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Rapid Identification of Carbendazim Resistant Strains of Sclerotinia
sclerotiorum Using Allele-Specific Oligonucleotide (ASO)-PCR

LI Hong-xia, ZHOU Ming-guo

(College of Plant Protection, Nanjing Agricultural University, Nanjing 210095)

Abstract: Benzimidazole fungicides are important mixture components to control rape sclerotinia rot disease in China.
Carbendazim-resistant isolates of Sclerotinia sclerotiorum have been detected in fields since 1996. In this paper, three pairs of
degenerate primers were used to amplify the f -tubulin gene from S.sclerotiorum. The gene from S.sclerotiorum has 1 685 bp,
including 4 introns, encoding 447 amino acid. Except for the difference in the number of the introns, the deduced amino acid
sequence of the B -tubulin gene from S.sclerotiorum are 95.78% to 97.66% identical to those of other six plant pathogenic
filamentous fungi. Resistance was related to a point mutation in codon 198 where the glutamic acid has changed into alanine, which
caused the occurrence of resistance field. A DNA fragment surrounding codon 198 was amplified directly from genomic DNA of
sclerotinia using two pairs of Allele-Specific Oligonucleotide(ASO) primers to detect resistant frequency accurately. Using this
method within 6 h, the detection rate for benzimidazole resistance was up to 100%; in comparison with the conventional assay
procedure, which needs 1-2 weeks, the accuracy of the new method was 96%.
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B FAFENMAEETN . HirCRINA
BRI AKY T 26 7 J5 L B X R K P R B AR R L
ZPE AR — ol DL T A R 4 DA AR P R A
Jrik, BETEMMIER M E R A Z 1, X R B SRR
AR L ENANRERT, RETANE.
1 MREAE
1.1 PCR¥ iKY B -REZEAERA

FA PD WA 55 SR 580 L BT R BRI 4 DNA (K14R R S 1R
SCRR (9] . IRERYIRRLREH B - RAERMN
BEREE R 3 05 R RN &S RS0
(10] . Bl W 4t PCR =4 &5 pGEM®-T Easy
Vector (Promaga) 4%, ¥4 E coli DHba. N[ MIF
B EBRAER AT ER. KA DNAclub A1 BioEdit
KA, Wif BLAST MK EmE 5 E S
B IAEYRH RS REHE B -MERAEENRE.
1.2 HuEERHEAR
1.2.1 E[FZ DNA B4REL K72 H R BEHLR &1 70
ANEBA YT —/MR (30~50 mg) , 0. 1%NaCl0,

47 Smin. B EEEIZH DNA BURE  vES B ICER (11,
1.2.2 PCRYIY SIMRRNLKMHSRICER8]. ¥
—HREH S-TR 514 REY 8t 373 bp B4, M S-TS
Yy R AU, ZEE SR AT
¥ FH S-TS 51466H 14t 373 bp M=), T S-TR
51Y0 38 Ja To 1 IR, 154 5 T S D MUK B bk

2 BRE5SH
2.1 HREEHEE B -REEREBRFIINHF
Wrs R ERmRERREN B -MEREER
4 1685 bp, SHEHEN B -HEEAZEREML,
BEANWIT, BRI B -HEEAZEREM 13~194,
219~276. 400~447 Fl 1 240~1 292 bp, KNI
& 182, 58, 48 f153bp, FIEWILAEIE 5 GINA/TGT
F1 3 T/CGA, Genebank M55 R AY312374. M
IR F ATC FFiR, MR 447 NMEER (K
) o i@id BLAST 5H B H WHEYIR R SIREE B -
EERAEFMNL, RAEREREE, BFASKTHE
BRARR (R .

1

ATGOGTGAGATTGTGAGTGTTTTCCTCTGACCTCTAACTTCAAGCTGTTGCATGOGT TGAGCT TGTGTTTTGTGCCCTTGATTGTACCCC
M REI
GOOGGGCGGTGGCAGCTCAACAACAATGCATGATAGCTOGCAGCTTGATCAGTATTCTTCCOCGGAAACAAGAGAAGCTAACCTTGCCTT

90
180

mcmcccmﬁﬁmmmmocmcmmmmmAmmAmmmmmmmammm 270
5 LQTGgQC
TATTA(K)GFAACCAAA’I’(IKJTGCFGCTITCIGGCAGA@ATCFCTGGCGAGCA(I}GI‘CTCGACAGCAAT(KYIGI'ITACAA(X}ACACCICT 360
3 ~ TGNQIGAAFWQTISGEHGLDSNGVYNDTS
GAGCTCCAGCI’CGAGCGCA’IGAGCGHTACHCAACGAGGFTIGHCAGICACTACIGCCACGMMACACMGCFCACGCATGFAGGCC 450
22 ELQLERMSVYFNE
WMWWAWWWAMM@A@MAWMHC 540
4 SGNKYVPRAVLVDLEPGTMDAVRAGPTFG GAQ QL
TTCCGOCCAGATAACTTOGTTTTCGGTCAATCCGGTGCTGGTAACAACTGGGCTAAGGGTCATTACACTGAGGGTGCTGAGCTTGTCGAC 630
65 FRPDNFVFGQSGAGNNWAKGHYTEGAELVD
CAAGTTCTTGATGTCGTTOGTCGTGAGGCTGAGGGCTGTGACTGCCTTCAAGGT TTCCAAATCACCCACTCTCTCGGTGGTGGAACTGGT 720
92 QVLDVVRREAEGCDCLOQGFQITHSLGGGTG
GOOGGTATGGGTACGCTTTTGATTTCCAAGATCOGTGAGGAGTTCCCAGATCGTATGATGGCTACCT TCTCCGTOGTCCCATOGCCAAAG 810
145 AGMGTLLTISKIREEFPDRMMATESVVPSPEK
GTTTCCGATACCGTCGTCGAGOCATATAACGCTACTCTCTCTGTTCATCAATIGGTCGAGAACTCTGAC@GGACCTTCTGTATCGACAAC 900
1 VSDTVVEPYNATLSVHQLVENSDATEFCIDN
GAGGCTCTCTACGACATTTGCATGAGAACCTTGAAGCTCAGCCACCCATCCTACGGAGATCTTAACCACTTGGTCTCOGCTGTCATGTOC 990
19 EALYDICMRTLKLSHPSYGDLNHLVSAVMS
GGTGTTACCACCTGTCTCCGTTTCCCTGGTCAACTTAACTCAAATCTCCGAAAGTTGGCTGTCAACATGGTTCCATTCCOCOGTCTTCAT - 1 080
25 6GVTTCLRFPGQLNSNLRKLAVNMYVPFPRLEH
TTCTTCATGGGTGGATTTGCTCCTTTGACCAGTCGTGGCGCACACTCTTTCOGTGCTGTTACTGTTCCAGAGTTGACCCAACAAATGTAT 1 170
22 FFMGGFAPLTSRGAHSFRAVTVPELTOQQMY
GATCCTAAGAACATGATGGCCGCTTCCGATTTCCGTAACGGTCGTTACTTAACCTGCTCTGCTATCTTGTAAGTTIGCCATATTACCOGT 1 260
29 DPKNMMAASDFRNGRYLTCSATITF
CTGCAGCTCTATATATACTAATCGTGTGCAGCCGTGGTAAGGTTTCCATTAAGGAGGTTGAGGACCAAATGOGCAATGTCCAAAACAAGA 1 350
305 RGKVSITKEVEDOQMRNYVQNEKN
ACTCTTCCTACTTCGTCGAGTGGATCCCTAACAATGTCCAAACCGCCCTTTGCTCCA AAGATGTCCTCCACCT 1 440
318 SSYFVEWIPNNVQTALCSIPPRGLEKMSSTTF
TCGTCGGTAACTCGGCCTCCATCCAAGAACTCTTCAAGCGTGTCGGTGATCAATTCACTGCTATGTTCAGAAGAAAGGCTTTCTTGCATT 1 530
368 VGNSASITQELFKRVGDQFTAMPFRREKAFLHVW
GGTACACTGGCGAAGGTATGGACGAAATGGAGTTCACTGAGGCTGAGTCCAACATGAACGATTTGGTCTCCGAGTACCAACAATACCAAG 1 620

395
421

Introns are underlined,5' -donor and 3’ -acceptor sites are double underlined, mutation point is italic and overstriking

Fig. 1 Nucleotide sequence of the B —tubulin gene from carbendazim-resistant iéolate of Sclerotinia sclerotiorum

YTGEGMDEMETFTEAESNMNDLUVS
ATGCCTCGATCTCTGAGGGAGAGGAGGAGTACGAAGAGGAAGCCCCAATTGAGGGCGAGGAATAG 1685
ASITSEGEEEYEEEAPTIEGESTE

EYQQYQD

TRIGRTAT, MRFANTTHSE M3 5, RELARRBRSHERT

1 ARESRESERABEES S -NEEaEEFT



1398 foE R Lk B % 37 %

® BRERFEER S -REBAEESHME LENHRRRERFELE 0

Table Comparison B -tubulin gene of Sclerotinia sclerotiorum with that of other common plant pathogenic fungi

L=t R s2 i) EHRKTRNEE PR

Plant pathogenic fungi Aocession mmber of micleotide and amino acid sequence Homology at amino acid level The number and size of introns
HESEHAIINE Sclerotinia sclerotiorum AY312374 / 4(182. 8. 48, 53bp)

LN R% Gibberella pulicris(tub2) AF414866, AAN03787 9578 3197, 57, 48bp)
TKRSBHEIRI Gibberella figikrio U27303, AAB18275 9578 K179, 59. 48, 49bp)
HHRFIEWE Ul4138, AAAG2875 9696 6(184. 58, 71, 56, 71 53bp)
Colletotrichum gloeosporivides £sp.

IR Botryotinia fkeliana 769263, CAA93254 9766 6(135, 53 69. 56, 52. 56bp)
FREEHUR Newospora crassa MI3630,AAA33617 9578 6240, 4. 68, 65, T3. 57bp)
REZLBURE Riynchasporium secalis X81046, CAAS6936 9602 6(132, 55+ 71+ 70, 52, 50bp)

2.2 REEMER

EENEZ IR ES DNA S BE5NEL+
R —HRE, SR DN FEH 1
mg-L". PCR F=H)&BikAM, £5RKH 100 MEsHH

P2 3 4 5 6 7 89

10 11 M

48 MM ERR, 52 A BURREER, R HRiE
100% HEAKEEEREMLERRIE 96%. MR
EX B R4 DNA B] ASO-PCR MR ATE 6
he 82 B7REA 11 AR PCR F=Hii Bl 45 R .

1 2 3 4 5 6 7 8 9 1011 M

400 bp
240 hp

L. BFREARXR 1~11 BRI, ZRAS514 S-1S/SS-1; AREMTI# S-TR/SS-1. Identical template correspondent to 1-11 on the left

and right pictures, with primer pairs S-TS/SS-1 on the left one and S-TR/SS-1 on the right one

B2 h¥EEAEHEE ASO-PCR 4 kg

Fig. 2 Electrophoresis of ASO-PCR products of S. sclerotiorum

3 itig
WRAEZHE B -HERAENEREREER
HEEREE, 8 -HERAEN 198 EERK R
(Glu—~Ala) FBHEFAMNFE., RECHB -
BEEAERREK o MLAHESFBHR AL,
{H 198 5 200 LA ERMINREE H EMYHEEEH
AN EERREY . R SRR R
EREEREN S HEEAZEER, HNTH 445,
MEECHEEH 6 MR IERNTHE 5/
GINA/TGT, BEARTFHEEBEN 5 GTA/INGT™,
HiTE W FERAEE BRI R %R
PZtE, RETES R, A BERENKEMNER
B, BRI ®MKEEL DNA BRI EFEERFRK
BREWYL, KTHEEHEH, BRN, RNERE
EEATASERS, £ DN RRIBRPEULEE

B, T EEME PRI SR, RERET
MFEIRI 4 AR ER 2 ASO-PCR BRI 72 H 58 6 h AP
", TESNRNEE 1~2 BNERY, fili®k
100%, H5ERKEEBREMILERRIE 96%. Fik,
ASO-PCR HeARMEHE . FAF Hhke 000 S 0 B R 47 2 ¥
WA TRE, M, ETEETEARER.
BN R T RHAERERENRBHE, K. &
BEiiir SRR, ARRERGN, DRBERE
MG OREEREARERE N . HERERR GRS
THERFTENREN, RIS FEDE B AR 55
PO FE AR R E R B R A

References

(] ELik, EEW, RNE SXEBRENEZERKRAE ¢
K, 1997, 19(3):67-68.



9H

FUB%. AEAERRRHEELTRASO)-PCR RERNH L BROMEELRE

1399

(2]

51

[6]

(81

Pan, Y L, Wang Z Y, Wu Z H. Resistance to carbendazim in
Sclerotinia sclerotiorum. Chinese Journal of Oil Crop Science, 1997,
19(3): 67-68. (in Chinese)

McKay G J, Cooke L R. A PCR-based method to characterize and
identify benzimidazole resistance in Helminthosporium solani. FEMS
Microbiology Letters, 1997, 152:371-378.

Martin L A, Fox R T V, Baldwin B C. Use of polymerase chain
reaction for the diagnosis of MBC resistance in Botrytis cinerea.
1992 Brighton Crop Protection Conference-Pests and Diseases.
Surry:BCPC publications. 1992:207-214.

Ishii H. DNA-based approaches for diagnosis of fungicide resistance.

Clark T M & Yamaguchi I. Agrochemical Resistance Extent,
Mech and D Washington DC: American Chemical
Society, 2002:242-259.

Koenrradt H, Jones A L. The use of allele-specific oligonucleotide
probes to characterize resistance to benomyl in field stains of Venturia
inaequalis. Phytopathology, 1992, 82:1 354 -1 359,

Sierotzki H, Gisi U. Molecular diagnostics for fungicide resistance in
plant pathogens. Voss G & Ramos G. Chemistry of Crop Protection.
Germany, 2003:71-88.

Wheeler 1 E, Kendall S I, Buttera J. Using allete-specific
digonucleotide probes to characterize benzimidazole resiatance in
Rhynchosporium secalis. Pesticide Science,1995,43:201-209.

F4%, AWE, Mitie NA PCR TERIHKERRE S

K]

[10]

(i

WRMAAE. EWRE, 2002, 21(3):370-374,

Li H X, Zhou M G, Lu Y J. Using polymerase chain reaction for
detection of carbendazim resistance in Sclerotinia sclerotiorum.
Mycosystema, 2002, 21(3):370-374.(in Chinese)

Moller E M, Bahney G, Sandermann H . A simple and efficient
protocal for isolation of high molecular weight DNA from filamentous
fungi, fruit bodies and infected plant tissues. Nucleic Acids Research ,
1992, 20(22):6 115-6 116.

F4B, b, TEF, AUEE RYEREs-HEROER
REREEZHANAHEXRO O MEDER, 2003,
43(4):424-429.

LiHX, LuY J, Wang J X, Zhou M G. Cloning of 8 -tubulin gene
from Gibberella zeae and analysis its relationship with
carbendazim-

resistance. Acta Microbiologica Sinica, 2003, 43(4):424-429.(in
Chinese)

FOH, Rl BUE, Il MXELHEL -MERAR
B 5 WRAHHEAXRENTR. FEmEDEM, 2003,
25(2):56-60.

LiHX, LuY J, Zhou M G, Wang X F. Mutation in B -tubulin of
Sclerotinia sclerotiorum conferring resistance to carbendazim in
rapeseed field isolates. Chinese Journal of Oil Crop Science,
2003, 25(2):56-60.(in Chinese)

(RiEm# F45)



