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Polymerase Chain Reaction JkiZ L 2/BERGMSD
I 7O VEEY IV AEORE

M EXY-fElE R B EEY

Detection of Enterotoxigenic Clostridium perfringens in ESeafood
by Polymerase Chain Reaction Procedure

Shigemi Oxka®, Nobuyo Nisa1zaki" and Kozo Takama?

Abstract

Polymerase Chain Reaction (PCR) procedure are simple, rapid and specific method to
detect the enterotoxigenic Clostridium perfringens as a causative organism in human food
poisoning. Synthetic oligonucleotide primer pair used in the PCR procedure amplified 364
base pair (bp) segence internal to the C. perfringens enterotoxin gene.

The principle of this study was to investigate the correlation. between the detection by
commercial Kit for enterotoxin production and PCR procedure for enterotoxin gene of C.
perfringens and, also, to detect for enterotoxin gene of the organism in the culture media and
seafood extracts by the PCR procedure.

Moreover, sensitivity of the PCR procedure used in this experiment was determined.
The results obtained were as followed ;

1) - The results for enterotoxin production of test strains when using reversed passive
agglutination test, and PCR procedure in detection of enterotoxin gene were proved
to be consistent.

2) No difference was found in detection of enterotoxin gene of C. perfringens cultured
in liquid medium and solid medium by the PCR procedure.

3) It was confirmed that the PCR procedure used in this experiment was specific to
detect only enterotoxin gene of C. perfringens out of six kinds of food poisoning
bacteria.

4)  C. perfringens inoculated in five kinds of seafood extracts grew and the number of
bacterial cells were from 10° to 107 CFU/ml. Also, enterotoxin gene was detected
from the organism in each extract by the PCR procedure and the reaction was not
inhibited by food components.

5) The sensitivity of the PCR procedure used in this experiment was over 10° CFU/ml
as bacterial counts.

Key words : Clostridium perfringens, Enterotoxin gene, Polymerase chain reaction, Seafood
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vz vy 28 (Clostridium perfringens) IBEHRICEET REHRSEFRERETH 2, 2
OHEDOPREIE roRTEOFRR L R LvyFa b3V (BEER, UTE LIBT) 2ELET

v LA KEF IR R R
(Laboratory of Food Wholesomeness, Faculty of Fisheries, Hokkaido University)
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250W8HD (ZNe, 1975; FIEE, 1978; Oka &, 1989; Oka 5, 1989), AEE FLIFLIE
RIE X% 5,

APFEGOREEL TR, 2VZ20RAOFHLZHBIBETHD, 0D, H5-
BEPORENT, Lo bREBEOHVWHARENRDS>N D,

vy 2B ERUD, Bt EEATERRAEORZKLBREIC IR, BEREENFEERI AL
7-HERD Bt A S v VOEREBNETH 25, ZOBSHEOEE, AR OFAY, X513
BROHEF TCCREER2ET 3,

BEL WA CHEI N2 X 312/ 572 PCR (Polymerase Chain Reaction) i3, Eti#fs
F Y OER DNA 218E L, BT 28T CH 0, BRFAEOREREH B2 FE0—
SELTEHEERATWA,

AEZRWL 2rOMEAEFIA TRV 30D (RE 5, 1997), BIESHENES T, B

Table 1. List of strains used.

Strain

Source

Clostridium perfringens NCTC 8238*!
Clostridium perfringens NCTC 8239!
Clostridium perfringens NCTC 8798
Clostridium perfringens NCTC 10239’
Clostridium perfringens FD-1**
Clostridium perfringens S-40*2
Clostridium perfringens S-45**

Food poisoning
Food poisoning
Food poisoning
Food poisoning
Food poisoning
Food poisoning
Food poisoning

Clostridwum perfringens So-1*°
Clostridium perfringens So-2°
Clostridium perfringens So-3°
Clostridium perfringens Rw-1°
Clostridium perfringens Rw-2°
Clostridium perfringens Rw-18°
Clostridium perfringens Fi-1°5
Clostridium perfringens Fi-2°
Clostridium perfringens Fi-3°
Clostridium perfringens Fi-4°

Soil

Soil

Soil

River water
River water
River water
Fresh-water fish
Fresh-water fish
Fresh-water fish
Fresh-water fish

Staphylococcus aureus FP-10*7
Bacillus cereus No. 55*°
Clostridium botulinum TWANAT?
Escherichia coli 0157 : H7 HK?
Salmonella enteritidis 95-6-12

Food poisoning
Food poisoning
Food poisoning
Food poisoning
Food poisoning

*1 Obained from National Institute of Health, Japan.

*2 Obtained from Hokkaido Institute of Public Health.

*3 Obtained from Food and Drug Administration, Washington, D.C.
*¢ Obtained from Hiroshima City Institute of Public Health.

*s Isolated in Faculty of Fisheries, Hokkaido University.

*¢ Obtained from Faculty of Agriculture, Iwate University.

*7 Obtained from Sapporo City Institute of Public Health.
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o BEARIOLDOIVFTU XY VELEY VY 2 BOBRE

ErOREELDHY, LrbRHEBENZVELOHEEE T2 L05, T TCRAREELEDS
B TAPERREORESY, Z0EBRETFTH 2 EtBEFORKEZLISHAINA TV S
(/INBR, 19925 /NBE « BEER, 1994 ; Candrian, 1995; [FE s, 1997),

FAYTEORRE L2 Bt EEY 2 VY 2 HRFOBEFORBCAE 2 ISA LS4 18E
W2,3FD oD (Saito &5, 1992; GftSH, 1993; Baez and Juneja, 1995), WFh b aTE
HERGPRERRROEMISEFHICEEEHB L0, 25 CIAThEREROBREFERPABRL
5DRHEANDOIGAEFITH Y, BRICOVETRTHEORRAR L T o - BERS (1UE, 1962) ~
DIGAFIERE I 2V,

% I THRR T, BHEREROBEENBAFERO—> L LTEHSh T2 PCR &2, 18
ERR,» 50 Bt BEERFORBIZ b CHNTEL G %, 3TN0 FAEAVTRI L,

X B F &
A

EWR Iz & Clostridium perfringens DR P EHFE TH & BER XK 108, & 5 U Sta-
phylococcus aureus, Bacillus cereus, Clostridium botulinum, Escherichia coli ¥ L Uf Salmonella
enteritidis D 1 BROBET 22 B2 R L7z, 2R S OFEMIE Table 1 1R Uz,

Et DE4A LR

vy a0 Bt EEREE, HRFY M2k s Bt OREHEREOHRE (FS, 1992) ©
EBDTHD, 72720, Bt OEFWCIFROBRSEMH L2 2 Lo, HEFEGSVTRLLE
faf ks (Duncan and Strong, 1968 ; A% « KK, 1987) WTHEHE L T2 2 L 2R
#, EHEHI Bt O 2T 77,

EBBORE

Tz y 2B CORPERREORE I AV 2 BE ORI [Thioglycolate Broth
& Brain Heart Infusion Broth (Difeo)] H18 X U ROBER L F AFOEREBOHEIZUTOE
BRE>TTo 7,

WA T, HEREEHBEEL, 37C, 18-20 BFSMNEE T CRERTo k., C. perfrin-
gens T A F <4 ¥ g CW SIEEREEH (HASE) 282 10 25 10° £ TORFHIRK
D0Iml Fo%®EL, 37°C, 48 ¥, Gas pak (BBL) B&IsE 21T o 72, C. botulinum 28
Wi 6% IM#K « 1%, 7" ¥ 7 ¥8%s Brain Heart Infusion Agar 2 #(% B>, FBEERED 0.1
ml 370 % B, 30°C, 48 RFRIBEKESE 21T o7, %72, S aureus, B. cereus, E. coli 8L U} S.
enteritidis “CiZ Plate Count Agar (Difco) D& 2 E2 A, TS IZEERKED 10455 10°° £
TOFRED 0.1 ml 370 % Bk, 37C, 4B RFHIFINRE T CEBRITH 1, 558k, B
P> TH 2 ROERESEFIR EOBRBEFEDOFHED & 1ml H72 D O % Colony Forming
Unit (CFU/ml) TR L7z,

2%, C. perfringens 2R L Iz BRI X AFOEEROBEHEIZ DWT L RESHOBES L
Bz T - 72,
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PCR RIEHOFR

PCR RS T OFIRZfE> TEMBL 2,

1) % DNA OFE% : ¥eikiEiho Thioglycolate Broth & Brain Heart Infusion Broth Tii,
37°C, 18 BERIFSISE L7 HHK 1 ml & LIk (15,000 rpm, 543/) & TE E#H# (TaKaRa
&) 500 p] (—ERDHRABRTIZ 1,000 L1 ) 22, FREWEMTHEI <4y U TECW
PRFEREINC B> T 37°C, 18BFEBSIZE L L HRED 1 A& HE % TE &K 500 1 i
iz, & <ERSEL-E, #lkdT 10 28MEET, BHK, Zhs0E L EEEHRERA
% DNA & L7z,

%) FIA4v—: T4 <—Ii% Saito & (1992) DHKICHE > TAER LTz,

$hbb, 754 <—PT1ixY Ny 2 B0 Et DIEERF D 426-446, PT 2 i3 770-789 (24
HWE2b07T, #hZh ()-TGTAGAATATGGATTTGGAAT) & (5'-AGCTGGGTTT-
GAGTTTAATG) ThH v, T 2h 54#0E DNA i3 364bp TH 3,

3) Rib&HLtEBERKE: $HDNAD 14l %, PCRIEGHK 49 xl (MEFHRF K 38.75 yl,
10XPCREEH : 5ul, ANTP 2 v 7R : 4y4l, PT1 /5 4<—:05ul, PT2754<v—:05
ul, Taq BV A5 —¥: 025 l) wimz, 94°C, 52, 2w HC, 30 BREO#AZEH, 55C, 30
BEO7=—Y 7, 172C, 1 EOMERIGO&RMST, 35 B0 PCR KIE%{To /2. RIGKTH,
RIEHED 10yl % L0, 2% 7 A 0—ASF VESKEI$1T-> T, BEI L % 364 bp #iE DNA OF
EERER L2, REBEFEIO TN OADEMETREED) »oBAL, FL0FRE~Y—I—KR
100 bp DNA Ladder (Gibco BRL) % Fw2 7z,

BRIX AR L BOER

ARIFAOFBMICITHEDO Y/, 7, A ABIVKRSY THA D 4BEOBEANED
iz, a7 FVRAEZEBWE, 27 RBRWESEEOARIEBVLTIZAESHROERICHL T
SERBOBA AV AEMEITHRESFA XL, a7 TCRAVIBRERICH L C8ERDOHA A >~
AREMZ 21, 1000C, 30 FRMBA LIz, ZH S EERLSAL, 2EEPHBRE (16X160 mm) i
10ml FoMEL%, 121°C, B AHEEEBREL b0 RHEARRIF AL L, ThOHRED
IBEH ¥ X2, HE5rUCHAF 4 ¥ TG CWIIEREREH T 37°C, 18RFMHISES
T 72 C. perfringens @ Bt BELEEE (NCTC 8239) OEE 1 HHEXHEEL, 37°C, 18IFRHISKRSK
ERTo T,

& #
RPE Rk & BRI 51T 5 Bt EARE

C. perfringens DRPEHFR THE & BEHRE 10RO 1THEHEL, HKO EtBREA
Fv 2BV, EtEEECOWTRE L, £0EERIE Table2 @R Uiz 5, BHHEHEHK
T#krh, HRF Y bMick D Et DEEBSHERaNT-DZ 58 (NCTC 8238, NCTC 8239, NCTC
8798, NCTC 10239, S-45) & BiEh3tk 10 %k 1k (Rw-18) DA TH -7,

PB4k & BRBREHKICH TS EtREF OB
2WT, FU K BPERERL 75 & B HKEH 10 22 2V CRiR O &4 PCR Kt 217
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Table 2. Comparison of the results of commercial Kit test for detection of enterotoxin and PCR
procedure for detection of enterotoxin gene of C. perfringens.

Strain Commercial Kit test PCR
(PET-RPLA, SEIKEN) procedure
C. perfringens NCTC 8238 +*! +
C. perfringens NCTC 8329 + +
C. perfringens NCTC 8798 + +
C. perfringens NCTC 10239 + +
C. perfringens FD-1 ~—*2 -
C. perfringens S-40 - -
C. perfringens S-45 + +

C. perfringens So-1 - -
C. perfringens So-2 - -
C. perfringens So-3 - -
C. perfringens Rw-1 - —
C. perfringens Rw-2 - -
C. perfringens Rw-18 + +
C. perfringens Fi-1 - -
C. perfringens Fi-2 — -
C. perfringens Fi-3 - -
C. perfringens Fi-4 - -

+*! Positive. —*2 Negative.

v, Bt BETFOREBE2{To72, ZOKR, HR*F Y McBW T Et ZEA L 7-BhHEdskiko b &
L, BEHRO 1> 513 BECGEETF ORI Sh, MRBEC X 3 REE—% L7z (Table2),

L OEERIEEE ¢ PCR EMORH

DEW, VAV EHERD IR TEEL, SEBREE, SHEL 258 DNA OE VS
PCREVOMHIHET 20 TFL XDV TR Lz, iU SICHEREH T H 5 Thioglycolate
Broth % Rlv> TRHHEHNER 780 5 5% DNA 2B L, FidofeT PCR RIGETV, B5
iz PCR EMOER kSIS Y — > % Fig. 1. AR U7z, FERIcBhaEhskrk 3 4k - B ikt
SRR L BRI OSERE» 5B 5 h i PCR EMOESKE) ¢ —> % Fig. 1. BioR®L
72oFig. LA B8 XU Fig. 1. B » o BH o 5% X 5 i, Mikgihic 2038 U - BE3X85 8k (NCTC 8239, S-45,
S-40) ® 3%, NCTC8239 & $-45 D 28 Tid, Wih b 364 bp DALEIK 1 KD/ ¥ KA S
h, IR X 3 PCREVOBESEICECIEED shizh o,

%8, WEBPOBBEEBEIZTHOEKRE D 1lml H7:9 18CFU DA —5—ThH -7z,
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A M1234 567
600 =
pe -364
300 (bp)
(bp)
B M123456
-364
(bp)

Fig. 1. A. Agarose gel electrophoresis of PCR products of C. perfringens cultured in Thiog-
lycolate Broth.
Lanes: M, 100 bp ladder marker; 1, NCTC 8238; 2, NCTC 8239; 3, NCTC 8798; 4,
NCTC 10239 ; 5, FD-1; 6, S-45; 7, S-40.
B. Agarose gel electrophoresis of PCR products of C. perfring, ens cultured on CW Egg
Yolk Agar plate.
Lanes: M, 100 bp ladder marker; 1, NCTC 8239; 2, 8-40; 3, S-45; 4, Rw-18; 5, So-2;
6, Fi-3.

M1 23456

-—364

Fig. 2. Agarose gel electrophoresis of PCR products of six kinds of food poisoning bacteria
cultured in Brain Heart Infusion Broth.
Lanes : M, 100 bp ladder marker ; 1, B. cereus No. 55 ; 2, S. aureus FP-10; 3, S. enteritides
95-6-1; 4, E.colz 0O157: H7 HK; 5, C. perfringens NCTC 8239; 6, C. botulinum
IWANAL

7 PCR ZEOFEMEORE

C. perfringens B X U'Z DDA FHFAE (S aureus, B. cereus, C. botulinum, E.coli 8 LT
S. enterstzdis) @ Brain Heart Infusion Broth 3538 &, ZMZNEEE DNA 238 L, BHRD
RinEHAWT PCRERZER LI, %0 PCREYMOESRKEN/ NS —> % Fig. 2 1R LTz, /2%

DEEOEMPOTEEIZ VIR 10° 95 10° CFU/ml O 4 —5 —TH -7z (Table 3),

Fig. 2 14 503 & 512 364 bp DALE /3> B3R H & - EfE 1T 6 RS C. perfringens @D
AT, i b FEEOBRTHEERED & 3 S 1L, & PCR &3 C. perfringens D Et B0/

HIc L TBEMTH S Z &880 Bz,
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Table 3. Viable cell counts of six kinds of food poisoning bacteria in
Brain Heart Infusion Broth.

Viable cell counts

Strain (CFU/m)
Bacillus cereus No. 55 1.5x107
Staphylococcus aureus FP-10 4.7 108
Samonella enterstidis 95-6-1 4.3x10°
Escherichia coli O157: HT HK 5.2 108
Clostridvum perfringens NCTC 8239 2.3 108
Clostridium botulinum TWANAI 8.0x10°

DN AENEBEERIXATOEEE EtEEFOBRH

6EEORMIF A AV THELLEKE, BES X UCEB OSSR & e h
T DNA %GR8, Aid 0 F# T PCR KE£1TV>, HI9E T3 364 bp IofifE+ %3 Kot &
hapBErERELT-,

FOERIKE Y —>id Fig 3R Lic L 5o, Bt EAKEEB L 6 ET N TORRT +

123456789101112M

364 — Kglad - 300
(bp) (bp)

Fig. 3. Agarose gel electrophoresis of PCR products of enterotoxigenic C. perfringens cultured
in various food extracts and culture media.
Lanes : M, 100 bp ladder marker; 1, CW Egg Yolk Agar plate; 2, Brain Heart Infusion
Broth ; 3, Control (Brain Heart Infusion Broth); 4, Control (Thioglycolate Broth); 5,
Control (Chicken ext.); 6, Control (Mackerel ext.); 7, Seaweed (kombu) extract; 8,
Scallop extract ; 9, Squid extract ; 10, Salmon extract ; 11, Mackerel extract ; 12, Chicken
extract.

Table 4. Viable cell counts of Clostridium perfringens cul-
tured in various food extracts.

Extract Viable cell counts

(CFU/ml)
Seaweed (kombu) 1.5x108
Scallop 5.0 10¢
Squid 2.0 10°
Salmon 6.0 107
Mackerel 4,0x107
Chicken 3.2x107
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2 DEEEE L, HIEMHRO: DFEE L 7z Brain Heart Infusion Broth ¥ X tf CW BI#IER KD
REHEEN S, WTRb 364bp BT 5 1 ED N> OB S hiz,

F7, NS FANTOMBEREBEFEECL>TE X780 0, 10°4 5 107 CFU/ml ®
A —FTHo7 (Tabled), %5, WL LTHW 2EBEOAN T F A & 2 FEO AR &
EMF Y FIFME S o7, $RRIF A0 pHZVLFR S 6205 6.4 OREIZH -T2,

)b 2 E D PCR EYORHEE & B L OEER

SEW, AERTHW PRI TORIGEYOMLEE 2B O S» o Lz, £,
7 x )b 2 B Thioglycolate Broth @ 37°C, 18 FFHIRFEEREHED & [FIBFHI % F > T 10 fEEEREA
BRI BIER L, TREHROFRE D S LB ~I T THM DNA 2EK L, BiloLMET
POR#E£TT 572, FOEF Fig 4 2R Lz B YD, Fikde o 107 FHFYE L T 364 bp DOfiE
W PCREYTH S 1ARD /v FEH S, 10 FHREcEmb s anotk, ZOBH,
#A DNA %A O TE EFER R 500 ul TH-o7-n5, T 1,000 gl s U555 FEko
b DA R N D A

REEFEROFE 1ml H7: 0 OWMIE 100 CFUETH -7 2 Lo, PCREWOHRHELESIC
PERERIE 1ml H72 0 1 CFULLETH 2 EHEE LI,

12345M

—600
=300
(hp)

364~
(b

Fig. 4. Agarose gel electrophoresis of PCR products amplified from diluted solution of
Thioglycolate Broth incubated with enterotoxigenic C. perfringens.
Lanes: M, 100 bp ladder marker; 1, 10° ; 2, 10°'; 3, 10-%; 4, 10-* ; 5, 10~*

= =

Vel A WARERAROEET 2T bRy y (BY) KEoTEIEBI SR BEN
HERUAHHETDH D,

FHRERS BV EEY VY 2 HOBWECIZ I E TREFZHFEZTLE L TEL DT
MEREINTEBD (Duncan and Sommers, 1972; Uemura 5, 1973 ; Skjelkvale and Uemura,
1977 ; 7§ 5, 1982 ; Notermans %, 1984 ; Jakson &, 1986 ; Mehta &, 1989 ; Uemura &, 1992),
FHEL SN ZO—OBSHERL TS BtHHOX Yy P TH D, COF vy MZEHTED
e, Bt ORHEBE L EVEATREO M5 eMEETH 2, Lvl, ZOBREETR
F FHERBEEHIC X > THERBEOF/ET R 21T, FRFEERIHERE & I35 5 O H 3Bk
WORMNAREC 05 Z b, FHEFICL > THLTLOFREREIAEZ ThwI e, 35KK%
DIz DEEABSDNY, FAKEOEROUEE T bIFHEID2 5 WS BERH 5,

FITHAMTIE, BESLOWMESFTHEASHL TR S POREB Y 2Ly 2 HE GO RTE

— ) —
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FRMEOEEFZIC b L RAINTUEHAZEHL, Yo vy HATHEOFRAM L &
LBEANMEC DEREDOICHADATRENEL 2HE—2DHAE LT, ZRH6ORENSHBL I
IFANTOEEEOMMEOEEL, ARt 2 YFMEO Bt BEFHREADIEAOTREME
DWTHETL 72,

P RhEhRk s BEmRE R MR L, TRF Y Mk 3 Bt EARERFNI, ZORERE, Et
PEELULEMEEL S BBRGETIRB AN, Bt 2EBEELZVWEKR TR B EEFORESLT
AWK X 2RI L7, ZOBRIX, Z-hoMEES (Saito 5, 1992; HR 5, 1993;
Ridell &, 1998) ORBFEL b—H L7z 2 o5, Bt BEEKORBICKEDERENTHEE N
2o 2T, ABRBEOHEEZ I PORETIRTER:y LI VR HIEREI -2
5, AEMDOETHIENTRE I LEHLLTH D, ZOERTHRAL 2 FD-1#k L S-40 ki3 R
hEHEERE L TAS SN ERT, FROERS RFTH-oicbrb s, Bt ELEED
sh, £ Bt BEFLREIAE» o7, JHRBDENITHREL Tui: Et BERESEKROHF
FRCBELE LD EEL SN2 SHMIITTS 5, DV T, §% DNA Rz 2 5510 & FK
T2 Lk Bt BETFORBICEERD 3 HELICOWVTREN LT, £ ORE, AR & F
WO RF 5 S FHL 72858 DNA O w5 b EtBEFOMBER > REBHE & R, B
KM X 2 Bt BETFORBBECEVIEIED Shkdr o7,

2T, C. perfringens % &b BEORRHAETHEREE 6 EEEHEAL, £ PCREOREN
ZoWTRE Lz, ZOER, C. perfringens D& 5 Bt BEREFONNY Pl ah, AR
PCR #5834 H O Bt BEFRHECERNTD 5 Z L BRI i,

bRETHRELEY 2 VY o EHRDPEOFICRBEANELE 2h s OMIAEMCER L 1254
BEETHhTVWS (LR, 1962), LHrl, ZhETIhdsDBERIOWT PCRERZIGHL, Et &
EE OB ZRAATRE 1T\,

FITINSOAMERMCH L TEEREZICAT M, 2¥Ihs0RELSFABLT
XA EAV, ABWICERE LT C pefringens DIEHEL, PCRZIW X 2 Z o HHHE» 5> Bt &
EFORE2HEALT, TOBEE, BRI EEOBEANEIFADT NIV VY2l
PRET 2L iz, REOIGHIIC LD LEMED» S Bt BERTF ORI T 2 2 L8R, £z,
IO, BRTF ARSICE 2 PCRRISHELAD ShhoTlz, 12I2L, #ild & > iz, PCR
BERAOLEASBR TR Y s vy 2 B O Bt BETFORENCIIRAND 2 Z L bSO »ICR o T2,

BEARCBOWTRHEEAEDO—2 “FL” L LTOFERDY, 2> 7i3F0RENAR
LUTHIASEELEL, A3 Ah Ry BoERRSRET IS (|,
1979), & 5 HFREHLOBEOEHIC L VBTERLEI TTHEESH 5, S8, HFEDNA O
FElEHSD, BEANEEE» SO Y 2 VY 2 FOKE L 20 Bt #EFoRHiz@id 7z PCR
BEORAMI DV THRET L TUT L EYH 5,

Bi%i, Az Lk 2 PCREYVOREBE2H 5720, £THERE OBR» SR LIz, 208
B EtEEGEFONY N3RS N EEERORAFRERIE 102 Th o 1o, BERE O FKE
¥ 108 CFU/ml TH-7: 2 &6, Bt BETFORMBREX 10°CFU/ml Bl EEFESI I, &
DEEEL, $5% DNA B0 D TE EE%H 500 1] DBE ORMETH %3, RISHERE % 1,000 1
B LSS Bt OREFEICEVEED Stk o7, 22 TESN: 10° OfER, FA&
TEORERKTH 5 10° (i, 1981) LV REBREES VI L2 oRPERERICE T 28F¥
RIEHO—EN 3 A B2 300, L VREBELED 3 7:H12it, #E DNA ORHECRR O
(15, 1997), Nested PCR & (Baez and Juneja, 1995) %t ¥ D TR B LEE RS,
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# &

EFROETICH Y, B2 THH, CHELHDLY & LicdtiE i Emem R ey
Bk & I ERRERT S L BT REFEERSICEHEBL £ T,

X 23
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