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Rhizoctonia soleni Xdhn[Thanatephorus eucwmeris(frank) Donk]
= AAAHCE Be 7IF WS Jee B E Hdne
2 EASY, JuFe Zaeigd, 974, 7T, 07
AR EH AL golE7], o), BErlE, /1A, 259 d
2 2REHgH, welxe 713 Fo3 dFuEHE 52 Yo
7w G@ATete &5 To)t(1, 2, 4, 6, 16). K. sofaui= 4
I oolakd] oA FARA A U Sde)Ee AjE
(collective speciesy BE & 59l (species complex)= THFs)
SUIEL 7By F28Y EHde TARSE(anastomosis
systerm) @} W ¥ F | (culture type)7} o] o)1= ¢lTHE-
20). AAFRA AAHLE 1279 TAFEHAG-L, AG-2-1,
AG-2-2, AG-3, AG-4, AG-H, AG-6, AG-7, AG-8, AG-BI,
AG-9, AG-10)°] Rugeir] 2lom (10,11, 13, 15, 19), ¢]&2
i ee] wel AG-1& 1A, 1B 283 ICE AG-2-2=11B,
Vel ol1-&(subgroup)® & o] HTHSE, 12, 20).

Hyphal anastomosis= R. selani7} 9752 o)g) 08
FAEE WL AlEFEen speciesstoa el tlekde o]F)
B oA R oselanicl I3 AT FES Y8 @5y
AGE ddshed delM(13,1528), 2¥la ol=|ZHEe] R
solgnit) WAL dZEl=d) oM w2 203 92 e}
ATl R, solani & B NE tester strainsS FHA L anasto-
mosis® A B3 W E@E grogpel|E £E1A) 9o o A
T =wle] aE]o]Th(12, 13, 20, 29),

RNA -HAZE E53)51= DNA sequences 3|22 o}
#3313 B4 ERERA, AL osEter S8a)
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THS, 9,18, 19, 21). F3°]F <hellA rDNAE mitochondria
£ gl 935k 249 WAldols deeha A ned
H7MEL FAI8he 188, 585, 285 {RNAS ¥ 23 unit®
HHR =51 W3] genome® 59 copiesE ©12TH14. 22, 23, 24).
R solani®] [RNA £8700] BA e R, A5
s, aEln duspde] dEE sbAgon Roosoams
AG(anastomesis  group)s} subgroup Abel@l 3371 F zpol=
southern hybridization(, 6)¥ RAPD®MH(7, 25), tDNA PCR-
REFLP(17,30. 32) ¥l o= S soiz] gk 2 g+ ME R
solani® BS54 BPHS] PCR-RFLP2} RFLP 7|92 Al
&5t FESAE B4l
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Rhizoctonia solani TFHHF

SEEEAThst FART|EHAN R osolani TFAG
tester)& Elo} BHHE a1t Table 1), o o
T R solawi AR (gallic acidyibol] -+ w)ekstd e 10),
Mel Aol A2 R solaniE PDA MRl & 2o wjed
SHATE PDAWA A 7U7E 2 752 PDB wlAd] cark
borerE o]-&ale] FHFdle 25°ClA] 15U7E 120 pme & 2
el sk

Genomic DNAZ2| E2|

E. solai®] genomic DNAS F£317] &4 PDB =]l
A 1593k ARE FAE ARSIk BEA 2 2 PDBeA A
TANS AEXF TALe] 7] 4R S gl HerE 2
~33] =g #AlE FEDFSEN FEARE FAE 4
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Table 1. Isolates of Rhizoctonia solant used in this study

Kar. [ Microbiol,

Isolate No, Rhuzoctoriea solani Sources
1 Rhizoctonia solani Zea wmays L.
2 Rhizoctonia solani Oryza sativa L.
3 Rhizoctonia solani Owrvza sabwa L.
4 Rhizoctonie solani Owyza sativa L.
5 Rhizoctonia solani Oryza satioa L.
6 Rhuzoctonte solam Solarwm tuberosim L.
7 Rhizoctonia solant Lactuca sativa L.
8 Rhizoctonia solani Capsicum anmm L.
9 Rhizoctonia solam Brassica olevacea va. captifata L.
10 Rhzoctonia solam Cucurbila spp.
11 Rhizoetonia solani unknown
12 Rhizoctonia solesi Meonochoria vaginalis var. plantaginea
13 Rhizoctonia solani unknowi
14 Rhizoctonia solani unknown
15 Rhizoctonia solani AG-1 unknown
16 Rhizoctoniu solani AG-1 unknown
17 Rhizoctonia solant AG-1 (IA) Cyperus exalfatus var, iwasakis T Koyama(Sheath blight)
18 Rhizoctoria solam AG-1(5) Codonopsis lanceolata (5. & Z.) Trautw.
15 Rhizoctoma solarni AG-1(10) Brassica campesiris ssp. pekinensis (Lour) Olss.
20 Rhizoctonia solani AG-2-1 unknown
21 Rhizoctonia solani AG-2-2 unknown
22 Rhizoctonia solani AG-2-2(11IE) unknown
23 Rhizoctonia solant AG-2-2(IV) Daecis earota var. sativa DC, (Crown rot)
24 Rhizocionia solani AG-3 Solamem tuberoson L. (Black scurf, Stem canker)
25 Rhizoctonia solani AG-3 unknown
26 EBhizoctonia solani AG-4 Raphanus sativus L.(Damping-off)
27 Rhizoctowia solani AG-4 unknown
28 Bhizoctomua solani AG-5 unknown
29 Rhizoctonia solani AG-5 Alliem fistuloswm L. (Damping-off)

AAAES o83l vlsle] EirE 50ml tubeo]] ¥o] —70°C
Wi Baabas] AHgEidct. DNAY) $&8 vy oA
5g9 Lysis buffer(G0mM Tris-HCl, pH 8.0; 50mM EDTA,
pH 8.0; 3% sodum dodecyl sulfate; 1% 2-mercaptoethanol)
10 ml(w/v)e $IL 68T Fheg=zoa 1412k Bk ¥ AT
& 3,000 pmel A 1083 BRRI & ATHE FHet
phenolchloroformyiscamylalchol(25:24:1)3  chloroform/isoamyal-
chol4:1)¥E|H3L A e s 184 AL ¥, 13,000 rpm
S| A 105-7E aEE sl AEds FHeact. s B2l
isoprophancts Hr¥eked 12417F o)Ak —20°C WEard] Bpe}
ok BoE AERS 13,000 rpmelA 1087 483t
DNAS #HAAATH FAE DNAS 70% ethanol 500 micl %
T AHE ohE dedA 9Ad) HEAF]AL RNase(50 p/ml)
7} #71E TE buffer(10 mM Tris-Cl, 1mM EDTA, pH 7.4)
Lmlell E23 523 37°CH A 1417F 248tk DNAS
(0.8% agarose gel& AFE-Fied 05X bufferol A 100 viem32]
Aoz 6087 A A% T UV oA oln] 3=8 &
2 9= lambda DNAZ /jEdle wEE F5lsida, B4

DNAE —20°C WEel] Bgald ALE35k3ch

rDNAS| ITS, ITS 11 ¥92e| PCR-RFLP

rDNAS] ITS, ITS T 992 PCR ¥1-8- rDNA2] noncod-
ing region ITS(I+ID, ITS OIY %S FF3t7] $ete White
Gne] W] nhg) Ao, ITS A9 FSFE specific
primer ITS 1: 5-TCCGTAGGTGAACCTGCGG- 3, ITS 3: 5-
GCATCGATGAAGAACGCAGC-3'¢) ITS 4:5-TC-CTCCGCTT
ATTGATATGCTGC-3'2 o83t 1). PCREE2 1X
reaction buffer, 200 u dNTPs, 1unit Z#g polymerase, 1.5

185 B.85 285
ITS 1
—
ITS 1 ITS 3 ITs 4

<3 Primar ITS 1 3’ -TCCGTAGGTGAACCTGCGG-3'
ITS 3: 5’ -GCATCGATGAAGAACGCAGC-Y
ITs 1 5 -TCCTCCGCTTATTGATATGE-3”
Fig. 1. IRNA gene structure in the repeat unit of a portion of the

rDINA repeat showing the location of oligonuclotide primer site
used to amplify rDNAs from R. solani,
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mM MpCl,, 0.5 pM primersE FrFaled AL 100 plE =+
ettt PCR whg =218 050Ca)| ] 5571 27] WA AlF1E,
O95°Col A 14, 57°CHNAM 1R, 72°Co A 1EE cydeZ &F
35 cycle HHESRT 720ColA] 1083 WrE-Al7) & vkEEs &
Balgr). 2% PCRAME-Z 0.5XTBE(0.045 M Trs-horate,
0.001 M EDTA) bufferS AME-Sld 1% agarose gelol|l+] 24]71
B9 A7) dEet F UV el #7082 DNA BEHEL) 9
&s wEskoh

rDNA ITS, ITS T34 PCR-RFLP TSI+, ITS 1%
He| FEZ &G T, o] o] Gr|AE alelE Felals]
A Agdas e e BEAFGT 1TS YA ddel
A H98 21 e AFELSE AES] 98] 4 basesE
AHsE Mspl, Hhal, Tagl, Haelll, 5hases® <128t
Hinfl, Avall, 285 GhasesES 482 Bamlll, K1,
Xhol, Had I, EcoR1 5 & 11709 ASELE o] 28} H
% 20 pI(PCR product 9 ul, 10X enzyme buffer 2 ul, Enzyme
1yl dH0 BuDE st 2} Algado] #HF ghg-2=ela v
S NTZIE 3% MetaPhor™ agarose gelFMC Bioproducts,
Usayell #7|dEste 2 o570 o3lsldag viwstd o).
2 37ke] TEstEAdS R gkely] e Hr1dEdlA g
91% DNA 9952 binominal matrix code(0, e 1)E 24
sk o1F ARER 9 FAE ArE AESRIY 4 T
A% matrixE 7}A3 UPGMA (Unweighted Pair-Group
Method using Arithmetic means)¥ S o] 43le] 2+ F5719)
Y #Hclustering) = sk ¢]2 ENE A &% (dendrogram)E
Zgslant. o= g gL FeliAaAlE L2139 NTSYS-
pcE o] g3t

RFLP

R. solani A ©T2] Southern transfer 2971 R solanis]
DNAZ Hue I, Msp I ASEAT 12837 B9 Algkiie] 2
Ak relA Wi Hog F, @d¥ DNAE 1%
agarose gel®l loadingste] 30 voltage® 12413t A7|9EA7]
T UvelelA ghds] A Hile=x] elstyoh @219%58
agarose gelS 0.20N HCIOl EHA 102 3= EEo] & &
FF2 AHsz, ol denaturing buffer(0.5N NaOH, 1.5
M NaClyll 30+ &< BPg & SRTE b AHsa,
transfer® 744 0.4 N NaOHE9e] 23319k 04N NaOH
£ transfer8H e 2 511 16471 59F membranes] transfers}
S}, Transfer”l 2% membranes 6X SSCE ARl A%
3tHom, ThAl 3M paperdbo|dl] Wa H2e]x 147 Fob A
B

Probe labelling R. soleni®] RS-10¥ T2 [TSEYS
pGEM®.T Easy Vector(Promega, USA)¢| cloning}5 2.9,
vectorol], A8 pUCMI3 forward primer{5-CGCCAGGGT-
TTTCCCAGTCACGAC-3"%} reverse primer(5-TCACACAGG-
AAACAG CTATGAC-37E ARE38la] PCR  labelingH 2 &
probeE #2510k PCR labelling ¥+3 342 plasmid DNA
10 ng, M13/pUC forward, reverse primer 0.5 uM, 10X buffer

2L 2 RE] BE)qt Rhizoctoma solam 7572 BRlA &3t BA 175

Sunit Tug polymerase, 0.1mM dGTE dCTR dATE 0.09 mM
dTTE 1mM digoxgenin-dUTP{Boehringer Manheim, Germany)
2 AHF 100 pke 2 9o, 94°CaM 1% 30%, 50°Ce A
1% 30%, 72°Cell4] 285 & HH o7 sl 258 WHES &,
72°Ce) M 42 Fot ¥hEAFT PCR W FES PCR AE
10 piE 35k 1.5% agarose geldll A7 GEslg o0, o 45
= 209 =g F219 DNAYE S2Z2F WA F2519ih.

Hybridization Transfer® membrane2 60°C= v|] 7}E4
standard hybridization solution(bX SSC, 0.02% SDS, 0.1% N-
lauraylsarcosme, 1% blocking reagent) 20mlE A7ISIEL 14
7t F9t prehybridization 7] o 7122 bufferS A A5,
AR probe 30 9t standard hybridization solutione] &
T &4 5mis A F71RE & 60°CHl) A4 12417 hybridiza-
tion 1T}

Probe detection Hybridization®| £ ¥ membranes] &
A oL probeZ A|ASH] $3H. 2X 88C, 0.1%(w/v) SDS
Bz 01X 55C, 0.1%(w/v) SDS 2ol zkz} 2084 &HF 2
o) 24 membranes M3 MHE membraned block-
ing stock salutiond maleic acid buffer= 1:10 4471 &<
o AedA 308 FoF incubation* A2, T4 anti-dig-AP
conjugateE F B A AMEE huferE 1:5,000 38221 &
Fof] DL2of|A 308 ¢t incubation AFCh. I1F BN BE
comjugate® A A3}7] #1854 0.3%(w/) tween 20°] THH
maleic acid buffer® -HLol 4 1588 28] 23 M3siEo,
AAA o] Ext membraned CSPDE ©]-F38] Xeray filmell 30
= ES AR AYE deEelrt

4

ic|

® IE

PCR-RFLP

R. solani®] rDNARA-E S84 ITS I, ITS+IDEHE 2
Z3bsoh ITS 11 §-2{¢) FF2 primer ITS 33 primer ITS
4, ITSA+M)¢] EF<)= primer ITS 13 primer ITS 42 2
7 ARgskdel PCR 2% % 1% agarose geloild A719% &
FEg At ITS TR AE 500 bpAEE Ve ITS A
He 700 bp AEE vEPEOL B WE 9 218 TE 7%
oE oA Wohp AE 22 Z7E vERE S CHEe. 2).

Fig. 2. PCR amplified portion of ITS T and ITS region in R, salani
fa: ITS I, b: ITS).
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Fig. 3. Restriction fragment length polymorphism of R. solgni. TDNA-TTS(I+II) amplification products digested with a: EcoR I, b T 1, c: Hif

I, d: Kpn, et Hoe 11, £ Hha T, g Msp T, and h: BamH T, respectively.

rDNAS A FZ8 ITSO+ID, TTSHYE 4bps] Hhel, Tug],
HaeTl, Mspl, 5bp2 Hinfl, 6bp® BamHI, Kpnl, Xhol
EcoR 1, Hnd TI2] ABFEAE o|L4dle Hulshd tEAL H
W BN Xhol, Hind [ITE A5 BE A|stEier Hes
AAtHFig. 3, 4).

ITS, ITS MA9e] Agtate] A b Hee I, Msp T AT
FEAT] AFY FFEY thekdo] ARG ASEA
Hae = AG-4904 #-43t I=elE B4, AG-2-290A4 2
Ee W=y AolE BHETE ITS 0 Agda] Agkgi
Epnl, Hhal, Tagl, BamH = 75 0, 2199 2 o8 B
Sk ATaA Msp lel = T 99 200 0p olelg) HlE
2 Holm FF 199dNE 300hp olgiel W= A s
HYlom, EoR T 9, 19, 21904 Ak 94+e B30} Hae I
= w7, 8, 17904 200bpe] Abere] T wi=rt EAEkE,
AG-4°] 4 150bp o}ERe) M=F eI ITSA A=
ITS TAYED) chekst Ak okg Bl ASdEd Kl
Hha 14 ITSA S 27 35 9, 21elAa ddekide &
L, BamH]1 A= o5 7, AFES Hinfle 14¥e] €5
og} 217} S AdE k. Msp 1A= TS 9ol A Thakgk il
TE 7HE Bge] e, Ty lAE g5 1994 &

FEThz e WE RS HAn. ITSA4e] ITs 1 A94
o} g7l de] 4 B dade] g Ao vEldy, AdE
A Hae [IITF ZE3e] 3polE JEpET &3 olF 107H A
PEALE 7PALAL ZF g7 ITS# 92 RFLPY] @4k wla
sl s Ar]|9E gl B bandEet 5 uhel £9
AAE BH5HNFig. 8) TF 1H 32 AG-HZET 05762
=2 AEAS EYn, 35 13, 132 AG-2-2(1TR)%} 1.0002
b F5 92k AG-2-2dIBel &t a5 7, 8, 11, 12,
13, 15 AG-19) £319ch rDNAY PCR-RFLF 23 sub-
groupg] TEe] ojH 9 FU 289 59304 E42 A7
RS TSI Ye] Agtasd A Aw W] chokde
2] g R osolanie] FAFEA B4 IT5E ] ITS
IR gs o F3s Aoz Jehdo

RFLP

rDNA2| TTS(I-+ID)&} ITS 1% <9¢] PCR-RFLPAY} Hae 112}
Msp 1ol 4 Az A GAo] VR AFHEA Hee TN
Msp 15 genomic DNAY Awhe| AMEs)g]a, 75 82] 1TSY
=& clonigdl PCR-labelling™-3-2 53] probe® AlE-G1TH
Southern hybridization2 % RFLP &3} R. solaniol~ 200-

7o
BT
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Fig. 4. Restriclion fragmenl length polymorphism of . sofgsni.
rDNA-ITS T amplification products digested with a: Hae III, b:
Hhal, ¢ Tag 1, d: EcoR 1, ex Hif 1, £: Msp 1, and g2 BamH 1, respec-
tively.

1,600 bpatelolla] M=zt Yepdth Adas Hee 15 AR5}
o] southern blottingS- 8 ZA3}, AFFE4 Hee Il Adslq
£ uw AGS, AG-4, AG-3L 500, 750 bpol|A] = ¥l=x} 1]}
WL, AG-12 500 bpellA] shta] Wi=r1 el AG-1 $R2) =)
o]= gk T3 4, 5, 10, 11, 13& 700 bpoll Al shle] W=
7} bR AG-19] EEMT, oF 95 AG-2-19) 517 bpoll Al
alule] W=t LERGTHFig. Ga).

8 AT A Msp IS AFZ-S}e] southern blottingS §F 4

FHERNE B8} Rhizocionia soloni T2 2AA88 B4 177
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Fig. 5. UPGMA dendrogram among the twenty-nine E. solan
based on the bands on 3% agarose gel in PCR-RFLP analysis.
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Fig. 6. The result of southern hybridization using RS-10 I'TS region
probe digested with a: Hae I, and h: Msp 1, respectively.

I W ke ASeRd S Helw AGTY Aolrh vielgt)
AG-2-13} 5 02 200 bpollA] dhie] W=z} Ll 75
3, 4, 5, 10, 11, 132 AG-19} 1 kbollA shte] ml== viehg
THFig. 6h). Southern hybridizations ©)83 R. soleme] <1

2 A2 AgRAE ANl AGele] e o HAlR,
AGY HF@A B 7 843 We s Fo) g8 Adn
25 AHE 9o B AGT R ] o[ Fojd Fog AzbEn
rDNA2] PCR-RFLPS] AEdE Zgels & FAldel el
el
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ABSTRACT : Molecular Systematics of Ritizoctonia sofani Isolates from Various Crops with RFLP and
PCR-RFLP

Hae-Sun Choi, Whan-Sung Shin, Hee-Jong Kim, Kyoung Su Kim, Su Jin Woo, and Youn
Su Lee* (Division of Applied Plant Sciences. Kangwon National University, Chunchon 200-
701, Korea)

As a result of PCR-RFLP, the isolates used in this study were classified into {ive groups. Isolates I and 3
were included in AG-5 with 97% genetic similarity. Isolates 12 and 13 were included in AG-1 with 100%
genetic similarity. Isolates 10 and AG-2-2 showed 97% similarity. Isolates 7, 8, [1. 13, and 15 were included
in AG-1. When isolates of 4, 5, 7 and & were restricted with Hae L. there was a single 700 bp {fragment
matched with AG-1, A 517 bp restriction fragment of isolate 9 was matched with AG-2-1. Based on the result
of southern hybridization of genomic DNAs, all isolates restricted with Msp 1 showed more variable restric-
tion differences than those restricted with Hae I11. Isolates AG-2-1 and 9 showed 200 bp restriction fragment,
and isolates 3 and AG-1 showed 1 kb restriction fragments.



