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Identification of Fungi Isolated from Cheongdo-Banshi
(flat persimmon) Stored in a Refrigerator

Narae Bang', Sango Ha’, Dae-Ho Kim', Seon-Hwa Kim' and Seung-Beom Hong'*

'Korean Agricultural Culture Collection, Agricultural Microbiology Div. National Academy of Agricultural Science, RDA, Wanju 565-

851, Korea
“Cheongdo Persimmon Wine Co., Cheongdo 714-833, Korea

ABSTRACT : Nine strains of fungi which showed different colonies were isolated from Cheongdo-Banshi (flat persimmon) stored
in a refrigerator. Based on morphological and molecular characteristics, they were identified as Botrytis cinerea (n=4), Penicillium
expansum (n=2), and Rhizopus delemar (n=1). Of these, B. cinerea and P expansum occurred frequently but R. delemar occurred
rarely. This report of P expansum and R. delemar on persimmon is the first time in Korea.
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Yoz Fgole AL HA BEol AAH 74
Yol Ak W 2 Fgole 9o F2 AHE fiT
71 g}, Aol WIS Botrytis cinerea®ll 21gF HH-
&% (noble rot)o] TH3EZ|Q] oflojr}. o3 Fol= A%
S FojA7le fralleh i EaAE Alx Al ARSEE

=

=

= T
15k Ho] FEFI.

BB 7 o) Aol AMgshe S Al FE
Ao] WA Fo WS FRoIS THTOIA W
A A F9 Fol 0 thAE vdska R0 Rt of
ol 7 siole) wae] Abgol B 5 g Aol ik 71
AR B3I A,

M= 5 &

A% Aokl (F)om e oz we AN F9
A wAlol] WAT FgolE BAO Fold HlAe] X
Ak AR ReEel ofslel Relsldict. AEepEels

Malt Extract Agar (MEA) [20]9]1 A& AMS-SIATH 7). 2]
| 0FE v B OR & RSt on, MEA A
Aul Kol vjFste] 4°Coll RESPAA Aol ARSIt
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welE #t 6E 54T BAH 54 A 24
sl ST, B2 wrel WA 54 B 9
& ZAAY NS Penicillium?S] T+ MEA, Czapek
Yeast Extract Agar (CYA), Creatine Sucrose Agar (CREA)
[20]¥1A]ell, Botrytis$se] = MEA, Oatmeal Agar
(OA), Dichloran Glycerol 18 % Agar (DG18) [20]H] =],
Rhizopus%:-2] 5 MEA, OA, DGI8H|R|ol| HF3}]
25°C 2710l 73 wjgRt Fol wiRPelMe] w5
A7 253 MEA #jA|ollA Abd g2 3stan] 7ol ¢
g 25 TSI

A S-S flste] 8] @5 Malt Extract Broth
(MEB)dll HE3}aL 25°CollA 547 Zehajokste] AR
2 SEalt. 588 PAHIE SAA% Fol vhiska
Dneasy Plant Mini Kit (QIAgen, Hilden, Germany; 69106)
£ AME3l genomic DNAE FZ3Ith. Penicillium?;
o] I B-tubulin¥SGE, Botrytissre] T+ RPB2 3
o4&, Rhizopus:2] TFFE rDNA-LSUS 9G-S FZ319t
B-tubulin®d 93-S FF317] 91581 bt2a (5 GGT AAC CAA
ATC GGT GCT GCT TTC 3)9} bt2b (5 ACC CTC AGT
GTA GTG ACC CTT GGC 3) Z&}o]H] [7]5 A3,
RPB2 F9S S5317] H1k] fRPB2-5F (5° GAY GAY
MGW GAT CAY TTY GG 3’)2} RPB2-7R (5 CCC ATW
GCY TGC TTM CCC AT 3) 2Zeg}o]H [8]5 AF8-3FS-
rDNA-LSU 998 =Z3}17] 95} NL1 (5 GCA TAT
CAA TAA GCG GAG GAA AAG 3)3 NL4 (5 GGT
CCG TGT TTC AAG ACG G 3) Zglo]# [9]5 AH&-3}
Aotz FRAE G| FFS fIsiA= genomic DNA 1
pL, 10X buffer 5 uL, 2.5 mM dNTP 3 uL, 2+2}+2] 100 pM
primer 0.4 pL, 1.5 unit/uL Taq polymerase (SolGent Co.,
Ltd.) 0.3 uLE ¥il SH7TE JETFS 50 uL=Z it B-
tubulin PCR 94°COllA] 583t predenaturation]Z] $
94°Col|A] 1327} denaturation, 58°COllA] 132X} annealing,
72°ColA] 187F extension®] FH O 2 & 303] whE-Sk1 &
Z 72°CollA] 657t extension= =3Y3}3IT}H7]. RPB2 PCR
2 94°Col|A] 587t predenaturationA]Z] F, 94°CollA] 30%
ZF denaturation, 55°CollA] 3033} annealing, 72°CllA] 1
H 30%7F extension®] Z70E F 353 WkESlaL FHF
72°ColA] 1083t extensions 573 38}3{TH10]. rDNA-LSU
PCR2 55°COllA] 12Xt annealing®] Z71©2 denatura-
tion, annealing, extension®] ¥4-5 353] WhESE 21 €]
= B-tubulin PCRY} & A0 2 F3)519T}H[9]. PCR
S AHE2 1.2% agarose geloll A 71719953k gls &
o PCR,, Cleanup Plate (Millipore Corp., Bedford., MA
01730)2 “gAIgt F, Genotech (GENOTECH, Daejeon,
Korea)°ll 9]E|5lo] A7 DS B4 BA7E 9714
g2 DNASTARS] seqman ZZ 138 o]-83}o] HH3H
|| NCBI (National Center for Biotechnology Informa-
tion) GeneBank®] Q71X ES 53} MEGA version

5.2.28] Neighbor-Joining [11] AlF=E 2MJ3ttt. T3
7t A= Tamura-Nei 45 AgAILE 228 ARS8
1,0003]2] bootstrap w415 F3l AF|=E Bkt

24
=

=

=

W A F91 WA 2RE ME UE 2o At 7
F50] Zo]= Baldlal o]5S MEA, CYA, OA, DGIS
o HEast A FeIEAS BT v}, 0|52 avt T
= Botrytis sp. (H3ETF KACC 47369), 25~ Penici-
llium sp. (NETF KACC 47368), 12]3L 3 5 Rhi-
zopus sp. (KACC 47370)%2 FA =T},

KACC 473699] T#AR= MEAH|R|o]lA] 3] 40| x] ¢13]4)
o] s vepllon, s drzte] ikl wet A3
o] #3S FAEITE FAFEAR=E 11.5-12.1 x 7.5-9.2 um
712 e Adgoz vz FelE JERAT
(Fig. 1). ©|== Ellis 5 [12]°] BI13}; Botrytis cinerea®]
8k EA3} AX|eIR AL, RPB2 F3AF ¥4 A3 = B. ci-
nerea®} 12 “1& (Fig. 4A)S /31, KACC 47369 I
S+ Botrytis cinerea Pers.2 & = AT}

KACC 473682 MEAHIAIONA 0, 4, 10, 15, 25°CollA] Hl
kst Ax} 0, 0.7 cm, 1.7 cm, 3 cm, 3.4 cm& 25°CollA] 71+
ZHAskon, £°CoE Aol 7Fse AS RIS
797t vt S W CYARIR|AIX Q] FEke] A2 cream
yellowol| 4] B YFAIZ o] ol whe} 2F71o] blue green
S YePoH, MEAHIA|YAME blue greens Bo] LE}
W3z AL EREE whiteS UERIATH CYAu el A <]
reverse color= brown?] SA5-9} cream to yellow= ¥z
=0 colony texture™ floccosedlX] weakly fasciculate
sttt Bekands 53 #& 23 Conidias 7|7}
3.4-4.1x3.1-3.4 um=Z BRI O, Conidiophore™
terverticillate®| 3L TAREH O ZHE tiFE FAJ= AT
Phialide= Ze~I RGO Z w3ty Z7|= 8.5-10.4 x
2.5-3.4 pm©|™, metulae2] 7] 10.1-11.6 x 3.4-4.5 um
0]%th. Rami= 1~2711¢] &0 =2 Ho] gjglom 1 =7]
+ 11.4-12.5 x 3.6-4.4 pmO| 3L, Stipe= A8 71 &
g2 mje FeE YR (Fig. 2). ©]€ Tzean &
(13]0] B33 Penicillium expansum®] 182 543}
%&tH o, B-tubulin AL 4 ZF} P expansum
CBS 32548" 752} 100% “3-53 (Fig. 4B)= Ho|, KACC
47368 5= Penicillium expansum LinkZ & 545
At

KACC 473709] TPAR= CYAS} MEAHIA|O|A] vl A] 3
Artel] A Petri dishE QoiHE vhg A5o] w211 -
AHTALR EARGT O] ol ZARGS ol FASISIT.
TARE 25 whitedll X HiRAIR o] kgl wet pale
greys WER oM B reke] 7S JA38t). Bt
H)7g gollX FArdE T FARGS AAE dEpilon ¥



Fig. 1. Morphological characteristics of Botrytis cinerea KACC 47369. A. Symptoms on persimmon, Colonies on MEA (B) and
OA (C) for 7 days at 25°C, D. conidiophores by stereomicroscope, E. conidiophores, E conidia, scale bar=20 pm.

Fig. 2. Morphological characteristics of Penicillium expansum KACC 47368. A. Symptoms on persimmon, Colonies on CYA (B)
and MEA (C) for 7 days at 25°C, D. Conidial heads by stereomicroscope, E. conidiophore, F. conidia. scale bar=20 pum.
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Fig. 3. Morphological characteristics of Rhizopus delemar KACC 47370. A. Symptoms on persimmon, Colonies on MEA (B)
and OA (C) for 7 days at 25°C, D. sporangiophores by stereomicroscope, E. collumella, E. sporangiospores. scale bar=20 um.

Aol Z7)1E 69.6-70.2 x 69.3-69.8 umO©) AT FEAPGE
A= 7.1-7.8 x 5.4-5.6 um?] F7|Z FTHA| MEZZ ZA
Zo] 1017 U= F5°l 7 FE) (Fig. 3)= Rhizopus ory-
zae, Rhizopus delemar T} A Feld 545 B3
T rDNA-LSU 34} 4] 23} R. delemar CBS 278.38
2t 71X Lol 100% LA (Fig. 4C)3}AL R. oryzae?h=
oA 2olE BHJOEH KACC 47370 7 Rhizopus
delemar (Boidin) Wehmer & Hanzawa® % 4=}

e H= WAl 7P EsHA| B E Botrytis
cinerea= FHF0] U= AR GHA Ut ol AT,
iR, IR/ TolA HE dovle thiA AEHdd
o7 AR A4 HaE doT)= whi[14], =
M= Fjol] o ) S-S Fafste] =7t 4
Al AxE 5 A gt} ofdf) o] T BEH FTIRRE
- 2RSARE T oo o] Fslng Ao
2 IFe] RS Hao 3R 50 Hol ekl F
vlo} BkS FH8HA allFo] ARl Az AHH 7
= SH}15].
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| HAHDG  Penicillium
expansum-< A7 T 7P Skl Fax Ak o
o] Ao FHE Fall Adeh &%, A B #-F S
Jojuh= Fafjoll Fed (1618 WrF ofye} A17=<21 patu-
linh A% S AT cirinin A ol
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0

O

2 d#A o] F7t a7 17]. 53] patuline A
Froso) WIS Bel] AR o}gEe U o] B
olo] 447 WAlSh 0E HAS AFEEA e FAB
27} S 835118

Rhizopus delemare= F2lUe} HEF5olx &3] &
He dom g3 diid FajEog v gk Ao &
HA LRLGeNA T FRe/0] FEEE FolTh19).

olge] A=z E vl W AFE<] ellA EE &
Fole 713]9t FrES FAlOl Algshe 2low Azhd
T}, Botrytis cinerea®} Rhizopus delemar= 2}QH o= &
8ol 7Fedt o5 Adste] Alojd AN o] dFE
G837 A WREE TS FaAdo] Je AR AR
&= ¥hdo|, patulin, citrinin 59 H4E A4 74
o] A= Penicillium expansume= ©| 5] LA A& It
Folet A7t o Ao AR HTh

ic)
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W A T Ae AETRZRH A2 & BYS
ekl E40] 7 5E Felskin Yol 29018
Fe A ST BAH 530 At 54 A ol
2 Botrytis cinerea Pers. (4 1), Penicillium expansum
Link (2 T<7), Rhizopus delemar (Boidin) Wehmer & Han-



Botrytis cinerea MUCL 87T AJ745676
Botrytis cinerea SAS 405 AJ745678
Botrytis cinerea BC 7 AJ745675
Botrytis cinerea KACC 47369
Botrytis pelargonii CBS 497.50T AJ745662
Botrytis fabae MUCL 98T AJ745686
Botrytis fabae CBS 109.57 AJ745685
Botrytis calthae CBS 175.63 AJ745671
Botrytis paeoniae MUCL 16084 AJ745700
Botrytis aclada MUCL 8415 AJ745664
Botrytis porri MUCL 3234T AJ745704
Botrytis convoluta MUCL 11595 AJ745680
Botrytis ficariarum CBS 176.63T AJ745687
100 [ Botrytis ranunculi CBS 178.63T AJ745706
Botrytis elljptica BE 9714 AJ745684
98 L Botrytis squamosa MUCL 1107T AJ745710
Botrytis galanthina MUCL 3204 AJ745690
100 | Botrytis croci MUCL 436 AJ745681
86 Botrytis hyacinthi 0001 AJ745695

99 | Botrytis globosa MUCL 21514 AJ745694
9 91 L Botrytis sphaerosperma MUCL 21481 AJ745708
Botrytis tulipae BT 9830 AJ745713

94 Botrytis polyblastis CBS 287.38T AJ745702
%8 Botrytis gladiolorum 9701 AJ745691
Botrytis byssoidea MUCL 94T AJ745670
72 Botrytis narcissicola MUCL 18857 AJ745698

Penicillium italicum CBS 33948T AY674398

Penicillium ulaiense CBS 21092T AY674408

Penicillium sclerotigenum CBS 101033T AY674393

Penicillium clavigerum CBS 25594T AY674427

Penicillium digitatum CBS 13665T AY674404
Penicillium marinum CBS 109550T AY674392

100

80

0.005

(B)

Penicillium expansum KACC 47368
991 Penicillium expansum CBS 32548T AY674400

Penicillium formosanum CBS 21192T AY674426
Penicillium vulpinum CBS 30563 AY674418
Penicillium glandicola CBS 49875T AY674415

Penicillium djpodomyicola CBS 17387T AY674409

Penicillium griseofulvum CBS 18527T AY674432
Penicillium concentricum CBS 47775T AY674413

Penicillium coprobium CBS 56190T AY674425
Penicillium coprophilum CBS 110760T AY674421

Rhizopus caespitosus CBS427.87 AB250191

Rhizopus microsporus var. microsporus CBS700.68 AB250188
Rhizopus homothallicus CBS336.62" AB250198

Rhizopus schipperae ATCC96514" AB250193

Rhizopus oryzae CBS120.277 AB250187
100 || Rhizopus delemar CBS278.38 AB250197
731 Rhizopus delemar KACC 47370

Rhizopus stolonifer var. stolonifer CBS150.83 AB250199
4m0|—7|:,?h/zopus sexualis var. americanus CBS340.62T AB250192
100 Rhizopus sexualis var. sexualis CBS336.39T AB250186
Rhizopus stolonifer var. reflexus CBS319.35 AB250195

©

94

0.02

Fig. 4. Phylogenetic trees depicting taxonomic positions of (A) Botrytis cinerea KACC 47369, (B) Penicillium expansum KACC
47368 and (C) Rhizopus delemar KACC 47370. The trees are based on Neighbor-joining analysis of (A) RPB2, (b) B-tubulin
and (c) rDNA DI1D2 gene sequences. Numbers at the nodes are bootstrap values greater than 60% (out of 1,000 bootstrap
replication) and the subscript T after strain no. denotes type strain of the species.
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zawa (1 59)2 A S, o5 FollA= B. cinerea2} P
expansum®|] RIHSHA] A=A R. delemares F& RIE
2 WA, P expansumd}t R. delamare =71 4ol
X o} WE) ere ol/1el] Rl Huskid &

aAIe =2
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