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4= NEZFE 228t Rhizoctonia solani #F2| RFLP %
PCR-RFLPE 0|88t 22X/ S8 Sd 79
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2ot sMEe) AEsSgnes
Rhizoctonia solani ¥ $13) dA] anastomosis group?} groupzte] 4% o] BA-5 ¢ & rDNAS

PCR-RFLP$} RFLPE A AJ81¢c}l. rDNA2] PCR-RFLP A3} R. solani= =LA 5 groupl E W3 v} 45 W
T i 3 AG-5ZFF 09762 £ AEAE BT, 124, 1342 AG-2-(IB)8h 1.00%. Hepstor 1%

AG1F 1002 Vyehytc}, 53 1002 AG-2-29) 0.976%] AFEAS

Booh 3 7, 8, 11, 13, 155 AG-1°]

£3lolv}. I Haell2 A1) o 543 4, 5,7, 8 700 bpol A shpe] Wi=r} Vel AG-19] 48191
32, FFHE 9= AG-2-13} 517 bpell A 3hvte] M =7} el =3t A A A Msp [ & AF-8-31ed southern
blottingS- 3+ A3} o] vhefst AdbepS Bolnd AGTH Ahel7} bt AG-2-15% W% 9= 200 bpell M 3}
o] W=7} Yelytel FF 3, 4, 5, 10, 11, 13> AG-13 1kbell A shube] Wi =2 eyt
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Rhizoctonia solani Kuhn[Thanatephorus cucumeris(frank) Dork]
T AAAFE W 715 s /A e EGHE wdTe
2 RAEW, AR 4AQuEH, 97, 7, 7B
ARHH, A9 Gol&y, Qo] ErlE, 71X, FE dv)
9 nEHHEH, BolM] 7P Fad dFER Yo
7= gAroRtel &3k woltkl, 2, 4,6,16). R. solani= 4
E 2 ol gid fATAV e FHolEY AEE
(collective species) == & B34 (species complex)& TFFSH
FHIES 7 FH2EY] ERole @AH-Hanastomosis
system)Z} v & e (culture type)7} o] o] &1 1h(26-
29). AR AAHLE 12709 A FTAG-1, AG-2-1,
AG-2-2, AG-3, AG-4, AG-5, AG-6, AG-7, AG-8, AG-BI,
AG-9, AG-10)°] HiEoA 1e™(10,11, 13,15, 19), o5&
sk elel Wk AG-1& 1A, B 281 ICE AG-2-2+=1IB,
Vo] o}1E (subgroup)-& W FTH3, 12, 20).

Hyphal anastomosisE R. soleni7} A5 01x o]gd F4
- WS AT speciesetol 9] trkgE o
stal AAej2E9] R. solaniol] Wt AEAF §5& A FF
AGE ZAAsh=d o1413,15,28), 281 oJejZE9 R
solani™ G o) &3h=t] QoA wlg- a3 AE8S Yo
AN R, solani & B 7N tester strainsS 7}A| I anasto-
mosis¥IA] 9431 AW S8 groupoll & 431 @ow] we A
3} 8ol a7Eoj7Ih(12, 13, 20, 29).
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ths, 9,18, 19, 21). =Fo|7F ¢tollA rDNAE mitochondria T
glotel] QA3 179 AAZAols vl #A REH
ANNLDE A3 18S, 5.8S, 285 rRNAS £33 unit®
vk g 31 WA genome™d

59 copiesE ©|ETH14, 22, 23, 24).
R. solani®] rRNA F70219] £414 w2 B733H, A5 34
ghA, el AdHAe] WAS Ao R solanie
AG(anastomosis group)9} subgroup Ale]e] F#AZ =}ole
southern hybridization(5, 6)¥ RAPD*H(7, 25), rDNA PCR-
RFLP(17, 30, 32) o2 FHEol4 Sith & AFeMe= R
solanig AHYESA Wl PCR-RFLPS} RFLP 7]%H-& A}
3to] FAEHS £A5

=
T
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Rhizoctonia solani TZHIQF

Fx e AT Lt FARE IS AN R solani TFAG
tester)E w4l AL S35 TH(Table 1), Eoite F
F5 R solani G A (gallic acid)Fol A Bl F3HH 21 (10),
AeijR]ol| A 21k R, solaniZ PDA #iAAl &7 At wiek
sttt PDAR|AG A 7U7E A&t @#5E PDB wiA|ol| cork
borerg ©]-&3}d HEF 25°ColA 1597 120 pmoZ A
o=

Genomic DNA2| £2]

R. solani®] genomic DNAE FZ317] $|84] PDB HjA|d]
A 1592F Apet A ARSSIAT BEH O PDBoA A
TARE ASS ALY WA 2SS AAS] Y8l dEFE 2
~338] AHsle FALE FAARINGEY. FAUEY TAE o
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Table 1. Isolates of Rhizoctonia solani used in this study
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Isolate No. Rhizoctonia solani Sources
1 Rhizoctonia solani Zea mays L.
2 Rhizoctonia solani Oryza sativa L.
3 Rhizoctonia solani Oryza sativa L.
4 Rhizoctonia solani Oryza sativa L.
5 Rhizoctonia solani Oryza sativa L.
6 Rhizoctonia solani Solanum tuberosum L.
7 Rhizoctonia solani Lactuca sativa L.
8 Rhizoctonia solani Capsicum annuum L.
9 Rhizoctonia solani Brassica oleracea var. captitata L.
10 Rhizoctonia solani Cucurbita spp.
11 Rhizoctonia solani unknown
12 Rhizoctonia solani Monochoria vaginalis var. plantaginea
13 Rhizoctonia solani unknown
14 Rhizoctonia solani unknown
15 Rhizoctonia solani AG-1 unknown
16 Rhizoctonia solani AG-1 unknown
17 Rhizoctonia solani AG-1 (IA) Cyperus exaltatus var. iwasakii T. Koyama(Sheath blight)
18 Rhizoctonia solani AG-1(IB) Codonopsis lanceolata (S. & Z.) Trautv.
19 Rhizoctonia solani AG-1(IC) Brassica campestris ssp. pekinensis (Lour.) Olss.
20 Rhizoctonia solani AG-2-1 unknown
21 Rhizoctonia solani AG-2-2 unknown
22 Rhazoctonia solani AG-2-2(111B) unknown
23 Rhizoctonia solani AG-2-2(IV) Daucus carota var. sativa DC. (Crown rot)
24 Rhizoctonia solani AG-3 Solanum tuberoson L. (Black scurf, Stem canker)
25 Rhazoctonia solani AG-3 unknown
26 Rhizoctonia solani AG-4 Raphanus sativus L.(Damping-off)
27 Rhuzoctonia solani AG-4 unknown
28 Rhizoctonia solani AG-5 unknown
29 Rhizoctonia solani AG-5 Allium fistulosum L. (Damping-off)

AA2E o83l vt WitEl 50ml tubeo] ¥l —70°C
Yol Bushua ARSIt DNAS| F&2 vRfsl A}
5g9 Lysis buffer(50 mM Tris-HCI, pH 8.0; 50 mM EDTA,
pH 8.0; 3% sodium dodecyl sulfate; 1% 2-mercaptoethanol)
10 ml(w/v)yS ¥3l 68°C ghezolA] 1A13F Bk whg Al
S 3,000 pmell A 1087F fAR S & AFAS FHato
phenol/chloroform/isoamylalchol(2524:1)¥  chloroform/isoamyal-
chol@4:DH e AEL e e 154 A3 T, 13,000 pm
ol A 1087 A ERIst AdE NS Hart sl w3
isoprophanole H7lake] 12413} o)A} —20°C WEare] H¥s}
Ak, BEE AES 13,000 pmol A 1087 242 5hed
DNAZ FHA) 7t 328 DNAS 70% ethanol 500 mie] %
A AHE ke Ao s8] #@2A7151 RNase(50 w/ml)
7b A7t9 TE buffer(10 mM Tris-Cl, 1 mM EDTA, pH 7.4)
1mloll 83 5913 37°Col A 1417 B#elyth. DNAE
0.8% agarose gel% A1-83tal 05X buffer’doll < 100 viem?e]
Adoz 60837t A7) G5 T UVARL ZollA ofr] sE ¢
31 %l lambda DNAE 713l =& &elatlaL, =elsl
DNAE ~20°C W&ol Haste] ARE-3r).

rDNAQ| ITS, ITS II ¥2ie| PCR-RFLP

rDNAS] ITS, ITS I %2 PCR 5H8 rDNA9| noncod-
ing region ITSA+ID, ITS MAHS FZ3}7] 918l White
B2 Wl wel Axstgen, ITS NA S FE-L specific
primer ITS 1: 5"TCCGTAGGTGAACCTGCGG- 3, ITS 3: 5-
GCATCGATGAAGAACGCAGC-3'¢} ITS 4:5-TC-CTCCGCTT
ATTGATATGCTGC-3'E ] 83 thFig. 1. PCR¥HEE 1X
reaction buffer, 200 uM dNTPs, 1unit 7ag polymerase, 1.5

185

ITS 1

2 Primer ITS 11 5 -TCCGTAGGTGAACCTGCGG-3'
ITS 30 5" -GCATCGATGAAGAACGCAGC-3
'S 40 5'-TCCTCCGCTTATTGATATGC-3
Fig. 1. rRNA gene structure in the repeat unit of a portion of the

rDNA repeat showing the location of oligonuclotide primer site
used to amplify rDNAs from R. solani.



Vol. 35, No. 3

mM MgCl,, 0.5uM primersZ #H7}s] A &S 100 WE
Y8tk PCR Whe 2718 95°CollA 587 27] WA AIZ1%
95°CollA] 13, 57°CollA] 1%, 72°CollA] 12-g 1lcyceZ HF
35cycles HHESRAL 72°ColA] 1087 vEAID & 98-8 &
23tAth %9 PCRAE-S 05XTBE(0.045M Tris-borate,
0.001 M EDTA) bufferS AF&-5}] 1% agarose gellA] 24]7F
Bk A7) 4B F UV ARelA HAE DNA 9HE9] %
&5 A

rDNA ITS, ITS 119 <¢] PCR-RFLP ITS(I+II), ITS 1I%
Ao FES G F, o] A HVIME AolE FRIE)
A AFRAZ A FFE BESIAT ITS MY Fe] Al
2 BHE zhu v AFEALE ] A3k 4 basesE
1XNE= Mspl, Hhal, Taql, Haelll, 5basesS <14)3le=
Hinfl, Avall, Z18]3 6basesE® U48h= BamHI, Kpnl,
Xhol, Hind 1, EcoR1 5 % 11709 ASELE o]Bs}e] F
% 20 W(PCR product 9pl, 10X enzyme buffer 2 pl, Enzyme
1ul, dH,0 8pDE 3t Z+ Agaie] HA whg-e=oA ut
% AZ1%F 3% MetaPhor™ agarose gel(FMC Bioproducts,
USA)dl| H719&5std 2 o7tel tEsla s vmstoh
7} wt5zte] g stddS RISk S8 W79 gl &
Q¥ DNA ©E-S binominal matrix code(, =+ 1DE 2H4
31 o]& AR 3t FALE A5E HAE3GTh 4 #F
fFAFE matrix® 7FAZ UPGMA (Unweighted Pair-Group
Method using Arithmetic means)HS ©]-&3to] Z+ #3719
T3 clustering)E 31 ©]5 EUlE &% (dendrogram)S
23T, olEidt 29l SRR 23l NTSYS-
pcE o83t

RFLP

R. solani A3t A Southern transfer 297) R. solani®
DNAE Haelll, Msp 1 AFELE 1243t TS AgEL F
AkgeEol A whEAlA A9d ¥, dd® DNAZ 1%
agarose gell| loadingdle 30 voltageZ 12Xt A7|95A17
T Uvelelellx] &3] Adk HAeR] FsHe) H7)gE3
agarose gel& 025N HCl ©HA 108 A% 501 & &
FHFTE MAE, Al denaturing buffer(0.5N NaOH, 1.5
M NaChell 30% F<¢F B#st & S/FFE oA A A3k,
transfer2 2744 0.4 N NaOH&o] B399t} 0.4 N NaOH
£ transfer& B0 F 3] 16417t 5<t membranedl transferd}
St} Transfer’} £ membranes 6X SSCE AME-dle] A3
3F3o™, thAl 3M paperrtolol]l B 204 14)7F Hek A
23tk

Probe labelling R. solani®l RS-1081 T3 ITSHLL
pGEM®.T Easy Vector(Promega, USA) cloning}].0.19,
vectorel] EA)8k= pUC/MI3 forward primer(5-CGCCAGGGT-
TTTCCCAGTCACGAC-3)%} reverse primer(5-TCACACAGG-
AAACAG CTATGAC-3)E AFM&38te] PCR labelingd 2.2
probe® A|Z3tAT) PCR labelling ¥+8- 2432 plasmid DNA
10 ng, M13/pUC forward, reverse primer 0.5uM, 10X buffer,
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5unit 7a2q polymerase, 0.1 mM dGTE, dCTE, dATE 0.09 mM
dTTE 1mM digoxigenin-dUTP(Boehringer Manheim, Germany)
2 HF 100 WFSZE 32, 94°CllA 13 30%, 50°CA]
IE 30%, 72°CollA 282 3 sgem afe 2508 whEd ¥,
72°ColA] 4% B}t WH3AIZT PCR M FEF PCR AHE
10 pIE 3t 1.5% agarose geldll A7]F5dHoH, A=
= 2719} $Y3 2719 DNAZF ZEHIEA 118t}

Hybridization Transfer® membraneS 60°CZ ¥]g] 7}1dd
standard hybridization solution(6X SSC, 0.02% SDS, 0.1% N-
lauroylsarcosine, 1% blocking reagent) 20 mlE #7}star 14
2t 3 prehybridizationA7] TR 71 buffers A A3}AL,
HHHAE probe 30 ui9} standard hybridization solutiono] &
e & 5mis thA 7R F 60°Coll A 12A417F hybridiza-
tion &}$iTh

Probe detection Hybridization®] ¢ 5 membraneo] &
A e probeE A ABF7] Y3, 2X SSC, 0.1%(w/v) SDS
£} 0.1X SSC, 0.1%(w/v) SDS &0 4zt 2084 HE 2
3]o] 24 membranes AA3}t} A% € membrane block-
ing stock solution® maleic acid bufferZ 1:10 3]4JA)7] &Y
o] AL 308 < incubationA| 2.8, A anti-dig-AP
conjugates A G A ARE-H buffer2 1:5,000 31|71 &
o] HLoA 30 E<t incubation AT 2¥F EA X3
conjugates A A7) A3 0.3%w/v) tween 20°] FHH
maleic acid buffer2 A&l A 1584 230 AH AH 3o,
7o) ' membrane CSPDE o] 83| X-ray filmol 30
S 4N A g

a2 3 0F

PCR-RFLP

R. solani®] rDNAZASS 9184 ITS I, ITSA+IHH-91E =
Z3}Feh ITS I F91¢] S22 primer ITS 3% primer ITS
4, ITSA+IDS] FZ= primer ITS 13 primer ITS 42 2+
7t AHE3H3 T PCR 3% 3 1% agarose gelol|A] A79% %
w23 43 ITS IRYolME 500 bpAE2 Yeydch ITS

< 700bp BEE YERROY FF HE 9, 212 ©E 0F
o= g2 100bp A= e =Z7E JeEhYckFg. 2).

Tt 5 9 ® 17 2 25 M

g g ) g g i 0

b

Fig. 2. PCR amplified portion of ITS II and ITS region in R. solani
(a: ITSTI, b: ITS).
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Fig. 3. Restriction fragment length polymorphism of R. solani. tDNA-ITS(I+1I) amplification products digested with a: EcoR 1, b: Tag 1, c: Hif

1, d: Kpn, e: Hae 111, f: Hha 1, g: Msp 1, and h: BamH 1, respectively.

DNAS| A 229 ITSA+1D), ITSH$1E 4bpel Hhal, Tagl,
Haelll, Mspl, 5bpel Hinfl, 6bp1 BamH]1, Kpnl, Xhol,
EcoR 1, Hind l12] A3+&4AZ o] &ate] dorale] 0heyd s b
W& A3} Xhol, Hind ME xﬂ? 3 BE AZLE o)A ek
2ATHFig. 3, 4).

ITS, ITS 1A ¢}e] AFHE L0l
gavte] LW wFEe] v
Hae TI= AG4 A 548 Wi=d a1, AG-2-201M 1
e w=o 1}01-2‘; lefaur. ITS I Aol x] Agha s
Kpn1, Hhal, Tagl, BamH = o5 9, 210F AW W& 1
Oﬂq AFHE 2 Msp Il A5 T35 9ollA] 200 bp elele] Wi

2 Ho|il T3 19¥AE 300bp obeel W= Ao ke
};‘.93\2‘3%, EcoR1& 9, 19, 21014 At o448 B Su}. Hae I
= 3 7, 8, 179014 200bpe} 3] F M=rE EAskelaL,
AG-4e 4 150bp of2le] M= B VeEhGIch ITSA el M=
ITS AR thekst Ak s BHch Aai Kl
Hha 1A E ITSAGD 24 35 9, 210047 Hakids B
Ail, BamHI oM @5 7, ASHaA Hinf 12 14W¥o] F5-
99} 2137 A FEEAUTh Msp P F5 904 ohogsh W
S5 7hAE @to] Yewal, TuglelM= @5 19914 ohe

A9} Hae I, Msp 1 A3
Ol A5t Agan

Aok
ot

d %
=R

< B} ITSAYe] ITS 1T AHE
o] Alel = Aslo] We Ao F eI

o} A7]A A = 24 , AlSHE
2 Hae TS+ 2187} 2o]B velit), 3 ol5 107H4 A
SLEAE 7IA I 7} 7] ITSA9 9] RFLPE S48 Bl
&) sk A71g% 3ol FH bandSe] 5ol W fA

I

BAE BA8ITHFg. 5). #F 13 3& AG-515T 09762
O AEAS BT FF 12, 138 AG-2-2(1IB)% 1.000=
Vel 73 99} AG-2-2(MB)ll 4314k o5 7, 8, 11, 12,
13, 155 AG-19] %39tk rDNASl PCR-RFLP Z3} sub-
group®] ol ofE Y FW g FATA 42 AL
vehga, ITsHg el Agtas A2 dn Wi=o tekde
27] ol YTt R solani®] F8A B 1TSEHol ITS
nederuis 1 2yt 302 vepsdrh

RFLP

rDNAS] [TS+ID%} ITS 9<% ¢] PCR-RFLPZH Hae 1%}
Msp I)A 2o Ag il $2do] v A] ASEA Heelll,
Msp 12 genomic DNA| Athe] AMg-s}dar, w5 89 1TSY
S clonigdle] PCR-labelling?}4S 538 probe® AME-3F T
Southern hybridizations %3 RFLP A3} R. solaniol A 200-
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Fig. 5. UPGMA dendrogram among the twenty-nine R. solani
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 ITS region

Fig. 4. Restriction fragment length polymorphism of R. solani. probe digested with a: Hae 111, and b: Msp 1, respectively.

rDNA-ITS 1I amplification products digested with a: Hae III, b:
Hhal, c: Tag 1, d: EcoR I, e: Hif 1, f: Msp 1, and g: BamH 1, respec-
tively.
I B og AGEE Boln AGZHY Aolvt vehkth
1,600 bprAtolol A IE7E VebdTh AStE A Hae IS ARESH  AG-2-13 TF 9= 200 bpoll Al Shke] wier) vehgdar, 7
] southern blottingS ¥ A, AT &L Hee MZ Mty 3, 4, 5,10, 11, 132 AG-13} 1kbollA 3hte] wi==g el
< W AG-5, AG-4, AG-32 500, 750 bpell Al & W=7} UE} h(Fig. 6b). Southern hybridizationS ©]8-3+ R. solani®] U]
Wi, AG-12 500 bpol A shbe) Wizrh vERY AG-1 7kl 2 RS AL A EAE AMESle] AGoH] TEo] ol YA,
ol fITh AT 4, 5, 10, 11, 13& 700bpoll A shbe] Wl=  AGS] §7F BAd) /b B whgo s Zr Be AEE
7F e AG-19l] &35Ean, o5 9% AG-2-13F 517bpoll e AE ARE St 848 AGTEC] o]Rold Aoz AztEm
shte] Wi=r) et oh(Fig. 6a). rDNA®] PCR-RFLPY] At Axjolw ghe fAPdo] et
S AGHEA Msp IS ARESI] southern blottingS § 2 STk
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ABSTRACT : Molecular Systematics of Rhizoctonia solani Isolates from Various Crops with RFLP and
PCR-RFLP
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701, Korea)

As a result of PCR-RFLP, the isolates used in this study were classified into five groups. Isolates 1 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, 11, 13, and 15 were included
in AG-1. When isolates of 4, 5, 7 and 8 were restricted with Hae I, 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 I showed more variable restric-
tion differences than those restricted with Hae IIL. Isolates AG-2-1 and 9 showed 200 bp restriction fragment,
and isolates 3 and AG-1 showed 1kb restriction fragments.



