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Differentiation of Intraspecific Groups within Korean isolates of
Rhizoctonia solani Using PCR-RFLP of Ribosomal DNA
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ABSTRACT : Genetic diversity among 27 isolates of Rhizoctonia solani, which were obtained from di-
seased crops in Korea and classified into 9 intraspecific groups by anastomosis test and cultural charac-
teristics, was studied by PCR-RFLP. Gene regions of nuclear 17S ribosomal DNA and internal tran-
scribed spacers including 5.8S rDNA of the isolates were amplified with polymerase chain reaction and
digested with 12 restriction enzymes. Differences of restriction patterns were not shown among isolates
within each intraspecific groups, however, each anastomosis group and cultural type showed unique res-
triction fragment length polymorphisms by 12 restriction enzymes. Especially, all intraspecific groups
were differentiated by restriction patterns using Haelll, Cfr131 and Mspl. The results suggest that PCR-
RFLP of rDNA using three restriction enzymes could be used to differentiate intraspecific groups of

Rhizoctonia solani in Korea.
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Rhizoctonia solani Kuhn[$HA A HN: Thanatephorus cu-
cumeris(Frank) Donk] & AAAeZ de] BEFe] 9]

T okt 71 E 7 B A el of
e E3kHQ (collectlve species) E+v £ 234

(species complex)i/ﬂ gefit FWIEFES 7=
FH2ES E5ols A W (anastomosis sys-
tem)®} wlF& &l (cultural type)7} 2ol A& it}
(Carling, 1996; Ogoshi, 1987; Sneh et al., 1991a). &
AR AAA R 12789 FAHIRE(AG-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)°] M.35o] glom] o] 52 wloFad el
o wlzl oAl AG-1+ 1A, 1B, 1C, AG-2-2+= IIB, IVE]
o}=2F (subgroup)- 22 vl 1ek(Sneh et al., 1991b).
R solami®] #AHES 2 vickE el o S 1ge] ¥
F= dAeA e F<dFA (serological relationship) ¥
A1 (Abe et al., 1969; Adams and Butler, 1979), sh¥3

*Corresponding author.

3} isozyme®] #7193 FAE4(Reynolds et al., 1983;
Liu and Sinclair, 1992, 1993), fatty acid %4 (Johnk
and Jones, 1993), G+C content #*](Kuninaga and
Yokozawa, 1980), DNA-DNA hybridization ¥4 (Kun-
inaga and Yokozawa, 1982a, 1982b, 1983, 1984a, 1984b,
1985a, 1985b), ribosomal DNA®] RFLP -4(Vilgalys
and Gonzalez, 1990b; Liu and Siclair, 1992, 1993;
Liu, 1993) 52} Aslst=ql uby s EA4 &84 o
HoeZ AR T 3¢t
FUe e 7 $(1994)°] 68%F2] 2Eolr R so-
laniE E215l9d AG-1, AG-2-1, AG-2-2, AG-3, AG-4,
AG-59] 6719] A3 (anastomosis group)¥ AG-
19] ¥leks 1A, 1B, 1C9F AG-2-29] ®iFd IIIB, IVE
$Hs}e] 25 97he) EN2EE BTaldeh o F olF
U dFEe At B HAEE o|FR oA,
1096) 015l Tl EAEEAL B o] Foix|%]
ket
Ribosomal DNAE 2E A&l SA)slz ¢ FHoeld
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Hated kA elm Aoz wEE <39 (conserved
region)} o]} @2 <d<d(variable region)e] %t 4}
Ml AEe 2 SUNIFY ASEF Bol o] &
%32 deH(Bruns et al., 1991). 22|32 PCR-RFLP ¥4
< 7129 RFLP¥AA¥ Southern blottinge 4143}
A 3 Zr A sl fA A g A RE DL 5 9)
of x| AES zbe] EFol ol o]&EE o}
(Bruns et al., 1991).

& A-ell= rDNA® PCR-RFLPE AlA|3le]
2EolA B2 R solani TFE2 f34A EAL 19
3t 2 A7} FW R osoani 559 FAEEE 9
vfeka o] Fiel o] 8=l RS HE)

HE % e

AT, 7] 5(1994)0] 1988 %] 1994%d7}2] A
2] 68%2] AEolA F2lsle] FAREF 2 ulok3 el oll
wel 253 97 FHES] 2,276 &%4 R. solani 39|
A ZFHE 7 334, £ 270 dFS Adiste] Ak
st} 2 FFE] 1—"47]7‘3} Z|e3-& Table 11| L}e}
v ol vlet 2},

TFHI 2 DNAQ| 22|. DNA*2]& Lee2} Tay-

wejats)=), 4] 147, 4] 25, 1998

lor(1990)7F AH&-8F b8 w33l 2183lic). PDA
(Potato Dextrose Agar)uj=]ellx] =2t &o] <F3 3k
TZ9 7Y #AE F°] 1mle] PDB(Potato
Dextrose Broth)7} £¢191+ 1.5 ml microtubedl] &
T F £ 1208 =2 ek shaich wiek 2 ¥
o TA} A=kl microtubed YAIEE](13000¥g,
5&)3te] wix|E WE|lz FAME Ebelgdch St
AR 400 ul®] DNA FZ8£99[3% SDS, 50 mM
EDTA, 50 mM Tris-Hcl(pH 7.2), 1% 2- mercaptoe-
thanoll& {3 f2| & o]&-3le] AA vhsfgk 3
Coll 1A17F Fob z2lslgdct, o7]o Zake] phenol.
chloroform(1: 1)g 97 13000x g2 1087F YAlEe)s)
o ASd-E& T F 0.5480 E-2k2) isoprophanolS A7}
sto] ks a%ﬁl et A2 (12000% g, 5%) F A
FH-& BT 70%2] d'HE-E AHste] F1ZAZ A
5% 212171 v 100 ulel TE buffer[10 mM Tris-
Cl(pH 8.0), 1 mM EDTAJe]l *4ic}. o]ojxl RNaseZ
g3 37°CollA] 30% A7 sle] RNAS A|AT & 1 us
#3led PCR vH-5-8-09] 3 DNAR AM&-slgich
Polymerase chain reaction(il 2|5t rDNA EHEHO| ==,
rDNA®] 7} oJ¥-& ZE317] ¢J5led White $(1990)°l]
2J3} primer[ITS1:5'-TCCGTAGGTGAACCTGCGG-

Table 1. A list of Rhizoctonia solani isolates used in this study

Isolate No.  Anastomosis group Host Isolated part of plants Location
K1 AG-1 (1A) Oryza sativa leaf sheath Suwon
K2 ” Zea mays stem Yeongweol
K3 ’” Arachis hypogaea leaf Suwon
K4 AG-1 (IB) Codonopsis lanceolata stem Yeoncheon
K5 ” Lactuca sativa leaf Pyeongtack
K6 ’” Cucurbita moschata stem Nonsan
K7 AG-1 (I0) Brassica campestris ssp. pekinensis leaf Gimhae
K8 ” Brassica campestris ssp. pekinensis root Daejon
K9 %G Chaenomeles sinensis root Euiseong
K10 AG-2-1 Brassica campestris leaf Pusan
K11 %G Lactuca sativa leaf Mikeum
K12 ’” Tulipa gesneriana leaf Anyang
K13 AG-2-2 (1IIB) Platycodon grandiflorum stem Dacjon
K14 ’” Angelica jaluana stem Jangheung
K15 % Citrullus lanatus stem Yeongdong
K16 AG-2-2 (IV) Daucus carota petiole Pyeongchang
K17 ’” Zoysia japonica stem Suwon
K18 ’” Gypsophila elegans stem Namwon
K19 AG-3 Solanum tuberosum root Pyeongchang
K20 % Solanum tuberosum tuber Pyeongchang
K21 " Solanum tuberosum tuber Geumreung
K22 AG-4 Raphanus sativus root Hwaseong
K23 % Cucumis sativus stem Jungweon
K24 ’” Capsicum annuum seedling Suwon
K25 AG-5 Allium fistulosum leaf sheath Gangreung
K26 ’” Panax ginseng stem Jinan
K27 r Iris nerpschinskia bulb Jeju
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500bp

Fig. 1. Location of primers, NS1 and ITS4, used for am-
plifying 17SrDNA and ITS region of Rhizoctonia solani.

3', ITS4:5'-TCCTCCGCTTATTGATATGC-3', NS1
:5'-GTAGTCATATGCTTGTCTC-3', NS8:5'-
TCCGCAGGTTCACCTACGGA-3' (Fig. D&% d=
Age FF Aztslel AHgsigdvh PCR dH&A2 1X
buffer[50 mM KCl, 10 mM Tris-HCI(pH 9.0), 0.1%
triton X-100], dNTP z+2+ 0.1 mM, primer 22+ 1 pM,
MgCl, 1.5 mM¢l template DNA 100 ng, Taq Poly-
merase 2 unit(Promega)S 37}tz A =g 100 pl
2 3}k PCR dkge] =7E denaturation(95°C,
1%), annealing(58°C, 1¥#) extention(72°C, 2¥%)2.&
A WA denaturationd 4¥-%, "FA|2} extention>
8E-& AAslgl o] & 35 cycles AAEHAT PCR &
Z o2& PCR ¥hgo] Bt Hbe-8-9 FollA 4 wE A
3} 1% agarose gelelA4 714522 gls}ich
ABEHRA]. PCREZ<| #&<1¥ rDNAE eth-

HgsSA &2,
anolZ AA A7 & 50 ule] TEell =]z <F 1 pg HA
Hekgh F, 1271 AREA2(4 cut: Aecll, Alul, Haelll,
Hnal, Hinfl, Mspl, Rsal, Sau3Al, Tagl, 5 cut* Avall,
Cfr13l, 6 cut : EcoRDE o]-4-31e] Axtalel om Art it
9.2 %3] AN Takara, Japan)2] #AZz7e wel 53
ook, AkE HE-S 1.8% agaroseclA] #7]93-53}
o] thEAde HFstw FF HEY BHE SH 3%
MetaPhor™ agarose(FMC Bioproducts), TBE buffer

M123456789CM

2.0kb
1.6

1.0

A

ol 4] 7194 5 A Alshadrh.

d &

Primer NS13} ITS4E AHg-3te] F-A1& R solani
FZo] 17S rDNA%} ITSHY 255 FEZAZ A3
2745 BT 25 kb 24 FFo] =3ich(Fig. 2). ©]
g9 mr|e 13 e 257 ME FEel =HA| &
orch, o]5F Z FYaFHE 19F4E& 17S 1DNA
(primer NS1, NS8)¢} ITS3 9 (primer ITS1, ITS4)2
2 o] 23 A3} 17S rDNACA & 257k iie=
717F A& FEo] FHA ggkort ITSE 4= 700
bp~750 bpE 1E7F WE=F7|7} AZ cf2A ebstct
(Fig. 3). B3] AG-1(IC)= AG-1(I1A), AG-1(IB)°l| H]
sled ¢F 30 bp Agkow, AG-2-1= AG-2-2(1lIB), AG-
2-2(IV)ell wl3ted oF 40 bp 2tsket. webs] 2 FAs-

MC 3 8 8 12 15 18 21 24 27 M

3.0kb
28

Fig. 2. PCR amplified portions of 17S rDNA and ITS re-
gion in Rhizoctonia solani. M, 1 kb ladder; 1-3, AG-1 (1A);
4-6, AG-1 (1B); 7-9, AG-1 (1C); 10-12, AG-2-1; 13-15, AG-
2-2 (IlIB); 16-18, AG-2-2 (IV); 19-21, AG-3; 22-24, AG-4;
25-27, AG-5.

M1234567839M

B

Fig. 3. PCR amplified portions of 17S tDNA(A) and ITS region(B) in Rhizoctonia solani. M of panel A, 1kb ladder; M of
panel B, 100 bp ladder; 1, K1[AG-1 (1A)]; 2, K4[AG-1 (1B)]; 3, K7[AG-1 (1C)]; 4, K10 (AG-2-1); 5, K13[AG-2-2 (IIIB)]; 6,
K16[AG-2-2 (IV)]; 7, K19 (AG-3); 8, K22 (AG-4); 9, K25 (AG-5).
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Fig. 4. Restriction patterns of 17S rDNA and ITS region in Rhizoctonia solani by A, Alul; B, Avall; C, Cfr13l; D, EcoRI; E,
Haelll; F, Hinfl; G, Mspl; H, Rsal. M, 1 kb ladder; 1-3, AG-1 (1A); 4-6, AG-1 (1B); 7-9, AG-1 (1C); 10-12, AG-2-1; 13-15,
AG-2-2 (IlIB); 16-18, AG-2-2 (IV); 19-21, AG-3; 22-24, AG-4; 25-27, AG-5. Note, Lane 1, K1, was missed in panels of B, C
and F, but the patterns of the data were same to lane 2 and lane 3 of the panels. Restriction enzyme digest products are seperat-
ed on 1.8% agarose gel with TAE buffer.
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FEWE ofF = vzt g Alg] =
= ZAle] B A2 ey

17S rDNAS} ITS* ¥ 252 ¥3sl: 2.5kb S
12702 AZrEA(4 cut © Acell, Alul, Haelll, Hhal, Hin-
S, Mspl, Rsal, Sau3Al, Tagl, 5 cut: Avdll, Cfr13l, 6
cut: EcoRDE ARg-3le] Aetsled S o) 28 AgFasel
AA aFd 57 B s dxsisch
(Fig. 4). 23 257 =g AEsd v o
oFstod=Hl AFE A EcoRl, Hinfl, Rsal2] ¥l =3 el o) 4]
= s A3l oy e m7|7F 2 deid] aF
Zroll A71ME Ay =& ZAAlo] B Aog el
o} wbH AR Alul, Avall, Cfr131, Haelll, Msplel
23 ey = Mgyt A2 debr g7kl 4
7148 x|3te] B2 ALZ vepytel AlGE A Avdll,
Cfr13l, Hadll, Rsaldll 23 vi=ge s E3) tjekslad
|, AZEA Aluls AGL-IB, AZFEA Heell= AG-
1-IC, AREA EcoRIE AG-2-1, AR EA Mspls AG-
2-2(IIV)4] 7zt 125 gk -4 HegeE 2o}

AZAEL Haelll, Cfr131, Msple] Arefals A= ]
A@O 2 R solam® 9 TN LFS FHo| 71531
tH(Fig. 5). WA A|ZEA Heelll2] =3 el (Fig. 5A)
A= 9004 bpe] Wzl {FFE AG-1(1A), AG-1
(1B), AG-1(1C), AG-2-13} AG-2-2(IIIB), AG-2-2(IV),
AG-3, AG-4, AG-52 =T, Cr131¢] HEFE
(Fig. 5B)oll A Haelllel A 900°] bpe] ¥R=r} $Isi=
AG-1-IA, AG-1-IB AG-1-IC, AG-2-1% 1kbWi=r} &
Ashe A2 AG-1JA)Z, 500 bp Abeke]l F wi=9] 7}k

M123456789 M12345678289

Aol wlg} AG-1-IB, AG-1-IC, AG-2-12& F-E= it}
ubH Haelllol A 90097 bpell W=7 289" AG-2-
2(I1IB), AG-2-2(IV) AG-3 AG-4 AG-5& Cfr131¢] ¥
=3eoA 1kb WEZ} &A= 2L AG-3E, 500
bp X8 F wize] ZHA | ule} AG-2-29] MIB, IVe}
AG-4, AG-52 F¥#o] 7Fs3ldct. AG-2-2¢] B9
IV 5+ 7<) vhekd (cultural type)shs Al slae A
FHE A Hadll, Cfr1312] =) 2 28 28] 735
dEd, AG-2-29] B IVE Msple] AZHEAokA
(Fig. 5C)ellA] 2F 800 bp] W Ef-F-2 FE=[3] ).

T &

T AHEo A EelEo] AR 2 el el whel
255 R solami®) 9N 2W2F 2795 120 AFE
4ol 943 rDNA®] 17S¢} ITS8 <] PCR-RFLP 4]
Az}, 2gW TFZRe M=t s dA sk
35 AsZtele AR oE EokE Bt 53] A
A Haell, Cfr13l, Mspl®] Addas A= vas}
224 ol 258 AR 2 5 ol

rDNAZE o143 R solani®] U 159 £F+= Vil-
galys®} Gonzalez(1990b), Liu¢} Sinclair(1992, 1993),
Liu(1993)ol &J3fed AAR vl 3)c}. Vilgalyse} Gon-
zalez= R. solami®] AG-4°] A A rDNA cluster® Z£§
3= 8.8 kb =+ (Vilgalys and Gonzalez, 1990a)-2- pro-
beZ 3l EcoRI# BamHIS Z A= genomic DNA
ol Southern blotting& A8+ 2 Liugt Sinclair 77

M1234567889

A

B C

Fig. 5. Differentiation of 9 intraspecific groups in Rhizoctonia solani by comparing rDNA restriction patterns by A, Haelll; B,
Cfr131; C, Mspl. M of panel A, 100 bp ladder; M of panel B and C, 1 kb ladder; 1, K1[AG-1 (1A)]; 2, K4[AG-1 (1B)]; 3, K
7[AG-1 (1Q)]; 4, K10 (AG-2-1); 5, K13[AG-2-2 (IIB)]; 6, K16[AG-2-2 (IV)]; 7, K19 (AG-3); 8, K22 (AG-4); 9, K25 (AG-5).
Note, Restriction enzyme digestion products were seperated on 3% of MetaPhor™ agarose gel.
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2] 2 Liue rDNAY ITSE 92 PCR-RFLPE A A3
t}, o] 59 A= R soamidl EWIEW IFE7E
A2 ookt weokahs B g T2l = vk
3+ z13bk9] (evolutionary unit)7} A3 A|AF81S
o} 2y S 2HEoA B9 R osodame LEFW T
FEo] 22U W= E Byl ol H AFAEo]
AA R GellA $31g FF-Eol vlste] FuiztEel
A B9 R solani®] FWN1HF T80 2 A9
E 7 Aoz A o] F o 22 el i A
27} F a3t el Eel% R solani AG-1(1A)
= Liu®}t Sinclair(1992, 1993) =zlx Liu(1993)<]
ISG 1A, AG-1(1B)E ISG 1B, AG-1(10)+ ISG 1C,
AG-2-1= ISG 2A, AG-2-2(1IIB)& ISG 2B, AG-2-
2(IV)& ISG 2Cell Z+2} sfd3tsicth.

R. solani®} 9709 SU 257 AgrA Sxel] w2} W=
7 A2 24 vebgrh Liu(1993)8] 2l A=
AG-3, AG-4, AG-57F R=gej7} M2 o] =HA| &
oted B APAF A AFEL Avdll, Cfr131, Rsalell
215k MeckitolA M2 FEE) ol A AFAE
o] rDNA2] ITS 3 qt-& ARS-3Hd] B8] 2 A=
17S rDNAZS #718td7] df#<Ql 22 JAXIc} o}
4] 17S rDNA <3%o] ITSG gl u|ste] HEH oz} &
A2te U2 E 7t Aol7) ke AL o 4= Sl

B Ao AZES Haelll, Cr131, Msple] Awtof
A& 97 22Uzt B3] defsidedl ol& AR
Zmbe) Arkokalel 23to g 9 FULF BFUF &
=), o] o] AlgrA A6 23 17S rDNAS} 1TSS
o1¢] PCR-RFLP ¥4 o2 SxEdA #2l=+= R
solani®) FAHEET 2 Wit A o] shssivke A
2 noiFc}, jZe] uhel 23} R solani®] dAMIH
q) wjjoFy TR W Agte] 48 wubolhet 14
7} ofufste] FH st SEEA] o AgErtE
oA 4% 9Jth(Kim et al.,, 1994). o]l ]}l rDNA
2] PCR-RFLP vkl 93k U259 5342 genom-
ic DNAS] %%, PCR &%, Aat Ak w7 7]
dEuto g Az ZF o we] d& § 3lS Bk ofEt
71&8] ik ge] 93’ A94E 4& 5 gloh

AZEA Haelll, Cfr131, Msple] Axtedatel] €3 R
solami®] TAHFET 2 viels B2 B A AR
g FF7t AL AR o] F o] B FFol Uit H Sl
I Q31 AR|uE o] vPHL R solani 552 §44 A
AR AEA yul = 2ofd|A] 22" R solam® 7t
o]ZA e o] 84 4= & AR AZHt.

2 o

U 2HEellA Eelsle] FAREE 2wk el o}

ZUY 28-S BE] Rhuizoctonia solani 97 FH1E4]
21 FFY A4 BAS FHEaAt 17S rDNAS
ITS39¢] PCR-RFLPE AAlsldct. 127 Aol
2|3 PCR-RFLP A#} FW 25U #5772 sokidol
A3 dAslAT FU2FZ A& AR Aol a4
2 o weckihs vyt 3] AlgtEA Helll, O
131 28] 52 Msple] vh=ckabs M2 n)wslel S of 9719
ZUzEe] g3 TR o] A ] ZHEelA
22 EE R soani®] TARES 2 wljokdel] wE S
29 7o) FA o AME 4= glee]et Ak
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