VI~'ll3J'VIal n'VI alEJfll\l't'i'lU)fl'l'l3JiI tl\l Liitl Plasmodium ovale, 
~lw~'uL:la~lalL1tJ"l5U~ Plasmodium ovale -;ilU1U 4 ~1acil\1~'~,;)ln1l1m~ii.mLa::Yll\1~::lu~n 

"lIa\l1.h::LYI~J'U YlUl1[jU small subunit ribosomal RNA iim1LLYlU~"lIa\lU1f1~la'YI~1uUl\1~lLmU\lL-rlunu 
l~mrimm[JuLYi[JUYln~1 acil\1YlUl1ii m1LLYlU~"lIu\lU1f1~la'YI~~-1~~~ 86 ~lLL~U-1 ~\lLL~~\l11[Ja::La[J~1 U • 
1t.1~ 1.16 acil-1hnm~Lrimhm1Lm[JULYitJU~ltJlm.~'U1im1~ (phylogeny) nu[juL~tJ1nuluL:lamalL1[J
'II 	 • 

"l5U~ Plasmodium vivax LLa:: Plasmodium falciparum 1~[Jali[J1TI Neighbor-joining LLa::l,r Kimura-2­

parameter model YlUl1L:lamalL1mL~a::"l5U~acilu~lLmU\lLL"lIU-1~~l\1nU acil\1hn~1~L.:ffamalL1tJ 
" .¥ 'II 

species L~tJ1nurT\lf1-1acilu clade L~[J1nu l1\1u[ju small subunit ribosomal RNA "lIa\l Plasmodium ova/e 
• 	

'II 

iifl11~ln~.:n~nunu Plasmodium vivax mnnl1 Plasmodium malariae ci'1u Plasmodium falciparum ii 

f111~LL~n~l\1,;)lm:lamalL1tJ~\I 3 "l5U~i~IL,;)U (1t.1~ 1.17)
'II 



nnl ~st CA'ITPJWl.CA GITA'I'J\GfCI' ACI'IG'\CA'IT ITITITATAA rrATAlCrPC ~ NJ::rAATPCr 'IG.TI'l7\ATh ClCITI\ATTC TITA'IGITIT [205] 
Rl16:::north .....G.... .......... .......... .......... .......... .......... .......... .......... .......... .......... [205] 

nnl ~st TIG\Gl'A'IGT A'I'ITGITAAG CCITATNGA CAAAI'GITI'A TJ'1\IlCITI\PG (N(ITl'J1W:, ~ OCATNITM ATI'I'CX:il\TIT ATI'I'l>GTGI'G [305] 
FInS-north ............................................T..... .......... .......... .......... .......... .......... [305] 

nnl ~t TATCAATCGA. GITlCIG\IX: TA'ICGXIII 'fGZI.~ GI'A'l'IIDX'l' APCATGJ::rA ~ CfllEl,ATTh QlGITCGA'IT ~ [405] 

Rn:C~st . . . . . . . . .. .......... . ...A. • • •. •.•...•..• .••...•.•• •••.•••..• ••.•••.... ••.••.••.• •••.••••.• ••••••••.. [405] 

Rn3-~st ........................A..... .......... .......... .......... .......... .......... .......... .......... [405] 

Rn4-~st ........................A.......................................A..... .......... .......... .......... [405] 

FInS-north ........................A..... .......... .......... .......... .......... .......... .......... .......... [405] 

Rl16-north •..•.•...• .......... . ...A. • • .• •....•..•• .••..•..•• ...•...••. .•.•.••.•• ..•.••...• ....•..••. •.••..••.• [405] 


nnl ~st ~ ATPG::fNJ:A ~~ m:x;rpJ\A'IT J\OTAATICl' ~~~ KJ.U::ANr/X [505] 

nnl ~st AAA'l'ITlml' TITGCAATIG GAA'fGZI.'TG33 ~ CITOX'JIG\A <ll1\A'I'l\:U\ cra::.Al'GI'Cr ~ c:n:rrrr;rAA Tl'(X1I{D'CC [606] 
FInS:::north .........................................A........ .......... .......... .......... .......... .......... [606] 

nnl ~st MTPG::GrAT ATThAAATIG 'I'TG:1\GlTAA ~ GITGlATl'K ~ ThTITl7\AGl' AAIo::I'IIGr ATATl'l'ATAA CN>l'GIT.GrA [707] 
Rn3-~t .......................................................................G........ .......... .......... [707] 

nnl ~st CGITAPGlAT ~ OOITATAT'IT TITC'lGITPC JITll'IGl'l'l r ATTPGrATPJ ATA'l'GJ3ITC TI'ATl'ATAAA AAl'GIITl'CIT 'ITl'AI\I\ATK [807] 

Rn2-~st .. • • . •• • .• .•.•...... .......•.. .......... .....•.... . ...A. • . .. ••••..•••• •••••••••• ••••••..•• ...•.•••.• [807] 

Rn3-~t ••...•.... G......•.•....•••.•.•.............•..•.•....A..... .........• ..•....•.. .......•.• ••.••••... [807] 

Rn4-~t .A.. . . . . .. ...••...•• ......•••• .......... .......•.. ., ..A. . . .. .......... ..•......• •......••• •..•.....• [807] 

FInS-north ......................................................A..... .......... .......... .......... .......... [807] 

Rl16-north .A........ .......... .......... .......... .......... . ...A. . . .. .......... .......... .......... .......... [807] 


nnl ~st TTTl'GfATAA TITTITATa:: ATGOCNITTI' 'lGl'TJlCTl'IG l'GrAAJITf1lC, J>GIGl'ICAAA OCAIW:NJIT AIW¥::JlGl'IT ClGI'GI'I'l'G\ ATPCrNX:J:. [910] 
Rn4-~st ......G... .... ...... .... ...... .......... .......... .......... .......... .......... .... ...... .......... [910] 
Rn~north ..•...G... .......... .......... .......... .......... .......... .......... .......... .......... .......... [910] 

nnl ~st ~~~T TTl'GITCl'IT Tl'lClTATI'T 'l'GJ.;ITPGIT ~~ G'33:n:ATIT GrJla'l'CJlG>.T [1012] 
Rn3-~t .....................................A.. .......... .......... .......... .......... .......... .......... [1012] 
Rn4-~t •........••..••....••..............•.••.....••.............. G••••••••••••••••••••••••••••••••••••••C [1012] 

nnl ~t ~ AAATl'Cl'l'1\G KlIl'lCIGd\ ~~~ JITJ\C1'I'C(AT ~ CkJ',AN;ITAA ~ [1112] 
Rn2-~t .....................................G.. .......... .......... .......... .......... .......... .......... [1112] 

nnl ~st ~T~ 'ICl'rnI\O:'.AT ~ c::/\Cl'PaJlGr 'l'G::t\TGZ\'l'J'l; PGJ:fWllW\T ~ TTC.A'l1\'IG\G 'IGI'ILCIll'f [1216] 

nnl ~t ~ Cl'l'O'Gl'NX: TTh'IG\G\AA 'I'C1\I\I'GlCIT 'IIXlJI'lCI'ffi ~'IT a:n:r:::AN.rr; N:'iAAPGITAA ~ cr;w:r:roc [1316] 
Rn5-north ...........................G.. .......... .......... .......... .......... .......... .......... .......... [1316] 

nnl ~st ~~ OCITAATTIG ~~ C'l'J'l;TITAAG l'CNGGfAG GA'lTG'CJ'G>. TT1\A'l'J'.irfC 'ITlCTCGA.'IT [1416] 

Rn2-~t ...............................................................................................T.... [1416] 

Rn3-~st ...............................................................................................T.... [1416] 

Rn4-~st ...............................................................................................T.... [1416] 

~north ...............................................................................................T.... [1416] 

Rn6-north ...............................................................................................T.... [1416] 


nnl ~st 'lCl'l"CG\TGG TGA.'l13:A'ID3 <X:GI'l'ITl'JlG 'l'l'CX>lGIATh 'fGZI.TTIGrCT 00I'l'AAl'l'(X; GATPNXNC Gl'Gl.TCITAA ~~T [1516] 

nnl ~t JlCJlCflITATT ClTAAGI'C7\A A'f'rPG..JITAT PGl.TNlATIG TG::l'AATl'IT GA.'ITAl'AATA 'l'l'PGIA'IGIT TITITAATAA AI\ACGI'lCIT TI1JXllll I [1617] 
FInS-north .••....••• ••.•••••.• .•.••••••• .•...•.... .•.•.•.... . ........G ••.•.••••• •••••••••• • •••A. • • •• ••••••••.. [1617] 

nnl ~t TICITAATTh TCr:ATATITA 1'l1'I'll'l'lCf T'I'TI"ITGC'AT NGIA'IGfAT TI'G:TI'AA'IT Gfl'J'.l>G::ITC 'fTl'GI::GAJlC GA.'IGIGIGrC ~ [1719] 

Rn2-~st ......................C............C.... .......... .......... .......... .......... .......... .......... [1719] 

Rn3-~st ......................C............C.... .......... .......... .......... .......... .......... .......... [1719] 

Rn4-~t ..................................................................................C....... .......... [1719] 

Rn5-north ......................C....... .......... .......... .......... .......... .......... .......... .......... [1719] 


nnl ~t PJlGITfPJ>G:; ~ TCIGl'GA.TGl' a:::I'l'l'GITGZ ~ l\C1XGIG::rA CI\CIQ\TATG ~ KLTI:Plll>MT A'I'A'l'ATCI'ff [1819] 

nnl ~st Tl'A'IGITATA CGI'AT'ITCl'A TA'l'Gl'A1U:'A TFC:llNGNr ATA'I1lGITIT 0CI'CCI'Cl'GA. ~ TAATCl'I'I'IT CN\TN:JITPJ' ~ [1919] 
Rn2-~t .........G T......... .......... .......... .......... .......... .......... .......... .. ......... .......... [1919] 
Rn3-~st .......... T......... .......... .......... .......... .......... .......... .......... .......... .......... [1919] 

nnl ~t AT1'G\Tl'ATT OCAA'ITATIA KlCf'fGZI.JlCG ~ PGJ:ANr:A'IG A'I'IC7'.TCJ\G\. ~ 'l'1\CXmL'CI'G cxx;rrrGI7'C ~ [2019] 
Rn4-~st .....................C........ .......... .......... .......... .......... .......... .......... .......... [2019] 

nnl ~st TC:O:'ICCl'J\C CGA.TIGN\AG ATA'IG\TGA.A IIGIIICGC ~ GGITTITA'IT CI'l'l'l'l'ICLG ~ AAA'l1XTATC TTITJIIWrA [2123] 
Rn3-~st ••...•••..••.•••••••••••••••••••.•••.•........•.••••.•................•••••G.... •..•...... .......... [2123] 

nnl ~t ~ r:;rp,pcp;pmr ~~~ A [2174] 

Rn4-~t ........................A.......................... [2174] 
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Pol_north ~ A'ICITQX1\G TAGTCATA'ffi CITGrCrCAA ~A~ Al'GI'ATATa:; ATATI'ITATA 'I'Gr/lG'J1JCr ~ (100) 

Pol north ~ GITATAATCI' J\CI"I\:?AAA'IT 'IC'I'JICrI'l>C N:ll'.TWCfA an:ww:r:r GrI¥:J::rP.mA CrrOCIl'l'AA ~~ (202) 
Po2-north . ..•.••.••................c .. . ........ .. ...... . ........... . ........... " .................T ••A ••. •T.T (202) 
PoTnorth ... •. .•............ .. ... • . c......................................................A .••••••T ••A ••••T.T (202) 
Po4=west . , .........c ..............c .. .....T•••••••••••••.•••••••••••••••.•••••••c ........A••••• • • T ••A ••••T.T (202) 

Pol north ~"rol'PCITGIT APG:r:ITI'AA ~ TATAI\CITAA o::;AA'ITATAA CANGV>GrA ~ AG::>lltJXIT A"ITI'AGrGl'G (305) 
Po2-north G••Tl'A••• • ••••••• • •••••T ••••••••G.A•••• • ••c......................... .. ............T ••A.... • •••• ••• •• (305) 
PoTnorth c ..Tl'A••••••••••••••••••••••••••G.A••••• ••C••••••.••••••••••••••••••••••••••••••••T ••A. ••• •••••••••• (305) 
Po4=west c ..Tl'A••••••••••••••••A •••••••••G.A•••••••c ............... . ..... .. ................T ••A.... •••••••••• ( 305) 

Pol north ~ GITI'ClGI'CC TA'TC1'G::lTI' "IG\'IGl'I'P,G: GI'ATr<n::Cl' N'CA'f.'GXrA ~~Tl'A GAGl'T(X;/\'IT ~ (405) 
Po2J1orth ••.......•.. • ....... c......... ........ .. .......... ..... . .... .......... .......... .......... .. ....... . (405) 


Pol north ~ p;rpa:;fN:r.A CA~~ a:n;rMATT JlDX1\1ITl'Cr ~~~A~ (505) 
Po2-north ••.•...... ...•...... .......•.. .......... •...•..... .........• .•..•...•• . ...•.•..• . •..A. . •.• ..•••. • ••. (505) 
PoTnorth ...•.•••..•.........•..•.. . ...... .... ...•......•............ • ................•......A. ... . .. ........ (505) 
Po4-west ....................................................................................A..... .......... (505) 

Pol_north l\Tl'l"CA1Q3I' TITGI'AA'ITG Q\ATG!\'lUl; AAITTAN'J'C CTTCXX:AAAA 'ITCAA~ a:rD\llGfCr ~~ TIO::l'JXICC (606) 

Pol north ~ ATTAAAA'ITG '1TG:1'GITAA ~ GITGAATITC AAl'G.PJCAA. TA'ITITAI'GI' AATl'CITITG CI'A'l1\AGII.TG CITPGlCJllcr (731) 
Po2-north • .....•..•..•..••.. ... •.........•..•........•..•......•. . .......•........G•••••• G.T••••G.. •••••••••• (731) 
PoTnorth .•..••.•.. . . •..••... .•..•..•.. .......•.. ....•.•... .......... .•.......• • ..G • ••••• G......... • ••••G.. • • (731) 
Po4=west .........................................................................G•••••• G.T••••••••••••G.. .. (731) 

Pol north N::AN:J:;J'l>JC TGITCIIIG:: A'ITCCTTA'ffi CJlJl.l\MGl'Gr "ICl'l7\.Tl'ATA ~ TITITAAAAT C"ICITI"J:G::I' ATTIGl'A'ITG Gl'GITTITGr (841) 
Po2-north .•••.....••.c..... . ..........C ...•...c..................A.••••••••.••••••C.A.A• • T ••••••C.. .•••...... (841) 
PoTnorth ..••.•...•..C••••••••••••••••C ••• ••• ••••••••••••••••••••A....•....••.•.••C•••A.. T •••..•C.. ••.••..•.. (841) 
Po4=west ...... .... ..C••• , •••••• ••••••C ••••••••••••••••••••••••••A ••••••••••••.•••C•••A •• T ••••••CA. •.•.•....• (841) 

Pol north 'I'JI.CITIGI\GI J!.l\lU11'>GGT GITCAAl'CI::A AN:NJITAAA G::ATTITJICl' ~ PC:rN:NrAT o::;AATlWJ>A ~ QXJ>£;AA'ITC (942) 
Por"north .....••..•.• .. ••••..•........••..... •. •....•..•••......•.•....... •. ....... • •••.... • ........T..A..... [942) 
PoTnorth ...•.••.....••.....•• . •......•...•.•... .. .•.... • ...•.... .••. . .. . . ........••...........•....T .•A•.C.. (942) 
Po4=west ............................. .. ............ . .................................... ... ........T.•A••C.. [942) 

Pol north TGITCITI'IT TCITATITIG OCITI\GITAC G!>."lTAAT]I.£J; ~ roxATTrGI' ATTCJlGIJGl' ~ ATTCl'I'J'G>.T 1Tl'C'J.'07GI [1044) 
Po2-north ....•.••.• . ....••. .. A..... .. .. ..... .. ... .......... .......... .......... .......... ....... .. . .......... (1044) 
PoTnorth .••.•C.... .......... ..... . .... .......... .. . ....... . . ........ .......... .... .. . ... .......... ....... .. . [1044)
Po4=west .....C.... .......... .... ...... .......... .......... .......... ... ..... .. .......... .......... .......... (1044) 

Pol north ClWlCNCl'G ~ '1.'(£CTANlAT ATI'ICCA'ITA ~~~ G'.'I'ClG\TAC CGro3I'AATC ~ [1144) 
PoT"north .•...•.•••...•.•.••...•.......••.......•........•• A... ... ... .......... . . ........ .......... .......... [1144) 
Po3-north ..•...•.•. •. . ....•.• . . ...•.•.. .C........ . ......... A....... .. .......... .......... .......... .. ........ (1144) 
Po4=west ...............................C........... ... .... A......... .......... .. . ...... . .......... ......... . [1144) 

Pol north JlCrKJXrN\ c:TJ'amTIG ~ 'ITITAI\ATAA G\GAATTa:T ~TT 'fCI'TI\Gl\'ITG crn:l"l'lCJlG ~~ [1252) 
Por"north . ..••••.••.•..••.. . ..••...•........ .. •.•..A...•••...T.. •.•......••....•••.C..... •....•.... . . ...•.... (1252) 
PoTnorth ••.••G••G••••••••••••••.•• •G'. • •••.••••.•.•A••••••..•T•••.•.•.•••.•...•••••C. ... . .•••.•••.. •••....•.. (1252) 
~west •....G•• G•••••• •• •••••• • •• •G'. • •••••••••• A.A•••••••••T •••••• • •• •• ••••••••••C..... •••••••••• •••••••••• [1252) 

Pol north ~rr~ TATrCG:XJ:"A ~ 'iTAN'J'GIAT ~ a::N:rN:J:]>G ~ m:xn:ll'AA"ITl"G'CICAA (1352) 
Po2-north •••••.....•..••..•.•.••....••.•A..••.•.•....••.•..... .. .. • ......•........• , .T... . ... ...... .... ...... [1352) 

Pol north ~ CfCACTI\GIT ~ GI'J\tD\TI"Q\ CJlCl'{ITAATA OCR:1"l'TCIT <:ro'I'TC'ITffi A'IWfQl.Ta:; romxx;l"rr 'ITPGITCGIG (1452) 

Pol north AATATC'lITIr GK:ro:;r'l'AA TI'ClXATAAC ~TC~ AATTN:J:Jrr:; Q\A'l'ACGITA TA'ITCITA'ffi 'IG\AA1'ro\A ~ (1553) 
PoT"north ...........................................................................C..CT ................T... (1553) 
PoTnorth ........................................... .. ..............................C..CT .............. ..T... [1553) 
~west ........................ ... ............... .... .............................C..CT ................T... (1553) 

Pol north TI'l'I:X:ITATT ~CA~TA CATI'AATGIG TCCl'll'lax: TATIClTC'IT AA'I1'C!£MT 'I'CA:lu::rGIT TCICIIIIG:: A~ (1667) 
Po2-north .................................. .TA..............T ....A.......T ..T ...............T .....T G ..G...... [1667) 
PoTnorth .................... T ........G .....TA..............T ....A.......T ..T ...............T .....T G ..G...... (1667) 
Po4-west .................... T ..............TA..............T....A..........T............ .. . T .....T G ..G.... .. (1667) 

Pol north PCIU;rI'J:Gl. '1'IGrAI'JIa:T ~ l'07.TGl'GIG TCTIW:PCAA G:N>Gl'lTAA ar.AN:NG\. G;rCI'GI'GI\T GIU:TII'G.T ~ (1767) 
Po2-north .T........ ....... ... ...... .... .... .. .... .......... .... ...... .. ........ .......... .......... . ......... [1767) 

PoTnorth .T........ .......... .......... .......... .......... ...... . ... . ......... .......... .......... ... ... .... [1767) 

~west .T........ ...... . ... .......... .......... .......... ..... ..... .......... ..... ..... .......... .......... (1767) 


Pol north ~ TI'QlCIGI\TI\ ~ GITN:I'AAAA ATATI>CITIT GITPG:m'AT 'ITATACTCI'T 'fCAII.lI.TTGrA TJ'GI'ITl'(L'l' o::x:r.r:»AA (1882) 
Po2-north .....................................................T.A.............C ......A.....C.........G.C....G [1882) 
PoTnorth .....................................................T.A.............C ......A.....C.........G.C....G [1882) 
~west • .. .•.. . .• .......... .......... .......... .......... . ..T .A. • •• • ••••••••C ••••••A. • • • .C. • • • ••• • .G.C••••G (1882) 

Pol north (Jl'(;IT>(JJI"A ~ TJ\CA1'A'lmT ~ GlITrATIO::A A'lTIITl'AATC ~ AATG:J::rllGr ~ CA'IOlGI'ITG (1982) 
Por"north •••..•...• •••..... .. •••......• • •••A. . . .• •..• • ..... •••.....•. ••••...... •••......• .•........ .•.•...... (1982) 

Pol north TG::1'(1CrAC GICC.CJ:G:XX: TITGl'ACACA cx:o::xxma; cro::I'ACCJGZ\ Tro'WG\TA TG!\TGAA'ITG ~~ ATmTATI'IT (2083) 
Po2-north ..••.•.•.. .....••••. ...• . . •. .. ....•..•.. . •.••. .... . ...••..•. ...•..•••. ..•••.•... . . ...•~. ...••..... [2083) 
PoTnorth •••...•..• ......•.•. ...•.•.... .•..•.••.. •..•.•.••. .....•.... ......••.• .•..•.•... . .•••Q;.A. .. . •••.... [2083) 
~west •... .. ............................................. . ..................................~. .. . ....... [2083) 

Pol_north TTl'I'l'ITCI'G ~ AAATO::fATC ~~~ 'l'I'CXl>I'AG::;!" ~~ A [2174) 

http:A'IWfQl.Ta
http:CI'A'l1\AGII.TG
http:GrI�:J::rP.mA
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0.01 

"illri 1.17 LL~~\I phylogenetic tree rl1\1,;]1nnl''Hm[JuLVi£J1Hhiuii.lfl~lEll'YI~1uflu small subunit 
OJ 

ribosomal RNA "lJEl\lL.:fimJ1,nl1mfii.~ Plasmodium ma/ariae LL~:: Plasmodium ovale Lm[JULVi£Junu 

Plasmodiumvivax LL~:: Plasmodium falciparum ,;]1nnl'jlLfl11::Vll~[J1TI neighbor-joining ,;]1n~U21U"lJEl\l 
Kimura-2-parameter model ThilL~"lJrhnULL"lJU\I~ElTh1El[J~::"lJEl\l1::iufl113JL~mrU1.h::LijU,;]1nlTI bootstrap 

~\lVl3J~ 1,000 flf\l m~1rhnu~1U~1\1~Elfl113JLL~n~1\1"lJ El\lii.lfl~lEll'YI~~El~1LLVI'ii\l 

8. ~~ n1"i1LVl"i1:;tfVl113J'H~1 n'H~1l1Y11\1ft"fjn"i"i3J'lI u\l L~u Plasmodium knowlesi• 
..f "'.. 1 ~I c 1 .. VI' ..f1um1~11,;]Vl1L"1l"Elm~1L1£J"1l"U~ Plasmodium knowlesi ~[Jm1~11,;],;]1nl"l~3J ~VI~ ~3J~UL"1l"El 

i\ln~11LL~~u'h L:ffElm~1L1[J~~~ru~1UfI~1[J Plasmodium ma/ariae ~1U1U 1 ilmh\l,;]1n1l1f11~i"' .... 

~~Uln~El primers ~~lL~1::~El Plasmodium knowlesi 1~£J1TI peR LrlEl.yhm11Lfl11::~fl113JVI~1nVltl1[J 
.., ..f "'.. ""'1 • "''' "'1 VI c '" 'YI1\1~Ulim13J"lJEl\lL"1l"El3J1~1L1[J"1l"U~U ~[Jm1V11~1~UUlfl~ El ~'YI~"lJEl\l[JU small subunit ribosomal RNA LL~::• 

Lm[JULVi [Junuil El ci1\1~ ~1U~1u"liEl3J~ ~1n~~Ui1L.:fiElm ~1 L1[J~~U1um1~n1!I-1d~~Ulin113J~LL~n~1\1,;]1n.... ~ . 
L.:fiEl"1l"ii.~L~[JlnU~~m1LL~·h::U1~1 Ul.h::L 'YI~mL~L:a[J1~[J~ui1 phylogenetic tree ~m1LL[Jn~1[Jl1~u1m1 
,;]1mluElci1\1i~L,;]u (1tl~ 11.8) 

~ 

100 PmS north 

76 
Pm4 west 



Sarawak KHl15(AY327555) 

1--- Sarawak KH96(A Y327553) 

Sarawak KH33(A Y327549) 

66 Sarawak KH43(AY327551)
-

Sarawak KH35(A Y327550) 

Sarawak KH131(AY327556) 
62 Sarawak KH50(A Y327552) -

Sarawak KHI07(AY327554) 

Macaque Wl(L07560) 

Thai MCl-26(FJ009013) 

46 Macaque ATCC30191(AY579417) 

- Sarawak Nuri(AY327557) 
1....-__________________ P.fragile(M61722) 

0.005 

'a.Jri 1.18 LLfl'~h'l phylogenetic tree fl'1\\r'il1nnT'Hm[JULYi[Jut&1~1J'n.lfl~lEli:Yl~1u~u small subunit 
" 
ribosomal RNA "lJEl\lL.:fimJli;nL1[J"lfn.~ Plasmodium knowlesi Lm[JULYi[JunuL.:fimJliillL1[J"ll'U~L~[J1nWil1n 
~tJl[Jlu Sarawak LLiil::~l'lulU~\I nT'.ilLfl".il::rn~[J1TI neighbor-joining 'l1m~rU~lU"lJEl\l maximum 
~ ~ 

composite likelihood fll~lLiil"lJrhnu LL"lJU\I~Elfh1El [Jiil::"lJEl\l".i::~Ufl113J L~mrU1.h::djU''il1nlTI bootstrap 

J\I'VI3J~ 1,000 fl~\I 3Jl~".irilnu~lUiill\1~ Elfl113JLL~n~l\1"lJEl\lUlfl~lEl"'Yl~~ El~lLL'VIti\l t&l~UUlfl~lEl"'Yl~"lJEl\l 
Plasmodium fragile li'LiJU~lLYi[JuL~[J\luElnniil3J, 

1 Un1".iLm[JU L Yi [JUt&l~UUlfl~lEl"'Yl~"lJ El\l~U mitochondrial cytochrome b "lJEl\l~lEl cil\1~"~'l1mrtJl [J
'II 

lun1".i~m~nU (MC1-26) nut&1~uUlfl~lEl"'Yl~1U~lU,rEl~iilfl'lniil "~LLfi l'lUl1 AF069621, AY598141 LLiil:: 

AY22797 l'lUt&l~UUlfl~lEl"'Yl~~l\1nuJ\lt%u 8 ~lLL'VIti\l J\lUl'lU deletion/insertion 3 ~~ILL'VIti\l LLiil::n1".i 

LL'YlU~"lJEl\lUlfl~lEl"'Yl'~15 ~lLL'VIti\ll~[Jn1".iLL'YlU~"lJEl\lUlfl~lEli:Yl~1u~u~\lniil111u~lElcil\1 MC1-26 ~~l\1nU 
t&l~UUlfl~lEl"'Yl~1U~lU,rEl3Jiilfl'lniil l'lUL ~ [J\I 1 ~lLL'VIti\l LLfl'~\ll1 LLaJ"il::l'lUfl113J'VIiilln'VIiill [JlU~U~1'V11U... ~ 

small subunit ribosomal RNA mmL~Ell"ilLiiEl\l"illn~U mitochondrial cytochrome b El1"ilii,rm'hn~lu'VItt'l~ 
'VI1Ellm\lrll\1~fl'\lnl1 ~U~1'V11U small subunit ribosomal RNA El cil\1hn~13Jn1".il'lUfl113Jfl~1 [Jfl~\llUt&l~U 

'II 

Ulfl~lEl"'Yl~"lJEl\l~U mitochondrial cytochrome b tfuciEl3JLiJu,rElfl'UUfl'UUt:-liiln1".i~".il"illml PCR 11~lElcil\1, 
~ ~\lniill1~m.:fiElmiillL1[J"ll'U~ Plasmodium knowlesi "il1\1~\lLLfl'~\llu".iU~ 11.9 

'II 

14 
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iP.J<no..Jlesi AF069621 'Iffi AAr TAC en:; TIG erG A1T TIA mr A1T ro'A TIC TTT ro'A Cl\A KrA TTA J\CA mr GrA TTT TTA ocr 
iP.J<no..Jlesi-AY598141 ..T ..A ..T 
#P.J<no..Jlesi-AY722797 .....•..T ..A ..T .. - -- ...... . .. . ...•......... . ........... •.. .....•...•• 

iM:1-26 - ....•...T •.A ..T .. - -- .... .. ...... ... ... . ..................... . •....... 


#P.J<no..Jlesi AF069621 JlGr mr TAT ACT a:A QV\ A1T TCr TAC erA TJ\C TAC JlGr ro'A Cl\A CA.T A1T TIA FCA QV\ 'ITA'Iffi JlGr 

iP.J<no..Jlesi-AY598141 

# P . J<no..Jlesi - AY722797 ... ... ... . . . ... ... ... ... ... .. . ... ... •.. ... ... ... • .. ... ... ..• ... ... . .. 

iM:1-26 - ..... .. .... . ....... . ........... . ............. . ..•. . ...... .. .......... 


#P. J<no..Jlesi AF069621 <n\ 'Iffi TGI' TTT PG\ Tro' A1G CAT ocr J\CA mr erA TCT CIT GrA TTT TTA TIA ACT TKr TIA CAT A1T 

ip.J<no..Jlesi-AY598141 

iP.J<no..Jlesi-AY722797 .. . .•. . .............. . .............. . ..... . .......••.............•. .• 

iM:1-26 - .••.....•......•..•............ . ........•............•.•.....• ... .... 


#P.J<no..Jlesi AF069621 TIA PG\ <n\ TTA AAr TAT 'rCA TAT TIA TAT erA a:A TTA 'rCA 'Iffi KrA 'rCA <n\ TTA ATe KrA TIT erA 

iP.J<no..Jlesi-AY598141 

#P.J<no..Jlesi-AY722797 . . ...... . ........c . .............. .. ............. . .................. . . 

#M:1-26 - ••.. • .•..... .. . ... ........•..................•..... . .....•..... •• ...• 


iP.J<no..Jlesi AF069621 TTA TTT KrA GIT J\CA ocr TTT ro'A mr Tro' GIT TTA cx:r 'Iffi <n\ Cl\A A1G JlGr TAT 'Iffi mr erA ACT 

#P.J<no..Jlesi-AY598141 

#P. J<no..Jlesi-AY722797 ... •.. ... ... ... ... .•. . .. .• . ... . .. •.. ... ... ... . .. ..• ... ... ... ... .•. . .. 

#M:l-26 - .•. .. ... . •........ ........•....••.. •.. . . •....•... . ......• • .•..• . ...... 


#P.J<no..Jlesi AF069621 GTe ro'A ACT AAr TTA TTA TCr 'rCA A1T a:A Gl'A TTA GTe A1T 'Iffi TTA TGI' <n\ <n\ TAT PeA am PGr 

#P.J<no..Jlesi-AY598141 

iP.J<no..Jlesi-AY722797 .•....•...•.........•........................ . . . ••. . ...............•. 

#M:l-26 - .. • •......•........• • ..•..... • ....... . ................ • ...••. . ....... 


#P.J<no..Jlesi AF069621 G\T a:A J\CA KrT N'A FCA TTT TTT Gl'A TTA CAT TTT ro'A CIT cx:r TTT am erA TTA 'IGI' A1T Gl'A TTT 

#p.J<no..Jlesi-AY598141 

#P.J<no..Jlesi-AY722797 ••......... .• .. . ............•.. •.•... .. ....... . ....•.. • .... . ... . ..... 

#M:1-26 - •............. . ...•.................•... . •...•....•..............•... 


#P . J<no..Jlesi AF069621 ro'A CAT KrA TIC TTT TTA CAT 'ITA CAT mr 1'(£ ACT AAr cx:r 'ITA err; Tro' G\T J\CA ocr ITA N'A KrA 

#P.J<no..Jlesi-AY598141 

#P.J<no..Jlesi-AY722797 ......•..........................•...••.•.....•........••............ 

#M:1-26 - .•..•• •. ..... . .•.......... •• .. • ....•.... . ... . ....... . ..•.. . .......... 


#P.J<no..Jlesi AF069621 co: TIC TAT a:A AAr Cl'A'ITA JlGr CIT GI'.T GrA N'A <n\ TTT AAr AAr ro'A TTT ro'A'ITA TIC TTA TTA 

#P.J<no..Jlesi-AY598141 

#P.J<no..Jlesi-AY722797 ...•.•••........ .• ..•..... • ................ . ........... . ...•......... 

#M:1-26 - ..................•...................•..•............... C......•.... 


#P.J<no..Jlesi AF069621 Cl\A JlGr KrT TTT mr KrA A1T a:A'ITA TCr CAT a:A G\T AAr ocr KrA TTA GIT AAr PeA TAT GIT J\CA 

#P.J<no..Jlesi-AY598141 

ip.J<no..Jlesi-AY722797 .• . ..•. . .•............•. . .... • ...............•...........•.•..•...•.. 

#MC:l-26 - .. • •..•....•.........•........• .. ..•......... . ..........•. .. •..• . .... 


iP.J<no..Jlesi AF069621 a:A A1T Cl\A A1T GIT cx:r QV\ 'Iffi TAC TTT 'ITA a:A TTT TAT erA A1G 'ITA N'A J\CA KrA ccr JlGr N'A 

#p.J<no..Jles i-AY598141 

#P.J<no..Jlesi-AY722797 •. • .•...•••..•.•.•. •..•...•....•........••... • ............•.•...•.... 

#MC:l-26 - •....•... •• ....•.•.....•....... .• .......... . ......•.. • ...•..•........ 


#P.J<no..Jlesi AF069621 J\CA erA mr TTA TTA KrT GIT 'ITA erA TCT TIA Cl\A TIA 'ITA TTT TTA TTA ocr QV\ Cl\A PG\ JlGr 'ITA 

#P.J<no..Jlesi-AY598141 

#P. J<no..Jlesi - AY722797 ... .. • ..• .. . •.. ... ... ••. .•• •.. .•• ... •.. •.. .•. •.. . • • ... ..• .•• ... ... . .. 

#M:1-26 - ........•.•.•............•... .. ••........•......•.. . ..•. . ... . ........ 


#P.J<no..Jlesi AF069621 ACT ACT KrA ro'A Cl\A TTT N'A A1G J\CA TTT mr ocr PG\ QV\ TAT 'rCA GrA a:A A1G KrA 'Iffi TTT A1G 

#P.J<no..Jlesi-AY598141 

#P.J<no..Jlesi-AY722797 .......•••..•.••. • •........•...... . .•........•• . .•........•...•.. . •.. 

#M:1-26 - •.•••..••••.••.• " •..•• • ..•.. • .••.•••• ' •••..••...•...•...••..•.. " ... 


# P . J<no..Jlesi AF069621 TGI' 'rCA TIC TAT ocr ITA 'ITA 'Iffi KrT <n\ 'IGI' Cl\A TTA a:A Cl\A G\T KrT TIC KrT 'ITA TAT mr CGr 

#P.J<no..Jlesi-AY598141 

#P.J<no..Jlesi-AY722797 .••.•.. . ..•....••...••...• •. .••• • ...•...•.••. •. .•......•.•. • •..•...•• 

#M:1-26 - ..•.•.•....•.....•. " •..•......••...•.... ' .........•...... ••• ..•.•. • . 


#P.J<no..Jlesi AF069621 TIA TTT ro'A ro'A TTA TIC TIC TTT JlGr <n\ 'ITA TTT J\CA CIT GIT CAT TKr N'A FCA J\CA CAT Tro' G\T 

#P.J<no..Jlesi-AY598141 

#P .J<no..Jlesi-AY722797 • • . • ......... '. . ... " •.. ... .'. ... ... . ••.. ' ... .•. ... . •..•....••..... ' . 

#M:1-26 - • .... •• ....... . ' ...... •.......•.............••...•...•....•...•••.... 


")U~ 11.9 LmlJlJLYilJlJ~1~lJil.1~~ltJLYI~"lJtJ\lfiu mitochondrial cytochrome b "lItJ\l Plasmodium knowlesi 
~ln~1tJcil\l1um~~m~ndnlJ~1~lJil.1~~ltJLYI~1mnu"llml&'l~ln&'l... ~ 
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ilim1~11~~lnwff3Jt~~~ rJ~ Luttili~ L~3J1::~3J~~~lh~1Um1~11~lU~U~t 1f13J1~1 L1~'YI1~ 
q 

'lXfl~115u~m1~1111 L~fl~~ln1::~::L1~1~1irf~~3J~1~3J1mntt111113Jrf~1~~~1iih1mrJfl3JLm ~~fl~~ttm1 
iU~u~ L;%fl 3J1~1 L1mL~::m1,)1 LL ttn"llU~"l.Ifl~ L;%fl 3J1 ~1 L1~ ~13J11r1~1 L U ttm1t~ ~U~~~lm~~.httm1~n flU13J 

q 

1~flrJ1~~ ilim1~11~~lL;%fl3J1~l L1~~lnwff3Jt~~~rJ~ L~3J1::~3JnUm1lb1111,ntt~mtt~ mU1~~1111 
t~mu~l::fl rJ1~ri~1 ttL "l.I~1111n!lt 1~~n1::~1~fl ~~ ~l~'Yi'fl~~ ~~~1flU~~3JL"l.I~1111n!lt 1~3J1~lL1~~1111::L 'YIY'1 

In~1~m1~lLutt~ltt"l.lfl~~lun~ltt~lU~3Jh~~~~mt1t~mL3J~~ n13J~lU~3Jh~ n1::'YI11~~11n1rn~"l.I 
q q , 

.J' 'I "'... 0 ......t...t .. 'I 0 .., .. 
ttfln~lnttm1 L~m1n1!l-1 fl m~ L~ 3J1 ::~3J~13J1l11::m1ru."l.I fl~ m1~ fl m"l.l fl~ L"llfl 3J1 ~lL1~ mLL~~::'Y1 fl~'Y1 ~ ~ fl~~tt 

m1L~1~~~13J~th~flrJ1~Lutt1::UU 1~~~~~1'IXm1~lU~3Jt 1~3J1~1 L1~1tt111::L 'YIY'11'YI~111::~~~~nl1111::L 'YIY'1 
~ q 

lmtL~ ~~ flrJ1~i~ L~tt fl rJ1~11nm3JlttU1~"'fl~~L"1itt U1Llru.')~~1~"lllmL~tt1l1~1~~~nu111::L'YIY'13J1L~L~£l~ii 
1l11::~113J1~~~U'YI1~m1L5j fl~ i1~,)~~~mhl1~~~ ~~n1::'YIU~ fl111::~'YITI1l1~m1~lU~3Jt 1~3J1~1 L1~1tt~tt~ 

q 

I ~'1 '" d ~.cf ~ 0 ~ ... I A ..... AA "" 

L~ ~ltt Ltt1::~U~ tt~ 'YI~ttUtt~tt;)l tt"l.l fl~~113J~1 L1~~~n ~11Ln~~lnm1~11~1::UU~11~ltt~U~'YI1~... 
'IXfl~115u~m1~1fl 3JnUm1~11~1::UUn1nU3J1~1!ltt"l.I fl~m1ml~~~n ~11 fl rJ1~11n~13JL~fl~~ln-lifl')ln~ 
L~fl~L1~lLL~::~tt ') til1'IXm1~11~lU~U£l'YI1~'IXfl~u5u~ m1lh~1U3J1~1L1~~~iim1L~flnliLU~1::iTI~11~ 
~lnwff3Jt~~~"llU~~tt1 L-W £l~t)rJ1~L~ m LL1i'11ili~11~~lnwff3Jh~~"llU~~tt1ii~111J11~~nl1ili~11~~ln 

~ 

Wff3Jt~~~ LL~1tt'YI1~115u~~ii-lit)')ln~L~fl~Ll~l'yil1'IX~113J111ttm1~11~~lnwff3Jt~~~"llU~~tt1f)1~~~nl1 
"llU~U1~ 10 i1~ 30 Lfh (Trape 1985) 113Jrf~~13J11r1~~L1~11ttm1ml~~lL;%t)1~~nl1m1~11~~lnwff3J 
t~~~"llU~U1~ LL~~113J~lL~1::lttm1~11,;)~flU"llU~"l.Ifl~L;%fl3J1~lL1mrmhn~L-W~~ 2 "llU~~fl Plasmodium 

.J'.. ... ...t.. ....f .... ~ ...t0 

falciparum LL~:: Plasmodium vivax ttt)n~lntt"l.l~~ln~"l.Ifl~m1~11,;)~UL"llt)3J1~lL1~~~"l.IttnUu13J1ru.L"llfl 

3J1 ~1 L1£l1tt~l t) rJ1~ L~ fl~ ~ ~ fl~~tt~113J ~::La~~LL~::'t1n1!l-::"l.I fl~~,~'t1Y'1tt1n1 ~1~1um1~11~~1L;%t)3J1 ~n L1£l 

~lnwff3Jt~~~3Tnl'IX~113J11~~lL~mfi3J1ru.L;%fllttm::LL~L~t)~,xfl~n11 10 ~1fl 50 ~l~t)l3Jtm~m (Payne 

1988; Bruce-Chwatt 1993) 

1ttm1111::L5jttm1~11~~1 L;%t) 3J1~lL1 £l~ln LL~ttWff3Jt~~~"llU~~tt1t~~~ li1 £l~ltt~1111::L 'YIY'11ttn1 nu 

"l.Ifl~n1::'YI11~~1n1rn~1ttiJ ~.Y'I . 2549 ~Ul1m1ml~~um1~~L;%fl3J1nnl1 1 "llu~1tt~th£lii~lttlttL-W£l~ 
q ~ 

.1 .., d 'I"'''' 0 .d A ~ ...J' A...t 0'" 0 
u1::3J1 rn1fl~~:: 0.5 'D"~~lnm1L"ll~1t) m~ L~flm11L~11::~ mm1Y'1n1!l-1tt~Um1~~L"llfl113Jntt1::~11~ 

Plasmodium falciparum LL~:: Plasmodium vivax ~~Lutt1mm:: 0.4 ~~ii~h1mtL~£l~ntt flrJ1~hn~13J~lnm1 
~11~t~ £liTI PCR ~Ul1~lfl rJ1~~iim1~~L;%fl3J1nnl1 1 "llU~ ii3J1ni1~1fl £l~:: 12 rf~df)1~ L~t)~~ln~113J 
~ ~l~L~~ t)tt~ln m1~11~"l.It)~~ ~'t1Y'1tt1 n1~1t)~1n m1~U1:: £l::l~ LL ~ltt~1~ ~13J11r1')1 LL ttn species "l.I fl~ L~fl, 

~.., ..... lOA ~ I '" ,J,c:f.~ ..r ~ . ..... ,J ..,.......... 
3J1~lL1~ L~t) m~~lLYn:: ~~t)~~ttm1~~L"llfl113Jntt'YI3Ju13J1ru.L"llflmnl11::~U'YI~13J11r1ml~~U L~~lnn~tl~ 

~~'t1Y'1,r 113Jrf~m1ii1:: £l:: hypnozoite LLflULL~~t)rJ ~lnm1~n1!l-1d~Ul1m1~~L;%mJ1~1 L1£l~1~"llu~il3Jntt 
q ~ 

~u1~1tt'YInlliJ1l1~"l.I fl~111::L'YIY'1 LL~~U3J1n1 ttU1L 1 ru.1l1~L°wilmL~::~::ltt~nmn nl1'Y11~1l1~ ~::lttfl fln LL~::, ~ 

1l1fll~~~ ii5~11m1~~L;%t)"l.I t)~111::"ll1 n1~lnl1 ~~"ftt~~ f)1~LUtt1111~~m1~~L;%t)3J1~lL1~~1~"llu~il3Jntt 
"fttiii1~')~~l~ ') ~~::L~m-lifl~nU~113J~13J11r11ttm1LL~iL;%t) L"1itt "llU~"l.It)~~~~l~:: Lutt~tt n~11~fl 
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Anopheles dirus tn:JJTnn,bL~~\I Plasmodium falciparum m~:: Plasmodium vivax hl."lIm::~ Anopheles 

maculatus ~l:JJTn)'j.b Plasmodium falciparum, Plasmodium vivax LL~:: Plasmodium malariae ~lU 

. .l fl "'1 "".1 •. F- o.¥ "" 'II"':::' .lAnopheles gamblae "1!"\lLuU~\IV'n'VI::'VI~n U'YlluLLeJY'l1m ~1:JJ11r1U1L"15eJ:JJ1~lL1[J L~'Yl\l 4 species "1!"\ln.11 

lit11Ur.J1111::"lI eJ\lm1~~L~eJil :JJnU:JJ1nnll 1 "15it~L~~lnll~ LUU111 \1111 nm1~1111~1 [J~t:JJ L~ eJ~"15it~'VIUl 
cieJ:JJ~\I~~m::'YlU~eJm1fllU~:JJhfl:JJ1~lL1[Jlu~lU~1\1 6) n~11~eJ m11m~1~di~ifU~\I~Luvn::W)'V\1UL~eJ 
:JJ1~1 L1[J~ml11V'lU111n~ t3J L~ eJ~ LL~::LrteJ\l111n L ~eJ :JJ1~1 L1[J ~l\1"15it~ nu~ eJU ~UeJ\I ~ eJ m~lU:JJ1~l L1[JL~ 
LL~n~l\1nU ~\I"tUTn [J'VI t\l111 n L ~eJ:JJ1 ~1 L1[J"15it~'VI tt\lL~r1 nnli~LU LL~l L~eJ¢I L'VI ~ eJ eJ ri~L~ ~ eJU ~UeJ\I~eJ m ci eJ 3J 

~ ~ 

iiteJm~L111ru~eJLU11urb1Vi'~~~'L~mr\lfl\l~ mm1"l1eJ\I 1 1fl rlllVi'Ln~m1~ru L~[J'Yll\1 Lf11N~n11LrteJ\l111nm1~~ 
QI \.I '\IV 4.J cu 

.. .¥ '" ""... .¥ 1 .oJ .¥ .oJ'll. I'll "'... .. ..... "'1 ,.¥ , 'II. I'll..... .l0 

~~L"15eJ~eJ\I~ruL~[J1U'Yll\11U:JJ1n"llU U"lIut.::'YlL"15eJ'Yl LOIJ L~1um1~11111U11U[J11::3J eJm~LLV'l1L"15eJ~eJ Lu L~eJn "1!"\I ., 

1 '" '" 
~ 

"" .oJ ,.¥...l, , ,.¥ "" .. .l 1!41 "'... '" "" .oJ "" 'II'0

m1 'VI mmU3Jl~l L1[J'Yl111LV'll::~eJL"15eJ"15U~'VI U\I [J eJ3J~\I ~~~eJL"15eJ eJn"15U~'VIU\I 'VI L~1UmmU:JJ1~lL1[J'Yl:JJ~~ L:JJ 

.. 'ofl '" .oJ.¥,,,, '" ......¥ "" 1"'''''1 .¥, '" 
~:JJU1m[J eJ 3JLu Um1~1\1~[)11::'Yl LeJ eJ~eJ m1fl ~ L~ eJ ntn [J V'lUll"ll eJ\I L"15eJ:JJ1~l L 1[J 'VI:JJ eJ m~~eJ~ eJ mmu 

~ q 

m~l L1[J :JJ1nifu 1 U 'Yll\1 ~1 \I"1l13Jt111i~~m1~1111111n~ t:JJ L~ eJ~"15it~'VI U11um1u1:: LijU~[)11::'VI1eJ 
.1 .. .. .l 1 1 :::. 1 .¥ "" ,
u1::~'Ylll[)1V'l"lleJ\I:JJ1~1m1'V1U\I 6) um1fllUfl:JJ 1flUU flll3Jtn:JJ11r1 um1~1111'V11L"15eJm~lL1[Jmnnll 1 

q 

"15it~L~~lnllU n~111 nm1~1111'V11L~eJ:JJ1 ~1 L1[J111 n~ t3J L~ eJ~1u~ih [J LL~~::11 [J ci eJ 3JrlllVi'~~m1U1::Liju
~ 

~\ln~11Ln~flll3Jfl ~1~ Lfl~ eJUeJ ril\1:JJ1nL~ 1 U rllUeJ\I L~mnu1un1ru"ll eJ\lm1U1::LijUU1::~'Ylfi[)1V'l"ll eJ\I m~lU 

m~l L1[J m1~1111'V11[)11::~~ L~eJu::uunuL~~lnllu n ~ eJ cil\1mn ci eJ:JJrlllVi'm1U1::LijUU1::~'Ylfi[)1V'l"ll eJ\I m 

~\ln~11~flll:JJfl~1~Lfl~eJU~\I ~\I"tum1u1::[Jn~1mTIm1~11111it11U[J~~flll:JJL1~\lnll LoriU1TI PCR ~\lii 
~ q ~ 

• flll:JJL'VI:JJ1::~:JJluUl\1~[)11::m1nr LL3Jll1TIm1~11111~[J PCR L~~1:JJ11mtl:JJ1'Yl~ILL'YlU1TIm1~1111111n~t3J 

1~~~1~[J~lLUL~elULrteJ\l111mhli,jlmL~::1::[J::n~1~li:JJ1nnll (Mayxay et al 2001; Siripoon et al 2002) 

m1~~ L~eJ :JJ1~1 L1[J~l\1"15it~ nu'VI1eJ m1~~L~eJ ~~3Jm11L~1um11it11,r[J111n m1~1111~1 [Jn~eJ\I 

a.... 6' a.... al A al A a.....J" .J 1:::' .lA 

11~'Ylf1U[)1[J'VI~\l111nm1u1::L3JUu1::~'Yl1l[)1V'l"lleJ\lm11nN1L"15eJ'Yl~1111V'lU Um\lLL1n (Mason et al 2001)"1!"\I
q 

el~11~~1111V'lu3Tn ~ film1u1::Liju~~1 nll111\1 L rteJ\l111 n L ~eJ~ LL~\I eJ ci m11r1nnli~111n m~li1nNl L~eJ"15it~~ 
~ ~ 

lit11,r[JL~ ~\I"tUL~eJ:JJ1~lL1[J~LL~\leJ ci"tU~\lL~L~1um11it11,r[J LL~::1un1rum1~1111V'lUL~eJ1 U[)l[J'VIt\laJn 

ofl .¥.oJ.¥, '" "" .oJl ~ 
~ 

... .¥.oJ....... 'II ~:::. '" "I .¥.oJ "" .1 1 ..... 
LuUL"15eJ'Yl~eJ~eJm~lU:JJ1~l L1[J'Yl "15 Lum11nN1L"15eJ'YllU11U[J L~ LUm\lLL1n 'VI1eJL1JUL"15eJ'Yl3J1::[J::LLH\I UL"1!"~~~U 

, .oJ .. .¥ ... ..I 'II'''.¥ 
L"15U Plasmodium vivax LL~:: Plasmodium ovale ~~n1::'YlU'YlLn~"lIUeJULUeJ\l111nm1~1111 L3JV'lUm1~~L"15eJ 

, ... 1'" .. ... '" ......¥ "" ""1 ... .¥ 'II '" .¥ 1 .¥.oJ0

113JnU11::'Yll 'VI Ln~ n1::U1U m1fl ~L~ eJn ~1 [JV'l Ull"ll eJ\I L"15eJ:JJ1~l L 1[J 3J eJm~V'l~Ulm1~ eJ m L~3Jln"llU ~m"15eJ'Yl 
q 

rJ\lfl\lflll3JL1~eJmL~r1nrll~1[JLU Loriu m1~~L~eJil:JJnU1::'VI11\1 Plasmodium falciparum LL~:: Plasmodium 
~ 

vivax t11~ih[JL~1um11nN1LUV'l1:: Plasmodium falciparum 11::rlllVi' Plasmodium vivax ~1eJm~«3J~~nu 
~ 

m"llU1U~1\1 6) 1~[JL~')lLiJU3Jlnnllm1L~1Umfl ~eJ11fllUL~[J\I"lIU1UL~ [JllUm1rll~lm::[J:: asexual 

blood stages ueJn111nd"llUl~"lI eJ\lmL V'l1:JJ1fllU ~1irll~lm::[J:: gametocyte "lI eJ\I Plasmodium falciparum 

L~eJileJ\lnUm1LLV'liL~eJ"tUL~tn:JJ11r1rll~lm::[J:: hypnozoite "lIeJ\I Plasmodium vivax L~lU'Yll\1~1\1"1l1:JJlu 
mru~ Plasmodium vivax L~1um11it11umL~::1nNl LL~~ih[J~m1~~L~eJ Plasmodium falciparum LL~\leJci 

~ ~ 

"tu [)1[J'VI t\lm11nNl~lhmieJ3J Ln~mm1"l1eJ\I11flL~1in111m:BeJ"15it~'VIt\l LrteJ\l111nm1~eJ mfl~eJ1 1fllU"lIeJ\I 
~ 

Plasmodium falciparum ~V'lUL~~lLulUU1::L'Ylf1L'Yl[J [)11::~\ln~11 cieJ:JJ~\I ~~~eJm1~qjL~[J'Yll\1LmN~n11"l1eJ\I 
"151~111nfilli,jl [J6lhi'eJu1 U m1LL~l\l'VIlm11nNl~~eJ\I Ln~ifuan 11:JJ~\I rJ\I LiJum1L~ :JJ1::[J::L1~1"l1 eJ\lm1 
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~ruL~mL1\1\11u, (Amexo et al 2004) lu,tr~~uu,nm1#\I"JJEl~\lLn~dlm1~~L;El~~lnfu,elT;lLn~m1L'VIrt~rnbl~
'U ., , 

Ln~m1~fl\1Ilijy)3JflU,"JJ13J"1l'ii.~"lJEl\lL~El:lJ1fllL1£J (cross-species immunity) t~m;Ell1 Plasmodium vivax 
'U , 

El1~l'hliIll1::fl113J1U,LL1\1"lJEl\lm1~~L;El Plasmodium falciparum fl~fl\l 'VI1EllWYl1\1~1\1"JJ13J~flm1Ln~, 
dyserythropoiesis ~ln Plasmodium falciparum El1~fl~m:lJ1rn reticulocyte fl\l~\lLUu,m1fl~tElm~~1::£J:: 
merozoite "lJEl\l Plasmodium viva x ~::flmn3JL"JJ1LiJ~L~El~LL~\I Elril\1\hnm3Jm1~m~1~Ill1::~\ln~11~lnm1, 
~~ ~13J ~ih £J~~~L;EllU,1l113J"1l'1~ ri El3J1~~flm1~m~n~flfll~ Lfl~ ElU,~l nfl113J~1\1 e)U,LitEl\l~ln"JJEl~lrl~"lJ El\l 

'U 

"JJEl3J fl'Yll\11::1J1~1'Yl £J1~El1«£.I ~ fl m1~11~~ln LL~U,YJGf3Jh~~ Lv.l £.1\1 El ril\1 L~ £J1 
'U 

m1~~L;El:lJ1fllL1mL~fl::flf\l ~iJl £.I El1~L~1U L;mJ::Uu,rlu,:IJ1nnl1 1 "1l'ii.~ 'VI1Ellu,m1~~ L;El 
'U 

:IJ1fl~IL1£J"1l'ii.~IL~ £JlrlU,~iJl £JEl1~L~1U L;El~nfl113J'VIflln'VIfll £J'Yll\1~u,lln113JlU,LL~fl::~l £J~u,fi 1u,m1~~~13J 
'U " 

U1::"1l'lmri El £.11u,1::~U ~1 £J~u,fi"lJ El\l L;El :IJ1fll L1mL~ fl::~l El ril\1 'VI1El LL~ fl::"1l'ii.~ ~1 LUU,~El\l Ell«£Jm1~m~lmEl, 
'Yl~ ~ElUfl,rn~n~rn::~nfl113J LL~ n~l\1 rlU,e)U,LUu,~fl~lnfl113J'VI fll n'VI fll £J'Yll\1~u,lln113J"lJ El\l L~El :IJ1fll L1£J L-nU,, 
m1'Yl~~ElULElt6Jl'LElU,L6Jl'ar (isoenzyme) ~1\1 ') (Thaithong et a11981) m1'Yl~~ElU1::~um1~ElU~u,El\l~El£J1 

"lJEl\lL~mJ1fllL1mL~fl::~l£J~u,fi (Thaithong et al 1981) 'VI1El m11Lfl11::~fl113JLL~n~l\1'Yll\1~u,lln113J, , 
t~ £J~1\11u,n1rn"lJ El\l Plasmodium falciparum '\AlU113j genetic marker 'VI fll £J"1l'ii.~~nfl113JL 'VI :IJ1::~3J1u,m1 

~11~~ElU'VI1El~~~13J L-nU, flU,~1'V11UtU1~U,UU,~lL3JElTI16Jl'El£J~hii.~~ 1 (merozoite surface protein 1, Msp­

1) flU,~1'V11UtU1~U,UU,~1 L3JElTI16Jl'El £J~hii.~~ 2 (merozoite surface protein 2, Msp-2) LLfl:: glutamate rich 

protein (GLURP) ~\lu1::1£J"1l',n~£J~1\1~lnm11i' genetic marker L'VI~1d'1u,m1~~m3J'VI1mL£Jnfl113JLL~n~1\1 
"lJEl\l~l£J~u,fiLL~l Msp-1 LLfl:: Msp-2 (Jongwutiwes et al 1992; Putaporntip et al 2002; Viriyakosol et al, 
1995) £1\1 LUU,tU1~U,~nfl113J ~1y)'ll1u,m1LUu,El\lY1U1::nElU"lJ El\llflSUu,u El\lrlU,:IJ1fll L1£J ~\I,fU,~\lnU1::t£J"1l'u,1~ £.I 

erEl3Jlu,m1U1::Liju,~n~rn::"lJEl\l L;EllU,U1::L'Yl~113j1ULLUU"lJEl\l allele Luu,LL1J1Jl~ L~m~1£J3JVfi'El3J~Elm11i' 
'U 

...... A oR Ii::L:::tQ.l ,,:f d .. I 
LL3Jl1fl113J'VIflln'VIfll£J"lJEl\l PfMsp-1 Ln~~ln£Ju,'Yl3Jfln~rn::vm~lu,L'\Al£J\I 2 1uLLUU (allelic 

'" 'U 

dimorphism) ~lnm11Lfl11::~~1~ULU~El\lflu, PfMsp-1 Yhl~'Yl11Utfl1\1~fl\1~U,~1U,"lJEl\lflu,~\ln~1111 
U1::nElU~l£JU1L1rn~nfl113J'VI flln'VIfll £J"lJ El\l LU ~1::'VI11\1 ~ £J~u,fi"lJEl\l L~El~\I (variable block) U1L1rn~3jfl113J

, 'U 

'VI flln'VI fll £JUlu,nfll\1 (semi-conserved block) LLfl::U1L1 rn~ nfl113Jfl~1 £Jfl ~\I"lJ El\l ~l~U LU ~~\I (conserved 
.... '" ..t ... 

'U 

•.1.,4
block) t~£J variable block LLfl:: semi-conserved block 3Jfll~ULU~'\AlU,~lU,L'\Al£J\I 2 ~uLLUU6Jl'\I~l:1J11rl~lLLu,n 

LUU, 17 U1L1rn (block) (Tanabe et al 1987) £JnLlU, block 2 U1::nElU~l£J tripeptide repeats ~3j~l~ULU~ 
..t .1"'''' • .,4 'I • 
'\AlU,~1U, 3 ~uLLUU ~~ILLn MAD20-type, K1-type LLfl:: R033-type6Jl'\I 2 LLUULL1n'\AlUfl113J'VIflln'VIfll£J m~lu,lu, 

LLfl::~l~U LU ~...r\l'VI3J~:IJ1 nnl1 50 LLUU ~\I,fU,U1L1 rn~\I n~11~\lnfl113JL 'VI:IJ1:: ~3J1u,m1'Yl~ ~ElU'VI1El~~m3J 
~n~ru.::LLfl::~lU,lU, allele ~'\Alulu, Plasmodium falciparum LL~fl::~lElril\1~L~~ln~iJl£J (Jongwutiwes et al 

'U 

1992) m1Ln~fl113J'VIflln'VI fll £.11u,1U LLUU"lJEl\lLLElU,~L~U,"lJ El\l PfMsp-1 L itEl\l~lnm1LLflnLU~ £Ju,~u,lln113J
'U , 

, ...I..., '" • • 'I ...I ..t ...... "" "'.. 'I ..,
1::'VI11\1 PfMsp-1 'Yl3J allele m\lnu, (intragenic recombination) ~u,"lJrn::'YlL"1l'El:lJ1fllL1£J3Jm1~U'\Alu,1lLLU1JL"1l', 
L'\Al~lu,£J\lnu,u~El\l (Kerr et al 1994) ...r\ld'nflLn~\ln~11~l:1J11rl~11~~ElUL~~lnm11Lfl11::~U1::"1l'ln1"lJEl\l, 
Plasmodium falciparum 1,"1l113J"1l'1~t~£JEl1«£Jm11Lfl11::~m3J'VI~nn11'Yll\1~u,llm13J1J1::"1l'ln1 Elril\1L1n, 
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~n1!trn::'Yll>l1J~m~~f'lle:h'IL'lI~U1"lnLlhfl (Anderson et al 2000) 

LllVl'l1J Msp-1 'lIe:J>l Plasmodium vivax (PvMsp-1) L~e:Jilii1J'Yl1Jl'YlLU'U.e:J>l~U1"::n e:J1J'lIe:J>llfl:fi'U.L~ 
L"ll'U.L~ r.nn1J PfMsp-1 1~ r.Jl"l1Jil~>l~L~f1Jm1"u~lfl:fi'U.~iie:J>l~u1"::ne:J1J'lIe:J>l PvMsp-1 ~l3Jl1"rJ~fl>ll1~ 

'IJ 

~l'U.'Yll'U.~e:Jm1"~~L;ffe:Jm~lL1r.Ji>ln~T'"lL~ (Collin et al 1999; Yang et al 1999) er~~~L;ffe:J Plasmodium 
'IJ 

vivax 1'U.1i1"1"3J"l1l~iim1"~fl>l LLe:J'U.~1J e:J~ Iii e:J PvMsp-1 l~r.JL\l.l"ll:: e:J ~l>lri>l1J1L1 rn~ iifl1l3JVI~lnVl~l r.J1'U.1"ULL1J1J 
'IJ 

~ . .J' Q..t I".J A 

'lIe:J>lLLe:J'U.~Lll'U.~>l (Mertens et al 1993; Levltus et al 1994; Soares et al 1999) 'U.e:Jnllln'U.r.J>ll"l1J1lt-l'Yl3J 
'IJ 'IJ 

LLe:J'U.~1Je:J~Iiie:J~1'U. C-terminus 'lIe:J>l PvMsp-1 1J1nm~ii'll'U.l~ 42 nl~~l~i'U. (PvMsp-1d Vl1e:J 19 nl~~l~ 
i'U. (PvMsp-1 19) 3Tniim3Jlrnm1"~~L;ffe:Jl'U.m-::LL~1~~~~lnil~~L1JiiLLe:J'U.~1Je:J~i>ln~l1 (Ak et al 1998) 

L rte:J>lllln PvMsp-1 iifl1l3JVI ~lnVl~l r.J1m-ULL1J1J'lIe:J>lLLe:J'U.~Lll'U.~>lL"ll'U.L~ r.nn1J PfMsp-1 LL3Jil 
'IJ 'IJ 

m1"~nHlll::iie:J ~ e:J ~l>l-,jln~mnnil 1'U.nT~-iLml::,{~lL1JW'lIe:J>l~'U. PvMsp-1 l"l1Jiliifl1l3JLL~nliil>lllln~'U. 
'IJ 

PfMsp-1 i~Lll'U.n~l1~e:J fl1l3JVI~lnVl~lr.Jl'U.~li1JL1J~ii~'U.~l'U.mllln ~ULL1J1J'lIe:J>l~'U.Vl1m)~~~ (allele) 

mnnil 2 LL1J1Jl'U.mnr.J1J1nrnril1VlLm>l~fl>l'lle:J>l~'U. PvMsp-1 ii~nHrn::~L1JLu'U.1"::Lfl r.J1JLL1J1JLLt-l'U.i~Lll'U. 
(mosaic organization) lllnm1"lLfl1"l::,{~li1JL1J~'lIe:J>l~'U. PvMsp-1 l~r.Jli i1e:J~l>llllnVl~lr.JI1~l1lfl'lle:J>l1~n 

'IJ 

l"l1Jil~m1"mLtl>lfl'U. PvMsp-1 LU'U. 13 block (Putaporntip et al 2002) ~>lU1"::ne:J1J~1r.J conserved block 7 

LL~>l LL~:: variable block 6 LL~>l1~r.J1J1L1rn conserved block l"l1Jm1"LL'Yl'U.~'lIe:J>lL1J~l'U. codon ~thlV;m~e:J:: 
~1'U.Lu~r.J'U.mnnilnl1"LL 'YlU~~Yhlv;n"j~ e:J::~1Ufl>lL~3JL~mre:J r.Ju1"::mrnfe:Jr.J~:: 5 ,r>lnm1"LL 'YlU~i>ln~l1~1'U. 
1mllLn~lllnm1"LL'YlU~'lIe:J>lL1J~LV1 r.J>l 2 "l1U~1uLLIii~::~hLLVlU>l (dimorphic substitution) 

~lVlf1J1J1nrn block 13 ~>lfl1"e:J1Jfl~3J~1U~~"j>ln1J1J1L1rn~U1"::nmJ~1r.J EGF-like domain, 
L"lluL~r.J1n1J PfMsp-119 L1r.Jnil PvMsp-119 lwthue:J>lL~r.J1nul"l1Jil1J1L1rni>ln~l1ii~nr.Jl1ll"l1'U.m1"Luu 

e:J>l~U1"::n e:J1J'lIe:J>llfl:fiu~~ LL~::iifl1l3Jfl>l~'lI e:J>l ~li1J L1J ~~>lmnnil1J1L1 rnL~mnu1 U PfMsp-1191~Ul"l1Jm"l 
'IJ 

LL'Yl'U.~"l::Vlil>lL1J~ G n1JL1J~ A LV1r.J>l~lLLVlU>lL~r.J1 rhlV;m~e:J::~luLu~r.Jullln lysine LUU glutamic acid lu 

~lLLVlU>ln"l~e:J::~l'U.~ 1,709 'lIe:J>l Salvador I strain L~e:JVllll"lrnl1J1L1rn variable block,r>l 6 LL~>l~>l 
U"l::ne:J1J~1r.J blocks 2,4, 6, 8 LL~:: 12 J'u l"l1Jiliifl1l3JVI~lnVl~lr.J'lIe:J>lf&li1JL1J~~>lmn L"llU block 2 

'IJ 

~lm"lmLtl>llUU 3 1J1nrn~e:Jr.JL~LLfi block 2a U"l::ne:J1J~1r.J~litlL1J~~U~lU (basic type) 4 LL1J1J LL~:: 
~n1!trn::~nt-l~3J (recombinant type) 5 LL1J1J ~1U block 2b 1.h::ne:J1J~1mhi1JL1J~~L1r.J>l·lhnULUU"l1~1~r.Jl"l1J

'IJ , 

,r>lVl3J~ 19 LL1J1J LL~:: block 2c U"l::n e:J1J~1 r.J~li1JL1J~ basic type 4 LL1J1J LL~:: recombinant type 6 LL1J1J 

lU'U.~Ul~>lLn~il1J1nrn variable block 2 'lIe:J>l PfMsp-1 LU'U.1J1L1rnL~r.J1~ii repeats i~LllU LL~LllVlf1J 
PvMsp-1 l"l1J repeats lu block 2, 6 LL~:: 10 ~1r.J i>lJ'U'lIe:J1JL'lI~fl1l3JVI~lnVl~lr.J'lIe:J>l variable block lu 

&I I IV~ 
PvMsp-1 1l>l~>l3Jlnn1l PfMsp-1 (Putaporntip et al 1997; Putaporntip et al 2000) ~>l'U.UUe:Jnllln PvMsp-1

'IJ 

1l::ii1J'Yl1Jl'YI1'U.m"lLuue:J>l~U"l::ne:J1J'lIe:J>llfl:fiuLL~1 1J1L1rn variable block 'lIe:J>l PvMsp-1 £T>liifl1l3JLVlm::~3J 

ihVlf1Jli~~~l3JVl1e:JliLLr.Jnfl1l3JLL~nliil>l"l::Vlil>l~lr.J~mj'lle:J>l Plasmodium vivax L~~, 
Ue:J nllln Msp-1 LL~1 £T>lii1u"l~U1JU~1'l1 e:J>l"l::r.J:: sporozoite LL~::"l:: r.J::~L;ffe:Jm~lL1r.JL~3JL 1l1ty 1 'U.L"ll'~~i1J 

L1r.Jnil sporozoite threonine- and asparagine-rich protein (STARP) ~ii~1l3JVI~lnVIGnr.Jlu"juLL1J1J
'IJ 

LLe:JU~Lll'U. 1~r.Jflu~~fl>llu"l~ui>ln~l1iifl1l3Jr.Jl1 2 nl~L1J~ U"l::ne:J1J~1r.J intron 1 LL~>l e:J~lmtn1Ju~lr.J~lU 
'IJ 
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5' ,nnm11L""f1::~ih~lJL1Hfmh,flu STARP ,nn~ltlci1-'l T9/96 ~-'lLtJUff1rJ~UTI"lItl-'l Plasmodium 
q 

falciparum ~tl1lJ~lL"li1nlJm1LY-l1::L~rJ-'lLuitl-'ltl~lJ'11m1nlJ~1 tl ci1-'l,;)lm.h::L 'Yl~~ULL~::ermm Y-llJl1~lU 5' 

LL~:: 3' "lItl-'lflui:l"11aJ"-'l~"lItl-'l~1~lJLlJffff-'lLU"lIrn::~~lUn~1-'l"lltl-'lflu STARP ,;)lnff1rJ~UTI T9/96 ~-'l 
~ q 

"1tllJ"~aJ"11aJr.J11nl1 1 nl~LlJfft!u i:l~l~lJLlJff~i:l~n~ru::LtJu repeats ~ff1aJl1mLti-'lL~LtJU 3 ~lU L~LLri 
\ q 

(1) M region 'VI~tl mosaic region (2) Rp45 region LtJUlJ1L1ru~i:l repeats ~i:ln1~tl::ijlwl1nwJ1~~:: 45 ~1 
q 

i:l~-'l'VIaJ~ 2 "1l'~ LL~:: (3) Rp10 region tl1::ntllJ~1[J repeats ~iin1~tl::ijlu 10 ~1 L1[J-'l'lhnutl1::mru 26 "1l'~ 
q q 

LtJU~ti1ff-'lLn~11n1~ tl::ijlU~LtJUtl-'lT1tl1::ntllJLU~lUmn-'l"ll tl-'l STARP 3TmtJun1~ tl::fJl U"1l'ii.~ hydrophilic 

tl ci1-'lL 1nmaJ"lI tllJL "lI~"11aJ'VI ~1 n'VI ~1 rJ"lI tl-'l flu STARP £J-'lLaj'Yl11lJ"lr~ L';)ULrttl-'l,;)l nu';)';)uui:l"li tl aJ~~l~lJL lJ ff 
q 'II .­

d .." I I .... ...., A dQ..I .A 

"lItl-'lrJU~-'ln~11,;)ln 3 ~ltlr.J1-'lL'Yl1UU (Fidock et al 1994a) LLaJl1,;)::aJm1~n~1"11aJ'VIfnn'VI~lrJ"lItl-'lrJU 

STARP ,;)ln~ltl ci1-'l~L~,;)lm"ll~tl11n!l11"lJl-'lLL ~-'l LL~m1fin~1~-'ln~11LtJum1~11,;) fftllJ L ~ [J-'l"llUl~"11aJ 
r.J11"l1tl-'lflUL'yht!u (Fidock et al 1994b) ~-'lL3Jffl3J11nlJtlnf)-'l"11aJLL~n~1-'lLU1::~lJm~tl::nluL~ 

~1'V11lJ'VI'"1~"lItl-'lltl1~U STARP ~m::rJ:: sporozoite t!U£J-'lL3J'Yl11lJi~L,;)U LL~,;)lnm1fin~1t:.J~"lItl-'l 
A .A I..... ..... I ~ ..... :;, I 4CII &:(Q..I I 

LLtlU~lJtl~~tl STARP nlJm1~n~laJ"lItl-'l1::rJ:: sporozoite L"lI1ffL'1l'~~~lJUUY-llJl1 LLtlU~lJtl~~-'ln~11ff13J11n 
q 'II 

£JlJET-'lm1~n~laJ"lItl-'l sporozoite L~tl ci1-'l i:ltl1::~'Yln-111Y-lf)-'li'Elr.J~:: 90 ~-'li:lTi1ff-'lnllt:.J ~"lI tl-'lLLtlU~lJtl~~ tl CSP 
q 'II 

LUm1£JlJET-'l1::rJ:: sporozoite L3JLiL"li1~L'1l'~~~lJ LL~::£J-'lY-llJl1"11aJff1aJ11nL Um1£JlJ ET-'ln11"~n~laJ~-'ln~11 
~ q 

"lItl-'lLLtlU~lJtl~~tl STARP ii"11aJLLtl1~ul~rJ~1-'lnlJm3J1ruLLtlU~lJtl~ (Pasquetto et al 1997) LL~::,;)lnm1 

'Yl~~tl-'lLi synthetic peptide ,;)ln~lU~l-'l "I "lItl-'lltl1~u STARP L~m;hm1Lm::~~nlJL'1l'~~~lJLU'VI~tl~ 
'Yl~~tl-'lY-llJl1ii synthetic peptide tlci1-'lUtl[J 12 "1l'ii.~ ff1aJ11mnl::~~nlJL'1l'~~~lJL~~aJ1n 1~rJY-llJl1 peptide 

L'VI~ldY-llJL~~-'l~lU N-terminus lJ1L1ru~lun~1-'l~i:l repeats LL~::'Yl1-'l~lU C-terminus ~-'lt!U~-'lLtJum1 
ffUlJffUU11 STARP i:l~lU~1~ruLwffu~tlUm1Lm::~~"lItl-'l sporozoite nlJL'1l'~~~lJLWffu~tlUm1~n~laJL"li1~ 
q" 1 · ". 

L'1l'~~~lJ (Lopez et al 2003) m1fin~1~nrJ111Y-l"lltl-'l STARP Lum1LtJU1,,;nut!u Y-llJl1LntlLi synthetic 
d I .... ..., , I.... , 

peptide 'Ylt:.JUlnfflU"lItl-'l STARP L"lI1nlJfflU"lItl-'l LSA1, LSA3 LL~:: SALSA Y-llJl1 peptide ~-'ln~11fflaJ11n 

n1::~U~-'l T cell LL~:: B cell L~~ 11aJ~-'l£J-'li:l"11aJ~lLY-l1::~tlltl1~UL'VI~ld~tlcilJu~h"lltl-'l sporozoite LL~:: 
q 'II 

1::rJ::L~3JLL1n~L:fftlaJ1~lLim,;)1tyLUL'1l'~~~lJ~-'lLUn1rn~L,rn-'l Aotus (Perlaza et a11998) LL~:: ~-'l 
chimpanzee (Ben Mohamed et al 2004) LUm1'Yl~~tl-'l 

... , 1 .. ~..... ...r ...I, '" , ...r .. ...I .. 
LLaJl1 1"aJ1~lL1mUaJU~[JaJff1L'VI~,;)lm"1l'tl Plasmodium 'YlLL~nm-'lnU 4 species LL~IL"1l'tlm~lL1[J'YlaJ

q q 

~un1Lii.~,;)ln~-'lffl3J11mitll1"LuaJ~~m~ LL~::tl1,;)Y-llJl1LtJUUf!:J'VI1~1~tyLUL"lJ~tl11n!l11"lJ1-'lLL~-'l~-'lL-rlu 
.. .... ...r . ' .d .d.... ...r .. 

m1Y-llJm11::lJl~"lItl-'laJ1~lL1m\1nm1~~L"1l'tl Plasmodium knowlesl aJ1nnl1"1-'l'VIU-'lLn~,;)lm"1l'tlaJ1~lL1rJ 

"" .J' ... .. ..., ..... '" .... '1 ~ tl \'I.d.......r .. "".J' ,
"1l'U~UlJULm::lJmLU[Jl LLaJl1t:.Jl,;)rJ~11,;)Y-llJt:.JulrJ 1 11rJLU 1::L'Yl~ L'Yl[J'Yl~~L"1l'tlaJ1~lL1[J"1l'U~U LL~m1'Yl 

'II 'II 

tl1::"1l'lm~-'lLLff1J (Macaca fascicularis) tl1~[J tlciLtJU~lU1UaJ1nL Utl1::L 'Yl~L 'Yl mL~::~-'l"1l'ii.~d~~LtJuluff~ L U 
'II 

1i'11aJ"1l'1~"lI tl-'l aJ1 ~1 L1rJ~-'l n~11 ~-'lt!U~-'lmtlm ff~,;)::Y-llJ m1~~L:fftl aJ1 ~1 L1[J~ii~urh Lii.~ ';)1 n~-'lL~lun ~aJ ~~~ 
q 'II 

...r .. ~ tl \'I ,,,, ...r .. ...I ..... 0"" ...........1 .. '" ~ , 

L"1l'tlm~lL1[J LU 1::L'Yl~ L'Yl rJ L"1l'UnU m1~11,;)'VI1L"1l'tl3J1~lL1rJ'YlaJ~umLU~,;)ln~-'l"1l'U~'YlaJ~n rJ111Y-l LUm1ntl 

h"LUaJu~rf L-rlU Plasmodium knowlesi, Plasmodium cynomolgi, Plasmodium inui, Plasmodium simium 
q 

LL~:: Plasmodium brasilianum LtJuiu (Knowles & Gupta 1932; Chin et al 1965; Deane et al 1966; 

Coatney 1971; Fong et al 1971; Most 1973; Singh et al 2004; Jongwutiwes et al 2004) rJtlaJL3Jff1aJ11n 

...I 



LL~n~h~1.'U.11 m'l::L~ r./~ Ld a~~ Ln~~1n LLr-i'U.~ff3J tG'!~ ~"ll'U~U1~ LL~n11~11~~~mh1 ci a3J ~a~ tJ1~m1mf:: LLG'!:: 

1.h::~1Jn11ru~1n~~ fl113J1fl113J ~13J11m~ r./1nu L :}a3J1~1 L1r./1.'U.~~LYh~'U. aci1~L1nm3JLrta~~1m:}a
'II 'II 

3J1~1L1r.JLL~~::"ll'U~~~1~U U1fl~laL'Yl~1'U. ssu rRNA gene LL~n~1~n'U. LL~::~fl113J,j1Lvn::ff1V1fuL:}ElLL~~:: 
"ll'U~ (Snounou et al 1993; Kimura et al 1997) ~~~'U.ln-n11~11~'Yl1~ peR cia3J~uii~,j1n~1'U.n11m1~Vl1 
"ll'U~"lla~L:}a3J1~1L1r./~11U1~~~"lla3J~ L~ r./1nu~1~uU1fl~taL'Yl~1 'U. gene ~~n~11 aci1~hn~13Jn111Lfl11::~ 

'II 

~'U.lln113J"lla~L:Ba3J1~1 L1r./~1n~~~~u1'U.fl'U.l'U.ffTI.t"lla~ mitochondrial DNA ci a3J"151r./1 iL"ll1 hn11Ln~ 
~ 

11~'U.1n11"lla~n11Ln~hfl"ll13Jtem~"lla~L:}a3J1~1L1r./"lla~~~ L~m.h::lr./"ll'w''U.n11V11LL'U.1'Yl1~L~11::1~Vl1a 
iJa~n'U.hfl~aLu 

1. ~1nn11~mf1~1aci1~~1n~~~~L:}El3J1~1L1r./ 1,859 ~1aci1~LL~::~~~L"llLL~::~~ir./11~::~~L:}a
'II 'II 

3J1~1L1r./,j1'U.1'U. 908 ~1aci1~ t~r.JLmr./uLYir./Ur-l~n11~11~~1n~ff3J1G'!~~~rJa3J~ Giemsa LL~::ln- peR ~ 

L~3J1.n3J1ru DNA "lla~ SSU rRNA gene "lla~L:fia3J1~1L1mr~ 4 "ll'U~~riahfll'U.fl'U.LLG'!:: Plasmodium 

knowlesi ~U111n- peR lir-l~u1n~an11~11~ 1,023 ~1aci1~ 1~r./~u11~~thr./~~~L:fia3J1~1L1r./"ll'U~L~r./1
'II 

,j1'U.1'U.~~~'U. 900 11r./ ~~LtJ'U.far./~:: 88.0 ~~ti'n11~~L:fia Plasmodium falciparum "ll'U~L~r./1~ul'U.~thr.J
'II 

327 11r.JLLl'l:: Plasmodium vivax "ll'U~L~r./1~ul'1.t~thr./ 568 11r./ ff1V1fUn11~~L:fia 2 "ll'U~~ 122 11r./ LL~::£T~ 
'II 

~Un11~~L:fia113Jn'U. 3 "ll'U~l'1.t~thr.J 1 11r./l'U.I11flLVlila n11~~L:fia3J1nn11 1 "ll'U~~~LtJ'l.t1ar.J~:: 12.0 "lla~ 
'II 

'U.am1nti'~::L~'I.t11n11~~ L ;a3J1 ~1L1r./3J1nn11 1 "ll'U~~UL~'U.I11 flL Vlila LL~::~::l'U.~n3J1nn11I11fl~::1'U.aan 

LL~::I11fll~ 

2. ~Un11~~IL:fia Plasmodium falciparum 1i1'1.t1'U. 446 11r./ (1ar./~:: 38.9) Plasmodium vivax 

,j1'U.1'U. 688 11r.J (far./~:: 60.0) Plasmodium malariae ,j1'U.1'U. 8 11r./ (1ar./~:: 0.7) Plasmodium ovale 
o ~ 0 "" ~.ct.¥.d 
~1'U.1'U. 4 11r./ (1ar./~:: 0.4) LL~:: Plasmodium knowlesi~1'U.1'U. 111r./ (1ar./~:: 0.1)'Yl~'I.t~UL"ll'amG'!1L1r./ 

Plasmodium vivax 3J1nn11 Plasmodium falciparum 1'1.t'YlnIl1fl r./ml'U.I11fl~::1'U.~n~u Plasmodium 
~ 

falciparum mnn11 Plasmodium vivax L~nuar./ 

3. au'1in11m"lla~n11~~L:fiar-l~3J~ LL 'U.11 U3J~~UL~'U.I11flLVlilaLL~::~::1'l.t~n3J1nn11~~u1.'U.I11fl1.~, 
LL~::~::l'U.aan"ll a~l.h::L 'Ylf'f 

4. n111 Lfl11::~~1~ULu~"lla~fi'U. STARP ~U11~fl113JVI ~1nVl~1 r.J1'U.1i1'1.t1'1.tU1fl~taL'Yl~~LtJ'U. 
a~yf1.h::nau"lla~fi'U.LL~n~1~n'U.m3J~1aci1~~~m~nl~r./~"ll'U.1~ 1847, 1877, 1982 LL~:: 2024 LU~ ~~Lrla 
~~11ru11.'U.1::~'lJU1fl~laL'Yl~~U11~13J11f11i1LL'U.nL~LtJ'U. 20 haplotypes 

5. LrlaYhn111Lfl11::~~1~uU1fl~laL'Yl~1'U.fi'U. STARP 1~r./n11T11'U.1ru nonsynonymous 

sUbstitutions ~a nonsynonymous site (dN) Lmr./ULYir./unu synonymus substitutions ~a synonymous 

site (dS) ~'lJ11 Tl1 dN LL~:: dS l'U. exon 1 Lll~fl113JLL~n~1~n'l.t LL~l'U. exon 2 ~U11 dN 3J1nn11 dS aci1~ 

~\tr./ff1fi'~ (p< 0.05) LL~~~11n11LL'Yl'l.t~"lla~U1fl~laL'Yl~1'U. exon 2 a~I11r.Jhrn'Ylrr~~"llEl~n11fi'~L~an~13J 
1l113J"ll'1~ 



• • 

• • 

d .. ~ ..t ,
6. L'\AjEl~1l~~EllJ allele "llEl-:J block 2 "llEl-:JrJU PfMsp-1 LUL"ll'El Plasmodium falciparum '\AjlJl1 

..... l.cf &:II A d ~ 6' A.cf ..... t: I.... I "ftV 

~l El r.J1-:J L"ll'El3J1~lL1rJ~1 n111f1L~UmL~::~::lU~mJEllJ~ n11ru"ll El-:Jn11~~ L"ll'El~ ~1 rJ ~1 rJ'\AjUli3J1nnl1~1 El r.J1-:JL"ll'El 
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(1l1'Mla~nt)'M) Evolution of chloroquine resistant Plasmodium falciparum in Thailand: a basis 

for decelerating anti-malarial drug resistance 

tlU ~"f'lfl ffl~ruu1::nT'l~~~1 Um1f11tJfI:IJ t 1f1 :IJ1~lL1[J1 UU1:: L 'Yl~1 'Yl mL~::LtJuiJru~11::~tJt~n~ tlm1 
.." "I " 

~L.;fitl:lJ1~lL1[Jt~mU'Yn::mh~rj~ Plasmodium falciparum Ln~m1~tl~tlm~~1[J-nU~~li1.hU~hfl:lJ1~lL1[J 
mti chloroquine, sulfadoxine-pyrimethamine, mefloquine, quinine, atovaquone LL~:: artesunate fi~~~l,x 

n11ril~U~:IJ1~1.21um11n'Mlt 1f1:1J1 ~1 L1[J1 UU1::L 'Yl~1'Yl[Jiifl11:IJLL~n~1~nummltl~~~l~ ') 1 UL'lJ~U11nlJ 
t 1f1~~ii1::~tJm1~tl mLL~n~l~nULYl tll",~1:IJ11nfl~U1::~'YlTIIl1Yl'lJ tl~m11n'Ml~th [J1,xLn~~~~~~~ L"liu 
~ .rod......... ..... ICC .... ::I Q,.d.t d.A". 

~ 1 1'" ,

tJ1L1(u'YlU'Yl';)~~1~mn ~11~ LL~::,;)U'YltJ1 ,;)~LuUtJ1L1(u''YlL-ntl:lJ1~lL1[J~tl~tlm mefloquine U1::~tJ~~ml 

1. 1 

1 ~ 

.¥":.d ~ .:'1 0­Yl'\..l.'YItl'\..l.') Uu1::L'Yl~ L'Yl[J LuU~U 

LL~ilL.;fitl:IJ1~lL1[J-nU~ Plasmodium falciparum Ln~m1~tl~tlm chloroquine t~[JYltJflf~LL1nluiJ 
~ ~....d'¥ '" , ~..r. 1 !'I '" .. 10­

Yl.~, 2506 1UtJ1L1(U,-nlmL~U L'Yl[J-n:IJYl-nl 'll~m1~tlm~~n~11Ln~'lJUu1:::lJlru. 12 u ~~~,;)ln:IJm1 -nm 
~ 

chloroquine L~tlm11.hu~ LL~::iJ tl~nU:IJ1 ~1 L1[J tl [h~ LL wj~~1 [J L.;fitl:IJ1~1 L1[J~ ~tl ~ tl m~~n ~111~iim1 
LLYl'im::,;)1[J'Yln~U~'lJtl~u1::L'Yl~1'Yl[JluiJ Yl.~. 2525 'yhl",m11im chloroquine ~1~1tJ Plasmodium 

1 

falciparum ~tl~[J~~~ tl [h~hii~l:IJ m-nU~drT~iiu1::t[J-n,rLL~::iim1limh~LLYl'i~~l[JlUm11n'Mlt 1f1 
1 

:IJ1~lL1[J~Ln~,;)ln Plasmodium vivax, Plasmodium ovale ~1tl Plasmodium malariae 
~.¥ . ~ .. .¥ .. .J.¥ .,: '" "" 

n~ Lnm1~tlm chloroquine Ln~,;)lnm1'YlL-ntl:lJ1~lL1[J'Yl~tlm ~l:1J11mYl:IJ tl~11 n11'lJtJn1[J mtltln 

,nn acid vesicle lu1'llt~Yl~1~:lJ1~11~L11,;)Wl'hl"'1::~tJm~L~~tlmJ1uL'll~~:lJl~lL1[J~~~1~~';)u11lii~~1'\..1.
~ 

n11'Yh~lm.;fitl m11i[Jl chloroquine lUm11.hu~hfl:lJ1~lL1[Jmh~LLYl'i~~1[J1Utl~~fi~~~1"'U1::-nlm'lJtl~ 
. . .J , . 0 .¥.J.¥": .1 ..r

PlasmodIUm falclparum 'Yl~tltJ~Utl~~tlm chloroquine ~~,;)lU1U~~LL~::L-ntl'Yl~tlmLYl:IJu1::"lnm:lJ1n'lJ'\..I. 

'innn11~n'Mlm1~tltJ~Utl~'lJtl~ Plasmodium falciparum ~LiitJ11tJ11:IJ,;)ln~th[J~~LL~iJ Yl.~, 2521 ';)un~
~ 

2528 ~m::~1.Jfl11:IJL"lT:IJ"ljU'lJtl~m chloroquine lU~~tl~'Yl~~tl~YltJil~1mh~L;fitl~L1i1.JluiJ 2527 LL~:: 2528 

L~:IJ~tl1.J~'\..I.tl~~tlm chloroquine :lJln~U ~~'m,;)Lrttl~,;)ln~'YlTIYl~,;)lnm1~~L~tlnU1::-nln1 Plasmodium 

falciparum t~mn~~n ~11~~~~ ~1El m,;)~1[J1ulU"li1~L1~1~\1~ rh1"'U1::-nln1L:A'tl:lJ1~lL1[J~iifl11:IJb~tl m 

chloroquine iittlm~L~ :lJm:lJ1 ru.U1::-nln11~:IJ1 n~u 1'\..I. 'Yll~~1~"lTl:IJL.;fitl:IJ1~1 L1[J m';) Ln~ m::1.J1'\..1.m1~lL~~1 
rJtlun~1.J (back mutation) 1l1[J~~~,;)lmL1~n~~'\..I.,;)lml1 (drug pressure) 1~~~~~~1tl~1[J1u ~~~'\..I.m1 
L"lTlh m::1.J1Un11LU~ [JULLU ~~ 'lJ tl~U1::-nln1L.;fitl:lJ1~lL1[J t~ [J~'YlTIYl ~'lJ tl~ m~~ LL~ tl~ ~,;)'\..I.iJ';)';)Uut~ [J~n'Ml

1 
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gene ~mU~l1m1~mn~hu 111iillL1t1'lJth1 Plasmodium falciparum ~::LiJULLU1'Y1l\l~1f1qj1um1U~~11tn 
y 1" :1".t ..r .. ~"".¥ Y ~" ...m111\lULtlUlt1nl1 "ntn m1LN11::1\lm1 ~H)tI1'lJa\lL"namiillL1t1 L~~'lJU~U~lm1n~lUmJL1~ L~atl1\l1.l, 

~~nm1 ~\l~Um1L,ylhll~ulm1LL~::m1LU~tlULLUiil\l~m~Hll.::u1::"nlm'lJa\lL;fiam~1L1t1~\lLiJU~U~lu... 

m1~L;fiamiil~IL1t1Ln~m1~atll~lU1.IliillL1t1~1aLaj~u LajL~Ln~~ln~iil'lJa\l~ltnt~tI~1\ln~11~a tI1 

~1i1m~nh~miillL1t1Lajijtl'YI~tum1imb1~Ln~m1~lL~~1 (mutagenic effect) 1uvrUlin111.1'lJa\lL;fia, 
1.I1iillL1t1 LL3Jl1t11L~~lUij~mVltl\lL~nUatl1um1imb1~Ln~m1~lL~~11u Salmonella (Chatterjee et al 

• ..d 'I 'I .J ... ",.d .,. .,. t ..
1998) LL~LUa\l~ln LU n1::Ulum1iilamLUU DNA LU'lJru.::'YIL6Jf~iilLLU\l~16Jf\ltl1~Ln~m1~~'Wiill~ ~tlli111.1"l51~ 

1wffu~aum1\bib~~taL'YI~~ complementary nu~a~uu~tI DNA ~ULLUU ~\lU11n~m1rn~\ln~11 
Ln~;tuL~~iila~L1iill1u~\lij.:nl~'YIn"nU~LL~hn~;tu1u5~11~~lmn m1~atl1'lJa\l Plasmodium falciparum ~a, 
chloroquine ~uL~al1Ln~;tua~LL~11uli111.1"nl~1u5~11U1::mru. 11u 10 

20 (~1a1atl~lU~lU~lU) (Su et al 
'IJ 

1997) LL~lh,rtl~u 6) ij~iil1~Ln~m1LL'Win1::~1t1'lJa\lL;fiamiillL1t1~1t1vruli~~atn Liu m11itl1LajL~1.I1::~1.I, 
~1a1""tI11u1::~U~lnl11.11~1ilU'lJa\lm11m~n LiJU~U (Wongsrichanalai et al 2002) 

~lWrUniilLn'YI1\lvrulin1111~~lU~1.In11~atl1 chloroquine 'lJa\l Plasmodium falciparum ~ua~ 
, , 'IJ 

Intl1~m1 LL~~\laan'lJa\l gene a~l\lUatl 2 "nU~ "nU~~ij~111.1L~tll,ya\l1.l1n~~~~a (1) chloroquine­, 
. ....d • t t t ·.J. 1 .,resistant transporter ~1a Pfcrt 6Jf\l a tlUU ~1 1.1 6Jf1.lLL'YI\l'YI 7 u1::naU~1t1 13 exons (Fidock et al 2000; 

'IJ 

Ojimde et al 2001) ~lnm11L~11::~~1~ULU~'lJa\l Pfcrt gene 1u~1t1vruli~ij1::~um1~au~ua\l~atl1, 
~\ln~11 LL~n~l\lnU~ln~ iill tll13jln~-kltiiln 'WU~111.1 ~1.IvrUli1::~11\lm1LL'YIU~'lJ a\lUl~~taL'YI~~Y\11i 

'IJ 

m~a::iitu1u~hLLW"\l~ 76 LU~tlULU1~tI~1t1vruli~~au~ua\l~a chloroquine ~::LiJU lysine 1u'lJru.::~~1t1, 
vru~~atnLiJu threonine (Dorsey et al 2001; Mayor et al 2001; Mehlotra et al 2001; Abdel-Muhsin et , 

.J' '" .J .. "1 ~ ~ ..d 1al 2004; Huaman et al 2004) uan~lnUtl\l'Wu'Wum1LL'YIU'YI'lJa\lUl~iil a L'YI~LU codon all. 6) u Pfcrt 
~", .d .J • .J' • "'~.I 

geneL~LLn 72, 74, 75,144,160, 220, 271, 326, 356 LLiil:: 371 6Jf\lm1LL'YIU'YI L'VIiillU~::LL~n~1\lnULum1.l 

113j111~'lJa\l1iiln (Chen et al 2003; Vieira et al 2004; Vathsala et al 2004; Nagesha et al 2003) (2) 
'IJ 

multiple drug resistance 1 (Pfmdr1) ~\l a~uu 1~111.116Jf1.lLLrl\l~ 5 'WU11m1LL'YIU~'lJ a\l nucleotide 1 U codon 
'IJ 

.. '" "' .. '" ..r ..r .. , ~ 
86, 1034, 1042 LLiil:: 1246 1.I~111.1~1.I'WUlinu nl1~atl1'lJa\lL"na1.l1iil~IL1t1 (Foote et al 1990) LLiil::'WU11niil Ln 

~o •• .A OCL.II .., .-:f .¥. 
m1L'W1.I~lU1U~~'lJa\l gene (gene amplification) 1.I~111.1 ~1~qj~am1~ru.iiln~ru.::m1~atl1'lJa\lL"na~a 

mefloquine LLiil:: halofantrine ~1t1 (van ES et al 1994;Ekong et a11993) acil\lL1n~11.1'Wu111ULLUU'lJa\l 
'IJ 

allele 'lJa\l Pfcrt LLiil:: Pfmdr1 Lajij~1111~l1vrulinua~1\li~L~U yf\lULrta\l~lm;fia1.l1~lL1mn~ m1LLiilmU~[JU 
vrulim11.11::~11\lm1RuvruliLLuu1iL'W~1utl\lnUU~a\l~LiJU'Wl~::LLiil::Lrta\l~ln gene yf\l 2 "nU~ariuu~uiil:: 

, " 'IJ 

tm11.116Jf1.l~\l~11.111mLtlmiJu~~1::~lnnu1un1::Ulum1U~~UTI'lJa\lL;fia1.l1iillL1tI (Adagut et al 2001) 

LtJU~,"1~\lLn~11m1~atn chloroquine 'lJa\l Plasmodium falciparum ij~~L~1.I~ULL~n~1\lnU, 
U1::1.I1ru. 3 U~L1ru. L~LLTi U1L1 ru.'W11.1LL~UU1::L'YI~L 'YI tI-n1.l'W"nl LLiil::U1L1ru.U1::L'YI~1~iila11Lutl1UtlL1.I1mniill\l 

'IJ 
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'VI~"1l1mflt m1"LL'r'dn1"::1l1 tJ"lJ tl"~l tJ~ltt'~~mnL~~l LUltLtl~l3JIlii[n~wh" 6) tl cil" 3J1n1llttl"U1l1lUlt, 	 ,~ 

~'VI11Jtl1"::L'Yl~ ~1" 6) llt'Ylltl elmmm1"LLVdn1"::1l1 tJi"mh1Ln~~Wn~L1llttl1"::3J1rntl~1 tJ'Yl~l1"1"~~ 70 ~,,~~ 
1~ne~U~tJ:nl~ 1l1nh~3J1~lL1m~3J~ltLillt~llt1lt3J1mL~::m1"1i chloroquine L~tl1n~1h~3J1~lL1tJ1l1n 

~ 

... .,1 .¥.J 	 '\1" '" Plasmodium falciparum ~tl"tJ~~" It'VI~ltJ~lt'Yl (Wongsrichanalai et al 2002) tltJ1" L1"nm3JIllrJ'VI~"1l1n, 
n11"'VItJ~1itJl chloroquine 1"::tJ::'VIrt"n~1J~1Jll tl1"::"1nn1" Plasmodium falciparum nm1"~tl1J~lttl"~tltJ1, 
chloroquine Lillt~~~lltL~3J3J1n~ltm3J1":: tJ::Ll~l~'VI tJ~1itJ11lt'VI~ltJtl1"::L'Yl~1lt 'Ylltl elmm i" L"lllt 

.. 1 tl .., 1 ~I 
, 
.¥ .,I '" , .. ...

n11"~n~l It 1"::L'Yl~3J1~11 ~1J1l ltu ~.K 2541 ~1JL"ll'tl'YltJ,,~,,~tl1J ~lttl"~tltJl chloroquine L~rJ"1"tltJ~:: 3 
'1 ~I ",.,,:.J' .. ... d 1... '" , "':.J' .d ~I

LL~ ltu ~.~. 2543 n~1J~1JL~3J3J1n"lJltm1"tltJ~:: 47 'Il'''m1"'VItJ~ "ll'tJ1 ~"n~11L1"3J"lJltL3Jtlu ~.~. 2536 (Mita , 
et al 2003) LL~~"lln11"1itJ1 chloroquine n~'Yln-~~~l~fJJ~tln11"~~L~tln~n~rn:: tl1"::"ll'ln1"1"l3J~"~lt!in1"1"3J 

~ , 
"lJtl"tl1"::"ll'ln1" (population genetics) "lJtl" Plasmodium falciparum tlcil"i~L1llt lttln1l1nU mW"1J~~~llt 
"lJ tl"L:A'tl~~tl1J~lttl"~tl tJ1 chloroq uine L~~1L~3J~lttl cil"1"l~L111lt1":: tJ::L1 ~lelmfmilltn11":A'1~ mrtl3JllL:A'tl 

3J1~lL1rJ~n~lt!inn3J~~tl~tl tJ1 chloroquine tll1lij~ll3J~3J11"(11ltm1"L1l~fJJL~13-i~ L ri1n1J ~tJ~ltt'~, ~, 

d , .., I 

~tl1J~lttl"~~tlr.Jl~"n~11 

m1"L"JJlhll~ltlm1""lJ	tl"m1"~tl tJ1"lJtl"L:A'tl3J1~lL1tJllttl1"::L'Yl~L 'Yl tJ U1Jllij~ll3J~l~qJ~tln11"ll" 
..... ... .. """ .,11 tII."1 '" 1 .¥

LLlt1 'Yll"n11"~l1J~3J11"~3J1~lL1"tJ~l tJ tJ1mlt3J1~lL1"tJ"ll'lt~~l" 6) 'Yl "ll' Lltu1l1l1Jlt ~ tJm1"~tl tJl chloroquine, 	 , 
U1JLillt LL3-iLL1J1JLL~::1J'YlL1tJlt~~1ltnl1"1J~'VI11"LL~::11"ltltJ1Jl tJn11" 1 itJ1~llt3Jl~l L1m~ ElL~L:A'mn~n11"~El tJ1L~ 

...,. ca,.. '" r 	 I I &:II I cv &:II I"" Ad'" .... 

1997) LL3J 11'VI ~nm1" ~"n~11lt11l::~"~ ~~ ~ tlm1"1"n~l3J1~lL1"tJ LL~m~1l11"rnl (1" ~ n~rn::'Yll"~lt!in1"1"3J, 
elmlm1"n~ltJ~ltt'LL~:: :n1l'YltJ1"lJEl"1l~:n~~" 2 "ll'U~ 1l::~1Jllij~ll3JLL~n~l"nltl~tJiltL~" n~11~m:ltl, 	 , 
3Jl~lL1tJn~lt!in1"1"3J~Lillt DNA ijel~1"1n11"n~ltJ~mfllt!i1"1"3J"ll'1~~lnllL11~ HIV-1 'VI~ltJ~ltLrh (Perrino, 	 , 

"" '" , ~ 1.... ~ &:II .Aet al 1989; Roberts et al 1988; Preston et al 1988) LL~::1ltm1"~1J~lt!iLL1J1J "ll'L~~"lJEl"L"ll'El3J1~lL1"tJ3Jm1" 

LL~mtl~ tJlt'Yll"~lt!in1"1"3J (meiotic recombination) elltLilwfflt~ElWI!\rt"~li11V; Ln~~ll3J'VI~ln'VI~l rJ'Yll", 
'" .¥.... \1.,1 , \1 '" d.. ~tl .... :"1 ' 
~lt!im1"3J"lJEl"L"ll'El3Jl~lL1"m.Jn~ m'YlLL~n~1"1l1n Ll1"a- HIV-1 'Il'''3Jtl''~ 1"::ntl1J v'-llt!in1"1"3JLult RNA EltJ1", 	 , 
L~wn~ (Walliker et al 1983) 

LiiEl"1l1nm1"~tl tJl"lJ El"L:A'El3J1~lL1tJL~L~3JfiEli1~f"LL1"n1lt"ll'l mL~ltL'Yl tJ-n3J~"ll'l LL~::tl1"::L'Yl~L 'Yl tJn 
~ 

3J1mill1"n11"LH11"::1"l1"~tl cil"~ ElLittl" 1"13J~"'VIU1 tJl,rtJ3J1~lL1tJ 1lWl~"n1"n!3J'VI11'Yl tJ1~tJL~~lLUltm1"LHl, 
'" \1.¥.... '" '" , .¥ fl 	 '~I

1"::1" 'Yl~~El1Jw.n3J Ll"lJEl"L"ll'El3Jl~lL1"mL~::Ln1J1"n~1~lEltJ1"L"ll'mult1"::tJ::Ll~lltlltn1l 25 u (Thaithong et al 

1983a; 1983b; 1984; 1985; 1988a; 1988b) i",rlt m1"lL~1"l::~ Ptcrt LL~:: ptmdr1 1l1ni1tlcil,,1ltEl~~ 
LmtJ1JLYi tJ1Jn1Ji1El cil"1ltU1l~Ult1l::"ll1 tJlV;'Yl1"l1Jll~ltl m1""lJEl"m1"~El tJl chloroquine LL~::tl1"ln!lm1"rn~ 
L:A'El3J1~lL1m~3Jij~113JL1~ El tJl chloroquine III tJ'VI~"m1" 'VI tJ~litJ1i"n~11L~ El1n~111"~ 3J1~lL1tJ1l1n, 
Plasmodium falciparum 

49 

http:lt!im1"3J"lJEl"L"ll'El3Jl~lL1"m.Jn


• • 

.. ..t .f'1 • 1 "" 1 . 1..1 • 1 • 1 ..t '" "" 
m1~m~1ll.L ull.m1u1::L1Jll.~fl11:: ll.m1Lu iii [Jll.LLu iii \I u1::"lnn1"ll El\l L"15El1J1 iil1L1 [J"15Wil Plasmodium 

..I "" ..t, 1 . 1 \1 1 :-1 "" • 1..1 • 1 falciparum 'YlLn~m1~El~Elm chloroquine ll.u1::LYl~ m[J ~mull.m1~~m1Jm1Luiil[Jll.LLuiil\l1::[J::ml'l1n 

El~~~\lll::1i ilEl rJ1\1~Vllh[Jli[J1J1ii1~IL1[J ~rnull.ii[J1Yl mm ~~fm1LL'Ym rf llW1 iii \I n1rn1JVl1iYl m~[J L~
• 

Lfh.nlU1l1Jlll.El~~1l1m"ll~U11nnhtlVliil1[Jl1El\l~1~ [J ~1~~111l11rfn~~mu. ~~~1 LYl[JYlEl\l LLiiI::1l::rhm1
• 

diU11U1l1J L ~1Jlwrll\1L1ii11~rhVlll.~ 1~[Jlin~1JilElrJ1\1L;%El~ihh\lL1ii11m1LnULL~n~l\1nll.U1::1J1m 3-5 n 
• 

A 	 1 "" "" ..t, .... 1 .... '1 ,..t '" .... ...J..t ,
Lll.El \1,;)1 n ll. li111J"151~tl1';)~U m1~~ L"15El1l1Jnll. ll.t:-J ul [J1::Vll1\1 L "15El1J1ii11L1[J~1 [J~ ll.liYl~ El~ Elm chloroquine 

~ . 
LLiiI::~[J~ll.~ ~~ElU~ll.El\l~m.J1i\lmhl i\lill.lll.n1&.~~u~qJqJ1miElll.nll."llEl\lL:!i1iULU~El\l Pfcrt gene LLiiI:: 

Pfmdr1 genelll. electropherogram ';)::rhm1 subclone genes ,;)1nilElrJ1\1~\ln~11L.yjmL[Jn~1[J~mf~, 
~l\1nll.ElEln,;)ln nll.l~[J,;)::VllL:!i1iuLu~,;)1n recombinant DNA ~nm~1Jm1Jlmlll.LLutlYh1[J Rlwi'um1 

~ 

lLm1::~-llEl1JiiI,;)::li VI~nm1Yl1\1 population genetics LLiiI:: molecular evolution 
~ 

~ 	 .-0..... 0 IV d .f d 

1. lLtll1::Vliill~ULU~"llEl\l genes ~Vl1U Pfcrt LLiiI:: Pfmdr1 '1l'\ltllUtl1Jm1~ElU~ll.El\l"llEl\lL"15El1J1ii11L1[J• 
"15it~ Plasmodium falciparum ~Elm chloroquine ,;)ln~lElrJ1\1L;%El~Lnulll.El~~~\lLL~n _tl.~. 1991 ,;)ll.t1\1 

Ull';)Ull.
• 

.. "" .... 	 • 1..1 .1. 12. ~nB1ll~ll.1m1LLiiI::nl1Luiil[Jll.LLuiil\lu1::"151n1"llEl\l Plasmodium falciparum ,;)1nm1~1l,;)~ElU 

genes ~tllUtl1Jm1~ElmL.yj tll~Yl11U11m1~tlU ~ll.tl\l"lltl\l m chloroquine ~~;rll.lll.1::[J::VI~\I,;)1nVl[J~lim 

. LU 1::[J::VI~\lLn~,;)lnm1~lLVI~ln~1J (back mutation) "lltl\l~1[J~WIf~~tlmVl1mn~,;)1nm1L~1Jm1J1m"litl\l• 
• 1 ..t '" ..I '" • 	 d ... 1.1.... .... ...J..t 1 "" 
u1::"151n1L"15tl1J1ii11 L1[JYl~ tlU ~ll.tl\l~ ~ tl m chloroq uine '1l'\l1Ju:: ull.nU~1 [J~ll.li'Yl~ tl m ll.li111J"151~• 

AQ 0 	 A A 0...­

d ij(pl1 L 	""nTn;) tI 

iltlrJl\1L;%tl Plasmodium falciparum 

iltlrJ1\1 Plasmodium falciparum ,;)1mrih[J~\lL~rhm1LnU11U1l1J~\lLL~n tl.~. 1991 ';)ll.t1\1U';)';)Ull. 
~ . 

\1....... .... \1 ..t. 	 ..I .. \1 ...... 1...

LLiiI:: L~11Jm1~1l,;)1::~Utll11J L1"lltl\lL"15tl~tlm chloroquine ~iilEl~,;)ll.mtlll.') tlnVliill[J"llll.1ll.LLiiI:: L~Lnu Vltl\l 

~fl1~;1~fll[J1~ElmVlflii~1 1~ [JVllh [Jii[J 1J1ii11L1[J ~rnUll.l'Yl mm~~fm1LLvm rf ';)W1ii1\1n1rn 1JVl11Ylm~[J. 	 .
~ 

LL~::ilE1rJl\1L;%EI~L~,;)1ncrill [JU1L1 mi\lVll~m1J"151mL~ll."llEl\lU1::L'Yl~LYl [J ~\I,;)::LnU11U1l1J ~~~tlflll.~n 3 n 
~ 

,j1ll.lll. 60 ilE1cil\11l1JilE1rJ1\1~';)::1i1Ltl11::~rr\lt%ll.U1::1J1rn 165 iltlrJ1\1 

m1'Yl~~ElUm1~ElU~ll.EI\I"lltl\lL;%El1J1~lL1[J Plasmodium falciparum ~Elm chloroquine 

...t ....I • ..t 1 "" "'... . 1 . '1 .ll.1 L"15tl1J1ii11L1[J'YlYllm1L~l::L~ [J\I ll.VliiI EI~'Yl~iiI El\l,;)ll.L,;)1qJ~LLiill LLiiI::~lll. VI qJ El ~ ll.1::[J::l\1 LLVllll. (ring 

form) ij,jlll.lll.L;%ElElrJ1\1Utl[Ji\lLL~ 1% ;rll.LUil.l1J1Yl~~tlUm1~tl1J~ll.El\l~tlmm1Jl~EI\I Thaithong et al. 
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.1..1 .J' J'l"",.J'd .J' YI" • , ""'.
1. L uGHJll,tll'l,nmUJWlftl 'VIn1JL"lftlYlLvn::UU.h1 blLLiil::,;)::Yllm1Yl~a-tl1Jm1~ tl1Ja-ll,tl.:J~tl rn 'W1tl3Jn1JYll 

VJ~3JL~tl~"lfU~1Jl.:JL vltl~11';)a-tl1J % parasitaemia ~.:JLL~ritlll,Yhm1L~mn.:JL~tl 
2. Yhm1~1.:J un-infected red blood cells L~1[J3JL1~1'V\'~'1JliL~tl,;)1.:JL~tl3JliillL1[J~,;)::Yl~a-tl1Jm1 

~tl1Ja-ll,tl.:J~ tl [Jl m3J1ruifll,tl ~n1J1illl,1ll,~lmh\l~,;)::Yl~a-tl1J (fl11L~1[J3JL13J1nnl1m3J1 ru~';)::1 i';)1.:J) 

• 3. Yhm1L~tl,;)l\1[J1~';)::liYl~a-tl1JL~LLri chloroquine ~1[Jtl1'V111L~[J.:JL~tl~ij6fit3J (completed 
7 7 7medi~m) 1~ijflll3JL-n3J-nll,lll,'VIU.1[J Molar (M) chloroquine ~\ld 10-6, 5x10- , 2x10- , 10- , 5x10-8, 10-8 LLiil:: 

control ~D11~,;)ln rn 

4. L~3J[Jl~L~tl,;)l.:Jlll,LL~iil::flll3JL-n3J-nll,iil.:Jlll,~iil3J"lJtl.:J TC-96 micro-well plate 'VIiil3Jiil:: 100 L3Jlfl1~m 
q • 

LLiil::L~3J'VIiil3J~Lajij [J1 (ij LQ'Wl::tll'V111L~[J.:J L~tl~ij6fit3JLyh,!ll,) L vl tlliLUll,ml3Jfll1Jfl3J (control) L~tlL,;)1tULUll, 
III 41"'" 

Dn~ TC-micro-well plate: Column 1-12 -4- malaria parasites ~,;)::Yhm1Yl~a-tl1Jm1~tl1Ja-ll,tl\l~tlrn 

Row A-H -4- control wells (A1-A12) and drug dilution wells (B-H=1-12) at each dilution 


.J' ..I" ,.J'l' 1 
 A5. ~~ L"lftlYl~ tl.:J m1Yl~a-tl1Jm1~ El1J a-ll,El.:J~ tl [J1,;)1n1l1 ll,L'Wl::L"lfEl a-iil.:J ll,'VI iil El~Yl~ iil tl\l ('VI iilEl~ L6jjll,m
'U 

VJ1-;lfbihill,LL'VI iil3JDlnnll.:Jijii~1J Elnmm~1Lvl Ell iYin1Jth D ~Yi'WL~ L'W11::nlDl n'VI iil El~ LLfl1J,;)::Laja-lm1rlU
'U 

LD~Yi'WL-nlLD~~L~El~L~) ttlLD,jll,~flll3J L11 1500 1El1J~ Elll,1Yill,lll, 5 ll,1Yi LL~l~~ tll'V1;'m~[J\lL~mhll,1'V1 oj
'U 'U" 

~.:JLDL'VI~ElLlmm~11 L'Yll"lJEl.:J packed cell Lvlm'hl~Lull, 50% haematocrit LL~lYhm1L~El,;)1.:JL~tlhm 
-;illl,1ll,L~El 0.2-0.5 % ~1 m~ El~~~1.:JL~1[J3JLl 'Wi'El3JYhVJ~3JL~El~"lfU~1Jl.:JL-r,x1J1illl,1ll,L~tl ~.:J~ll,,;)ln,!ll,L~3J 
.J' ..I "" "1' . ..I .. .J'.J' dYi ,,d

L"lfElYlL,;)El,;)1.:JLLiil1iil.:J ll,LL~iil::'VIiil3J"lJtl.:J TC-96 micro-well plate YlL~3Jtl1'V111Liil[J.:JL"lfElYl b3J3Jrn (niil3Jfll1Jfl3J)
q . q • 

LLiil::ijrn~flll3JL-n3J-nll,~h.:J 'J L1L1[J1Ji'ElmL~1'VIiil3Jiil:: 10 L3Jlfl1~m L"lJcilL1Jl 'J 1~L~El~~a-3Jn1Jtl1'V111L~[J.:J
• q 

.J' YI.I 1" ......L"lfEl ('VI3Jll, plate bu-m ll,Yl~Yll.:J~13J-Yl1ll,L"lJ3Jll,lwm)
• 
6. Ul TC-96 micro-well plate 11.:Jiil.:Jlll,L~a-~LflL~Elf ,;)~LYi[Jll,LvlEl't111~1J11[Jlm~1l1[Jlll,L~a-~LflL~Elf. 

ijnl6jjmf1JElll,L~ElElnL6jj~ (C02) D1::mru 5-8% (candle 

~ 

jar method) U1LDti3Jht~ti3JL~El (incubator) ~ij
. 'U 

01&11. cv ~"'1 .J .J'.f-"::'.d tl,.,1 t.d
iil::'VIiil3J ~lLL'VIll,\lL~3J (lll,LL1nYl 0 "lf1 . 3J.:J) LLiil::LDiil[Jll,El1'V111Liil[J.:JL"lfElElnfl1.:JL3JElfl11J 48 "lf1 3J\I L'W11::Q::ll,ll,';)\I 

" 
q 

.J'.J' d", ""I ""I 1" .J'.J' Yll .... ' ,1"lftl1'V111Liil [J\I L"lftlL3J El1ll,LL1n, 24 "lf1 3J.:J LLiil:: 48"lf1 3J.:J 113J "lfEl1'V111Liil [J.:J L"lfEl 300 b3J fl1iil~1~ El'VIiil3J ~ El 
q 

" " , d.J'
flll3J L"lJ3J"lJll,~ El'VI ll,\I L"lf El 

8. LriElm1J 72 ill3J.:Jl~ulLL~iil:: plate m1l.:JLa[J.:JYil3J3JD1::mnt 30-45 El.:J~ln1J~ll,LvlEll~L~El~
• 

~n~::nElll,mYll\1~lmh\l"lJ tl.:J'VIiil3J L~1[J3J label m::';)na-Liil~~,;)::1iYilYJ~3JL~ El~ LritlL~El~~n~::ntlll,~LL~ll~. ' 

1~I • I .... YI 1 .... .J' .J'':- YI. I " """.J'. ~I" A ....
"lfuLu~Yl'W"lJll,l~ 200 L3J miilm ~~tl1'V111Liil[J\lL"lfElYl\l buLLiil1~~LU'W1::LiilEl~"lJll, 'J "lJUmYl1niil3JLiiltl~"lfU~ 

'U 'U 

1J1.:JluLL~ iil::'VI iil3J1~ m~3JYilVJ~3JL~ El~,;)ln'VI iil3J~ijflll3JL-n3J-nua-.:J a-~LU'VI1~1 a-~ LLiil::m 3J~1 [J'VIiil3J~Lajij rn 
" "1J"" " 

mna-Liil~~.:J'VI3J~l~LL~.:J LL~l~.:J fix a-Liil~~\I'VI3J~~l[J absolute methyl alcohol U1LUrJEl3J~1[J~~3J'1il LvlElli 

~11,;)'VIlflll3JL-n3J-nU~l a-~"lJ El\l rn~~m1rl [J1J 5\1 m1L';)1W"lJEl.:J L~Elm iillL1[J~Yhn11Yl~a-El1J rnL~ 95-100%. " 
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(MIC, Minimum I nhibitory Concentration) 1 unTJ'Yl~~tl1JmYm '] Ylf\l Yl11",;)::~tl\lih;fftl~LUUW1tJvrufi1J~~'Yl!, , , 
~i'YilYl11~L-n~-nU~~lm1"nrT1Jrf\lnl1"L';)~ru"lltl\lL;fftl (MIC) L ~tlLiLUUn~~Yl11JYl~ 

" Q.I 41 41 

A ~ A 0 .... A A 


m1"L~1tJ~ DNA "lJtl\lL"l5tlmfllL1"tJ (~lln1Jm1"l'In1!l-1tJU Pfmdr1) 


tb~1tl~l\1L~tl~m~1~1 200 1-11 ~L~mYhm1~n~ DNA 1~tJli QIAamp DNA mini kit cfl\l3J.ffu~tlU 

1. L~~UyJLyJtlf ATL ~\lLtJ 180 1-11 ~~1JL~L-nlnu U1LtJ spin down 

2. L~~ proteinase K 20 1-11 ~~~1~'L-nlnu1~tJLi vortex Luunfll 151U1Yi tbLtJ spin down 

3. tbR1u~~~rt\lV\~~luv\~tl~LtJ incubate ~tlmv\11ii 56°C Luunfll 5 i11~\lV\~tl -nl~~U L~tlL~ 
, 'Il 

~ ,:2 I I tt 
L~~Lfl tl~ LL~\lnn tJ tl tJ tl m\l ~~1J1"m 

'Il 'Il 

4. V\~\I,;)lmfuU1LtJ spin down LL~1L~~UyJLyJtlf AL 200 1-11 ~~~L~L-nlnu l~tJLi vortex LUUL1~l 
151U1Yi 

5. U1LtJ incubate ~tlm'VI11ii 70°C Luunfll 10 U1Yi U1LtJ spin down 
, 'Il 

6. L~~ absolute ethanol 200 1-11 ~\lLtJ LL~::~~~L~L-nlnu l~tJLi vortex Luun~l 151U1Yi LL~1 

U1LtJ spin down 

7. ~~R1U~~~rt\lV\1J~ILR~\lLtJLU QIAamp spin column ~tl~LU collection tube LL~1U1LtJilu~ 
'Il 'Il 

Yl11~L11 8,000 1"tl1J~tlU1YiLuun~1 1 U1Yi ~tlru'VI11ii~tl\l 
, 'Il 

8. ttl QIAamp spin column LtJLRLU collection tube L'VI3j~~::tl1~ 

9. L~~UyJLyJtlf AW1 500 1-11 LL~1ttlLtJilU~Yl11~L11 8,000 1"tl1J~tlU1Yi L1JUn~l 1 U1Yi ~ 
.... " tl ru'VI11 ~ 'VI tl \I 

, 'Il 

10. ttl QIAamp spin column hlLRLU collection tube L'VI3j~~::tll~ 

11. L~~UyJLyJ tlf AW2 500 1-11 LL~1UlLtJilu~Yl11~L11 14,000 1"tl1J~ tlU1Yi Luun~l 3 U1Yi ~ 
tl ru'VI11ii~tl\l 
, 'Il 

12. Ul QIAamp spin column LtJLRlu collection tube 1'V13.l~~::tl1~ 
13. U1LtJilu~Yl11m11 14,000 1"tl1J~tlU1Yi LUUL1fll 1 U1Yi ~~ru'VI1Jii~tl\l L~mil,r~uyJLyJtlfR1U 

~LV\~tltltln1~'VI1J~ 
14. Ul QIAamp spin column LtJ1R1U'VI~tl~"llUl~ 1.5 ml ~~::tll~ 
15. L~1JUyJLyJtlf AE fl\lLtJ 30 III ~\I~\lLi~tlm'VI11ii~tl\l 1 U1Yi ,.. , 'Il 

17. U1LtJilU~Yl11~L11 8,000 1"tl1J~tlU1Yi Luun~l 1 U1Yi ~tlmv\11ii~tl\l 
, 'Il 

18. ~~Ln1J~l1"~::flltJ DNA ~L~1i~tlm'VI11ii -20°C L~tlliLUU DNA template lum1"'Yil 
'Il , 'Il 

PCR ~tlLtJ 
d ~ A 0"'" d d 


m1"L~1"tJ~ RNA "lltl\lL"l5tlmfllL1"tJ (~1v\1"1Jm1"l'In1!l-1tJU Pfcrt) 


1. ttl~1tl~l\lL~tl~~Ln1J1n1!l-1Lilu RNA later ~~m'VI1Jii -80°C m~\I~\lLil~fl::~ltJ (thawing) 
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2. Ulm~U~ 4,000 'H)tJ~ElUlii ~Elm'VIl1ii 4°C U1U 5 ulii 
1 ,. 

3. ~~~lUtJU~\I ul~::nElu~l~3-n~n~ RNA ~lEJ RNA Blood Mini Kit (Qiagen) ~13J.ffu~Elu1u 
"liEl 4 ~Elhl 

4. ~~~::nEludj~L~El~LL~\I~1~1~1U'VI~El~"lJU1~ 1.5 ml L~3J1ry.h~Elf EL ~\l1111ueJ~1l~lU 1:5 ~~3J1lK 
L"lilnu 

5. Incubate ~lU~~3Jlu."liEl 4 11~Elm'VIl1ii 4°C U1U 10-15 tnn (1U1::W;ll\1 incubate 1i mix dJu 
1 ,. 

"Ifl\l#U ') 111::mm 2 f)f\l) 

6. ul111~u~ 3,000 1EltJ~ElUl-n ~Elm'VIl1ii 4°C U1U 10 Ul-n ~lmfu~~~lu1~~\1
1 ,. ,. 

7. L~3JU~L~Elf EL 1lKmmmdJu 2 L'I'h"lJEl\l~::nEludj~L~tl~LL~\I~l~ ~~3J1lKL"lilnu 

8. Ul1]J~u~ 3,000 1EltJ~ElUl-n ~tlm'VIl1ii 4°C U1U 10 Ul-n ~lmfu~~~lu1~~\l1lK'VI3J~1 ,. . ,. 

9. L~3JU~L~Elf RLT (~L~3J beta-mercaptoethanol LL~l) 350 ul (n1rn~mm~1"lJtl\lL~tl~,rtlEJnll 
0.5 ml) 'VI1El 600 ul (mrn~mm~1"lJtl\lL~El~tlcl1::'VI11\1 0.5 ~\I 1.5 ml) ,. 

10. ~~ lysate ~l~~ln"litl 9 ~\l1u QIAshredder spin column ~tlcl1u collection tube LL~lUl111~u~,. ,. 
f)113JL11~\I~~ U1U 2 Ul-n 'VI~\I,nmfU~\I~lU QIAshredder spin column 111 LntJ~lU lysate ~l~i.l 

,. 1 

11. L~3J 70% ethanol mm~1 1 L'I'h (350 ul 'VI1tl 600 ul) ~\l1U~lU homogenized lysate ~l~~ln 
"litl 10 ~~3J1lKL"lilnul~EJ1iL11L11~ (lKll1Ul111~u) 

12. ~~~lU~~lIrf\l'VI3J~1u"liEl 11 ~\l1u QIAamp spin column ~Elcl1u collection tube ul111~u~,. ,. 
10,000 1tltJ~ElUl-n Lihl.Ll~l 151Ul-n ~\I~lU"lJtl\lL'VI~lLL~:: collection tube 111 

13. Ul QIAamp spin column ~ln"litl 12 hJ1~1u collection tube 1mj L~lIU~L~Elf RW1 mm~1 

700 ul ~\l1u column LL~::~U~ 10,000 1tltJ~tlUl-n LilUL1~l 151U1Yi ~\I~lU"lJtl\lL'VI~lLL~:: collection tube 

111 

14. Ul QIAamp spin column ~ln"liEl 131111~1u collection tube 1mJ L~lIU~Ly.Jtlf RPE mm~1 

500 ul ~\l1u column LL~::~U~ 10,000 1tltJ~tlU1Yi LiluLl~l 151U1Yi ~\I~lU"lJtl\lL'VI~lLL~:: collection tube 

111 

15. Ul QIAamp spin column ~ln"litl 14 1111~1u collection tube 1mj L~lIU~L~Elf RPE mm~1 

500 ul ~\l1u column LL~::~U~f)1111L11~\I~~ 14,000 1EltJ~ElUl-n LiluLl~l 3 Ul-n ~\I~lU"lJEl\lL'VI~lLL~:: 
,. 1 

collection tube 111 

16. Ul QIAamp spin column ~ln"litl 151111~1u collection tube 1mJ LL~::Ul111~u~mll1L11~\I~~ 
,. 1 

14,000 1tltJ~ElU1Yi LilUL1~l 1 Ul-n 

17. Ul QIAamp spin column ,nn"liEl 16 hl1~1U'VI~tl~ 1.5 mI1mJ~~::tll~ L~lI RNase-free water 

~\l111 30-50 ul m\ltJ1Llm column ~\I~\l115 Ul-n LL~lUl111~U~f)113JL11 10,000 1tltJ~ElU1Yi LiluLl~l 1 .. 
Ul'Yl 
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m1UI1rJ3JLL~::L~3JtJ13Jl rn cDNA (,hv\'i'lJm1~m~n[jlt Pfcrt) 

1. L~1rJ3JEltJmrn~';)::1.,nlt.fflt~Ellt~l\1 'J 1.lftJ11Y'1,;)ln RNase l~rJ1.i 0.1 % DEPC ~\lL1~Elrn~flij, , ~ 

37°C LUltLd~112 i113J\I ~~\I,;)lmrWlbLtJ autoclave L~Elfh~~ DEPC ~m~El 
'" .. A '" <'tJ . .... ..r2. L~1rJ3J reaction mixture 'lI'\l3JEl\lfl 1::nEllJ~1\1 'J ~\llt 

2.1 MgCI2 (5 mM) 2 ul 

2.2 10X RT buffer 1 ul 

2.3 RNase free water 3.75 ul 

2.4 dNTP mixture (1 mM) 1 ul 

2.5 RNase Inhibitor (1 uniUul) 0.25 ul 

2.6 AMV reverse transcriptase (0.25 uniUul) 0.5 ul 

2.7 Oligo dT-Adapter primer (0.125 uM) 0.5 ul 

2.8 DNA sample 1 ul 

3. l'hm1trl'l\1~lrJ complementary DNA l~rJ incubate ~Elrnflij 30°C LUltLd~l 10 lt1t; ~~\I,;)ln~lt, ~ 

~Elrnnij 50°C LUltLd~l 20 lt1t; Elrnflij 99°C LUltLd~l 5 ltlt; LLfl::Elrnllij 5°C LUltLd~l 5 ltlfi, , ,~ ~ ~ 

4. '\'i1m1L~aJmmrn cDNA 1.lt~1WlJEl\l[jlt Pfcrt ~\l1.lt PCR mixture ii~1lttJ1::nEllJ~\ld 
4.1 DNA template 2 ul 

4.2 forward primer 0.2 ul 

4.3 reverse primer 0.2 uM 

4.4 10X Ex Taq Buffer 1 ul 

4.5 dNTP Mixture mh\l fl:: 2.5 mM 

4.6 sterilized distilled water 6.02 ul 

4.7 TaKaRa ExTaq DNA polymerase 0.25 uniU ul 

5. PCR reaction mixture L,jlLfl~·El\lfl1lJflaJEl rn~flijLLfl::L'lflle1~llt~ (PCR thermal cycler) 
" ~ 

A ...::; .... ..r 
'lI'\ltJ1::nEllJ~1rJ~lt~Ellt~\llt 

5.1 1.wfflt~ElltLL1mrEl\lrl1m1LLrJn~lrJ DNA (DNA denaturation) rlEllt~E1m~llij 94°C LUltLdfll , ~ 

1 lt1t; LL~1L~aJtJ~n1m PCR ~\ltJ1::nEllJ~1rJ 
5.2 m1LLrJn~lrJ DNA ~Elrn~flij 94°C LUltLdfl1 40 1lt1fi, ~ 

5.3 .fflt~Ellt~ primer ~lJnlJ template DNA (primer-template annealing) ~Elrn~llij 55°C LUlt , ~ 

A '"L'lfll 30 1lt1"(\ 

5.4 m1~11\1~lrJ DNA ,;)In DNA ~ltLLlJlJ (primer extension) ~~rn~1Jij 68°C LUltLdfl1 1 lt1t; 

30 1lt1t; 
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1~tJtl~mrnJ\ll'UJ~l'i161hn'U."'U.Tl1lJ 35 1EllJ LL~::.ff'U.~El'U.n11ff11\1ffltJ DNA fflllJ1rnVt~\l1EllJ 
'II 

ff~ti'ltJliElrnVtI1i1 72°C dJ'U.L1~l 5 mYi 
• • 'II 

m1~11"~~~~~ PCR 1~[J agarose gel electrophoresis 

1. L~1tJlI agarose ~iiTl1111L"ll1l"ll'U.1mm:: 11~mt\l agarose 1 n111 ~::~1[J1'U. TAE uyh~Elf 100 ml 

2. \bLtl~lI"'U.L~El~ L"lI~lLlJl ~ 1lf agarose Lu'U.Litm~rnn'U. ~\I~\lLnlfLfi\t~\ltl1::mrn 50 n\l 60°C 

\bLtlL'YI~\llJ'U. gel chamber ~,y~L1' LL~11~ comb ~\lL1'1l'U.LLojj\l~1 

3. L~lI TAE ~\lLtllJ\tmrlLll~YlElY\111 Lrimll~LLojj\l~1~LLGh LYiEl"1htJllf~\I comb ElElnL~~l[J;J\t LL~:: 
Lu'U.m1iJEl\ln'U.L3J1lfVt~1I (well) 1'U.Lll~LL~n flEltJ ~ ~\I comb ElElnl~[J~\ltl~ltJJ\I 2 "lll\1ElElnYl1Elll ~ n'U.1::1\1 

El~11lfiim1an"ll1~"lIEl\lLll~LL~1\bLtl1~1'U. electrophoresis chamber ~\lii TAE El~1'U.mmrn~Y\111mrlLll~ 
'II 

4. 'Ill PCR product 5 IJI ~ffllnlJ loading dye 1 1J11-tl1l1Tl1ilLtl~~Vt[JEl~LL~~::~1mh\l~\l1'U.Vt~1I, 
Lll~1~tJL1tJ\I~1~lJLL~::1l~uwnnL1' 

5. 1i IJHind III LL~:: marker VI LU'U. DNA lJEln"ll'U.l~~lVt1lJ~~~~~ PCR 1EllJLL1nLL~::1EllJ~ffEl\l 

LYimmtJlJLYitJlJ"lI'U.l~1~tJtl1::mrn"llEl\l~~~~~ PCR i1~~·h electrophoresis chamber ~El.ff1aL~nl'Y11~L"lllnlJ 
LTl~El\lrilLU~L~vh ~~1lf DNA ~\lL"lllVtl.ff1lJ1n1iLL1\1LTl~El'U.L~~1 80 volts LU'U.L1~l 30 'U.1Yi 

6. 'IllLll~Ltl rJElll~1 [J ethidium bromide Tl1111 L"ll1l"ll'U. 1 IJg ~ El IJI LU'U.L1~l 15 'U.1Yi 'IllLtl~m1L'iEl.j
'II 

LLff\l"ll El\lLLrllJ DNA 111 tJ1~LLff\lEl~~1111lm~~1l1nLLVt~\lrilLii.~LLff\l (UV transilluminator) LL~::(htJI11Y1L1'LViEl, 
1~"lI'U.l~"lIEl\lLLrllJ DNA ~ ElLtll~ tJn11LmtJlJLYi tJlJnlJ DNA lJEln"ll'U.l~ 

A .. " 

m11LTl11::Vt"ll Elll~ 
o 

11lJ1111"llElll~1l1n~1~lJii.1Tl~lElL'YI~ ~1~lJn1~ El::i11'U. LL~::1tlLLlJlJ"lIEl\lLLrllJ DNA iLml::~"llElll~l~tJ 
'11'11'11 

m~tJVt~nm1"l1El\l population genetics LL~:: molecular evolution 

A ..... 

~~nT'id~V 

rJa 01'if1(9HH)1J~113Jl1'2Hl\l U1'1'"~tl\ltlii,r&i01'i 

1l1nm1'Y1~ ffEllJfl1111L1"l1 El\l rn chloroquine "1 n~1 El cll\1~LnlJ1m~nL n 'U.ffI111::LV ElnLL;J\I LL~::"lnm1 
LiilJ11lJ11111l1n~~~~L;fiElm~lL1tJ1'U.tJ Tl.Y'I. 1991,2003,2005, 2006 LL~:: 2007 ,jl'U.1'U.J\li'U. 165 ~1Eltil\1 

'II 

YllJilL;fiEl~1'U.1Vtqjii1::~lJ MIC ~ 5 x 10-
7 

M 1~tJ~1Eltil\1~llf~~~\ln~11ii1El[J~:: 84.3 (139 ~1Eltil\1) LU~:: 
'" I d.,::l'" d -6 &II.... .... I '" I d&ll '" d -7 &l1li 

~1Elrn\l'YI1l1::~lJ MIC 'YI 1 x 10 M 1I1mm:: 10.9 (18 ~1Elrn\l) LL~::~1Elrn\l'YI1l1::~lJ MIC 'YI 2 x 10 M 11 

1EltJ~:: 4.8 (8 ~1Eltil\1) ~lVt1lJ11tJ~::LEitJ~~~m1'Y1~ffEllJrn1'U.LL~~::iJLLff~\l1'U.~111\1~ 2.1 LU'U.~lbi\lLn~il 
.J' .J~ " "" .J -7 ~ ~I ''1 ' ~ ~I A
L"1iEl'YILVt~~1::~lJ MIC 'YI 2 x 10 M YllJLUYll::L'U.u Tl.Y'I. 1991 LL~:: 2003 LL~ LlIYllJL'U.u Tl.~. 2004-2007 6Jl\l 

mllLLff~\ln\lm1L~1I1::~lJm1~El rn"ll El\lL;fiElm~lL1tJmn;JWV\ ~\I"1h\ltl Tl.Y'I. 2003 Eltil\1L1n~111LL 'U.11UlI 

~\ln~11Tl11L~1lJm1V'U.rT'U.1l1nn11i Lml::~~1 El ~l\1m n;J'U.1'U.tl ~ElLtl 
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· Gl1'l1\1n 2.1 ~~m1'Yl~ffflUm1~flUffUfl.J"lJfl.J Plasmodium falciparum ~mn chloroquine 

o .., .cJAI Itr'" .... ..r0'YlLnUmmn.JL"lffl ~lU1U~lflrJ1.J'Yl3Jm minimum inhibitory concentration "lJfl.JrJ1 chloroquine 
7 7 

fl.~. 2 x 10- M 5 x 10- M 1x10::SM 

1991 6 45 4 

2003 2 24 0 

2004 0 22 3 

2005 0 12 0 

2006 0 11 1 

2007 0 25 10 

1111 8 139 18 

do A ::1 a ~1.1'" A ~ I I .J"
LUfl.J~lmm Pfcrt LuUtlU'Yl 1::nflU~ltl 13 exons LL~::3J introns flU1::'VI11.J exons L'VI~lU LL~:: 

Lrtfl.J~ln~1~uibfl~1fli.'Yl~1U intron 'VI~lmLV;.Jtl1::nflmi1tl homopolymer "lJfl.J adenine 'VI1fl thymine 

113Jlr.Jm1ii~~Gl1U"lJfl.J adenine LL~:: thymine ff.J3J1nn.J1fltl~:: 90 mu.~m~H\.I)::~.Jn~11~.JLilufltlff11fl~flm1
'\I ~ ~ 

'VIl~1~uibfl~1fli.'Yl~1UGl1U"lJfl.J intron LLar~::ii"lJU1~#U ~.J~unl1'V11~1~UU1fl~1fli.'Yl~ULL~~:: exon ~.J 
t11::ffuiJ'l!'VI1~lnm1i.3,jffl3J11f11i primer ~lnGl1U"lJfl.J intron i.~ ~.J~um1'V11~1~UU1fl~1fli.'Yl~~lnm1L~3J 
m3J1tu. DNA "lJfl.J genomic DNA ~.Ji.3,jffl3J11f1U11~~~i.~Jltl ~.J~fl.Jlmfim1L~3Jm1l1tu. DNA ~ln 

~ 

messenger RNA "lJfl.JijU Pfcrt 1~tllfi reverse transcriptase (RT) PCR ~.J~lfl£ll.J~~~~~ PCR ~i.~LLff~.J 
lU1t1~ 2.1 

'\I 

A/Hind III flti lane "lJ11ff~ 
'\I , 
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L~a'Yhm~~1~1iuil;)fl~la'1.'Yl~"lJEh'liiu Pfcrt Ylu'·.hth::nau~'"w codon ~\I~3J~ 424 ill~t/ 
l.h::nau~lt/ibfl~la'1.'Yl~~\I~3J~ 1 ,272 ~1Lmli\l ~1nm~iLfl~1::~~1iuibfl~la'1.'Yl~"lJa\liiu Pfcrt ~1n 
ilaci1\1~'1.~~1nlliJ1l1fl~1\1 ') "lJa\llf1 n Ylu'".hijm~LL 'YlU ~"lJa\lil.lfl~la '1. 'Yl~LLf1::'Yi11.xm~ a::iJlULU~ rJW15il.~ 

'II 

~\I~3J~ 12 ~1Lmli\l '1.~LLr\ ~1Lmli\l codon ~ 72, 74, 75, 76, 97,144,160, 220, 271,326, 356 LL~:: 371 

1~t/ilaci1\1L~ElmGnL1t/ Plasmodium falciparum ~'1.1~am chloroquine ija\l~u~::nau"lJa\lm~a::iJlulu 
~'"lLmli\li\ln~11i\ld cysteine, methionine, asparagines, lysine, histidine, alanine, leucine, alanine, 

glutamic acid, asparagine, isoleucine LLf1:: arginine ~\ld~1Lmli\lm~a::iJlu~ 76 dJU~1LL~li\l~ij 
""' ""' .. ""' ..r .d d.r;! ... 0 ..r .. 

m13J~3JYlUTInum~~am chloroquine mn'Yl~~ L3Jmu~t/UL'YlrJU~1U1U haplotype UW\f'~U~1U"lJa\lm~LL'YlU'Yl 

"lJEl\lm~a::iJlum~1dYlU11 ~13J1~f:1';hLLun'1.~LiJU 14 LLUU 1~ rJL~ a~~1~ru.1n\l-;i1ulum~Ln~m~LL'YlU ~"lJ El\l 

il.lfl~la'1.'Yl~lu codon L~~1dV-lun1~LL 'YlU ~~1W~'ULL~f1:: haplotype ~LL~n~1\1nU 1~ rJV-lUm~LL 'YlU ~"lJa\lil.lfl~ 
1 'IJ ~... ... 0 ..d. r;! ... ""' ,,", ...d... 'IJ. .J' 

El L'Yl~ L~mnm 9 ~1LmU\lL3Jmu~t/UL'Ylt/unU~1t/YlUTI'Yl3Jfl113J n~am chloroquine uan~1nu haplotype, 
~V-l1JrT\lijfl113JLL~n~1\1nUm3JlliJ1l1fl 1U"lJ ru.::~'jj1\1 haplotype V-lu'1.~il3JnulU ~ ~1 t/ll iJ1l1fl (~1~1\1~ 2.1)

'II 'II 

Allele No. of Pfcrt genotype Distribution 

Mutations 72 74 75 76 97 144 160 220 271 326 356 371 

0 C M N K H A L A Q N R All regions 

II 6 C E K H A L S E S Africa 

III 8 C E T H A L S E S T Asia, Africa 

IV 7 C E T H A L S E S Asia, Africa 

V 9 C E T L A L S E S T Asia 

VI ? C E T L ? ? A E S T Asia 

VII ? C D T ? ? ? S ? ? ? ? Asia 

VIII 5 C M E T Q A L S Q N T South America 

IX 4 C M N T H A L S Q D L R South America 

X 4 C M N T H T Y A Q D R Asia 

XI 4 C M N T H T Y A Q D L R Asia 

XII ? C M N N ? ? ? ? ? ? ? ? Asia 

XIII 5 S M N T H A L S Q D L R South America, Oceania 

XIV 5 S M N T H T Y A Q D R Asia 
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,nnm1Vil~lGlDUlfl~talYl~1'U,~'U, Pfcrt ,nnGllacil"~"Vi~~ 165 Gllacil" Ymlliim1Lb'Yl'U,~"lIa" 
codon ~"Vi~~ 9 ~lLbViti"L~mmtlDnD~lt1~mf~~ElD~'U,El"~Vi1'Eliiflll~'l'ilm.n chloroquine ~"~1"nD 

q 

allele ~ III (~m1l"~ 2.1) t~tI~U~"Vi~~ 156 GllElcil"~~LtJ'U,fElm~:: 94.5 LLGl::~n 9 GllElcil"~LVi~aVi1'afEltl 
'II 

Gl:: 5.5 ~um1LU~m.tLL1.JGl""lIEl" codon ~"Vi~~ 8 ~lLLViti" m"rlD allele ~ V LtJ'U,~til~"Ln~llGllElcil"~Lnu 
i"LL'iliJ ~.~. 2546 LtJ'U,vl'U,~1~Ull'YlnGllElcil"iim1LL'Yl'U,¢I"lIEl" codon 9 ~lLLViti" l'U,"lIrn::~ allele ~ V ~"ii 

q 

m~iLU~tI'U,LL1.JGl""lI El" codon UEl tlnll~lm1(1V'lU'vlLL3J,;)::~Dl'U,erml~~1 El cil'" 1n~1~1'U,~lLLViti" codon ~ 
76 ~Ull'YlnGllEl cil"iim~El::i1t'U,LiI'U, threonine ~"LtI'U,m1fl'U,rT'U,11L:§El~lGllL)-tl'Yl nGllElcil"~iLml::Vi1'U,

q q 

d ~'" <=II Q,..I ~.A" I • 

m1~n'1!tl'U,Gll'U,~ fI rnGl m~rn::'Yl~ El~ El til chloroquine
q 

IPlTn\l~ 2.311.JLLDum1LL'Yl'U,~"lIa"m~El::i1t'U,1'U,~'U, Pfcrt ,;)lnGllElcil"L:§ElmGllL)-tI Plasmodium falciparum 
'II 

1'U,U1::L'Yl~' 'Yltl 

Allele 

Year collected CIETLALSESTI CIETHALSESTI 

No. of samples Frequency (%) No. of samples Frequency (%) 

1991 5 3.0 50 30.3 

2003 3 1.8 23 13.9 

2004 0 0 25 15.2 

2005 0 0 12 7.3 

2006 0 0 12 7.3 

2007 0 0 35 21.2 

11~ 8 4.8 157 95.2 

n1'11LA'11::,{~1to11Jii1A~tt:llY1~1,"ih~ Pfmdr1 

l'U,m1iLml::~~lGlUUlfl~tEl''Yl~"lIa,,~'U, Pfmdr1 ,;)ln~"Vi~~ 165 GllEl cil"LmtlDLYitlDrlDm1 

iLml::Vi1~tlliGllacil,,~iimriEl'U, ~Dm1LL'Yl'U,~"lIa"Ulfl~tEl''Yl~~''Vi~~ 8 ~lLLViti" t~tI 6 ~lLLViti"'Yhl'IX 
m~El::iitm1.J~tJ'U,"lfU~~"d 256T7 A (Tyr86Asn). 550A7T (Tyr184Phe). 3100A7T (Ser1034Cys). 

3124A7G (Asn1042Asp). 3677fT7A (Phe1226Tyr). 3736G7T (Asp1246Tyr) 3888A7C 

(Ser1296Ser) LbGl:: 3894A 7 (Ser1298Ser) m1L1.J~tI'U,LL1.JGl"Gl"mhl,;)lnm1i Lfl1l::~~lacil",;)ln1.J1::L'Yl~ 

''Yltl~lm1mhLmn~'U, Pfmdr1 '~LtI'U, 10 haplotypes (m1l"~ 2.3) Elcil"'1nm~m1L1.JrltJ'U,LL1.JGl""lIEl"Ulfl~ 
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1aL'Yl~lu codon ~ 1034 LLm: 1246 LllYlu1u'Yln~lmh~~lL~rn::~lum"j~m~nd' dJU~t-hi~Ln~11m"j
~ 

L,J~£JULLtJ~~"lJa~ codon ~ 86 ,nn asparagine dJU tyrosine ,fUYlU1U~larJ1~~\!~:JJ~ 156 ~lElrJ1~~1a1a£J 
~:: 94.5 (~1"j1~~ 2.4) ~~,nnm"j~m.t1"lJa~ Mita LL~::flrn:: (Mita et al 2006) 'V'lUl1m"jLtJ~£JULLtJ~~~\!mhl 
il3Jnum"jLtJ~£JULLtJtl\!"lJa~ codon ~ 7611.1. Pfcrt ,nn lysine LUU threonine ~nnfll1:JJi3J'l.~-'uTInum"j~atn 

~ 

chloroquine 1U"j::~U~ff~
'II 

GlT'i1"fi 2.4 "jtJLLuum"jLL'YlU~"lJa\!m~El::iilu1uflu Pfmdr1 ,nn~larJ1\!L:ffEl3J1tl1L~£J Plasmodium 
'II 

falciparum 1UtJ"j::L'Yl~L 'Yl £J 

Allele Nucleotide substitutions at Amino acid at No. of Isolates Frequency 

256/550/3100/3124/3677/3736/3888/3894 86/184/1034/1042/1226/1246/1296/1298 (%) 

T/AlAlAJT/AlA YIYIS/NIY ID/S/P 9 5.5 

II AJT/AlAJT/AlA N/F/S/N/F/O/S/P 59 35.8 

III AJT/AlG/T/AlA N/FIS/O/F IO/S/P 15 9.1 

IV AJT/AlAJT/C/C N/FIS/N/F ID/S/P 1 0.6 

V AlAlAlAJT/AlA NIYIS/N/F IO/S/P 33 20.0 

VI AJT/AlAJT/C/A N/F/S/N/F/O/S/P 2 1.2 

VII AJT/AlAJT/AlC N/F/S/N/FID/S/P 7 4.2 

VIII AJT/AlG/T/AlA N/F/S/O/F/O/S/P 1 0.6 

IX AlAlAlAlAlAlA NIYIS/NIY ID/S/P 27 16.4 

X AJT/AlAlAlAlA N/FIS/NIY ID/S/P 11 6.7 
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Plasmodium falciparum hn.h::L 'Yl~'1:Ylti 

Position-Nucleotide Position-Amino acid No of Isolate Frequency (%) 

256-T 86-asparagine 9 5.5 

256-A 86-tyrosine 156 94.5 

550-A 184-tyrosine 69 41.8 

550-T 184-phenylalanine 96 58.2 

3100-A 1034-serine 165 100.0 

3100-T 1034-cysteine 0 0.0 

3124-A 1042-asparagine 149 90.3 

3124-G 1042-aspartic acid 16 9.7 

3677-T 1226-phenylalanine 118 71.5 

3677-A 1226-lysine 47 28.5 

3736-G 1246-aspartic acid 165 100.0 

3736-T 1246-tyrosine 0 0.0 

3888-A 1296-serine 162 98.2 

3888-C 1296-serine 3 1.8 

3894-A 1298-proline 157 95.1 

3894-C 1298-proline 8 4.9 

A ~ A, a....­

1~1"HU,~~nl':i'Til U 

ifG!lnm1~tltll~'l'\UJ1~lL~tI'lJEh' Plasmodium falciparum L~~-1~~~tJn11~lU'l~hmJ1~lL~tl1u. 
~~l tlnijfn~'lJ tl-11~n ~l~1U tll~~~11~ ~1Y)ru LL~::L~1um1~m~n n-1 n ~Ln m1~tl til11 ~rf-1,ytl~ ~'Yl1-11:;Ul~

'U ., 'U 

A ..l.., , ..r .. ..l..r "I"" 1 1 ,..l '"A

1'YltllLntllnUm1LLVl1n1:;,;)1 tI'lJtl-1L"ll'tlm ~lL1t1'Yl~tl til L~ LLntll~~ tl 1~lu. (chloroquine) til u.n~~'Yl~lu.m1 
q 

Yil-11u.'lJtl-1Ltlu.L'1!3J dihydrofolate reductase 'lJ tl-1L:ltlm~lL1t1 L~LLtitllLVl1L~~1iliju. (pyrimethamine) LL~:: 
lU1nl1U~ (proguanil) ~~tl~';)u.tl11u.n~~'ll~yh (sulfa) m1L,y11';)~u.rhLU~ (origin) ~~tl~';)u.m1

q 

LLVI~m::,;)lmL~::1ULL1J1Jm1LLVI~m::,;)ltl (pattern of spread) citl~~U1::1tl"ll't!~u.~ilu.1u.m111-1mmm1L~tl 
..r 

'U 

1. 1 ..r.. '''1.1.''' ....l.., 
~ 

"I ..r ... 
m1m1J~~m1~tl til u.u1::"ll'ln1'lJtl-1L"ll'tlm~lL1tl~tl Lu ~'l'VI1U11 tl~::Ltltl~Ln tll n1Jn~ mm1~ tltll~lu. 

q 

m~lL1t1~~1y)rumu.1J'Yl~ 4 '"h~ltl tlrn~11'Yl tll'lJ tl-1 L:ltlm~lL~tI 
., 'U 

m1~tltll chloroquine 'lJtl-1 Plasmodium falciparum Ln~,;)lnm1LL'Ylu.~'lJtl-1 codon cillLLWU-1~ 781u. 

~u. chloroquine-resistant transporter (Pfcrt) .yh1~m~tl::ijlu.Lu~tlu.,;)ln lysine LUll. threonine LL~::Vl1Jm1 
LU~tlu.LLU~-1 codon lu.1hLmti-1~u. ') Lililntlci1\1'1l'tltl 13 cillLLWU-1 (Ojimde et al 2001; Talisuna et al 2004) 

L~tl~,;)11rn11ULL1J1Jm1LL 'Ylu.~'lJtl-1m~ tl::i11u.1u.~u. Pfcrt ';)1 n'ill tlci1\1L:ltl~ij~u.fhLU~,;)ln~~ltlflijn1~1u. 
'U 'II 
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• • 
• • 

l~nVflJilnTlll~ "tl~TI ~tl-1nUn £.I-11'U'Yl1-11:;lJl~i'Yl £.Il L~ £.Ilnu~'Uih LU~ LL~:;m1LLvd"n1:;,n £.I 'YllMlii~l ,,~f
'II 

'l.Itl-1m1~tl£.ll chloroquine "lm1mL1.J-1L~LlI'U 3 n~~L~LLri (1) n~~L:atlm~lL1mnmm-nmL~:;LLtlffim (2) 

n~~L~m:nnu1:;L'Yl~1'U'Yllum~1m1~ LL~:; (3) n~m:amnmLfllJUl'thUlnit (Anderson et al 2005) Liltl-1,;)ln 

1:;£.I:;Ll~1~-1LL~nm11i£.ll chloroquine L~fl~nHll1T1m~lL1£.1tl rh-1nll-1'l.111-1,;)'UL~~'WlJ L:atlm~lL1£.1~~tl~ tl 

.., • ~ '1 ... • I ~I' .J ..t ...J' ... 
£.Il~-1n~ll'U'U L'Hl~lu1:;mrn 12 U LL~:;m1LL'W1n1:;,;)l£.l'l.lfl-1 Plasmodium falciparum 'Yl~tl£.ll"ll''U~'U,;)ln~'U 

rhLU~lJ1Llrn'W1mL~'UL'Yl mL~::n~'W'nLu';)'Un-1lJ1Llrn~:;1'Utlfln'l.l tl-1'YllULLflmm1iLl~1~lnn-1 17 tI (Payne
'II 

et al 1987) ~-1tf'Um1LL'W1n1::,;)1 £.I~-1n~ll~-1Ln~~'Umh-1fiflmll'Ufi mJLU';)lnU1::L'Yl~Virt-1 ffanU1::L 'Yl~Virt-1 
'II 

1~£.IL3JL~Lii~~'Uflcil-1nlln1::1~~ Lrtfl-1,;)lnm1LL'Yl'U~'l.Itl-1n1~fl:;1iht"ll'U~L~£.Iln'U1'U codon Virt-1 ') fll';) 

di~~uL~1~ £.IL3JL~£.Il"11fl-1n'U L"15'U "1 £.Iil~'Ulm1~LL~n~1-1n'ULL~ (:.J ~«'WTIiiTlll ~vrfl-1n'U1~ £.I1J-1 La ru., 

(homoplasy) ~-1tf'Um1iLTlll::~~1~lJLlJ"'Ufln fl'U~L~ £.11"11fl-1nlJm1~fl £.Il chloroquine 1~mU'Wl::flcil-1fl-1 

~l~lJLU~fl-1 micro satellite ~'WlJLlI'U-;il'Ul'Umn1'U genome 'l.Ifl-1L~flm~lL1mL~::nVi~l£.l allele fflVi~ULL~ 
Q ~o.... .d d .d did II '" 

~:: locus ,;)lnm11LTl11::Vi~1~lJLU~fl-1 microsatellite 'Ylfl£.l1tllJ ') £.I'U Pfcrt '1!-1~1::£.I:;Vil-1,;)ln£.l'ULL~~:;m'U
'II 

111£.l1'U1::£.I:: 5 nl~Lu,,1'UlT111~l'1!~LL'Yl-1~ 7 1~£.Ifllf1£.1Vi«nnl1~ilL:aflm~lL1£.1~m,;)ln';)mhLU~L~£.Iln'U';)::ii• 
1ULLUU'l.Itl-1 microsatellite haplotype ~LViiifl'Un'U ,;)lnm1iLTl11::~~-1n~11'Wuil,;)~L~~~'U'l.Ifl-1m1~fl£.ll
'II \ 

A .J' ..,.... A ~ .J" d.f ..... tV II I IV 

chloroquine Ln~'l.I'U"fl~TI ~ fl-1nUnl1LL 'W1n1::,;)1 £.I'Yl1-111~~1"~1'l.1 fl-1L"ll'fl'Yl~ fl £.Il~-1 n ~11'l.l1-1~'ULL~::'WUll,;)~
'II \ 

o A ..t .J ..t 1 '" . I .. 1...'" .J ...,..,
mm~'l.Ifl-1L"ll'fl'Yl~fl£.ll 'U'Yllum~1m ~~ 2 ';)~'YlLL~n~l-1n'U"ll'~L,;)'U (Fidock et al 2000; Wootton et al 2002)

\ 

'Ufln,;)lnUm1iLml::~~1~ULlJ~fl-1fl'U Pfcrt 'l.Ifl-1 Plasmodium falciparum ,;)lnU1::L'Yl~n~'W"ll'lLL~::YJ~UtJ'U~
'II . 

'WUilnTlll~LL~n~1-1,;)ln~U11nn1'Ul1iiI11Tl~'U ') (Chen et al 2003) ~-1tf'U~-1LlI'ULUL~~';)~rilLU~'l.Itl-1L:afl
~ 'II \ 

'" .d..t "'" ..," ..t '" .J..t . .J 1
m~lL1£.1'Yl~fl£.ll chloroquine fll';)~mnnll 4 ';)~ fl£.ll-1 L1nmm"ll'fl~1~lL1£.1'Yl~fl£.ll chloroquine 'Yl'WU 'U 

\ 

'YllULLtlmmn';)~rilLU~,;)lnm1LL'W1n1::,;)l£.1LU,;)lnl1ii111mm-n£.l~::1'UflflmU£.l-11~ (Anderson et al 2005;
• 'II 

Wellems et al 2001) 

fflVi~Um1iLTl11::~~l~lJ\bTl~lflL'Yl~1'Ufl'U Pfcrt ,;)In 165 ~lfl cil-11'Um1finHl'dl~ £.Ili~lfl cil-1~ 
LnU111J11~1 'Uti TI.~. 1991, 2003, 2004, 2005, 2006 LL~:: 2007 1~ £.I'W1JilL:aflffl'U1mliii-;il'Ul'U~lLLmi-1~., 
A.J .. 0 d .. ... 1.J.J'" • I.J • I • 

Ln~m1LL'Yl'U'Yl'l.lfl-1 codon mnfl-1 9 ~lLLVi'U-1'1!-1'W1Jmnflnfl£.l~:: 95.2 'U'l.Irn::'Yl Pfcrt 'Yl~n11Lu~£.I'ULLu~-1 

'l.Ifl-1 codon 8 ~lLLW~i-1 'W1JLv:l£.l-1ftl£.l~:: 4.8 LL~::LlI'U~tbi-1Ln~LL~iltlcil-1~1,n'Um1iLTl11::~fll';)n-;il'Ul'UL3J 
• ...t '" .." '" .J '" • I.J • I o. 'I ~I

mnLL~m1'W1JllL"ll'flm~lL1£.11J1-1~lfl£.ll-1~ Pfcrt 'Yl~m1Lu~£.I'ULLu~-1'l.1fl-1 codon 8 ~lLLVi'U-1 L'UU TI.~. 1991 

LL~:: 2003 LL~L3J'W1J«nHrn::~-1n~lll'Uil fl cil-1~Ln1J111J11~1'Uil TI.~. 2004-2007 fll,;) L rtfl-1,;)lna'YlTI'W~'l.I fl-1 

m1~~L~tlm:atlm~lL1£.1 Plasmodium falciparum ~~tl~ fl £.11 chloroquine rJ-1iin11~lLU 'Ufl cil-1~mrtfl-1LlIu 


.J .., 'I ~... "'1'" ",..t .,j .J''1'' 

Ll~l£.1l1'Ul'U,;)lnm1'Yl£.ll chloroquine £.1-1 L"ll' L~(:.J~~ 'Um11nHl~1~lL1£.1,;)lm"ll'flfl'U ') 'Ufln,;)ln'Umm1~~ 

L:atl~1~li11~"ll'1~'W1Jil(:.J~n11~11,;)"ll'U~'l.Ifl-1L:atl~LlI'U"lLVi~l~£.Iirr PCR 'W1Jiltrth£.l111ffl£.l~:: 20' iim1~~ 
'II 

L:atl11~n'Umnnil 1 "ll'U~ ~-1tf'U~l £.IiI,;)~r.J~L:atlm~lL1£.11'UU1::L'Yl~L'Yl£.l~L~11JLL1-1n~~'U,;)ln £.Ilflcil-1~mrtfl-1 
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111JnlJn11~L~El Plasmodium falciparum Ell~~~L~mJ::l.lunlJL.:ffEl1Jl~lL1[J~ulum1Jlru.UEl£J1J1n~ui.1ii.~1lJ 
n111U')[Jttu (Sirippon et al ) ihl~ Plasmodium falciparum 1~1lJm1fl~L~Eln~lntl1 chloroquine 

n11Ll.l~[JULLl.l~":!"lJEl..:!nu multidrug resistance transporter "lJEl..:! Plasmodium falciparum (Pfmdr1) 

Ln~;tul~ 2 ~m~ru.::~El (1) m1Ll.l~[JULLl.l~":!"lJEl..:! codon lunu~..:!Lii~;tul~Vlfll[J~lLLVI\i..:!t~[J~lLLVI\i..:!~ii~1U 
L~[J1-nEl..:!lum1L~11Jm1~El[J1 chloroquine ~Eln11Ll.l~[JULLl.lfl..:!~ln asparagine LUU tyrosine lwihLLVI\i..:!~ 

. . , .¥ .. .¥..,
86 (Foote et al 1989; Duralsmgh et al 1997) LL~m1~El[J1 chloroquine 1J~U;jlUVlfln1J1,nnm1.. 
Ll.l~[JULLl.lfl":!"lJEl..:! codon lU~lLLVI\i..:!~ 76 "lJEl..:!nu Pfcrt (Djimde et al 2001) LLfl:: (2) m1L~1J~lU1Wn~ (copy 

.... .4 .. ..1"'1 ..,.¥ .. ::. .. 
q 

number amplification) "lJEl":![JU Pfmdr1 '11":!1J~1~I1JLnm"lJEl..:! ~[J~1..:!nlJm1~El[J1 mefloquine Eln'Yl..:!1J 
Q.,I Q.,I cr'Q..I .¥ .... cr' 'I I 

~111J~1J~mmlJm1~Eltl1 quinine LLfl:: ElU~Ull"lJEl":![J1 mn~1Jartemisinine (Pickard et al 2003; Price et al 
q q 

.d ..J 'la I .... A C" ..J. d 

2004) ~lnmWlm~nm1LL'YlU'Yl"lJEl..:! codon m[Ju Pfmdr1111JnlJnl11L~11::VI microsatellite 'YlEltl1alJ ') [JU 
~ 

~..:!n~11~lJil11.lLLlJlJ haplotype "lJEl..:! microsatellite dii~111JVlfllnVlfll[J~11J1mL~~..:!11m1Ll.l~[JULLl.lfl..:!lu
~ 

codon dii~~L~1J~m~[J":!i.1i~LLl~\I l U"lJ ru.::~m1L~1J~lU1Wn~"lJ a\l Pfmdr1 ii~~L~1J~ULn~;tuL~ [J\ll1i~LLvi \I 
q q q 

L"15UnU (Pickard et al 2003; Price et al 2004) 

1ULL~fl::tJii~L~U 'Yll\1-nl1J1.l1::L'Yl~1.l1::1J1ru. 500 ~lU~U LLfl::l U~lU1udii1.l1::"151n1111 80 ~lU~UL~U 
~ 

'Yll\1L-nl11.l1u1.l1::L'Yl~~LUUL"lJ~l.lnn n11~1JlfllL1[J ~\ltfU~~~~L~a1J1fll L1mnnlliill1~~U~\lL~!iauLUU~"151[J
:.J ~ ~ ~ 

'1 ....., .¥ .. "'.1'1 .d.J.. ::. ..t-1 ..",.f ""' ""' 
LVl1Jn11LL~1n1::,n [J"lJ a\l L "15a1J1 fll L 1 £.I Lu LUL"lJ CjI au'Yl1J [J\I~lV1:: 'Yl\lU am~~\ln fll1 £.I a1J"lJUnlJ~111J"15mLfl::a~11 

q q 

n11n~~U"lJa\l[J\I~1V1::\i.1h~1J1fllL1[JluLL~fl::'Yla\l~ (Ryan and Kain 2000) UElmnnd«\liiiJ1J,)[J~u~
q 

L~[J1-na\lnlJ1am~m1LL~1n1::1Jl[J"lJ El\lL~El1J1fllL1[J~~a mll.lm1Jlliill1~~1\1 ') L"15U (Hastings and Watkins 
~ 

2005) 

(1) 5~11m11m~nh~1JlfllL1[JluLL~fl::lliill1~ 1~[J~lJilnl11itl1 chloroquine LUUL1fllU1UL~anl1 
~ 

1n'M1V11aiJEl\lnu11~1J1fllL1[Jii~111J~1J~UTInlJnl1Ln~m1~a[Jl"lJa\lL~a1J1fllL1[J 
(2) ~n'Mru.::~Ulln111J1.l1::"151n1"lJ a\l L ~a1JlfllL1 £.I n ~11~Eltl1iim1nl [J'Yl a~~Ulln111J1Jlnn1::lJ1Um1 

q q 

~lJ~UTILLlJlJEl1l'ltIL~~~ iim1LL~ml.l~ [JU~Ulln111J L UU VI ~n ~n 'Mru.::1.l 1::"151 n1"lJ a\l L ~El1J1fll L1[J~\ln~111J::Lta 
q q 


I A ,¥..Jd IV.... ~ .J"
Q.,I 

~an11Ln~m1~atI1'Yl1J ~111J'11lJ'11aU'Yll\1 ~Ulln111J L ~ 1J"lJ U 
.~ .¥ .. '1 .d 

q 

1..1 " A .f '1 ....J ... ~ .¥ ...
(3) u11J1 ru.L"15a1J1fllL1£.1 LU~U L Ua\l1Jln am~'Yl1J::~lJm1mLVlfllLn~"lJU m~'Yl1J u11J1ru.L"15a1J1fllL1[J 

~ 

l U 11\1m £.I 1J1n~\l3Tn~lJl u~~11i iillii~lU'YllU~a L ~a1J1fll L1[J 1J1n au (non-immune) ci a1Jii1am ~Ln~1~ 
~ ~ 

1J1nn11~~iim1J1ru.L~alU11\1m[JUEl [Jn11 Vl1al u~~iillii~lU'YllUlJl\1~1U~ Elm1~~ L~El1J1fllL1[J (semi­
~ ~ ~ 

immune) 

(4) 1::[J::L1fll~~..:!-ni~ (half-life) "lJEl\l tI1~lU1J1fllL1[J~ [Jl1UEln1Jln1J::~\I~fl~~Elm11itl11~~1 tlLLfl::ii 

~111JmEllJ~fl1J1~~..:!LL~1 [Jl~..:!n~11 «\lii1Elm~'Yilfll £.I L~El1J1 fll L1[J~ al1JLVI ~ ElEl cilU1l1 £.I VI ~\Ii.~a cil\1ij 
q ~ ~ 

a I A A I..J d d dA ~ tt :::1 .... 
u1::~'Yl1l1l1~1J1nn11 tI1'Yl1J1:: [J::L1 fll ~1 \1"151 ~'Yl ~U LuU~U 
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d ~ .J".d ~ ..., ~ I 

m1~m~nnT'HlhHJULLU~hn.h::"1lln1"lJ EhW1HHn ~lL1t1"lfWil P.falciparum UUlih'lLLiII1::tI::LL1n') "lJa\lm1 

Vi tlill1im chloroquine LL~dilililll1.1m1L'iJ~ tlULLU ~\I"lJ a\lU1::"1lln1Iil\l n ~111U"n1\11:: tI::L1~llil mn ~un\li1~~uu 
q q 

~::r'h1iL"l111~~m~rn::U1::"1lln1"lJ a\l1.l1 ~lL1-tlfll tlVi ~\I~lna'YlTIYl~"lJ a\l m1~iIIL~ an ffltl~UTI~lnm 
q 

m~lL1-tI m1~'hml::lfm1LU~tlULLU~\I"lJa\l genes ~fl1Ufl1.Im1~am chloroquine 1uL.:n\l11~ulm11::lilu 
q 

11.1L~n~ ~::l'h1i'Yl11Uamlm1~lLVi ~lLL~::a'YlTIYl~"lJ a\l m 1 unl1Lnillm1Lu~ tlULLU~\lU1::"1lln1"lJ a\l 1.I1~lL1-tI 
q 

1i11t1mY1t1"lia1.l~~lna~iII~un\li1~';)uu ~~m11Lfl1l::Vi1um1~m~ndffl1.l11nib1.l1LtJuLL1iLLuu1um1Yltllmru 
'IJ q 

i1ruVilm1~EJ tllliilU1.I1~lL1-tl1UaUlf1i11LL~::,;)::LtJU~mi1u~~Iil am1T11UTl1.I 1 1T11.11~lL1-tl1Un~1.IU1::"1lln1 
III .u"" 

~lU1U1.I1nlil a LU m1L~amr1mh\l~1i~nMl,;)lm"lJiIIU1lnlJ 1 1T1liil\1nu';)::r'h 1i'Yl1luLL U1 1 U1.I"lJ a\l aill1lm1 

• .1 .l' ... .J.l' • \1.1.1 1 .... 1 ...
LLYl1 n1::,;)1t1"lJa\llJ1::"1lln1L"1la1.l1~lL1t1'Ylillaillam chloroquine LlJiII11.1L"lJiIIlJ1lnlJ 1T11.1l~lL1t1lill\1 ') U alillil 

';)un\li1~,;)uuLIii "lia1.l~Iil\ln~11,;)::LtJUU1::1t1"1lu1um1rilViuIilU1t1Ulmvia~nlilkum1~am L111iLnlilm1 
q 'IJ 

~ .1 oJ ..... .J" .::II oJ..., I........ ..., 
LUa\l,;)lnlJ1lnlJm1'Yln~U1.I1YlUL"1la1.l1~lL1m'W\lTl\llilaU~Ua\llilam11nMlIil1t1 chloroquine n~u 

L~1.I 1.IlnituflltlVi~\I,;)lnm1L~n1imlil\ln~111UVi~l tlu1::L'Yl~1uamm ~\l1uu1::L'Yl~L 'Yl mL3Jll';)::Vitilil 1itll 
q 

chloroquine 1um11nMl1.11~lL1-tl~Lnlil,;)ln Plasmodium falciparum LLlilm~\lmh1£T\lfI\l1i1nMl1.11~lL1-tI 
,;)In Plasmodium vivax ~\I~thmmhdfl1';)3j Plasmodium falciparum u::uu1IiltlL11LIii1um11U';)utl ~\I,fu

'IJ 

u1::"1lln1"lJa\l Plasmodium falciparum ~lU1uVirt\llUU1::L'Yl~L'Yltlfl1';)£T\lTI\I nn~IilL~an1i11t1m chloroquine
'IJ 

1.111liltllil~alil ~\lUULtJU~fll1::~liil\1,;)lnamm~ Plasmodium vivax ijau'11m1ru~11.1ln m1n~U1.I1 
q 

• ....J .l' .J.., ....1..:. •~ .l' ..,
lila1J~ua\llilam chloroquine al~Lnlil,;)lnnl1'YlL"1la'Yltl\l ill au~ua\lill a tll1.1 am~ LYl1.llJ11.11ru1.l1n"lJUfllt1Vi~\I 

~lni1';)~tI m1nn~IilL~anIii1t1m~\ln~11t1~~\lVi1aUatl~\lVi1afl1,;)Lnlil,;)lnm1~lLVi~ln~u (back mutation) 
'IJ q 

"lJa\l ~tI~WIT~~a tll'yi11iL~a1.l1~lL1-tln~U1.I1Iilau~ua\l1il a tilLIii'lVi1i ~\I,fum1'Yl11Un~LmL~:: au'11m1ru 

.J.l' 
q 

... .., , \1--. " 1'"
q 

1
"lJa\lm1'YlL"1la1.l1~1L1t1n~U1.I1IilaU~Ua\llilatil chloroquine Llilan';)::"1l1t1mViUIil1::tI::L1~1 m1 "1lm um1 

"'.1 • 1 ...... · 1'" "".., .., .., .d.d .., .l'
mUfl1.I11T11U 1::IilUlJ1::L 'Yl~ L"1lU Vi1.l"1l1\1m1 "1lm"lJU1UViU\I ~~ununum"lJU1UaU L Yl a"1l::~aamlm1Iilam 

q 

"lJa\lL~a1.l1~lL1-tllilaLu1uaulT1i11'Yil1i m1T11UTl1.I11T1Lliimh\l rT\I flulil a LU aU~::LtJum1U1::Vi £T~'Yl1Yl mn1"lJa\l 
q 

1. l!-J~m1'YlIil~aUTl1l1.1L1"lJa\lm1uia\lu~m;m1"lJa\lm chloroquine ,;)ln~1mh\l~LilU1nM1Li1.u~fll1:: 
..... .. ....J....l' .. 1 ~I 
WamL"lJ\lLL~::,;)lnm1LnU11U111.1,;)lnl!-J'YlIilIilL"1la1.l1~lL1t1 UlJ TI.~. 1991, 2003, 2005, 2006 LL~:: 2007 

'IJ 

~lU1U~\liu 165 1il1atil\1 YlUllL~mhu1Viruij1::~11 MIC ~ 5 x 10-
7 

M 1Iiltl~1atil\1~lil!-J~~\ln~11ij1atl~::
OJ 
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QJ I d a Q".I d -6 d .... .., I d d QJ .:J -7.e11 .... 
84.3 LL1il::~leH.I1\1Yl:IJ1::~tJ MIC Yl 1 X 10 M :lJ1mm:: 10.9 LL1il::~lEltJ1\1Ylm::~tJ MIC Yl 2 X 10 M mmJ 

~:: 4.8 

2. m1iLml::~~1~tJU1T1~lElL't1~1,"~," Pfcrt ~ln~lElril\1-#\I~:IJ~ 165 ~lmh\l v-ltJil~m1LLYl,"~"llEl\l 
codon ~\I~:IJ~ 9 ~lLL~U\lLrimm£JtJntJl1'1£J~'"'tf~~EltJl1',"El\l~~1El~T111:IJL1~m.l1 chloroquine ~\I~1\1ntJ, 
allele ~ 11I1~£Jv-ltJ-#\I~:IJ~ 156 ~lElril\1~~LU,"1El£J~:: 94.5 LL~::an 9 ~lElril\1~L~~El~1El1El£J~:: 5.5 v-ltJm1 

LU~£J,"LLU~\I"llEl\l codon ~\I~:IJ~ 8 ~lLmU\I ~1\1ntJ allele ~ V 

3. ~lElril\1~LntJ#\lLL~tJ v-l.~. 2546 LU,"~,":IJ1v-ltJilYln~lElril\1~m1LLYl,"~"llEl\l codon 9 ~lLmu\ll,""llru::~, 
.J d d .I.J .1 '" \'I"" 1'" .J ; I \'I'" 1allele Yl V '1l'\I:lJm1LummLLu~\I"llEl\l codon ,"El£Jnl1l1'l:1J11f1v-ltJ L~LL:IJ~::v-ltJ ,"El~11Yl~1 EltJ1\1 L1n~1:IJ '" 

~lLL~U\I codon ~ 76 v-ltJilYln~lElril\1iin1~El::ijl,"LU," threonine ~"Lu,"nl1£j,"rJ,"ilL~El:lJ1~lL1£J't1n, , 
..... I d~ ~ .4 .J".....a ..... ~.f I 

~1 EltJ1\1Yl1LTl11::~ L,"mWInMl,"~l,":lJTI ru.1ilnMru.::Yl~ El~El£J1 chloroquine, 
4. 1,"m1iLTl11::~~1~tJU1T1~lelLYl<il"llel\lfl," Pfmdr1 ~ln~\I~:IJ~ 165 ~lelril\1 v-ltJm1LLYl,"~"llel\lU1T1~lel 
LYl'il~\I~:IJ~ 8 ~lLmU\I 1~£J 6 ~lLL~u\I"'hlim~El::ijl,"LU~£JWlfU~~\ld 256T-.7 A (Tyr86Asn), 550A-.7T 

(Tyr184Phe), 3100A-.7T (Ser1034Cys), 3124A-.7G (Asn1042Asp), 3677/T-.7A (Phe1226Tyr), 

3736G-.7T (Asp1246Tyr) 3888A-.7C (Ser1296Ser) LL~:: 3894A-.7 (Ser1298Ser) m1LU~£J,"LLU~\I~\ln~11 
~lnm1iLTl11::~~lel ril\1~lnU1::LYl~LYl£J l1'1:IJ11mi1 Lmn ~'" Pfmdr1 L~LU," 10 haplotypes m1LU~ £J,"LLU~\I 

"llEl\lU1T1~lelLYl~1," codon ~ 1034 LL~:: 1246 hlv-ltJl,"Yln~lelril"~iLTl11::~, 
5. LU,"~Uli\lLn~ilnl1LU~£J,"LLU~\I"llel\l codon ~ 86 ~ln asparagine LU," tyrosine ,f,"v-ltJl,"~lmh\l 
~ .., I d.... d .4: I 

Yl\l~:IJ~ 156 ~lEltJ1\1~1el1el£J1il:: 94.5 '1l'\I~lnm1~nMl"llel\l Mita LL~::T1ru.:: (Mita et al 2006) v-ltJ11m1 

LU~£J,"LLU~\I~\ln~11i1:IJntJm1LU~£J,"LLU1il\l"llel\l codon ~ 761," Pfcrt ~ln lysine LU," threonine 3Jn~T111:IJ 
'" ", ... ",..1' 1 ",.J
l1':lJv-l,"lmtJm1~eltJ1 chloroquine ,"1::~tJYll1'\I 

, 'IJ 

IV 

'lIUL6f~uLL~:: 

1. LU,"~Uli\lLn~ilL~el~li~~1::~tJ MIC ~ 2 X 10-
7 

M v-ltJLQv-ll::1'"tJ TI.~. 1991 LL1il:: 2003 LL~Lllv-ltJl'"tJ 
d ... .,: ... ..1' ..I' d ..r .... ~I .\'1 

T1.~. 2004-2007 '1l'\lel1~LLl1'~"f1"m1Lv-l:IJ1::~tJn11~eltJ1"llEl"L"lfel:IJ11illL1£J:lJln"lm~1il\l"lf1\1u T1.~. 2003 el£Jl\1 L1 

nm:IJ LL'"11,r:IJ~\ln~11T111L~1tJ m1£j,"rJ,"~lnm1iLTl11::~~lel ril\1:1J1nit," 1 '"tJ~ elLU 
d ... d 1 .... I.J... .r d '.1 .J .. ... J<., Id

2. T111:IJm1~nMl genetic marker el," ,"~lel £Jl\1Yl~nMl,"Lv-l el~11~~eltJ11 u1::"lflmYlL1il eln:lJ1~nMl," L:IJ:IJ 

~n~ru::"lJEl\l clonal population structure 
d d 1 . 1 \'I d • 1 d:'1 ....J ... ..I' I

3. L,"el\l~ln haplotype "lJel\l£J," Pfcrt ,"u1::LYl~ LYl £Jv-ltJ Lv-l£J\I 2 1uLLtJtJ'1l'\lLu,""lf,"~YlLL~~\lfI\lm1~El~EltJ1T11ilEl 
'IJ 

hTli,"1,"1::~tJ~\I a,"el1~Ln~~ln1111:: genetic fixation "lJel\l resistant alleles ~\I,f,":IJ1~1m1T11tJTI:lJm11i
'IJ , 

tJ1~\ln~111,"m11nMl:1J11illL1£J~lm~el Plasmodium vivax LL1il:: Plasmodium ovale ~\lLllulii~1ill,"m1"lf1ilel 
.r 1 I ... ... ..1'1. 1 dI'" .J 

m1~elm ,"n1il:IJ~\ln1il11~"'t1Ln~"lJ," ,"u1::LYl~:lJl1il, 
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;fiatm\lm1 (lll~11 'Yl tJ) m1iL~1l:::~WUlin11lJl.h:::"llln1LLfl:::il~Ulm11:::~'lJtmflnfl"ll a\l L :A'amfllL1tJ 
q q 

"llU~Ylfl6ftlhflJ LLfl:::bLnn'1l1m.h:::L 'Yl1'I1'Ylmyjmuu~mi1u1umwn'lJ~lJt 1~ 
... q.. 

mfllL1tJ 

(lll~la\lnq~) Analysis of population genetics and molecular evolution of Plasmodium 

falciparum and P. vivax in Thailand: a basis for malaria control 

o 

'U't1"1 
61 §' tI' .... ........ .1 ~ A..... .... 


m1u1:::tJn~a\l~~11lJ1'Yll\lmWr~Ulim1lJu1:::"llln1 (population genetics) 11lJ'Yl\l11~Ulm11:::~'lJ 
. q ~ q 

tlJLflnfl (molecular evolution) 1um1~n~T;)fl-n~nat1mr'lJllij~11lJ~1~ru~ am1L"ll1h1:::'lJl~i'YltJ1"l1a\lt 1~ 
q q ~ 

~~L:A'amJ~huJ/mJ~cKl (emerging/re-emerging infectious diseases) 11lJ~.:Im1L1.J~tJULL1.J~h'l~ltJWufna.:l 
, q q 

L:A'a~~~ru.~n~m::LL~n~l\ll1.J~ln L~lJ~ al~nat 1~1:::'lJl~Vi1anmJru'V111U~lum11n~lLLfl:::m1~1'lJ~lJt 1~1u 
q ~, 

1:::tJ:::tJ11 LL3JlliJ~itJ~na1~di~m1L1.J~ tJULL1.J~.:I~n~ru.:::1.J1:::"llln1"l1a.:l~fl-n~nat 1~al~Ln~~U~lnlll1::: 
q 

Ln~~alJ~L1.J~tJul1.J LL~r.Jfln1:::'Yl'lJ~lnm11l.:1mmm11um11n~1 m1iJa.:lnU Vi1a~1'lJ~lJh~ iln~.:Ir.JflCiia, 
.....1 .ell d A.J"'.... ..... a A ~ 
fln~ru.:::u1:::"llln1"l1a.:l~fl"llWn.:len~Ln~"lIU~Ufln~ru.:::"lIa.:lm1~~Lflan~llJli11lJ"ll1~ (natural selection) Vi1a 

q 

Ln~;Ju~lnr.Jfl"lla.:l genetic drift ~.:I,fUllltJVi~\l~lnm~1m11um1~1'lJ~lJhmm~lLUum111.J1:::tJ:::Virt.:l iln 
q ~ 

Ln~iJruVil1U~lU1.J1:::R'Ylfir.J fl"ll a.:l m~1m1~.:In ~111U1::: tJ::: tJ11Cii a11.J 
~ 

mfll L1tJ LuualLVi~~l~ru"ll a\lm1L~'l.J'LhtJ LLfl:::La-tJ-ni~"lIa.:l1.J1:::"llln11uL"lI ~1.J1ln 11t 1~ alLVi~~l~ru 
, u ~ q u 

Ln~~lnm1~~L:A'a P. falciparum LLCiim1~~L:A'a P. vivax ,r'lJLUUalLVi~"lIa\lm1L~'lJthtJ1u1.J1:::"lllmhn
q 

1.J1:::mru. 70-80 ~lu~uCiiatl aU~.:Ir.Jfln1:::'Yl'lJCiimI'l1~\in~LLfl:::m1W~ul1.J1:::L'Yl1'I iJruVil~~ru1.J1:::m1Virt.:l... 
.. "" .......J ...... ....1 

~ 

..f 
~ 

d ... 
"lIa.:lm1~1'lJ~lJt1~m fll L1tJ ~ am1"l1l~ a.:l ~ ~11lJ1Ln tJln'lJ fln~ru.:::~u lin11lJ u1:::"ll1 n1"l1 El.:l L"llEl 6J1.:1"l1 EllJfl 

q ~ q ~ 

~.:In~11~:::ij1.h:::ttJ"llu1 um1Lt1l1:::1.:1 t 1~~ fl El~~ULUU"llEllJ~~U\ilU~ ~l ~ru CiiEl m1El Eln LL 'lJ'lJl~~uiJEl.:lnu 
~... 41 

mfllL1tJ~\lLuum~1m11Vi3J~~:::ijm1\b3Jl1iL~El~l'lJ~lJt 1~mfllL1tJ1UElUl~~aU1n~ t~tJijiJ~itJ~l~ru~El 
q " 

m1r.J~~LLfl:::1.J1:::Liju1.J1:::R'Ylfilll~"lI El.:ll~~'U.iJEl.:lnut1~ LrtEl.:l~ln~n~ru.:::llijf1lJnuCii a t 1~mfl~IL1tJ~lu1VinJij 
~ q ... 

o 0 .... I .::f ~A 0 I &J~ A At .. 


~lllJ~lL~1:::alVi1'lJLL~fl::: species "lI El\lL"llEl11lJ'Yl\llJ~11lJ~lL~l:::~El1:::tJ:::m"llm~1qJ L~'lJ ~ ~fl El~~UlJ 


o • .... I' ~ ~ '"' ~ .... .ell ..J, 1.... A.c:S .... t. I .. 
~lllJ~lL~l:::~Elal tJ~Uli"ll El.:lL"llElmfllL1tJ ~.:IUUl~6J1U'YlUl~::: Vir.Jfl~~.:I~El.:lm~ln u1~U~lnVifllm:::tJ::: LLfl::: 

q 

~11~1El'lJ~fl3J~tJwufCiil.:1 ') 1Vi1~mn~a~ LrtEl\l~lnllij~lU'YllU~.:In~11ilnl3JLn~m1iJEl.:lnU"llllJaltJwuf
q q q ~ q 

mh.:l11nmlJt 1.J1~U~til~:::ij'lJ'Yl'lJl'Yl ~l~ru1um1LilUEl.:l~1.J1:::n El'lJ"lI El\ll~~uiln ij~lllJVi fllnVi fll tJ1 U 11.JLL'lJ'lJ 
~ ~ 

"lIEl.:l gene ~ml.:1t1.J1~U ~.:Ir.Jfl1'IK~rn~lJ~m1LiluLLElu~L~uLL~nCiil.:111.J~ltJ1uiJ~~uum1~n~11.J1:::R'Ylfilll~ 
q q 

"lIEl.:ll~snuiJnen~tJEl.:l~~11lJ1~lnnl1iitJ t~ tJ1iL:A'ElmfllL1tJ"llU~ P. falciparum altJwuf~1.J1'lJ~11~L"llln'lJ 
~ q 

.t 1'" .1 ... ..,....... ... ....J ... \1 .....1 ... .J.t 1'" .1 ......... d. 1

m1L~1:::LfltJ.:I UViEl.:lu!J'lJ~m1 Vi1El P. vivax ~tJ~U~'YlL~1qJ L~~ U~.:ImfltJ.:I UViEl.:lu!J'lJ~m1 6J1.:1JuLL'lJ'lJ 
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"lJtl'11u~~u~l~~lm:Bmn [J ~UfiL '" ~l'd3Tnhlhril LL'YlU~~wmi'lJL :BmJ1Cll L~ [J~VllJ1UID~1J'll'l~ i'1tfUtl'1yf
1 

flll1Jf~u;nUL~ [JlnlJ;m~rn::~Ulm~~1JU~::'ll'lnW1Cl tl~~U"lJ tllJ L "lJ~"lJ tl'1f1ll1J"'Cll n", Cll [J1 U ~ULLlJlJ"lJ tl'1 
'-I .u.. " 

LLtlU~ L~u ~ L iJ Utl '1yfU~::n tllJ"lJ tl '1 1 fI<rrU~ '1 ii flll1J ~l flill tl cil'1 rj'1 ~ tl m ~U~:: Lij UU~::~'YlfilllV1"lJ tl'11f1rnU 1 U ... 
d'l~'" .. "".¥d '1.1 YI

lllf1 ~ul1JLVI tl m L~ (!..ICl~nlJL'll'tl'YlVllJ LUu~::L'Yl1'I L'Yl [J 

tl'1yfflll1Ji'L ~ [JlnlJ~Ulm~~1JU~::'ll'ln~ LLCl::l1~Ulm~~::ilJ11J LCln Cl iiflll1J ~lflill tl cil'1rj'1~ tlm~ll'1 
\J.. II III 

1J1mm~lUm~flllJfl1J1~fI~£T'1[ju 1U~lU"lJtl'11~fl1J1CllL1[Jtfum~~m~11,r[Jlul'll~~fLL"lJU'1i'1n~ll£T'1iitlci 
1 ~ 

tl cil'1,jln~ LLCl::3Tn13J LiJum~~n~l~l n il tl cil'1~~llJ~l1J tl cil'1LiJu~::lJlJ LLCl::l3Jiinl~~l L U um~1 U ~::[J::[J1l 
0'1'" ...... ... .J'"" ... .t.J' ...... "" "" .1

'Yll L"'lllV1~l1J"lJ tl'1 tl'1f1f1ll1J~'Yll'1~lUU[J'1"lJl~flll1J ~1JlJ~rn mUflll1J~Ln [JlnlJVlUllm~1J lJ~::'ll'lmLLCl:: 
~ ~ ~ 1 

11~Ulm~~::ilJ1mCl nCl"lJ tl'1 L:Btl1J1CllL1[J ~l1J1~flliLiJULLU l'Yll'1 1 Um~ll'11Jl~~m~"'1tlU~::nmJm~i~~uh, 
1Um~ll'1U1[JlJl[Jm~1i [J'Yllll~lUm~flllJfl1J1~fltlcil'1ii"';nm~ ~l1Jrt'1 ~l1J1~miJuLfI~tl'1ti'1:l1l1u~~u",1tl · 

1 1 

~lU"lJ tl'11u~~u'll'U~1~"lJ tl'1 L:Btl1J1Cll L1mi1~::m::~u1~d1~llll::llij~1J nu~ tlm~~~L:Btl1J1Cll L1[J ~'1 LiJu, ,~ 

u~::1[J'll',r~tlm~~~Ulm~tltlmLlJlJ1f1<rruiJtl'1nuhfl1J1CllL1[J (Tibayrence et al 1996; Awadalla et al 2003; 

van Belkum et al 2001; Morgan et al 2001) 

~lmjtl1JClm~~n ~l~Ulln~~1JU~::'ll'ln~"lJ tl'1 L:Btl1J1CllL~ [J~'1 ii tl ci tl cil'1,jln~ 1~ [J1iiltl cil'1L:Btl~ln 
~, ~ 

lliilllf1~l'1 ') "lJtl'11Cln VllJll,jtl~UL~[J1nlJ~Ulln~~1JU~::'ll'lm"lJtl'1 Plasmodium falciparum £T'1iiflll1J 
~ " 
-ll~LLrJ'1nU 1~[Jn~1J",rt'1V1lJll~Ullm~1JU~::'ll'ln~"lJtl'1 P. falciparum ii;n~rn::LiJu clonal expansion , , 
n~ll~tl ~[J~Ufi~l'1 ') "lJtl'1L:Btl1J1CllL1[J'll'U~Uiim~L~1JU~::'ll'lm~lmL~Cl::~1[J~ufi (clone) ~'1ii;n~rn::fI'1, , 
L~1JlUU~::'ll'l m~ml~1u "'1tl n ~llanu[J'" rt'1~ tl m~~lJ~UfiLLlJlJ tl1~m VlI'I~ Lii~;Ju1 u[J'1V1l",::l3J ii , " 
All1J ~lflill~ tlm~Ln~~u LLlJlJ~'"Clln", Cll [J"lJ tl'1 LL~Cl::~l [J~ufi 1~ [J L~tlllm ~LLCln LU~ [JU'YIl'1~Ullm~1J1U"lJrn:: ., cu .. .. 

m~uli~ufiLn~;JuUtl [J1J1n~'113Jiiu[J ~lflqj1um~ril'"U~~U LLlJlJU~::'ll'ln~"lJ tl'1 L:Btl1J1Cll L1[J (Urdaneta et al 
.d ... ..... "",... .d .,1'1 t!I 1

2001; Tibayrence et al 1996; 1990) "1l''1m''lJtlfl~~'1nClllf1n~tl'1 1J1~~m~"'u'1 ') 'Yl L'll' LUm~flllJfl1J ~fI 
~ , 

1J1CllL1[J L"lium~li[J1~lU1J1CllL1[J "'1tlm~li1f1:nu~iiu~::~'YlfilllV113J~1JlJ~rn (imperfect vaccine) ~::13J 
~ 

~'1(!..1Cln~::'YIlJ tl cil'1i~ L~U~ tlm~fl~ L~ tln ~[J~utfi'1 tfUflll1J'" Clln"'Cll [J'YI1'1~Ullm~1J"1Jtl'1 L:Btl~'1l~L~1J;Ju, , 
LLCl::1~ii(!..lCl m::'YllJ~l1J 1J11U~1J"lJ tl'1m~Ln~ ~l [J~utfl"'~~ iifl rn;n~rn::¢1 LiJUiJru"'l ~ tlm~flllJfl1J1~fllU 

'U .... III .. 

lll[J"';'1 L"liU m~~tl[J1L~1J;Ju flll1J~ULL~'1"lJ tl'1hm~1J;Ju "'1tlnl~Ln~~1[J~utf~~11Jl~fI"'CllJL~ [J'1, , 
U~::~'YlfilllV1"lJtl'11f1<rrU LiJU~U (Gandon et al 2003; 2001) lU'YI1'1~~'1,j11J unl,r[Jan~1J",rt'1V1lJll, 
~Ulln~~1JU~::'ll'lm"lJtl'1 P. falciparum ii;n~rn::LiJu panmixia n~ll~tl n~::lJ1Um~LLClmu~[JU'YI1'1, 
~ulln~~1Jiiflll1J~lflilllu"lJ rn::~ L:Btl1J1CllL1[Jiim~~lJ~ufiLLlJlJ tl1~mVI I'llu[J'1nuu~ tl'1 (Walliker et al 1987; 

.. eLI , .. 

.t.J' 
Conway et al 1999; Putaporntip et al 1997; 2002; Sakihama et al 1999; Babiker et al 1994) 'YI'1Uflll1J 

'I ""... .¥ .. .,I ofl .... I • I .¥.t ... "" ..0

'" Clln", Cll [J LU~ [JVlUll"lJ tl'1 L 'll'tl1J1Cll L ~[J'Y\L uUtl'1f1lJ~::n tllJ"lJ tl'1 u~::'ll'ln~"lJ tl'1 L 'll'tlU ufln m",U~~l[Jtl~~lm~~~ 
~ 

.K .. 'I .1 

, 
l' "" "".1" .,1.1L'll'tl1J1CllL~[J LUL"lJ~ lJ~ln!J ~fI~l1JnlJ"lJ tllJL"lJ ~flll1J"'Cllnm~l [J'YI1'1V1U~n~~1J"1Jtl'1 u~::'ll'ln~1J1CllL~[J'YIu~ln!J 

tlciL~1Jlm1tl'1~ i'1tfum~li1J1~~m~",rt'1 ') lum~flllJfl1Jhfl L"liU nl~li[J1~lU1J1CllL1[J "'1tlm~li1f1rnu 
~ , 
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~ihh::ff'YlTIln'VlhJ~3J1J1rnci a3J Lt.:l~~ n1::'Yl1J ~am1~~L~ an ~1 £J~u1f~ a.:l L~am~l ~£J l'il1iTl113J'VI ~lm~~1 £J 
~ . , 

'Yll.:1~Ullm13JL~3J;tu uamnniitllLL~~:: gene ~m1mn~m1LL~m1J~£JU'Yll.:1~Ulln113Jacil.:1LUU~~1::~mlu, . , 
l~dl3Jaciln£Jl~a'YlTI'Vl~~a.:l selective sweep 'VI1a background selection LL~1 ~mYrn::1J1::"1iln1LL1J1J 

~ 

panmixia el1~Lta~ a m1Ln~L~a~£J~ufl'VI3J~113JTlrn~n'IYrn::~ a.:lL~a~ ~13Jl1()'VI ~1JL~ £J.:I~lnm1()nl'il~1 £J, , ~ 

l~£Ji1~i£J'VI~l £J ') a cil.:1L1J'Vl1a3JnU 'l1.:1tll~l£J~u1f~Ln~1'VI3JiiiiTl113J~lm1()1 unl1L ~3J~lU1umnn11~1 £J, 
~uf~u ') ~::l'illi3Jl~1m1~1.:1 ') ~lii13Jnulunl1Tl11J~3Jhm~~t1!nUTl113J~3JL'VI~1L1J'Vli'a3J ') nulu 

1:: £J:: £]11 
o 0 

<IS .,c:III 0 CL.,.I •• • A I I • 

LUa.:l~lnm1LL'YlU'Yl~a.:l~1~1JL1J~~a.:l DNA (nucleotide substitution) 'VI1am1~lL'VI~1 (mutation) 
A.¥ 'I fi' ..... IA..¥"' .... .d~ Q,..o d 
Ln~~U~~a~L1~l LUn1::1J1Um1~amL1J1J DNA ~rn::L'1l'~~LL1J.:I~1 LL~Ln~~U~1 £Ja~11'YlmmmL~::a~11'Yl 

Ln~;tuiiTl113JLL~n~l.:1nUL1JlULL~~::Lt1U~ a.:l~l £J DNA 1~ £J~1L1Jm1~lL'VI ~l~Ln~;tuiTnL3Jl'il1iel~11m1 
LL 'Ylu~~a.:lL1J~~l'illin1~a::ijlUL1J~ £JU"1iU~ (nonsynonymous sUbstitution rate, dN) LL~n~l.:1~lnel~11m1 
LL'Ylu~~a.:lL1J~~L3Jl'il1in1~a::ijluL1J~£Ju"1iU~ (synonymous substitution rate, dS) acil.:1ii,"mh~t1! acil.:1h 

n~l3J1Un1m~ gene iiLt1UL~ £J1,ra.:llum1~11.:1l1J1~u~Luud:h'VIm£J~am1()nl'i1~1£J~lni1~i£J~1.:1 ') L"liU 
~ 

1::1J1Jl1ijf13JnU~a.:lTlU 'VI1aaciI11£Jl~'YlTI'Vl~~a.:lm1~~L~anm3J1i113J"1il~LL~1 dN ~::iifhmnn11 dS acil.:1 
~ ~, 

.a"" 0.... d A I '" I .... d .... CL,.; .... 

3JU£J~lTlt1! (Hughes and Hughes 1995) '1l'.:I gene 'VI1a~1U~a.:l gene ~.:In~113Jmn£J1~a.:ln1Jm1~11.:1 

hh~u~LUU T cell epitopes L"liulun1m~a.:l circumsporozoite protein ~a\l P. fa/ciparum (PfCSP) 

(Hughes 1991) 'VI1a thrombospondin-related adhesive protein ~a.:l P. fa/ciparum (PfTRAP) LL~::~a.:l P. 

vivax (PvTRAP) (Jongwutiwes et al 1994; 1998; Putaporntip et al 2001) L1Ju~u uan~lniim1iLTl11::~ 
Tl113JLL1J11J11U~a\lel~11Tl113J~~a\l allele 1::'VI11.:11J1::"1iln1 (inter-population variance) ~a\lL~am~l~£J 
el1~"li1£Jl'ilUl£J~lLL'VIti.:l~a.:ll1J1~u~LUuLih'VI3J1£J~am1~a1J~Ua.:l1~ m::1J1Jl1ijf13JnU~a\llem~ 'l1.:1hh~u 

~ 1 

'VI1aLt1u~a.:ll1J1~u~.:In~11el1~ii~n£J111'Vllum1Luua\lA1J1::na1J~a.:llTl:fiu (Conway et al 2000) LUU~U 

1ui1~~uulTl:fiuila\lnu11Tl3Jl~lL1mh~.:I()n~~ul;tua cil.:1~ ellrta.:l1~£J el1~£J'VI~nm1113Jl1J1~u'VI1a 
1 ~ 

a.:lA1J1::na1J~a.:ll1J1~u~lnLt1u~1.:1 ') ¢I L~ £J1,ra.:l~lmL~~::1::£J::lu1\1~i~~ a.:l3Jl~lL1£J 1~ mill'V1m£J~ff1~t1! 
..,.., 0 ofl ,,",...,I .., 1"''' ..,1 .. .f ""' :::..., 0'1 .. • 
L~LLn (1) pre-erythrocytic vaccine LlJU1Tl'1l'U'Yln1::~U 'VILn~ antibodies 'Yl3J'l'Ylll£J1J£J.:I Lm'VI sporozoltes

1 

~n~13JL,rlLtL'1l'~~~1J113JJ.:In1::~u cytotoxic T-Iymphocytes L~alil'il~lm'1l'~~~1J~iiL~am~lL1£JaciI11£Jlu 
1 ~ 1 ~ 

l1J1~U~ ff1~t1JLL~::ii m1~n'IY11J1::~'YlTII11'Vl~ a.:lm1LUUlTl:fiu LL~::iim1~~ullu 'VI~1 m1J LL1J1Jmn~ ~~~ a 
u ~ 1 

d 1 .., 1- I .. .,I. ""' _I" ." 0circumsporozoite protein '1l'.:I Tl1.:1~Tl.:l~a.:l lJ1~U'Yl~lTlt1!lJ1::na1J~1£J B-cell epltope 1J1L1rn~1Un~l.:1~a.:l 

11l1~u'l1.:1ii~1~1Jn1~a::ijlu~£J.:I61hnULUU"1i~ LL~::Lt1U C-termimus 'l1.:11J1::na1J~1 £J T helper LL~:: cytotoxic, 
T cell epitopes 1J1::na1J~1 £J~1~1Jn1~a::ijlU~iiTl113J'VI~ln'VI~1£J~\I;tun1Jl1ijI11Tl~1~ILL'VI~.:I~m~ a\lL~a 

~ ~ 

• ""' 1-1 .... .. d.,l(Jongwutiwes et al 1994; Nardin et al 1999; Nussenzweig et al 1997; 1994) ~'VI11J lJ1~Uan"1iU~'VIU\l'Yl 

ii~n£J111'Vl~\llum1LUUa\lA1J1::n a1J~a.:llTl:fiu~ a TRAP 'l1.:1~m1mLll\lL~LUu 6 domains LL~::1J1::n a1J~1£J 
~ 

T cell epitopes 'VI~l£J~lLL'VIti.:l ~lnm1iLTl11::~ PfTRAP gene LL~:: PvTRAP gene ~ln~1acil\11u1l113J"1il~ 
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~unl'm'Yl'U~"lJa\l~l~ULU~'VI~lt1~lLL'.ni\l LL~::m~LU~t1'ULLU~\I~l~tln~~a::ijt'Ul'U domains ~ 2, 3 LLfil:: 4 

a~111t11~nfilln positive selection ~\lU1Llrn~\ln~11~~\lnU T cell epitopes 'VIfillt1~lLL'V\l.i\l (Jongwutiwes et 
'II 

al 1998; Putaporntip et al 2001, Prieur et al 2004; Schneider et al 2001; Dolo et al 1999; Flanagan et 

al 1999) (2) blood-stage vaccine ~\lihiJl'V1mtl'VI~n~a m~rrU~\lm~filnfill3J"lJa\l merozoite L,rl~dj~L~a~
, 'II 

LL~\I tu~~'U~ijm~~n1f13Jln~~~LLfil::ij~ntlll1Yl~\ll'Um~LtJ'Ua\lTfu~::naU"lJa\llT16fi'U~a merozoite surface 
, 'II 

protein 1 (Msp-1) ~\lLtJ'UtU~~'U"lJ'Ul~lVltllij-d'lwunt3JLfil~filu~::mrn 180-200 ntfilmfil~'U u~::naU~l t1~1'U 
~ij~l~um~a::ijt 'U ('VI1a~1~ULU~) ~ijT1113JT1\1~~\lLdmmtlULVitlu~::w;il"~t1vrWt1~~l\1n'U (conserved

'II , 

blocks) ~1'U~ij~l~un~~a::ijt 'U~ijT1113JT1~1 t1T1~\lUl'Unfill\1LdmmtiULVi t1U~::'VI il\1~l t1vr'Uf, (semi­

conserved blocks) LLfil::~1'U~ij~1~un~~a::ijt'U~ijT1113Jer'ULLU~~" (variable blocks) (Holder 1994; Tanabe 
'II 

et al 1987; Jongwutiwes et al 1991) ~l'V1'i'utU~~'U~~l~ty~a\lfil"3Jl~a merozoite surface protein 2 (Msp­

2) (Smythe et a11991) ~\lYlULu~1::1'U P. falciparum LLfil:: P. reichenowi ~"LtJ'UL:fi'amfillL1t1"lJa\l~\I 
-n3JLLU'USU 'Uamnndrr"ijtu~~'UU'U~l merozoite ~ij~ntlll1Yll'Um~LtJ'Ua\lTfu~::naU"lJa\llT1su'Uan'VIfillt1"15U~ 
L-n'U merozoite surface protein 3 (Msp-3), merozoite surface protein 4 (Msp-4) LLfil:: merozoite surface 

t..J' 
protein-5 (Msp-5) (Oeuvray et al 1994; Goschnick et al 2004) 'Yl\l'U Msp-4 LLfil:: Msp-5 "lJ a\l P. falciparum 

ijT1113JT1\1~"lJa\l~1~ULU~~::'VIil\1~lt1vr'Uf~\I (Jongwutiwes et al 2002) l'U"lJrn::~"lJaUL"lJ~T1113J'VIfilln'VIfillti 
''11 

"lJa\l~l~uLu~l'U gene Msp-4 LLfil:: Msp-5 "lJa\l P. vivax rr\llaJijm~~n1fl1Jln~la~l\11'Utl~~3J"151~Lfilti (3) 
......., &oJ I d'" A. .... ::, 


sexual stage vaccine all'1t1'V1filnm~'Yl antibodies ~a gametocyte/gamete "lJa\lL"15amfillL~t1~lm~(ltlUtI\I 

m::Ul'Um~U~~'UTI"lJa" L:fi'a1'U~\lfi'Uu~a\l Lrta\l1JlnlT1su'U"15U~du~::nau~l tI antigen ~LaJYlU1'U"lJrn::~ L:fi'a 

mfillL1t1acll'UT1'U ~"iwth,]t11Jln positive selection t~t111ij~3Jn'U"lJa\lT1'U~\lLaJLtJ'UaU~~~T1~am~vr~'Ul
'11'11' , 

lT1su'U"15U~d a~l"hfi~l3J sexual stage vaccine iJa\ln'ULaJl~~lhmLYl~L:fi'a~aLuLL~LaJ~m~fliJa\ln'Um~ 
'II 

~~L:fi'amfillL1t11'U~~L~'i'ulT1su'U"15U~d (Kaslow 2002) ~\li'Um~~n1flvr'Utln~~3Jlh::"151n~~fila~1J'U 
'II , 

m~~n1fl"lJaUL"lJ~T1113J'VIfilln'VIfillt1"lJa\l gene 'VI1atU~~'U~L~t11,ra\lnU pre-erythrocytic stage vaccine LLfil:: 

asexual blood-stage vaccine 1Jln~la~l\1~L~1Jln~lhtl~~~L:fi'mJlfillL1t11'UL"lJ~U~ln!lt ~T1t~muYll::a~l\1 
~\lm3J1Jijll1T1~1\1 ') "lJ a\lU~::L 'YlI'IL'Yl tI1'U~::t1::Llfill~l\1 ') n'U~\lijT1113J~1~tya ~l\1~\ll'Um~L~1t13JT1113JYlfa3J 

oJ "" "" oJ .. .f1 ""'1.,.J' '1.1 , .J''':' ..
Lntllnu'Ul~n~~3J'Yl1J::Ln~"lJ'U 'Ua'U1T1~a'ULnfil 'Uan1Jl n'UT1113J'VI fill n'VI fill tI L'U~uLLUU"lJa\l gene L'VIfill'UtI\l3J 

'II 

u~dtl"15'U1'Um~H'LtJ'U~l ~~m3J'VI1a~ltl\l=En\l ~ fil m::'YlU1Jlnm~~m~~l\1 ') ~1i'T11UT13JhT1 mfill L1t1 ~l3Jrr\l 
.d .... 1 J'...... .1 

, 
...t.... 1 .... 

m~LT1fila'UtJ1t1u~:;"151n~"lJ a\lL"15amfillL~m:;'VI11\1113J1l1T1m\l ') "lJa\lu~:;L'Yll'lmu~:;"151n~"lJ a\l L "15amfillL ~t13J 
'II 

T1113J LL~n~l\1'Yll\1vr'Utln~~3J1'U~n1frn::~lLYll:;m3Jll
'II 
ij111 T1"lJ a\l L"lJ~U~ln 11 

~ 
t ~T1 

, 
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A d'o (L"I 0 (L"I 0 (L"I

1. lL~1l::~~1~1JLUR"lIEl\l genes Rl~1U PfAMA-1 "lIEl\l P. fa/ciparum LL~:: genes R1~1U PvMsp4­

5 LL~:: PvAMA-1 "lIEl\l P. vivax ,nmllElcil\l~L~,nnfliil11~~l\l ') "lIEl\l1.h::L'Ylf'lL'Yl[J~LnU11U113Jhl.1::[J::Ll~1
'II 

~l\l ') nu 

2. ~m:nll~Ulm1LL~::m1LtJ~[JULLtJ~\l1.h::"1fln1"l1El\l P. fa/ciparum LL~:: P. vivax t~[JEl1~[J~ll3J 
~~ln~~l[J"lIEl\l genes lu"JJEl 1 LtJU~l~~m3J 

~lElcil\lL;fiEl P. fa/ciparum LL~:: P. vivax 

LnU11U113J~lElcil\lL;fiEl P. fa/ciparum LL~:: P. vivax ,nmrthm.h::3J1rntJ~:: 160 1l[J"1fit~~:: BO 
'II 

~lElcil\l~EltJ 113Jtf\l~U~~El~t~1\lm1"1fit~~:: 240 ~lElcil\l 
"" ..r "" m1L~1[J3J DNA "lIEl\lL"1fEl3J1~lL1[J 

.,'" • A • t'! ...I~ .... ... t 1'" .J .. ~ ...1~lElm\lLflEl~u13Jl~1 200 ~I 'Yl L~3J1'Yllm1Rn~ DNA ~[J"1f QIAamp DNA mini kit 'l1\l3J"lIU~ElU 

1. L~3J1ryhYlElf ATL ~\lLtJ 1BO ~I ~Hi3J1~L"JJlnu ttlLtJ spin down 

2. L~3J proteinase K 20 ~I ~R3Jl~L"JJlnut~[Jli vortex LtJUL1~l 151Ultl ttlLtJ spin down 

3. ttlGhU~Rm.f\l~3J~1U~~El~LtJ incubate ~Elrn~flii 56°C LtJUL1~l 5 ilt3J\l~1El "JJl3J~U L~Ell~ 
, 'II 

~ a I I d' 
L3J~L~El~ LL~\ltm [J El [J El [Jl\l R3JU1rn 

'II 'II 

4. ~~\l-;)lmfutl1LtJ spin down LL~lL~3JUYlLYlElf AL 200 ~I ~R3J1~L"JJlnu t~[J1i vortex LtJUL1~1 
151Ultl 

5. ttlL1.J incubate ~Elrn~flii 70°C LtJUL1~l 10 Ultl tl1L1.J spin down 
, 'II 

6. L~3J absolute ethanol 200 IJI ~\lLtJ LL~::~R3Jl~L"JJlnu t~[J1i vortex LtJUL1~l 151Ultl LL~lttlLtJ 

spin down 

7. ~~~lU~R3Jtf\l~3J~1~~\lLtJ1u QIAamp spin column ~Elcilu collection tube LL~lttlL1.J~u~ 
'II 'II 

~llm11 B,OOO 1ElU~ElUltlLtJUL1~1 1 Ultl ~Elrn~flii~El\l 
, 'II 

B. ttl QIAamp spin column L1.Jl~1u collection tube lmj~R::Ell~ 
9. L~3JuYlLYlElf AW1 500 ~I LL~lttlLtJirU~~113JL11 B,OOO 1ElU~ElUltl LilUL1~l 1 Ultl ~Elrn~flii 

, 'II 

... 
~El\l 

10. ttl QIAamp spin column LtJl~1u collection tube l~ll~R::El1~ 
11. L~3JUYlLYlElf AW2 500 ~I LL~ltbLtJ~U~~ll3JL11 14,000 1aU~aUltl LtJUL1~l 3 tntl ~ 

arn~flii~a\l 
, 'II 

12. ttl QIAamp spin column L1.Jl~lu collection tube l~ll~R::Ell~ 
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13. \11'tJ~U~~nl2JL11 14,000 ·H1U~flUl-n LiJUL1l;n 1 Ul-n ~mu.'VIllii~fl>'l L~flfhi~l1jyhWflfR1U~
, 'II 

L'VI~flflfln1i'VI2J~ 

14. Ul QIAamp spin column 'tJ1R1U'VIlilfl~"llUl~ 1.5 ml ~~::fl1~ 

15. L~2J1jWLWflf AE ~>'I'tJ 30 IJI ~>'I~>'I'l~flnl.'Vlllii~fl>'l 1 Ul-n 
, 'II 

17. Ul'tJ~U~Tlll2JL11 8,000 1flU~flUl-n LtJUL1~l 1 Ul-n ~flrn'VIlliiifl>'l 
, 'II 

18. ~~LnU~T~~::~ltJ DNA ~'~11~flrn'VIllii -20°C L~fl1iLtJU DNA template 1um1rh PCR ~fl'tJ 
'II , 'II 

m1L~2Jm2J1rn DNA 1U'VI~fl~'YI~iilfl>'ll~tJtJ~mm~nl'1il~~L2JflfL1~ (PCR) 

.yi1m1L~2Jm2J1rn DNA 1~tJmmJTl~2JU1L1rn coding region ~>'I'VI2J~"llfl>'l~U PfAMA-1 "llfl>'lL;ftfl, 
Plasmodium falciparum, PvAMA-1, PvMsp-4 m~:: PvMsp-5 "llfl>'l Plasmodium vivax 1i primer ~~ 

Tlll2J-;ilL'Yll::nU~ULL~~::"1fU~~>'ILL~~>'I1U~111>'1~ 3.1 Lrtfl>'l,;)ln~u PvMsp-4 LL~:: PvMsp5 LtJU~U~flci1n~nu 
'II 

1u ~>'I,fu~>'I'~rhm1L~2Jm2J1rn DNA ~Tl1flUTl~2J~>'I 2 ~U L~flm11LTl1l::~ ~>'IUfln,;)ln';)::~~.ffu~flum1, 
ril PCR LL~l rJ>'I ~12J11f1'V11Tlll2J R2J~uf1::W)1>'1~U~>'I ~fl>'l1 Um1'V1l LL~::l LTl1l::~~l ~1JUlTl~lfl''YI~~>'In~11 

primer nucleotide sequence (5' -> 3') gene targeted annealing amplicon 
o 

name temp ( C) length (bp) 

PfAMA-1-F 
PfAMA-1-R 

CAAATIAATGTACTIGTIATAAATIGTAC 
CAACGTCTGATATAATCAGCTTCTC 

PfAMA-1 60 1,866 

PvAMA-1-F 

PvAMA-1-R 

CATTCTAGCGGTTACTICCA 

GATGGAGAAGCCATACTACTAA 

PvAMA-1 60 1,686 

PvMsp-4-FO 

PvMsp-5-RO 

ATGAAGGTGGCCTACTITTIG 

CTTIGTCTIGGCTGTGTIGA 

PvMsp-4, intergenic 

region, PvMsp-5 

60 -3,000 

0.... 0 A &:t~ .... ~ 
~1'V11Um1~lLUUm111"llU~flU~>'IU 

Ul DNA ~~n~'lLtJu DNA~ULLUU (DNA template) fl>'l~tJ1::ntlu~H1.um1Ln~tJ~mm PCR 

~>'I'VI2J~1Umlll~1~'YIn- 15 IJI tJ1::nflU~lU, 
DNA template 5 IJI 

forward primer (UPS 18SF 1 ) 0.2 IJM 

reverse primer (P18R 1) 0.2 IJM 

10X ExTaq Buffer 1.5 IJI 

dNTP mixture flcil>'1~:: 2.5 mM 
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sterilized distilled water 7.03 IJI 

TaKaRa ExTaq DNA polymerase 0.3 unitllJl 

U1 PCR reaction mixture L-i(lLfI~e:J>lfl1Ufl3Je:Jru'\"UlijLL~::L1,n5~1'\.l,ml (PCR thermal cycler) 
1 q ~ 

.d. 1 .... ::. ",.J'
'1l>l u1::n E1U ~1 tI'lJ'\.l,~ E1'\.l,~>1 '\.l, 

lwff'\.l,~E1'\.l,LL1n~E1>1"'hm1LLtln~lt1 DNA (DNA denaturation) riEl'\.l,~E1ru~l1ij 94°C L1J'\.l,L1~l
q ~ 

1 '\.l,lYi LL~1L~3JU~mtl1 PCR tft>lU1::nElU~1t1 
1. m1LLtln~1t1 DNA ~E1ru~l1ij 94°C LU'\.l,L1~l 40 l'\.l,lYi 

q ~ 

2 . .ff'\.l,~E1'\.l,~ primer ~unu template DNA (primer-template annealing) ~E1ru~l1ij 55°C LU'\.l,L1~l .. .. 1 ~ 

30 1'\.l,l'Yl 

3. m1~11>1~1t1 DNA ,;)In DNA ~'\.l,LLUU (primer extension) ~e:Jru~l1ij 6SoC LU'\.l,L1~l 1 '\.l,lYi 30 

.. "" 
1 ~ 

1'\.l,l'Yl 

1~tlu~mtl1~>I~3J~'Yi1'Jhn'\.l,,;)'\.l,fl1U 35 1E1U LL~::.ff'\.l,~E1'\.l,m1~11>1~tI DNA ~3JU1ru~~>l1E1U~~'Yi'1t1 
~ 1 

liElru~l1ij 72°c LU'\.l,L1~l 5 '\.l,lYi 
1 ~ 

m1m1,;)~~~~~ PCR l~tI agarose gel electrophoresis 

1. L~1t13J agarose ~~fl11m"ll3J"ll'\.l,1E1t1~:: 11~[Ji>l agarose 1 n13J ~::~1t11'\.l, TAE UVlLvJEl1 100 ml 

2. U1~U~3J,;)'\.l,L~E1~ L'lJr.hLU1 ') li agarose LU'\.l,Ldm~tI1n'\.l, ~>I~>I~11iL~'\.l,~>lU1::3J1ru 50 n>l 60°C 

U1~UL'Yl~>lU'\.l, gel chamber ~~~lr LL~11a- comb ~>I~1,;)'\.l,LL-ii>l~1 
3. L~3J TAE ~>I~UU'\.l,W"lL,;)~lAlEl'Yi13J L~m,;)~LL-iJ>I~1~LL~1 LYlEl'htlli~>I comb E1e:Jn~~~l[J;f'\.l, LL~:: 

LtJ'\.l,m1iJEI>ln'\.l,~aJli~~3J (well) l'\.l,L,;)~LL~n ~E1t1 ') ~>I comb E1E1nl~tI~>lU~lt1~>I 2 "lll>1E1E1nlAl1E13J ') n'\.l,1::1>1 
q 

E1ci11iiim1an'lJ1~'lJEI>lL,;)~LL~1u1~ula-l'\.l, electrophoresis chamber tft>lii TAE E1cilwm3J1ru~'Yi13JW"lL,;)~
~ 

4. U1 PCR product 5 lJl ~~3Jnu loading dye 1 lJl hil3Jlf11tlLu~~~tlEI~LL~~::~1E1ci1>1~>ll'\.l,~~3J
q 

L,;)~1~m1[J>I~1~ULL~::';)~uwY\n~1 

5. li IJHind III LL~:: marker VI LU'\.l, DNA UEln'lJ'\.l,l~ (marker) ~1~1U~~~~~ PCR 1E1ULL1n 

LL~::1E1U~~E1>1 LYlmm[JuLYitlu'lJ'\.l,1~1~tlU1::3J1ru'lJEI>I~~~~~ PCR tJ~~l electrophoresis chamber ~E1.ff1 
~L~nlY11~L"lllnULfI~E1,Hi1Lil,~~vJyh ~~li DNA ~>lL"ll1~1.ff1u1nliLL1>1LfI~E1'\.l,~vJYh SO volts LU'\.l,L1~l 30 .. 
'\.l,1Y1 

6. U1L,;)~~UVEl3J~1t1 ethidium bromide fl113JL"ll3J"ll'\.l, 1 lJg ~E1 lJl LU'\.l,L1~l 15 '\.l,lYi U1~u~m1L1E1>1 
~ 

LL~>I'lJe:J>lLLflU DNA 111t11~LL~>lEI~~11~11m~~,;)lmm~MhLil.~LL~>I (UV transilluminator) LL~::Ii1t1111lAl~1LYlEl 
q 

1~'lJ'\.l,1~'lJEI>lLLflU DNA ~E1~111~tlm1LmtiULYitiunu DNA UEln'lJ'\.l,l~ 
.. < .... 

m11Lm1::~'lJe:J3J~ 
u 

11U113J"llEl3J~,;)ln~1~uibfl~1E1~Y1~ ~1~un1~E1::ijl'\.l, LL~::1ULLUU'lJEI>lLLflU DNA lLfl11::'IK"llEl3J~1~r.J 
~ ~ ~ 

EI1~r.J~~nm1'lJEI>I population genetics LL~:: molecular evolution m1L1t1>1~1~uibfl~lE1~Y1~1~[JEl1~[J 
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hhLLmll ClustaLX m1~TI.nru5~11m1LL'YlU~~tl"U1Tl~1tl""Yl~1~[Jm1"tn~h nonsynonymous 

substitutions per nonsynonymous site (dN) LmmJL fimJrlu synonymous substitutions per synonymous 

site (dS) m1rnfiT"[J~1f1ty1~[J t-test ~1::~mnll1L~mtumnnlTftlm~:: 95 m1iLTl11::'" phylogenetic 

tree 1~[Jtl1i[JiTI neighbor-joining 1~[J1i parameter ~tl" Nei LL~:: Gojobori m1~11~~tlUm1Ln~m1 

LL~mU~[JU'Yll"~U~n11111~[Jm1"tnfil minimum number ot recombination events (Rm) m1~lfil1::~U 
mll1~~ln~~1[J~tl,,~u1~[JiLTl11::"'fil neucleotide diversity LL~::m1~lfilTllll1~~ln~~1[J'Yll"~Ulm1111 

~ 

1mJ~lfil haplotype diversity rfftlllrlufil standard deviation 

A"'" 

~~nTlTiHJ 

~'l13JVI"1nVl"1ullil"ih~1Jih~milln~1,"ii," PtAMA-1 

m1L~lImmru DNA ~tl"nU PtAMA-1 ~lnm11i primers PtAMA-1-F LL~:: PtAMA-1-R ~Ull1i 
~fH.J~~ PCR LLtlUL~[J11u~Ul~~tlnitl"~"LL~~,,1u1U~ 3.1 

'II 'II 

'luff 3.1 LL~~"~ltlcil"~~m1iLTl11::"'~~~~~ PCR ~ln~u apical membrane antigen 1 ~tl" Plasmodium 
'U 

falciparum (PtAMA-1) ~l[JiTI agarose gel electrophoresis DNA Utln~Ul~ (marker) f1tl A/Hind 

~lnm1~1i!h~uU1Tl~1tlL'Yl~~tl"~U PtAMA-1 rt"~l1~ 242 ~ltlcil" ~UllU1Llru coding region 

u1::ntlU~1[J-;ilU1UU1Tl~1tlL'Yl~tf"~1I~ 1,866 ~1~1m.h::ntlU~1[J 622 codons ;A"luLL~~::~ltlcil"hl~u 
m1L~lI;rU~1tl~1~Vll [JLU~ tl"UlTl~1tlL'YI~1U~Ud Ln tl'\'i1n11iLTl11::",i!h~uUlTl~1tlL'YI~Lm[JuLfi[J1Jrt"~lI~ 
242 ~1tlcil" V-l1Jm1LL'YlU~"lJtl"U1Tl~1tlL'Yl~ 72 ~lLmtt" 1~[Jm1LL'YlU~~"n~11't111in1~tl::ij1uLU~rJ'u..nU~ 
rt"~l1~ 56 ~lLmtt" (~111"~ 3.2) m1LL'YlU~~tl"U1Tl~1tlLYl~m~lif't111iLn~ PtAMA-1 ~LL~n~l"rlU 
rt"~ll~ 55 LLUU (haplotypes) tlcil"L1n~11l~uilTlllll~~tl"m1n1::~1[J~~1ULL~~:: haplotype iifil 

LL~n~1"rlu1~[J~Ull haplotype ~~umn~~~f1tl haplotype VII11~[J~urt"~1I~ 27 ~ltlcil"~1tl1tl[J~::, 
11.2 1tl"~"mf1tl haplotype XV, XIII LL~:: XXXIX ~U1tl[J~:: 8.7, 7.0 LL~:: 5.4 mll~l~U (1U~ 3.2 D)

'II 
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LtJ,"~lili>1Ln~';hnTm1::,n[J"lHh1 haplotype l,"LLGiIil::iJ~Lmllit'~~~l[J~~>1n," n~11~El haplotype ~V'l1Jmn 
~i.~tie:I[J~~11~~>1~1,"LLGiIil::n~'t11m1Ln1J111J11~ilmh>1 (11J~ 3.2 A, B LLIil:: C)
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30 

~ 25 
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1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 

ltl~ 3.2 m~n~::,;]ltl"lJa\l haplotype ~l\l ') "lJa\lflu. PtAMA-1 "lJa\l Plasmodium falciparum ,;]lnth::L'Yl~L'YltI 
hill R~. 2005 (A), 2006 (8), 2007 (C) LL~::111J~~a~ 3 11 (D) 

"" ..J ""t 1il1'l1\1't1 3.2 m~LL'Ylu.'Yl"lJa\ln~~a:::JJ u. u. PtAMA-1 ,;]In 242 ~lmh\l1U1"h::L'Yl~L'Ylti 

~lLL'VIU\lm~a::iitu. 
Haplotype 

111 1111111222 2222222222 2233333444 4444444455 555555 
335556667 7788999000 0023444688 8900399000 0334589900 134888 

5460261272 3579067014 6750235723 5608235345 7598153635 234149 

I YNDEEHYNTG NDELMDHHFD EYIKDKKEKL EDEENRKNTE QIHDKKAMRF RAKEHN 
II . K •.... K.E ..... . Q ... K......•.. .. .. .. .. .. .. .. .. .. .. • NN .•• DIN • K..... 
III · K .. Q...•. · Y •... E ... K.....•. IS Q.KQIH .... · .. NM. DIN. ............ 
IV · . N •.•..• E K.N ... Q.•. · . NE ... Q.. QHKQ .... RK · ..... DIN. K..... 
V · K •••.•.. E · ..••. Q•.. .. .. .. .. .. .. .. .. .... .. .. .. .. .. .. .. ...... · ..•.• DIN. K.N ... 
VI · . N .....•. .... I.DD.N · . N. YE ...• . HK .. P .. RK • .... I .... ............ 
VII · K ....••.• · ..•.. Q... .. .. .. .. .. .. .. ...... .. .. .. " .. .. .. .. .... · .....• IN. K..... 
VIII · K .. Q..•.. · Y ••.. DLL. · D •.... Q.. QHKQ.H .... · ..... D.•. • . N ..• 
IX · K ......•. .. D... DD .. · . N. Y.. Q.. · • KQ. H .... .. .. .. .. .. .. .. .. .... · .N .. T 
X • ....... K. • ... I .. D.. · . N. YN ... S Q. K.• H.. RK • .... IDIN. K•.... 
XI . K .• Q..•. E · . K •.. Q... K....... IS Q. KQ. H ...• H.N.M.DIN. K..... 
XII · . N ...... E K.N ... Q... · • NEY •.. IS QHK .. H.. RK · .... I. IN. K..... 
XIII · K .....••• • .N .. NGD.N · . NE ... Q. S Q. K.• H.. RK • .•.. I •.•. .. .. .. ...... 
XIV · K .. Q..•• E · . K ... Q..• K....... IS Q. KQ. H .•.. H.N.M.D ... • • NQD. 
XV · K ••..•. K. • • N. INGD. N • . N. YN. Q .• · .... H.. R. · ..... D.•. • . NQ. T 
XVI • K •....• K. .. N.INGD.N · .N. YN.Q .. • .•.. H•. RK · •... I ...• ............ 
XVII · KHK .•. K. E • . NP .. DLL. • DN •.•... S Q...• H•. RK · •.•• I D .• Y ............ 
XVIII . K •• Q.••. E • • K .•• Q••. K.....•• IS Q. KQ. H •.•. H.N.M.D •. • · .NQ .. 
XIX • K •••.•• K. • • N. INGD. N • • N. YN. Q .• · ...• H•. R. • •.... DIN. K•.••. 
XX . K .• Q.. K.E • •.... DR .• • • N. YNN .. S Q. K..•.. RK .N ••. IDIN. K.•.•• 
XXI • K ••.••.• E · • K .•• QR •. · .N. YN.Q.S Q.•.•.•.•. • NN ••• DIN. K. NQ .• 
XXII • •••••• K. E • . K ••.•••. • .NEY ... IS Q. KQ. H •.•. H.N.M.D ..• ............ 
XXIII • • N .•..•. E K.N •.. Q... • .NEY • .. IS Q...• H.• RK • ...• I . IN. K.•.•. 
XXIV • K .. Q••.•. " · YK ... DLL. • DN. YN ... S Q••.. H.. RK ••.•. IDIN. K•.•.• 
XXV • K ••..•. K. • . N. INGD •. · . N. YN. Q .. • ..•• H.• R. · •.. '"•. D... • • NQ. T 
XXVI . K .. Q•.•• E · . K ... Q... K....... IS Q. KQ. H .•.• H.N.M.D ••. · • N •.• 
XXVII . K .• Q.•.. E K.N .•• Q.•. · .NEY .•• IS QHK .• H•. RK • •... I . IN. K..•.. 
XXVIII • K ...•.• K. · . N. I . DRV. • . N. YE. Q.. Q.... HR.RK · •.•. I • IN. K..••. 
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~1LL,..ni-1nwltldJ1 'U 

Haplotype 

111 1111111222 2222222222 2233333444 4444444455 555555 
335556667 7788999000 0023444688 8900399000 0334589900 134888 

5460261272 3579067014 6750235723 5608235345 7598153635 234149 

XXIX · K ...••.. E K. N. " OLL. .0 ..... Q.. QHKQ. H ..•. • ... M. DIN. · .NQOK 
XXX • •....••. E K.N ... Q... · .NEY ... IS QHK .. H.. RK · ..... 0. N. K..... 
XXXI · K ••..... E · .K ... Q... K....... IS Q.K ....... · NN ... DIN. KTN ... 
XXXII · K ...... K. · . N. INGO. N •. N.YN.Q .. · ...• H. TR . · •.•.• O... · . NQ. T 
XXXIII · ••..... K. '" .1.00.N · • N. YE ...• · HK •. H.. RK · .•.• I •... · .......... 
XXXIV • ••.•••• K . · . N. INGO. N · . NE •..•• S Q. K.• H.. RK · •... I DIN. K..•.. 
XXXV · K •..... K. · ... I .• 0 .. · • N. YN ... S Q.K .. H.. RK · ..•. I DIN. K•••.. 
XXXVI .. .. .. .. .. .. .. .. .. .. • .0 ....... · . NEY •... S Q. K.. H.• RK · .... I. IN. K•.••. 
XXXVII · ...•... K. · ... 1. ~O. N · . N. YE .... .HK .. H.. RK • •... I .... .. .......... 
XXXVIII · K .•...•. E K.N ... OR .. K•...... IS Q. KQ. H .•.. H.N.M.O ... .. .. ........ 
XXXIX · K .. Q.•..• · Y .... OLL. . ON.YN.Q.S Q.... H.. RK • .... I DIN. K..... 
XL · .N.Q .... E · • K ... QR .. · . N. YN. Q. S Q......... · NN ... DIN. K.NQ .. 
XLI · K ...... K. · . N. INGO. N · . N. YN. Q .. · ..•. H•. RK • .... I DIN. K.NQ.T 
XLII · K •....... K. N. INGO. N · . NE ..... S Q. KQ1. •... · NN ... O..• ............ 
XLIII · K ........ · . N. INGO. N · • N. YN. Q .. · ..•• H•. R. · ..... 0 .•. • . NQ. T 
XLIV .K ...... K. · .N. INGO. N •. N.YN.Q .. · •..• H.. R . • ..... 0 ... ............ 
XLV · K .. Q..... .. D... OLL. . D.E ... Q.S QHKQ. H ...• · .... I .. N. K. N..• 
XLVI .. .. .. .. .. .. .. .. .. .. • ... I .. O.. · .N. YN ... S Q. K.. H.. RK · ...• lOIN. K..... 
XLVII · .......• E • • K ..• Q•.. K.•...•. IS Q. KQ. H ...• H.N.M.O .•. · . N ..• 
XLVIII · K •....• K. K.N.INGO.N · . NE ..... S Q. K.• H.. RK ••.. M.DIN. • .NQOK 
XLIX · K .. Q••. PE · • K ... Q•.. K....... IS Q. KQ. H .... H.N.M.O ... · • N •.. 
L · K •.• PC. K. .. N.INGO.N · .N. YN.Q .. • .... H.. R. · ....• 0 •.. • . NQ. T 
LI · K .• Q•..•• · . K ... DLL. · ONE ..... S Q. K.. H•. RK · .•.• I .... ............ 
LII • K .. Q ..•. E · .K ... Q... K....... IS Q. KQ. H ..•. H. N .M. DIN. K..... 
LIII · K .....•.. · .N ... GLL . . O.E .•. Q.S QHKQ. H •... . ....... N. K....• 
LIV FK .. Q...• E K.N ... Q... · . NEY ... IS QHK .. H.. RK · .... 1. IN. K..... 

Lrie),~111'Hu.1n-1f1113J"'Hnn~~1tJ"l.If)-1Ulfl~1f)L'YI~1u.~'U PfAMA-1 YlUi1 nucleotide diversity ijfl1 

0.01113 LL~::fl1f1113JLrltJ-1LUU.3J1~1~1U.ijfl1L 'Yi1nu 0.00011 111nm1LmtJULl1tJufl1 nucleotide diversity ... 
1~tJ1TI sliding window analysis YlUi1fl1~-1mhlLtl~tJU.LLtl~-13J1mrf)tJ;tu.nUU1Llnl.~1-1 ~ "l.If)-1~'U1~tJYlui1 
lu.fflu.~~1-1nu external domain "l.If)-11tl1~'Uijfl1 nucleotide diversity ~-1ni1ffl'U5u. ~ (1tl~ 3.3) LL~::m1 

'II 'II 

LL'YIU.~"l.If)-1Ulfl~1f)L'YI~~-1~3J~ 72 ~1LL~U-1~'Ud~]'Um1LL 'YI'U~'nU~~'Yh1in1~f)::Sj1'ULtl~ tJW'IlU~ 63 ~1Lm\i.-1 
LL~::m1LL'YIu.~'nU~~L~'Yh1im~f)::Sj1'ULtl~tJU.'nU~ 9 ~1Lm\i.-1 fl1 nucleotide diversity l'U~1Lm\i.-1~L~Yi11i 
n1~f)::Sj1u.Ltl~tJU."1fU~~1f) synonymous nucleotide diversity ijfl1 0.00263 LL~::fl1 nucleotide diversity 1'U 

~1Lm\i.-1~Yhlin1~f)::Sj1'ULtl~tJU."1fU~~1f) nonsynonymous nucleotide diversity ijfl1 0.01331 LL~::fl1LU~tJ 
"l.If)-1,j1'U1U.Ulfl~1f)L'YI~~~1-1nu. (average number of nucleotide differences, k) ijfl1 20.7636 Lrif)'W1111n1.1 
"" 1 "J, A Q..I I 11=1 .., tl 11=1 0 &:It. t5" do •"JII=I .J' "J
f1-1 f)m~'YI11::~3JL~ f)n~l f) tJ1-1'Y13J haplotype L~mnu.111n 1::"1f1n1L"1ff)3J1~1L1tJ'YI'YI1m11Lfl11::~~1f)m, 
haplotype diversity ijfl1 0.9631~tJfl1LrltJ-1LU'U3J1m~1u.ijfl1L'Yhnu 0.005 
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~tJ~ 3.3 m1vJLUWI\lfl111J~ULL1.h"1.lEJ\lfh nucleotide diversity m1Jtt1u~1\1 ') "1.IEJ\I£ju PfAMA-1 1~HJ1Lm1::~ 
'Yin 100 U1f1~1EJlf1~LL~::L~EJuflf\l~:: 25 ~1LL'V\ti\l, 

...I ..l ""1 'II ~ "" "".I "" .f , .... ::.A 	 0

LUEJ\I~1nm1LLf1Uf1"1.1EJ\lU1f1~ EJ ~f1~ m£m PfAMA-1 1J'V\~1muLLl.Jl.JLL~::Ln~"1.IU'V\~1£.JmLL'V\U\l ~\lUU 
'IJ 

~\lli1m11 Lfl11::~fh linkage disequilibrium 1::W;l1 \I LL~~::T1U1f1~1EJlf1~L~ EJ~11~ ~EJl.Jm1Ln~m1LL~m1J~£.JU 
'IJ 

f11\1~\l,lm111J~EJ1~Lilu~1L'V\~"1.IEJ\lfl111J'V\~1n'V\~1£.J~\lmh1 ~1nm11Lfl11::~'Wl.Ji1T11 / ~ihrmn~ru~" 	 .. 
-;i1U1U~~~\I EJcl1\11J1n~11J1::£.J::~1\1"1.1 EJ\lT1U1f1~1 EJ1f1~~L~ 1J:ffULL~~\I ,i\lm1Ln~ recombination 1u£ju PfAMA­

'IJ 

1 (11J~ 3.4) 'lul'i1UEJ\lL~£.J1nU~1nm1fi1U1rnT11 minimum number of recombination event 'V\1EJT11 Rm 
'IJ 

~1nm1Lm£Jl.JLti£Jl.J~U1f1~1EJlf1~J\I'VI1J~ 2,346 ~[)1£.J'lu£juv1\1mh1'Wl.Ji1~T11 potential recombination site 
~ A 0 t 

f1\1'V\1J~mnn\l 27 ~1LL'V\U\I 
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')1.J~ 3.4 nnrhL~~\lfh 	/ "lJeJ\I LL~~::Ylii.1Tl~leJt YlCil~l1l1::rJ:;~l\l"lJ eJ\lVU PfAMA-1 ';)~a-LYll~aYll~ii,rm~lf1ru cu cu 	 q IV 

Yll\l~n~ ~lU,;)~~~l~aYll~t3Jii,rrJ~lf1ru 
q 	 " 

UeJn,;)lnti,;)lnm1iLml::'VI1~rJm1'V\lTlllll~1I~U'rr-lJa\lLLvi~:: haplotype luflu PfAMA-1 ,nn 

ileJcil\l~l\l ') "lJeJ\llh::LYI~tYlrJ1~rJm1~fl\l phylogenetic tree Y-I1JlllTl1\1~fl\l"lJa\l tree i\ln~lliim1LLrJn 

LL"lJU\lLUU 2 n~1I1 'VI ill LL~::nl rJ1ULL~~::n~lIiim1LL1.i\l LUUeJ cil\l~:: 2 n~lI ci arJ eJcil\lhn~lllYll1::i1JTlllll 
q '" q 	 q 

L~mtU"lJeJ\lm1LLrJmL"lJU\lL'VI~ltiiiYllYlau"1il\l~l (1U~ 3.5) i\l,xu haplotype 1uflu PfAMA-1 ~\lt3Jiim1LLrJn 
'IJ 

Lilun~lI family ~i'~L,;)uL'VIijautl1Jflu PfMsp-1 LL~:: PfMsp-2
q 

L~mmrJ1JLfi rJ1J er~1lm1LLYlU~"lJ a\lii.1Tl~lat YI~1~ rJm1'V1lYll nonsynonymous substitutions per 

nonsynonymous site (dN) LmrJ1JLfirJ1Jtl1J synonymous sUbstitutions per synonymous site (dS) nl1'V1lYll 

,rrJ~f1rul~rJ t-test "lJa\lflu PfAMA-11~rJf1~L~eJmUY-ll:: haplotype ~LL~nvil\ltlU Y-I1Jll dN iiYll 0.0137 ± 
'" 

I I A I 	 ~ I oICII , I I I.a. Q,..o 0 .... 

0.0020 ~lUTll dS lITll 0.0027 ± 0.0013 '1l\lTll dN lITllmnnllTll dS eJm\lllUrJ~lTlqJ (p < 0.001) Tlllll 

LL~n~l\li\ln~llLL~~\I~\lm1Ln~ positive selection 1uflu PfAMA-1 
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It.J~ 3.5 Phylogenetic tree LL~~~flll:IJ~:lJl~'tuf1Jtl~LL~~:: haplotype luntt PfAMA-1 1~t11TI neighbor­
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fld13JVla1nVla1u~t)\l,h~1Jihfla1t)lf1~1"u" PvAMA-1 

Ci~n1'H~1J1nmru. DNA "lIa"]Eu PvAMA-1 lcilrJili PCR ,nnm11i primers PvAMA-1-F LL~:: 
PvAMA-1-R YnJ111~Ci~Ci~~~ihm1~L~EJ1nulu'Yln~1aci1,.]~~nH1~"]LL~~,.]lu1u~ 3.6 

, 'IJ 

Q..I. A Ii' A ~ 
ti 

d 
'i f1 3.6 LL~~"]~1aEJ1"]Ci~m11LYl11::'VICi~~Ci~ PCR ,nnEJU apical membrane antigen 1 "lIa"] Plasmodium.. 
vivax (PvAMA-1) i1EJili agarose gel electrophoresis DNA Uan"llU1~ (marker) ~a A/Hind 

Ci~n11'V11,h~uibYl~lal'Yl~u1L1ru. coding region "lIa,.][ju PvAMA-1 ~"]1.h::naU~1EJ~1U1wU1Y1~la 
l'Yl~J,.]'VIl.I~ 1,686 ~1'V11aU1::naU~1EJ 562 codons J,.]'VIl.I~ 241 ~1aci1"] YlU';hluLL~~::~1aci1"]l3JYlUn11 
L~l.I;tu'VI1a"ll1~'VI1 EJlU"lI a,.]ibYl~laL'Yl~1uEuitL"liuL~EJ1nU PfAMA-1 Lri arhm1i LYl11::"'~1~UibYi~laL'Yl~ 
LmEJULl1EJuJ,.]'VIl.I~ YlUn11LL'YlU~"lI a,.]ibYl~1aL'Yl~ 48 ~1LL'VIti,.]1~EJm1LL 'YlU~~,.] n~11Yh1~n1~ a::ijlULU~EJU 
"15U~J,.]'VIl.I~ 28 ~1LL'VIti,.] (m11"]~ 3.3) m1LL'YlU~"lIa"]U1Y1~laL'Y]IilL'VI~1dYhl~Ln~ PvAMA-1 ~LL~n~1,.]nu 
to ~Q..I I ~ 0 "" I A I 

m'VIl.l~ 54 LLUU (haplotypes) uamnnUEJ"]YlU11Y1111.1t:l"lla,.]m1n1::,;)1EJ~1'V11ULL~~:: haplotype l.Im 

LL~n~1,.]nulwri1ua"]L~EJ1nu PfAMA-11~EJ haplotype ~Ylumn~~~~a haplotype 11~EJYluJ,.]'VI1.I~ 86, 
~1aci1"]'VI1afaEJ~:: 35.7 1a,.]~,.]m~a haplotype II YlufaEJ~:: 20.7 LiJU~ti1«"]Ln~11 haplotype ~L'VI~a~1U 
1'V1ru'r'luL~EJ,.]aci1"]~:: 1 - 7 ~1aci1"] LL~::LiJu~ti1«"]Ln~11 haplotypes ~YlUmn~~~LL~::YlU1.l1n1a,.]~,.]m

'" " 
:::. ... .ell' ~I.el.. .I d 

UUl.Im11.1Y1,.]'Yl ULL~~::lJ'Ylf'lnH1 (1lJ'Yl 3.7)
'II 

1wri1ua"]L~ EJ1nuLriEJ'~,;)11ru.1~"]Y1111.1'V1~1n'VI ~1EJ"lI a,.]U1Tl~laL'Yl~1uEu PvAMA-1 YlU11 

nucleotide diversity iiTl1 0.00593 LL~::Tl1Tl111.1LrlEJ"]Luum~1~1UiiTl1LYhnu 0.00026 ';)1nm1LmEJUL l1EJU 

Tl1 nucleotide diversity l~EJili sliding window analysis YlU11Tl1~,.]mh1LU~EJULLU~,.]mnUaEJ;tunUU1L1ru. 
~1"] ') "lIa,.]Eul~EJYlu11lu~1u~~1,.]nu external domain "lIa"]lU1~uiiTl1 nucleotide diversity ~,.]n11~1u 
~u ') (1U~ 3.8) Tl1 nucleotide diversity lu~hLL'VIti"]~L3JYhl~n1~a::iJluLu~EJu"15U~'VI1a synonymous

'II 

nucleotide diversity iiTl1 0.0064 LL~::Tl1 nucleotide diversity lu~1LL'VIti,.]~Yhl~n1~a::iJluLu~EJU"15U~'VI1tl 
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nonsynonymous nucleotide diversity iif11 0.0058 LLiiI::f11 LQ~t1"l.1fJ>I~1'U,1'U,itl,,~TfJ 1'Y1~~~1>1n'U, (average 

number of nucleotide differences, k) iif11 9.99849 ~>liif11~1n11 PfAMA-1 mn L~fJVi~1':1ru.1n>lTfJm~~~:: 
Li3JL~an~l fJ rh>l~ii haplotype L~ t11n'U,~1mh::'nn':lL:fi'fJ3J1 iii1L'itl~Yhm':li L"':I1::~~'ifJf11 haplotype, 
diversity iif11 O.789 T~ t1f11Lri t1\1L u'U,m~':I~1'U,iif11Lrl1nu 0.029 
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~t.1fi 3.8 ml~LL~~\lfl113J~'U.LLtl1"l.1tl\l~1 nucleotide diversity m3J~1'U.~1\1 ') "l.Itl\l~'U. PvAMA-1 t~rJ 

1Lfl11::~'Yln 100 U1f1~ttli.mlLLGl::L~tl'U.f1f\lGl:: 25 ~lLLVI,"\I 
~ 

1'U.m11Lfl11::~~1 linkage disequilibrium 1::Vdl \I LL~Gl::~U1f1~ttli.'Yl~Lyjtlm1~~tltJnl1Ln~m1
'IJ 

LLGlmtl~rJ'U.'Yll\1Wmm113J1'U.~'U. PvAMA-1 ~tdl~U1f1~ttli.'Yl~~~m1{)h1Lfl11::Vll~ihr\l~'U. 277 ~ ~Glm1 
q 'IJ 'IJ 

1Lfl11::~'V'l1Jil~~ihrmhT1rut~rJm1'Yl~~tl1J~1rJ Fisher's exact test ih.f\l~'U. 123 ~ 1~rJ~1 / ~ihrm{lT1ruiicu ClI \J QI 

• • '0.. "'1 i. ...J';' .J' "'.. 1 ..
~1'U.1'U.Gl~Gl\l tl rJ1\1mnm3J1::rJ::Vll\1"l.1 tl\lfl'U.1f1Gl tl 'Yl~'Yl L~3J"l.I'U.LL~~ \I{)\lm1Ln~ recombination 'U.rJ'U. 

'IJ 

PvAMA-1 (1t1~ 3.9) 1'U.Yil'U.tl\lL~rJ1n'U.~lnm1Y11'U.1rn~1 minimum number of recombination event Vl1tl 
'IJ 

~1 Rm ~lnm1LmmJLfirJ1J~U1f1~1tli.'Yl~rr\lVl3J~ 946 ~111rJ1'U.~'U.~\ln~11~1Jilii~1 potential
'IJ 'IJ 

recombination site ~\lVl3J~mnti\l 14 ~lLLVI,"\I 
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,.t1~ 3.9 ml~LL~~\I~l 	/ "lJa\lLL~~::~itl~~1aL'Yl~~13J1::£J::\-h\l"lJa\lliu PvAMA-11l~~L'Yll~a~1~ihrm~liru 
~ ~ 	 ~ ~ 

'Yll\1~{l~ ~l'U,ll~~~h~a~l~Lll~,rm~liru. ... 

Lh",1lJm1iL~11::",L~£Jm1"'1~113Jim~·''U,rr"lJa\lLL~~:: haplotype 1'U,~'U, PvAMA-1 1l1n~lacil\1~ 
~m~1d'1~£Jm1~11\1 phylogenetic tree ~lJ';h1~1\1~11\1"lJa\l tree ~\ln~11~m1LWmL"lJ'U,\lLu'U, 2 n~3J1mll. ... 
LL"l::ll1 £J1'U,LL~ ~::n~3Jiim1LLl.l\lLu'U,n ~3J ci a £J a cil \IL1nm3J~11::~lJ~ll3JL;mT'U,"lJ a\l m1LW nLL"lJ'U,\lL"'~ld'ii~l 
~a'U,,yl\1~l (11l~ 3.10) ~\I,f'U, haplotype 1'U,~'U, PvAMA-1 ~\lLlliim1LwmtJ'U,n~3J family ~i~Lll'U, 

~ . 
L"If'U,L~£JlnlJ~'U, PfAMA-1 

'\.l,an1l1nd'~"lm1Lm£JlJLYi £JlJ er~11m1LL'Yl'\.l,~"lJ a\lit1~~1aL'Yl~L~ £Jm1"'1~1 non synonymous 

substitutions per nonsynonymous site (dN) Lm£JlJL Yi£JlJnlJ synonymous substitutions per synonymous 

site (dS) m1"'1~1,rmtlitlJ1~£J t-test "lJa\l~'U, PvAMA-11~£Ji~L~amU~1:: haplotype ~LL~n~l\1,r'\.l, ~lr.h 
dN ii~l 0.0082 ± 0.0018 ~1'U,~1 dS ii~l 0.0066 ± 0.0022 ~\I~l dN ii~lmnnll~l dS LL~Lllii,rm~liru... 
(t = 0.563, P > 0.05) LL~~\ln\lm1Ln~ neutral evolution 1'U,~'\.l, PvAMA-11'U,ln~113J 
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")t1~ 3.10 Phylogenetic tree bb'WI.Jfll1aJ~iJ~-"'tlhHhm~~:: haplotype luflu PvAMA-11~tlirr neighbor­.. 
Q..I 0 '" I to' .... d ~ 

joining ~lL~"lJmn1JLL"lJU.J'Jt).J tree LLG{~.J m1tlr.J~::1::~1Jfll1aJL '7!eJ aJU"lJ eJ.JnT'HLtlnLL"lJU.J 
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fl'l13J'H,nn'H~1uiltl",hC;)1J'ihflmtllY!~1,"u," PvMsp-4 

,nnm1L-nlTI PCR L~tlL~3Jm1J1U1. DNA "llel\lfllt PvMsp-4 1~rJ1i primers ~\lfl1elUfl~3Jflmr\l, 
PvMsp-4 LL~:; PvMsp-5 'Wu"h1~~~~~~~ii"lllt1~LL~n~1\1nltL~mrelrJ~\lLL~~\l1lt1U~ 3.11 

'U 

.. Id .... I A ft A d 

"'ilJY! 3.11 LL~~\I~lelm\l~~m11Lfl11:;~~~~~~ PCR ,nnrJlt merozoite surface protein-4 "llel\l 
" 
Plasmodium vivax (PvMsp-4) ~lrJ1TI agarose gel electrophoresis DNA Ueln"lllt1~ (marker) ~el A./Hind 

-;i1ltlltii.lfl~lelL'Ylt;)~\I~3J~"llel\lfllt PvMsp-4 ii-;i1ltlmL~n~l\1nw~tltnU~l mh\l~l Lfl1l:;~1~ rJ'WU 

-;illtlltii.lfl~lelL'Ylt;)~\lLL~ 654 ~'m1el 218 codons ,mn\l 762 ~1~1el 254 codons ~\ld'Lrtel\l,nnfllt 
PvMsp-4 iiU1L1U1.~dJlt repeats ,nnm11Lfl1l::~~lelrJl\1lf\lilt 240 ~lelril\1 L~m1lm11Lfl1l::~~1~U 
ii.lfl~lelL'Ylt;)LmrJUL firJulf\l~3J~ 'Wum1LL'Yllt~"llel\lii.lfl~lelL'Ylt;)~\lhIUU113J1lt~llt"ll el\l repeats -;illtllt 18 

~lLL'l·ni\l 1~rJm1LL 'Yllt~~\lmhl'th1'IXm~el:;iilltLu~ rJlt"lfii.mr\l~3J~ 10 ~l LLWl,i\l (~11l\1~ 3.4) m1LL'Yllt~'lIel\l 
ii.lfl~lelL'Ylt;)L~'hd'lil1'IXLn~ PvMsp-4 ~LL~n~l\1nlt~\I~3J~ 38 LLUU (haplotypes) ltelmnnd'rT\I'Wu"hflll3J~ 

o Q..ot I .::I I I ..... 

"llel\lm1m::,nrJ~1~1ULL~~:: haplotype 3JmLL~n~l\1nlt 

~lW~'Uflll3J~~ln~~lrJ"llel\lii.lfl~lelL'Yl~1ltfllt PvMsp-4 'Wu',h nucleotide diversity iiT1l 0.00129 
r 

LL~:;T1lflll3JLrirJ\lLUlt1J1~1~lltiiT11LYhnu 0.00024 ,nnm1LmrJULfirJUT1l nucleotide diversity l~rJln 
sliding window analysis 'WU 'hT1l~\lmhlLU~rJltLLU~\l1J1ntl'elrJ;tltnUU1L1U1.~1\1 6) "llel\lfllt (1U~ 3.12) T1l 

'U 

nucleotide diversity 1lt~lLLW"\I~L3Jlil1~n1~el:;iilltLU~rJlt"lfii.~~1el synonymous nucleotide diversity iiT1l 

0.00216 LL~:;T11 nucleotide diversity 1lt~lLLW"\I~lil1~m~el::iilltLU~rJlt"lfii.~~1el nonsynonymous 

nucleotide diversity ijT11 0.00104 LL~:;T11LU~rJ"llel\l-;illtlltiilfl~lflL'Ylt;)~~l\1nlt (average number of 
.d I ,J A d 1 did..... I da .d Q..t

nucleotide differences, k) 3Jm 0.76463 L3Jel'W"ill1U1.lm elm~'Yl"il:;~3JL~fln~lelrJl\1'Yl3J haplotype L~rJlnlt, 
"illnu1:;"lfln1L:%el1J1~l L1rJ~lilm11Lfl1l::~~1flT1l haplotype diversity iiT11 0.329 1~ rJT1l Lrl £j\lL Ult1J1~1~llt 
ijT11L'yhnu 0.044 
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http:L3Jel'W"ill1U1.lm


Haplotype 
1111111111 1111111111 1111111111222 

2555556666 6667777778 8888888899 91144555555 5555666666 6667788899334 
3034561234 5790123781 2345678901 21589012345 6789012345 6782334569021 

I RA----G--- -S----DGL- -DS~------- ----DHGDDH GDDH----GDDDH 
II - ---------- - -------- ---------- -- .. ---- .... N 
III .. GSSG.- - - - ---- - ---------- - .. D------- ... Q---- .... N 
IV -.GSSG ... - ---------- -Y.D----HGD DHGD ..... . • •.• ---- •••. N 
V - .. D------- • . -------- •. N 
VI .. GSSGD--- - .. DHGDDHGD DHGD ..... . · .. Q---- .... N 
VII - .. D------- · • -------- •. N 
VIII -.----GDS- -------GLS G.. DH------ ---------- .... ---- .... N 
IX - ---- - -------GLS G.. -------- ---------- ---------- .. N 
X .S-------- ------ - ---------- - .. DHGDDHGD DHGD .........Q---- .... N 
XI -.---- ... G LSG------- - .. DHG----- ---D.........Q---- .... N 
XII ---- --- -.----GDS- -------GLS G.. DH-- - --- ---------- .... ---- .... N 
XIII .. GSSG.SSG G.---- ... - ---------- - .. DHG----- ---D .......... ---- .... N 
XIV -.---- ... G LSG----GLS G.. DHGDDHGD DHGD .......... ---- .. N.N 
XV -.----GDS- -------GLS G.. -------- ---------- -- .. ---- .... N 
XVI -.----G.SD ----SSGGLS G.. -------- ---------- --.Q---- .... N 
XVII K.----.--- - ---- - ---------- - .. D------- .. -------- .. N 
XVIII ---- --- -.----GDSG SSGDSSGGLS G.. DHG----- ---D...... " .. ---- .... N 
XIX .. ----.SSG G.---- ... - ---------- - .. DHGDDHGD DHGD .......... ---- .. N.N 
XX - ---------- - .. ---DDHGD DHGD ..... . .... ---- .. N.N 
XXI - ---------- - .. D----HGD DHGD ..... . •.•. ---- .•.• N 
XXII - ---------- - .. DHGDDHGD DHGD ..... . '" .GDDQ .... N 
XXIII · .•• ---- •••. N 
XXIV .. GASG.--- - ---- · .. Q---- .... N 
XXV - ---------- - -------- ---D .......... ---- .... N 
XXVI - ---------- - .. DHGDDHGD DHGD ......... Q---- .... N 
XXVII - ---------- - -------- . . . . .. '" Q---- .... N 

XXVIII - ---------- - -------- DHGD .......... ---- .... N 
XXIX - ---------- - .. DHGDDHGD DHGD .......... ---- .... N 
XXX - ---------- - .. ----DHGD DHGD ......... Q---- .... N 
XXXI - ---------- - -------- ---- - ----- -- .. ---- .... N 
XXXII - ---------- - .. D------- ... Q---- .... N 
XXXIII - ---------- - -------- -------- ... Q---- .... N 
XXXIV - ---------- - .. D------- .. -------- .. N 
XXXV -.L-------- • •.• ---- •••• N 
XXXVI -.L-------- ... Q---- .... N 

XXXVII -1---- ... - ---------- - .. D------- • • -------- •• N 
XXXVIII · .. Q---- ... NN 
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JlI~ 3.12 nnv-lLL~~h'lfl1lll~tl.LLtl1"1.1e:h"h nucleotide diversity ~nm~1Wih"l ') "1.IEl"lVtl. PvMsp-4 t~tI 
1Lml::~'Ym 100 ibfl~tEl1'Y1~LLt;l::L~Eltl.f1f"l~:: 25 ~lLL'V\U"l, 

m11Lfl1l::~fll linkage disequilibrium 1::w;h"l LL~~::flibfl~tEl1'YI~1tl.Vtl. PvMsp-4 Ynr;hflibfl~tEl 
~ 	 ~ 

1'YI~~~1Il1nhnLfl1l::'V\1~~i"ljtl. 153 fl ~,mm11Lfl1l::~Yl1Jilfl~~,rm~lf1rut~ tlm1'Y1~~El1J~1t1 Fisher's 
~ 	 ~ ~ 

exact test ij~"ljtl. 19 fl t~ tlfll / ~~,rmhf1ru~~ltl.1tl.~~~"l El ~l"llllnmm·::tI::"h"l"1.l El"lflibfl~tEl1'YI~~ 
~ ~ 	 ~ 

L~1I;rtl.LL~~"ln"lm1Ln~ recombination 1tl.Vtl. PvMsp-4 (1tl~ 3,13) 1tl.'Yiltl.El"lL~ tI1ntl.~lnm1Altl.1rnfll 
~ 

minimum number of recombination event 'V\1Elfll Rm ~lnm1Lmtl1JL-ntl1Jflibfl~tEl1'Y1~~"l'V\1I~ 153 fl 
~ 	 ~ 

Intlltl.vtl.i"ln~l1Yl1Jiliifll potential recombination site ~"l'V\1I~ 1 ~lLL'V\U"l 
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"illY; 3.13 mlv-lLL~~"lfll / "1.1 El"l LL~~::flU1f1~1f)1'YI~m1l1::tI::'Vh"l"1.lf)"lvtl. PvMsp-4 ~~~L'YIl~Elfll~ii,rmhf1ru
" cu 	 ,,'" 

'YIl"l~ii~ ~1tl.~~~~l~Elfll~1~ii,rm~lf1ru. ~ 
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m~nTmfhJUL l1[Ju eJ~rnnTm 'Yl'U.Y\"lJ tl-:lUlfl~ltll'Yl~1~ [JnTfVI1Y11 nonsynonymous substitutions 

per nonsynonymous site (dN) Lm[JULl1[Junu synonymous sUbstitutions per synonymous site (dS) m';i 

'VI1Y11,xm~'lflqj1~[J t-test "lJtl-:l~U PvMsp-4 l~[Jfl~L~tlmuvn:: haplotype ¢lLL~mh-:lnu ~Uil dN iiY11 

0.0019 ± 0.0010 ~lufh dS iiY11 0.0043 ± 0.0020 ~-:lY11 dN iiY11mnnilY11 dS LL~l1iii,rm~'lflqj (t = 

1.073, P > 0.05) LL~~-:ln-:l m';iLn~ neutral evolution 1 U~U PvMsp-4 1 UI11~';ilaJ
• 

ffl'V\'~'um';i'VIlfl11aJ«m~'Wth::'VIil-:1 haplotype "lJtl-:l PvMsp-4 l~[Jm';i~fl-:1 phylogenetic tree tt'U. 

£T-:l11il~rllm';iiLfl';il::'VI1UY;UL rttl-:l-;Jlnfl113JLL~n~l-:1"lJ tl-:lLL~~:: haplotype ~lu1mlltlci1U~lU"lJ tl-:l repeats ~-:I 
OJ 'IJ 

ii~-:lm';i"lJl~w'[Jltl'VI1mYiaJ;1u"lJtl-:l repeat units ~-:lttu topology "lJtl-:l tree ~-:I;1utlcinum';iL1[J-:I~1~uUlfl~ltl
'IJ 

lmltlcil-:1mn 

~113J'VHl1nl'lGl1U"llth'l~1~1Jih~~1f1ln~'l\ul\ PvMsp-5 

1Um';i'VI1~1~1JUlfl~ltll'Yl~"lJtl-:l~U PvMsp-5 ~1JiT~lUlUUlfl~ltll'Yl~~-:I'VIaJ~"lJ tl-:l~U PvMsp-4 ii 

-:illUl'U.LL~n~l-:1n'U.;1unU~ltl cil-:1Y;i Lml::'VI1~ [J~u-:illUlUUlfl~ltll'Yl~~-:I LL~ 1149 ~1'V11tl 383 codons 
.d: "'" ~ t. .J' d a ~ A ..J ~I I a '"' 

-;JU!1-:I 1173 ~l'V1';itl 391 codons 'Yl-:l'U.LUtl-:l~ln[JU PvMsp-5 aJU';inrn 'YlLlJU repeats L "1JUL~ mnu PvMsp-4 

-;Jlnm';iiLml::~~ltl cil-:1~-:I~U 240 ~ltlcil-:1 L~ tlrllm';iiLfl';il::~~l~UUlfl~ltll'Yl~Lm[JUL l1 [J1J~-:I'VIaJ~ ~U 
m';iLL'Ylu¢I"lJ tl-:lUlfl~1tJ1'Yl~-:illUlU 143 ~1 LL'VIU-:I l~[Jm';iLL'Yl'U.¢I~-:ln~11rll1~n';i~ tl::~lULtl~ [JU"1JU~~-:I'VIaJ~ 
123 ~lLL'VIU-:I (~l';il-:1Y; 3.5) m';iLL'YluY;"lJtl-:lUlfl~ltll'Yl~L'VI~lUrl11~Ln~ PvMsp-5 Y;LL~n~l-:1nU~-:I'VIaJ~ 66 

..:rev I ~ Q.; a r '"(I I I

LLUU (haplotypes) Utlmn nU[J-:I~Ul1fll1aJrI"lJ tl-:l m';in';i::~l[J~l'V1';iULL~~:: haplotype aJmLL~nm-:lnU 

1um';iiLfl';il::~fll1aJ'VI~ln'VI~1[J"lJtl-:lUlfl~ltll'Yl~lu~u PvMsp-5 ~Uil nucleotide diversity ~Y11 

0.03487 LL~::Y11fll1aJ Lri [J-:I LUUaJl~';i~lUiiY11L 'Yhnu 0.00123 -;Jlnm';iLm[JU L l1 [JUY11 nucleotide diversity 

l~[Jiu sliding window analysis ~UilY11~-:ln~11Ltl~[JULLtl~-:lmmrtl[J;1unUU1Llrn~1-:1 G) "lJtl-:lU'U. (';itlY;
'IJ 

3.14) Y11 nucleotide diversity 1U~lLL'VIU-:lY;11irl11~n';i~tl::~luLtl~[JU"1JU~'VI1tl synonymous nucleotide 

diversity iiY11 0.017 41 LL~::Y11 nucleotide diversity 1 U~l LL'VIU-:lY;rl11~n';i~ tl::~lULtl~[J'U."1JU~'VI1tl 
nonsynonymous nucleotide diversity iiY11 0.03986 LL~::Y11LQ~[J"lJ tl-:l-:illUlUUlfl~ltll'Yl~Y;~l-:1n'U. (average 

number of nucleotide differences, k) iifil 39.22914 L~tl~-;Jl';irnln-:llElm~Y;-;J::~aJL~tln~ltlcil-:1Y;ii, 
haplotype L~[JlnU-;Jlntl';i::"1JlmL;tlm~lL1[J¢lrllm';iiLfl';il::~'VI1tlY11 haplotype diversity iif11 0.904 1~[Jf11 

ffl'VI1Unl';ii Lfl';il::~Lm[Ju Ll1 [JU eJ~';ilm';iLL 'YlUY;"lJtl-:lUlfl~ltll'Yl~1~ [Jm';i'VI1f11 nonsynonymous 

substitutions per nonsynonymous site (dN) Lm[JULl1[Junu synonymous substitutions per synonymous 

site (dS) m';i'VIlfil,x[J~lflry1~[J t-test "lJtl-:l~U PvMsp-51~[Jfl~L~tlmU~1:: haplotype Y;LL~n~l-:1n'U. ~Uil 

dS iif11 0.0240 ± 0.0058 ~lufil dN iif11 0.0494 ± 0.0050 ~-:lf11 dN iif11mnnilf11 dS LL~l1iii,x[J~lflry 

(t = 3.317, P < 0.01) LL~~-:ln-:lm';iLn~ positive selection 1 U~U PvMsp-5 
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~1"i1\1rf 3.5 nT~LL'YIU~"ileJ,:m~~eJ::3jlulu PvMsp-5 ,nn 240 1Il1m.i1-:l1U1.h::L'YIf'lLmJ 

1li1LLw\.i-:ln~~tJ::3jtU 

Haplotype 1111 11111 11111111 111111111 11111111 111111 111111111 11111111 11111111 11111111 11112 2222222 2222222222 222222222233 

2334555899 9999990000 00001 11111112 222222223 33333334 444445 555555556 66666667 77777777 88888889 99990 0000111 2222222445 555666777756 

6491345913 4567890125 67890 12567890 123567890 12345670 123790 124567890 12345680 12345689 12456780 12390 1345279 1235678670 469248124793 


I WQSANRNEE O:;PPSGEDIE EI'KKE ATCGEK-E PSCQ11.EKVD S'IVI'GAEK DEQFEE KMTI.G::G:D HrDr::GNIX> E--<n;r:ND NCQ:GKEE G-GCG KDCGDSD ~rnKHD FGlEEEFGPEYD 
II •••••.• S.K KDST • • ••. K K.DNA .A....V . .. EKSGD•• PAAPD..••.NS •• Q•.••••. - --- ••••• 03- . ...E D ••.••GG .KENS E.N.A•• T •• ER.DE•.•...••.. Q.HG 
III ....... SKD KD.QrEG... GKrnA .A.. -EVR ...K..E......D... E.... D FL .. 1. ... N.... K...GD..G... P.EE.GG .KE....HEEE.... - ... E......... D.KHS 
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, 


~1 LLv\u..Jn,,'il fl::iJt 'j..I, 

Haplotype 1111 11111 11111111 111111111 11111111 111111 111111111 11111111 11111111 11111111 11112 2222222 2222222222 222222222233 
2334555899 9999990000 00001 11111112 222222223 33333334 444445 555555556 66666667 77777777 88888889 99990 0000111 2222222445 555666777756 
6491345913 4567890125 67890 12567890 123567890 12345670 123790 124567890 12345680 12345689 12456780 12390 1345279 1235678670 469248124793 

XXXIX ••••••. S.D KD.QI'EG ••• GKI:NA .A•••V-R •• E••• Q.N •••• D•••.K.SKD RLP.N •.•• N•. N.K.• 03- .... . ......... ­ ....N•.. E. RRG- •.. E.•..G...••Q.ffi 
XL •••.••. SKD KD.QI'EG •.• GKI:NA .A•• -EVR ••• K••E••• • •• D.•• E.•..D RL.. I. •.• NP ..•K..•GD.. G•.• P.EE.a::; .KE•••. HEEE•.•• - .•• E•..•.••.. D.K!-!. 
XLI •••• • •• SKD KD.QI'EG ••• GKI:NA .A •. -EVR . .• K •• E .••••• D.•• E•..• D RL.. N•••• N..•.KGR .RD• . .• E D ••.••a::; .KENS E.N.A•• T.• - •..E.•...•.K.. Q.H. 
XLII ••.••.• SKD KD.QI'EG ••• GKI:NA .A•. -EVR ..•K•. E••..•• D••. E•.•• D RL.. I. ••. N . • •• K•••GD.• G . •. P.EE.a::; .KE..••HEEE..•• - ...E•........ D.K!-!. 
XLIII • .HR••Q•.•.•••.E.AP•••••.••. •K.- ••.••..E.N •••• D..• N••..•.••..•• • • . •..••. • R-•.•..•• • ••. a::; .KENS E.N.A.• T••ER.DE.. Q......• Q.HG 
XLIV •••.••• S.K KDST •••.. K K.rnA .A•••• V•••EKSGD•. PAAPD.•.••NS •• Q•..•••• - - ­ ••.•• 03- ....E D •••••G••KENS E.N.A.• T•. ER.DE•. Q..•...• Q.H. 
XLV ••..••• S.K KDST•••.• K K.rnA .A...•V•••EKSGD.. PAAPD••.••NS •• Q•.•..•• - - ­ ••..• 03- .. . . E D •••.•a::; .KENS E.I.A•• T •. ER.DE.. R.•.•••.Q.HG 
XLVI F•••••• S.K KDST•••••K K.rnA .A.•. . V •••EKSGD•• PAAPD.••..NS.• Q.•.•... - - .••.• 03- . ............. ­ ........E•.••E..• E....G..•.. Q. HG 
XLVII ••••••. K•••••••E.AP•.•..•.•..•• - •.••K •• E •••••.••••..• S•. Q.•..•.••..•.••.. Q- •.....•.••••... - •..••••.E•..•E...E...•G.••.• Q.HG 
XLVIII ••••.•• SKD KD.QI'EG••• GKI:NA .A.• -EVR •.• K •• E .••••. D.•. E•..• D RL.. I. ••. N.••.K..•GD •. G••• P.EE.a::; .KE •.••HEEE.•.. - ...E•. . • G .••..Q.HG 
XLIX ••.•••.S.K KDST••••• K K.rnA .A••.•V..•EKSGD.• PAAPD••••• NS .. Q.••. . •. - --..•.. 03-....E D •..••a::; .KENS E.N.A •. T.•ER.DE.. R.......Q.HG 
L ••••••• S•• KDSR ••• H.K K.rnA .A••.•V•.••K•. E.N ••.• D.K•.•••. D RL•• N •.•• N.•.•K.• ---G...P.EE.a::; .-E••..HEEE •..• - .•.E.H . . G ..•.. Q.ffi 
LI • .HR•.. SK. KDST •. K•.• GKI:NA .AN ••.V•••E.SGY•• P••. D•••. K.•• K •••. D••.M I. •.. EGR .RD..••E D •.•••a::; .KENS E.N.A.. T •• ER.DE .• R.•..•. D.K!-!G 
LII •.••••• S.••.•••••.•K •• rnA .A.• -EVG .R•••• E.. P••• D.• E G.NSKD RLP.D.••. N..••K•. 0---.... P.EE.a::; .-E•..• HEEE.••. - .....H ...•.•. D.K!-!G 
LIII •••.••• SK. KDST •• K ••. GKI:NA .AN •.•V.••E.SGY .• P • • • D ••••K••• K ••.• D •• D ....•. EGR .RD.•••E D ••.•• a::; .KENS E.N.A.. T••ER.DE .. R.•..•. D.K!-!. 
LIV ••.•••• SK. KDST •••AP•••.••.•.••• - ••••K •• E ••••.•••Q.. • • S •• Q ••........••..•• Q- ..•..E D •••.•a::; .KENS E.N.A•• TT.ER . . E ....G..... Q.HG 
LV ••HRVD.S.K KDST••.••• GKI:NA .A•••.V•• • • K •• Q•• PAT.DK.. . •.••. • .••.••...• R- ..•• E D ••••. a::; .KENS E.N.A•. TT.ER•. E.•..•..•..Q.H. 
LVI ••••••• S•• KDST.••••K •. rnA .A• • -EVG •.••.• E.••.•• D... Q•....• D.•..N. K •• 03-...... P.EE.a::; IrE•... HEEE..•. - ...•....••. • . D .• H. 
LVII .•••••• S.• KDST••••• K •• rnA .A•• -EVG ••• • •. E••••..D... Q•.•.•. D•••.N.K•• 03-.. ~ ...P.EE.a::; IrE.•..HEEE. T .• E.. D...••..••• D.• H. 
LVIII ••••••. S.. •.•••••••• • ..• -EK. ••••••••. •••••... . ••. N.E•.••.G.K •• ----G... P.EE.a::; .-E•.•• HEEE ..•. - ••.•.•••..... D.K!-!G 
LIX ~ •••••• S.. •••••••..• • ••• -EK. ••..••••• •••.••.• • •.• N.E••..•G.K •• ---G...P.EE.a::; .-E.•..HEEE •.•. - ....•H •.•.. • . D.K!-!G 
IX ••••••• S.• KDST •••••• GKI:NA .A•• K.V•••E.9:;D . • PAAPD•..•.NS.D RL . • N.R •• N.• N.K •• 03-..............- ........E • • ..E.....•.••.••. D.K!-!. 
LXI • .HRVD.S.D KD.QI'EG • •• GKI:NA .A•• K.V•••E.9:;D•• PAAPD••.••NS.D RL.• N.E .••••G.K•.•GD •. GDE .PE ••N33 IrE..•G.E .•. T..E..•..•..•.... D.K!-!. 
LXII ••••VD.S.D KD.QI'EG ••• GKI:NA .A •• K.V .•. • K •• Q.• PAT.DK.E G.NS.D RLP.D .•.• N.... K •• DD--•.• P.EE.a::; .-E•..• HEEE •..• - ...•.•...•.•. D.K!-!. 
LXIII ••.•••• S.D KD.QI'EG ••• GKNNA .A•. -EVG T•.•.• E.N •••• D....K.SKD RLP.D.EK•.••G.K...GD.• GDE .PE .•N33 .-E.•.•HEEE •..• - ....•........ D. K!-!. 
LXIV ••••••• S•••.••••.•• . ••••••A•• -EVG •••••• E.. •••••..• • ••• N.E.•.••G.K.. ~..• P.EE.a::; .-E....HEEE•. . • - ....•H .••.•.. D.K!-!G 
UN ••••••• S.• KDST••••• K .. rnA .A.•. -VG •.•••• E.•.••• D... Q..•..• D...•..EG.•RD.•.. E D ••.••a::; .EENS E.N.A•. T.•E.• D.•...•....D..H. 
LlNI ••••••• S•••••.•••••••• NE ••••• -EK•••••••••••••• D... • .• N.E•••.•G.K••• ---G... P.EE.a::; .-E....HEEE..•. - ••.•..••.••.. D.K!-!G 
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~ ~ 

L'Yl~~~1:JJ11nlmLfl1l::Vl1~ii~\I~'U 8,646 fi ~~m11Lml::~'Yiuilfi~iiurJ~1~rut~rJm1'Yl~~BU~lrJ 
~ ~ ~ 

Fisher's exact test ii~\I~'U 3,991 fi t~rJfil / ~iiUrJ~1~ruii~1'Ul'U~~~\lmh\l:JJ1n~1:JJ1::rJ::~l\1"llB\lfiUlf1~ 
~... ~ 

t '1 ..J ~ .f ..s.. 'I .. .I d 'I 0 ...... 
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11 

A tJ' A'" 

1~TH\UH~ n1"i1~ tJ 

Apical membrane antigen-1 'VI'ia MA-1 LuuhhGiU"lfil.~l'V\rt~~~mjlJU~1"l1a~1::[J:: merozoite Lria 
\I 

merozoite lJn1m,ylGfdj<ilL~a<ilLL<iI~~::ijhhGiu~~n~11m~::~aJa~lJ1L1ru apical end "lIa~ merozoite LUll. 
" \I \I 

,jlu1umn L~a11hhGiU"lfil.<ilUijlJYllJ1Yl Wlflru1um::lJ1Un11L,ylGfdj<ilL~a<ilLL<iI~"lI a-1 merozoite hhGiU"lfil.<ilU 
~ \I 

U1::nalJ~1[J n1<i1a::n1u 622 ~1 (Marshall et aI., 1989) ~lnn11~m~1"l1a-1 Oliveira LL~::Tlru:: (Oliveira et 

aI., 1996) VllJ AMA-1 ~lU1U 9 allele LL~::L~LLtl-1LUULml"lla~ AMA-1 aamuulJ1L1ru~h-1 ~ (block) ~-1~U 
12 lJ1L1ru1<i1[JEl1~m::~lJTl11aJ~ULL'l.h"lla-1~1~lJm<ila::n1UlJ1L1ru~1-1 ~ ~~~lnn11~m~1~-1n~11Lm<il-11i 

L~U11 lJ1L1ru~ 4 LUUlJ1L1ru~ijTl11aJ~ULLU1"l1a-1~1~lJn1<i1a::n1umn~~<iI lJ1L1ru~-1n~11Tl1alJTl~aJ~-1LL~, , 
m<ila::n1U~ 160 Ci-1 210 1<i1 [JU1::aJl ru ~-1~1~lJm<ila::n1U~lhn11~n'l!tl1uflf-1UnTl1alJTl~aJlJ1L1ru~-1n~11, 
L"liunu (n1<i1a::ii1U~ 151 Ci-1 295) Giam Crewther LL~::Tlru:: (Crewther., 1996) Li.yhn11~n'l!tlL~[J1nlJ 
GilLL'VIU-1"l1a-1~Uli:: disulfide1u AMA-1 LL~::L~LLtl-1 AMA-1 aamUUGf1uGil-1 ~ 5 Gf1ULiLLfi (1) prosequence 

malJTl~aJm<ila::n1u~ 1 Ci-1 137 (2) domain I malJTlfilaJn1<i1a::n1u~ 138 Ci~ 308 (3) domain II malJfl~aJ, , , 
m<ila::n1u~ 309 Ci-1 420 (4) domain III Tl1alJTl~aJn1<i1a::n1u~ 421 Ci-1 535 LL~:: (5) transmembrane , 
malJTl~aJm<ila::n1u~ 536 Ci-1 622 Giam Verra LL~:: Hughes (Verra and Hughes., 2000) L~'tiln11, 
Lm[JlJL-n[JlJamln11t1mLYlU~"lIa-1~1~lJil.1Tl~1aLYl<illuGf1UGil-1 ~ L'VI~lU LLfil::VllJ11 domain I LUUGf1U~ij

\I 

..I 0".... ""1 \1 6" d ..11 .J' • U
n11LLYlUYl"lla-1~l<i1lJU1Tl~ a LYl<ilmnYl~<iI LL~::n11LLYlUYl U domain U LL~::Yln ~ ~1U"lIa-1 AMA-1 L Un11 , , 

..I 0 1" ....1.1..1 .... \1.1 ....1..1 • ~ ., ....1LLYlUYlYll 'VIn1<i1a::aJ ULu~[JU"lfU<iI Lu (non - synonymous subsltution) mnn11n11LLYlUYlYlYllL'VIm<ila::aJ U 

Tl-1"lfil.<ilL~aJ (synonymous subsitution) ~-1~~~L~~lnn11~n'l!tlU1i~~~a<ilfl~a-1nU ~a VllJn11LLYlU~"lIa~ 
~1~uil.1fl~laLYl~"lIa-1 AMA-1 1UlJ1L1ru~'tiln11~n'l!tl~-1~U 25 GilLL'VIU-1~-1YlnGilLL'VIU-1~Lii<iln11LLYlU~U'til, 
~ ., .... .1..1 • 1 ....1 .t ~... ..1....1 . • .J' 
L'VILn<iln11Lu~[JULLu~-1"l1a-1maJa::aJ UYl-1~U ~n'l!tru::YlaJn11LLYlUmLlJlJ non - synonymous subsltutlon U 
A I h .dA' .... ~ "" d ~I IV

L"lfa11Ul~::LiJu~ ~~1nn11Yl L "lfa<il a-1 LU~ [JULLU~-1~n'l!tru::Yll-1VlUlim1aJ<iI ~ a<il L1~1 LVl a'VI ~lJL~ [J-1n11t1 n 
, \I 

m1~,rlJ1<i1m::ulJlln~aJnu"lIa-1~1-1m[J (Lat et aI., 1996) n11LU~[JULLU~-1"l1a-1n1<i1a::n1U"lIa~ AMA-1 au
\I , 

Ln<il~lnm1LLYlu~"lIa-1il.1Tl~laLYl~~VllJlum1~n'l!tlU ij~~liTlru~aJ~lJl-1u1::m1"l1a~n1<i1a::ii1u~t1mLYlu~
, \I 

LGlLLn Tlru~aJ~m1ij.ff1 LL~::"lfil.<iI"lIa-1U1::~ LU~[JuLLtl~-1LULUUGf1ul'V\f;u ijL~[J~ 3 GilLL'VIU-1 ~ln 20 GilLL'VIU-1, , ~ 

L'Yh~u~L~ijm1LU~[JULLU~-1flru~aJlJ~~-1n~11 L~LLfi GilLL'VIU-1m<ila::n1U~ 190 ~-1ijm1LLYlU~1::'VI11-1, 
methionine LL~:: isoleucine GilLL'VIU-1n1<i1a::n1u~ 197 ~-1ijm1LLYlU~1::'VI11-1 glutamic acid LL~:: aspartic 

....1.Jo. .d .dI ~ I •

acid LL~::<illLL'VIU-1m<ila::aJ UYl 201 'll'~aJn11LLYlUYl1::'VI11~ phenylalanine LL~:: leUCine 
.J'.J " ..I ....1 ...1\1 ., ....J'... ...0 

uan~lnULaJaUl~n'l!tru::m1LLYlUYl"lla~n1<i1a::aJ U~ln allele <iIl-1 ~ Yl L<iI~lnmWm'l!tlU11aJnlJan 7 

allele ~lnU1::LYlI'ILmlL"liUtlU LLGiL~~lnn11~n'l!tlnaUmrlU mLm[JlJL-n[JlJtlU allele ~L~~lnlln1l1fl~1-1 ')
\I 

~11~n 11aJ~-1an 51 allele ~L~~lnm1~m~nluu1::LYlI'ILU~L1[J"lIa-1 Conway LL~::Tlru:: (Polley and 

Conway, 2001) VllJl1ijn1<i1a::n1UlJl-1~lLL'VIU~~t1mLYlU~lun~aJ allele ~L~~lntl1::LYlI'ILU~L1[J LL~L~ijn11
\I , 

LLYlU~"lIa-1n1<i1a::ii1ulu~lLL'VIU-1tfu ~ lun~aJ allele ~L~~lnU1::LYlI'ILYl[J GilLmU-1~~n~11Uij 4 ~lLmU-1, 
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\1" '0' '"'\..: d:'1 .J, 0 , '",\.J d 
L~LLn ~lLL'VI'U.-1m~v::1Jm'Yl 189 'll'-1Lu'U.n11LL'Yl'U.'Yl1::'VI11-1 lercine LL~:: proline ~lLL'VI'U.-1n1~v::1JL'U.'Yl 199 'll'-1 

LU'U.m1LL'Yl'U.~1::'VI11-1 arginine LL~:: lysine ~lLL'VIU-1m~v::iil'U.~ 228 ~-1LU'U.n11LL'Yl'U.~1::'VI11-1 asparagines 
• 0' "",\.J d:'1 ..:, .r OJ 

LL~:: lysine LLfl::mLL'VIU-1n1~v::1JLU'Yl 199 'll'-1LuUn11LL'YlU'Yl1::'VI11-1 lysine LL~:: glutamic acid 'U.vmnnU~-1 

~Ull ~lLL'VIU-1m~v::iilu~ 201 3jn11LL'YlU~1::'VI11-1 phenylalanine LL~:: leucine L'YilJU~l'V\'~'tJ allele ~~~ 
to ,nnll1::L'Ylf'l~'Yl~ LL~~1'V11U allele ~~~,nnn11~m~n1'U.ll1::L'Ylf'l~U~L1~ rT-1~Un11LL'YlU~'iJv-1 serine 1u 

~lU'VIU-1~-1n~liamLUU'VIrt-1~l~ ~-1Ju~-1V1';)mhl~~'h AMA-1 ~~~,;)lm:Bv P. falciparum ,;)lmrlh~1u
'II 

111::L'Ylf'l~U~L1~ ~-1,;)::L~U~~,;)ln ~ ~'iJ v-1n11~m~nit~~U~ll1J'VI~ln'VI ~1 ~'iJ v-1 n1~v::iilU 1 UU1L1 rn.~ 
Yhn11~m~lL~~-1 19 LLUU 1U'iJrn.::~n11~m~1~111J'VI~ln'VI~lrJ'iJv-1n1~v::iilU'iJv-1 AMA-11uu1nrn.L~rJlrlU 
1ull1::L'Ylf'l~'U.~L1~ ~U~ll1J'VI~ln'VI~lrJn-1 51 111LLUU ~lU allele AMA-XX1 ~-1~~,;)lnn11~n1!tl'iJv-1 Oliveira 

'II 

(Oliveira et aI., 1996) LUU allele ,;)ln~lh~1'U.i-1'V11~mn ~-13j~n1!tru.::n11LL'YlU~'iJv-1m~v::iilULL~n~1-1,;)ln 
d .J\1".1 \1 ' " .J ""'\, .r.. ..:::..r

allele vU ') 'Yl L~~lnu1::L'Ylf'l L'YlrJ~vU'iJl-1mmL~::~Un11LL'YlU'Yl'iJv-1n1~v::1J mL'lfUUL~tJ-1 allele L~tJl 'Yl-1U 

V1~Lrtv-1m~ln allele ~-1n~11Ln~ mutation ~~U~~tnn'VI1vV1,;)Ln~,;)ln~111J~~~~1~lUn11thU~1~UU 
..'\ \1'" .J, "" 1 ".. , .J "''\ :::. .. dOJ

l~~ Lv L'Yl~ ~lnrm~11'iJl-1~ULL~~-1 'VIL'VIUll n11LL'YlU'Yl'iJv-1n1~v::1J LU'iJv-1 AMA-1 UU1J'VI~ltJ~n1!tru.:: 'll'-1 
OJ OJ OJ OJ:'1 .J.¥ .I.J .1 d": 

LuU~~n11';)lnn11'YlL 'lfmu ~ rJ'U.LLu ~-1~ n1!tru.::'Yll-1~U1)n111J·lJ v-1~l Lv-1 L~v'VI ~UL~m~lnn11rmml~~ULL~:: 
, 'II 

ril~ltJl~m::ulJl1ii~1JrlU'iJ v-1il-1n1rJ1~mu~l::v cil-1fl-1~ln T-cell ~-13jU'YlUl'Yl ~lf1rU1Un111ufLL~::n1::~u 
,. .. III ~ .. 

A .... "" • .f .a 
n1WlvU~Uv-1'iJv-11J1J~1JnU~m'lfv1Jl~lL1rJ (Lat et aI., 1996) 

mh-1~1n~11JLL3J AMA-1 ~::3jml1J'VI~ln'VI~l rJ'iJv-1~l~um~v::iilU~-1 LL~';)lnn11~n1!tl'iJv-1
'II 

Escalante LL~::~ru.:: (Escalante et aI., 1998) LL~~-11iL~ullrT-1iil111~U'lfU~~'U. ') 'iJv-1L~v Plasmodium 

falciparum ~ih::~uml1J'VI ~ln'VI ~1~'iJv-1~1~Un1~v::iilU1::~U~-1LL~::1mrL~ rJ-1rlU AMA-1 ~-13Tmuul111~u 
'II 

'iJ v-11::rJ:: merozoite LL~:: sporozoite L uua-l'U.1 'VI qj Li'U. merozoite surface protein 1 (MSP-1) merozoite 

surface protein 2 (MSP-2) LL~:: CSP LUU~U 1111~U'iJa-11::rJ::~-1n~11itii~111J'VI~ln'VI~lrJ'iJa-1~1~Un1~a::ii 
'\ ' '\. 1 .. .. .¥, :'1". I':! .. ... , .r~"
Lumnnll Lu1~U'iJa-11:: rJ::m ~f'I'iJv-1L'lfa L'lfU Pfs-25 LuU~U n11Lu1rJUL'Yl rJU~ll1J'VI~ln'VI~l rJ~-1n~11U L'lf 

~1 neucleotide diversity (~lLU~rJn11LL'YlU~'iJa-1Ul~~la~'Yl~) Luu~'lfitlunl1LmrJuLYirJul~rJ~1 _ 
d.cf A d ~ .J' .. "" I I 

neucleotide diversity 'Ylmn'iJU LL~~-1m~ll1J'VI~ln'VI~lrJ'YlL~1J'iJU ~lnn11f'1n'Ml~-1n~11~Ull AMA-1, CSP 

LL~:: MSP-1 3j~1 neucleotide diversity LUU 0.01635, 0.00645 LL~:: 0.08792 m1J~l~U lu'iJru.::~ Pfs-25 3j 

~1 neucleotide diversity L~rJ-1 0.00357 ~-1~111JLL~n~1-1'iJa-11::~1J~111J'VI~ln'VI~lrJ'iJa-1,h~uib~~la~'Yl~1u 
1111~uuu1::rJ:: merozoite LL~:: sporozoite rlU 1111~UlJU1::rJ::iiL~f'I'iJa-1L:Ba LL~~-11iL~Ull1111~'U.UU~1'iJa-1 

• 1OJ I.J OJ ... ....J• OJ

1::rJ:: merozoite LL~:: sporozoite ~lm1rlu11JLu~ rJu~n'Mru.::'Yll-1~U1)n111JL~ a'VI~'J L~tJ-1n11t1n~11~~lJLL~:: 
, 'II 

'\ .,." OJ \1"" ,.¥~ .. 
~au~a-1 L~m::UUI11J~1JnU L~~nllL 'lfa b U1::~::1JL~f'I 

'II , 

n11~vlJ~'U.a-1'iJa-111ii~1JrlULLUlJ,)lL~1:: (specific immunity) ~am AMA-1 'iJa-1L:Bvm~lL1mn~;tu
'II , 

~.J 0 OJ ",.... .. d" .. '1 '\1. 1'\ • 1 
m'iJrn.::'Yl1::~:: merozoite n1~-1~::L'iJl~L1J~L~a~LL~-1 ~::1Jn11L~~aUm~ Lu bu1~U AMA-1 m~::~1JarJ U~lU 

'II 'II 

:=, 0 .d Q..p, ::, A ......a
apical end LL~::1::rJ:: merozoite LuU';)lU1U1Jln AMA-1 'll'-11J~ru.~1JU~LuULLaU~L';)u~::m::~u helper T-cell , , 
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'U1L1rn CD4 ~\lLtlU accessory molecule Vi1a receptor LL~l~\l~\l«qJqJlrnL-nlLulul eytoplasm lh1~Lfi~ 
m::'Ulum1 transcription "lIa\l cylokine gene LL~:: cylokine receptor gene 1u nucleus rh1lfdi~m1~11\l 

LL~::Vik\l~1 cylokine 1U~~~Vi~\l,;)lmrU cylokine ~flnVik\laamJ1,;)ln helper T-cell ';)::m::~u B-
q 'II • 

lymphocyte Vi1a B-ceIl1lf~11\lLLaU~'Ua~~a AMA-1 L~m;1~lm~a1u"llrn::~ cylokine an~luVirt\l ';)::lh 
... .cI1 , '" A1"'o .... ,JA .... A.J41 ..... .f0

ViUl'Y1 um1m::~um1'Y11\llU"lIa\l cylokine T-cell L'V'la Vi'Y11ViUl'Y1L~13JnULLaU~ua~ um1m,;)~L"1fa (Abbas 

et aI., 1991) 

merozoite surface protein 4 (Msp-4) LL~:: merozoite surface protein 5 (Msp-5) "lIa\l Plasmodium 

falciparum Ltlulu1~u~ij"llul~1n~L~[J\lnu ~m.h::mrn 40 nh~l~~U hh~ui\l~a\l"1fU~Uu11n!J~~l"lla\l 
merozoite 'Y11\l~lU C-terminus "lIa\lh.h~uLVi~lU1.h::na'U~l[J epidermal growth factor (EGF)-like domain 

(Marshall et al 1997) L"1hu~[Jlnu~'V'lu1u Msp-1 -tr\lU1u Plasmodium falciparum 1th~u Msp-4 U~:: Msp­

5 Ltlu1th~u~fln~11\l,;)lnflu~LL[Jnnui~L,;)ULL3J';hflU~\l 2 ';)::aci1n~.:n~nu ,;)lnm11L~11::~~1~ULU~a\l
'II 'II 

~ , 
flu Msp-4 LL~:: Msp-5 "lIa\l Plasmodium falciparum 'V'lu';hflU'Y1\l 2 "1fU~ij~ll3JVi~lnVi~l[J~l (Wang et al 

• d.... A I ....d,c:ll
2002; Jongwutlwes et al 2002; Polson et al 2005) LL~::,;)lnmWInHl"lla3J~'Y11\l1::Ul~1'Y1[Jl'V'l'Ull~'Y13J

'II 'II 

LLau~ua~~a Msp-4 ij~113J«3J~wfinum1'V'lUmmrnL~a1um::LL~L~amrarJnll~~hjijLLau~Ua~~\ln~11
'II 

(Kedzierski et al 2000) 

W1WrU Msp-4 LL~:: Msp-5 "lIa\l Plasmodium vivax tfU'V'lUll Msp-4 ij~113JVi~lnVt~1[Jmn1u'Ul\l 
U1Llrn"lla\lflu~\l~\lnll~'V'lu1u Plasmodium falciparum 1u"lIrn::~ Msp-5 ij~113J~\l~"lIa\l~1~'ULU~1uflU~\l

'II 'II 

(Putaporntip et al 2005) ~lVi1U Msp-4 LL~:: Msp-5 "lIa\lL~am~1L1[J"lIa\lViuLtlufluL~[JlnU~\lL1[Jnll Msp­
'II 

4/5 ~\l1Um1~nHl1.h::~'Y1TIll1'V'l"lla\lh.h~u Msp-4/5 "lIa\l Plasmodium yoe/ii L~mtlul~6fiu1uViu'Y1~~a\l 
'II 

'V'lUll~lm1(Jn1::~u1lfVtULn~l1ij~3JnU~~lm1fli1a\lnUm1~~L~am~lL1[J"1fU~L~[JlnUL~ (Kedzierski et 
q 'II 'II q 

al 2000; 2001) ~\ltfu Msp-4 LL~:: Msp-5 ~\liiin[Jll1'V'l1um1Ltlua\lff1.h::nau"lIa\l1~6fiui1a\lnum~lL1[J 
,;)lnm11L~11::~~1~uUl~~laL'Y1~1uflu PvMsp-4 ,;)ln~lacil\lL~am~lL'1[J~lU1Umn~\lLnU 

11U113J,;)lnVi~1[Jllijll1~"lIa\l'l.h::L 'Y1~L'Y1[J 'V'lUllij~ll3JVi~lnVi~l[J~lnll PvMsp-5 l~[J~h neucleotide 
'II 

diversity LL~:: haplotype diversity ~luii~h~lnll ~\ltfUtll~~m1~nHl'Y11\la3J3JU1'Y1[Jl'V'lUlllU1~U~\l 2 
'II 

"1fU~iiU'Y1'Ul'Y11um1m::nU1::UUllii~3JnUL~~LL~1 ml3JVi~lnVi~1[J~iiaciacil\l~ln~1u PvMsp-4 lu1~u 
q 'II q 'II 

~\ln~11~\lL3.itb';)::L~1U ~ ~ n1::'Y1U,;)lniJruVtlm1~113JVi ~lnVt~l [J1 U 1ULLUU"lI a\lLLaU~L ';)u1 um1L tlu 
... 'II 

!Jf)£l{"itl, 
1 . 1um11L~11::~ apical membrane antigen-1 "lIa\lL~a Plasmodium falciparum ,;)ln~th[J1uU1::L'Y1~L'Y1[J

'II 

'V'l'Um1LL'Y1U~"lIa\lUl~~laL'Y1~ 72 ~lLLViti\l 1~[Jm1LL'Y1U~~\lmhlli11lfn1~a::ijlULU~[JU"1fU~~\lVi3J~ 56 

~lLLViti\l1~[J'V'lUllm1LL'Y1U~"lIa\lUl~~laL'Y1~LVi~lUli11Y;Ln~ PfAMA-1 ~LL~n~l\lnU~\lVi3J~ 55 LLUU 
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(haplotypes) ~..1iinl'm~n L1J~ tltI.'Yll..1~tl.1inraJLiJtl.R1L~<il"1.l tl..1Tl113J~~ln~ ~1 tI~..1 n ~11 LL~::nl'm1::,;)1t1"1.1 tl..1 
q q 

haplotype lt1.LL~~::iJiiLLtl.11U3JTl ~1 tlTl~..1ntl. 

2. LrimmmJLl1mJ5<il11m1LL'Yltl.~"1.Itl..1ii.1Tl~ltl1'Yl<il1<iltln11~1~1 nonsynonymous substitutions per 

nonsynonymous site (dN) LmmHl1mJnlJ synonymous substitutions per synonymous site (dS) 'V'llJ'h~l 

dN ii~13J1nn11~1 dS mh..1ii,rtl~l~qJ (p < 0.001) Tl113JLL<iln~1..1~..1n~11LLR<il..1n..1m1Ln<il positive 

selection lt1.fitl. PfAMA-1 

3. 'V'llJn11LL'Yltl.~"1.Itl..1ii.1Tl~ltl1WI) 48 ~lLL~ti...11tl.fitl. PvAMA-1 l<iltln11LL'YlU~~..1n~11rh1~m<iltl::iiltl.L1J~rJU 
"15ii.<il~..1~1J<il 28 ~lLL~ti...1 m1LL'Yltl.~"1.Itl..1ii.1Tl~ltl1'Yl~m~liirhl~Ln<il PvAMA-1 ~LL<iln~l..1nU~..1~3J<il 54 

~.J' ..1..1 ~...Jl . iJ.J .. 
haplotypes 'Yl..1t1. haplotypes 'Yl'V'llJ3J1n'Yl R<ilLL~::'V'llJ3J1n1tl..1~..13J1t1.U3JTl113JTl..1'Yl tl.LL<il~:: 'Yl ~n'l!l'l 

q 

4. ~~n11LmtllJLl1t1lJ5<il11n11LL'YlU~"1.Itl..1ii.1Tl~ltl1'Yl<il1<ilrJm1~1~1 dN LmrJ1JLl1rJlJnlJ dS 'V'llJ11 ~1 dN ii 

~13J1nn11~1 dS LL~1aJii,rtl~1~ru., LLR<il..1n..1n11Ln<il neutral evolution lufitl. PvAMA-11t1.1l1'V'l113J 

5. ~1t1.1t1.\bTl~ltl1'Yl~~..1~ 3J<il"1.l tl..1 fiu PvMsp-4 ii~lU1t1.LL<il n~1..1nU;rtl.nlJ~1tl ril..1~i LTl11::~1<il tI'V'llJ~1t1.1t1. 
ii.1Tl~ltl1'Yl~i..1LL~ 654 ~1~1tl 218 codons ';)un..1 762 ~1~1tl 254 codons 'V'llJm1LL'Yltl.~"1.Itl..1ii.1Tl~ltl1'Yl~ 
~..11aJ,rlJ113Jlmhu"1.I EI..1 repeats ~1t1.1U 18 ~lLmti...1 l<il rJn11LL'YlU~~..1n~11'Yi11~n1<ilEl::iilUL1J~ tlU"15ii.<il 

~..1~3J<il 10 ~lLLmi..1 m1LL'YlU~"1.IEI..1ii.1Tl~1E11'Yl~m~liiri11~Ln<il PvMsp-4 ~LL<iln~l..1nuJ..1~3J<il 38 

haplotypes 

6. lUn11~1~1~lJibTl~lE11'Yl~"1.IEI..1fiu PvMsp-5 'V'llJ11~lU1W~bTl~1E11'Yl~~..1~3J<il"1.lEl..1fiu PvMsp-4 ii~lU1t1. 
LL<iln~1..1nU;rUnlJ~1E1ril..1~iLTl11::~1<iltl'V'llJ~lU1uii.1Tl~lE1I.'Yl~i..1LL~ 1149 ~1~1E1 383 codons ';)un..1 1173 

~1~1E1 391 codons LriElrhm1iLTl11::.J~1~lJii.1Tl~1E11.'Yl~LmrJlJLfi rJlJ~..1~3J<il 'V'llJn11LL'Yltl.~"1.Itl..1ibTl~lE1 
1'Yl~~lU1U 143 ~lLmli..11<iltlm1LL'YlU~~..1n~11l'hl~n1<ilEl::iilt1.L1J~rJU"15U<il~..1~3J<il 123 ~lLmli..1 m1LL'YlU~ 
"1.IEI..1U1Tl~1E11.'Yl~m~liil'hl~Ln<il PvMsp-5 ~LL<iln~l..1nU~..1~3J<il 66 haplotypes 

~ 
~ 

€l t~"€lU"~ 

1. n11Tl..1~lun11m::,;)1t1"1.1E1..1 haplotypes lufiu~Ri'1..111J1~u~iiintlIl1'V'llun11LiJUEI..1~1J1::nEllJ"1.IEI..11Tl~U 
:1 .... "1 .. .J' .... ~, ... ..f .............. ..1 ..... ..fl" 

lJEI..1nU3J1~lL1t1 Un11~n'l!l'1t1.UlJLuU"1.I€l3J~'V'lU~lUR1~1lJm1'V'l~U l1Tl'll'U'YlL~3J1::R3JR1~1lJL"15E1 Uu1::L'Yl~ 

'll ... 

"11 ............ .:',..f 1'" •. ... . ,..1 • , • , ..f .. 

L'YlrJ LL~::"1.IEl3J~<il..1n~11 tI..1 LuU'V'ltl.~lU Un11<il<il<il13Jm1<ill1..1 EltI~1E1n11Lu~ rJtl.LLu~..1 u1::"151n1"1.1€l..1 L"15E13J1~lL1rJ 

'll ... 'll 

~..1 2 "15U<il~LiJuiJru~1~1~ru'Yll..1Rl1i11rnR"1.I"1.I€l..11J1::L'Yl~.,., q 

2. Tl11iin11iLTl11::.J~1~lJU1Tl~1E11 'Yl<illU~1E1 ril..1~iiiin11~<ilL;ftEl3J1nn11 1 clone L yj Ell ~L~UIl1'V'l113J"1.I€l..1 
..1 ..f ... .... "" •,..1 .... 11Eln1 R'YlL"15E13J1~lL 1rJ';)::m rJ'Yl€l<il'V'lU1im13J~1mL~n Lu~ rJtI.'Yll..1'V'lU1in113J UrJ..1'V'll~:: 

q •• 

3. m1iin11~n'l!l'11l11::nl1<ilEllJRU€l..1"1.1 EI..11::lJlJllii~3Jntl.~ mL~~:: haplotype L yjEll ~'Yl11lJ"1.I€llJL"1.I<il"1.lEl..1 
'll • 

antigenic cross-reactivity 5t1.iiTl113J~1~qJ~Elm1~~tl.l1Tl~uiJEI..1nU3J1~lL1rJ~ElI.1J 
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