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ABSTRACT: Botrytis cinerea, gray mold pathogen, causes serious losses in greenhouse tomato crop. In this study,
a primer set was developed for identification and specific PCR detection of B. cinerea from tomato plants. The
primer pair (BTF1/BTR1) was designed from polymorphic sequence region in pyruvate carboxylase gene (pyc) of
B. cinerea. A PCR product (112 bp) was amplified on genomic DNA of 13 B. cinerea isolates from 10 different
host plants, but not on those from 6 other Botrytis spp., 4 Botryotinia spp., S Sclerotinia spp. and 16 other genus
of phytopathogenic fungi. The sensitivity limit of the primer set was 2 pg of genomic DNA of B. cinerea, approx-
imately. The PCR assay using species-specific primer set was specifically able to detect the pathogen on naturally
infected tomato plants and artificially infected plants. These results suggest that the sensitivity and specificity of
this primer set can be applied in a rapid and accurate diagnosis of tomato disease caused by B. cinerea.
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Table 1. Fungal species used in this study and their PCR detection using specific primer set (BTF1/BTR1)

Isolates Fungal species Host plants Source” PCR test’ (BTF1/BTRI1)
BC-RU Botrytis cinerea rubber tree KN BC-RU +
BC-ST B. cinerea strawberry CNU BC-ST +
BC-MA B. cinerea magnificus CNU BC-MA +
BC-TO B. cinerea tomato CNU BC-TO +
BC-YY2 B. cinerea tomato KN BC-YY2 +
BC-GR B. cinerea grape KACC 43467 +
BC-IK21 B. cinerea paprika KN BC-IK21 +
BC-RRS B. cinerea paprika KN BC-RRS +
BC-LI B. cinerea lily KACC 43463 +
BC-RO B. cinerea rose KACC 43255 +
BC-58 B. cinerea geranium CNU BC-58 +
BC-447 B. cinerea strawberry CNU BC-447 +
BC-449 B. cinerea strawberry CNU BC-449 +
BOAC B. aclada allium KACC 41297 -
BOBY B. byssoidea watermelon KCTC 16833 -
BOCR B. croci crocus KCTC 16835 -
BOEL B. elliptica lily KACC 43461 -
BOFA B. fabae broad bean KACC 40962 -
BOGA B. galanthina snowdrop KCTC 16840

BTCA Botryotinia calthae caltha KCTC 16834 -
BTCO Botryotinia convoluta iris KCTC 16837 -
BTDR Botryotinia draytonii gladiolus KCTC 16841 -
BTFI Botryotinia ficariarum plant debris KCTC 16839 -
SLSC Scleotinia sclerotiorum lectucae KACC 40457 -
SLBU Sc. bulborum peziza KACC 43461 -
SLTR Sc. trifoliorum white clover KACC 41270 -
SLSP Sc. spermophila white clover KACC 41269 -
SLMI Sc. minor chinese cabbage KACC 41066 -
SCCE Sc. cepivorum garlic KACC 40482 -
SCDE Sc. delphinii german iris KACC 41250 -
SCDE Sclerotium cepivorum lily KACC 41251 -
SCHY Sclerotium delphinii victoria regia KACC 41252 -
SCPE Sclerotium denigrans tulip KACC 41253 -
SCRO Sclerotium hydrophilum apple KACC 40832 -
SCTU Sclerotium perniciosum tulip KACC 41270 -
SCWA Sclerotium rolfsii tulip KACC 41257 -
SCBA Sclerotium tuliparum bean KACC 40648 -
COAC Colletotrichum acutatum pepper KACC 40689 -
PHIN Phytophthora infestans tomato CNU-PHIN -
ALSO Alternaria solani carrot CNU-3509 -
CLCU Cladosporium cucumerinum cucumber KACC 40576 -
STLY Stemphylium lycopersici pepper CNU-STLY -
MOFR Monilinia fiucticola apple KACC 40328 -
ASNI Aspergillus niger pinus CNU-ASNI -
RHSO Rhizoctonia solani rice KACC 40101 -
PYUL Pythium ultimum cucumber KACC 40705 -
DIBR Didymella bryoniae melon KACC 40669 -
FUFU Fubvia fulvum tomato CNU-FUFU -
PEDI Penicillium digitatum citrus CNU-PEDI -
RHOR Rhizopus oryzae sudan grass KACC 40936 -
FOLY Fusarium oxysporum f. sp. lycopersici tomato CNU-FOLY -
STNA Stromatinia narcissi narcissus KACC 41258 -

*CNU, Chungnam National University; KN, Kangnung National University, KACC, Korean Agricultural Culture Collection and KCTC, Korean
Collection for Type Cultures.
b—, negative; +, positive.
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GenBank(http://www.ncbi.nlm.nih.gov)ell 371 Botryo-
tinia fuckeliana(XM_001556508), Sclerotinia sclerotiorum
(XM _001586211), Podospora anserine(XM_001913025),
Gibberella zeae(XM_387251), Magnaporthe grisea(XM _
367852) 5 IGI(http://www.jgi.doe.gov/)oll FNE My-
cosphaerella graminicola(scaffold 10:33663-38012)2} Nectria
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AGTGACCTTG-3)E 2AI8tit). ©]& o83l pyruvate
carboxylase(pyc) 142l DNA 971X EES 34 B.
cinerea, B. aclada®} B. fabae dFE°| Ws|4] PCR %
Z& AT 7 Ak SEE5 918 W8 mixture
+ total volumeS 50 p/Z )3l template DNA 2~10 ng,
Z} primer set 10 pmole, 250 uM dNTPs, 10XPCR buffer
5 ul, 2 mM MgCl,, Tag DNA Polymerase 2 unit(Solgent
Co.ye #7kstd PCRE Fasith. Fdzte] T34
initial denaturationS 94°CollA 587+ A8 & dena-
turation 94°C/30%, annealing 55°C/90%, extension 72°C/
90z 35 cycless AA|3IAL final extensionS 72°C/10
E AAEITE. MJ ResearchAle] PTC-1002 ©]8-3¢]
PCR 535 3sl9lor 5355 PCR AH=2 1.5% agarose
geloll A 100 Vel 3037+ 171953t ethidium bromide
2 Mg & AEeisith
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PCR 5% A= PCR prep kit(iNtRon Biotechnology)
Z AAslaL, BigDye teminator cycle sequencing kit
(Applied Biosystems, Forster City, CA, U.S.A)S ©]&,
template 40 ng, primer(PYCUF1, PYCURS, PYCUF,
PYCUR)E Z}Z} 3.2 pmol, teminator ready reaction mix-
ture 8 ol B H7ISF] 20 pl volumeS Z ZH3%H F
96°C/10%, 50°C/5%, 60°C/45-0% 25 cycle®] PCR ¥h&
S 4383 T ABI prismTM 3730 Genetic Analyzer(PE
Applied Biosystems)E ©]-8-3}%3 sequencingS A3t}
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o] F SolAl ®¥olg9s FA GenBankell F7HE
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(3,624 bp)7t A E Z2F 90%, 94%2] DNA H71ME 2
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2 o AR FEE 483 B. aclada®} B. fabae T
ol gt pye FHAe] ¥ F9S PCR 345 +
DNA 971M<€ ®el& #4391t 437 bp 27190 =h
EvlE B+ B. cinerea(BO-TO)9] PCR FSE4HeS o]
v G7IME ARI INE A=dFE B cinerea®l
MR Botryotinia fuckeliana®l|X1 2] 2,339H A 5-E
2,775 7MA] L7 271¢] DNA F34 wlagh 24
o] &7 @7] WHol7t 2,628 g LA RE WHAE o] o]
Fol T F4d2F A7 EI FLS F 54S e
2 UYLS & 4 JUTHFig. 1). A, Sc. sclerotiorum
(437 bp)2] 2,495%E] 2,686W4] DNA H< 437 bp =

ISt

Botrytis cinerea CATCTCAACCAAGTGTTGGAGCTGTCCTTGCTTCATTGGAAGGATCAGAG 212

Botryotinia fuckeliana 2550

Sclerotinia sclerotiorum C-T- A T 2544
B. aclada T 212
B. fabae G G G—-T 212

Botrytis cinerea CTTGACCCAGGCTTGAACGTTCACCATGTTCGAGCTATCGATACCTACTG 262

Botryotinia fuckeliana 2600
Sclerotinia sclerotiorum T-—-T CA-C—C A 2594
B. aclada T- 262
B. fabae -—--—A-——-T-—--T-----T--C--————--C-—-——-C--A-——- 262

Botrytis cinerea GTCTCAACTTCGTCTCATGTACTCACCATTTGAGGCTGGTT Tt st 304

Botryotinia fuckeliana G 2642
Sclerotinia sclerotiorum CAG G 2636
B. aclada ACGTAAGT 312
B. fabae T A-+CGTAAGT 311

Botrytis cinerea

Botryotinia fuckeliana

Sclerotinia sclerotiorum
TTTATCCGCCTGTTCTACTCAAGAA:+:+ACCCCTACTAACTTTGCACCA 358
ACAATACTTTTTTTTATCTTCTACCTTTTACTTTTATTGACTCGAATTTA 361

B. aclada
B. fabae

Botrytis cinerea ACACGGACCAGACCCAGACGTGTACGAGCATGAGATACCCGGTGGTCAAT 354

Botryotinia fuckeliana 2692
Sclerotinia sclerotiorum —=T-—=T-——G—-T A--C-——— C—A 2686
B. aclada G#=T—====T-——G—T 407
B. fabae G--T---A-G--TAAT--G--C: A 411

Fig. 1. Partial sequence alignment of pyruvate carboxylase
gene (pyc). Underlined sequences indicates specific
primers for Botrytis cinerea.
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S 2AREIAL e BEnES 233 107812 Rkt
7152 Eo A B2t B. cinerea 13359t 652 Botrytis
&3, 452 Botryotinia$tt, 552 Sclerotinia % w 2
a2 ol9] 1654 tE A=HddEd dsiA BTNFI/
BTNRI primer set& ©]-83ll PCR ¥h-3-& AA|gH A3} B,
cinerea #ENATE F 50lA 112 bpe] @Y SEAHE
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Fig. 2. Specific PCR amplification of Botrytis cinerea isolates
by species-specific primer set (BTF1/BTR1). Genomic
DNAs of Botrytis cinerea isolates (lanes 1~13: BC-
RU, BC-ST, BC-MA, BC-TO, BC-YY2, BC-GR, BC-
IK21, BC-RRS, BC-LI, BC-RO, BC-58, BC-447, BC-
449) from various host plants were used for PCR
analysis. M: 100 bp DNA ladder (iNtRON, Korea),
lane 14: negative control (addition of sterile water to

the PCR mixture).

M 1 2 3 4 5 6 7 8

112 bp -

Fig. 3. PCR sensitivity of primer set BTF1/BTR1 for serially
diluted genomic DNA of Botrytis cinerea (BC-TO),
M, 100bp DNA ladder (iNtRON, Korea); lane 1,
2 ng; lane 2, 200 pg; lane 3, 20 pg; lane 4, 2 pg; lane
5, 200 fg; lane 6, 20 fg; lane 7, 2 fg; lane 8, negative
control (addition of sterile water to the PCR mixture).
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LNES ViEE F 5014 primer/t 4802 QH
), SEAE U5 probe2] A|Fro] 71t 5 SolA W
olgdy s EQ=E 3IIE I (Minerdi et al., 2008;
Suarez, et al., 2005). Wb E A AFA N
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Fig. 4. Specificity test for primer set BTF1/BTR1 in different
fungal species. No product was amplified on DNAs
from negative control (addition of sterile water to the
PCR mixture) (lane 1), 6 other Botrytis spp. (lanes
2~6), 4 Botryotinia spp. (lanes 7~10), 5 Sclerotinia
spp. (lanes 11~15) and Sclerotium cepivorum (lane 16)
isolates. Lane 17: positive control (2ng/yd of B.
cinerea (BC-TO) genomic DNA) and M: 100 bp DNA
ladder (iNtRON, Korea).

M 1 2 3 4 5 6

112 bp -

Fig. 5. PCR detection of Botrytis cinerea using DNAs extracted
from diseased tomato plants, M: 100 bp DNA ladder
(iNtRON, Korea), lane 1, artificially inoculated tomato
plant; lane 2, naturally infected tomato fruit; lane 3,
not infected tomato fruit; lane 4, negative control
(addition of sterile water to the PCR mixture); lane 5,
sclerotia of B. cinerea; lane 6, positive control (2 ng/zl
of B. cinerea (BC-TO) genomic DNA).
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