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A% (Oryza sativa) \FHRDHEBDOA4BEEE LTWEEEERYTHL. WLBKIZCO
AADOREFRETH Y, ETOREHL CEELLOBEEL 725 LTWVD. Wb LIF0ORRILRE
RECDSRROFERMICL T, B, 8, MIOBKEELLZ L THS. BiIRE RONY
) KRELLBSIIERE L), FLOBRRE 753, RFEICHBIT 2 1993E0RNEIR T
RREERFLVEZATHEY, FOFTELRERITVL BHRORRBEICDH - 7-.

W BRRICBWTRICEARTIZENNBED 2D ICE L DEH], b LREFEA 2R
DERE, BAPBAITOR, p2YVOMELLFCEL. LAL, RO LS TBIckEET 2 2
LiE, ThonEH, ERHREONREIEANZLOTERAVI LZEMTTVE,. ZOBELES
DERIGER, 2 VIZEREEETF ROV BREOREICH L EEIONTVS, Liso
T, WHLRHOERBEIL, REFRICBIAELERE. ZO0BEOLDIZ, Wi HLEROBRET
KOWTOFML2ARFUETHY, BEI TUELOMEZBL LV P LEoBH ST,

1. WHHRHE

Vb BIFE LT D ) B8 TH%Magnaporthe grisea (Hebet) Barr, AEE WA ZPyricularia grisea
THb. VHLREIIFOBERL LTHLZTH B2, NE, Ya7VI, AvInRErOREA
APHEMICFETE S, SOCE—BEOFEHEIIKLS, BOBIEENLRT. o CAEKIT
BEDEMEHDET, [OOVbHEE, OOH| LIFFN2 ZEHFBV. KB TCBVTHUT
EDEIICRHT I EET B, KK, Pgriseald, AN EFEICOVTELZ LN LDTH
D, TREFLA IS LIFEIIP oryzae SHTBNBEETHHAVLRTVDD, AL INE, A4
FEDOEEREASTRTHLZ LD, BIETIEP griscal FEADHIE LV E STV 5 1), Hebert
K> TATE#S ETABROZEERFHR SNADIX1971E0Z L TH ) 2), BETDH HRRE
TRERSRTVZ2VY, BE ETOATHLZESERBRIIFZALATED, RESRESATY
%3).

WHLREIZBRRECIBE L OB 2. BRI EERELHRTRES S, SEBT
(conidia) IXBRBEELOSEFHEICHESINS, SEBTIERARNC2HEOBELBS. BEET
RFELHERTE, BESOEB T (appressorium) ZFEH L, BARIC L VEBEEHIIZE
AL, MEEZHRT 5. RETROETFRIBRIN, TETFIHEIND.

TEURRIBEETIIROP o TR VY, B ETOREL OFETLE, X0 L3I0k
5. £F, WILREEIANTUSY v 2 THY, ZEERERO-DICHRERORL 2 2 BOEKE
PHEIBEFDH S, HE-7-HRITEE L, SRaIHE T 5 &, FDIB (perithecium) PTEE X
N3, FOIROFIXSEOFD I MFFLENLTO I RECHERENS. FO5 BT 4K



Polbrug vy EITHE,

A AV LRARLTEIHOBNZRE, TEHAEZEELLV. Jhi, £32vbbEE
CIBORBRDLNPEET 5720 Tid%, BUBRIEDN-DRELEL ATV, o
T, TEHRZEETEZALIN, Va7 EEZOWH BFEL &L, BEOTHELHEE-Tw2
Ev) Zlithd. T, BEBRBBEIIILRE D —HORFEEL* B> TV ALENSHL -k
PHISNTWS 4),

2. MEHEL—X &AM 20 BEEREEET

WL LREIZA AOREREE LTOMEDEEVEETHS., PTIED L(FEESNTVAD
TEO—DIIREEL - A5 5. HEML -2 L3, HURERCEEDSETH LD, 2021
BREHOEEEY ORI T 2RERDOZRI L > THELABEOZ L Th o7 BETIE, &
FHEYOREFEAEREZETICL L SOTHEIN TV S, £ 20 BFEEITE 50 BETIIESY
LV=2ZHBIB T 1 D0BITH S, £72V 3 LHROMEDELRICHVT, BLECEETF L~V
DHEFBON/-DIEA 2DV LFEERERETF CH o172,

BEADOW S LIRE L — A OBFFRIZ19604K, 1L, HRSHEDZ. BoIE2hE COFED T
V7 2arho TRORBEBRIPRE L-ERERY, TR CTEEREPRTINE STV [ 25
BOBZFEREZMGE LS. TNAPRHE %Y, Table 1-1ISRT 9 BEFIBEEAATL — RS
CHWOHNRTYSE. T/, oL EFVLNL THEKIZLUE THARHBER (apanese Differential
Strains) | EMFENB L)oo, TS OEMMBEFFESTEPI-25 4 bNTWAEA, EEE
BFARICE Y, A 20 BBREICE X STV PiriculariaDEXES L o072 b DTH D,
B’AODXFIIZOBIZTH R L7558, F121T, a i BIEENENEAME, AREEILELN
TWw5,

W BIRE L — RIS EEIC L > TEREMIOHBEZRSEV O TV R, =2 Tk
BAOHFERIZOVTOARAT 2. HEOHIMEZA TR ERIBEFFAVLNRTVS. Zhb
DEFHERIZTIZIETablel- 10 & H IZ3TEST D 17, 247, 3HOI—~ FESR252THY, Zh
TNE LT oL HBIREATRL, £V LREORTREABEEL, 1 FOREEF~,
TOERPBRT Z LD TEIEABBETOI— FEEOMTL—RIZRENS. o), FHIC
&, FEEL -2 LIRS OEMEEEFICHTARBICS L Dn, Wb BREOSED S & T
»5.

LERD LA FDV S HREFURETF 1 H > TIETOWVD LREICERABIRET 25
FTREZRNWIEDRDL, 120V LRIEAUSREET 258103, [ AMOEREEETFS T Tk
WELRAMOEFHFLETH LI Ldbirs. 0L 2EREMOEY —BEBOBTL 5o
N, TNZBEEFENCHBATEL0L LT, BEFEETFE (Genefor-Gene Hypothesis) %% 5.



ZDFIT1956FITFloril Lo T, TRETTEVRBIIOVWTERBEINALZIDT), [HYOKRES
XY R I DR RET L 2R EHRNICHE LR RE OEREERETFD 2 o 0E
HEEFONREERAICI o TRETSE] W) OV FOERKWLEELHTHS., 2F 0, BEFHD
=22 RO TV EETRERELREET THY, CORGFICEREEIREILE, L—AHNE
t320THSL. ZOFFEUBETIEL - AZIORTEL S -7y FELTHECEETH .

3. WL LHE OB ERFREOEEF AN

4G, BETFEITG, ZOEPPOEBETREEL, 70— 77580 FEF—BHT
H5. Lo L, WL EREOHEREMEETF, $5VITEOTEBELBITT 2201013, Z0EY
PRADBEFEHENLZTNETE O %, EROE), W EREETOIEETHLDOT, HE
BRZEWETPTRTH S, BIEFNENCL ) ZOREFOELHEL, SBAETICLIY) 70—
SYFLESEVIDIFTHS. -
COHNEERT 5IIEHEORVEGTHRZER T 2 LELNS 5. 20100 dBRROS
WRERERLLENDHD. BLURORBELUE, BRUEDOS I 2TV EREREEREVT L
E/8), FHMBI 1V ED<T— I —IZOWTHERPITON, W BREIBENFOIBERLL
BEETPTRETSH S 2 LR EN. LiL, EBOED, 4137200V LREDITE A LIzl
BREE Ko THY, 1 ABHECTOREIEFICEHETSH 2. DuPont?D Valentid, ZHORTEIC LY
EREREREZEET 2 LICRYL, 4 AEOEREERETFICET @It 250212 | /-
NotteghemiZ X %, 4 FAETH ) AL MHERROGuylIORERIZL V13) | BE/S A EOBEZTEF
DR 2B L, ZLOMRBEL LT OREKEFE> TEEFETEBHB L. F72Hayashib i,
FTEERE CTOME SN EERKRO A FE L Ho THEITETo w5 14) |
AACELREDOKILIC L o T, FETII20U EDOIEREMBEFOFEIREN, 15—\
LOREH CREFHEBETHIRY IO EMFEINTVS, 7, HEEEREFIIERTS
D, 1BEFTEERINTVE30bHNIE, BROAGBTEIILoTERENATVE DD H 5 15)
DL, Ju—Z Y700, ThSDBEGEFEILREERREICELSRLLENSS. B
FEVS BREICHV STV 5 DIZRFLP (Restriction Fragment Length Polymorphism, #IRETH E%
Bl) =—#%—ERAPD (Random Amplified Polymorphic DNA) ¥—#% —T25%. Du Pont® 7 b — 7
16)£Buddel?) &, #518) IIRFLP~Y—# — |2 & o THEABE S /ERK L, IEREMEBETFEL RE
LTn%. INLOED) L, ZOREIERLLTAARELZDDIRTURATEEILSHS Z EAD
PoTEY, REELNVTOERENL - AZICHES LTV TEERENH 2 I L 2R LT 19),
BRZFERN AT LB AR B IC 2 DR % E L2 B R ETF IR hs T Lo Ty
O—=Y73Nb, IhITIC 70—y 7ashznd bREOBET 2 ERESERETFNI B 20
PRETHRRONEXFALCIu—o v 7Ehi. Z0220, PWL2(V4 ¥V 5SS T5 5 RIS



X3 5 IEREMRIETF) 2008 AVR2-YAMO (A A RHEY Y 0EF 1283 5 IRERRETF) 19CH
5. WEBRERIIL) IO 0BETIBEERERTTRL TSI LIZBLITH B, 25
DEEFHFI—- FT2EEHEDT I /B 1 REFNIPWL2D1457 3 J B, AVR2-YAMOHS2237 3 /
Bro%Y, ENENT— 7 N—RTHRAZ% b D, EFEEIIOWTIIRATS 3.
INLOHMAEDH TREKENDIE, ZOEERBBICETIMETS L. B2, Wido 2 BEFIER
KETHHZEDPHONTVD, PWL2OERK, 74 bbPWL2% RIEMALT 2 28AZ RI1E30kbD
HEHICDZHEFIORKIFEEICRONI219. FHAVR2-YAMOTIX, Z0BIEFEIFAEEMEICHE
ELTWRERESNTWE. FOREFEIR, REEDKE, T4bbFOX7OEEIHEYT
S. ZITH, PWLZ2D &) 2RERMLGERIEI R, BeREREIEI o Tni-20, BRTLINL
IRBUIHRESNTEY, FurTEBEIBEEHICREECHL EELLND.

4. BEBGTEROS T REZFHFENT

STREFHBENEIRELCERLTYS. WHLKREICBVWTLZNRLICEINE L DI L3
LR o TETWE. ZNLDOHERERS BT EEBT TS 20T, BONLTF— 525714 —
VEIZT L= FNy 7 LR FTVEWIEFRH 5. 2OEHICHAVLRTWLDIE, KERFICE
DNAZ A YT =T) T4 278, NWVAT 14— PP VESKENEIC L 2B 5 5. BET
FEEVCLLRIRELTVS. TOVLLHEF VTV LVL LRELFELL — X 2HELTA
HEBEZLDL—ADRLRIERESH LI EHFDIE. INLDOL—AFSED BEORFELL 5
CET, WHELHHEHDOERIIBIT 2EEO—HIBH TE 5. & BRORVERIZNELD
V=REREBLTW20Hh, ZNLITAFALEBIZERZERCUDOL— Rk o7:00, 205
MicEzons. '

(1) DNAZA > H—=T) w51 vy

WHBRET /) AR E L ORBERFIDVEEL TS I EFMON TV S, Shb idHRERES
THALLAS ) ADNAL DHFHFUNA T F A ¥ =2 a VTEHDNY FEELD, ZOELTNY
FONG - BEBERIERNZDDICRE, ZONY FOF — Y OBEUEIC L ) EEORSE - %
R ZAT) TLEDNAT A YA =TI v T4 2 70D TOFETIING — ¥ TLTOENIYT
bRBEDOT, ZhEeBb01E) RERF 70— THEECEETH L. BERLEFPNTVS
DA Hamer H52LDOMGRE86 & V) FEFITH 5. ZDOEFI%1ED &, 40ROy FREL, B4 2R
AR 2 5.

ZOFERIZE T, 72 #2023, au ¥ T200ERIBAT SN, EOBRKTY, B
NZHFED L6 L EDRFEA RO, TREFNOZHKIIBET 2D L — R 3—E 2% 2 E[A1D



AZEFHOLNTWA., ZOZkid, FREOBEA T, L—XERHEEONEEERHY, Bh b

V—ADREROEBIIRAZRIZL S L0 b, JIRKOBROERIZL D Z EHFSVE VI EHEET
LT3, 714X OBKROBN) T, B URKICET 52 EHROBREMEO R BN TbN,
BEARIERHIIRESINTVELRL LS 1 DOFRERRETFIH 5 I EIRENS:. ZOKE
WETE, 74 ) EXTHBRBBOESRREZRAN, 2ORKORENLEREEEETICHEL
Tl EERL, BEATZ L), FLOBREDORREIED b T2 25),

(2) BROLZEME

INWVAT 4 =)V FTNVESIKEEIE, kD L) LEREZDNADFLFUTELHETH S
26). ZOBMOBREPS, WL BREORBEKIIE6~TERTHLI EFbLroTWE, SHICALRA
MICET 2ERT, L—AOMICEBEOEE (BE) TLSEEF S L, 120 bREIcE
BEIICHZMbUTOIZ /0 V — ARELELTVDE I EXbhoTW5,

COFETHD T BIFEOBESHSBROKE % A L7201 Talbot 5 TH 227, 513,
TAVAEFETHTESNTZEROFT, HLRRICETL2OOBE LB L. Z0OBR, IH
NTEEPFE L WEERERLTWAZ LR ROIT. Lo L, ThLOERIIZERTOL —20D
ERDF R o120, HOIIEBEERRIZS 20O E L7253, L—ABIZIRTTHTS
% EAEEm L72. S 51C0rbach 528, BRIOSEMITEICED L R BB 51 502 RAX.
DFER, BUEOBOSERICHRT, TEATRZERIE LWEROSERLRTI L 20, BB
SRBLRELOBICEEIS LI AR L. F/, I220FY - A0—BERRICBWTEY
WORBLZWI EZEEL, BREAK (BEEREMCRON S EEICH L 2V Eeak9) T
AIEEEALLZ. ThoDI bid, W HREFEEMICERE LT EE, MEFSELL, &
RICHEEETEZADETII o b ERBENTWS. L L, BEOZELE L — XB(LEE U7
WrEeit E 72720,

5. T/ ADEKEEL LT LD

WHBRE S/ AL INETICTED b5V ARV VTR EN TV 5(Table 1-2). DNA
TAYT=T) 7427 DTU—-TTHAEMGR86ICD, LIIT F TV AR VD I BESETAT
w330, IHIL, TDOMT VAR VPAVRZ-YAMOD T O E— & —EALICIEAS NS Z LIZ L D fE
ERFEBRAETFOERICED o TV BT EIRENTVS. 72, MAGGYAS, B av s ED2
FLRICE D EEDERAL SIS 2 EARENTVA3D, SALD 5 Y AHR VAN b BRGNS
BILCES L TwaZtiz+5icErons.

6. HREWD LIREMEOEER
FETIE, BEZTOVD LHEEOBEFENCHAVORTWAFELZNIZ Lo TEBLAT



BRIZOVWTEH L C& 7. LRDOEY, W LREOEEFBITICETAMERBITIIL A LHE
AOFREIZE Y BROBEREHN TR DTHS. Zhit, BHEOWV DL LIRENZORELHF
FMBEELTABETHAEZLEZRLTVLDOTIE R, GLANTOBALY, BERECHEMET
HHILVHFENS.

FFE—I, BEROW S LREIIENIERERRZTERE TS 5. IFREREFIIBEEA
DIEFEREF LHFENICHEL TV 3. BHEAOW S LIFEREREFONERELIENRTRBY, #
UV D NERIZ 2 OISR ETICEENS LR EERETF 2o T3 IETTh . W
bLREAERETICHT AR 2ENT-0I100%, FOERERETF OBATICE VSN HAH R
HRDFERERET O — 7y PeTE0PEETH L. ZOBEE,LRT, HRIZE L HOER
HREOEADITHON, BEL 2L ZOEAEOBENRE STV 50 T2), B RO
FRERETOERPERIN TV I LR ENS. o TREFLAVTORERL — 20
ERBELENT50ICEBYULHMETH S,

B, EEREFHENEDIS, BEROV DL bREITERECHE L 20185, Levy 524 i1,
VW LREDREROLHEOERE LT, FEMEREEA L FOSEBENSH L2 LERELTY
5. 2F), EABGEIEA SN BB TIIZORERD-DICV S BREITRELRL — X % S84,
SED, EVI)IDUTHE. ZOEPLVEIE, BE,SHEINIG L LREEAOSN & B+
AI LY, BRIBIAIEMERETOEA & 20BREOBEDBRIIBIT 2 RER DR %
B CEDMRULDHD. TLZOBRICDBREDT ) MG HEBLBITTE 5. Sz
i, BELXVTORERL - AOEREBL BN CX 2B TH 5.

B, BRRBEL V) BRLBBEHEELFH-CT05. #o7T, FHOW D LREITEN
PoORETOEEZRFICIL, BEOREEL —AQEILE o TE 2 LRSI S,

DL ENIMETH Y 2HS, BEDOVS LHEFHIIOW T OBETFEROBEIFIZE A
ExVv. ERRINSOBE»S, BROWVS bREE BV REEL — ALEBEOBEOSE DR
ETRRAOHIELENE LT—EOMELITo/. 3, AAEERE, BICARUNEREHV
REEBARDHEL 21T -7:33). IREERIZT OBIICIES 2 b o DB RETF 22TV E
LAEBRTHFY - — Il L A 5BEBROERICEY L, BHAKERTHEI 4RI, —
#, BRERLYDNAT 4 Y H =T Y74 v 7 O70— 7%, ZORBA%ERL:. £7-, BX
BRICBIT %% (Clonal Lineage) 2D TRWAL, EHHEOBEL W LIREERAICBIT A%
DEMALDBMREZHES 2Lz, SHIESVA 74—V FFVESRKENZL Y, HEAEVD bHFED
RBHEPFEREICEHTH L L PES DIk 07235, Z0OMRS ) ADNA, &5 \WIZREEnSiE(l
BN TIDELT, LRy VERERFIBOR LB EEERRINEE, TOBFE{To7.

AL EOBTOBRICMAT, BADOVD LREFEN - HEES L — AEREB O
METH 538397 L #BET S L DTH 5.



Table 1-1. Pathogenic race differenciating system and typical pathogenic races in Japan

Differential Resist. Code Pathogenic rscesb)
Varietis geme N 001 003 007 017 081 033 037 101 102 103 107 137 303 333
Shin 2 Pi-ks 1 Sa) S S S S S S S S S S S
Aichi-asahi Pi-a 2 S S S S S S S S S S
Ishikari-shiroge Pi-i 4 S S S S
Kanto 51 Pi-k 10 S S S S S S
Tsuyuake Pi-km 20 S S S S S
Fukunishiki Pi-z 40
Yashiro-mochi Pi-ta 100 S S S S S S
Pi No. 4 Pi-ta2 200 S S
Toride-1 Pi-zt 400

a) S: susceptible, -: resistant

b) Pathogenic race is responsible for the mass of code No. of susceptible resistance genes. For example, the pathogenic race of an

isolate which can invade Shin 2 and Ishikari-shiroge is 005 (1+4), Conversely, we can tell which cultivar is susceptible for a

particular pathogenic race. For example, the race 301 can invade Shin 2, Yashiro-mochi and Pi No. 4 (301 =1+ 100 + 200).

Table 1-2. Transposons and transposon-like elements in M. grisea

Elements Type References

Pot 2 DNA-type transposon 40

MGR586 DNA-type transposon 30

MGR583 LINE (Long Interspersed Elements) 41

MAGGY (Fosbury) LTR-type retroposon 42,43
grasshopper LTR-type retroposon 44

MGSR1 SINE (Short Interspersed Elements) 36, this report
MG-SINE1 SINE 45




F2E VWHERERERRROEL

TU DI

BIBIRLEBY), B2 BREIEBESREY L THY, AHEOAS 70D
FHBEREL TIEIRET L EAAELELBIOEEEICEETH L 2 EATFHEINS. Ho TXRHE
EBREBD0IE, —FOBREREOBVERICT 2 LE55 5. KRETR, LEFT F5
O HES NI BISME I EERRE 2 FED 4 AWV D BWEIGuy 11122 VT, ek HAEVD 5
REERETREL, BONALKERZHVCETVRETIANYA ¥ Y HEREFOS T~ — 7 —
LEBR Y B T ERA

BHEE THF < — & — & L TIERFLP(Restriction Fragment Length Polymophism) 2¥EIZHWw SR
T&W, BESVFLF ) TR L+F F754<—EPCR (Polymerase Chain Reaction)® Fiv2 5
RAPD (Randomly Amplified Polymorphic DNA) 47 )% Williams 54612 & o TR SN2, ZOFEI
FHEINATN A E -2 a2 HVRV2D, RFLPL ) b BREICSR LT 22 L 2T, 2
725 B OEERERIIERI BT b S B A MINT 2 EHTE 3 L FIEEES. 22 CAR
RTIHZDRAPDY — /1 — % AV T EEFHEOER* B L7

FLEH VI LREREZROKRE

HEEA A0S ERBOFHHCuyll & KRR B E R L7,
2—-1-1 MERUHE
B A4 2 b BIFEGuyl1 % UTable 2-1127R$ 208k % v 7-.
B H
7»—y7ﬁ—%ﬂ:7»—>l#x(%%@%ﬁﬁ%ﬁ)4gm,?7b—xsgm,§ﬂl#x
(%UIV&W§EI%&ﬁ%ﬁ)1g1%4iy§%mmﬁﬁt,%§%,Ng&@%f%(ﬁ%
B TEEASH) £MX, F— b2 L—78E (121C, 1058 L.
AP I-NTH - (REH) A — I (SHAERRSH) 50 ¢3500 mlOEEEKIC
Eb,mtfﬂﬁ%ﬁﬁtt.Zh%*ﬁﬁ(fg)ﬁéﬁLwlLK%EL%g@ﬁ%%f(@%

ERIERASH) £02, 121T, 10584 -2 L—7EE L7,
A= PI-NT A8 (RFERAE) (AP I-VT - (REE) LEBCA—FI-



N - WAL, 15g/LOY vy Au—2A%Mz, 1LICERL, 35¢ ORHEXR (BFHESTEHES
SF) M2 T121C, 1058 —- 2 L—TRE L.

3 %AKEXR [ EREK (MERHA, MtMETEKRASH) 3¢ %100mDOROKICIE, 121 TT
10%@%—%7&—7&%Lt.

T
EHDS R

AR TEA LERIZETUTIORT FEANTHERBEELY:. 5, TV—r7h—EHs
ANMVILCHEL, = P2 L—78E (121 C, 1054) L7, 5 mmlUH 28 o 7- 8k 4 B 72
CEATz, ZORLHEEEL, BAPSHRICENL T CH2BEI27 CTREL:. 200k
MEEHL, ¥V 7 VBRICANBEZ LT, HI0RBEECTT Yy — 4 —NTEBSE. Z0OE%k
ReEr7 v RIED, 20 CTRIE L. BREOBIE, I OEEE 3 EEsmicEE L7
See IR ‘

NEBAODFTERSEII L. ¥, VXXMM (BEBYem) KA —FI—ATH— (%
BCH) Z#50 ml Wi, 2Z1lGuyll & HREKRLH3 cm MBTER LY. AGORERE OO E
BIC/T 74 Va2 BIANIREBNTC, 799254+ (FL-20S - BLBD L < IZFL-10S -
BLB) DR T THEHEE L. MEROERIEM LA TS 7o L AR L, Sl
7=,

FORESOEL LR L 2RBICOWVTIE, F0 ) BFHEEOERDSEES R4 7. Bl
HPRAEBEHMETERROREL, TOOBORRELHEE L. BERFTSIHEE LTI 245K
RLTELL, FOIBRDUEIRELBOATHDE DR BIRL, EHAEMET O 24l
RETMEL, 25/ —VTROLRAGA KT IR LD 1 HOBREARICRESES, 2212, =¥
S NWTROLAN=T TR PR, BELEEOFOIRLMLOALL. BEZITFO
IVHHBEINDY, HHENLD 02 BB 2DTDOIRITERATH o7 L e LRDFD ) #a sy
L. FOIPRUBENIHERINEREEMET CHEL, FOOIBMFORMELBEL 7.
FOIRTHVRALEFIHECTEBEE, IN—FFREENL, ATFAFFTR, AN—F52
LRCHBFD) %3 9KRER EICEEATHRVE L. ThEXTLY ¥ —TF0 I E2EBOTn
WESICEPICEDIET, 27 CT—BEELTFOI) BT RES S,

ERFHATCTREL, TOIOEFR RELLFOIRTRELTFOIR/LTFOIH)
ERIRLL. FOIRFVURFELTCOUETFO) 2 58t B CHTHEES — NI — L7 5—i
HICBHE LA, BT CT3~4 HEE LS EBT BRS¢,

SERTERRS LS, ZOBED 1 BEHASTHYHL, 3%KkEX EICHERS FIC
LTHLDY, SERFEEREICHE S, ThETIRGTRYET, 27 CC—Hies]



7o, EREMET CHREL, MTFORFLHIAL, BELTVWAIDEEELRZVE S EELLHS
RFRFE TNV TH—EHORT > MIBH L, EEBEREL.

2—1-2 #E

Table 2-LIZF D) BIEOEEEZ R L7z, HEHOKROE DI Guyll & DRBTF DI TR L
128, TOBIIERICL o TRERo T, 205 5 5HOE# (Hanawa 4, Hitachiohta I1-9, Inal68,
Ina72, Kitaibaragi 4) 1&, FOIBES0EUEREL, DBOTRERICEL TCVEI0EEbI
z. e, INODFOIBRIIETEEDOGY 11EICER SN, HRERAICLTFOIBLHEL
TRERITES, ETOWPSMNE koK THLAEIT SN ,

SOBLLLEDTF D) BATR SNKBRO ) b, FOIBFORFNHLNIDIE, Tnal6sx
CuyllDATH o7z, 40BRDFIRRSBE LNz, B ORE %cross 2107 EFERT L L35, FLEDS
BONLP o7 4EOKED ) B, a72XGuyllTIRRFD) FFETE-DDOD, FOIBFOLR
FHFLONTZLDERBLTFDOIRYL) DFDD OEHFSRL, ZOFDS b HFEMET CE
BI2EFDIOFIIFOIRTFIPEICBEEINILDNIZLEALEL, RAELDTH o7
(Fig.2-1). 72, TOMOZMCTETOIBOPICFDOIAHELTVEIDIELENTE Lo
7z.

RE2107 & D RBONZERIETFO) DR TREL, FOI 2 EEH-o THALZHESR-DD
PIEEAETH o7 Ez, FOIDPICSMOEELBEOHT Ao TV EBETLLETHRET
250E%L, ZLCL2HLPRFE LD o7, FOIORERII1ILYTH o7,

2-1-3 =g
FHTHABEREDA F VL LREERE 7 7Y XEX T F 20008 SN 72Guyll & RE S
¥, TOREMRBRELERELL. 2OBE, 2208 I0EITRETETH 7. 2055
Inal68 & Guyl1 DX ieross21072 5 X HWBY FIEMRE B2 BN TEL. 4 20V d BIEEORERSE
BRIRICEEIMEL, BEROA TR TS ERFIREBIENCERVEAEEALTHS. 20
%, —BREEOBVI I 7 I bRE LR S, FIO) bREOBVERY BRLTELYR
, BRECHEZFELLY, {1 AL LRBERALTRREL, 25 CZOFIEEOEEXELTS 5
B CTRELEDZ) LTRERIIMTOITWS., ZOBLRESDL B2 L BRIEIIEVDL DD
(FO) OFEFFL8%) AREWREHV-KEIBS N L ENEOBETFRNCTiEL S
255D TH5. ELICHEKNal6IZHAHNERD 1 oTH Y, FRELEETEEL LTESES
bDTHBENDT, /BONLREEERII L CHEREEREFORERITLIT) JLATEDL I LEFR
LT3, L2L, ZORErEERETFENICECLIZENTEINE I PEEITLLENS S,
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#£ 28 RFLP7U— 7 O¥ER

cross 2107 TORGEFHERN VTR, L) P2 5B+ 5 103 BH L LI ET 2 5Fv—0 —
ZRAVLOPHEN LIV, FFv—h—BREELO—EERTIOTHY, KET2 L, Bl
CUISEETAIETTHS. T, COEWICHVWARFLPY—F—FEERL.

2-2-1 MHERUHFE

‘HEH AFZVLBRE 1na72, nal6s, Guyll
Escherichia coli JM109
75 A X FpUC19

BH - AEE
2YEGHAREH : ROKIZ, 2g DERIFR (F) 2o s VEBRITEKRLSH) , 1007 Va—
ARBRL, 1LICESRL. 121 C, 10584 — b2 L—THE L.

IM MURA-EBRRER (pH7.5,80,85) | MJA (B FOFIYRAFN) TIIXA¥121.14g %
FIEL, #1800 ml DA F U REKICHEBL, BIERCoHEREL%, ILICEREL:. F—+ 2
L—7 (121C, 10 4) LIEEL:.

0.5M EDTA (pH8.0) : EDTA - 2Na - 2H,0%186.12 g 5 & L, #800 mlD A F AHAKIZIRE L, B
ROKBALT P T 22V CpHERE L, 1LICERLE. 4= 2 L—TLEFEL..

HHFARER 0 200 mM b 1) 2 —EEEEE (pH 8.5), 250 mM NaCl, 25 mM EDTA, 0.5% SDS . *+—
FrL—7 (121 C, 1040) LIREEL..

TERREH | 10mM b ') X —¥aBESEW (pH 8.0) , 1mM EDTA (pH80) #— k27 L—7 (121 °C,
1048) LIBRFEL .

Tz /=) BEBRERE 7 2 -V (FIEMETERRSH) 2Bk THEEL, 01%0% 1) / —
VERR, IMPYA-EBRRER (bH80) ZMA, PHFL, $BLA. AELEIRS, EEMY
A—EBREEAMA . FRCHE, #E, AEREBERYELR, AEETERERICL,
4 CTREL.
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JUTRVL D JUURVAELA Y TINTNI-NVE24:10HETRELZDDEFER L.

RNase A . RNase A ( From bovine Pancreas, SIGMA CHEMICAL Co., MO, USA)% 20 mg/mlD¥EEET
2AHEHICI0mM MY X —3E8E (pH 7.5), 15 mM 3 b+ MY Y ABBICEEL, 10 SE#EAKS
THIZL L, DNAseldME2EIEX G- D% A,

77 AX FREHA Solution I 1 50 mM VI — X, 25 mM Tris - HCl (pH 8.0), 10 mM EDTA(pH 8.0)
77 A X FFRZH Solutionll ; 0.2 N NaOH, 1% FF ¥ VEEEF 1Y 7 4 (SDS)

77 A X NS Solutionlll (100 ml) : 5M CH3;COOK 60.0 ml, JKEEEE11.5 ml, A F > ZHk28.5
mlZEEL, A= M7 L—-7EE (121C, 105) L7

VVF =2 ) VF—n (PR VF— A, MAMETERRSH) %10 mg/mlDBEIZ:5 LS
210 mM®D b ) A —IBEEBREW (pH 8.0) THML CTHEHEL.

LBEE L (R RT b (BABERRSH) 10g/L, NaCl10g/L, BERIF 2 (FY Ly & VER
TEHRASH) 5g/LEEBEL, pHIZ2N NaOHE WV CI.0ICHLE L. +— F 7 L—7HE (121
C, 1047) L7z, 7YEL) YEFMT 2HE121310 mg/mDBEED S50 pg/mlici s X312z
7z,

RACZF V7 1 8BW . B{bTF T A (SIGMA CHEMICAL Co., MO, USA) % 10mg/mlil72 % X 108
BARICBELTHERLZ.

KEF 1 ~T %/ =)V 830 miD 1 —T % J — )V EBBEA%E50 mZBORLEICWR, XEBREL,
900Xg, 2000 rpm 5 5E&E-LL, FiSZEREL .

SOB;H#h ; /N7 k— M) 7 I~ (DIFCO LABORATORIES, MI, USA) 5.0 g/L, /37 b —EBEB %2
(DIFCO) 1.25 g/L, NaCl 0.58 g/L, KCl 0.19g/L, MgCly 2.03 g/L, MgSO4-2H30 2.46 g/L. &

ReBmMT BHEIEERRK (FHIAFRAIBREH) %15 /L I2hB L IFmML. +— k
2 V—78HE (121TC, 105) .

SOCKEH © SOB ¥5#1123.60 g/L DA T NI — 2% RIML TR 7-.
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570%4-700-3- A Y FYN-B-D-HF727 FF (Xgal) :20mg/mDTVAFVENVALTIF
BRELTHERLZ. REE, R L T-20 CTTo 72, EHICTRINT 2354810134 mg/100mlic %2 5
L laEmere.

AVTUEN-B-D-FA-FF2 b FIPTG) : 100 mM (0.238 g % 10 mIDBEKIZER) AR
ELTHERLZ. RFE, 1mTOSELT 20 CTTo7. BHICRINT 554812, 2.38mg/
100mliZ 72 % X H i L 7-.

SXTBE (BEXUKBIHRER) : PUR (M FOUF TV AFNV) TIJ A5 540g/L, 1358275
g/L, 0.5 MEDTA (pH 8.0) 20.0 ml/L. fERHERIZIZA F MK TLIOEICEFR L.

Denaturation buffer . 1.5 M 3B b+ MY 7 A, 0.5 M KB LF M) v 4

Neutralization buffer 1 1.5 M3E{kF P74, 05 MM YR (B FOEFIXFL) TIJ A5V . pH
ARIEBTTHICREE L.

20XSSCI03M 7T YBR3F MU DA, 3.0 MEBELF MY oA, pHIZIMEREC7.0ICHREL 7>,
“Hybridization Buffer . 2.6 M $§{tF b 7 4 (8#&) , 5.0 % Blocking Reagent
Primary wash buffer : 6.0 M JRZ%, 0.4 % SDS, 0.5XSSC

BHIRBER I Table2- 21 IR LA — A — X VAL, NIFUTLTLAY Y T4 2T 7§ —Fit
RERARRSH L VEBA L. T4DNAY H—¥it, BReH v R U— Y LD EA L.

W BFE S/ ADNADHMH

Raeder and Broda DHEANEBEIZ L7z, RED 7523 (500 mlFE) FO2YEGHARRHy 1T
EEL, 5H~108M, 27 CTIRE )% (130 rpm) L7, EH%E 28 (No. 1, HEEEKRES
) ETRESBL, 14 Y REKCTHERSE LY. BOhBHhor —%%-80 CTHREL, —K
FURECIR L7, RORTR, ASKICL Y, ABTHERRICRSETICTVORLE. 50 EHEL,
NAZ70F2—7 (L5ml) CANT:., MERARERL500 «IMZ, Xy b Fv 7 (10g1) %
EoTHB L. 72/ —-V350 pl1ZiME, H—IC25ET (@208) #ELL:. 352700k
VL1650 pleiX, FFRICRE L7 HESEEHETI5000 rpn, 4 TT1EEELGE L.
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L% RNase AFH25 pIDA-2DYA 7 0F 2 —T12BL BITEB L) , 37 CTE0S G
FLA, ZZiE72/-v500 p12MAEAL, 15000 rpm, 4 CTT5HERLSEL FEEE
2. Tx /=7 uukVag250 plk MR, ARICSHEROL, FEBEEL. SoBRERED
BLI. ZZI2500 pld 7 BUFV AR, ABCELL EEEEB:. ZORELE)EL:
%, ERBDOS4 BNV 708 —VEMAT, X {3RYIEBE. 15000 rpm, 4 TTLO5EE
DL, LEETH VT2 a v TET, BUEICBoRLY FRT0% T8 ) —LTEFT0sE
%, ERISEOL, DNAONRL Y b 287, XLy b3V Y v —TLOSBRESER S ¢/, 501
DTEREHZMZ, DNAZEEE L-20 CTHRELT.

KBH 77 X 3 FDNADFI#!
Sambrook 5 D FESNIHE - TITo 7.
1. REFRR

HEOD7F A I F&HEA L7zEscherichia coli DI U = — %@ L BEF HVWTEL S 75
A 2(500 mlE) FOT X ¥ ) VIRILBEMICERE L, 37CTI2BMIRL D% (130 rpm) L7-.
RS2 % Falcon 207050 (Becton Dickinson and Co., NJ, USA) 128 L, 4 C, 3000 rpmT205M:%
COHBEL, EEER A BoNANL Yy M5 miDSolution 1 Mz, ML ESICEEL. =
SR VF - AEHL mlZMAEBEL, 51210 miDSolution N HIZ, BEAKEL, ZiEIC1050E
BREL7:. MEOEELHERL, 7.5 mlDSolutionllIZME, X (L, KETIOHMEEEL.. 4
T, 3000 rpm, 155MELGHEL, EFEZ50 mMBEDT 70 VBLEICB LY. I 2120648804
VTUNS = VEMZ, 200MERTHKEL, MEBEFLBRSE. ShE20T, 15000 rpm, 205
BELHHL, EEZHE T RUy bET70%LS ) —VTETTE, BEELL, Bohr~
Ly FZ2RBERREL, 4nlOTERERICHER L.

LROBBRERZ3.8 ml, WALLI v L%38g, BALLF Uy AEHE0.38 mBIOELEICED,
L CHFHL, 2000 rpm, FRT5558 0 LRNAZ LB S €72, LEXEELEF 2—7 (5PAL —
Ta2—7, BXIRKAEH) 0Ly, BI98A/NBEO#CS120T20 T, 80000 rpmT17E
MEGL, BEABRICE o TELALA=NR—a4 VLT IR FeabY FEEERY, <42
OFa2—=TICB L. ZODNABBEYOKBEMNL — 78 ) — VBB CRILIF Uy A%KRELE. &
Y Lﬂ%%ntDNA@ﬁi%ﬁ%m?S%b:ﬁaﬁ L, 2501y /— %Mz, 15000 rpm, 4 C, 5
SEREGTEE L TDNAZ LR S €72, ZORL Y M ET0% T8/ — LTI 33X, RESEL,
50 | OTERERICEMRE L T-20 CTTREL .

2. LEFAN
TYEY) YZEOLBEM2mZRBE (15 mmX180 mm) I2Wh, BMOTIX I FiR
DEcoli DIV —ZREH L7220 L) LR HWTEREL, 37C, 12BHEL )% (23 mm, 160

o=
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rpm) L7, ZOEBEDLS mi%x YA 7 9F 2= T2V, 15000 rpm, 4 C, 30FPRELE.LEE L CEA
L. EEEIET, 100 x10Solution 1 1B L7, 200 x10Solution %%, MEKE
L, F2—7%FISolution IAFTEESL LI IS L7z, Fa—TEKELEDS, 150 x10Solution T
EMAI:. Fa—T7%SHIFITL, HEHELA 15000 rpm, 4 T, 5 SEELSEL, FEEUO
RAZVF2—TIRL. FEOT7 /- roukLaBEE AN, #EL, 15000 rpm, 4
T, 5OEELHEL, KBEHORA 7 0Fa—T 2B L. 2RO/ —LEME,

15000 rpm, 4 C, 5 HELGEEL, EEET, 1mD70% ¥ /— i AR, XLy b2
®L72. 15000 rpm, 4T, 55HELSEL, LELET, Boh 7T A3 FDNAONL Y b &
WILE S L C50 w IO TER BRI L 7.

WEEHE T LTA TS5 —DIERE

W BIFE S/ ADNA (10 pg) % HIBREEE Sau3Al (0.05 U/ pl) T2 SEESBEALL. =
NETAU—RTVESKE) (06% 7HT—2, 1 XTAE) L, 2~6 kbDEHEDO S VA ) H L,
7AW = SEF 2 —7 (SUPREC01, EEEMRREH) #HCTEILL. —F%, pUCI9DNA
(5 pg) ZHIRBERBamHITEEWLL, NZFYTAVTAVAY T+ AT 75— BB Y BALL
72, WEZTADNAY F—E¥E2HWT, 545 - a v Kk iTor-. FS#iX, Hanahan OJFEE51)
IZX YD E. coli IMIO9VTEA L, LB-Amp-Xgal-IPTGE # EICEBL S M- 0 0 = — % BIOLB-Ampks
BEICHELZ. Zhonao=—Xk) 7523 FDNARHIHL, 7H0— X VESKE (1%7
Fu—2A5V, 1 XTAE) 21T\, pUCIOL D A3 FEFKEVD DL BREL .

YTy T
ECL direct nucleic acid labelling and detection system(Amersham, Buckinghamshire, UK) ® 71 b =1

ViCHEo TiT o7z, BL—Y TL 5 u gD b BHES / ADNA% Table 2-20 R T SIBRBEE CHALL
7z. DNABTZS /=ML, 204 | OTEICHEMEL, 05 XTBE, 0.7%7HT—2 (SeaKEM GTG,
FMOHF 2= EX KB L7z, BRIKER TR, Bb2F U achts, |BELLSVE, 0.25M HCUZ D
oL, BRIVEBRTEHETOT, EHII05KELE. FLEkTTT &, denaturation bufferiZ U‘}:
L, 300ZBmTHRELZ. Y VEKTTTE, neutralizing bufferiZO7- L, 309FRTEE L. K
BZ20XSSCTHi/zL, B%20XSSCICiE L7254 (3MM paper, Whatmann International Ltd.,
Maidstone UK) 3MTEo7z. RIS, SR ZEDLHKD LIk, MERVBV. F4O0v 2y
7> (Hybond-N+, Amersham) %7 V¥ A Xi2HIh, FVO LIRS, HERIBV:. A0 T5
¥ D EIZ20XSSCIZ# L 72 5 #4(3MM paper, Whatmann ) 3 8% D, 5cmDE X D~—8— & 5L

BASHI LT, F2G—CRAR= =5 V100) 28E7. HTIAREEE, —KBEN7
Dk, AXTIFUFRMYEL, 0.4M NaOHTHE L 722 #(Whatmann 3MM paper) D LB &, 208
FIBEL, DNAZEE L. AV 752 %5XSSCTEL (BBETIHM) 795, 5v7can

15



4 CTRIFL 7.

70— 7DNA DEE#

ECL direct nucleic acid labelling and detection system (Amersham)Z R L, #O70 F 2L |2
o THEERL7z. DNAZ10 ng/ pl [REAKTHRL, L EE (10 ng/ml Hybridization Buffer) 7317
YA BF2—-FWEY, BEAKP TS SHEERLL. KPTE5HEHIL, %ED DNA labelling
reagentZ X, SEEIZEAL7Z. X5 IZDNA labelling reagent *EBED 7 V& V7 IVFE FEEE
Z, TEZREL, 37T, 10984 v Fa~x— L7, KETEEL.

N TS =7

ECL direct nucleic acid labelling and detection system (Amersham)zf#H L, #0770 b a2
ToTERLZ NATNFAE¥~Tay - NoF (IRE -4, NTY - N9 &, 200 X
300mm) XY 7T Y& AN, 125 yl/em2A 27 F ¥ DEE Thybridization buffer Z iz 7=, /Sy 7
POTBEERRCHYBRE, RV —=9—%BVTy— VL7 42T, 60 rpnT 1EHTL - A
A7) ¥4 X&&721%, 7T — 7DNA% hybridization bufferiZfliz, 42 C, 60 rpm TLEEFREINA 71)
FAXEREIz, AV TS50 %7Ny ZHLEY ML, primary wash buffertZis L, 42CT105HiEE D

(#9140 rpm) ¥ 2 H %2 ATV, SHIC205BHEE 5 L7z KICHEHEE 2 XSSCIZE X, HiBT 545
P& D #940 rpm) T 2FR2 HiTo72. DX Y75 | detection reagent & 27, 1 S EEERTREL
S, Ty T BHR, X740 (NIF RX100, EXEET 1L AKREH)IZ105 0 ~ e
ERTEEE L.

2-2-2 BE

A3 HREINA72R PGuyl1D5 ) ADNARTE L, 2h%HVT 7523 FpUCIoT &
2T BTAT I =R LIz, ZDFGAT IV kNS S ACBR L7 U—Y DT IR K
DNAZHMH L, Thz 7u—7& LTwd 5RENal68 L Guyllds ) ADNAENA T ¥4 ¥
varE{Tol. WATRFLPARYT 70— 724 BB 5N, ZORFLPOBIR UHIERE DB LE
b¥ e ZNELNFig 2-2, Table 2-3I127R7.

EI3H AN U EEFOSE

ABEOBRE 2 BENE S SWB OB EREMICET 2 BEF T 2 BREERET ORAT
Thb. LrL, FREERET ORI S BB AMELCORBERDT v & 4 AUERT
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RTHB. ZOT v A @A FDEED-DIH I AABEET 2. #o7T, SEELN-XEE
DERBEEZRHT 2 MO RHAR OB EF L EFTNVE LTIT) OPHMED L. Tnal68izh A H<
ATUHBETH Y, Guyl LIZBRZERTHLDT, nal68DHI AT A L VI EEET * EEMOEF
VEBEFET D, KEITldeross2107W BT B A AT 4 ¥ VIHERIET OS5 + BAF L7,

2-3-1 MERUFE
B# 1nal68, Guyll, 21075 EH

ARATRA L VKRB . ARAT<A Y VEEE FOBMETERRSH) %50 me/mlOEE CREX
WZEBBL, T4V —RBREL.

UV@/ﬁlyﬁﬁﬁﬁ(ﬁwﬂ)IMM7IV@@ﬁkQ%W7&2%%07A@&%E%M
pH 5.OICHEE L /2.

AT PTFFRAPO—AT 7 —$ERKEH | Potato dextrose agar (MERCK, Darmstadt, Germany)Z{EH L
7.

ARAARA L 22BN 5581%, TROFECTpHEZ5.0ICHB L. BEED 2 BOBRETHEL,
A—-FIV=TBELL. - V—THEELY VB I UBEEHERLSEREL, DAFT
AT EMR, Yr—VITHELL.

EBE

Hamada et al.52). Taga et al. D FEZ SEIZ L7,

BABKREZRT P FRA PO —RAT7H—ICEBL, 3~5HMaTRE L. SRBE LI K-
77— ($6mm) 2o THBLITHIRE, VAFIA LV OBEMLTHLEHMICBEL. 3~4H
27 CTHREL, BEOEELEE L. hal6s, Guyll 2B E LCiitl, BSHiuEL7.

2-3-2 HRRUEE
1. BAH=A Y BEOMKE
AATZA 2 0~1000 mg/LOFH THEHOMMEEIRE L7z #F % Table 2-4137FF. 10

mg/LC, MEBIIEFRONADS, BE2~3HT, GuylliliEn+ 2 ¥ BB L-OTRELH
FED7zHIT50~100 mg/LAEETH 2 LHBF L 7.
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2. cross2107\2 BT 5458

cross2107XREBERIZBIT H45BEL HE L7z (Table 2-5) . Inal 68 DB EEHIERE PR -
E_Ths3noid, €7 5 WEE BT 2 - 0ICERBHICHER T2 5 TH 5. KRERIZIZEA
EHInal6s, H5VidGuyll EB L% RL, #hb%R () , S (BSH) & Lo, 8
ﬁt%&otﬂy—y%%?%ﬁzﬁﬁot.bib,wxﬁv4vyﬁﬁwmyvﬂmmum&ﬁ
FOEFEZRTHOD, 100 mg/L TS 2 CInal 681 HRTEBTIE > TV A TH 5. b
DOPREMR (FREMM) & LA, MRO2EHRZBRC LM BSH=1: 11258 LTHY, Inal6s
DARTZA L VIHBER 1 DOBEFICL o THREN TR EEZ Sh. SHIZE D HATA
VUMBERET Zhsr1 EFFRZLICLZ, WALREDN AH <A ¥ VEEETIETagab 2 X )
BTSN, BROBETIH DI EHHRENTVDE9102,  ksr-1& 215 OBIEFOBIRILAFH
TH5. TNOOEKRPREINTE Y, TETRTHIUTENI CTE 225, KL T ksr-1IZEF N
BEFTHEDT, ZOREBREIALETH 57-0Fbhdol.

$4% RAPDY—F—DRAZ)—= |

RAPD (Random Amplified Polymorphic DNA ) ¥ — % —iZRFLPIC A~ CRE 2 EBH TR T,
Bulked segregand analysis®3WZ & 1), A EDBIEFOELOBEFHROERICHCONTWS.
FFRICBVWTD, BATIA Y VIEREF 2 EFVE LT, RAPDY—F —I2 L B BRISTEET
HEDPEBRE L. ZOHE—EREE LT, cross21070OWHENE CELEMERIRAPDT 7 4 v — %
RL7.

2—4—1 MERUFE
EHEH v HRHE Inal6s, Guyll
H% Hwvy /-,

dNTP mixture : #EE10mMDJATP, dTTP, dCTP, dGTP (EBEE/RISH) BHE, £1.25 mMIZ%h 3
X CBBEATHER L b D% H,

Random primer ! ¥4 7 UF 2 —THDODNADNL v + &, BWEAKT 50 pmol/ 112725 L IZHFL
b DE .
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0.5XTBE, BILTFT T LB | REE 2 HBH].

PCRECIE

Table 2-6I7RSARICRKIGBEABL, ¥4 2 0F 2 —TIZANT:. FKISHOEE R C1o,
IRTNE AV (SIGMA CHEMICAL COMPANY, MO, USA) % 1z CRSHOER 2 Bo7. K
JBIXDNAY—< )V 4 7 7 — PJ-1000 (Perkin-Elmer Corporation, CA, USA) % FI\>T Table 2-7427%
TERETIT o7z, FUBHETHE, FSHD 6,41 2H Y, 1.5% 75 10— RA(H14, £ LT 50VEBRE
TEXKE L. BEWIL 0.5XTBE, KEBIIMupid ( I AE - /N4 AR SH) 2 HAV. kEhg
DTNVERACTF VT AERT205MERL, UVFSVYAA VI A—F— (7+ 3L EEKRRS
) THREINANY FERERL, #7504 F A 5(MP-4-LAND CAMERA, POLAROID, MA, USA)T
‘L7

2—4—-2 RR

BIESN/-DNADERIKE S —Vid, BT T4 —ICLoTERY, SHEONY FREELA
26D HB—FT, £LBELEVIDEH o7, 2005 ) ADNABITEED Y FOAE
PROLNDLED, HEVIFHSPIINY FOBRIFREE D 0%, SRS S L HEL. 4L
ZI40EDT T4 <—DH b, 1nal68& Guyll I CHRIEKIE # SR % RIRAPD T T £ < — % 47
ZRERL. ZORF%E, Table 2-8137FY. SEERLARINCEBRII Lo, F7-5HET
L7747 —IC L BHIBD/NY — Y DB %Fig 2-3IR L7z, IRLDTF A~ —%BNT, KE
TARATRA D VIHHEICEE L2 —h =, 2095 D%BIRL7-.

BE5H1 Bulked segregant analysis 12 & A H AH <A ¥ VM BEFRHED
RAPDY — 7 — DI

19914EZ Michelmore 5 12 & V) Bi% X 117 Bulked segregant analysis®3NZ, 77/ A DRFEERICESE L
TV —A—2RBIRHTE2FSTERHLVFETH 2. ZOHEEEE, 1 20%HEHHE
SNLREBENRDT 7 ADNAR, EBTARERRIEFIIOVT 2007 M—7 ONV) 1254

. ZLT2D0D/N)v 7 B TRFLPFT PRAPDIEN #1779 . I DT CHEMI A SN 5F v —

A=, BET 27 AOWBITEAL TR EEZLNE. ZOLI RFFI—I—H L OohE
LRIUL, EETAY ) AOBSHEORETHE & EHFTE D, 22 THERT b eross2107
REER36HRIZDWT, RAPDY — % — % BV TBulked segregant analysis¥ fTVvy, T AT <A T Vi
HBIEF ksr- 1R FEAET BRAPDY — 1 — DRE# 1T o 72,
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2—-5—-1 MERUEFE
EAER T bLRE 0al68,GuyllB Lk UZF03cE%A 368k (2107-2~39)
BH~ =7 — E4ETHONZATEDRAPDY — /1 — % I\ /2.

TEREH FEL2HZR

ik

(1) 7SV 27 DNADFHEL

FIHOHRDP L, EXMBRILIETN R) S V=T LEEH ) FV—TIHTont. &
V=T 51200 BREBIRL, 205 ) ADNARE2HOFEI o THBL, &5 pg et
DTNV IDNAE L7z, HERBFICIE 5 ng/ul 1275 & 9 CTERHRTER L 7=

(2) Bulked segregant analysis
(1) TREIN/Z/NVIDNAZHRE LT, KELE4HOERFEIH > TPCRE T 41— 2
FVEIKEZIT, SNV B TERERTRAPDY — A —%REL. 25 LTESNRAPDY —
71— lcross2107REBERD ) b A AT < [ ¥ Vikhilk, BSHE SN ) ADNAZSEI L LT
PCREBI e\, EEEEHER L7

2—5-2 ®BRRUEE

FATWTHONLZATEORAPDY — A — D) b, 8DV —H =577 MTEEER L7z. Fig2-
4ICZDBIZR L. THOEDT—H—DI 5, OPA-11LOPG-06HH A H 4 3 ViEFHBET -
MOEHLTWD D EE R SN (Fig 2-5) .

EO6E cross2107DREERR L L THEE
cross2107iC BT 2 ZBIZF Y —H —DFHE RN, DAV~ A ¥ VEFRMEEET OB EER +

AB VL BREICHEmatl-1, matl-20 2 DOFEEN D ), 1o OMIEIEZFTHS. ThrE
BFI—I— & LTCHAT 5 7:D12cross2 1 07REE R ORER % 23 5 .

20



2—6—1 MERUKFE
B ARCBLWE  cross21 07 #A368k, Inal6s, Guyll, Y93-308a(matl-1)

70— pMG6057, pMG6068, pMG6073, pMG7044, pMGT7046
RAPD~¥—7— OPA-11, OPG-06

Tk
1. RFLPD4 Bk

RFLP7'0— 773 2 X FDNA% Table 2-9IZ7R L2 IIREBEZ % IV CZEMILL, 7Ho—2
TVEIIKEIL, 7S 70— TDNAREN L7z, B 7 4 VY — & BOF 2 -7 (
SUPREC-01, ElEMRRSH) 2BV, ¥y 70y 514 v 7k, 2R P20 7o — 728N 725l
PREEFE (Table 2-2) VT, fHH L/ BEKRDOY ) ADNARHILL, AZE 24 L FEICTFo 7.
2. RAPDOS 8

BEREBRRDT 7 ADNAZSHEN L TAEE 6 5 & FRICPCRR U H 0 — 2 X VESKE %
T, SBEEZHEL.
3. RERDORE

EXEEREXREEEE R TR ESE, FOIBROBRICLIVHELE. 2F ) F0I 20
BEFRO NS, BREERE ZR2 2 MM EH5E L, RREEEEHIIGuy1] (natl-2)&
Y93-308a (matl-1)Z R L7z, ZHILEREICH 2 MERKEOTTED L ReMR2BHETL &
V) FREBRICESWTRE L. RRIIARESE 1 OB > TiFo 7.
4. BIEFHE DR

Ry YT, V=YV Y 7 b L7 Mapmanager v2.6.554% IV T4T o 7. LOD (Log
of odds) fEIZ3.0LAE & L7z,

2—-6—2 HRERUESE
mg2mqmamm®ﬁﬁyn47Uf4€—vay@%%%%&bf%bt.ﬁ%wﬁ%%,
Table 2-10.1ICF & D7z, KEENX18:18%, LINFHERL. ThiE, ThFEFTOBITE—FKt2
bDTHD. RFLPR—F—iE, 70— T Lo TR o5 MR ERL7. $72, RAPDY—7 —I2
LD BWPNIH AT 4 ¥ VI REFOREFBE 4 Fig. 2-715R7T. LaL, B5h7-HEi2
BYDIENFHTE, LHE6 -7 —HOEBRICIFEIELTCLE o, i, TOZTI®
RHOEZ S, ELWSBESEOR 2ol b PEREEL SN, 22T, RFLPY—7 —
DFBEWLD, 11 LIZGBL T3 RHREEL .
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HHmBIIE$SCORFLPY = —id 1 | LICHHTNETHB. RFLPY—h— D58 4
2 FARE L7 R A Table2-11IR Y. 120X —4—T, 0.05%DEEBRCEESLHESN
2. ZOFBRIZ, cross2107DBREMPMEL, FOIRTORERLEVSD, T TOHORFLPA]1 : 1
BT B ET G BORBBREZ LD ENTELRDP o LBIRTESL, LoT, ZOXRIIE
REBRDEL L V) BHRIEIFOL0D, Bo-BEFREHOEERICE L Ci3+5TikEw. =
DXEBRREZAVR LRETI ) BEOB VKRR ZBIIESH L LELILND,

ETH RLRRICL2RE0%E

FOHIT, cross21070BUDKS D0, BIEFEMICES VI LIRINSL. KET
i, cross2107DREHREZGuylLLICR LR T A2 12k b, BEOBVWKERFES 2 L3R4
2. T, BONLKEBENRT, RFLPPEREE ) COET 0TI 212X, BETFERF~
BRTEE, X HERET 5.

2—-7-1 MHEHRUHFE

RHEH 132 d biRBcross21 075 E#A; 2107-2,6,7,11,12, 14, 18,19, 20, 23, 25, 26,
28, 29, 31, 33, 35, 37, Guyll
70— 7 pMG6057, pMG6068, pMGE073

Tk

6B TRE R matl- 1 L HE SN A AT A ¥ VI Deross21 0738 & Guyll & OKE
T, AEFLIHOBYBI ko7, ZLOFOIBEHRL TS, 2OFOIBRLNFOID
T RAARTZ. RELPOSEEDOFNTIE, KREL 6 EICE L TiTo 7.

2—-7—-2 ®HER

HHLZI B, oL B DFD) MFHROERIES NI, 2107-33%Guylld
DRETH Y, 65NDDREBRIBEON. Pk DX % cross5307 LIER. F0 S OREZIL2.0
% Lcross2107E RFEEDLLh o205, BELOBRRFELR-ZELD , BIZFEI~DOEH
PR EN. 2 CREBEIHRABS T — 7 — 12X B5ME% 1T 572, Table 2-12 153417
BIFZRFLPOSTHEZ T L DT, BHTOKRE, RFLPTU— 7L o CRE 2 FHBRER LD, +
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TORFLPA'] | 15 BETALEZONBREDERE o7, TORRIX, cross2107I2H~T
cross5307 I BETFHIIEL TH L LR LTS, KEUE, ~0O%E:HWCEEFT Y ¥
VT RBRART.

BE8E crosss307E W AANTA L UiHBEEEFOT Y E Y S

HIEIT, cross5307IBIEF Yy EV FICBLKBR TH A e bhol. 22T, AN
AL VIR ETFksr- IV EE L TV AT - — 5 HWTY Y Y 7 5o 7.

2—-8—1 MERUFE
B#  cross5307RECHEA, 2107-33, Guyll
RAPD<—%— OPA-11, OPG-06

FHiE

AAT=A Y VTREDWMEIL, RESE 3o, RAPDY — /1 — D4 BT REE 4 5512
Po TN =y ¥ UL, Vv oy =YY 7 F 727 Mapmanager v2.6.5 53)% FWTfFo 7.
LOD (Log of odds) f&1£3.0BL L & L7, '

2-8-2 ®WRRUZEE

B — T — D57 EE % Table 2-13107R L7z, REEIZOWTIE, BROFRALOBE, #EHH
B TE&hhofel®d, x— - LTEH LR o, ZOF—F 2R LD AT <AL
YR (ETF ORZFHE % Fig. 2- 7R, v—A—12 1B QBRI ML ELVER & o7
B> Teross2107% TR L2 b D E B LT, ERMLABEE V5. EHIX, pMG6057 & ksr1D
B2523.0cM (2 FEVH V) | ksr-1£OPG-06%%8.1 cM, OPG-062*50PA-114515.7 cM& % 77,

cross210712 X S HETIZESH 2 U L HE STV 72RFLP pMG6057HSF 72 10 BEE LT\ 5B L HE S
nr:.
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AETHHAEN S BHRERIC L 2 REEBROELEZRAS. F7, BEREEROSL( 70
bHMEGuyll E REEHETH LB/ ERK L. 20ORE, hal68k ORI T, 36HDTEBEIS
BOZENTE. ZORE%cross21078 L7z, RICZOKE o TH AN T/ ¥ VIHERIET
EETNE LISRERN £ 1T o7, $TVSERES ) 55475 —45 5 EORFLP? — 7 — %
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AnalysisiC & ) 2 DDksr-NZHEHIZESH L 72~ — 1 —O0PA-11, OPG-06%182 2 LA TE7-. b
D=7 —DFFDOFER, ksr1DBETFHEE DL B LD TEN, RFLPT—F — D585,
COREFBRERITETEL TH DI LAVRENS. 22C, REOBHEZED 572017
cross2107REHERDGuy 1 1INDOR LRSI Th iz, Z0&E, 2107-33 & Guyl 1DXE TE5HD
BRVBOLN, ZOKEZcross5307& L72. cross53073 ML % fE T, ksr-lDBETHEAVER
SN, BERER LAV KRERYTTSICTETH LI L3R L.

Inal68ix, FMALRFNCS, KMEERICHCLNTEYI3 47, SEOFKEREE LHET, BE
DAFEDOFTEAZR LR TVEEZODPS Lz, LaL, ThE COMETIREEREROR
WICHWORSE Z Lided o/, nal68ld, HAHBERD 1°TH ), HEDA 32\ d bREHER
HEEE TS LR R R T ORGERE LCRECEETH L. 2512, L—2EE101
&, WARERH 2B LK 1D 2BOREIC LARERS b72F, BYO7REIL; W 235558
BETYFT/ APih s L EZONE. AFET, BEMEVISEEFRTTE SR ANE SN
LT, DEOHREERET OBTICHENL RS,
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Table 2-1. Crossing abilities of rice pathogenic isolates with Guyl 1(Mat1-2).

Isolates Race No.a) Perithecia formation®)
Ao 14-20 3373 +
CCB-YKH-1

Dai 74-03 003.2

ESD-SMH-1

Hanawa 4 003.0 ++
Hitachiohta II-9 001.0 ++
Huku 5-2 337.3

Ina 168 101.1 ++
Ina 72 024.1 ++
KMN-TME-2

Ken 53-33 137.1

Ken 54-20 003.0

Hoku 1 , 007.0

Kitaibaragi 4 001.0 ++
Kitaibaragi 9 133.1 -+
Nakayama 1-9 001.0 -+
Nakayama 3-10 033.1

Nakayama 3-3 001.0

P-2b 303.1 +
Shimomurogashima 3 037.1

a) Kiyosawa, S. Rice Genetics Newsletter 1, 95-97 (1984).
b)+=1 to 50 perithecia formed. ++= more than 50 perithecia formed.



Table 2-2. Restriction Endonucleases used in the study.

Enzyme (Manu.2) Recog. Enzyme  (Manu.) Recog.
Bam HI (TAKARA) G} ATCC Hin fI (TAKARA) G} ANTC
EcoRI (TAKARA) G| AATTC Kpnl (TAKARA) GGTAC! G
HindIIl (TAKARA) A} AGCTT BgllI (TAKARA) A | GATCT
Pst1 (TAKARA) CTGCA! G Csp4d51  (TOYOBO) TT | CGAA
Sail (TAKARA) G TCGAC EcoRV  (TAKARA) GAT | ATC
Xho I (TAKARA) C{ TCGAG Msp I (TOYOBO) C{CGG
BstPI ' (TAKARA) G { GTNACC Xbal (TOYOBO) T | CTAGA
Haelll (TAKARA) GGlcCC Dral (TAKARA) TTT | AAA
Pyull (TAKARA) CAG{CTG Sty 1 (GIBCO) C{ CAA(TT)
GG

a) TAKARA=Takara Shuzo Co. Ltd. Otsu; TOYOBO=TOYOBO Co. Ltd Osaka; GIBCO=LIFE
TECHNOLOGIES, MD, USA.

Table 2-3. RFLP probes and their detective endonucleases.

RFLP probe genomic origin restriction enzyme for detection
pMG6057 Ina 72 EcoRI

pMG6068 Ina 72 EcoRI

pMG6073 Ina72 Bam HI

pMG7044 Guyll - Xhol




Table 2-4. Kasugamysin resistance of strain Inal68.

Strains

Diameter of myceria

concenfration of kasugamycin

0 10 50 100 500 1000
Ina 168 37.7 27.0 20.4 175 9.5 7.6
Guy 11 38.0 5.3 4.7 5.2 5.0 4.9
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Table 2-5. Segregation of resistance to kasugamycin in progenies of cross2107.

Mycelia (mm) Myceria (mm)

KSM (mg/1) KSM(mg/1)
Progeny 50 100 Reaction Progeny 50 100 Reaction
Inalég8 124 13.2 R Guyll 6.6 6.3 S

Cet072 s 150 R z2l0721 10 114 R

2107-3 6.9 6.5 S 2107-23 14.3 12.7 R
2107-4 8.9 9.7 S 2107-25 12.7 124 R
2107-5 9.7 7.0 S 2107-26 . 6.6 6.5 S
2107-6 12.7 . 12.6 R 2107-27 7.5 7.1 S
2107-7 14.3 13.1 R 2107-28 14.2 114 R
2107-8 7.0 6.6 S 2107-29 14.2 13.0 R
2107-9 8.5 8.5 S 2107-30 8.2 7.3 S
2107-10 6.4 6.2 S 2107-31 14.7 141 R
2107-11 13.6 12.8 R 2107-32 8.2 7.2 S
2107-12 10.1 7.9 S 2107-33 13.8 134 R
2107-13 11.4 12.0 R 2107-34 6.8 6.2 S
2107-14 13.1 10.6 MR 2107-35 14.2 134 R
2107-15 8.6 6.6 S 2107-36 7.1 7.0 S
2107-16 6.5 7.0 S 2107-37 11.7 11.0 R
2107-17 7.0 6.3 S 2107-38 14.2 13.7 R
2107-18 12.2 9.9 MR 2107-39 6.4 6.5 S
2107-19 13.5 124 R
2107-20 13.8 13.2 R RMR:S=17:2:17

Reresistant, MR:moderately resistant, S:susceptible.
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Table 2-6. Composition of amplification mixture

Reagent Volume Final concentration
10X PCR Buffer(Gibco BRL) 1.25 1
200mM Tris-HCl(pH8.4) 20mM
500mM KCl | 50mM
50mM MgCl 2 (Gibco BRL) 1.25p1 5mM
1.25mM dNTP mixture 1pyl 0.1mM
50pmol/ 1 Random primer 0.5p! Z2puM
5U/ u1 Taq DNA Polymerase( 0.07pt 0.3Unit/12.5 1
Boehringer Mannheim)
bng/ ¢ 1 template DNA 1pl bng/12.5u!
Sterile distilled Ho O 743l
final volume 1251
Table 2-7. Condition of polymerase chain reaction.
Step Reaction Temperature Time
Step 1. Denaturation 94TC 1min30sec
Step 2. Annealing 37C 1min30sec
Step 3. Polymerisation 74C 2min30sec
Numbers of cycle 40 cycles
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Table 2-8. RAPD markers identified in this study.

No. Sequence Polymorphism No. Sequence Polymorphism
(5" =3 ) (5" =3 )

OPA-01 CAGGCCCTTC Relative b OPF-02  GAGGATCCCT Relative
OPA-05 AGGGGTCTTG Absolute 2 OPF-06 GGGAATTCGG Absolute
OPA-06 GGTCCCTGAC Relative OPF-07 CCGATATCCC Absolute
OPA-07 GAAACGGGTG Relative OPF-11  TTGGTACCCC Absolute
OPA-10 GTGATCGCAG Absolute OPF-15 CCAGTACTCC Absolute
OPA-11 CAATCGCCGT Absolute OPF-17  AACCCGGGAA Absolute
OPA-14 TCTGTGCTGG Absolute OPF-19  CCTCTAGACC Absolute
OPA-15 TTCCGAACCC Relative OPF-20 GGTCTAGAGG Relative
OPA-19 CAAACGTCGG Absolute OPG-06 GTGCCTAACC Absolute
OPB-02 TGATCCCTGG Relative OPG-07 GAACCTGCGG Absolute
OPB-06 TGCTCTGCCC Absolute OPG-09 CTGACGTCAC Absolute
OPB-12 CCTTGACGCA Relative OPG-11  TGCCCGTCGT Absolute
OPD-01 ACCGCGAAGG Absolute OPG-13 CTCTCCGCCA Relative
OPD-09 CTCTGGAGAC Absolute OPG-15 ACTGGGACTC Absolute
OPD-12 CACCGTATCC Relative OPG-16  AGCGTCCTCC Absolute
OPD-20 ACCCGGTCAC Absolute OPG-17 ACGACCGACA Absolute
OPE-01 CCCAAGGTCC Absolute OPG-19  GTCAGGGCAA Absolute
OPE-03 CCAGATGCAC Relative OPH-03 AGACGTCCAC Absolute
OPE-04 GTGACATGCC Absolute OPH-06 ACGCATCGCA Absolute
OPE-08 TCACCACGGT Absolute OPH-07 CTGCATCGTG Absolute
OPE-10 CACCAGGTGA Absolute OPH-09 TGTAGCTGGG Absolute
OPE-11 GAGTCTCAGG Absolute OPH-12  ACGCGCATGT Absolute
OPE-12 TTATCGCCCC Absolute OPH-18 GAATCGGCCA Absolute
OPE-17 CTACTGCCGT Relative

2 ‘Absolute’ means polymorphism was apparently detected as the presence or ab-
sence of amplified bands..

b ‘Relative’ means polymorphism was detected in the intensity of amplified
- bands.
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Table 2-9. Restriction endonucleases for probe purification.

Probe Restriction Endonucleases
pMG6057 Smal, Xbal

pMG6068 EcoRI, HindII

pMG6073 Smal, Xbal

pMG7044 EcoRl, Pstl
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Table 2-10. Segregation of mating type and other genetic markers in cross 2107.
Progeny Mat 6068 6057 6073 7044 7046 KSM  OPA-11 OPG-06

Inal68 matl-1 1 1 1 1 1 R 1 1
Guyll matl-2 2 2 2 2 2 S 2 2
2107-02  matll 2 - 1 o 2 1 R 1 1
2107-03  matl-2 1 2 1 2 1 S 2 2
2107-04  matl-2 1 2 1 1 2 S 2 2
2107-05  matl-2 2 1 1 1 1 S 2 2
2107-06  matl-1 1 1 2 1 2 R 1 1
2107-07  matl-1 1 1 1 1 2 R 1 1
2107-08  matl-2 2 1 1 1 1 S 2 2
2107-09  matl-2 1 2 2 1 1 S 1 2
2107-10  matl-2 2 2 2 2 2 S 2 2
2107-11 matl-1 1 1 1 1 ND R 1 1
2107-12  matl-2 1 2 1 1 ND R 1 2
2107-13  matl-1 2 1 1 1 2 R 2 2
2107-14  matl-1 1 2 2 1 2 M 1 1
2107-15  matl-2 2 2 1 2 1 S 2 2
2107-16  matl-2 2 2 1 2 1 S 2 2
2107-17  matl-2 1 1 2 1 1 S 2 2
2107-18  matl-1 1 1 2 2 2 M 1 1
2107-19  matl-1 1 1 1 1 1 R 1 1
2107-20  matl-1 1 1 1 1 1 R 1 1
2107-21 matl-2 2 2 1 2 2 R 2 2
2107-23  matl-1 1 1 2 1 2 R 1 1
2107-25  matl-1 1 1 1 1 1 R 1 1
2107-26  matl-1 1 ND 1 1 2 R 1 1
2107-27  matl-2 2 1 1 2 2 R 2 2
2107-28  matl-1 1 1 2 2 2 R 1 1
2107-29  matl-1 1 1 2 1 1 R 1 1
2107-30  matl-2 1 2 1 2 1 S 2 2
2107-31 matl-1 1 1 2 2 1 R 1 1
2107-32  matl-2 2 2 1 2 1 S 2 2
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Table 2-10 (continued).

2107-33  matl-1 1 1 1 2 1 R 1 1
2107-34  matl-2 1 2 2 2 2 S 2 2
2107-35  matl-1 1 2 2 2 2 R 1 1
2107-36  matl-2 2 1 1 2 2 S 2 2
2107-37  matl-1 1 2 1 2 1 R 1 1
2107-38  matl-2 1 1 1 1 1 R 1 1
2107-39  matl-2 2 2 2 2 2 S 2 2

Abbreviations: Mat; Mating type, Numbers as 6068 are RFLP probe numbers, KSM; Kasugamycin resistance,
. R; Resistant, S; Sensitive, M: Medium (=MR in Table 2-5), 1;Inal 68-type, 2; Guyll-type.

Table 2-11. Segregation of RFLPs in cross 2107.

RFLP No. of progeny No. of progeny Ratio

probe Inal68 type Guyll type Ina type:Guy type %2(1:1)
pMG6057 20 15 4:3 0.714
pMG6068 24 12 2:1 4.0
pMG6073 23 13 23:13 2.7
pMG7044 18 18 1:1 0.0
pMG7046 18 16 9:8 0.118

*Significant at P=0.05
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Table 2-12. Segregation of RFLPs in cross 5307.

RFLP No. of progeny No. of progeny Ratio

probe Inal68 type Guyll type Ina type:Guy type %x2(1:1)
pMG6057 31 33 31:33 0.0625
pMG6068 26 39 2:3 2.6
pMG6073 33 31 33:31 0.0625

34



Table2-13. Segregation of Markers in cross 5307.

Progeny KSM 6057 A-11 G-06 Progeny KSM 6057 A-11 G-06
2107-33 R 1 1 1 5307-34 R 2 1 1
Guyl1 S 2 2 2 5307-35 S 1 1 2

530701 ) R 2 2T 2 5307-36 R 1 1 1
5307-02 S 2 2 2 5307-37 R 1 1 1
5307-03 S 2 2 2 5307-38 S 1 1 2
5307-04 S 2 2 2 5307-39 S 2 2 2
5307-05 S 2 2 2 5307-40 MR 1 2 2
5307-06 R 1 2 1 5307-41 R 1 1 1
5307-07 R 1 1 1 5307-42 R 1 1 1
5307-08 S 2 2 2 5307-43 S 2 2 2
5307-09 S 2 1 2 5307-44 S 2 2 2
5307-10 S 2 2 2 5307-45 R 1 1 1
5307-11 S 2 2 2 5307-46 S 2 2 2
5307-12 S 2 2 2 5307-47 S 1 2 2
5307-13 S 1 2 2 5307-48 S 2 2 2
5307-14 R 2 2 1 5307-49 S 2 2 2
5307-15 R 2 2 2 5307-50 S 1 2 2
5307-16 S 2 1 2 5307-51 R 1 1 1
5307-17 S 2 2 2 5307-52 S 2 2 2
5307-18 MR 1 2 2 5307-53 R 1 1 1
5307-19 R 1 1 1 5307-55 S 2 1 2
5307-20 S 2 2 2 5307-56 R 1 2 ND
5307-21 R 1 1 1 5307-57 R 1 1 1
5307-22 S 2 2 2 5307-58 R ND 1 1
5307-23 R 1 1 1 5307-59 R 2 I 1
5307-24 S 1 2 2 5307-60 R 1 1 1
5307-25 S 1 1 2 5307-61 S 2 2 2
5307-27 S 2 1 1 5307-62 S 2 2 2
5307-28 R 2 1 1 5307-63 R 1 1 1
5307-29 R 1 1 1 5307-64 R 1 1 1
5307-30 MR 1 1 2 5307-65 R 1 1 1
5307-31 R 2 2 2 5307-66 S 2 2 2
5307-32 S 2 1 1 5307-67 R 1 2 1
5307-33 R 1 1 i

Abbreviations:: KSM; Kasugamycin resistance, . R;Resistant, S; Sensitive, MR: Medium, 6057; RFLP probe
pMG6057, A-11 and G-06: RAPD markers OPA-11 and OPG-06, 1; Inal68-type, 2; Guyll-type.
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Fig. 2-1. cross 2107 formed abnormal asci.

A: normal asci, B: abnormal ascospore form , and C: deficiency
of ascospores. Magnitude: x600
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f RFLP probes
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4), HindIlI (lanes 5 and 6), Pst I (lanes 7 and 8), Sal I (lanes 9 and 10), Xho 1 (lanes 11 and 12) and Csp45 I (lanes 13 and 14).

Genomic DNA of Inal68 (odd lanes) and Guyl1 (even lanes) were digested with BamHI (lanes 1 and 2), EcoRI (lanes 3 and
pMG7044 (a) and pMG7016 (b) were used as probes.
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12 34567891011121314

Fig. 2-3. Random amplified polymorphic DNA (RAPD) analysis.

M. grisea genomic DNA of strain Inal68 (odd lanes) and Guyl1(even lanes)were
amplified with random primers OPA-08 (lanes 3 and 4), OPA-09 (5 and 6), OPA-10 (7
and 8), OPA-11 (9 and 10) , OPA-12 (11 and 12) and OPA-13 (13 and 14).
Polymorphic patterns were detected in lanes 5 and 6, 7 and 8, 9 and 10, 13 and 14.

Lanes | and 2 were control ; amplified without a primer.
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(bp)

1632 1234567891011113‘[4

(bp) resistant sensitive

Fig. 2-4. Bulked segregant analysis.

(a) amplification of two bulk DNA; R bulk (odd lanes) and S bulk (even lanes) with
RAPD primers. Lanes I and 2 were control ; amplified without a primer.

(b) Linkage was checked by analysis with some progenies. OPA-11 was used as a
primer.
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1 2 3 4 56 7 8 9 101112 13

Fig. 2-5. RFLP analysis of cross2107.
M. grisea genomic DNA was digested with Eco RI, and hybridized with pMG6073. Lanel;

Inal68, Lane 2; Guyll and Lanes 3 to 38; cross2107 progenies.
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0.0 T OPA-11 0.0 ++ ksr-1
5.76 -+t OPG-06
11.1 7 matd 11.8 ++ OPA-11
17.3 +1 OPG-06
';i22.9 T ksr-1 22,9 ++ matl

Fig. 2-6. Genetic maps of ksr-1 based on marker segregation of cross2107.

Maps were made by MapManager. Two inconclusive maps were made from cross2107.
Numbers on the right side of the map are map distances expressed in cM
(centimorgans). OPA-11 and OPG-06 were RAPD marker loci. mat! is a locus for

mating type.
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0.0 -+ pMG6057

23.0 171 ksr-1

31.1 ++ OPG-06

46.8 ++ OPA-11

Fig. 2-7. Genetic map of ksr-1 based on marker segregation of cross5307.

Map was made by MapManager. Numbers on the right side of the map are map
distances expressed in cM (centimorgans). OPA-11 and OPG-06 were RAPD marker
loci. pMG6057 is a RFLP loci, which are revealed to be distantry linked with ksr-1.
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INET, WLBLHEEDDNAT 4 Y H— 7Y ¥ F 4 ¥ FIZiEMGR586 & W5 RERFIA D - &
YELHAVLNTETWS., ZoOESIZ, FETHE SNV BREO- 137067 0—=2 v 7 Eh
725 DTH5H2D), KETIIAEREFEKED?S, DNATVA Y H—TYrFa v yo7u—7¢ LTHERT
&5, AR O7u—-=Vv 72 ATz, TFOHIRBEZHE S /ER L.

3—1—-1 HHRRUOFE

B 4 2 HRENa72, Guyll
%1 EE 2HTER L BHKIna7204° ) ADNAG A T 51) —

43



Tk
1. 7u—70HER

HEIBEBE 2HERBICYTFINATIFA ¥ -2 avilkoT, FHONY FERTTO—-7
T ERL.
2. FIREERIBEOVER

pMG60157 5 A I FDNAIZTable2- 1\ IR T 12D FIBRBEZE CHILL, THo—-R X VER
PKENC X o THRIF S Iz,

3—-1-2 #&R

FH0D a0 — Y ERRELAH B, pMGE015LpMG6019D 2 DD 7 u— U HSREERFI & LTH
RNz, 022007 0—=TIZEBNATN)FAE¥ - 3 Y OKER%, Fig 3-11IR7. WEEL D
GHEDINY FRINLIDS, DNy POy — V%35 ET, pMG6019D/ 8% —ii1D1 o
DNV FHEHFIL D5\, pMG6015D 3T — L F/N Y FOEAPMGE019IZ 5B & A7 nahs, /X
FAREoZ D E LT THENZE L TV B DT, HBEOERIIIpMG6015EFAVaZ L& L.
pMG6015DHIBREEFR 1K % Fig3-2. 1278 L7z, pMG601512id2.7kbpD V> b HIRE 7/ ADNAKTH 759&
AShTwi,

28 pMG6015&MGR586DIHEM M

pPMG6015iE, 1 AV LMEDT/ MREEMIIRESINTRE I EPRENT NS0, =
DRI, 1 RAEDDNAT 4 Y =T Y74 Y ZICHAVSLNRTWDIMGRS86 LB L T 5, AHi
TiEpMG6015, MGR586M 7' — 7 DY, s aANA TN FA4E— 3 Y RUDNAT 4 ¥
H—=TV Y Dy =V oRBE L.

3—2—-1 MERUAE

Btk 4 2 HIAE Inal68

7u—7DNA pMG6015, MGR586  (Dr.B. Valentk  435) , pUC19

Ttk
1. ZJUIxnNA7)F4E—-va v

X9 pMG6015 & MGR586 = #iRk1L T 5 72D I HIBREEE Xbal THHIL L7z, £ 75 2 3 FDNAKL
peE<A 7 uFa—7lvh, HRERXbal 50U AVTHEILL, 7=/ -0 - JuafL s
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¥fTol:. 0%, L5 — VIEBEIT, DNAIKS0 p IOTEREWICER L7z, Ak D0 EER

(DU-7, BECKMAN) IZ & o> TEHAIL, DNABEZ#E L. £F 7 V10ngk, THU—AFVE
KKEIL, F1EE2HOBE Mo TFHFA Ty AV T I VIZEE L. pUCLILS D 7 11— 7DNA
i, BEZHRBERCTHEILL, 70X S VERKSBRSVALERT A2 EICXD), W LFEHE
7"/ LDNAHROUTF DA% Fvi7z. pUCIIXHIREBEZEXpa THIL L2 b DE V. N T 54
-2 alRB1IBDAYTI0%, 3OTU—-TTIRAINATIFAXTHIEITLNITo 7.
TU—-TOEE, NMTNVFAE=ay, YFFVORK, YN, T A XDFEF, ECL
direct nucleic acid labelling / detection kit (Amersham) @ 72 b I WIZ{E-> TITo 7=,

2. DNATA =Ty v bONF -V DRE

E2EE2HOFEINE> Tnal68s™/ ADNAZTHI L, D 2 ngk FIFREBEEEORIZ L > T
TEHEAL. ThEz=sy / —ViEB L CDNAR B L7z, 7H 2 — A5 VERKENIL12.5cm X
21.0cm?D0.6%7 #H— X (SeaKem GTG, FMC BioProducts, MA, USA )/0.5X TBET, EBFE25VTH
Q0BT 7. TOFNVEE2EE2HOFEIIRY, ¥Fr7ayF1 v FBIUNATY ¥4
E-TaleiTolk, 2BOTU—TZEBNATNFLAEX - a v F1IROA VTS VEYNLT
JFAXTHIEIZE DT,

3-2-2 &R

1. ZJuzing 7)) 54 -3~

Fig. 3-3IZRR %R T . pMG6015&MGRE86MD/NA T ¥4 ¥—3 3 »Tit, pMG6015% 7
O—7& L7z ECT T FUBRLNID, FRIEpMGE015EALETD Y 7L X ) b BHREICTEV D
DTHo7z. £7/2MGR586% 7 u—7& L7ZBICIEpMG6015MD/NY FIZiINA 7)) FA4 X Lz o
7. TNRBLEERDOBEREFET LIV, AVT I VIIEBEIN-DNABDBEEIILBEZLEZ LN
7z. DFEY, AVT T Y EOpMGEOLISDED D2, MGR586E DA 71 4 2L BBV 7 F
VI TE o/ EZ oM. E/, pUCIOEIE L LIZHEL NS T A A L7z, RO

RiE, M7 U= TORIIZTETOEFIOMEE UL S 55, EFRMIIER 2 oI THLILERL
Twa.

2. DNAT 4 V=71 ¥ hORE

. Fig 3-4CTED/SY — Y &RT. BT RE o788 — YRR L7z pMGE015IE20kbA b
1kbDFHIZ 72 o THI0D/N Y FEEL SH, MGR5861E20kb2>5 0.5kb D EEF TH40D /XY FiZ
EBNG—VEHETS. THIZTEDDNAT 4 ¥ H—T v F 4 ¥ 7B 5 EEL: RIEEF S
CERLobDTHDHIEERLTWS,
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3—2-3 g

KETHEDNAT A Y H =T NV F4 7 D2007u—T OB fTo7z. JUANAT) S
A= aVEDNAT A VH =T ) DIRY - ORED S, MEIZRL KBRS % &ATW
BT EDPTRBEENT. FoLeongS i, BIAMGRS8BIZDWVTEHMAN 21T 72, ZOBITHITR
SN TV BHMGRE86DHIFREER ML, AIEICTIERL L72pMG6015D b D L& £k o TV /z230),
CHERADERLE—FH LTz Ko T, LIEOBEITT, pMG6015%MGR586 & 1M L7z 70—
TELTHWAZ LA TELLEZ LN,

¥ 7-MGR586 D FAEEFIZZ D5 ) LBEAMR DO 1EHTHY, LTREL PRV YD 1ETH
B ENbhoTEYEKE:., pMG6015D RERFID R BT IEE 4 ETRAL.

I3 DNATA VH—TFY V54 72k BEREROEN

3—-3—-1 MHERUFE

B A AVWLHERE BARHNER7HREUCESSHRLTER (Table 3-2)
7a—7 pMG6015, MGR586

Fis
1. DNAZ7 AV H—T) 5407

FB2EFE2HOFEI o TS LRE S/ ADNAZHIE L, 2D 2 4 gk FIREEFEECORIIZ
LoTEEH LA, Thazy / — VB LTCDNAZBN LA, 7Hu— 25 VESKEITKE D
TKEIRE (HE-14B!, FEEEKRASH) 12.5emX21.0emPD0.6%7 02— A (SeaKem GTG, FMC
BioProducts)/0.5X TBET, EBE25VTHA0REMITo72. TOFVEE2EE 2HOFEIIHE, ¥
FrTuv st Y IBLXUNATYFAE-a v x2fioi. 2BO7U—72L 52BN, T
FAL—aVB1IBDAYTIVEINATYIFAXTHZEICE N To 7.
2. Ny — UERHT

BONLDNAT A Y H =TT 4 v TDIG =V BB A -V 2% v FTHRYAAL, B
BT ANMEL:. ZOT77A4VESL E, EEEHRY 7 P77 (Advanced Quantifier 1-D match,
B. I Systems Co., MI, USA) = fBIBICH W TET 2{To72. 2F 1, 1.6kbd5H19kbDEHH T, £/¥
F—VIIBIFENY FOFEZANR, HEBEONY FFEHBEEI1F]L, 2nwEEIZ0, L LTEH
WONG =23 2BBOT— 5 Ol LTREI Nz, TOTHIE T 075 AWINDISTSS) % ffi> T
5 A Z DL (Dice's coefficient) F [F = 2Nxy/(Nx + Ny), Nxyid» 2 EBROBETEE IR TV BNV K
DF . (Nx+Ny) BHROBEONY FORE ] Lo TEUBEDOF— 7075l LTEENL. 28
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BODNAT A Y H =T VT4 v TN -V ibhbETRITT 25613, 220075 z8/KIEIC
MELTfTo72. ZOF—% X, UPGMA (Unweighted pair group method, arithmetic mean) FIZX 1
NTSYS-pc package56)DSAHN T U 7T A& FAWT, bt Z4ER L 7.

BONRFEBOBEEOREL LT, 77— ATy TSR {To7. 7—VAMT v T
Bk, TS hoRBONHREEOEREEY, NI XAy — 2 FbTIFHET 2 FENO—DOTH
D, TERMETIREBOBBEELEMT 2 BN TE CHWGRTWS. AR TIEIWINBOOT 7
0755592 HWT, 1000E0REICBITS2 725 —OHBEEICLY, &7 7RF—DOFEE
ZRLL.

3—3-2 ®E
1. PHRER

95, BAHBIER 7R ERTER2BRICL 2TFHEREITY, ERRAOFRUEZHERL
72. pMG6015, MGR586IZ & B FHEEBRDDNAT 4 ¥ H—7) ¥ F 4 ¥ FDI3F — > % Fig. 3-5/T5F
. WHD/SY — IZHEBL T, Ina72%1nal68, Ken53-33&Kenb4-20, Kenb4-04& 2 DDEES
BROLENENDO TNV —T TR — Y OFEPESBO NIz, ZONNF — VR L, SR#8% 7R
L7 (Fig. 3-6) . 2¥% — v OEUBEI RS N/-BkOMIE, RHEBETL 7725 —-%2BRLTY
7=,
2. EBSEERRO BT

FRABPER TE/2DT, RICEBTHERLTHREMZ CTRENRFE L REEL - A0BERLE
L7z 39, MEBL-—XZTLICHELE. COSEITHNEREZERIC, LA SES 1
MENOREEFEZ 2BHEATE LD (FVv—7003, 007, 137, 303) &, MUMEHEL —
AR TESTEERT I OO0 (FV—7001, 337) THD (Table3-2) . TDOHFETLIC
DNA7 4 Y H—=TN 74 v 7%, BEMEL — X LBENZROBOBEZELEN L72. na72d
nal68IZ ED TNV =TI B L Ty, THIZINS OBERICREM L — A2 L - B35k
BAL 7T aCEELRPoBTHSE. FV—FTEDDNAT A Y H—T) V54 v FOfl%
Fig. 3-7IZ/RY. /N4 —OBET, HAEAZ &L 7V —7003, 007, 137, 303TiI/ Ny — i
HAEARDODDLE EGHRE TR Lo TV, o TINLD T IV— T TiEL — R & BENREKIT
BRLEWIEFI PP, LA oT, L OEMLRBINZ2T) DI FRERTESO NIy -
EBE THERIT LERE/RERORFHEB L TN FNO 7O -7 Oy - 2ETLbDE, WADS
O—7D7—% kbbb oLa3EEER L.

Fig. 3-8IZ 2 DA&FHM 2 R$. 71— 7pMG6015, MGR586D R % B L THABL T 5
DIZ22DI TR —Thb. 12idna72&hal68Dd D, ZLTH I 1 2IEEFTHERDO L DT
5. INLOEBOI IR —IHAED T —TINBLNRHBETCHIHBL T3,
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LHL, BYOHEK., »5ViE7 IR —HOBRIIOVTIE, 2200RFEHTER T
%. Ken53-33, Ken54-20, Hoku 1B X UP-2bidRR o727 7 A ¥ — % L7z, pMG6015D Rk
T, Zhd 4 EHRIZKen53-33 & Ken54-20, Hokul & P-2bD 2 0D 7 v — FIZEEE0STHIT b
TWBDIH LT, MGR586IC & 2 HRMMB TIE, Ken53-33%P-2b, Ken54-20& Hokuld®2 DD b—
TIHF o TWA, F72Ken54-04d 2 DDRBHOB CTRE 0720 FAS — 2B LTS, £
72, EHLLDORBBTLITRTOESHERIT 1207 FAF—%2BRL TV 225, ZORETIL,
Ena 3% Ena 9 & Kamisato 13%BRW TRz o72F LT N ERL TV A,
3. 7—FARMT v TENT

CDBRLR -7 ITAY—OREBEELHE§A2HEELLT, 7- ANy TBNICEINES T
AY—DEEENFRINTVS. IIT, BWEEHELFO/IAS—IlEBTHE, TOITA
F—HFHED 7O — T LN EBLNLRHBHIBENRTWAZ &b s. o THADTO—-T LD E
LNIAFEDD o L BEEESEL, ZLOBHREIBLTVELERS.
4. F## (clonal lineage)

Vb BIREOBEROMATTIX, % (clonal lineage) &V I BAN L CAVLNE. WL
WHE LR CRREERIROP o Twnizd, FAE2ERTHEL TS EEXLNE. £07
DIZ, WHLREEMODDNAT 4 Y H—71) ¥ MWL OPOBREICRE R o 7238 — V25 hh
5., TONRF—VIEFREBTLI IR —LLTHITON, EDI TR —IIBTHAEHRD I NV—T
= %%k (clonal lineage) &MUF, HBOMHEFEIGE TN, BEHNICHESAFEELZZ LN TN
5., TOEZIEIWT, WA Tu—TIl Lo THELNRFEB 2B THABRORFKEZEEL
7o, RETEMPE068DE I ATHETIEDON, Thicksl, BRUNESR 7HRITELNE7ICE
WTC, 32D NV—=TI29FoNn5. T V—7%RHKIBLA, IBLB, JBLC (Japanese Blast Lineage
A,B,andC) & L7z. LPL, TheD 7 V—FI3EBE0T4TELIC I TR — 2B LTWE I E
Phrb. 12idIna72, hal68DF Vv —7. Ken54-04 & B BERRD 7V — 7, % L TKenb3-33,
Ken54-2007 v—"7, 3%1) ifHokul, P-2bD 1RO I V=T TH2. Ihik, FRERTEHEINL
RN =V OFPERBELTWS, ThOOBHRIHMET, RLE LTET I LIE, BRORDHIBIER
TMAHLTHHETHS. o T, HROWH BREDRH L LT, JBLA-INA (Ina72, Inal6s),
JBLA-K04 (Ken54-04, BI¥4rBEHR), JBLB-K33 (Ken53-33, Ken54-20), JBLB-HK1 (Hokul),
JBLC-P2B (P-2b) M5 D% EDI. ‘
5. WEML—X & OBEE

DRI > TREMEL — R & OBBREZEIT L7, REEZ V— 7001 & 337G
TIBLAKO4AWZE L7z, BY DT V—T71320%%, 2%, HANERORKE, IBLAKOAIZET S
BRPLRoTW, BW#Z 5L, JBLA-KO4IZITRCOBERGEEKE, Ken54-042°F T T
b, IO DOEGETERIIFL R L - AOEKPSLRoTEY, JBLAKM4DBEGIZ BT 2B LM
&, RENTORBEEL —ZADEHEERLTVE, S5, BERFTEKRII2OD7T5A5—A, B
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FEELTW. #REFNDS SR — i —AD@EEER L, RHEBEEL - EOEEY
ZHEIX R, RHEATREREL - AESRIIHMELTVwE I L ER LTS, LPL, 77R%—
ADHFDLIDODF T2 S5AF =i, §_XTL—A00L.00EK PSR- TEY, ThIRFKELRER
L— 2AEEGE TR EVWI LR RTONTH 5.

3—3—-3 EE
1. pMG60150F Rt

DNAZ 4 V=7 V74 Y 7IZBVWT, MGR586IED » L DL FERHENTWAE T u—7T
H5. FAx HMGRE86%ZHEH L7240, ZORNITXTOEKLFHFHICENT 51230 TREdPo
72. MGR586IZpMG6015% §fHT 2 &, bo L bEHEENBVRHEB 2R/ L TEA, Thid,
BLb20070—7 X ) ZOREPBEENERLEIORSE. 2020070 —-TDbok
BRERBNITAVT=T) Y FOBUBEDO LRV TH o7z, pMGE015 T, EUELEVZD
2, FEROLV ANV TEHERHZENEBINT TE 2o 720125 L, MGR586TiE, FUMEIMEL,
BEUHHICh o TEDONABREEBRNIIBIT CTE 2o EZXOND., D205 hbHT:
R, SEMICFEHZBIACELLELLOND. F/:, TODNAT 4 A7 v FOEPRBOE
WL, W BREOELDBEIET, pMGE015IZE FN TV 5 RIERFIIMGR586 D i & TR\
BICHEIEL-LEX 5.

2. RREREHEL -2

BAOWS BIREDDNAT 4 Y H =71 U5 4 ¥ 72 & 2 RFEOBENITRIZNHID R, ]
EVBRATHS. ThICE), BRHNER, ERSHERT SOLRERL - XA0RR o -HkO#
EREEROBITI T EEE 2o 7. BRHENERIE, 1966512, 1 2D LREMEEETFOR
FIEDONOFRDTHSE. Zhid, FhIETOBEROILI T a vodhhs, HEEIFELY,
WBHEE LB BAZ L DTH B0, Ri DEEND, =0 THROBHIE5 DORMKISES
NBZEehbirol. #oT, HIEHRIIBWTIE, REEL — X LBEHHEIC, & DICHERE
BHY, L—ALRROMBEYD B0 Lk,

—77, TA DN U-ERSEERIE, 1 DORBIBLAK4ICBELTEBY, ZORKT, REH
VAPPSR L7 2 2R LTS, Zhid, BRBICBIT2FmERL — ROBHL, EmREHEE
BEFOERICLBZLDTHEIEEZREL TS, E2ETHERIN LS FHEORROKE L, BE
THHARETRZSHRIFRODP o TRV 26, T2 HRIBERTEEIFITbhTwine
Zzohsd. AULRKICETAEMRICLZ2BUABHERICIIHEABMIICLIDZILIEILNED,
CNERARERLRFNT 2 I LIZER> L/ N EROBIT CIIEE ICHETSH 5.

FRFIBLA-KO4AD BRI BT A8 58, REHEL —20&HMH L v HREEREOERK D
BB OBEREEET 5 2 LIISFRICRIRIEY. KIEOER» S, BEHICBIT 2 RHIBLA-K04
DELLE, REML — X DL 1960F 5 1980F DI o722 L RB E NS, HE
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FRIT1960ELARTIC T BE S 5, SBIS R LD 5 ORBIHEEL, MEBRLRRLOBEEFH o7
EFHEENG. SEBAVABESSERT 1 HRERCCTLIS0ELRICTE SN/ DT, SHiL—
ZZHELTw s, BHZREICL LT, W 2p0w b bREREREOIEREORENR I o T»
5., COMEEBELTCRESN-EREABINTAILICXY, SOICHEMICEINTAENTES.
3. HEEW D LIRHE ORE

AEFEZ TV 2PV BREORKICOWVTOENIZ SN TWS, BROT LD,
EFNTNBENHARTHY Do LBEELR T 775 —TLIHI2EROEMIFREL-TEY, SEBLN
HEOWS EREORKE LB T 2 Z LIIFEICHETH 5. FRICEHICD2EH/hoaL 7
DavEBHLBE LTiELevy HIC X 2HENDH 5. EOITERETIOFEICOI ) NS NEHKk
BB L, WCOPDRZRBEEERL, BREEL —X L RKEOMERL RS L:. f#oT, &RET
BERFENTOREEL — ADGLIZFNITEEATHWRWERBIRENS. Levybid, BOBEOF
T, BDOL—ADELIE, 1 FOFEFBRIMKEFTLLRTEY, SEAERSNIBRICBITL
V—ZADELIZARDBEDRBEIZLZDDELEEZ OGNS, Lo T, HRDOW D LIREIL, &
BERL—2OMENRE LTERTHLILIELS.

FAFH NNVRT 4 =V FAVERKEEC L 5 DARERDERKENMZ R

3—4—1 MERUKFE
BE Table3-2l2R" T4 A WDBLIRE 2 4%

Hh, HE
2YEGE:HL 2 EE 2SR,

enzyme solution . 0.7M NaCl¥A# |ZNovozym234 (Novo Nordisk, Denmark) % 2mg/ml 12725 £ ) I28&
L, 74V —KRELTHW:.

isotonic buffer . 1.2M VIV E b — )b, 20mM EDTAEH. &+ — b2 L—78E (121TC, 104) LTH
w7,

ESP : 0.5MEDTA (pH 9.2) ZHEL, #—br2Z L —7 (121TC, 1058) L7z ZZicsvyaf v
VAV EIRDBEICZD L ITMA, #HEL, #8T5. 007074 F—¥K (MAMETE

BAET) #ilmg/mlilZ b XA, 37CT2REMERL. SEL—-20CTHREL.

1 Xmodified TBE : 50 mM 2 (¥ FOF I XAF)V) T3 A¥ >, 45mM 135 B,
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0.1 mM EDTA (pH 7.5). fFHBCIEA 4 KT 2HBISHERL THW .

T
1. EBMAEDNAY VY 7V OFR

TalbotS> D FHELNFHE L7z, Wb HRE %10 mlD2YEGE# (21 mm X200 mmERERE) 128
fEL, 27CTT3HPS4HIREIEE L. INEIE OISV F2—7 (Falcon 2096,
Becton Dickinson and Co. , NJ, USA) 2\, =05 B (800Xg, 547M) L, BEZEIR L. &E
{25 miPDenzyme solution|lZHEEEH L, 3IWHBETHILIES L. IO 1Hz L), A7z
TIALDOREEERE L, KT/ 15— (RS LI 7) THEABL, BEBREZE) KRV,
BEHRFORA7 2077 R ME1700XgTL05 R L8 LEIXL, 100 u1®isotonic bufferiZ B
L7z, MEETERTRA7 207X NORELEIEL, BFELZERE7 T —X (InCert, FMC
Bioproducts, ME, USA) %#ff->T, 188X 72075 A M/ ml 1% agaroselZZ2 B X HIZHFRLA. =
DT HO—AFWITT > TVE—VFIZGEL, 4 CTTE(LLZ. To% 7Ty ivray 7IXESP
HFT50C T2 BEPICIRE ) Lo, 4 CTTRELZ.

2. JUVRT 4 =V P IVESIKED

BEXIKENIESRIKE)FE (CHEF-DRII, Bio-Rad Laboratories, CA, USA) % HL7. 2HERL
2. REEBHESNVOT O - ARBEEZRVT, Buddeb1DAEDZEHT, KEKEI Lz, 0.7% 45
)V (FastLane, FMC BioProducts, ME, USA) , 0.5Xmodified TBE, 25VC, /S)VA % £ A905T5
H, 607 T2 HEESKEI L7z, KEH/Ny 77 —1314 CISRELL. FVIERIEZF I AKE
W (1 pg/ml) TIOHEGEEL, 44 THRAFTI05»S LHFEREL, PIYAPTVAALI
I— 5 —THE, BE L/ ¥4 X<—7F—& LTSchizosaccharomyces pombefaADNA (FMC
Bioproducts) % fEH L7:.

3—4—-2 MR

ITESHFRARHHER 7 E 2ROBERSHEROBE LT L2, Fig 3-9CFDOERE%E
Y. FERIFREOBE L RL TV, VA 74—V FFVEREKE TR LIZLIENY FOEYE
BRONLDTEETIER WD, FEHREIINY FOBEPS 625 7 LHEFEEINL. T/, BEXKE
BORDTTFEDPEVEGIIH BN FiX, 7 7 VREFICE L/ESFODNAKRICE 53D
TH5. 2 Mb (Megabase pairs) ATOEEX DI Z /7 uEy— 4%, £ETCOBEKRTEHEIN:. T/,
BEOZRRIRA—RRICET 2 (MHSR) EHRECcIRonL. 22T, ALARKCET 28K
BTOBBOLZEE L REEL — XA OBREFENT27:0, E3HTHVRER V-T%22%
\2, FRMIBLA-KOADERRDBE % BT L7,
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Fig 3-10ICFDFEREEZ RS, ETOREE S V-7 TREOZREFEES N, LirL, &
BREWZ L2, L7 V-7 0Bk CHEOLBEIR o Erd o7z, FIIE, 7V —7007D
BHRITE DIT4.7 MBDONY FERWTWS, FV—T7303TRIZZOEY—L2DONY FPR, 7
NV—T7337TTIFTE & £ 3.5 MbD/NY FHFEDLN TS, TRHD 3 DOWROMIZE 3 8O RHH
TIRFZECHBBICERTD Y, BRILDNATA YA —T )V P eREEL - AOBELRL TS,

3—4—-3 EE

HAEV D LREOMRESZRBZR LTV, LaL, BESERCRLRKICET 28K
i, WEEL—-AICEELLERoRBRSR LN, ZOZ LREEEL NV TOERIL (FEE
HREK) PWREREL - A3 ED0E bREOREHEHFEICES L TVw s REZRTHIOTH
5. TalbotH52NZRIBICRHEN TOBBMOSZHEIIOVWTRELTHE Y, FEAFERSRIZTOS
BEOLZ0TEERIATFLATHLE LTS, E5IC, EFLIIEKINl68DEBEARRERZR
BL7. ZoOZRIE, RERICIHILTH o7, 125%DEHEETEIS (5855, Sone et al.37)
. INLOEER, FEAFERENV D BREOEEHALERICES L TwaATREMEE I, BX
KEMGRIBAT DTRBEME L — A OZBRBEOBITICBW TR E LD LETRETLEIDTH 5.
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EHEN /M

RETIEIHAREA R WO LREDDNAT 4 Y H—71) ¥ MEW ESWVAT 4 — )V FFEVESRK
BRI X A RBTIT 24T o 7. £ T EMRIna720% ) ADNAS A 75 —HELDNAT 4 Y H— T >
TAYICHE LT U —TpMG6015% 1872, TD7u—7IIMGR586 & IZBI D RIEEFI % & A TWD
e, JUANATNFLE=2a Y RUDNAT A Y H =TV bONF =V DEBIZ L o TRE
N7z, TEOBFHFER E19T4EDBRICERTH RSN, ek L — AD1THROBIES k%
ATV /2. pMG6015 £ MGRS586%DNAT 4 ¥ H—7) v MER O 7Tu—T7L LTHW:. &%
BE, UPGMABEICX DERL7:. 77— PR NIy 7EITICL Y, 2EO7/O—7ICX ADNAT 4 ~
H—=71) ¥ MIEDRHEED, L ERERKOHEICELTH 5 Z &L KU PMG6015DF FHEAS
RENTz. BEEMBNOBER, $TXTOEKIISEDOR#E (BLA-INA, JBLA-K04, JBLB-K33,
JBLB-HK1, JBLC-P2B) I b7z, 295, JBLA-INA, JBLA-KO4, JBLB-K33IZEH O L
Do TWwiz, Z&IZ, RHIBLA-KO4IZIE, TRCOBESRFTERFBELTEY, A—RKENTH
V—=ADGERR O N, BERKEBEBEIICLY, WL BREOKENFE—REATILEHTDH
D, ACV-AOERIEIRHEPESH L e Dol iy, HEOCEBIZBITA W
bHLREOKRESTH, JBLAKOAZEL, ZHICL—X%25bS€TnB L, L—AMtic, &6
HEOEALHEE L T2 REREDR SR,
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Table 3-1. Restriction endonucreases for restriciton mapping of pMG6015.

Enzyme (Manufacturer)2) Recog. seq. Enzyme (Manufacturer) Recog. Seq.
EcoRI (TAKARA) G{AATTC  Kpnl (TAKARA) GGTACI G
HindIII(TAKARA) A} AGCTT Xbal (TOYOBO) T | CTAGA
Pst1(TAKARA) CTGCA ! G Sty 1 (GIBCO) C | CAA(TT)GG
Sall (TAKARA) G| TCGAC Sac I (TAKARA) GAGCT!C
XhoI(TAKARA) C | TCGAG SmaI(TAKARA) CCC | GGG
Sph 1 (TAKARA) GCATG ! C Bam HI (TAKARA) G { GATCC

ATAKARA: Takara Shuzo Co. Ltd., Otsu, TOYOBO: TOYOBO CO. LTD, Osaka, GIBCO: LIFE

TECHNOLOGIES, MD, USA
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Table 3-2. M. grisea isolates used in the study.

Group Race a), b) Isolate Isolated at
- 031.1 Ina 72 Dif. strain
- 101.1 Ina 168 ¢ Dif. strain
001 001.0 Kitaibaragi 4 Ibaragi, 1988
Nakayama 1-9 Ibaragi, 1988
Hitachiohta II-9 Ibaragi, 1988
Nakayama 3-3 Ibaragi, 1989
Shimone 7 Ibaragi, 1989
Hanawa 2 Fukushima, 1988
003 003.0 Ken 54-20 Dif. strain
Ken 54-04 Dif. strain
Hanawa 4 Fukushima, 1988
003.2 Dai 74-03 Ohita, 1974
Ena 3 Gifu, 1991
007 007.0 Hoku 1 Dif. strain
Nakayama 3 Ibaragi, 1988
Nakayama 10 Ibaragi, 1988
137 1371 Ken 53-33 Dif. strain
133.1 Kitaibaragi 9 Ibaragi, 1988
037.1 Shimomurogashima 3 Fukushima, 1988
303 303.1 P-2b Dif. strain
303.0 Ena 9 Gifu, 1991
Kamisato 13 Nagano, 1991
337 337.3 Fuku 5-2 Fukushima, 1985
Ao 14-20 Aomori, 1982

a) Kiyosawa, S.(1984) : Rice Genet. Newsl. 1: 95-97.

b) These data were obtained from Kiyosawa (unpublished data), except Japanese differential strains.
¢) Ina 168 was known as race 101.0. This isolate was considered as a spontaneous mutant.
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4.36

Fig. 3-1. Repetitive sequence probe pMG6015 and pMG6019.

M. grisea genomic DNA of strain Ina 72(odd lanes) and Guy11 (even lanes)
were digested with BamHI(lanes 1 and 2), EcoRI (lanes 3 and 4) and
HindlIlI(lanes 5 and 6), electrophoresed, and transfered onto nylon
membrane. Hybridization with pMG6015 (a) and pMG6019 (b)

wereperformed with ECL direct nucleotide labelling / detection system.
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1 i
MGSRI1

Fig. 3-2. Restriction map of pMG6015.

M. grisea genomic insert (2.7 kbp) was ligated in BamHI site in pUC19. One BamHI
site of pUC19 was disturbed by ligation with Sau3 Al digested genomic DNA.
Restriction sites are indicated by letters; B = BamHI, K = Kpnl, S =Sty I, X = Xho L.
Restriction endonucleases EcoRlI, Sacl, Smal, Xbal, Sall, Pstl, Sphl, and Hindlll were
revealed to have no digestion site in the insert. Shaded bars indicate the plasmid
vector pUCI9. A striped bar indicates the SINEs-like element MGSR 1(Chapter 4).

5.4kb —®

Fig. 3-3. Cross hybridization analysis.
pMG6015(lane 1) and pCB586(lane 2) were electrophoresed,

blotted to a Nylon membrane and hybridized with pUC19 (a) ,
pMG6015 (b) and pCB586 (¢).
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7.42

6.56

5.81
5.65

4.88
4.36

3.52

2.32
2.02

Fig.3-4. Patterns of DNA fingerprint derived with pMG6015 (a) and pCB586(b).

M. grisea strain Ina72 (lane 1) and Inal68 (lane 2)genomic DNA were digested with
EcoRl, electrophoresed and blotted onto Nylon Membrane. Probe DNA were
purified by recovering from agarose gel.

58



(Kb)

38}
[os}

6.6

Fig. 3-5. DNA-fingerprinting of Japanese isolates.

Preliminary analysis with limited number of isolates using MGR586 as a
probe. 1, Ina 72; 2, Ina 168; 3, Ken 53-33; 4, Ken 54-20; 5, Hoku 1; 6,
P-2b; 7,Ken 54-04; 8, Fuku 5-2; 9, Nakayama 3-3.
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Ken 53-33
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| |
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1.0

Similarity

Fig. 3-6. UPGMA Dendrograms of Japanese isolates based upon (a)
pMG6015, (b) MGR586 and (c) both DNA fingerprint(s).

Values on the branches of the cluster indicate the results of the bootstrap analysis.
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001 003 007 137 303 337

123 4 56 78910?1 121314 15 16 17 1819202&22

Fig. 3-7. DNA-fingerprinting of Japanese isolates.

pMG6015-fingerprint of isolates grouped based upon pathogenicity. Numbers above the
lanes represent pathogenicity groups. 1, Kitaibaragi 4; 2, Nakayama 1-9; 3, Hitachiohta II-9;
4, Nakayama 3-3; 5, Shimone 7; 6, Hanawa 2; 7, Ken 54-20;8, Ken 54-04; 9, Hanawa 4; 10,
Dai 74-03; 11, Ena 3; 12, Hoku 1; 13, Nakayama 3; 14, Nakayama 10; 15, Ken 53-33; 16,
Kitaibaragi 9; 17, Shimomurogashima 3; 18, P-2b; 19, Ena 9; 20, Kamisato 13; 21, Fuku
5-2;22, Ao 14-20.
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Fig. 3-8 UPGMA Dendrograms of Japanese isolates based upon (a) pMG6015, (b)

MGRS586 and (c) both DNA fingerprint(s). Values on the branches of the cluster indicate the
results of the bootstrap analysis. A criterion for the clonal lineage assignment (a point of 0.65
similarity) is indicated with a broken line (---). Clonal lineages are indicated in the right side of the
isolate name. Clusters A, B and a subcluster which contains isolates of race 001 are indicated.
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Fig. 3-9. Electrophoretic karyotyping of Japanese isolates.

Preliminary analysis with limited number of isolates. 1, Ina72; 2, Ina 168; 3, Ken

53-33; 4, Ken 54-20; 5, Hoku 1; 6, Ken 54-04; 7, Fuku 5-2; 8, Nakayama 3-3; 9, P-2b.
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001 003 007 137 303 337

Fig. 3-10. Electrophoretic karyotyping of field isolates of lineage JBLA-K04.

Pathogenicity groups are indicated. M, size marker S. pombe (FMC BioProducts, ME, USA);
1, Kitaibaragi 4; 2, Nakayama 1-9; 3, Hitachiohta II-9; 4, Nakayama 3-3; 5,Shimone 7; 6,
Hanawa 2; 7, Ken54-04; 8, Hanawa 4; 9, Dai 74-03; 10, Ena 3;11, Nakayama 3; 12,
Nakayama 10; 13, Kitaibaragi 9; 14, Shimomurogashima 3;15, Kamisato 13; 16, Ena 9; 17,
Fuku 5-2; 18, Ao 14-20.
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A& RFLPZO—7pMG6015DIEEE SRR

LI

HF2ET, KBEOV DL LREERVRKNTHREEL - A2 Sl EdREhiz. £
7o, BRILEBIIEHTHo2. TOEREEILTH0LLT, BED2EIHMASINATHED
B, KEDOF ) AHICEETE PSS VARV VBRETFCHY, BEITICTBO I IV ARV VHE
BENTWA(Table 1-2) . DNAT A Y H—=TF Y54 7 0O70—7ThDHMGR586IZD, FT¥
ARV DI EFEEINTWS30), FITRETIE, &L DT T —TpMG6015D5T BB 21T
VW, FORIZEEND REBRNOEEIZDOVWTEE L.

%15 MGSRIOEER

pMG 6015134 >4 — FDEEN27kbTH LN TEIEE 1H) , TORERFIOEEFEE
NTWB LBV, 22T, Thaxsu—-7t LfAEMBL3L;;5&—“/ADNA3/{7'3U—%7\
p) ==y TR EICLY, ABOEF EELEY (M10kb) DNAZBITL T, REEFNIOEELR
BowERELL.

4—-1—-1 MHEHRUFE

EH B 4 32 H 5 EIna72
Escherichia coli P2392, E.coliLE392 (A 77— DXL L T)
A EMBL3

Ta—7 pMG6015

B, HE

NZY®:H © NaCl 5 g/1, MgSO4 - 7TH20 2 g/l, BRIF R () = ¥ VEERBTEKRISH) 5¢/1

, NZ7 37 (FbmETEGRRNSH) 10g/1. pHIZ2N NaOHZBHWT75 &Lz, - o L—7
B (121C, 10%) L7 EXEZMRAABEITEIEREK (FAFA4AT7R7) %:15 g/1DEET
M CHRBL.

FyTTHO—R INZY BEHICT o — 2 (EBEEEKREH) (5 ¢10FE TN TREL.
Ny F7H— I NZY BEHICEREK (154 7R 7HREH) 25 ¢/10EETMATHELZ
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T BEH I NaCl 5 g/1, /87 k— }1) 7} > (DIFCO LABORATORIES, MI, USA) 10 g/l. pHiZNaOH
#EWT75 L L7 FA—F2L—T7EE (121 C, 105) %, »5» CORE L7721 MOMgS0y -

THo0% 10 m/IRML7:. H o5 LOEE L7220 % <)V b —ZAKEEZ 10 ml/IEM L7,

S M(phage dilution &%) : NaCl 5.8 g/l, MgSO4 * 7TH20 2.0 g/, 1M MV A —EEREHE (pH
75) 50 ml/l, 2%E¥FFVER Sml/l. F— b2 L—T7EE (121 C, 1054) L7

. RNase A B | £ 2EE 2HSR.

DNase I ¥ : DNase I (GRADE III, Boehringer Mannheim GmbH, Mannheim, Germany)% lmg/ml & L CTHE
HL7-. '

Tusr4F—E¥K B TO05F4F—¥K (M FI5F72BE, AMETERIKM, ELF
H) #20 mg/ml& UTEHL7.

rouakiva 77— VRBEEICIE, NaHCO3 LiRE, BBEBREOLEZHW.

DNAFREIFIZIE, 700V A AV TINTVI—V=2410RE =z RN,

0.5M EDTA (pH 8.0), 7=/ —)v, TEREWH . 2 £ 2HBR.

50XTAE: 242 g/1 PURA (e FuFxT73I/2%), 57.1ml/1 JKEEER, 100 ml/l1 0.5M
EDTA (pH8.0). fEAFHZIZ50RFICARL 7.

Tk

1. Ina72 - AEMBL3%°/ ADNAT 4 75 1) — DYERL

UN'DIGESTED EMBL3 CLONING KIT (STRATAGENE, CA, USA), GIGAPACK II PLUS PACKAGING
EXTRACT (STRATAGENE CLONING SYSTEMS), DNA LIGATION KIT (FE&#R Sz AV T, £
O7a b a—VIlHEos TR S L.

2. 9= ATNFAE—-a Y
Molecular CloninglZHe-> TEERL /=,

1) BEMEoFRR

"E.coliP2392% 7 tTa— VA by 7 P ONIYERFAREICHER L, 37 CT4RMEELL.
FHRERPOE—a T — %15 mi) T Bi# (REB% 21X200 mm) ([CHEHEL, 37 CTT4 ~6HH
FEERE23 mm, 160 rpm)L7%2A5, T— V< YREEERCODsgo 2 BREICHEIZE L7z, X E0ESE
BB ~EEH (4BEE305%) OE®, 2000r pm, 4 CTLOHHERELTEL, Bz EERSE,
FEEB T, BERICAVTBOEGOEED, BE L7 10 mM MgS04 - TH2OCH#ZHEF S
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&, HEAHEE 10 mM MgSO4 T ODsgg =0.5ICHML 7. AR L A-BEMIMIZ4 TTRIFL, 48
BRI DL L7z,

2) AVT IO
WploNyyr=I07y723ar3isAFa7 (#9360 pfu) £0.1 mOBEMERZ RS
L, 37 CT200 7 7 —V%WEESEL. 25 mby7 - 7Hu—RA%RBREL, NZYFRICEE,
75— OEZEILS mnll b ET (10~128H) 37 CTHEELL. 20BILCEL1RKE4 T
WCHREBL, by T THE—XREfLE €. S4B X275 Y (Hybond-Nt. Amersham,
Buckinghamshire, UK) 2R — LRV THIZ DI, %2 bW E S IZTEREICEW. 1~54E
&, TOBMICFEROBBICEIE DI/, 2TV L, 77— 7% EIZLT0.5M NaOHIZ
& L7z 2 t®»Whatmann 3MM paper® EIZE &, 54LRICEXSSCT2E, 14T T/,
Whatmann 3MM paper® L TE & X 87,

)Y NATYFA4E—-Tay RUOTFTATFIIav

ECL direct nucleic acid labelling/detection system V>, 2 BEE 2HOFHF NS T1) 574
- a ERBRIATo 2. 72, M) FALE—-Ta VEBHEIT4EBRE L. BoFRY
FALTDTS5—2%, XA Py —VEXRY P TRVEY, 1 mlOSMPIHRAF L.

3. 77— UDNADOHH
Sambrook & D FFESONZHE-S 7.

1) 7L=1FS54¥—-PFR Py 7 OFH

77— ViR TARIICEON 7 T VR EAVWTEE S 79— oA T ) 54 E=-ay
L, Y INTS5—HEDT7 7 —VHERBELL. BERER0.2 m& 18000 pfuN 7 7 —T#ER
¥, 37 CTISHHERFLTEESEA. 48 CIKEDTBVA by 7T H -3 mERBE, 560L0
37 CICIRD TBWANZYERFERFEHIC T Wz, 37 TT, 79— 7P KRECLDBERNL ) ITHE
ELZFL6~SEEMEE L. SMBRER 3.5 mld ANT, FREEKIIH LT, PLELLE
%, T T4 NVATEEZ LoD IED, 4 CT—REBW. FREMET, by 77 H-—2Rkw_AI%R
WEIICEBELRITO/NR by —VEXRy P CSMBEHREZERWVWED, 770Y&ELE (50 ml) 128
L7z, RIS E S IICSMBEIR 0.72 mlz A, @EICATTCT T, RBRELTOTORLR CITF
ROBE ST RO L, T0F E55B 7. FICSMBIHE HD 72 b 0 & [ LELEISMBER
B, 700KV A 02 mERLMEICHZ, L{RYEBEL. ZRTISTHBER, 2000Xg,
4000 rpm, 4 TT5AME LA E L CEEEROMBBA 2 LS 4. HREZRVATZVI IR
PR RAS, EBENA My —VERY PTT7 70T V2070 0B L. sunkiig
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0.3%I27%2 5 X2z, 4 CTHREFEL .

2) 77—Vt

RERE (21X200mm) IINZYEEH#10 ml% A, LE3920HE —au=——%EEL /2. 27 TT,
BLUIRE ) LD (300 rpm, 30 mm) —HHE (12~1580) L7z, REEER2mZ, Db
U337 TIZIRO THVZNZYE#R100mlICHEE L7z, 37 C, 130 rpmTIRE ) Ladh, HER
DODgoo A50.51272 5 T THEE L (W4EHE) . KRIZ, 100 mlOFEERIZENENA1000 pfud
Tr—=VREEL, 2BEMRABICIREIFELL. BERIOnIunkbazmlZZ, 512
1043, EEICHiRE ) L7,

BREL/EERLZSRIZHE L. DNase I&H (1 mg/ml) B& (fRNase ABHE (1 mg/mlz#
NENRLBEN L pg/mliZ% 5 L) FRZFRMm (0.1 mI/EEELIOm) , BELA. ERET30
SEEER, BEONCIZBREEENIMICZS XA (5.84 ¢/FEEEI00m) , WMEHL LD
WIRDBECTHEDP L. XECIEBHEER, 770V& 0% 50ml) KBL, &wv) bl
11000 Xg,4 TTLOSEROAEE L THRE 2B S ¢, BB EEBRE, FHYT—
T avT, BETFEANTEE LS00 m=A7 7 A I&EDL. BERORYZFLy 7)) a—y
(PEG6000) % BAWEDTL0 B(w/VIT2 B LH M, BRT, YT/ AF Vv IAI—=T—TWoLKD
PERETCHEB I, KKFTEHHL, ZOFIXRETILEHIREBEL, 77—VRzL
B, AF—S5—CHEBLTHBREZERS L-200%, 77ury&ELE G0m%EF) IBL, &
7239 H1211000 Xg,4 CTLOAERLSEL, WL 77 - VREHL. BORZELICTY
VF—vavTEEREETE, SLICEMEYETHBNTTEE, Roltl@kezLy b
KRS, THENA My —VERY FTHY RV, SMEEERZ EE 4100 mliZA L1.6 mifn
Z, ABRA PEDFL3mERY VEAWT, 77—IXLy b2 BEPICEBRESE, SETZESIC
todz, 77— VEBEBBRLFEOIUDRVALINZ, 30BEHMLIEELT, 77 - VBEHEPDL
RYTF L) a— v MR ZHHE L7, 3000Xg (5000 rpm), 4 CTTLHHEELHSHELT, &
BRELAKBEZ,MI:. 77—Thr&tKkB4iml%, BE(F 2 —7 (ultra clear, Beckman Instruments,
Inc., CA, USA) ZHEIN L7z, & (#(18-80M, Beckman Instruments ) T, 110000Xg,4 TT 2 K&
DEEL, 77 —URERBSEL. BOELEZBIITIV T3 Y TLEARE T, BEL
F 2 — TIISMBER 200 1z AR, 77— V2 BEBEE. 4 CTHREER, ¥~y PTHERZ
BrIcETEE, £ECo77—VREBRECEREL, <A 7uF=2—-7IZB L. DEOBRETE
BN T7 7 —TWERD A DNAOFHEEERICH /2. |
6) 77— ADNADHIH

MOBRBCTHRE L7 7 —VHIZ, 0.5 MEDTA (pH 8.0)%, HABEHS20 mMIZZ25 X)Xz
(8 ul/7 7 =200 pl) . KIZ, 7874 F—F¥ KeBRFREDIS0 pg/mllR b L) ITMAT
(0.5 xI/BUBH200 x1) . E5H1T, 10 % (w/v) SDS%E, BARIBEH05 %% 5 X HITMR7z (10 4
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VEISHE200 pl). Fa— 72 AEMESIZLCTRALAHE, 56 CTIRFARESE, KN#ZZiR
FCHHLL. RICEEDO 7=/ —VENZ, TELABRICEIET, AELF2—-T2HESIIL
CHEA L7 3000Xg T, SECSHMALIELTIBICHIZ. SR by —VERY FEEL
T, kKB EhwivAf 70Fa—TB LA, ZOKBIC, FEOPEMALL7/—vEron
RV AD50:50DRAWEMZ, FLSBET000rpm, Fil, 557 L7z, EELOFETKEZEIX
L, SR07 UV AEME, EOAHET000rm, EiE, 55) Lk, KEZENL, SMEET b
Uy ABHEPEH 7.0)%, BREEN0IMICZ A L) A (20 p /RIS 200 1) , K<EBAEL
o 2HEBOIY ) — VAL, WAL (ZOBKETADNAKR, HVEROL) REERoT
Hz7. ) RETI0DEEBR, /A by —VERY FOSMUIZDNADO LR Z 85 S HBEH A, SEY
HU, 70 %TF /=) 200 plDA>72¥ 4 70F 2 — 7B L7, 12000Xg, 4 CTT255 MR LG
B L, DNAZ RSS2, EBAEEERCE T, DNAOARL Y M EZRTHRERBESEZ. 200 4
IDTE(PH 8.0)ICDNAZFHEB L72. BON/DNABHITEELHEL, -20CTHEHEREFL .

4, 77— DNADEN

(1) HIRRBERHEIDVER

RRED)VE I U— FHEYLFRBEETHLL, THu—-X X VERKEL, SHAOES»LH
P U7z, HIREESR X BamH], EcoRl, Kpnl, Xhol, Sacl (£ CEEERRSHE) Ohdrs, #X%b0%
HAEDLETERL.

(2) M TYFAL¥—T g
EOBEEIMICELTTo7-. BREKE L2/ VA LDNAKIF ZEIRL, 7u—7& LTEERL .

4—-1-2 BWRRUEBE
1. 79=IONATYFAE¥— 3 v RUDNAHH

pMG6015% 7H— 7L LTna720 % /) 554 7TV —DIT45DTF— 2 A7) ==V 7L
AR, A6DRTTFATDT T~ 2Bz, EROTT—2IZEDBZRIT A TDT 77 DEEZ
263%CTHY, ZORHDIE—KOZEzRBL TV, ThHoDT77—-V%, §MG6015-1~
46k L7z, ZDHH, $MG6015-1~64 D, DNAZHIH L7z,
2. 77— UDNADEM

pMG6015 & DB LMD 5728, HIREEE Sal ITHILL 727 7 —UDNA & pMG6015¢& D
NATYFAE—-Y ar&iTolz (Fig 4-1) . TOFER, $MG6015-4LFHIITHHR T 7 F VA
h, HEABIRERESN. T2, TRENERDIZESONV FIINATY AL, Thonro—
BT A EDOR A R BICHRT B Z EATRBI N
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pMG6015 & DAREAR L N2y o — v OFIRBEEBR % Fig. 421077, COBET, &ru—r
ZHIRBEEXho ITHIL L2 25, £TH 7 u—iCkdER0.8kbDETH P H o7, ZOMAIX
pDMG6015IZd & TN TV (Fig. 4-3) . T OWFH 25pMG6015D . LIEETITH 5 Z VIR S
7=.

D3 %, pMG6015 & A ZEFIA Y u— v DOFIRIZH D ¢ MGE015-30* 5, MR ZEILL,
FNEHCTDNAT A Y H =T 54 v T &iTo72. EDFER%EFig. 4-4107R7F. pMG6015MD/¥
&= CHAT, NV FRBA LTS, BIZEHD/Y — Y ZRLTW . o TIORSIF
pMG6015D FEMFIDEEL S E 2 b, MGSR1 & &g Ehiz.

£ 28 MGSR1DOEEEF OB
BIEI CB7-MGSR1DIEFHEEF 2 REL, FOREHT L.

4—-2-1 MBERUFE

Bk Escherichia coli J]M109
77 XX FpUC19
4 MG6015-3

i, #E

SOB¥sHi, SOCKsHi, LBXEH, LBEXRKEM, 5-70F-4- 7 00-3- A FYNL-BD-HF527 b F (
X-gal), £V 7REN-B-D-FF- #5527 b¥ FAPTG), TAERER, RILTFI 7 AKER, TE

-----

RVALATI RV UO—F 4 VN 77— RVATI FICTRRES 2SR LARL 2.
10 mM EDTA (pH80) , ¥ L ¥ 7./ —IVFF0.025%, 7OE7x /=)L 7)V—0.025 %.

20 %7 7 )NT IRV I20%T7YNVT R FER 10mlic200 ¢« 1 D1I0%APS, 31D
TEMED % &/ L 7z.

10%APS 101g/ml BHEET E=TL BHE
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TNE . 10 mM M ) A —3EEHEEW (pH 7.5), 100 mM 3E{kF M7 4, 1 mM EDTA (pH 8.0).
1.5 M NaCl-10 mM Tris¥&i : 1.5 MI&ftF ) U4, 10 mM b Y X —IEERBRE W (pH 7.5) .

1 N-NaOH-1 mM EDTA%W : 1 NKEMLF b A, 1 mMEDTA (pH8.0) .

10 mM Tris . b)) A —IREEREW (pH 7.5) 10mM

40 %7 7)IVTIFBER:38gDT727IYNT IV (BRKEH, 717147 A7KRAESH) 290
N N-Z2FLYERT 7Y NTIFN (BRIKEH, 754 FRA7) 2A4F KEKIZERL, €
2100 milZ L7z, EXRL T4 CTRELE.

6 %72 VNT IR 9miDL0 %T 27U VT I FER £12 mID5XTBE, 252g DRE (E1t
FH, FUSMEERRSH) 244 URPAKICERL, £E%60mliC LA, T2I2300 1 1 D10 %
APSEW L 60 ¢ | DTEMED (BRIXEIH, 77954 7 AR E4) #MMZ, ¥IAROEICHL
A, EfLIE7.

Tk
1. MGSRIDH T 7 a—=v 7
(1) MGSRIDNA®DEIX

$ MG6015-3DNA %, HIREBERXhol THILL, THO—AFXVERKE L7z, 0%, Rfl
27V BODNADNY FEYHL, 74 V5 —f&&0F 2—7 (SUPREC-01, E#E#EHKN
241 ITAR, 20 CTHEL, R\T37 CTHHEMEHE L. 10000 rpm, 4 TTLOHHELR-LS
BL, "y 7ICTEREHEZ100 ¢ | A, ERICELHTELL. #y 72O L, B5N7-DNA
BRe 7=/ =V - JO0nRVARELL. COBRE1—T7F /- )VTH50 o 1IZEWL, =%
TAL S (ZvHRYTI=Y) %5 T—L LTy /- VB LEBORZRL Y P2 ESEDOTER
FRICEBL, 9473 VRIBIZD iz,

(2) pUCLODWHAL LB v Efb

5 ugDpUCIODNA % FIREER Sall (EBEEMRRSH) THILL, =&/ — V&L 20
DNADNVLy b %1 MTris (pH 8.ONCHEBEL, NZFUTNATNVI) VT4 AT 75 —¥ (EHEEHK
X&) 1UEMZT65C, 300MS S, ZORSEE, 7=/ — V% 3ETY, 7
J—=lv-suufRiVa, sunRivaABL, =¥/ —)VikE L CONAX B L 7.
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(3) 44— 3>
5 (1), (2) THLNEBRTEAME N7 % —DNA=3 .1 (ENkK) KB LD

RIS RZREL, TADNAY H—¥ (REHHRASH) Tl6e T, L2RHERGSE, F475—Ya~>
L7,

(4) WHEE#H

ERE (3) ORISH % Ecoli IM1090 2 > ¥ 5 ¥ MERER (200 p1) Chix, KET305R
LA, Ih%t42 CTOOMHEE— M3y 7% ), 800 p1dSOCE®IZME, 37 TT304Hik
EHREELL (HEER) | ZOR#EREXgal - IPTG - 7 ¥ L) VIRILBEREHIZE ) 1T,
37 CTIHMBEERE L OBIO=—2HE L.
(5) 79 A3 FHiH

E2EE 2HBR.

2. WERFOUHE
(1) ¥727u—=v7r

5 ¢ gDpMGT6-1DNA%Z HIfREER Kpnl THALL 7 A 0 — A7 VERIKEY L7z, BERIE 1 X
TAE, 7 WVIZERIN 7 70— X (Sea Plaque GTG, FMC BioProducts, MI, USA)% 1 % DBE CTHW /-,
BERKEWME TR, 72503 kbfHED/NY F, 3.0 kbfFEDNY FEENREFNYHHL, (471
Fa—TIlwNz, FVDAoTvA7uFa—T7%, 70 CTISHBREL, FVEBEBRIE.
FEOTERERZMZ, 6170 CTHHSHERELZ. ZOF2 -T2, EFEDT7 2/ — Vi
#HEL, ERTITHELIEL, LEEHIOIA I 0Fa—Till o/, EHICLBLEEFRENT x
J—=lvEMZ, FFEOBRELZBRYELL. RACT7/ -V 700R)VARE, KW Troufkly
ATHHL, 1-7% /7 -LVTERHEL, A4 BRREH=v RV I—-V) 2Fv)T7—LL
TL¥ ./ — ViLE LDNAZ XL 7.

0.3 kbfFED/NY Fp & EUX L 7-DNAIZKpnl THAL, Bi7) ~EE{L L7-pUCLI9DNAL ) H—E %
BWTIA4 45— a vy &8/, 3.0kbfFED/NY FiZZDF ETADNAY H—EEFHVWTS A ¥~ 3
YEEL. ENENODNABRIZFE 2EF 2HICE L TRERRICHE L. £hZFhwi{oprnan
Z—bL7TITAI FEHE LA

L7279 23 FIZKIBREBEECHILL, 7THVo—-X5VERKEL T, Bk O&EE, H50idh
MEZHE L. &7 70— VDNARE 2 EE 28I THlRib v v AREGRETHERL .

(2) AVTXIZVEF FT 74— DIER
DNAEEHE (Model 380B, Applied Biosystems) T&B L7-DNAEH %, Falcon20703 LV IZA
h, 55 CT—HREEL, REELZRELL. ZOBREZELCEBRBTHAVTERSE, FIVATI
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FEVB—=F4 7Ny 77134 ¢ LIZEEL, 100 CTEHSHERL, EHIIKPTHALL
%, 20% 77 )NT I FFIVEEESRIKE) (1 XTBE, 20 mAEEH, 1EME) LA FVIDEW
DAY TR VEFF FOHEE5WYBL, FRICEY, 1m0y yY (FLVEHERSH) 2
A, Falcon20707&[»& (Becton Dickinson and Co., NJ, USA) {24 0 H Lf;. ZZIZ5 mDTINEZ M
T—BRLPICIREI L, AU TR LAF FEBERSEA. ThES512100 T, 105 EmMEL,
TFVIAE L/ DR BEH L7z, 3000 rpm, 1057EROTBEL, HEZHL.

¥Ry b= YP5000HDF v TOEICHEE L-Fight L ED®, €D LIZDEAE-Sephadex A-50
250 1% Liddk, TNET3EBEELIY T AR L. COH 7 A EROLER 3ERESE
7z. ZZWZFEF150 x4 1 D1.5M NaCl-10 mM Tris#&# %, KVT200, 1 ©0.1N NaOH-1 mM EDTA
B %, BBEICS50p1010 mM Trisk i L, BHLZEEZ50 plD1 MTristifAo72v A4 7 0Fa—7
Wz, Sy /= VvEMZCHEEZ1S5mE L, -20 CT—HRSHIL7-#, 15000 rpm, 4
CC00ERLTHEL, XLy bE270% L% /) —VTY Y ALLBREZE LS. ZhE25 410
10 mM TrisliCBB L, BEZEIELL.

(3) SEIDNADFIEL

DNABEEFREIIESH L 25 1RXEDNAZRE L 2T 62w, SEIL 2 ARET
FAIFDNAZT7NVAY TEBLTIARBEILLTHYSHEIILZ., FTEMDT 7 A3 FDNA2 4
g, 2mMEDTABM2 x1, 2N NaOHBEH A~ A 7 uF2—7CLt ), BEKTEELZ20 plE& L7
FRTS5TMBEBEL, DNAREH S/, 28 I 5 MEFEET Y= 7 AEREMA, BAL,
100l J—VEMAZBERN L., —80 CHV ) —HF—T55ESHHL, EHIZ15000 rpm, 4
CTH o 0aEEL, EEXHET, DNAOXRL Y 2B, TOXRLY bE270% ¥ J — VT
W, HEEODELTENLY FERREEZR L.

(4) =7y 7R .
Sequenase ver. 2.0 (United States Biochemical Corp. Cleveland, USA) Z Vv, DO~ a2 7 VMo T
FEERL .

(5) EXRIKE)
A5 THANVEBRIKEIERE (v VV) ZHWT, 1 XTBE, 40 WEETKEI L7, KERT

%, FVEINVERRE ONMFS5 Y F) RHCTERL, A-V59F 75 74— L7

(6) f&br
DNASIS version 7.00 (BM.V 7 b =7y V7Y Y IHRASH) 2HWTER L.
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4-2-2 R

MGSR1DWTA % pUCIZY 72 u—= 7L, pMGT6-1& L7z, pMGT6-1DW b LIREHE
DODNAIZ08 kb THAHDT, 1EDY—7 vV FRIETIHETORERFIPFRETES 2V, £2
T, Fig 451CRT LI RA NI FV—%2ER LA, T, pMGT6-1% HIBEEE Kpnl THILL, £h
FNY T 0—=2 7 LpMGT6-1s1, 52, s3% B L7, TNHDTFXI FIBASIRTWAVD D
WES ) AHROBSOEERES % 2BOI = N—HF LT ITA T — RO THRELE. S50
REbLIEhEhOY 77 u—- Ol 2 20% CHGOEN %, pMGT6-12HHE LT, 4EDOT
54 <— (Table 4-1) ZFERLTHREL. D X)L THRESNALEERS % Fig 4-617R L
7=.

EIRFERINLT60IEEN 25 % o TV 72, DNASISIC X 2N OFER, OEFICIZORFIZFEL %
ot i, BT — ¥ N—2Z (GenBank, R71.0 March, 1992) MEDHER, HFIIEVEREZR
TODERO» Lo/, L L, ZORIMIIRNARY 2 7—ENDTUE-F—TH5" A- box
7 &7 Bbox” AHY, TD3I KWEICRY (T) LEXZLNZENF DD, BAORKEEZ S
n5 8IRED 2RIRENFET HEIREN, RNARY AT —FI7O0E—F—%FOL fuiy
THr9H EBEbni.

4—-2—-3 E8

MGSR1DIEEBFIZREL/2E T A, RNARY X7 —FII7T2E—F—2FHOL bRV VD
FErR Lz, —fRIS, 20X R TFEO D DI SINEs (short interspersed elements) &&E 2 S
TWw5. SINEsELIZEEEREYDT /) MIFETHERETFO7 73 —Th 158), HERFHL
LTid3” Rmflo+y I (T) £40349 T (T) , 7~ 21EEDEFIRIE, RNAKY 27—
DTU—E—F—DEToNhD. T, W OPDIEIABYDOSINEsOFIZIE, HDHEDRNAIIEH
HRMEZRTHDOPHLEFAMONT 5. MGSRLD R (T) LEFIREEFNZRF>TWEH, £
NGIISINEs L ZERD LD THo7z. UL, BEZTIZHSN TV E 2 TOSINEsTIREFIREIX
R (T) OTFHICHEET P, MGSRITRHIZ 2o TWBEDTH S, T/, BBEF|FT— & -2
DIREDOFEFR, MGSRUCHERMEZ R tRNAD 5V ILSINEsDSED> - 7255 5, MGSR1%SINEs& #5H
DI E SICHARBNPLETH S ) LBbIL, |
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#£ 38 MGSR1DF J KB 50580

MGSR1A%5 2t fR1- 58 L CHTE LTV 2B A /UL R 7 4 — b FESUKEIE % AV 7299
ATYFA¥ = a3 2 > THERLT.

4—-3—-1 HERUTHE
EHEE 132 d BHEEna72, Guyll
#FH 70— pMGT6-1
ik
1. SVA 74—V FERKSEY  7VHAERUESRKE | 3 EE 3HSHR.
2. TOYFALUTENAT)FA ¥ - gy
wEMR, $ufa, BEL-SVEUV IO RY »H— (SPECTRONICS, SPECTROLINKER XL-
100) T1HEUV (254nm) ZBEL, “VHODNAZSW L. Z0%RIIE 2EE 2K
W, TVHIER, B, Tuv T4 v kol NMNMTYFAE—-Ta v LE2EE2HICED
TiTo7.
4—-3—-2 KRERUEE
ISIWAT 4 =) FEZKERUTDOFHF N, T FA4E¥—T a VFERE%Fig 4-7 R L7-. pMGT6-

1, 2F YMGSRIFLTOERBAKICEEL TWAEN bA Y, MGSR1ZY & {&ET" THHUEHE
ERLTWS,
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BAE /NE

KEBDNAT 4 Y H—F ) V54 v 7 7u—T7THbLpMG6015DG TR 21T o7&
A, To7u—7ORLHESE LT0.7kbD, Xhollfh 2% 5 Z LH7REN, MGSRLEGAIH
AR

MGSR1DEEHEFIZ760MEHENTH ), ZORNIIRNAKY 2 7 —EOTOE—-F —Th
5" A- box” &” Bbox” DB, ZD3 FWEAIKIMEZEZOLNLEFFH Y, BWADEHE
EZOND SEXEDO2ANEIEETHFEIREN, L NIRYVTHBHSINEsORFE ML TV
7z, iz, COVAT 4 =) FESRKENREIC L ) FEBARICHTEL TV 5B 2 LRI hL.

W BIREY/ AFPOEBETF & L TIEZMGSRIBAMZ S 6 FEMR D% o TV 5(Table 1-2).
ZNHEDH B 5DV WALINEs (Long Interspersed Elements) ICBTA5D, P VAR VBB
Wi A VAR FTHY, BEFICORFAFHOKRELZDBNDTHS. SEHDOERTROIFADIZIN
ST L THEBHEN DTH B, &, Wb BWRE T/ L2 LSINEsHREF Td 5 MG-SINELD R
BNz, FORFHIMGSRIE ZER oD THo7245). Farmanbid, &L, FEREHEET
AVR2-YAMODZERERDER L LTEBETFOBALH o722 L2 WME L T 5H30. MGSRILED

TID L) RFERFIPVD BREDT ) LOESHFEIML POREZH-oTWDH I EIZTHLH»TH
5.
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Table 4-1. Synthetic oligonucleotide primers.

Primer name

Sequence(5'—>3’)

61S1FOR
61S1REV
61S2FOR
61S2REV
61S3FOR
61S3REV

5-CAACCAATCAATCCT-3

5-GTGTAACTTCGTTGG-3’
5-CACTTGAAGCATTTG-3

5-ACCAGCAACTACGGC-3'

5-TGATGGCAAGTTCGA-3’

5"-CCCCCAACCCATATA-3
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(a)

M1 2 3 4 5 6

234

94
6.4

4.3
2.3
2.0

0.5

(b)

Fig. 4-1. $MG6015 clones contain homologous DNA to pMG6015.

DNAs were digested with Sal I, electrophoresed (a) , blotted to nylon membrane,
and hybridized with pMG6015 labelled with ECL system (b). Sizes are given in

kb. Lane M: ADNA/Hin dIII digest, 1 to 6: $MG6015-1 to pMG6015-6.
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6.

dMG6015-1 —H—]

OMG60152 —— —

dMG6015-3 ﬁ ' 1 P
$MG6015-5 ——p 31 ¢ vy
v AEMBL3
¢MG6015—6 ——+— | L4 | — l
S E E SE SE E S

Fig. 4-2. Restristion map of pMG6015 clones.

Abbreviations; B:BamHI, E:EcoRI, S:Sall, X:Xhol
Bars indicate vector arm or its hybridizing fragment.



< 0.8kbp

Fig. 4-3. Conservation of 0.8kbp Xhol fragment in $MG6015 clones.

pMG6015 and phage DNA were digested with Xhol, and electrophoresed in a 0.7%

agarose gel. Lane M: A-Hin dIII size marker, 1:pMG6015, 2 to 6: 9MG6015 clones.
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23.1

9.4

6.6

4.4

Fig. 4-4. Similarity of hybridizing pattern
between two probe, pMG6015 and pMGT6-1.

M. grisea Ina72 DNA was digested with EcoRI
electrophoresed, and blotted. Lane 1: probed with
pMG6015 , 2:probed with pMGT6-1.
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| apn B EH P e
=23 o N
T}f T j} j}
- I } -
pUC19 . MGSR1 . pUCI9
Digest with Kpn I
";‘————L T'I I!I i,
Self ligation
Subcloned
into pUC19
— ] — ———
pMGT6-1s1 pMGT6-1s2 pMGT6-153

o

Sequencing with universal primers

\ 4

- ol P
il | i}
e | [ ][

— —
~—  —<&— Sequencing with custom primers

MGSR1

Fig. 4-5. Strategies for sequencing MGSR1.
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5' CTCGAGGGCATGATCTCTTCCTCGCTGGACTCTTTCTCGGAATCCTCGCT 50
>E5>5>>>
Xhol .
TAATTCTTCTGTTGAGGATTGATTGGTTGTCCTAATGTGGTGGGTTTGTC 100

CCAAAGGTTCCTCATCCGATTCTCCGGAGCATCCGAGTCCGTGAGT%%E% 150

GTAGTTgGGTCTCTTATCGGTGTAACTTCGTTGGTTGTCCTGTCCCTAGG 200

NNAGT
A-box : Styl
GGTACTCGGTTTCCTACTGCTAGGGTTCGAGTGCCTCGGGGCTTCTGTGG 250
GGTTCGANNCC
B-box KpnI

GTACCATCCTGCGTCGTTTTTGGAGCTATTGTGTACCATGCAATTGTCAT 300
CGTAGCAGGTGGTCCAGCTTATCGTGCTGTGTTGGTCAGGCCGTAGTTGC 350

TGGTGATTGGTGGCATTAAATCCTCGTGGTTTTTCGGTCTTGCCCCTAAA 400
>>>555>> poly(T

AATCAAGGGAATAATTTTCCTGGAATTET?%GGGCAGTTTCTGGCGATGT 450
poly

GCCCTGTCTTGTCGCACTTGAAGCATTTGCCACTTTTGGGGTCTTTACGG 500
GGCTTCTTGTGTTGTGTGGCTCTGAGGTCCATGGGTCCACTATGGGTACC 550
Styl Kpnl
ATAAGCTGTATTGTAGGTCTGGGGTGCCGTGTGACGGGGCTGCTGCCATC 600
CACCATTGTTTCTGTGGTATATGGGTTGGGGGTGTTGGTATTTGCGTCCC 650
GTGTTGGCTTGTCGAATTGAGGTGACGAACATTCGCTGTCCGCCTTGTTT 700

TTCCTGTCGGCGTTCGTAAATCCGGTTGTCAAGTTTGATGGCAAGTTCGA 750

CGTACTCGAG 3' 760
Xhol

Fig. 4-6. Nucleotide sequence of MGSR1.

Two internal RNA polymerase III promoters; A-box and B-box, 3'-poly (T), 8bp-direct
repeat (>) and 5' ends of restriction sites (A) are indicated.
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Il chromosomes.

1 exists in a

pMGT6-

7
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1g.
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Chromosomal sized DNA were prepared and electrophoresed according to material and methods.

pMGT®6-1 was labelled and detected with ECL sysyem.

Lane 1

[na72, 3: Guyll

ducts, MI, USA), 2

iopro

S. pombe (FMC B
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F£55% LWHBEEINA168DRBEARERDEN

LB

£3ETVL LRBEOREBERL NV OERDSZOREHESHEICES LTy 2 TREHIRSh
7. L2L, SRETICWH LREOREERL NVOERZEERE LIk v, BESEEROSR
BHEOEHEDP S FHEINTVWE T TH S, HERETEDL, TOEEDX =X L2HITNTH
LD, AEOL—-AOEEBBICHT2EERARFEOND Z LIS NG, ERIE, A
P b HREEINal 68 DRFERIC 2 BEOBE N D ), TNPREREERTHHI L2l LeRR
L7z, RETIE, 2OZRORRARUZOERNERN T 2T o720 THRET 5.

Z£18 REEKROBEE{LORER

A4 320 BHEEINal68DOMENIEIETHEA LS. LI L, AEOLEBEDNADY Y TVEE
ERELL-EZA, TRETERRI-GHENNY—VERLT:.

5—1—1 MBRUOHFE

BH fivd 5 HEInales, Guyll
7u—7 pMG6015, MGR586

TI—V T H -8 £ 28 25H5H
3 % KREX  EXEK GHEEHA, FEHZE) 3g% 100 ml DROKIZIZ, F—F7 L—T78BHE (
121°C, 1047H) L7-.

Tk
e ADNADY » TVREE RU/VVRA 74—V FEAVESIKEIEIR, £3EE 3o 7.

1. BT
F2EE I,

2. DNATZ A4 V=T V51 v T
EIBE2HIES T
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3. MEEL—-ARE

BFEBRRAA - IV TH—CWbbREEHEL, 27ET2BMEELL. ATAFTT
A% Eo TREALEDREARZHYBRE, BT T T3 EERELRITAZ. 10 mD A F 2 5cHK
Nz, REOSEFZBBL T, F—E¥TEALZ. BRFOSEFIRE L MIRETERZ VTG
BL, 105 /ml ICFE LA, Z Z1CTween20%0.02 % DBREICE D XH TN TRFEREL. &
DREFEBR L BARHFSEICESECTREL . BER 1AM TRRETHELL.

4. REREDKE

REREIEF O ORFRELBFEE L. F2EHE 1 HICEL THAB L CGuyl1OKEZ T2
7. TREDTFOIREHHL, 3% KERICBWAKEOBEKICEP, Fff&#zfEoTF
DIREWIEL, T0) 2RBIHHBEEL. ThEAT Ly ¥ —CEIF, 27TETLEEEL, F0
IRFARRBFEE, EFOIINTIRFELZTFOIRTF2ELTO) OHELTFD) OREFRE
L7-.

5—1—-2 BRRUEE

BB EN Y VT NVIE 6ROV FRR LD, 208N BBRICHABLIY Y TV TR 6ED
NV FIZH5.IMbDIN Y FHMb o 72 TERDNY FPFBE SNz (Fig. 5-1). Iy IFx—
2arThHirh, RERERERTHADEERT L2010, BRRTH5EELITY, Inal68SAl ~ 250
25k 2R/,

IO ODEROBE LN LI-RER, 268 THRETERONY FERL. #oT, 2022
DZENIInal 68DRF B AR FICFEN 202l 68D 2 DDOMETH 5 Z LATRIEEN, 6 KDY FOK
BE o, TRONY FOBEEL o« &L, TROBEIIREOLEHRYL vREARE L. BERRT5H#
WDH B, Inal68SA20 L1Inal68 SA6%, ThFNa k o’ OREKRE LTEIRL (Fig5-1), DNA
TAVH—=T) T4 v TERBEHEL—R, Guyll& ORERDORELITo 7.

DNAT 4 YA =T V54 ¥ 7 ORFER%Fig5-2lRT. pMG6015TlXE& LY -V %,
MGR586 T 1 2D/ FEBRWTE R U/ - Th o7z, WEBIREDFKER % Tables-1II7R
F. ETCOBEKIIL - X101 EHE SN, KEEEDREDHKE R % Table5-2I1IR"F. FD ) DREFR
TwIhd 2~7 % CTHELZZERSN o7z, b DFRIXInal6es, nal68SA20E
Inal68SA6%%, FEFIIFBEIIHEL TVWEILERLTWA. #oT, REBEKRTOH L WEEII,
Inal68DHEBEAFER L TELALDDTHA I ERRB L. T2, TOFRBARERIL, DNA7Z A
YH=TNITAYTONY =, WEHEL-R, KREBICHEES 22V EARBINL.
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E2H BAEALEROTHME

ata’ D2ODOBMI—FHOMEFEEAERREEI LT FOBRZRT]RICRo2E
EZOoN5., TIELLWEDEETELLLTWEDY, THF0FEMEIRE) THALH)». —ED
B FBREERIC X DARET L7,

5—-2—-1 MERUHE
E5g7S Inal68SA20, Inal68SA6

T

FF LR 2ERINEND L2200 THEREzSBEL. CNOOBRIZE3EEIHOS
HBIZHE, BRIZEBIT L. Thiaelb o’ OFNFROKEZERL, H-8kE L. o
BB L7,

5—2—2 HRERUZEE

—EOHEBFLEEROTBNEFig 5-31CF Dk T, «HOBEKRISO 200K TR
o’ BPFHAL TS, «BEPLO2HREZFHLTI125 %OFEETo” BIHHALL. T/, o
By oA THALLDIELTe” BOETH o7z, 2, o DOHEBETIHERE CVREADE
SRHHPBRON. ZOZehb, CORBERRERIE, o2bo’ OHRMICOZI25%E V)
BETEILAZL, I, vREADREFSHPILETHD (Fig 5-4)2&h5, ZOREBHKLIIRE
EREMIDH B T LTRSS |

BEIH vEBAOHE

a—>a’ DOFEBEREHREE TR, viBEORBENS - & JPELZEHEVZE. ZOviBAOBEED
BRIZOVWTNAA T FA - a v EHEVTER L.

5—-3—1 MBKEUGE

273 Inal68SA20, Inal68SA6
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pMG6015, MGR586

R

7a—7

B
Hybridization buffer . 5 XSSC, 0.1 % SDS, 5 % Dextran Sulfate, 5 % Liquid blocking agant

Primary wash buffer . 1 XSSC, 0.1 % SDS

Secondary wash buffer . 0.5XSSC, 0.1 % SDS
Diluent buffer ; 0.1 M M1 X —3EEEEEW (pH7.5) , 0.3MNaCl A — b 27 L—T7HHE (121 T, 15

) L7,
Blocking buffer . Liquid blocking agent % Diluent buffer C10f5IZHIR L 7.

AP conjugate buffer . Diluent buffer {Z Bovine serum albumin (ALBUMIN, BOVINE, A-4503; SIGMA
CHEMICAL COMPANY , MO, USA)% 5 % (w/v) &% 5 XHIZHEMEL, 1/5000& @ Anti-fluorescein

alkaline phosphatase conjugate % il . 7.
Tween-20 buffer : Diluent buffer {ZTween-20 (FIJEHiIEE) 203% (v/v) &3 XHITMx7.

IEHL.

FIRRBEE /Sy 77— L IM M) X —IEEEE® (pH 7.5) ICNaCl 29 g BB LA— b2 L —7 (121
- JEH

T, 1040) L. BlicA—1b+ 2 L—78E (121 C, 104H) L720.5M MgCl, 10mliEBEL,

Dithithreitol 71 mgZ Mz 7z. BEKT50 mli

VikA
1. ¥Fx¥E5)—=Tuwsrqa vy
HLEEIH PSR,
JNWVAT 4 — V&I 5 ODNAD EEY
FEIEEIHICHE, RBEDNAOY Y I VERB L. #FL, A7za 77X MEKIZ2x108

2.
/ml& L7z, BEERUEHT, VAT 4=V FPFVERKE L2, BHONY FESAVHR5Y)



DHL, 0.5Xmodified TBECi#i7z L72&HF 2 —7 (Seamless Cellulose Tubing, Viskase corp., IL, USA)
ANz, TDF 22— 7 %CHEFEIkE)E (CHEF-DRII, Bio-Rad, CA, USA) IZE7EL, 0.5Xmodified
TBE, 50V, 14 C, /WA F £ L6055 CTL7TRHKE) L7z, TEICEHRINTWIDORHRA LS
&, Mupid-2 (ZRE - N AHAKH) ICwh, #FHANCERKE L7: (0.5XmodifiedTBE, 50V,
257) . BRF2—THONY 77 —ikv A 7 DREEICAN, 1-Butanol T500 u1F T L7,
Jx /= saaskVAE L7, BE1-Butanol TEML, TF¥EAA D (v RVYI—V) %
¥ T7—E LTIy — Vit %47\, DNADRL Y b &7 ZONRLy ME70% 28 ) —
T2EESE LREZRLA. hE10 » I OBBEKICERL.

3. 7u—7DNADIER

Fluorescein Gene ImagesT™ -random prime module ( Amersham, Buckinghamshire, UK) % & BV, #
D70 ba=VIlHE> TEERLA. Tbb, BEK20. U7 10— 7DNASOO ng/ 2B L7z, B
BARBRTESEEERSE, ELIKPTSFHGEI LS L, Table 5-30RISR TEREITo 7.

37 CT—BRIG 24TV, 20 CTREL .

4. N TNVFLE¥—-Dary

Fluorescein Gene ImagesTM -dioxetane detection module ( Amersham, Buckinghamshire, UK) % W
oo WATNFAX= a3y -9 7 (N T -9 5, TRAE-NLF) IZAVTIVEwh,
0.3 ml/em2A ¥ 75 ¥ OENE THybridization buffer ¥ iz 72, Ny oK@ EWMYBRE, R —
T—ZRAVWTY -V LA, 60T, 60rpmT I BE L - NA 7Y FAX&E/2. 7u—7DNA%
EE (10 ng/ml Hybridization buffer) 75174 7 0F 2 — 7B BEKEMZ, FEZ20 x18L
e L7, ThE@EKPCTSOEERSE, EbikE Lz, IR % Hybridization bufferlZiNz,
60 C, 60 rpmTLI6BEINA Y FA ¥ = a v iTolz. ATV %Ny ZHSE Y UPrimary
wash bufferiZ& L 60 CTTI55HEE 9 (B40rpm) L, & 5IZSecondary wash buffer CRIEEIZIEE 5
L7z. XY 75 ¥ %Diluent buffer C#< ) ~ X L, Blocking buffer (0.7~1.0 ml/cn®)iZ& LER T 1 B
Bi#R&E ) L7z, Diluent buffer CBE U Y AL, NA TN FAE—Tay - No S IlAYTI0%
Wi, 0.3 ml/em2A ¥ 75 Y DEETAP conjugate bufferz Jl 272, Ny PO EERE{WY K
&, R)TY=5—%HVWTY— VL%, 2R, 60 rpmT 1FMA % 2~} L7z, Tween-20
buffer!Z& LEIRTI05BIRE 9§ 5% % 3 E{To 7. Diluent buffer CE{ ) Y A L7:#, TE BT
AT EDBEEY BN TROBERIE o eNA TV A= a3y - N B L 20T
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<~ MDNATH I~ Dioxetane detection reagent # A 7L — L (14 cm2/[) , WEEHICITEEL T/, A
VTG UERFLONAL TN T L= ay - Ny FICBL, B)Y—F—TIy—N L7 —BRERIC
FETHREBELEBXHE T A VA (7Y 7404, NIFRX100) 121 5E~BEBZRTRES S/,

5. 2RI VESIKENE

"Pulsed Field Gel electrophoresis, A Practical guide” ST - TEER L 7=, L3 BEEIHDOADIZ
BBEDNAY Y 7V ERB L. 722 LA 7207 I ALREEIRL0YmE L, TOFY T Ve, &
FEOBEOYF Y TNVE 1 DDFNVTISVAT 42—V FFrVERKE 21T, 10REQT Y 7VD
L—=C% Vo L, BEORBEOHRGFOAZEBE L. OHLAZL—iZ4mmiEIZ A T4 A
L, I=H)VF 2—7(15ml, Falcon 2096, Becton Dickinson, Inc.., NJ, USA) A7z, 10mlDHIREESE
Ny 77 —%MA 4 CT2HRMIRE ) T5FEE 3ETTY, FHE{LL7Z. Bovune serum albumin (SIGMA
CHEMICAL COMPANY, MO, USA) 100 ng/ml% il 2 7-HIREER /Ny 7 7 — 10ml %2 iz, HIBREER
EcoR1% 2000 URM L7z, 37 CT—BRRIG S€7:%, BRELIETOSXTBENY 77 —10 miZMA
4 TTI300MIRE D Lz, 2RTBOBRKBHO S V2 EHL (0.6 % Seakem GTG Agarose,
FMC Bioproducts, MI, USA), 50TIZfRRL7z. HIRBERQLE LS VR 2 75 WERBO 77 v b
T A — AOREBABMNBICEE L. SIWKEBRLASVERLAABILS®/. v —F - LTH
2 B 3EICHE> TEcoRITEEHIL L7247/ ADNA L & $1225 VT40RHBRKE L7z (K Vi A
A12.5cmX21 cm, HE-14, EEERRSH) . COX VA2 E3EE 2HMOFEI-TEFAES ) —
7nv%47ﬁ%ﬁw,+4uyxy73yémmMNtzmamm)Kﬁibt.%3ﬁ%2%@
FHEIHE:, DNAT A Y H—TY v 54 Y FERLBETIOAY T IV HABTNA T 4 E—
YarvEiTol. £ OREOENE % Fig 5-612ITR L7,

5—-3—-2 #m*

HIEIE TIZ e’ B, o« BUSvEBENINb o 2B TH B DT o T D, FEITIE, v
BEPEZIHRTEOPENAT) A= a VECLoTELE:., 3, SVAT74—VF
FVESKEEIZ LD SBEL SV S, vBREERONY FEP) L, DNAZBEIXL, RILCER
WE)L7=F WEDIER L7270y bENATYFTA L a v &fTo72 #ER%EFig 55187, 7
0 —7i3Inal68 £ Inal68SA20D Y FIII, Inal68SA6DVEEMIZEINATYFA X L. Zh
i, vBRBEAIT EIONY FINCHR TR LE2RLTWA. LIL, o BEOBRBIZH Y FILZF
T35, 351, NV FIIEvERBEBEOSGFERFNENGS.7, 47MbL DT, TWEDEICIZ 1 MDD
ENHD. o T, vEBENNY FIIPSLHELZETHIE, IMDITDDNAD/NY K, H 5\ idft
DEBAEDY 4 XBAPFBOONBZETTHLHH, ROTEI LN TELRP /2. £2T, 2XRRTY
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VESKEETITY, ikl D1 D0y Kz IERS CHESIT 7.

2RITTNVESKENL 2 BOBRKE L 1BIONA 7Y ¥4 E—-2 3 bl o T\ 5(Fig 5-
6). AN, FBEDNADY Y TIVIF/ISVAT 4 —VEFVERKKEN X W SEENS. ZOF Ve
WL, BYELFIREE (KR TIEEORD) THLT 2. Zoyrvray 2 25k s VIiCikes
EUCR L CEREICEDIALR, DNAT A Y H—TY) 74 v 7L ABROBRKEI X UDNAT «+ v H—7
VYT AT DT U= T EoNATYFA¥—2 3 v %47, fto TELBEDNADN Y FIER
BEFIONY FIZk o THRBSIT SRS,

ZDFET, Inal68SA20 L Inal68SA6D 2 Witk%, pMG6015K UMGR586D 2FED 7 —7
THEHT L7-. Fig 5-7WIpMG6015% 70 —7 & L7z & EDEREZRT. /N> FILIZ, pMG6015D11D
NYFhboTwWie, TDHH, NUF2, 4, 7HMal68SA20TIZ/NY FHIZ, 1nal68SA6TIE
VREBEDNEIZHD, 7 ML TR I LFTPE. BYONY FIEEETEEICNY FIIOMHE
I 5. MGR5G8BIZL BT TS, 220D/ FINY FIPSvEREAKIZY 7 b LTV 2, 2013
PONY FZHBETHo/. ZOZEE, 20025738 T 5. 5, BE «ONY FLILE 2 KD
BRIV 2oTVRBEIETHE. 2F), Y7 LAY FICX a3k, Y7 Ladholn
YFREBREED2ODHB. TNHERINY Flla (V7 FLAadPo/zdd) &8V FlIb (V7 b
L7zbd) ERRZEICTH. 51T, Y7 LAY FO1IXTEOBRKENIC BT 2BEE (£
~HEHE) BT T P LkdolbDLERTREVDOT, /N FUIbIZ S Flllak ) b EFHFED
MEVDDEZZ NS, T ORERPOVEREEDIVSY Fllb2 S HET 2 2 EHL IR,
AMIROFERE—BE L. L LAY FIbONEBIZSH 5 KABEFI D/ F T, viaaitogtamkic
VT DMLY FFEBNZ L, FAEELLNY FERWI ERS, N Flb) S vEREEANOFE
BOBETET BILTDIMbDODNA IZ2WTIE, FHTSH o 7-.

S5, XY FbE 7O —TE LTINS T FA €= a3 v %2fTolz. NV FIbDOF VH 5
DY HLIZ, N FIIOTOIWFEEEFECOIHTILICLVTo72. ERERAL 2EHRICOW
THHTL7: (Fig 5-8) . 58V 3 7' )VidInal68SA20D/8 > FIIb & Inal 68SA6DvEEAKD N Fap
bR ESN. COFERLD, vBREEAINNY FIb2»5& U2 EXAFREZENL. L,
Inal68SAGDMD/NY R LI E e 2o 72, Fighs-8TiE, Inal68SA20M/3Y RI, /N FII, /N
Y Fall 55T 7 F VSR o728, TR EORERM 2, H5VIEFrVETHESR
Zdrolz. NV FIIbORBICEAZDBDTHSH. Lizd>T, IMbDDNAIL, REAFHEEOEE
TRELZ DLEbIL.

5—3—3 =8

—BEONATYTA ¥ - a VERICL Y, vBREADOERBRIZOVWTWL S2r0MEIE
bhsz. 7, BBl o /N7 FINIE, /N Flllak /Sy FIIbD 2 KOFEEP S 2 oTBY, 09
LN FIIbA, BREEEZC, vgihe s, Z2LTFOEGRIIBEOLREICLE D7
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EBRbhz. L L, RELAZDNAOES RO NIzDIITIERL, HETHRIITERW,

REAFEEROSFREICOVTRD L(ARLN TS b DD 1 DIl Candidah™d 575, b o
EBFREEZTRTVEAMKIIDNA () RV —ADNA) EETFHIH L HEMAEZL T TV 560,61)
. BEEAEYTIE, (DNAZWLDLDI =7 U FAIERoTREBELTHEELTWS., #oT#
DA —FOMABRZ BFEFITEZ DTV, TL20M0 s ¥ 7 40 KEEFFFEOBRERICH
BLTWREWIHELHD. Lz oT, BADRRLALBAEERERD, DNAICL Db DO,
BRI ILEVH 5.

E4H IDNADKABKELRE~OHS

DNADGEEFRBICES L T AMREMAKE W I LA R, R TIIPCREIZ L
DIDNADEGFZEIEL, 70 —TELTNVRA T4 =V EFEVEDHFHF NS T)FLE— 3>
BT EiTo 7.

5—4—1 MEERUHE
227 Inal68SA20

s
1. 794 —DERRUEER

White et al.62)D7R318S rDNA ICREN %L T T4~ — 6T (Table 5-4 )WLz, ThH o
77 4<% —i3Fig 5-9IRTIDNA LDOMBIZHIE L TS, 794 —13FE L BE 2HOFEIRE->
TEB L7z, R LADNAIXOPC (A ITX 7 LA F FEEMAI— ) v¥) (Applied Biosystems)
2N, FOTZ 2TV THE L.

2. PCREIS

PCREUSIE, Table 5-5M KIS K UFTable 5-6 DIEIEEE I > TIiTo 7. 105G L,
FISHEO18i315% 7Ha—X, TBE/Sy 77—, 100 VT INVEBRKRE L. &Boix, 7=2/—
V- rOURNVARBOR, 1—T7% ) —VTlEL, T4 — Ltk LPCREW % EILL 7:.

2. 7uv 4y ,
Inal68SA20 K Ulnal68SA6 % VT, E3HDFEIIHE S TiTo 7.

92



3. Tu—T0EHR NMTIVFLA¥—-Tar
EIHOFEIE > TfTo7.

5—4—-2 RRBIUZE

KT 74— FAVTPCRIC X 2HIB%1T->72 (Fig. 5-10) . ZFSEWIL, Table5-41TR L
ZZbDEIFIRFULASFETHY, ELIBIBETEZb0 LML, KPCREWIIZNDTF Tu—7
ELTHWON, NA TN FAE¥ -2 a v ORREFig 5-11IRT. 22 Tid, NSLENS201#EiE
EVIZEBHRLPRLTWARWD, £70—7L 312, 10al68SA20TIiZ /N> FIINZ, Inal68SA6T
EVBRERIZNA T T AL X L7, fEo T, (DNADNY FIIEICAES 5 2 &SRB I, S5
2, ELODHRBAEDNY FIZEHINATYF L XL, rDNAD Y Y FAUEELTWAS T L &R
LTwadntBbhs,

DEDHERLY, vHBAEDERIZIDNAYEE L T2 WREEITRIR SN 575, Candida®3fE
EVKOPDHEBENDHS. 31201, (DNAZ L2 RERELROBEE, REAEOERIIHA
T, LNRSGEDFET 56901 LT, BLxDFE, —HHIZ, —ENEETLIERLRNWE
ETHB. 351, Candida CIDNADREKDHEZ o 72358, DNADNA TY F L ¥—= a2 DSy
TIUHEEL 2B 2 EHFENENN, FrDHE, FROPROALZVIE, b LELDF — X2, DNA
DREDHIZE DS DTHIUE, IMbODNAFEDLNTWE I LIZRY, ¥ 7 FIVH88L % 5 Wk
Eta3icd s, LizhoT, HERTIE, vEERER~ODNAOESIE, WiE T\, Candida
IZBWTH, rDNADEFET EEREDOEILT, IDNADTLPEES LT iwEltdddh ), POE
RIZL2BESTHIcEZONS.
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E5H /M

VWb BIRE (Magnaporthe grisea) Inal 68OBBERKRELBUR L2, SWVA 74—V FIVER
FKENZ L BABITICBWCZOEERIIBMRL D L 1 RSV TRONY FO o2 2B 2R L7, Bk
DR % o, BEEROBIZ o L L, ZERICEANCHZ-2H5MbORS Ofthz kv L L
7z. TOEREIDNAT A H—=T7) Y bRy — v 2REERNREYE, SERICEEYS 2R
Pofe., —EQERTLHERICLY, TOEENF I HOBBTHEICENTI25 % OEEETLY
ba—a’ DAMILPRILRVWT EDFREN. FFry7uy bR 2RTT VERIKEIFITIC
L0, BEEVIIEE « DY FIbO—MBRETHZ EICLDEL/-Z EFRBENL. T,
rDNADNY FIIb R OVEEBAREICH 5 Z L27R 8, ZORBHRBEER~NOBESOWEEEITREN
7=,

Talbot527), Orbach28)b, FAARLEITIICLY, WL LREBEOKZEIFEFTICEHEICEA
TWHEIEPFHLPIZENT VS, FETH, BELERKRILIVVILREORBARERYEEYN
WCEIBT A L IZHOTRII L.

SEDHERIZEY, WHBREDY ) MIREEEEROF Y AKXy bTdH DI LS
Mol BHRInale8iZBWT, NV FllbOFafgik, 1 HOHEBFIETERY125 % OBF
T, 1REZBIL, BEAZETLINTHS. 1#oT, N FllIbDdH BEFIIZFEE IZHREE
ZRIFRTVEHID B EVREEIND,. FEEO 1 BREICOWTIE, CandidaTHRESHT TS
D, IDNADESG L TWwB I EFHLP Lo TWAED, REETDH, rDNANES LT B WM
mENT, LPLEOHMOEFIEES LTV 2T EdH 5.

SEOFERLI-FEARERIIV I BRBEOREEL - AOL(LICIZES L TwiRnZ &R
HOPTHE. LPL, TORRTRXTOERBEEREESL - AOEHKICES LTwivn e #ERT
BEIETELR. Valenthid, IFREEEETFAVR2-YAMOYEEEEDTF O X 7REICNEL, %
N ZDAREEBRICESG L TnEELTWS1Y), FAETHIBRRIIIZ, WHLFEHICREEOR
BEIDPEEL, INOPEEEROSHILICEES L T AR SH 5.

SHERER L REARERIEBAEEROETFVRE LTHEATE 2RI S 5. 0F
D, COERIFECEEETREILNT, 1HOERER/NDY VY TVTIT) LD TESL, fo
T, RBEAERERICEELEX2RTFOBEN, »2ViiEeAERROSTFREBRIICKE(EST
XHHDTH5.
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Table 5-1. Pathogenicity test of karyotype mutants of Inal68.

Reaction
Cultivar Inal68 Inal68SA20( «) Inal68SA6 ( a’ )
Shin 2 S S S
Aichiasahi R R R
Fujisaka 5 ‘R R R
Kusabue R R R
Tsuyuake R R R
Fukunishiki R R R
K1 S S S
Pi No.4 R R R
Toride 1 R R R
Race No. 101 101 101
Table 5-2. Rate of germinated asci in crosseés between karyotype mutaants of Inal68
Cross %Germination (Germitated Asci/Total Assci)

Inal68 x Guy11(1) 3.4 (88/2588)
Inal68 x Guyl11(2) 7.6 (77/1012)

Inal68SA6 x Guyll(l) 2.1(9/417)
Inal68SA6 x Guyl1(2) 6.2 (79/1271)
Inal68SAZ20 x Guy11(1) 4.0 (68/1686)
2.1 (

Inal68SA20 x Guyll(2) 34/1592)
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Tableb-3 Composition of Probe Labelling Mixture.

Reagent Volume
Water 14ul
Nucleotide Mix 10wl
Primers 5ul
Denatured DNA 20ul
Enzyme lul

Total volume 50ul




Table 5-4. Primers for amplification of rDNA

Primer Sequence (5’ ~> 3) Product Size (bp)b Tm (T)
Namea

NS1 GTAGTCATATGCTTGTCTC 555 56

NS2 GGCTGCTGGCACCAGACTTGC 68

NS3 GCAAGTCTGGTGCCAGCAGCC 597 68

NS4 CTTCCGTCAATTCCTTTAAG 56

NS5 AACTTAAAGGAATTGACGGAAG 310 57

NS6 GCATCACAGACCTGTTATTGCCTC 65

a All-odd-numbered primers are 5 primers; even numbers indicate 3’ primers.
bProduct sizes are approximate based on the rRNA genes of S. cerevisiae.

Table 5-5. Composition of amplification mixture

Reagent

Final concentration

10X PCR Buffer
200mM Tris-HCl(pH8.4)
500mM KCt

50mM MgCl 2

1.25mM dNTP mixture

Primer

5U/ ¢ 1 Taq DNA Polymerase (Amplitag
DNA polymerase, Perkin-Elmer, )

template DNA

final volume

20mM

50mM

1.5mM
0.2mM

1 M for each
2.5U

0.5ng
50ul
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Table 5-6. Condition of polymerase chain reaction.

Step Reaction Temperature Time
Step 1. Denaturation 95T 30sec
Step 2. Annealing 50T 30sec
Step 3. Polymerisation 72C 1min.
Numbers of cycle 40 cycles
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(a) (b)

—1 5 S
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i @ ~a——Chromosome-v
— =
—V
—_—] e

type o type o

Fig. 5-1 Two distinct karyotypes o and o' of the isolate Inal68.

(a) Chromosomal DNA was separated with CHEF-electrophoresis (see Materials and
Methods). Samples in each lane are, M: molecular size marker (S. pombe, FMC
Bioproducts, ME, USA), 1: Inal68 ( first preparation), 2: Inal68 (second preparation), 3:
Inal68SA20, 4: Inal68SA6. An arrow indicates extra chromosomal band. Sizes are given

in Mb. (b) Illustrated diagram of karyotype a and a', with chromosome-v.
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123 123

Fig. 5-2. DNA fingerprinting of isolates originated from single spore.
Patterns were generated in the hybridization with pMG6015(a) and MGR586(b).

Lanes and samples are, 1: Inal68, 2: [nal68SA20, 3: Inal68SA6. Arrows indicate
polymorphic bands between patterns.
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101

Type a (16)

Type a (19)
Inal68SB19
Type a(18)
Inal68SA20 Type o' (4)
Sock il Type o ()
Inal68SB5 ——> Type a '(All)
( polymorphsim of
chr.-v)
Type a'(7)
Inal68SA6 ———> Type o' (All)
( polymorphsim Inal68SB'S ——> Type o' (All)
of chr.-v) SB'16 ( polymorphsim of
( polymorphsim chr.-v)
of chr.-v)
Type a' (All)
( polymorphsim of
chr.-v)

Fig. 5-3. Schematic diagram of series of single spore isolation.

A branched arrow indicates that the isolation yields two karyotypes. Arrow means that isolated spores showed all o'

karyotype. Numbers in parenthesis represents numbers of isolates exhibiting the karyotype. Isolate names listed below the

karyotypes are names of isolates used as parents for the next generation.



o' 12345678910«

chr.-v

Fig. 5-4. Polymorphism of chromosome-v.

The length of chromosome-v in isolates of karyotype o' is variable in the range between
five and seven Mb. Lanes a and a' are Inal68SA20 and [nal68SA6, respectively. Lanes 1
to 10: single-spore isolates originated from Inal68SB'S. A large arrow indicates
approximate molecular weight of chromosome-v. Small arrows indicate chromosome-v
in each lane. For example, chromosome-v in lane 8 is larger than that in lane 7 or lane 9.
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-a—Dbandlll —=>
S ——chr.-y —>» |

Fig. 5-5. Hybridization analysis of chromosome-v.

CHEF-electrophoresis pattern (a) and hybridization pattern of chromosome-v probe
(b) are presented. Chromosome-v probe was prepared by electro-elution (see
Materials and Methods). Samples and its karyotypes in each lane are, lane 1:

Inal68SA20 (a), 2: Inal68SA6 (o), 3: Inal68SBS5 (o). Band I1I and chromosome-v
are indicated by arrows.

103



Yol

(a) (c)
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Digestied
total
genomic
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Hilll

Restriction
enzyme digestion

Y

CHEF
Separation

(d)
@ 1L )
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Agarose gel electrophoresis
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X

‘

+
]

Hybridization Blotting

Fig. 5-6. The two-dimensional analysis.

The analysis consisted of two-dimensional electrophoresis and hybridization. First, a chromosomal DNA sample was separated in the CHEF
gel, and the same lane was excised(a). DNAs in the gel were then digested with the restriction enzyme EcoRI(b), and the gel block was put on
another gel for the second electrophoretic separation, vertical to the direction of the first electrophoresis(c). The second separation was the same
as that of DNA fingerprinting, i. e. "normal" agarose gel electrophoresis(d). Finally DNAs were blotted onto a nylon membrane (e) and
hybridized with DNA fingerprinting probes, which were dispersed all over the genome. As the results of the analyses, each chromosomal band
in the CHEF separation was characterized by the set of bands appeared in DNA fingerprints (e).



A B
Ist dimension

ot
-
']
s
ot

2nd dimen

Fig. 5-7. Two-dimensional analysis of two karyotype.

Inal68SA20 (A) and Inal68SA6 (B) chromosomal DNAs were CHEF-separated, EcoRI
digested, and electrophoresed vertically to the first dimension, and hybridized with pMG6015
(see Materials and Methods for details). Photographs in the upper part are the results of the first
separation. (c) indicates the result of pMG6015-DNA fingerprint of Inal68SA20. Numbers
indicate bands originated from band III of karyotype a. Bands 2, 4, 7 shifted in (B) to the position
of chromosome-v.
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(b) (c)

bandlila —>

bandIllb—"

— chr.-v

Fig. 5-8. Hybridization analysis of band IIIb.

CHEF-electrophoresis pattern (a) and hybridization pattern of band IIIb probe (b) of Inal68SA20
(lane 1) and Inal68SA6 (lane 2) are presented. Band IIIb probe was prepared in the same way as
Fig. 6. Band IlIb and chromosome-v are indicated by arrows. (c) illustrated diagram of the
karyotypic mutation.
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NS1 NS3 NS5

uclear Large rDNA

NSZ2 NS4 NS6

Fig. 5-9. Locations of PCR primers on nuclear rDNA.

The arrowheads represent the 3' end of the primer.

1.63

0.50

0.30
0.22

Fig. 5-10. PCR amplification of rDNA probes.
Inal68SA20 genomic DNA is amplified with primers NS1 and

NS2 (lane 1), NS3 and NS4 (lane 2), and NS5 and NS6 (lane 3).
Lane M; size marker pBR322 / Hinf 1. Sizes are given in kb.
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~@&— Chr.-v

Fig. 5-11. Chromosomal location of tDNA in karyotypes o and o'.

Inal68 SA20 (lane 1, a ) and Inal68 SA6 (lane 2, o) chromosomal sized

DNAwere electrophoresed in a CHEF gel (a), blotted and hybridized with a
PCR product with primers NSINS2 (b). Lane M; size marker S. pombe
chromosomal DNA. Sizes are given in Mb.
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E6E I

AL, BAROWDL LFEEE AVRERL - ALEBEOMBEO L OBZT I RO
T HBE LT, REEBRROBY, FFREFOBITEIC L 32R£EAREENER, 550V 5HR
BT ) 2OEHBEICESE LT IRTFOBNERAALIDOTH 5.

FTE2ETIIAREVD BRERICL IREERROBLEZRAAL. 7T, HHEEEROD 5
420 LREGuyll E R RETH 2B EBRB L. £OFR, Inal68& DI T, 36¥RDIKEL
BREBAZEDNTER. ZOKBEFcross2107& L7z, RICZORERFE o THAN A ¥ Vi
BIEFZETNVE LLEGBIFZIT, DATTA ¥ Viitideross2107T1 ¢ 1IC7BEL, 120
BIEFksr-1IZE o THERENTEY, F7-Bulked Segregant AnalysistC & ) 1872 2 D Dksr-HZHEHEIC
HEHH LIZRAPDY — /1 —OPA-11, OPG-06DEN DOFER, ksr-1DBETFHREDHI LA TEL
2, RFLPY— 7 —OGEE» S, ZOREFHEERICETEL THL I RSN, £2T,
REOBMEEED B 72D12cross2 1 07RBEERDCGuy L INOR LRE E2{To /2. ZOHEE, 655N%
A6 7% 52107-33% Guyl 10K eross53070F b, ksr-1DBEFHEEER L. HEERZ
B REERI TSR TH LT L 2R L.

EIETHHEAEAS F WL HREDDNAT A Y H =T ¥ M E/SVR T 4 — )V FFAVER
KENEIC X 2B T 21T o 7. £ 3 H#RIna7205°/ ADNAT A 77 — %5 70— 7pMG6015%
B, TO7O—TIIMGR586 & IZBIDRIEES 2 & ATV, THEOBXRHUFIER L 17THROBESS
ik % pMG6015 & MGR586#DNAT 4 ¥ H— 7Y ¥ MEAF O 71— 7 & L TN L7, UPGMAZEIC
& ) FERE Lf:f%ﬁilﬁOW“»— MR MY TEFICEY, 2BOTO—FIZLEBDNAT A Y H—T) Vb
ICETRERD, WL BRERKOHEICE L TH S Z L RUPMGE0I5DOF AR Iz, R
R ORS, T<TOBKIE 5EDRH (BLAINA, JBLA-KO4, JBLB-K33, JBLB-HKI,
JBLC-P2B) 25 Sz, T &I, RMIBLA-KO4IZE, TRCOBESSEKFBELTEY, A—F
MATOL—-ROMEFR SN, BRIKEZEBENICLD, v BREOREFE—RHKENTHS
BTHD, BLL—AOBE/RIEIE-IS L Z RSN, Doz itk ), HEOBBICS
AV LIREOKESG DY, IBLA-KO4IZEBL, SRICL—XZ5{ESETwbH I 8, -5t
2, REEROEMFEES LTI HREEINR S,

LABETIEIDNAT A Y H— 7Y V54 ¥ 707 10— TpMG6015D KARFF DEHT % 17 - 7z.
pMG6015 & RO Lo/ u— %, 4 3 bREIna72 AEMBL3S A4 77 ) —X )R 7
V- v L, BiTL-E A, ZORERFOFLHEFTTS S & EhLhb0.7kbDKIFAHIIF
R&MN, MGSR1& L72. MGSRIDIEEEFZHEL/ET S, RNAKY) X7 —FIITOE-F —%F
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CHAPTER 7 : English Abstracts

Magnaporthe grisea is a fungal pathogen responsible for the rice blast, which is one of the most
damaging disease of the rice crop. The most troublesome feature of the fungus in the control of the disease is
instability, particularly in the cultivar specificity which is represented by pathogenic race. Many blast resistant
cultivars had been introduced into the field but they were short-lived by novel pathogenic race, caused by the
instability.

In order to analyze the instability of the pathogenic race, genetic analyses of host specificity or other
factors for the diversity of the genome are essential. The fungus is an ascomycete but the perfect stage has
not been found in the field1). Thus classical genetic analysis is available but most rice pathogenic field isolates
are not fertile except Guy11, a field isolate from French Guyanal3). In order to obtain a fertile cross of rice
pathogenic isolates, intercross with Guy11 or sib cross of its progeny of field isolates have been tried15).

Population genetic analysis of field isolates of the fungus is very useful to characterize the relationship
between pathogenic race and genetic background. DNA fingerprinting using MGR58621) is widely used for
population genetics or phylogenetic analysis. Field isolates from USA22, 23), Colombia24) and Philippines25)
were analyzed to define many distinct clonal lineages and relationships with host specificity were discussed.
From those analysis, variability of host specificity in a clonal lineage was detected. Particularly in
Philippines25), based on the knowledge of clonal lineage, a new system of blast control was proposed.

From the points discussed above, it is strongly indicated that the genetic variability is one of the most
important feature in the fungi. However, a limited amount of knowledge is available for the factor which
provides the variability of the genome. Seven transposable elements had been isolated from the genome 6f the
organism (Table 1-2). One of those, MGRS586 transposon was reported to be responsible for inactivation of a
host-specificity gene, AVR2-YAMO.30)

Chromosomal length polymorphism is another interesting feature and a candidate for genomic variation
of the fungi . AVR2-YAMO was also reported to be unstable due to the chromosomal locus, near the
telomere!9). It is easily considered that a particular loci of the chromosome like telomere will be sensitive to
chromosomal rearrangement.

Japanese isolates are expected to be appropriate materials for analyses of genomic variability . First,

blast resistant breeding of rice cultivars are progressed and many resistant cultivars are introduced into fields.
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Thus Japanese isolates are good materials for host specificity genes responsible for resistance genes.
Secondary, they are good materials for spontaneous mutants of host specificity, because breakdown of
resistance of those cultivars had been occurred many times and Japan has a unique geographic circumstances
as islands which prevent free distribution of genetic sources from other countries. However, only a limited
reports of genetic analyses of genomic variability of Japanese isolates have been published. In this report, the
author tied to establish a genetic analyzing system of M. grisea of Japanese isolates, using crossing, DNA

fingerprinting, electrophoretic karyotyping and other molecular genetic methods.

1. Establishment of a cross system of Japanese isolates of M. grisea

First, the author tried to obtain a new cross of Magnaporthe grisea rice pathogens. The cross named
cross2107 (Ina168 x Guy11) had 36 progenies, but abnormal morphology was observed in ascospores.
Segregation analyses in cross2107 revealed its less relevance for genetic analysis in terms of its abnormal
segregation of RFLP markers. Backcrosses of cross2107 progenies with Guy11produced another cross
named cross3307. Cross5307 (2107-33 x Guy11) had 65 progenies and was revealed to be more relevant for
genetic analysis than cross2107.

A genetic analysis aimed at identification of ksr-1(one), a gene controlling kasugamycin resistance, was
conducted with cross5307. Bulked segregant analysis was used in order to concentrate RAPD markers for

mapping of the gene. Then 3 markers linked to ksr-1 were obtained and genetic map around the ksr-I was

constructed.

2.DNA fingerprinting and electrophoretic karyotyping of Japanese isolates of rice blast fungus35)
Twenty-four Japanese isolates of Magnaporthe grisea were characterized by DNA-fingerprinting and
electrophoretic karyotyping. These isolates consisted of seven Japanese differential strains and field isolates
of various pathogenic races which were collected from all over Japan. A DNA fingerprinting probe
pMG6015, was isolated from the genome of a Japanese strain Ina72. MGR586 and pMG6015 were used as
DNA-fingerprinting probes. Bootstrapping analysis revealed that pMG6015 was effective to construct a
robust phylogenetic tree. Five clonal lineages are found in the phylogenetic analysis. It was revealed that all

field isolates were derived from a clonal lineage JBLA-KO04. A high level of variability of pathogenic race in
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the lineage JBLLA-K04 was detected. Electrophoretic karyotype of isolates in the lineage JBLLA-K04 were
polymorphic, but some similarity of karyotype were observed among isolates of similar pathogenic races.
These aspects indicated that field isolates of M. grisea were derived from a limited number of clonal lineage
and had diverged their host-cultivar specificity, and that chromosomal level variation has a relationship to

pathogenic race variation in the clonal lineage JBLA-K04.
3. Characterization of DNA fingerprinting probe pMG601536)

In this chapter, a repetitive element in the genomic insert of DNA fingerprinting probe pMG6015 was
characterized . As it was 0.8kb in length and dispersed in the genome, it was named MGSR1 (for
Magnaporthe grisea short repeat 1). The nucleotide sequence revealed an internal promoter of RNA
polymerase III, 3'-poly(T), and 8 bp-direct repeat in it. These results suggest MGSR1 resembles SINEs

(short interspersed elements), a repetitive DNA family in the genome of higher eukaryotes.
4. Identification and Characterization of a karyotypic mutation in Magnaporhe grisea strain Ina16837)

Karyotypic mutants of Magnaporthe grisea isolate Ina168 were identified. The mutants have a
karyotype with an extra band of chromosome-v in addition to six bands of the normal karyotype in contour-

clamped homogeneous electric field (CHEF) electrophoresis. A karyotype of the original isolate was named

as a and that of mutants as o’. The mutation has not affected the DNA fingerprint pattern, host specific

pathogenicity (pathogenic race), or crossing abilities with the isolate Guy11. Karyotypic analyses of isolates

from a repetitive single-spore isolation indicated that the frequency of mutation was 12.5% and that the

mutation was limited in the manner of o to ', and never reverted. Hybridization analyses showed that

chromosome-v originated from the chromosome in band IIIb of type o and might be produced by deletion.

The results obtained in analysis above indicated that Japanese isolates were very important materials.

First, a cross system obtained in this report have a Inal68 as a start point. It is expected to be a genetic
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source of host specificity because Ina168 is one of Japanese differential strains which used as reference
strains in the most of blast resistant breeding experiment in Japan5). Secondary, DNA fingerprinting and
electrophoretic karyotyping revealed that Japanese isolates of the fungus were appropriate materials for the
analysis of pathogenic race variation. As discussed above, the rice cultivation in Japan has a specific
geographical and agricultural circumstances. This study revealed that simplification of clonal lineage, and
diversification of pathogenic race and karyotype in a clonal lineage had been occurred in the same period of
breakdown of blast resistant cultivars. The specific circumstances of Japanese blast fungus may enabled to
analyze these relationship.

As factors for the diversity of the genome, transposons are very important because they can mutate
genes not only directly by the insertion but also as a point for recombination between copies. In this study, a
SINEs - like element MGSR1 was found in the genome of Ina72. Although transposable activity of the
element would be lost now because this element was considered to be amplified in the early stage of the
evolution, other active transposable elements will be found by the same strategy. Further, transcription
activity of a transposable element named MAGGY is reported to be activated by heat-shock31). These
transposable elements are expected to be a factor for pathogenic race variation. A genetic variation at
chromosomal level is also found in this report.

This report contains some findings which are appreciable for providing important knowledge not only
in the genetical study of Japanese isolates but also in the study of blast fungus generally . This is the first
report of relationship between clonal lineage simplification and pathogenic race variation, and direct analysis
of chromosomal length mutation in the fungi . Also this report will contribute to future study such as genetic
analysis of host specificity of cross 5307, pathogenic race variation in the field where new blast resistant

cultivars are introduced, or transposons and molecular characterization chromosomal rearrangements.
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