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2 7 B R0 M BT R R A ) AR O B AE A 5 35 B9 L AF — BR o %% £{fd (immunological
techniques) BAZFEHL fiif (nucleic acid techniques)#EFTHED % BB B (51 ~ 2ETHEER
— BT o IV B AT R A T EREE DA AR PR - MR PR S SO BT
(polyclonal and monoclonal antibodies as reagents) ~ B % S A o 0 O A 43 A TR (
enzyme-linked immunosorbent assay) » ﬁ@%%&%ﬂ’?ﬁﬁE@%?ﬁﬂﬁﬁfﬁ(immunof-
lorescence and immunogold labeling) ~ ¥ZRE H i A5 AL B £ 8T (nucleic acid probes ) B
£ » RLMERIRE S F 2 ERS HES X (nucleic acid hybridization based detection
techniques) ~ BE B 4> #7 (dot-blot hybridization assay) ~ [ i B 3% B8 8] 25 AU 4 53 4 (
restriction fragment length polymorphisms analysis) >~ DNA B &5 T 5% S 961 S JE 0 R R
(DNA polymerase chain reaction) » £33 F DNA K& F FEF#E M EEE P (random
amplified polymorphic DNA -RAPD) ~ Z5 & RERLEATEALSMIT I (DNA fingerprinting) ¥
Fely o SEAEZK » H A B 65 o RBAE T 1 S TR Bk () > ) AR AN [ B AR 4 B/ [N
PRAESHR LRI A9 8 BIE AT » 75 2 A PRI AR B R HE & 2 M (high copy number) FF £
R B MR R B & T R IR I 72 S DA A R IR R B S U & 7 B % UM (RFLP) S AT
B 2 S R Bk RORTAR B AL BE 55 B RO S > o — 4 b AR R A R B
3% HH B P R i M 0 2 26 A0 VR F AV B — MR A B R 81 > DUARERE FIAE IR & 2
(] o HETERMRGE) PUEE B SNSRI RIS 8ET L > LUEES [T DNA REBER
SHISH BT FEEL T (RAPD) . DNA B & B % E #8  FE (polymerase chain reaction » PCR) %
BB H T ARERRERMENZEER o HATHIE > HrEr.s 1M E iR
EBE AR ~ oM B A T R RN > LT A T R B I T RO i
IR 5 — AR BR BRI AT R o

BRAED AT  AEYDEIR L - (0~ R o
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RIAEMESEEFBAEOEEKER - FhEBEERSN - EITHEYRHE R R R R
(phylogenetic) Z P HIH B BAIRAVIERT (B EZLEYDNAKLER RS EH #F %introns » %
BATHRERBPmRNA £ HITE RS EREEEOEEY » AEHEREEY OITERH
1% B R o STER » HRNITAREYHE T (modern biotechnology) IHES » AT ARl # B 12 &
FEREYDR R BB 2 (0, R R T » TR IR B 2 el - i E E AR

R 2t R EELE S HHOEHEE  BESNREASHRPEINERL - Rt - &
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VIR E EAEYIR R R AR AE Y R LFER L — » MEYRFEREEH &2 H2u R
B R EY R Y HEN T PR REERN R o Ak —2K » IO HERSERREEER .
B FRRRDTER BiF ZEYRE - thEPREENZEEVEMNRREEYFEERT
RETEHEY SN E SR FERERR, MHEYRE SR A] DIA A A (R R 8 B 2 R YR
R TERE YRR TR BURRAL T RE R ~ F R SRR » LIRS A Y BAE )
HELR R i BRI TRA R A » 3t — 2 50 m] AR g [ o B R S U e LA A o

1987 4 7E BN 73 BA 5 B AS I 15 B 767 (B MR 1718%) R DNA BRSHEUT MIFR BL I BR A & 38 - 48
1990 FEAERFIS T > FE A ERH B REBFETHEEREMHE &R o HISE-RGH > IdaAE
Vi TERE YR R S AR M) DO (R IR I o J AT » S AV BTF] A EY% IR B B AR
8 RIE R IF B BT SAZ ARl o SR IMVER A 7ERE T - BaTAE—F ek Bz A% -
L 1 SRR MRS o AT B E — B S ANy R R R E E AR ER -

RN RREH AR > EPaERRENEERMSHRZER £ MR E
[ZFE ~ BREUHEEC /T ~ IRTIBESRUVE T REE /317 - DNARGBEREH LR E - R F
DNA RERFEBNEREE - REMBEKRIBIIITESEN © MEEEEMEEZEAPEY
FIREESURER - HEERENAREE/NERNEE KB ERRE RS T EEA
TR EHBPCREGGHI D » B BITERR(E) B 5 S B fRIO B S0 2854 £ » DUEE 5[ TDNA
RE 5 R T FER I (RAPD) K DNAR A B R EHHE X E(PCR) RIREBHH T AREAPERE
HIZEER L > FEE YRS ES » REEHEMEE RN —H o ASTR IR, &%
BRECT 43 B HAE YR R B ER . 2 A R T R o

MmERMEEDREERRARZE <ER

FIRMBRMETENERAZRREREER

EERA T  BHESWEEMRYREERHERS  LHEETXMZ LEERE » E£28
TEBWE o (HANR RHIE LR EREZET K » BISREVIEEAHEERER - REFRED
REZE MG TR EVIB A R A LB AR o — RS > RENERNESRE - SU%
FE—ES0REE - iMENEEYRREEFTERIRE - LERMRAEER » EYREEE
AT ERLC SR - REYRREREEERTE - 2PEHEESF -

BRI F [0 75 22 W 5 7l DA B BERR HU BB L 1T (MADbs) {E I B RMEY) < R B H — A B R A&
& o MHKH » FIA B {EEY RSB A ES Bl » HERFRC — ; AREEE
ERE UM A E2EMERELEH MBS EHEEESRE » KT IR R E B o 5 —F
HEHSTEREYHREEFHEEEEE - AEREEETERERS » ERARZ2EEWHSHaE F g
BEH—EPUNE o 20H BB FRERA B - HRBERK - AR aE 2 ImnE » EF
ARREESEEITESERAE —SEER » (AR AREENLEIN OF) (HHEEE R EERER
B 0 E A 7 (ELISA) FTRE S B R A H — M2 45RO 10) o I E 2 HUIN T 7] BE 12 547 A0 B B
FEEH £S5 FRERLE [ ES10.26) o Barker & Pitt (1988) # 32 JRIE K B ( Collectotrichum spp.) &
R ERE P RFE B REFHEE - SHRIBILE » RRNEHFLZ2E—EHFEN
HE M4 ARERENERTMBES o §-SHErEMREIEE —Hiig  KEMNAImEE
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! (bovine serum albumin (BSA))H .1k —#EFE B — VA » A1t — 2R LA P AL R AIAC B S FE RN o
WA EF % RIECS o (BRMRLIER - FE - AR A B/ NE R B ARATIES 2 SRR SORMERY
b L 7 25 3 1T %2 9% 3% B (immunodiffusion) ~ % 3% & VK (immunoelectrophresis) B %% B R
(electroblot immunoassay) 5 B E B (®-10:15) o

B 8151 22 7 B 2 B ¥ 71 82 (monoclonal antibodies)ff 3% 3 &

TS S B > R R AT Y o (R R G R A A R
Fe 34T B — M BB 2 B B MBS lymphocytes 56 » R AN R B R R R R R 2RI
RIS B — Y AR R — R R E o BREBRISLL - EERSREEYZBE
1675 B PR BB A0 B - 05D » Tanelli % A8 DL B BRI1HS (MAbs) & 50 Fusarium oxysporum #J form
species (f. sp) 55— ([ P2 B M R Y AR 9 I L (2 T 2 B 728 © Banowetz FAF
)] Bk BE R 1T R EE{E B/ NERH wheat bunt fungi chiffy — {E & (species) K& TEF o DIZ2ETEYIR IR
FES E 2 BRI (MAbs) B 5L0E 2 H M2 E W R # % > (BAEE BIS2 BT Phytophthora
cinnamomi ?®) » Phytophthora megasperma var. glycinea (59) ¥ Pythium ap]zanidermatum(ls) B 2%
FEERE Y R R B — i o AR DRS R  EHAE B ARRE ] o (HZH Hardhaw et
al, B Estrada-Garcia % A fi 15 & Bk LES{BEELL Pythium ) Phytophthora BFRE4XZHEET
(zoospores) EITHIF T SRR S o M B S TR I L (19D o Wong AR A SR T
F 10T (IF) R Bh 36175 % 2285 B8] (Fusarium oxysporum f.sp. cubense) Z B BB T race 4 &
race 153047059 » Deway % A SL7E H: 73 B A 459 (Dutch elm disease) B Ophiostoma ( Ceratocystis)
ulmi . %) = R B J% (the eye-spot) B Pseudocercosporella J 7K i 3 BB LR EER
Hamicola lanuginosa B Penicillium islandicum FHRIUES IR 78 7 i Eg (18.19) o

BB EERREENRZEH LB

SEAERK » B & W) i (biotechnology) HIE S » RERSBERBEM ME A AHEESR
(cytogenetic) » Z{LJE K (biochemical) K& H ALK THF ik - PEEER - ZETE S ER R L > W
HEEE ~ 28 - SETEEZEM o £ DNA L ZEFHRHE R R HIOME - RMgaRTEDN
IEFITELE o —MBARER » EERIKIISEEEE mDNA)D T BB/ » RETERMARAUEE T
Bedte 7 i H R o

O AR RE A B BV i

B b IR S A% B (miDNA)BR T 4 805 B R JE 4t (slime mold, Physarum ephalpolycum,
Hansenula mrakii) » XS EEIEERIRA T o HRIRBERRE) T B A/NRKITE8.9 kbp (Torulopsis
glabrata) E|176kbp (Agaricus bitorquis) ° FTLA » HEEN RGBS TR/ NI ERTERER
Al ~ SEESME L > W Schizophyllum spp. 0>V, Ustilago spp. (56) Qomycetes 33). Coprinus spp.
(55) 5 hT 4G BB 7 FRSE © Schildkraut T A BSBMIE ~ HE - /Y R EE BEHYDNA H CsCIRAR
VBB s FLBI7EZE » BEENVilla FiStorck 28 FH 1478 H B 2 HIZE 83 | nuclear DNA (nDNA) 2
mitochondria DNA(mtDNA )7 /b5 % & (CsCl density gradient) 2= — & ks w] 2 A A
S MBEH B 5 T LR B R e 7E B 2 KRR (total DNA) TG EIEH D » — RIS » HKIARESEXER
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HIG+CE B E /O e ERPR R OISR, 5 R IR C C+CE B H g RPN R OB -
MR » FTLAEIIE S 5 Y YL 4,-6-diamidine-2-phenylindole(DAPI) B bisbenzimide Z & T »
DAEALSERE D R AR > (e 2 BB B 52043 o A A > EAA AR RS B AR BR T 2
B EERIRE ST AR RS RR E - Bl DALREE R T B8] > LRSI IEERI AT > B
Dl—#% E2RER > RIBREE KBRS ST TE L ERgRTFEG) o

EENRERMIRET EERER :

Hil» #EEEREENSREES  TEREECERBREEHEAR R R
DR EYREIFEE Eo B iagll » FE—TEANRE 2 o AR 312
S 1B 7 i B K B LS O 3R (vector) 0 AR PR HIBE R (restriction enzyme) 1L 1R » RIS EHAGAERE
K (ligase) E{TE5#5 X FE (ligation) » W (transform) E & 5 18 5E H 77 (&7 3 L Btk > IR BIW]
FH 15 & 8 #k (transformants) TF & 328 #7205 L BR b BE W BETE AR » W00 B HE B A AR B
(insert) » FEANLAME: (labeling) RSt (probe) ° P IZER ST E AR EHHIEE » HBIE
VESt oA FORSTEM AR ERIRLRC 4D » FRLUT AR ST CA B 2 A FE FITEA YR 2 A8 L o
T AERE Y7 B ER (R 95 | » 2 DRI SR B F i B A% BR BR 81 B Bt 2 B V2 3th 8 P TE BUm ZR IR Y £ 5T
(40,49) , AR ST B A8 K 18 R P R [ 4 BB/ NAE RO BB R (40 5 40 ¢ Sclerotinia spp. ®°) . Fusarium spp.

(36)  Fusarium melonis*® . Peronosclerospora sacchari (60 Gaeumannomyces gramz'nis(6 N

Verticillium dahliae*®) » DI R FIT EESRE S AR HECD o Mz » HRES T ERRHRITY
A ~ SREEA A i 5 4 B/ NER B > BESE L ERRY & IR0 o P2 A R BRAS AR
%A (high copy number) Z KB > TR 13 B F BMRIZER T Y| P B F B RKRZRCY) »
HOLAFE P 4% B B 751 % =% B8 [ %% 71U 1% (Restriction fragment length polymorphisms, RFLP)43- 4778 fif
RFERZ ZRECO REtks MRS B EET » FiE— BRI ERRIE S
Fefir » GREHEBAEEE I EATEEANE RS DUAGEEREHERE 2 e
46) o fl4Martin AKistler #F5E Pythium spp. FIER#E %8 < RFLPs » S EBH LE PR N 2 A IUEAE
80% LA L » MEHRIER ZAUE KL/ NR30% » FTLAAT LT R B A N RO Kz AR B AL IR < (7K FE AR
EBECY | Martin YL Pythium oligandrum R R S R BRASHEA . — R R IE OB Fr B 1% » R EAE
B ERYEST » LA %) Pythium oligandrum F: Pythium sylvaticuni3”) | Chen® AR Pythium spp.
FEM 2 AR A PR BRI Fr R B R » SSRAER AR LAAEEL » ARSI » 78 FORE R RS A% 1 PR ) B2 [
BRI FEPIE AN R E20% o Stammler® AR FE Phytophthora fragariae var. fragariae » EFRIBRES
K% B L IR e T 2 R alt B # 2 WY > B3] —{E 1.5k bR AR BE B BR IR Sl » BLARFLPsHY % » ]
W& 43 Phytophthora fragariae var. fragariae }2 Phytophthora fragariae var. rubi > H & RS B H M
Phytophthora spp. B FEIT IR HES R IE » MR B RRAERNNEKY 2B UE9EFE - AHEH »
HAERN = B HIE A G?) o Goodwin % AN ¥t Phytophthora parasitica & KRR BERZ Rz » S#EIE L
BHEEE— M EREEST o WIS S 8 BB AR PR R B (2 o Kistler F AHIZE
FH Fusarium oxysporum #7788 1% BRIR HI B2 % Fr BR B 3% » B/ NE 2 I B A I8 i 1 IR B 5
G o Kim%% A434F Fusarium oxysporum f. sp. niveum ¥ IREEREER 2 RFLPs » 3ifi 37 1 B b AR A8 4%
FEF R » SETTIR SRR R S B FE S I FE » M IR [ B AT & 43 5 /N EIRFLP B -t 2b B2 R
HIAE L R E 90 % » B EE65% ) o 4t » KimE A X UAEF BV IR & BEST » $1%f Fusarium
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oxysporum W) FL{E 55 fE (formae speciales)Z F7IRBERZ B %5 B M AT R SR » ST & AnfE A 2BV B3
FR—FE » HALEES AR RIS ARARECY o FrLL » AR ESERZ
FIERCRARA > ATER ERREZ S L LR —FEIRER o pe4t > BRI EE A ARFLPE M ME %
P B RSB B R EERT BRI HI B T8 Leprosphaeria korrae®) ~ Armillaria mellea'®) ~ Sclerotinia
spp- (33) ~ Fusarium spp- (32) . Phytophthora spp. (19.22,33.46) o 5 Hij 7 B& R ke S 5 J31) S 0 e B £
I FEERE £ > 55—l B o] FE A K B M R i Z © Random amplified polymorphic DNA
(RAPD)(56’57)&%%@if@@ﬁﬁﬁﬁ(polymerase chain reaction , PCR)(47) o PCREFERAELEMN
DNA F » HWEBEE R ENER HE 5| F (oligonucleotide primers) ¥ A IE (amplify) 2> EH#Y
DNA » MRAPDHIZ FEFEREEFIFH —E/NE 5 ~ £ ERETHI5 [T (arbitrarily-designed primer)3E
F(H & BHIDNA » FiLARAPD X5 Arbitrarily primed- PCR(AP- PCR) o i fE 7 %5 E R B
¥ BAREERERERMEL L o 20 © Punja % AR A %085 FETER ARBE DNA9(miDNA ) B &%
DNA (nuclearDNA)#J5 | F » {# FIFE Sclerotium rolfsii ¥ 2 DNA Lt » F| F 12 F& 7 [5] 4 IR 1 B 3% 4317
PCREY) > BEHELEMERNENARTE - HEKEHMBREEHENERT |+ LLE—F 0T
(27) o Quellet } Seifert % A $t%} Fusarium graminearum @ F|FIRAPD IR HH B A R H
HEFE I8 A9 Fr B » BRI EFF (sequencing) ILEH — MR F B2 %% » LAPCR & > (EREEH
T HH ) R SR 88 1 L 375 IR B 2 771E © Asssigbetse % A LA Fusarium oxysporumf. sp. vasinfectum &fii H
B HUp % Z RAPD markers » DUHARE# & 5% I B8 9% IR M 1 B¥ (pathogenicity group) K 4348 © Iit
G& o 8 — LR SR R Sh R BT » A0FE R 7E Fusarium solant**) ~ Colletotrichum graminicola

RN Leptosphaeria maculans®') ~ Gaeumannom yces graminis(60) ~ Neurospora crassa® ) FH A

L o FRLAERIR L - $TEHEYIRIR BRI EEEE L BRWTACRE —EHE LR
B o B T Z B BHR [ B A A (] (detection) K 2 T (diagnosis) I B K » BUHEIRE — MR
B BR o1 BC & BE & 5B (dot-blot assay) FE S8 AHK) /7% o Sauer, K. M., % A B Ophiosphaerella
herpotricha W% R EEETEE]—(E 1.5k b EEST » FF B A HIZ291@ O. herpotricha K FIH A =+
PR B B R B A R B AL B B S S FE » 5 REEUR L R ST 1B H — W O. herpotricha IR E 4
BASEHTSCHE » AR A BRER ST & BE V& » AT EH 200mg P S 7 ATEL AR AR E0 2 I A A B2 95 [
BHITAAE » DABLGE A AR B RS C2P A2 M B BUE T2 E 10pg i B B - AHE L ug WIHE
BRE AT EERIRE o HRBERERE — ROTERET LA » #FI0ERE AR IR BRI E R
R ~ P~ B 1EGY o

AE B EMIELL B8R B R PR A8 DNA HE1T SR B AU B By » 1% 6 0% 1 25 4 T #8.804002-69
804002-14 ~ 804002-96 ~ 804002-28 ~ 804021-43 ~ 804021-67 ~ 804021-53 ~ 804021-29 Fl Sclerotium
rolfsii ~ Sclerotinia sclerotiorum . Rhizoctonia solani & % B DNA 1T BE#EA (dot hybridization)
FE o IRIRBERAS R LB AT » LAESF804021-53 A B — 1M o B LIEST804021-53 TR IS E
B BAEREERS MELREFECE o ik R A B S TRE® HT
[ PR RR P 5 P G R R 22 52 - 0 LARE F 7 A% 8 IR i B 32 U0 &1 Fr B %5 B 1% (Restriction
fragment length polymorphisms, RFLP) /S i f&E R Al A &2 75 B4k C0) R Btk IR IR RS AL B i 25 AU
MRS EET » R M EREE T E AR B ERE— R > LIRS Rt FE F 7E FH R
FZAAM E o FTLARKMIAFE A H » BEERRFLPAOTER REAZ ZE M » HEBRENEL
INEFTERR o FIF$R $1804021-53 LA BLHERD 1E 1T HR S 0 8 TR A5 1F - 7T 7B 308 I 2 B ££ 804027 &
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BR OB F

DNAEEETE 106 ng » {EHIBESF804021-53 K IR AE IR Fr BRRF E BB RS 1077 g o PREF804021-533
TTHR R R I B R > DIBMECE T E AER(AER ~ S8 - BIIER ~ st DUk 8
=\ GIISEREER S L AR ) DU B S B v (T AR U R R EE IR E S0 kg
1076 ug ~ 100 ug ~ 107 ug ~ 107 ug ~ 1077 g © FEILFH] » BEIEERE ST BT IR(RIBEF
BN oy S eEE(D o B2 MY - HYERAREM R EE L B E Rt

F— - RPEY)IER KR RS Bk

Table 1. Monoclonal antibodies raised against plant-invading fungi (Dewey, 1992)

Route
Fungus Nature Immunogen Freund's early Booster Screening specificity MADb class Reference
(amount per adjuvan method
injection)
Fusarium Spores 107 + ip. i.p. ELISA- Genus NGl lanelli et al.
oxysporum spores (1983 )
f.sp.
Iycopersici
Tilletia sp. Spores 3mg - ip. iv. ELISA- NSG 1gM Banowetz ef al.
Spore spores (1984 )
extracts
Phytophthora  Zoospores 2x107 - ip. ip. 1F-zoospores NSG NG Hardhan et al.
cinnamomi (1986 )
Sirococcus Hyphal 1mg + ip. iv. ELSIA-sol. IgM » IgG Mitchell &
strobilinus ~ fragments Ag NS Sutherland
Genus (1986 )
Glomus Spore 50000 - i.p. ip. ELISA- Species 1gG Wright et al.
occultum spores (1987)
Phytophthora  Culture 0.15 mg + ip. NG ELISA- NSG 1gM,1gG,Ig Wycoff et al.
megasperma filtrate protein sol.Ag A (1987)
f. sp. Western blot
glycinea
Fusarium Conidia 8x07 40 mg - IF NSG Race IgM Wong et al.
oxysporum  Hyphal specific (1988 )
f.sp.cubense fragments
Armillaria Hyphal NG +/- ip. NG ELISA- NSG ND Fox & Hahne
mellea fragments hyphal (1989 )
fragments
Ophiostoma Hyphal 3mg + ip. iv. ELISA- Species & 1gG > IgM  Dewey et al.
ulmi fragments sol.Ag genus (1989a )
Humicola SwW 150 mg - ip. ip. ELISA-SW  Genus* IgM Dewey et al.
lanuginosa protein (1989b )
Penicillium SW 500 mg - ip. i.p. ELISA-SW  Species IgG Dewey et al.
islandicum protein (1990 )
Pythium Zoospores NG NG NG NG IF-zoospores Zoospores& NG Callow et al.
cysts,genus (1987 )

& species

Estrada-Garcia
et al. (1989 )
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75 SR HE FE F 7E IR R & B8 » SERBRIRTEAF EEREEE T EF R AR E BB ENME » &
HEBRE LR ERBTRERR L » SRGE ORISR L 2 HIEE o E— 2 RSTIRAIFE
FIRFLPf* HABW B E R S F > sU B E £ R ZHR IR B ERRR -2 A
M EERESURER AR L o

B4 > REBEIRARH BRI EEE PL024 AR EERIEE » Ll pUCI8 BREEFEATRAN
BOEITERIE YA » SRIEE] 4 [EBAERK A2-3 ~ HC3 ~ HC9 K ES6 ° 435l #% H & fif B A% M BE ST 7 8
BHBEENGEEBUMBEANRETHASRIE  GFRETEHAREIFR - BEFA 17 £
Phytophthora E#k 5. Pythium splendens B2 BB HEITHEG I IE » %5 RR ES6 HSt H B E R
BHH M o SHLENELHESHE 16 Bk Pythium BRZ $EA%FE (total DNA)ETTELE 5547 » HIEAL
FRRSTHIH — 1 » FERIUEEREHEHE 16 B BEEE RN REERFGIEE o REFEHIE > ES6 8
STHUBBUE RTHIE] 100 fg BENBEHAGEEES) o Rtz » REEAERIFARE—E
ERERE - MEE BB LS EEL R (plasmid-like DNAs)IREBIEER M c AHEEF R
I BEREN - HABBREMARERH IAAMEEERE MG EMEZ B L ERBRKDNA
(plasmid-like DNAs) B MHE & & [F T (homology)(?-11:12.13.14) o BHESRFEE 4R DN A (plasmid-
like DNAs) B 3265 [{ BB HIRZ B B R B 1T 28 o HSEREVRIMHIES > RS
EYREEECETER ~ ERRFHE ~ BERFEREHIRESE » IR IIEEYH R EESRE
REJERES o » AT BB A ESTHOE A B EH K28 iR EF A » BRRKEEMT S FEEZFRE ©

2 F Xk

L SR HEGIE © 1995 o AP B A BR A I R HL A BR R ST Y B o3 AT o B P BLK SR AE Y B R T 5T
ATt BF » 96 K ©

2. BRE 0 1994 o B FR % E (Rhizoctonia solani Kuhn) 5 MU Bl & BE B AR E 18R £ S LB
BRI R R EERER o RILPEKSEYFESAEAELR > 89 63He

3. 8B 0 1995 o BN AR L BRIR ST RIEBLL AT o BINLp K BAE Y B S FEFr i &
s B 3H e

4. Anderson, J. B, Petsche, D. M., and Smith, M. L. 1987. Restriction fragment polymorphisms in bio-
logical species of Armillaria mellea. Mycologia. 79:69-76.

5. Banowetz G. M., Trione E. J., and Smith J. M. B. 1984. Immunological comparisons of teliospores
of two wheat bunt fungi, Tilletia species using momoclonal antibodies and antisera. Mycologia 76:
51-62

6. Barker, 1., and Pitt, D. 1988. Detection of the leaf curl pathogen of anemones in corms by enzy-
meimmunosorbent assay (ELISA). Plant Pathology 37; 417-22.

7. Beckmann, J.S., and Soller, M. 1983. Restriction fragment length polymorphisms in genetic im-
provement methodologies, mapping and cost. Theor. Appl. Genet. 67:35-43.

8. Bruns, T. D., Palmer, J. D., Shumard, D. S., Grossman, L. 1., and Hudspeth, M. E. S. 1988.
Mitochondrial DNAs of Suillus : three fold size change in molecules that share a common gene
order. Curr. Genet. 13:49-56.



30 W F

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2L

22.

23.

24.

Chard, J. M., Gray, T. R. G., and Frankland, J. C. 1985a. Purification of an antigen characterisitic
for Mycena galopus. Trans. Brit. mycol. Soc. 84:463-466.

Chard, J. M., Gray, T. R. G., and Frankland, J. C. 1985b. Use of an anti-Mycena galopus serum as
an immunofluorescent reagent. Trans. Brit. mycol. Soc. 84:235-241.

Chen, L. C., Miyasaka, A., Miyashita, S., Ehara, Y., and Hashiba, T. 1992. Genetic relatedness of
plasmid-like DNA in isolates from anastomosis group 4 of Rhizoctonia solani. Ann. Phytopathol.
Soc.Jpn 58: 286-291.

Chen, L. C., and Liao, J. T. 1993. Comparative studies on plasmid-like DNAs from some important
crops in Taiwan. 6th International Congress of Plant Pathology P.156 (abstract)

Chen, L. C., and Liao, J. T. 1994. Studies on the presence of plasmid- like DNAs among Rhizoctonia
spp. isolated from some important crops in Taiwan. Plant Pathol. Bull. 3:316-323.

Dewey, F. M., and Brasier, C. M. 1988. Development of ELISA for Ophiostoma ulmi using antigen
coated wells. Plant Pathology 37: 28- 35.

Dewey, F. M., Munday, C. J., and Brasier, C. M. 1989a. Monoclonal antibodies to specifie
components of the Dutch Elm Disease pathogen Ophiosioma ulm. Plant Pathology 38: 9-20.
Dewey, F. M., MacDonald, M. M., and Pillips, S. 1. 1989b. Development of monoclonal antibody
-ELISA, -dot-blot and -dip-stick immunnoassays for Humicola lanuginosa in rice. J. Gen.
Microbiol. ?135: 361- 374.

Dewey, F. M., MacDonald, M. M,, Pillips, S. L., and Priestley. 1990. Development of monoclonal
antibody-ELISA and -dip-stick immunnoassays for Penicillium islandicum in rice grains. J. Gen.,
Microbio. 136: 753-760.

Estrada-Garcia, M. T., Green, J. R., Booth, J. M., White, G., and Callow, J. A. 1989. Monoclonal
antibodies to cell surface components of zoospores and cysts of the fungus Pythium
aphanidermatum reveal species-specific antigens. Exp. Mycolo. 13:348-356.

Forster, H., Kinscherf, T. G., Leony, S. A., and Maxwell, D. P. 1989. Restricction fragment length
polymorphisms of the mitochondrial DNA of Phytophthora megasperma isolated from soybean,
alfalfa and fruit trees. Can. J. Bot. 67:529-537.

Garber, R. C., and Yoder, O. C. 1983. Isolation of DNA from filamentous fungi and separation into
nuclear, mitochondria, ribosomal, and plasmid components. Anal. Biochem. 135:416-422
Goodwin, P. H., and Annis, S. L. 1991. Rapid identification of genetic variation and pathotype of
Leptosphaeria maculans by random amplified polymorphic DNA assay. Appl. Environ. Microbiol.
57: 2482-2486.

Goodwin, P. H., Kirkapatrick, B. C., and Duniway, J. M. 1989. Cloned DNA probes for identifi-
cation of Phytophthora parasitica. Phytopathology 79:716-721.

Gordon, W\T. R., and Okamoto, D. 1992. Variation in mitochondrial DNA as an indicator of
relationships between populations of Fusarium oxysporum f.sp. melonis. Mycol. Res. 94:734-744.
Growhuret, R. N., Hawthorne, B.T., Rikkerink, E. H. A, and Templeton, M. D. 1991. Differentia-

tion of Fusarium solani f.sp. curcurbitae races 1and 2 by random amplified polymorphic DNA.



25.

26.

27.

28.

29.

30.

31

32.

34

15

0,

)

ST A T AERE W7 U T o (e B B2 B B 31

Curr. Genet. 20:391-396.

Guthrie, P. A. L., Magill, C. W., Frederiksen, R. A., and Odvody, G. N. 1992. Random amplified
polymorphic DNA markers: A system for identifying and differentiating isolates of
Collectotrichum graminicola. Phytopathology 82:832-835.

Hardham, A. R., Suzaki, E., and Perkin, J. L. 1986. Monoclonal antibodies to isolate-species and
genus-specific components on the surface of zoospores and cysts of the fungus Phytophthora
cinnamomi. Can. J. Bot. 64:311-21.

Harlton, C. E., Levesque, C. A., and Punja, Z. K. 1995. Genetic diversity in Sclerotium (Athelia)
rolfsii and related species. Phytopathology. 85:1269-1281.

Ianelli, D., Caparelli, R., Mariziano, F., Scala, F., and Noviello, C. 1983. Production of hybridoma
secreting monoclonal antibodies to the genus Fusarium. Mycotaxon 17:523-532.

Kim, D. H., Martin, R. D., and Magill, C. W. 1992. Restriction fragment length polymorphism
groups and physical map of mitochondrial DNA from Fusarium oxysporum f. sp. niveum.
Phytopathology 82:346- 356.

Kim, D. H., Martin, R. D., and Magill, C..W. 1993. Mitochondrial DNA (mt DNA) relatedness
among formae speciales of Fusarium oxysporum in the curcurbitaceae. Phytopathology 83:91-97.
Kistler, H.C., Bosland, P.W., Benny, U., Leong, S., and Williams, P. H. 1987. Relatedness of strains
of Fusarium oxysporum from cruwfers measured by examination of mitochondrial and ribosomal
DNA. Phytopathology 77:1289-1293.

Kitagawa, T., Sakamoto, Y., Furumi, K., and Ogwra, H. 1983. Novel enzyme immunoassays for

specific detection of various Fusarium species. Phytopathology 79:162-165.

. Klassen, G. R., McNabb, S. A., and Dick, M. W. 1987. Comparison of physical maps of ribosomal

DNA repeating units in Pythium, Phytophthora and Apodachlya. . Gen. Microbiol. 133:2953-
2959.
. Kohler, g., and Milstein, C. 1975. Countinous culture of fused cells secreting antibody of

‘predefined specificity. Nature 256:595-597.

.Kohn, L. M., Petsche, D. M., Bailey, S. R., Novak, L. A., and Anderson, J. B. 1988. Restriction

fragment length polymorphosms in nuclear and mitochondrial DNA of Sclerotinia species.
Phytopathology 78: 1047-1051.
Manicom, B. O., Bar-Joseph, M., Rosmer, A., Vigodsky-Hass, H., and Kotze, J. M. 1987. Potential
application of random DNA probes and restriction fragment length polymorphisms in the
taxonomy ?of the Fusaria. Phytopathology. 77:669-672.
. Martin, F. N. 1991. Selection of DNA probes for isolate identification of two Pythium spp.
Phytopathology 81:742:746.

Martin, F. N., and Kistler, H. C. 1990. Species specific banding patterns of restriction endonuclease
digested mitochondrial DNA from the genus Pythium. Exp. Mycol. 14:32-46.

Michelmore, R. W., and Hulbert, S. H. 1987. Molecular markers for genetic analysis of
phytopathogenic fungi. Annu. Rev. Phytopathol. 25:383-404.



32

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.
54.

55.

56.

57.

B S E

Michelmore, R. W., Kesseli, R. V., Francis, D. M,, Fortin, M. G., Paran, L., and Yang, C. H. 1992.
Strategies for cloning plant disease resistance genes. Molecular Plant Pathology: a practical
approach. 2:234-288. (Gurr, S. J., Mepherson, M. J. and Bowles, D. J.)

Miller, S. A., and Mastin, R. R. 1988. Molecular diagnosis of plant disease. Annu. Rev. Phytopathol.
26:967-970.

Miyasaka, A., Chen, L. C., and Hashiba, T. 1990. Detection and properties of plasmid-like DNA

in isolates from nine anastomosis and intraspecific groups of Rhizoctonia solani. J. Gen.

‘Microbiol. ?136: 1791-1798.

Muller, W., and Gautier, F. 1975. Interactions of heteroaromatic compounds with nucleic acids
(A-T- specific non-intercalacting DNA ligands). Eur. J. Biochem. 54:385-394.

Okoli, C. A. N., Carder, J. H., and Barbara, D. J. 1993. Molecular variation and sub-specific
groupings within Verticillium dahliae. Mycol. Res. 97:233-239.

Panabieres, F., Marais, A., Trentin, F., Bonnet, P., and Ricci, P. 1989. Repetitive DNA
polymorphisms analysis as a tool for identifying Phytophthora. Phytopathology 79:1105-1109.
Prenger, J., and Martin, F. N. 1993. Mapping and crosshybridization of mitochondrial DNA from
several species of Pythium. Phytopathology 83:1423 (abstract).

Saiki, R. K., Gelfand, D. H., Stoffel, S., Scharf, S. J., Higuchi, R., Horn, G. T., Mullis, K. B, and
Erlich, H. A. 1988. Primer-directed enzymatic amplication of DNA with a thermostable DNA
polymerase. Science 239:487-491.

Sauer, K. M., Hulbert, S. H., and Tisserat, N. A. 1993, Identification of Ophiospaerella herpotricha
by cloned DNA probes. Phytopathology 83:97-102.

Sock, J., Rohringer, R., and Kolmer, J. A. 1994. Mitochondrial DNA of Puccinia graminis f. sp.
avenae:Molecular cloning, restriction map and copy number. Phytopathology 84:49-55.

Specht, C. A., Novotny, C. P., and Ullrich, R. C. 1983. Isolation and characterization of
mitochondrial DNA from the basidiomycetes Schizophyllum commune. EXp. Mycol. 7:336-343
Specht, C. A., Novotny, C. P., and Ullrich, R. C. 1992. Mitochondrial DNA of Schizophyllum
commune restriction map, genetic map and model of in heritance. Curr. Genet. 22:129-134.
Stammler, G., Seemuller, E., and Duncan, J. M. 1993. Analysis of RFLPs in nuclear and
mitochondrial DNA and the taxomy of Phytophthora fragariae. Mycol. Res. 97:150-156.

Taylor, J. W. 1986. Fungal evolutionary biology and mitochondrial DNA. Exp. Mycol. 10:259-269.
Tisserate, N. A., Hulbert, S. H., and Nus, A. 1991. Identification of Leptosphaeria korrae by cloned
DNA probes. Phytopathology 81:917- 921.

Weber, C. A., Hudspeth, M. E. S., Moone, G. P., and Grossman, L.I. 1986. Analysis of the
mitochondrial and nuclear genomes of two basidiomycetes, Coprinus violacea and Coprinus
stercorarius. Curr. Genet. 10:515-525.

Welsh, J., and McCelelland, M. 1990. Fingerprinting genomes using PCR with arbitrary primers.
Nucleic Acids Res. 18:7213-7218.
Williams, J. G. K., Kubelik, A. R., Livak, K. J., Rafalski, J. A., and Tingey, S. V. 1990. DNA



58.

59.

60.

ST AR AE P HE Al FERE v I T B (T B 2 T 2 FE 33

polymorphisms amplified by arbitrary primers are useful as genetic markers. Nucleic Acids Res.
18: 6531-6535.

Wong, W. C., White, M., and Wright, 1. G. 1988. Production of monoclonal antibodies to Fusarium
oxysporum f.sp. cubense race 4. Letters in Applied Microbiology 6:39-42.

Wycoff, K. L., Jellison, J., and Ayers, A. R. 1987. Monoclonal antibodies to glyco-protein

‘antigens of a fungal plant pathogen, Phytophthora megasperma f.sp. glycinea. Plant Physiology

85:508-515.
Yao, C.L., Magill, C.W., Frederisksen, R. A., Bonde, M. R., Wang, Y., and Wu, P. S. 1991. Detec-
tion and identification of Gaeumanomyces graminis var. tritici and G. graminis var. avenae

using a DNA probe and non-molecular methods. Mycol. Res. 96:737- 742.



34 BB F

Application of modern biotechnology on the detection
and diagnosis of plant pathogenic fungi

L.C.Chen,R.C. Yu,S.C.Lai andJ. H. Wong
Department of Plant Pathology, National Chung Hsing University

Abstract

Plant quarantine Plays an important role in the development of plant protection. Detection and
diagnosis of plant pathogenic fungi is one of the major work of plant quarantine. Immunological
techniques and nucleic acid techniques have been remarkable progress in the development of new
techniques for detection and diagnosis of plant pathogenic fungi. Immunological techniques include
polyclonal and monoclonal antibodies as reagents, enzyme-linked immunosorbent assay, immunoflo-
rescence and immunogold labeling, and nucleic acid techniques include nucleic acid hybridization
based detection techniques, dot-blot hybridization assay, restriction fragment length polymorphisms
analysis, DNA polymerase chain reaction, random amplified, DNA-RAPP, DNA fingerprinting. The
last 5-10 years have been remarkable progress in the development of new techniques for convenient
identification of different isolates of similar morphology and physiological races, by using
polymorphisms and variation of mitochondrial DNA, and further cloning of specific DNA probes for
the detection and diagnosis of plant pathogenic fungi. At present, random amplified polymorphic
DNA and polymerase chain reaction are the most speedy and sensitive methods for practical appli-
cation on the detection and diagnosis of plantpathogenic fungi. Since now, new biotechnology have
been progress for the detection and diagnosis, and further development of new technology for the

identification, diagnosis and detection of plant pathogenic fungi.

Key words: Biotechniques, detection, diagnosis, plant pathogenic fungi.



	
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45


