ABSTRACT

Allelic variation of the immunodominant T-cell epitopes, Th2R and Th3R on
Plasmodium faleiparum circumsporozoite protein (CSP) gene has been determined by
sequencing in 40 malaria isolates from malaria endemic areas, west of Thailand,
These malaria isolates contained the total of nine and seven allelic types of variants on
Th2R and Th3R regions, respectively. Comparison of T-cell epitope sequences on
Th2R and Th3R region of CSP with published sequences from endemic areas of
different geographical locations, five new allelic types of Th2R regions (CSP-
Th2R*16, CSP-Th2R*17, CSP-Th2R*18, CSP-Th2R*20, and CSP-Th2ZR*21) and
three new allelic types of Th3R regions (CSP-Th3R*14, CSP-Th3R*15, and CSP-
Th3R*16) were demonstrated. These new allelic types were not cluster together with
those found previously in Thailand. The results also revealed that the nucleotide
substitutions occurred predominantly in the first codon position and less frequently in
the second codon position resulting in the amino-acid changes, which were non-
synonymous mutation. Moreover, the genetic diversity in such regions were also
analyzed using the c ombination o f P olymerase Chain R eaction ( PCR) and s equence
specific oligonucleotide probes (PCR-SSOP) in 144 and 43 falciparum malaria isolates
from falciparum malaria endemic areas, Ratchaburi and Kanchanaburi provinces along
Thai-Myanmar border, respectively. Three (CSP-Th2R*05, CSP-Th2R*12 and CSP-
Th2R*13) and five (CSP-Th2ZR*05, CSP-Th2R*12, CSP-Th2R*13, CSP-Th2R*14 and
CSP-Th2R*15) allelic variants from 15 reported allelic types of CSP-ThZR region
were identified in Ratchaburi and Kanchanaburi provinces, respectively. For CSP-
Th3R regions, four allelic types were found in Ratchaburi province (CSP-Th3R*01,
CSP-Th3R*04, CSP-Th3R*08 and CSP-Th3R*09) while three allelic types (CSP-
Th3R*01, C5P-Th3R*04 and CSP-Th3R*10) were found in Kanchanaburi provinces.
Interestingly, the patterns of hybridization of some isolates in both provinces did not
correspond to any known alleles, suggesting new allelic types in CSP gene. The
similar finding in both provinces was CSP-Th2ZR*05 and CSP-Th3R*0] which were
the majority of CSP-Th2R and CSP-Th3R allelic types. In addition, the CSP-ThZR*05
and CSP-Th3R*01 were the most common allelic types in both all age groups and
numbers of falciparum malaria exposure. Comparison of the CSP-Th2R and CSP-




mammmmmnwuﬁmwimnﬂawmum
iﬁmmmmﬂc&r-mmm-mnﬂhﬁnm These results
mulndﬂﬂﬂugmnﬂsdivuﬁwﬂmmmﬂﬂmimlﬂuﬁm
different geographical areas. hmﬂmm.mumingufﬂmm
mmmwmmmmﬁmmmuﬂmm
polymorphic regions encoding for merozoite surface protein-1 (MSP-1), -2 (MSP-2),
andslnlmhbﬁuhmh{mwmm The results of amplification of
mmmhmmmmmmﬁm(ﬁmmmd
900 bp). mhmmwmm-l,mzmﬂmmmm
lz,limdlﬂlimuimdmmmﬂy. The MSP-2 locus was usually
Hﬁlywﬁmﬂmﬂﬂ?mﬂ!ﬂ?ﬂﬂﬁmﬂiﬁmmlﬁsﬂrm
Mﬁmﬁmmmwmmenﬂﬁﬂmﬁw
ThﬁamdumEEMwiﬂtnthuﬁmﬂumﬂunmﬁﬂfmﬁnﬂu:mdytn
Mm&mmmmmﬂwmm:mmm
for the development of anti-sporozoite vaccine against malaria parasite.




INfnte

MIfnyIn MunaInnmevsai v run e ddn Ind luduiidu cspmher
unz CSP-ThaR woa TilsAuuouRinuyila circumsporozoite warfuu‘lmﬁ oviaNadwITu

i lAnndibeluiminsmnGuasmennidsoguinunians Sunnyosls znm Inaitine
Lmuﬁnﬁuﬁ’u1.|:r=mﬁmi11m=|ﬂuuﬂiqﬁﬁnn:r:u‘mm'ﬁmn‘n?miw-ﬁ'uq-: 147 40 570

Aumniin DNA sequencing wuhiiarummnaevesdwuwmuuiroden Imllugws
ilu CSP-Th2R $1147u 9 ¥iin (CSP-Th2R 05, CSP-Th2R*12, CSP-Th2R*13, CSP-Th2R*16,
CSP-Th2R*17, CSP-Th2R*18, CSP-Th2R*19, CSP-Th2R*20, CSP-Th2R*21) Satheilanay
naInnae 1Aun CSP-Th2R*16, CSP-Th2R*17, CSP-Th2R"18, CSP-Th2R*20, uns CSP-
Th2r'21 lunumanmaevesiwunasialmidenSsudsufunnumamiaeues
dduariindiaginuluunsavugasins iﬂfumnuimiau-ﬁ'uqq‘lu ginman lulan
dmivnrumammmisvesdWumauuiiedsi Tml luduiidy csp-Thar nudiliny
wannawveaddumbuinag o wiln (CSP-TRIR'01, CSP-Th3R"04, CSP-Th3R*08,
CSP-Th3R*08, CSP-ThaR*14, CSP-Th3R*15, CSP-ThaR*16) Tas 3 ¥ il (CSP-Th3R*14,
CSP-Th3R"15, CSP-Th3R"16) diuarmmannmovesddumeayiinmisuido sy uensin
fifawuimnuma 'mmn'm-uaqﬁwTummﬁnﬂnnmﬂﬁuuuﬂmummﬂInumnwimﬂﬁqmn
im11m.rﬁ1q'luimmi-:ﬂﬂnaun:wﬁw Tudumisfimw TaonsnlSmu naRanaTIHNe
WinansnldounlnvessiiaTulsiiy -iui'unm:rn]ﬂuuuﬂmﬁiuﬂuiﬁnuuu non-
synonymous BNYINiIBaNIsins wiRTIMEIAMMIRIna A omMATIA PCR un dot biot
hybridization 1 DNA prabe #ifiaaudme 1y fileAndennganins 1y Funsngeuy3
1491 144 unz 43 Tomwd Wy sannnisdnumuddanumaimmainlud it cse.
Th2R#1u 24 3 ¥1iA (CSP-Th2R°05, CSP-Th2R*12, CSP-Th2R™13)a s 5 ¥1ia (CSP-
Th2R*05, CSP-Th2R*12, CSP-Th2R*13, CSP-Th2R*14, CSP-Th2R15) d 1 Fudau Rl y
CSP-ThaRm v 318 §1u9u 4 91l A (CSP-Th3R*01, CSP-Th3R"04, CSP-Th3R*08, CSP-
Th3R*09) unz 3 ¥iln (CSP-Th3R*01, CSP-Th3R"04, CSP-Th2R*10) Tu §am ELERLGTEIT T
myraauiiy uennnilfmuhiidenadnnameui Wieunotuunyiiald 2

owszilunrumminnaoyiin il denvufounan gy 118078 dot biot hybridization

e, =

.'|'-

IR RS




unz DMA sequencing wiﬂqmaﬁlﬁnmmﬁﬁumnuuﬁmrfﬂi'lnﬂ'lurhuﬂ;ﬂu CSP-
Th2R une CSP-ThaRmileurudednu 1m§umn'u?wmﬁﬂmmimﬁ*u uenwIndida 1ivin
nmaAmudox wieyiinfiadmiuidvoshdummuniinn d6i Tn tud iy Csp-
Th2R unz CSP-ThaR vilmAnadvweziluideuinea iy finvafundaty Tavsinas
Tinvziuonyiinvesdu MSP-1, MSP-2, GLURP uns repeat region o4 TulsAuuouRisuyila
circumsporozoite A2631 nested PCR wudude1a13edn 8195 oty msp-1,
MSP-2, GLURP une repeat region mn#uﬁu'lm#uﬁﬁﬁﬂumrruuﬁwnﬂi'[mlhﬁmﬁ
1 CSP-Th2R umz CSP-ThaR vilmAoafu Snisweniinisindon: 'Hﬁllﬂl"ll.‘iﬂﬂﬁ'lﬂl‘l"m
Wus munn*r:ﬁnr1r'r"-munt-rw1mn1ﬂ1ﬁﬁn1munmﬂnmmﬁﬁumﬂ€uu;iﬁmmuunﬂ
AvoMBaRAIveIRAATns wmﬂimrfamnu':'mﬂnﬁmiﬂ wieannnamsAing
ndwUhn e Ye R R AEH In iy CSP-Th2R uag CSP-
Th3R vealilsAuusudinusiia circumsporozoite el inasonTsA sumuemagiifuiune

tfwmﬂmﬁnﬂnhﬁu n:ﬁummﬂmnnnwwaﬁﬂ’mnmmhg W IHOnTENURBNTIHER

unzm indui 194l naiy T:nmmﬁ‘wﬁnﬂniﬁﬁummuﬂm11uﬁ1iu|in'h.luu'i1mm
mmumnmﬁﬁumﬁiumﬁ1ﬁhnimum=ﬁ:qﬂ{uﬁuimﬁwmﬁ‘u

-1
- LA

oy

e S A

ey Tl e
AT, T

o

]

- e
¥ e T Tl

T
T

o s
e %
ket

RS




EXECUTIVE SUMMARY

The genetic diversity displayed by P. falciparum field isolates, the occurrence

of variant forms of the parasite at different frequencies in different geographic areas,
and the complexity of the infections represent major obstacles for the development of
effective malaria control measures such as the development of a vaccine against
falciparum malaria. Iulhepmemshﬂy.w:pmpmdtudﬁmmimlh:m
variation in T-helper cell epitopes (Th2R and Th3R) of P. falciparum CSP gene in
parasite isolates obtained from malaria endemic areas with high rate of malaria
transmission in Thailand using DNA sequencing and Polymerase Chain Reaction
(PCR) and sequence specific oligonucleotide probes (PCR-SSOP). Thirty-one, four,
four and one P. faleiparum isolates obtained from Ratchaburi, Kanchanburi, Tak and
Phﬂchahniprwinm.mﬂmiamdmicmufmﬁhndwmuqumnﬂ. These
isolates ¢ ontained the total o f nine and seven a llelic types of variants on Th2R and
Th3R regions, respectively. Comparison of these sequences of T-cell epitopes on
ThiRandThSRr:gimnfESPﬁdﬂipub]ishﬁquummﬁ'unmdminmnf
different geographical locations, five new allelic types of Th2R regions (CSP-
Th2R*16, CSP-Th2ZR*17, CSP-Th2R*18, CSP-ThZR*20, and CSP-Th2R*21) and
three new allelic types of Th3R regions (CSP-Th3R*14, CSP-Th3R*15, and CSP-
Th3R*16) were demonstrated. These new allelic types were not clustered together
with those found previously in Thailand. However, the predominant allelelic types of
CSP-Th2R and CSP-Th3R regions were CSP-Th2R*0S and CSP-Th3R*01. The
rmlmmuludﬂmth:nunlmﬁdtmmlﬁnmmcmﬂpmdnmimﬂyinﬂmﬁm
mdﬂnpmiﬁmmdlﬁuﬁnqumﬂyinmcsmﬂmduﬂpﬂaiﬂmmudﬁnginthtmim-
acid changes, which were non-synonymous mutation. The genetic diversity was also
analyzed using the c ombination o f P olymerase C hain R eaction (PCR) and s equence
specific oligonucleotide probes (PCR-SSOP) in 144 and 43 falciparum malaria isolates
from falciparum malaria endemic areas, Ratchaburi and Kanchanaburi provinces along
Thai-Myanmar border. Three (CSP-Th2ZR*05, CSP-Th2R*12 and CSP-Th2R*13) and
five (CSP-ThZR*05, CSP-Th2R*12, CSP-ThZR*13, CSP-Th2R*14 and CSP-
Th2R*15) allelic variants from 15 reported allelic types of CSP-ThZR region were
identified in Ratchaburi and Kanchanaburi provinces, respectively. For CSP-Th3R
regions, four (CSP-Th3R*01, CSP-Th3R*(4, CSP-Th3R*08 and CSP-Th3R*09) and




three allelic types (CSP-Th3R*01, CSP-Th3R* CSP-Th3R*04 and CSP-Th3R*10)
wmfhmﬂinﬂnmhnhnﬁmdﬂmnhmhnimﬂ,mpmﬁvﬂy. Furthermore, the
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himall:}u,m_ggmtin_gmalhﬁnt}wmmw. The similar finding in both
provinces was CSP-Th2R*05 and CSP-Th3R*0] which were the majority of CSP-
ThZR and CSP-Th3R allelic types. Furthermore, the CSP-Th2R*05 and CSP-
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andCEP-ThJR;H:lintypuﬁmndemhybddiuﬁunnﬁthDNAmingm
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with 12, 15 and 10 sizes of variants detected, respectively. The MSP-2 locus was
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represented. However, the RO33 family of MSP-1 was poorly polymorphic, with only
one allele detected, Mdmﬁmmdnﬂnmmﬂufwmmm
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