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This study was performed to determine the prevalence of Theileria sergenti(T. sergenti) in cattle
reared in eastern areas of Gyeongbuk province by PCR. Among 443 samples collected from 42 cattle
farms, 96 (21.7%) samples from 13 (31.0%) farms were positive for 7. sergenti. By regions, 87
(26.6%) out of 327 cattle in Gyeongju, 8 (9.5%) out of 84 cattle in Pohang, and 1 (3.1%) out of 32
cattle in Ulleung were positive for 7. sergenti. T. sergenti infection in dairy cattle (27.9%) was sig-
nificantly higher than that in Korean cattle (9.4%, P <0.0001). Accordingly, Korean cattle were more
resistant to 7. sergenti infection. Prevalence of 7. sergenti in cattle was increased with age (P
<0.0001). The infection rate in cows (23.3%) was significantly higher than that in bulls (5.0%, P
<0.01). Seasonally, prevalence of 7. sergenti in cattle was highest in autumn (32.7%, P<0.01).
Prevalence of 7. sergenti in grazing cattle (66.7%) was significantly higher than that in non-grazing
cattle (15.8%, P<0.0001). Since prevalence of 7. sergenti infection is high in cattle reared in eastern
areas of Gyeongbuk province, survey on other hemoparasites and appropriate control programs need to
be established in this region.

Key words : Theileria sergenti, PCR, Sequencing, Cattle, Gyeongbuk province

A =2 Theileria sergenti, T. mutans, T. parva, T. annulata
A MARCRE 12F0] w325 (Irvin, 1987), 74
A HHoFd @& (theileriosis) X =7| uj7fjof &Jgt & 3 RA}=E(Apicomplexa), ©]% &Y= E(Piroplasmi-
HAFH Aoz 427 yzIdzrpyor EdH da), HFd U5 H(Theileriidae)ol] &3}l 5= 2,
=4, O, AbgFoln vl welido] ofgh 2Alobd
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Aggiel Mol et A2 ol et FHRA Aol A & %8, ELISA S(Higuchi 5, 1979; A3}
&<t A(East Coast fever)& Yo7 T parvaZ} Q1 A, 1997)0] Qi FHol= FHFEH 7|Hoez
H XAREO] 90% olAto|thet=E4 o) 7| =t DNA probe& ©]-83F Southern hybridization, dot blot
9]3], 2005). hybridization®y] 5-o] ot ©A T} E3Fstar Al7to]

T. sergentiv 7 E=7]1N(Ixodidae) Zof =Ujof &
S 3&=3A Aer)el Fe A E7|(Haemaphysalis
longicornis)] 2|5}o] 7+l =] (3FE2=0) 7] A 8k al
43 9|3, 2005), EHL:% B3 AAZAQ Ao 7t
SECHH 5, 1993). 93} oFgol 9@ Al b
S} WA A l(transovarian transmission)]] 2]3t 7+
48 Qu B8] WS skt Aol vulAAYE
(Babesia)T} TFE Zo|tH(¢], 2007). Theileria= ANE=>7
Aol Al SAAL sl HEHOoR Ao R Eof
7} AES7L %3] ol FHSNE Jne 5
& shwl EAAAL sol, maEEe AYlAE
HAAg shzd BEP goln BaaAl] eletol
FA e JaTol AYTCH R AF
+H 9] 3], 2005).
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AES|E Al BB Az WaE fu
shod] SAoRE WY, W, 150 FA| v
Fpe] gha, Hao] o3 v, 2elm welY i
2 Q1% 27 A 9L 5 AOITKA, 1970; Pt
£, 1988 7 5, 1988 ©] 5, 1904). WAAUFFL
DY, WY, B, A7) L AG FE, 2ok BuI
WAEA Ao bR Au By wAsAG
ofe] 7}x) AEdAE wow 059 Fagol 57
sfo] M AFHE treRfo] FAksvte] BAH
QL et ] N AS HAAE fEslE et

or/| &=
(Takahashi, 1976). w]-o] S, B, A% g

Yoz st oY WzBekaokel upiag
(babesiosis)}=  z}ol7}  Qoh(E4=2] 7| A &3t
& 2]3], 2005).

WO T sergenti 7THL A E7] wj7jo]|n g HpE
ol A *Ptrﬂi M oA E=A HEREE,
1970; ©o]e} 7, 1987) HEES 35~100% HE==2 4
3t Holm 1 % 30~50% ALt Wt E5] &=

-

BHE 27He7HK) ol WSt B9 Ecks B,
K9k ofel oA wja7h ke %, 1993; )

5, 1996; ©], 2006; A<} %, 1982; Songi} Sang, 2003;

Z &, 1997; Jeong %, 2003; &1}t A, 1990).
HulF ] A2 dA=URES Giemsa A5}

of Task= o] Jlou A Aol wWotd ¢

%0 B0l ¥ Yl W] o Alzte] o
o el ol gck @ysha Aghie AW

e Agy 1x9] 7|&o] WQsly] wjiof(Hirano
5> 1991; Kajiwara -5, 1990) So|Adx} qizt/do] =il

*Léé}ﬂi 8kt PCR 79 o] ol o] 85 YTk
= 1996; F 5, 1997).

78‘% %—‘T‘AXI oq A ARSESE 20099 6Y dA 7
Zxojo] TS 57125/63,820%, Hi 227@14,374
= mEg| o] IO 15715/21,748%, A 435/

1,799, T12]7 22x]%do] T QE/TI6ED AL
31 glo] Fvje] tre Al elol jate] 71E] ALR
27} v A Fo= T sergenti XG0l thgh x|<&2 0]
B AAEE A o Rolxx Zahelch A,
o] ArollAli= PCR 7|¥Z 0|83t A& &7 A9
he-oF daofxo] A, A, AEE, ASFEE
T. sergenti X9/ 3E 5 wofsto] o 5l A 25 $I7t
BIA] A A=t 7]olstara} shich

Aol AMgEE AR Ao, b, £ of
ab2] ARHS Tejshe] 20099 3YNH 118X 4
B snxel A%, EF SFol4 ASEL Qe

% 44359 AS HAS Otﬂfl DNA £2Z& ¢|5t]
sodium heparin (BD Vacutainer”, USA) st AES
A8t Al# %2l G-spin' Genomic DNA Ex-
traction Kit (Intron Biotechnology, Korea)S AM8-3}o]
AE 300 ulof| Al DNAE #2|ste] —20To] Y5 Rt
St

PCR ZlAl

™ PCR
Premlx Kit (Bioneer, Korea)—é—" AFE-5F =1 10 pmole/
ule] KTS1-R forward primer (5'-CCTCTTGAAGTCA-
TCCATGT-3")2} KTSI-R backward primer (5'-CACT-
GAGCTGGAAAGAGCTA-3") ZFz} 1 ul9} A|& DNA



PCRE 0IS8t #5 S7AIY 49| SlAlofHRIERE AHE = 253

| WS BRI W SRes A7kl Eo] 20
7h =g SFATh oldEE A7) 128 bpolm ¥R
Z AL predenaturationS 96°Cof| A 3E7F AlA] & dena-
turationS 96°Coj| A 30%, annealing2 60TColA 18,
polymerization-2 72°Col| A 187F & 35 cycle2 $E&
k3l 1 3 72°Cof| A 3E7F post polymerizatione A1 A]
SFATHA 5, 1996). GHA Z$Z7]= T Professional
Thermocycler (Biometra, Germany)S AR2-3}%Th

SEE DNA 20| B4
T35E A=) BelE fiste] PCR Ab= 10 Ws

2% agarose gelof] 100 V&2 30E7F A7|95S 3 &
0.5 ug/ml/ ethidium bromide (Bioneer, Korea)S *] 2|5}
o] UV transilluminator2 IH2HSFA T 22 % DNA AF
E9] 37] &S $3}o] 100 bp DNA ladder (Intron
Biotechnology, Korea)E- size marker® ©]-8-3}%th

DNA sequencing

fAA FEHES A 591 AccuPrep” Gel Puri-
fication Kit (Bioneer, Korea)S ©]-835}0] DNA fragment
= AAst] A7 2o ALEEFSIT Sequenc-
ing (Bioneer, Korea) I3 A A|¥ DNASQ} KTSI1-R
forward primer, KTS1-R backward primer®} Big- DyeTM
Terminator v3.1 sequencing kit (Applied Biosystems,
USA)E ©]-835}9] automatic sequencer?l ABI3730
DNA Analyzer (Applied Biosystems, USA)= =343}
o} 2AME G714 29 multiple sequence alignment=
ClustalW v2.0.12 Multiple Sequence Alignments soft-

1000 bp

500 bp

200 bp

<128 bp
100 bp

Fig. 1. DNA amplified from Theileria sergenti gene fragment (128
bp) in cattle by PCR. Lane M: 100 bp DNA ladder, lane 1:
positive sample with primers, lane 2: positive sample with-
out primers, lane 3: negative sample with primers.

wareS ©o|8-3}o] v s}

SHON 24

Z17te] PR WHgol A Qe ABES FHE, A
W, P, AR, ASFYES /EoR HE ua
st o714 e £A5 fd S 9

3}o] SPSS (Statistical Package for the Social Sciences)
V.12.0& ©]83}o] chi-square testS AA]5}S Tt

2

PCR Zil

T. sergenti 70| 2FRIE 7fA| A= 128 bpe] 5
Frbzo] ElE o H(Fig 1) B FFAI oA A
5= 49 T sergenti FAEL AANE & 4235 443
= 2 ok 135(31.0%) 96%(21.7%) S LRyl
Addas AFA9 293 327% F ¢4 102
(34.5%) 875(26.6%), 33X 105 845 = oFA 2
3(20.0%) 859.5%), €5A| Y 35 325F = A 15
(33.3%) 15(3.1%)E YEMATKTable 1).

EFTH FHES A4 2045 5 P 825F(27.9%),
- 1497 5 A 1457(9.4%)5 LR o] Zav) oF
SHoh o208 =7 YEHTHP <0.0001, Table 2).

A FAHES 24 oI5} 16257 F S 18F
(11.1%), 344 SAIZEA] 2365 & 44 62+F
(26.3%), 6K191 4 TAIZHA] 365 % OFA] 115(30.6%),
8A| o] 97 & U 5F(55.6%)5 UERH] Hol
o F7kel wet frojHer FIFsHATH(P<0.0001,
Table 3).

Table 1. Prevalence of Theileria sergenti infection in cattle reared
in eastern areas of Gyeongbuk province by PCR

No. of cattle (%)

Area

Tested Positive

Gyeongju  Farms 29 10 (34.5)

Heads 327 87 (26.6)

Pohang Farms 10 2(20.0)
Heads 84 8(9.5)

Ulleung Farms 3 1(33.3)
Heads 32 1(3.1)

Total Farms 42 13 (31.0)

Heads 443 96 (21.7)




254 MelTt - =X

S SERNE

UST U st Yso|

Table 2. Prevalence of Theileria sergenti infection in cattle reared
in eastern areas of Gyeongbuk province according to

Table 5. Prevalence of Theileria sergenti infection in cattle reared
in eastern areas of Gyeongbuk province according to sea-

breed by PCR sons by PCR
No. of cattle (%) No. of cattle (%)
Breed Season

Tested Positive Tested Positive
Dairy cattle 294 82 (27.9)* Spring 36 2 (5.6)*
Korean cattle 149 14 (9.4)* Summer 303 60 (19.8)*
Total 443 96 (21.7) Autumn 104 34 (32.7)*

Total 443 96 (21.7)

*Significant statistical difference (P <0.0001).

Table 3. Prevalence of Theileria sergenti infection in cattle reared
in eastern areas of Gyeongbuk province according to age

by PCR
No. of cattle (%)
Age (year)

Tested Positive
<2 162 18 (11.1)*
3~5 236 62 (26.3)*
6~7 36 11 (30.6)*
8< 9 5 (55.6)*
Total 443 96 (21.7)

*Significant statistical difference (P <0.0001).

Table 4, Prevalence of Theileria sergenti infection in cattle reared
in eastern areas of Gyeongbuk province according to sex

by PCR
No. of cattle (%)
Sex
Tested Positive
Bulls 40 2 (5.0)*
Cows 403 94 (23.3)*
Total 443 96 (21.7)

*Significant statistical difference (P<0.01).

o) R FAPEL S 405 F A 25(5.0%),
A 4035 2 A 945(23.3%) S UERYo] 9Fav) 4=
AHTE §ojF o7 =74 YEPGTHP<0.01, Table 4).

A w2 FES Foll A 365 F %A 2
F(5.6%), olSol AP 3035F F U4 605(19.8%),
7hEoll A 1045 5 F4 345(32.7%) 5 e
o] FollA 7HEE A4E oo A YEytt
(P<0.01, Table 5).

S ARl e FHES TEAS & 51
T T P 345F(66.7%), BIEHAY & 3925 F G

4 625(15.8%) 2 rehol
Aol 2Rt FolFor w7 YERGTHP<0.0001,
Table 6).

Ezele] 47} uupE

o

*Significant statistical difference (P <0.01).

Table 6. Prevalence of Theileria sergenti infection in cattle reared
in eastern areas of Gyeongbuk province according to
farming styles by PCR

No. of cattle (%)

Farming style

Tested Positive

Grazing 51 34 (66.7)*

Non-grazing 392 62 (15.8)*

Total 443 96 (21.7)

*Significant statistical difference (P <0.0001).
seeflossnl mesllsmsdl seeilicedl ssadineedl soacllgesdl saedlspadl sendlvuall meadlassdl
5 15 25 35 a5 55 65 75
TSU4B772 CCTCTTGAAG TCATCCATGT ATATCTC-AT AGATCC-CGT AGACGTTCGT GAAAAACGTA TTAAGCTC-T GTCAGTATTC
No. 1 CCTCTTGAAG TCATCCATGT ATATCT-TAT AGATCC-CGT AGACGTTCGT GAGAG--GTA TTTAGCTC-C GTCAGTATTC
No. 2 CCTCTTGARG TCATCCATGT ATATCTT-AT AGATCG-GGT GAACGTTCGT GAAAA-CGTA YTﬁﬁDDTD T GTCAGTATTC
No. 3 CCTCTTGARG TCATCCATGT GGGGTTTCET GTCAGTATTC
No. b CCTCTTGAAG TCATCCATGT ATATCTC-AT AGATCC-GCT AGACGTTCGT GAAA--CGTA vvnnccvc T GTCAGTATTC
No. 5 CCTCTTGARG TCATCCATGT ATATCTCTAT AGATAT-CGT AGACGTTCGT GAGAG--GTA TTTAGCTC-C GTCAGTATTC
No. 6 CCTCTTGAAG TCATCCATGT ATATCTCTAT AGAT---CGT AGACGTTCGT GAAA--CGTA TTAAGCTC-T GTCAGTATTC
No. 7 CCTCTTGAAG TCATCCATGT ATATCTCCTC TGATC---GT AGACGTTCGT GA--GACGTA TTAAGCTCTC GTCAGTATTC
No. 8 CCTCTTGAAG TCATCCATGT ATATCTCTAT AGATAT-CGT AGACGTTCGT GAAA--CGTA TTAAGCTC-T GTCAGTATTC
No. 9 CCTCTTGAAG TCATCCATGT ATATCT-CAT AGATCC-CGT -GACGTTCGT GAGAG--GTA TIIQGCTB C GTCAGTATTC
No. 10 CCTCTTGAAG TCATCCATGT GGGGTTTCGT GTCAGTATTC
sl waaalind] sl sesalissl] selssadl s Homology
85 95 105 115 125

TSU4B772 CATTTTTARA T-AGCACTGT CATAAACTCG TTTAGCTCTT TCCAGCTCAG TG
No. 1 CATTTTTAAA G-AGCACTGT CGTGAACTCE TTTAGCTCTT TCCAGCTCAG TG 93%
No. 2 CATTTTTARA T-AGCACTGT CATAAACTCGE TTTAGCTCTT TCCAGCTCAG TG 926%
No. 3 CATTTTTARA TGAGCACTGT CATAGAATCE TTTAGCTCTT TCCAGCTCAG TG 93%
No. & CATTTTTARA T-AGCACTGT CATAAACTCE TTTAGCTCTT TCCAGCTCAG TG 98%
No. 5 CATTTTTAAA G-AGCACTGT CGTGAACTCE TTTAGCTCTT TCCAGCTCAG TG 922%
No. 6 CATTTTTAAA T-AGCACTGT CATAAACTCG TTTAGCTCTT TCCAGCTCAG TG 929%
No. 7 CATTTTTAAA TGAGCACTGT CATAGACTCE TTTAGCTCTT TCCAGCTCAG TG 92%
No. 8 CATTTTTAAA T-AGCACTGT CATAAACTCE TTTAGCTCTT TCCAGCTCAG TG 97%
No. 9 CATTTTTAAA G-AGCACTGT CGTGAACTCE TTTAGCTCTT TCCAGCTCAG TG 93%
No. 10 CATTTTTAAA TGAGCACTGT CATAGACTCE TTTAGCTCTT TCCAGCTCAG TG oy

Fig. 2. Nucleotide sequence homology in Theileria sergenti ge-
nomic DNA among KTS1-R (TSU48772) and field strains
(Nos. 1~10) from cattle. Gaps indicated with (-) express
mismatching nucleotides.

DNA sequencing Zilt

T. sergenti A4S Ul E 1335 965 5 534 E |
T2 998 MHsle] & 105 1052 PCR ZEAME
oAl A7IMEE EASH 2ut HFTHORE T sergenti
o] gol= Q). T, sergenti genomic sequence KT-
SI-R (GenBank Accession No. U48772)} 10719 A&
(Nos. 1-10)& 2k} ulm 245to] SAS 2ol
= A3 d7IAEe] 92~99%2] =2 homologyE U
EFU 21 Th(Fig. 2).
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ojo] Hrrel eld, /154
A7 A=A ARHeR A

WEs dEoe RE] o
A4 Ael wa A ge 4 slekel, 2006)
&9 A7 74l FALEE guta
oFIAel thg BAAEI A oln] 72 Eeln}
Hog Bl tgjxAel 7401]~ Theileria spp., Babe-
sia spp. 5°] QTHA, 1970). FEHZFLE 49 HIL7
589 U uelnz 4AT ) el N
7|™, Theileria spp.2] BHA= F4 A2
Sty Anaplasma spp.2} Babesia spp.2] WHUA|+=

7] AEtol A e 4 ARk, w70l

ol S o Aoz AHAKA,

(i mz m

WO FZ] Walrh BAAEE Fobs BA,
I & T sergenti= 3=+, &=, gjA|of, d& 5

A Fdotalotol A EAIZE EHar AohA &,
1994). ol A= wiZRAI] R E7] F 22 A=
7\(H. longicornis)ol| Q& HE OS2 T sergenti, A.

marginale, B. ovata -5-°] 718 &2 &3t o] &
Aol UBhLb= 497} go} 1o BE graaint 4

Ef#o] Fasieh(Aet 4, 1982).

Rt A FollA HET]of L dE Ao &5 W
HA7IH AE7]9] X HEof wet 2po]7t §
gt W S A-5FERE ATt T sergentiol j—‘fl
daE= A7l m=gste A & 5 oAl A4
1982). T3, e @xAoA fF e Fx Ee= A= %
S AAZIZE T Ao T W 11 F AbRof| £
= A=l o AAE ZFAVE HedH, AEset

ZAF 2 $E B z27lo] wrod o] 77t
=7|7h vt2 SFsta FE8E 5 9o V\V 12+ %9
HAE FoJok Ak YE s,

2005).

o]t ZA}o]A] AFR-H primer= A 5(1996)0) ]3|
AFEHE Zlo® 128 bpollAl SEEO] T sergenti®
DNAJ¥t Eo]s}A| b&wﬂwﬂ 20 WL} AR}
A3 DNAO A= SEEX] 9kekar 10 ule] Ef A=
oA HAET W ZHE 0.00029%(FZ 16470)7HA]
2 5, 1996 4= glo] NAET =L Ao R
ALE] L7100 o] Aol A ARSI

)t Qo] A9 T sergenti THFEL Tanaka S
(1993)2 2 Hof| A 82%, Inoue S(2001)2 7+E r]o}o]

Al 50.4%, HIES W 27.5%9 25 YW Ah
U] A9 FEES JdxEE vusjed, gkt 7]
(1965)2 19641 -,—01]/\1 60.2%, £(1964)2 7+
Lo A 94.4%, #(1970)2 1969 A9 %9
Ao A 93.5%9] A& UERH AT (1974)2 g
F2F =104 81.0%, F(1978)> A&2] gh9-ofl A
58.4%9] =215 YUElaL, Aot XF(1982) A= 9]
EQlL oA 79.2~100%, o]9} 71(1987)2 #AEo A
2204 100%9] +X& Wb Sleh A A1(1990)L
A G o =-ofl Al 71.8%, B 5(1993)
gh-oll A AIFE 100%, 37]% 35%, AeHE% 50%,
A 5(1996)> AE-2] 390 A 72.8%, 2 5(1997)
gh-ol A 88.7%9] A& HE ST 2|, Jeong 5
(2003)2 20024 TS} HoA 35.6%, Songt
Sang(2003)-> Q| FH-ollA 67.8%, ©](2006)=
2004 A|FEQ] oA 76.3%, & AofA] 98.3%2]
FTAE UEtdo] A=A om ookt ExE Ko

AE ZRR oA AFSE I Q= 429 T sergenti
HAEo] B7F 3R E 31.0%, FeEREE 21.7%
S UEUSla, 7+ Y9 FeERes A5AY
26.6%, EFA D 9.5%, 2229 3.1%= e )
T B AL £(1964)0] ZARRE oA 94.4%
O AHES UEHHSRIAL 1L o]F A& X YofA= A
T7F §lchzl 20099 o] RAFO A 21.7%8] =2&
LEt o] IhA ARRETE gt 25 E"“‘E} T3t
A T A 2AFE A T 4 HE & HH
T ool AN AT 21.7%E W $£AE Bl
o|AL T HAFF
A2 g s vEAY A7F 39272 wWly] i
of HAMF4 -‘?'#01 7)o ot 7A713)7F A
@ A0 g2 wekE T 3hA Y AR A
FE HEAY A5S WOE THE RAME

A7t OIHJ_ APET 29T Zor Ho

= E7] AAlo] W& YEA A
A7 =7} 31.3~40 (parasitaemia/1,000 RBC)2
T glo] yaksh= AR dEA Sk
(X<F &, 1982).

%%—‘% FE AL AT A 27.9%, THE 9.4%9]
2 Z27h e =4 e, o] A=
o g2 rolol et =3 A Ao 7+
o] Zopx(Xet %

, 1982) = ol A AAES

A, 1970)3} 7Po]
2 AQE i*}ﬂ ek
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AP GAEE A At 24 ofst 11.1%, 34|l A
SAI7FAL 26.3%, 641014 TAI7EA]l 30.6%, 8A| o4
55.6%2] 4~*]& YEFY o] Songd} Sang (2003)0] ZA}
gk 34 |9k 61.8%, 3A] o]/ 75.0%2] 429} Zo]
wol7h g2 MAdeE FAdde] Frkske] A&
A EHE UER A

Ao W FHE A AT A 5.0%, U
23.3%9] =25 YElJ o] SongT} Sang (2003)0] XA}

BF 44 40.0%, &4 70.3%9] =R]QF Zo] ¢AT) ¢
EA yebA el Slol vt ok Aol
o =& Aoz Kol AUk o] ZAF dA| &= 7
AHFEE 435 T AT 40352 B2 A v nglS
o) 447} 405 0] HX) ghonz ghom ol eiol
= HlsE AAELRe) Hvh Wasitha s,

Aol W FEE A AT 52 5.6%, A5
19.8%, 7HS-2 32.7%9] 422 urehyol, #(1970)0]
ZAFSE B 90.7%, 12 92.7%, 7+ 97.4%9] 7+ed 2
2|9} FHerA AAl Aupol WL 27F Z718ka A
U7 7} ook ool 4UE S5UY A7)
e BE AT NZAES T BoA LR 24s
27} B AL AT, SR H19T9)o)
ZAFSE B 56.2%, o5 64.2%, 7} 57.3%9 4
Z], ©](2006)7} ZAFgF 5€ 55.1%, 7Y€ 91.0%, 9¥
78.9%, 119 97.2%2] 7+4 =], A1} A(1990)7} =
ARGE B 77.0%, o1& 73.3%, 71 65.3%, 124 38.5%
o] 4%l 4Al2h 5S~8UL thE o] uls) U =
e SAE wolt AT lmAE Ut AR

ORI Aol merh olsh ge Ae TS
oA 71¥8k= H. longicornis 1 =7]] 4 AJ7o] 34
W AR F7kte] 79o] AT /AEE Rl T 8
HEEE= A= Gastoi(3 5, 1966) o Fof &1t

|

rr

ste AE7]9] ZFol Aol HHA AHstEo] Ad
TAL st A = v = e A=

A]
W FEAFH APORRH oln HE FHEHY
/) o FAT el 2000
Fejoll e FHES
6679 MFEA & 158%2] 53 Lhel ol Song
7} Sang(2003)0] RARGE HEA ] A 76.1%, H]HHE
Ao 4 51L0%S] 419} o] = ARgHs Aol

WEAY &

-

= vEbgth o] Y WEA| Yol As X Q=
Ae7)of AAZF eEH A A AFREIT T 1
a2 A e7)o) 93t T sergenti 118 713 %E =S A

o2 =A3}3 ¢JrH(Yamane =, 2001).
BE SHAGY 2o HAE T sergenti®] A7|144F

2 AR vu BASH A3}, T sergenti genomic se-
quence KTSI1-R (GenBank Accession No. U48772)} A]
H(Nos. 1~10)9] nucleotide AJ<Eo] 92~99%9] =2
homology S LeRfo 7 o] A= ofzhHe] 3
ol glaAx|ul AQ] Ax|e= AL sHoldt £~ 9Jgth

ol¥ A3 Aul= Z3bs] B 49| T sergenti 7t
do] A=Hoz AdAEe] don WEAGoA =
Al Yebtar gkt Aol o 7] v 7 o]
ot A A QL FgFol Uth= A= ULk FF
F7HA QL A} o] R0l A vl "41% WA S 4
At iz, 7v7] o2 allele® Q1 T sergenti Ikeda type,
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