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Abstract : To make the genomic DNA probe of Theileria sergenti, the merozoites were purified from erythrocytes of
Korean cattle, The previous studies on the probe of T sergenti had resulted in two probes as KTS1 and KTS3 DNA frag-
ment.

Nucleotide sequence of both ends of the KTS1 and KST3 were determined in order to design primers for polymerasc
chain reaction. A pair of an uper primer(5'-CCTCTTGAAGTCATCCATGT-3’; nucleotide position 48) and a lower
primer(5’-CACTGAGCTG GAAAGAGCTA-3’; nudeotide position 156) in pKTS1 were synthesized. The anticipated
PCR product was 128bp in length. To examine the sensitivity of the PCR, KTS1 DNA and purified T sergenti DNA
were serially diluted by tenfolds with distilled water. The primers were sensitive enough to detect 4ag of the authentic tem-
plate DNA and 4fg of the purfied T sergenti DNA by PCR. Furthermore, when the blood was serially diluted by two-
folds with 0.9% saline, the pair could detect up to 0.00029%(about 164 parasites in 10 1 of blood) of T sergenti infection
in bovine erythrocytes by PCR. In a comparison of microscopic and PCR detection of T sergenti in the same samples
from Chonbuk area, 47 and 51 out of 70 sample(67.1%) were positive by the former and by the latter method, respec-

tively.
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pKTS12} pKTS32] DNA sequence : Probe2 A}
43 KTS13 KTS3 DNA 93 & 711 e
pKTS13 pKTS3 plasmid®l A& T sergenti DNA2
HFEANMES 243 A Fig 19149 €o)
pKTS1 plasmid DNA®I A= forward ol A 16470 9]
Q71 gE Belatgdom, reverse ZolA 18571 ¢)
1A EE #gdstdrr. 123 pKTS3 plasmid
DNAY A+ forward 2o A 134719 E71ME S &
ABHeH, reverse ZollAl 197709 F7IMLE &
2lat )

Primer design 2% : KTS13 KTS3 DNAY *&
A71M DL &A% Ao RE Table 17 Fig 200 4]
ot ol primerg design3tth. KTS1 DNAS] -4
H71HEF forward & A= upper primer(KT-
SI-FU)E 248119 @718 H 20-mer®] E71(5-TC-
AGGAACTAAGATCCCACA-3)Z 3tge, low-

er primer(KTSI-FL)Z% 10214 9] A7 %€ 20-mer
9] A71(5°-AGATCCATTCATGTTGTTGC-3) 2
ettt olA & primer® ¢ FE%E DNAY A7)+
98bp TIZRABFATE KTS1 DNAY HEH7I1M D
% reverse oM upper primer(KTSI-RU)E 48%
e A7 58 20-mere] H71(5-CCTCTTGAAG-
TCATCCATGT-3)2 3929, lower
primer(KTS1-RL)Z2 & 1568 A2 71 5E 20-MER
9] 471(5-CACTGAGCTGGAAAGAGCTA-3)&
atieh ol A& primer® ¥ ZEH DNAY 27|
128bpE T2} E ).

KTS3 DNA® PEH7IMEZF forward Foll M=
upper primer(KTS3-FU)E 3 A 8] 471 %E 20-mer
o} @7](5-TGTGGGACCTACGAAACTGC-3) &
3927, lower primer(KTS3-FL)E = 59 A o] <
7158 19-mer®] ¥ 71(5-CTGAACTTCAGGTC-

KTS! forward

GGGGG
ACATG
AAGAA
TAGAG
AGACA

KTS1 reverse

AAACA
TCAGG
CCCGT
ATTCC
CTTTC
TAGCT

KTS3 forward

GCTGT
TGAAG
GCACG
ACAAC

KTS3 reverse

GCCTT
CGTGT
TCCAG
GTCGT
TCCTT

GTTTG

GAGCA
TAATG
CATAC
CACAC

20

ATCCC
TGGCC
CCGCT
TAAGC
AGTAC

2
TTCAT
AGTCA
GAAAA
AGCAC
GAAAG
TGGTC

ey
AAACT
GACTG
GCTGC

TGTGC
TGTGT
TGCTG
CATGA
ACCAC

TGGTC
AGGAA
TGCAA
GAAGA
TACTT

CATGT
TCCAT
ACGTA
TGTCA
TTAGC
TGAAG

GCTCG
ACGGA
TGACG

GCCAG
AGAGC
TACTC
AGAGC
CTTGC

%
AGGAA
ATTAA
CAACA
AAGTC
ATATG

CAGGA
AGGTT
TCATA

CTAAG
AATTA
TGAAT
AGAAA
TGGAA

CTCAG
TCTCA
CTCTG
TCGTT
TGTAC

GGTGA
AGTTC
GAAGG

TGAAG
CAGTC
CTCCC
CAGGA
CTCTC

40
ATCCC
AAAAA
GGATC
GAGAA
TCTTA

40
GTCCA
TAGAT
TCAGT
TAGCT
TCTGC

40
CGAGG
AGCCC
ACGAC

4
TAGGC
CTCCT
TCCAC
AGGGG
CA...

Fig 1. Nucleotide sequences of parts in the KTS1 and KTS3 DNA fragments. The KTS1 and KTS3 inserts
of Theileria sergenti were derived from the 2.4kb and 1.5kb DNA eclements in pK'TS1 and pKTS3, respectively.
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CGTCA-3Z 39tk ol AL primer2 ¥ F%d
DNA®] 7]+ 75bpE YARIBHATH

KTS3 DNA2 REH7/INEF reverse ol A&
upper primer(KTS3-RU)Z 56¥ 4 2] & 7] H
20-mer?] 97](5-TGTGTAGAGCACGCACAG-
TC-3)% 3921, lower primer(KTS3-RL)Z & 131
Aol A7)RE 20-mer ¥71(5-AACCTGCTCT-

Table 1. PCR primers designed from KTS1 and KT53 DNA sequences

TCATGGTGAT-E &tk °]R & primerg g
%%¥ DNA9 =7 95bp2 tAFQ1s Ao
Primere] EMST | PrimerE 4% & 54
190 ploll &35k o3 260nme] EFFEAAN F
BEE 233 A3, Table 20149 o] KTS1-FU
£ 0.1743, KTS1-FL& 0.1954, KTSt-FUE 0.3820,
KTS1-RL-S (.22340] 1 2.™, KTS3-RUT 0.1388,

Primer Length Nucleotide sequence, Nudeotide  PCR product
e (Cmer) e Sy posiionsizelbp)
KTSI-F Upper 20 TCAGGAACTAAGATCCCACA 24 "
- Lower 2 AGATCCATTCATGTTGITGC - 102 S

KTS1-RY Upper 20 CCTCTTGAAGTCATCCATGT 48 1%

Lower 20 CACTGAGCTGGAAAGAGCTA 16
KTS3-F Upper 20 TGTGGGACCTACGAAACTGC 3 7
o Lowe 19 CTGAACTICAGGICCGTCA = »
KTS3-R Upper 20 TGTGTAGAGCACGCACAGTC 56 %

Lower 20 AACCTGCTCTTCATGGTGAT 131

a; The number indicate the 5" end position of cach primers.
b;F and R mean a DNA sequence determined by a forward and a reverse primer in pUCI19, respectively.

0 800 1,600 2,400(bP)
L 1 1 1 1 1 J
Probe KTS1
24 102 48 156
Position —- ISR
Primer KTS1-F e h i
0 o0 1,200 1,500(bp)
| i 1 1 1 J
Probe KTC3
3 29 5 131
Position i
KTS3-R
Primer KTS3-F i i

Fig 2. KTS1 and KTS3 inserts of Theileria sergenti were derived from the 2.4kb and 1.5kb DNA elements

in pKTS1 and pKTS3, respectively.

The relative location of 98bp and 128bp PCR products to be amplified by primers in KTS1 sequences are shown in upper pancl.

The arrows indicate the upper primer(—) and the lower primer(+-).

The relative location of 75bp and 95bp PCR products to be amplified by primers in K'TS3 sequences are shown in lower pandl.

The arrows indicate the upper primer(—) and the lower primer(+).
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Table 2. Results of primer synthesis

Stock concentration

. Optical
Primer .
density (pmole/ 42))
L ~ (Axnm) (0 190l of DW)
KTSI-F Upper 0.1743 151
Lower  0.1954 184
KTSI-It Upper 0.3820 37
o ower  02¥ 00 M
KTS3-F Upper (.1388 125
Lo wer 0149 00 w7
2
KTS3-R Upper 0.1725 156
ower 05450 518

a:Fand R mcan a DNA sequence determined by a forward and
a reverse primer in pUCT9, respectively.

KTS3-FLo A= 0.1469, KTS30-RUI A= 0.1725 2
2]3 KTS3-RLE 0.54500.2 ZA=Act ojw) zhz}
primer®} &% Table 20419} Zo] 2tz} 151, 184,
371, 190, 125, 147, 156 2 518pmole/ p10] A ch.
Primere] 784 &2l 1 Zt7} 9] primer?} template
DNAZ 5ol3lAl Z3FA1Z 5 JdeA & g1lstarat
KTSt DNA9} KTS3 DNAE 22} template® 3t
PCR Z& At 1 A# Fig 3olA ¢ 2ol
T sergenti DNAS] th2& AS-3F 49 AGA X

MBK1BK2BK3BK 4

Fig 3. PCR amplifications of specific DNA fragments
by PCR "using designed primers.

M; marker(10bp DNA ladder), BK; bovine kidney DNA, 1;
KTSt-F. 2; KTS1-R. 3; KTS3-F, 4, KTS3-R.

Table 3. Optimization of primer, enzyme and template concentrations in PCR mixtures

(A) Optimization of primer concentration

2 3 4 5>» E)

Reagent SR . r 6_
Primer Upper(100pmole / 1) — 0.5 0.4 0.3 0.2 0.1
Primer Lower(100pmole / 121) - 0.5 0.4 0.3 0.2 0.1
dNTP(1.25mM) 4.0 4.0 4.0 4.0 4.0 5.0
10x PCR butfer 5.0 5.0 5.0 5.0 5.0 5.0
Taq polymeraseQU/ u]) 1.25 1.25 1.25 1.25 1.25 1.25
H0 39.25 38.25 38.45 38.65 38.85 39.05
Templatc"(10ng / p21) 0.5 05 0.5 0.5 0.5 s
Total ' B 500 500 500 50.0 50.0 50.0
a; Numbers indicate the numbers of lanes in Fig 18

b; KTS1 DNA.

(B) Optimization of prnimer and enzyme concentrations ~ (Unit: g
Reagent - 7 8 9 10 " 12
Primer Upper(100pmole / 1) 1.0 2.0 1.0 2.0 1.0 2.0
Primer Lower(100pmole / z21) 1.0 2.0 1.0 2.0 1.0 2.0
dNTP(1.25mM) 4.0 40 4.0 4.0 40 4.0
10x PCR buffer 5.0 5.0 5.0 5.0 5.0 5.0
Taq polymerase2U/ 1) 1.25 1.25 0.5 0.5 1.0 1.0
H:O 37.25 35.25 38.0 36.0 375 35.5
Templateb(10ng / p1) 05 0.5 0.5 05 0.5 0.5
Total 50.0 50.0 50.0 500 500 50.0
b:KTS1 DNA.

— 200 —



(9 Optmization of templatc concentration

Reagent R
Primer Upper(100pmole / 1) T
Primer Lower(100pmole / 1) 1.0
dNTP(1.25mM) 40
10x PCR buffer 5.0
Tagq polymerase(2U/ u1) 1.25
HO 37.25
Template"(Ong /) 0.5
S R
b; KTSI DNA

DNAI M= Zh2bel primer S50l Z2Z¥ DNA
F #9% F ddou AAES 4% primearsE
primer KTS1-RelA] ©]#4Q1g KTS1-R uppcr lower
primer®-& ol # o2 128bp2l DNA7ZF F2 591
I, KTS3-Foll A t]z}eldt KTS3-F uppu, lowcr
primer % 75bpe] DNAVE Sojdon FX &
skl 4= ddeh ey pnmcr KTS1-Fe} KTS-
FRoNA TlARIE 289] primeriE-S DNAS] &34
et 2 gldeh g 2lE o] FoHe primerE
KTSI-RoN A c}2k1 8 primer o] KTS3-Foll A U
Aol el primer vt SE ¢ DNAS| Fo] W 7
o2 Kol At o A&l folst o
vhE|o] o).giel 2§l Mir KTS1-R upper, lower
primer 48 AH&sHATH

Primer, enzyme % template ZHST : PCR &

b .

Z A primer®} enzyme “12] 3L template $2 HHF
585 dohl7] $15e Table 3ol A 9F ol 2zt7te]
FEMEHE Fo] PCR F%& HAE 43t Fg 49
lane 1690 A1 X3z wke} 7o) primer(10pmole/ pl)+

M123456M789101112131415161718

Fig 4. Agarose gel electrophoresis pattern of PCR pro-
ducts.

The DNA was stained by ethidium bromide and visualized
by illlumination of UV lamp. PCR mixtures were prepared as
those shown in Table 3. M; marker(10bp DNA ladder).

o Unitp))

B N O T M T AN
2.0 1.0 2() 1.0 2.0
2.0 1.0 2.0 1.0 2.1
4.0 4.0 4.0 4.0 4.0
5.0 5.0 5.0 5.0 5.0
1.25 0.5 0.5 1.0 1.0
35.35 38.0 36.0 375 35.5
05 05 05 05 05
500 500 00 500 500

2k} 2 pl, ANTP(1.25mM)= 4 1, Tag polymera-
U/ 1€ 0.5p1 Z12]131 template(100pg/ 1)3= 0.5
#1914 by-products”t 7H A A A H Lo,
dimmers WERFR] %51, FEE 128bp product 7t
758 A 5**45401‘4

gz BE AE wmplateE 358 pC-
R GFA template Foll gt A3s dopr 7] 9]t
ol AlE No. 1{HHE 4.1%, No2(d& 02%)
28)3l No. (7298 1%)8 543 template 5 19}

No.1 No2 No3

©

M123ﬂﬂé—’

Op

’

120
100—

Fig 5. PCR amplification of Theileria sergenti DNA a
from infected bovine.

Volumes of DNA templates were 5 gl(lane 4, 6, 8) and 30
l(lane 5, 7, 9). M; marker(10bp DNA ladder), lane 1; posive
control(KTS1 DNA), lane 2; bovine leucocyte DNA, lane 3;
bovine kidney DNA, lane 4~5; No. 1. lanc 6~7; No. 2, lane
8--9; No. 3. Parasitemia of No. 1, 2 and 3 were 4.1%, 0.2%
and 1%, respectively.
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30418 Zbzh vlad v} 5plel A 128bp 1A AA 2 G Aol ¥ DNA 2 29 ARAEE u)
ZZ35 DNAE $0E F Add2d, 30ulAe d3 AX2 BE DNAE F&3H4 A4tk

A3 bandE FFY = ANAkFg 5 FR). Fig 63 #o] A9 a9 H¥F, AgAE

PCRE =X 7}58l |A2k0] DNAZ ZH [ PCR DNA 259M H¥ SZH DNAE #3838 5+ o
ZZ] SAYRZE templateS WA F3 WA A2t KTS1# T sergenti merozoite DNAYI A= 3
AL, FAYZZE KTS1 DNAS} HZAH &3 £2 Z¥ 128bp DNAS 8% + Uk Probez At
BE T sergenti merozoite DNAE &3t AH8-31 5 &8 KTSI DNAE 4ng 8l 10014 14 3] 25t
o1, T sergentiol] WS NZRZE T sergentiol FHH PCR £%& A% A5} 4ag7hA] HEE & JAAT

Table 4. Comparison of the PCR method and microscopic examination to detect Theileria sergenti infection

Microscopy . N Microsco
G N i sy PRI GENe i vy PR
1 62 + 36 02 4
2 4.1 + 37 01 +
3 0.0 - 38 0.2 +
4 2.4 + 39 0.0 -
5 1.0 + 40 0.0 -
6 0.1 + 41 0.0 -
7 0.3 + 42 0.0 -
8 0.0 - 43 0.1 +
9 0.0 - 44 0.1 +
10 0.5 + 45 0.0 -
11 3.2 + 46 0.3 +
12 0.7 + 47 0.0 -
13 0.7 + 48 0.8 +
14 0.7 + 49 0.0 -
15 1.0 + 50 0.2 +
16 0.0 + 51 0.0 -
17 0.0 - 52 0.9 +
18 2.5 + 53 0.3 +
19 23 + 54 0.0 -
20 0.4 + 55 0.1 +
21 1.8 + 56 0.0 -
2 1.9 + 57 0.1 +
23 1.5 + 58 0.5 +
24 0.5 + 59 0.1 +
25 3.3 + 60 0.0 —
26 1.5 + 61 0.2 +
27 1.2 + 62 0.2 +
28 2.9 + 63 0.2 +
29 0.9 + 64 0.2 +
30 0.1 + 65 0.1 +
31 0.4 + 66 0.0 +
32 0.0 - 67 0.0 -
33 0.0 + 68 0.5 +
34 1.4 + 69 0.0 —
B U w0 =
Total 70 70
Positive 47 51
Negative 23 19
Detection ra(%) 1?8

a; parasitemia(%) =infected erythrocytes/three thousand erythrocytes.
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Fig 6. Detcrmination of the minimum amount of the
KTS1 DNA for PCR using a primer pair of KT-
S1-R.

M; marker(10bp DNA ladder), N; a negative control with-
out a template, P; probc KTS1 DNA, a positive control with
KTS1 DNA as a template, BW; noninfected bovine leucocyte
DNA, BK; noninfected bovine kidney cell DNA. Lane 1~ 10
the amount of the template is 4ng, 400pg, 40pg, 4pg. 40fg,
fg, g, 400ag, 40ag and 4ag of KTS1 DNA obtained from
pKTS1 plasnud.

MNPBWBK1 2 3456780910

Fig 7. Determination of the minimum amount of the
Theileria sergenti DNA for PCR using a primer pair
of KTS1-R.

M; marker(10bp DNA ladder), N; a negative control with-
out a template, P; probe KTS1 DNA. a positive control with
KTS1 DNA as a template, BW; noninfected bovine leucocytes
DNA, BK; noninfected bovine kidney cell DNA, Lane 1~10;
the amount of the template is 4ng, 400pg, 40pg, 4pg. 40fg,
40fg, 4fg. 4Wag, 40ag and dag of DNA obtained from T
sergenti MCrozZoite.

(Fig 6 #x). = uZHEF 20 FIAND T
sergenti merozoiteE 3|73t DNAE &% § 4ng
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Fig 8. Dectermination of the sensitivity of the Theileria
sergenti infected bovine blood by PCR using a primer
pair of KTS1-R.

M; marker(10bp DNA ladder), N; a negative control wath-
out a template, P; probe KTS1 DNA, a positive control with
KTS1 DNA as a template, BK; noninfected bovine kidney cell
DNA. Lane 1~11; the template is 5] of total DNA isolated
from blood infected by T sergenti at the frequency of 0.15%,
0.075%, 0.037%, 0.018%, 0.0093%, 0.0046%, 0.0023%,
0.0011%, 0.00058%, 0.00029% and 0.00014%. Blood was
0.3% parasiteniia and the number of erythrocytes was 5.62X

10/ gel.

MNPBWBK1 2 3 45678 910

Fig 9-A. PCR amplificaion for detection of Theileria
sergeniti infection in- cattles.

The results are shown in the ethidium bromide-stained 10%
acrylamide gel. M; marker(10bp DNA ladder), N; a negative
control without a template, P; probe KTS1 DNA, a positive
control with KTS1 DNA as a template, BW; noninfected
bovine leucocyte DNA, BK; noninfected bovine kidney ccll
DNA. Lane 1~10; The amount of template is 51 of DNA
obtained from bovine blood(No. 1~70).

HE) oM 943438l PCR S%& HA 4%
47 A AT AAKFg 7 FR).
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Fig 9-B. Continued.
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Fig 9-C. Continued.
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Fig 9-T). Continued.
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Fg 9-E. Continued.
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Southern hybridization& /¢ & o2 2ighol] %
a7l 1% e whAsh Algkol 2@ Wolel
el 7ol BAd F ol obH2 oy Al
2 ol gtk

upzks & gro] AE-§h probe KTS13% KTS3 D-
NA thg Btz sted A =35 plasnid pKTS14
pKTS3& sequencingdtel W&zl ¢171A < Foll A
primers HRIEACE CIAJE primers w84
& #asty] Yt 4709 primerel tF PCR pro-
duct® s ¥ A3}, Fig 3elA e} 2ol KTSI-R
upper, lower primer 43} KTS3-F upper, lower prim-
or Aro] FZE DNAVE Sl o, vhef4ss
2% DNAE #d8 5 gldvh. KTSI-RE
KTS3-FR Tt product®) F# 217]7F AX H5¥
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DNAS9 %< &37]17F §olatqitt. mepr & 2
Pl A= KTS1-RQ primer & AME-3H T ©)
primer %2 ©]88 PCR $%3 produas 277}
128bp2 A APASZE 10% acrylamide gl A &
a4 A A2 2% agarose geldl 5= Eelo)
Fedte2 YA 2 2% agarose geld ©]43
of West= zlo] W@ 3oz AZHEr. PCR
products®] Z7](78bp)7t #-& = Furuya et a9
Rickettsia tsutsugamushi®] PCR oA o} &
F AR

PCR % %A} by-productst} dimmer 5-°] &4 5|
%3 U8E productsTol TEE 4 A& primer,
Taq, polymerase, INTP 59 5% 2 template®] &
& 457 Ak Table 3914 % 2ol PCR &7
NG grEo] AT A Fg 4049 2o] Lane 16
M 7b¢ WEE bandE HAE & AN =7
annealing %0 2UIA = Primer analysis softwa-
re(Oligo® 4.1, Wojciech Rychlik, NBD)ell A 55C7} &
Fatrhn YA AqAT EEE 5T ¥4 0CR
PCR ZZ& AAI® 23 by-product7t A9 45
2 gkt whebA o] M PCR FE& A8t
Kt

Ao THstn W APl template # 3}
o PCR Z%& AAste s 48771 e
U B dgdAME Kawasaki*o] g HEPste] 4
A8t} Fig 591419 #0) template®] F& 5pl¢t
0p1E 27 AHEste PCR 3% AAIE H tem-
plate o] ®Wrt1 Y3t produat’t FEFHE AL
ol oA templated HT @ LBK &9 0]
E@so] PCRA ¥ Fv o] opdrt Az
ol B AdyolME LBl &4 A u AHTE
£3¥A7)7] 913t Tween 20& AHE-3R 24 Tana-
ka et a2 templateE AT W lysis buffer 8-l
hemolysin& AHE3FATh o] Mol 359 DNAES
F&3ted o AREAA M FF ¥jluid
3& sjrolel & oz Yy

Primer KTS1-R& ©] &3t t]2k218 primer %9l
KTS1 DNA| thg =& &ds) Bux PCR &
Z3 23, Fg 62149 2] dag template7tA] 50|
Aoz ZEH DNAS U8 4 AN, Fig 7
AME T segenti DNAS 32 2& templacE A}
43 PCR T&& AN AANME 47t A
% 4 AUk Fig 8 EEA S A Helsto
templateE €2 Ao2M PCR $E%& 4A1g 27
oM 0.00029% ¢ ZEE7A HAE(RF 16471/10
pl B 5 A

Tanaka et al'®] T sergenti DNAS $%3} PCR
FTEE AN Ao E 5007 2EE 5+ A
om, FEdPY g dL8 M3t Y Helso
template® 3t PCR FEA1Z1 A3 0.00009% 2
FEETA HE(DF 16470/10 1 A3
Bt

ol 4EollH ¥F & EFEdddo F2E T
sergenti merozoite DNAl 1elA PCR %9 A#
© Tanaka et a9 B3R HE&0] 1008 ©]¢ %
ot AFol M A template® F3t) PCR &
3 At YoM e AE &) ot BA dehw
ot w2k el Fol X 23 templateE # 3t PCR
FEAN HEEE Y & Ade P emplaed &
© Wl glolA B o 70 Ee e 4
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ol21& PCR 71} & )83 2wy o] hybridiza-
ton ol o3 Ndwrie AAY Y HolxHe|
A Ug maAoln w2 Azhjo] A9y = Ui
WHez wesHAh 2] o] APA ¥y
nudleotide suquence®E2 ™ 54& 7M1 e &
AAJIA] Genbank™& F3te] &ls) & a7t o
oo ¢o g ol #AG HFo] aFHLh

4 £

3ol EE T sergentioll AT a4l
AP e Zotr na FHFEAA Py o)
st 2 AP FAAT T segentiol 7Ad &
99 AYFUY T sergenti merozoite® &5 ¥ 2} 5t
4L DNAZ T sergeni®] F82 &8& Al %3t
o}t o1F 3MY T segenti genomic DNA ©H & &
o probe2A19] AE-AH-E #R18}7] 9138t South-
em hybridization# dot blot hybridizaiong 4 A3t
o, o]F 2719l probe(KTS1, KTS3)Z FH prim-
er & YAAst PCR FE02 T sergeni®s ¢
st v o 2 ARE Ik

1. KTS1 DNA& HE reverse 334 20-mere]
upper primer(5-CCTCTTGAAGTCATCCATGT-3,
necleotide position 48), 20-mer®] lower prim-
er(5-CACTGAGCTGGAAAGAGCTA-3, nucleotide
posidon 156)8 ¥/33tA 1L, ol& o8& T sergenti
DNAE PCR FEA171 A7 128bpel DNA H#o]
FEFA

2. ProbeZ AHE-3 KTS1 DNAE &5 3t
PCR ZEA1Z) A3}, 4ag9) KTS1 DNA 4744 2
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3. T sergenti merozoiteZ ¥€|3 & DNAE &
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A HES AU

4. T sagenti FEE AN 23 DNAE F&354
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