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ABSTRACT: The seventy nine isolates of Botrytis spp. were obtained from leaf blight lesions of lily in Korea,
Japan and Netherlands. Morphological and cultural characteristics of them were investigated and molecular char-
acteristics of them were determined using sequence analysis of RNA polymerase II (RPB2) and heat-shock protein
60 (HSP60) gene. A selection of Botrytis isolates were evaluated for their pathogenicity to lily. Based on mor-
phological and cultural characteristics, the Botrytis isolates were divided into two groups, and identified as B. ellip-
tica (n=54) and B. cinerea (n=25). Based on analysis of RPB2 and HSP60 sequences, the Botrytis isolates were
also divided into two groups and well supported morphological groupings. Spore suspensions of B. elliptica showed
significant pathogenicity on lily leaves and flowers, however those of B. cinerea showed pathogenicity only on flow-
ers but not on leaves. The latter showed pathogenicity on lily leaves only when spore suspensions amended with

PDB were used as inocula.
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Botrytis?32] X Foll= heat-shock protein 60
(HSP60), RNA polymerase subunit II(RPB2)%} glyceral-
dehyde-3-phosphate dehydrogenase(G3PDH)®] single-copy
nuclear DNA(nDNA) §-1AE50] f83H ©]-g53 9l
O (Berbee et al., 1999; Liu et al., 1999; Staats et al,.
2005; Staats, 2007), tDNAC] Internal transcribed spacer
(ITS) BIL Botrytis%2] FU WHo|7t Ao AFLAYst
A ARE FH3] AF3HA E3th(Holst-Jensen et al.,
1998; Nielsen et al., 2001).
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7 g BAxAe] B A, A7) T8 23V (X400)
o2 AN 7] 7]ew) vwEtiTh

el d EA 7|zl 543 B. elliptica®} B. cinerea
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Genomic DNA £2|. 3 #4559 8 A9s 2
3t B. elliptica 2045, B. cinerea 2045+, & 4071
55 Adste] Ao ARSI A #5755 PDA
wjz]el] AxgFsted 20°CAllA 397 Ml F potato dex-
trose broth(PDB)Al A, 20°CellA 3~5¢7F 4 i]HH"k’?S}
o FAHE ATt Al sEAR F &S 1.5ml
tubeol] 2 wRYSE 5 400 4/9] extraction bufferd] TE
S}, proteinase K 5 g8 F7F, 37°ColA 1A17F WA
Z}. o] E3tle F3<e] 2XCTAB £42 Hrlste] &3
ix —'?1 chloroform : isoamylalcohol(24 : 1, v/v)2 FZE3}aL

AR st de Aol 0.7 volume®] isopropanolS-
747}“6P°:] DNAE &%t} DNA pellete TE buffer 50 w4/
o &3}l53. RNase(10 mg/ml)ZS 37°Co] 3087+ A7 &
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PCR HtS. FAI++9 RPB2 995 53317 98
Liu et al(1999)°] AF&3+ primerS WM& A7l RPB2-6F
(5-TGG GGK WTG GTY TGY CCT GC-3")¢} fRPB2-
7cR(5'-CCC ATW GCY TGC TTM CCC AT-3') primer
£ AREBFAAL, HSP6O fr37ke] S3-& $lell HSP60 for
(5'-CAA CAA TTG AGA TTT GCC CA-3"), HSP60 rev
(5-GAT GGA TCC AGT GGT ACC GA-3") primerS A}
23199 th(Staats et al., 2005).

Polymerase chain reaction(PCR) ¥Fg-94-2 20 ng®| tem-
plate DNA, 0.5 pmol2] Z} primer, 200 zM dNTP’s, 2.5
units®] Taq DNA polymerase, 10 mM Tris-HCI(pH 8.0),
50mM KCI, 1.5 mM MgCLol H,08 H7lele] 2%
50 ©l2 SFATE. RPB29} HSP60 741 W82 742 pre-
denaturatione 94°CollA 587 AA|S}AL, denaturation
30%(94°C), annealing 303(55°C), extension 903(72°C)
Z 35 cycle2 AABIA viAEIO R 72°CollA] 1087 F
% W-3A1ZTH(Staats ef al., 2005). = PCR AH=2 1%
agarose geloﬂ/ﬂ 7Z1719-83I2L ethidium bromideZ 24
silem, $¥% offet I =7]= 1kb DNA Ladder
(Promega)ﬁl}«] W E 53] #Es.

owwoﬂ U AS 2M. RPB29} HSP60 A
PCR 4AH=2 Wizard PCR Preps DNA Purification Sys-
tem(Promega, Madison, WI, USA)S.2 A5}, 9714
& W52 Solgent(t Aol el=etit. A7IME HE 4
AlE%¥A-2 CLUSTAL X(Thompson et al., 1997*), PHY-
DIT program version 3.2(Chun, 1995), PAUP 4.0 10b
(Swofford, 2002)E ©]-&3}H L BEHISA HEH Fi
& BAox AL}, sequence gap< missing data
Z ATt Kimura’s 2-parameter models AR&-3h
Neighbor-joining W< ARE-3F3 22 (Kimura, 1980), Par-
simony 412 1,000 stepwise random addition replicate®]

rd‘

9]3}t heuristic search®} tree bisection reconnection(TBR)
branch-swapping® 2 AV} tH(Fitch, 1971). Z}zke] &
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Table 1. Disease index used in detached lily leaf/flower assays

Disease

index Symptoms

0 No lesion

1 Lesions < 10 mm in diameter

2 Lesions 10 to 15 mm in diameter

3 Lesions > 15 mm in diameter, lesions are distinguishable
4 Above 80% leaf/flower surface diseased

A2 PAUP*4.0b10= ©]8-3F 1,000 bootstrap replications
S FY3IAIL, Sclerotinia sclerotiorum} Monilinia fiucti-
gena’} outgroupS 2 AHE-E I THHolst-Jensen et al., 1998).
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= 3537}, B. cinerea= 2F7F i3 & FAE EAEA
2 Fog wol Wy FHFE BAEA FEA(5X10°
spore/ml) S WESITE B. ellipticas 20 pl2] XA &
gollS FHsto] FHAES WEte] o) 2] Hde) 3
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HjA ol A w ek F Fetv] A Skl BAAE B &
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o2 yFojftt. g 25 (A dFES HAAREel 71
ARG T3k Fbel AL TS FABAL el
BAZAE s Aot B8 A, A-st
3, Aole 4.0~62 mmPeH, BEAEAE AT TE
ERIE o2 AZAlol T, F7)E 22-45X 15-30(F, 28.8
% 18.1) tm%ThFig. 1A, 1C, Table 2). & & 18 (B)]
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Fig. 1. Conidiophores and conidia of B. elliptica (A, C) and
B. cinerea (B, D). Scale bar =10 ym.

Table 2. Conidial size of Botrytis elliptica and B. cinerea
isolated from lily and given by various authors

Size of conidia (um)

A group 22~45 x 15~30 (av. 28.8 x 18.1)
B group 8~18 x 6~12 (av. 12.9 x 8.5)
B. elliptica 25.0~43.8 x 16.3~27.8"
2248 x 14~28°
B. cinerea 6.5~16.3 x 5.5~10.0°

6~18 x 4~11 (av. 8~14 x 6~9)°

*Described by Hong (2002).
®Described by Yu ef al. (1988).
‘Described by Ellis (1971).

£ FAsIon, B8RS A, A st dol= 0.8~
2.0 mm$ith. BZE9 BAXAR=E A#Y T BRde
2 Ao, F7)= 8~18X6~12(F <. 12.9X8.5) um
Ath(Fig. 1B, 1D, Table 2). o]4+e] ez E4S £
I vlwst A3 A 152 A9 B elliptica(r &,
1988; &, 2002)2} A8 B 152 B. cinerea(Ellis,
1971; 5, 2002)2} YX|attH(Table 2). Adoll AM8-¥
o5 T 68.4%(5477)7F A 5<% B. elliptica®l 43131
3L 31.6%(2575 )7t B L% B. cinerea®l| 3ttt

Y S3

B. elliptica®} B. cinerea®] <= dAMIES ZAFSH
A3} B. cinerea’t B. elliptica®l ¥]3le] BE 2504 W
& #AF S BT A HH 2% 20°ColA
B. cinerea= <t 75.6 mme] A S How B
elliptica= ¥+ 56.2 mm2] dAMYES H ST 30°CollA
= 7 F BT A AR JAENeH, 53] B. ellip-
tica®| 735 dAHY7Gol ALl AR FUTHFig. 2).
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Fig. 2. Mycelial growth of B. elliptica and B. cinerea on PDA
at different temperatures. Colony diameter was measured
after 4 days of incubation.
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Fig. 3. One of 3 most parsimonious trees obtained by heuristic search in a phylogenetic analysis of RPB2 sequence data among
Botrytis spp. isolates collected from lily. The percentage numbers below each branch indicate levels of bootstrap support
for the branch point based on 1,000 resamplings. CI = consistency index and RI = retention index.
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1~2711e] 9719] X3kl ©|8td Botryotinia squamosa}t -
HEolxith, B 152 dvkewl A9 wigtela Felg
205, Botryotina fuckeliana B0510, SAS56, SAS405,
MUCLS87 ¥ Bc7 reference @52} B. fabae CBS109.52,
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7120).
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1/3 Tree
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(B. cinereays ER13I1 L, o2 Fei % Sl wet +
e 253 YT A 152 RPB29}F 7ol vl
Hol| A Wgtol|x] B2]3k 20859} B. elliptica BE9T14,
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mosa MUCL1107, PRI026°] *¥3t=]o] 3, 91% boot-
strap ol 98t AR o™ 1~37]2] G7] X|Fhe] <
st 7 O] MR e IFSE oAtk B 152
AvisHel] A- WA E2$F 204F Botryotina
fuckeliana B0510, SAS56, SAS405, MUCL87 ¥ Bc7+
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Fig. 4. One of 3 most parsimonious trees obtained by heuristic search in a phylogenetic analysis of HSP60 sequence data among
Botrytis spp. isolates collected from lily. The percentage numbers below each branch indicate levels of bootstrap support
for the branch point based on 1,000 resamplings. CI = consistency index and RI = retention index.
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2L AR S HEHNS A WY el As HRkS
et X siler PDBE H7HRE BAEAF 5l
Z3AE AF A7 15 mm(TBA T 3)yF =] HRES
3t TH(Fig. 6). B. elliptica= w57l /32l zjo]
£ Uehfo] CNUB03067, 03042755 A< 49] 7+
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3.29] HAAS JeMIAY. 28y B cinereas 457+
of Wl xpolE YEPHA] % THFig. 5, 6). M3 A
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Fig. 5. Pathogenicity of B. elliptica on lily leaves when spore
suspension was inoculated on detached lily leaves.

B cv. Raizan, & cv. Georgia

w
o
=
Te%e%i

]
%
b2e!

-

&
-
255
Tode!

6"‘
&

o]

%
"
%

SR

K
S
%
SRR
338

K0,
o
%%e%

%
%
55
v
%
ol

e

Disease index
N\
-
0393
-
bote!
K
Tode?

-
228
-
<

Sos

'R R R R R
5 bt 5] o5 el
o20%i o505 5] <] %!
% 225 52541 o) 5%
R R OERE B

0 [ Jodsl ] 54 4] |

CNUB03116 CNUB0596 CNUB05119 CNUB03156 CNUB03111 CNUB05120
Isolates

Fig. 6. Pathogenicity of B. cinerea on lily leaves when spore
suspension amended with PDB was inoculated on
detached lily leaves.
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detached lily flowers.
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Zboll Aol 2jolE Ho|x| WAA|NH, PDBE H7I5HA|
Gs W ol wet WAl AeolE yeERATH
(Fig. 7).
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ArgFe] FAAA N 2 7S FAdsh 3ol Ak
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