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ABSTRACT: This study was carried out to identify the genetic diversity of Penicillium isolates that were isolated
from pears with postharvest decay in storage. URP-PCR was used to detect DNA diversity of 84 Penicillium iso-
lates. Based on URP-PCR profiles, 18 Penicillium isolates were selected and their PCR polymorphic bands were
produced by additional primers URP1F, URP2R, URP2F, and URP4R. UPGMA cluster analysis using the poly-
morphic bands showed four clustered groups and futhermore cultural and morphological features characterized the
18 Penicillium isolates. Group 1 was dominant, which occupies 70% in the four clustered groups and identified
as P expansum based on ITS sequence and morphological features.
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HdA% Foll M ske WAHLEZX T Cladosporium
spp-2t  Alternaria spp. Fusarium spp., Botrytis sp.,
Penicillium  spp. 5°l 9EA  SUrh(Agrios, 2005;
Borecka, 1977, Hong et al., 1988). Penicillium spp.=
SAE] A Aofsle WYHdozZA M FEE
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F= #olth o] 742 d MAIFOE vl & Y& vlE,
A, 35, A 5o AHES doA FATE H
29It} (Cho et al, 1995; Borecka, 1977; Holmes et al.,
1994; Hong et al, 1991; Jo et al, 1999; Shim et al.,
2002). A #ASl= Penicillium spp.= F258°]
(Blue mold rot)®} Z5+3°](Green mold rotyS 427]
=t v A8 o] #Tth# &, 2002; Shim e al,
2002).

Penicillium 95t BAYEA}L, EAA7], Phialide
o] RS FEN A AT} v FE] 5ol wet
vk glov (A 5 2006; Pitt, 1985) w72 44
Ql FFo= QI E74 S wiAE 4§l (Okuda,
1994). ©]& B¢ 3}719]5le] Mycotoxin A% ¥ F&
& HE 0l Penicillium®] F7oll A& =1k (Boysen
et al., 1996; Cigler et al., 1973), 7l wz} @&
o] th=A YERhd P8 o2 AL slh=tl Al A

DNATAAH S S8 2718 wiAlstaL Ao =
7o F2F, FH B ol8d F Jor PCRUHS
A&, BeelA #re] T, T fH73 547
Uty o 2 A8 =3 UTH(Caetano and Gresshoff, 1997;
7 2003). Penicilliumd-2] & 57l A 71543 FH4
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¢l A -tublin gene sequence®} rDNA, mitochodria’} ©]&
53 THKim e al., 2003; Hong ef al., 2000). 11}
DNAZA Y- W Al #5785 sl 034d=
of A7} 9lo] Random Amplified Polymorphic DNA
(RAPD) (Welsh et al., 1990; Wiliams ef al., 1990) 5-2]
2 OIAE UEillE ol AREE] gith ey
RAPD#-A & H| So]# M=) SZ 07 PCR T4 2
7t P Ae)A] Hate] AN EAHC] e AL
2 J1AHA k. HZele ol2ld S BEekste] URP
(Universal Rice Primer)7} 7l&=o](Kang et al., 2002),
oFe mAEe 1, W 2Rl 85 A8Ent
Ath(Kang ef al., 2002, 2001, 2003; # &, 2007; Park,
et al., 2003). URP primer= 10 meritl 71 #7121
20 mer®]™, 55°C o]’dolA19] annealing W52 &
el #=& APPSR PCR A =S S35 & F
U= 5ol St

B d7e "edde v AT FelE wE
st WRHERRY TSt PenicilliumdS 2] 8td
URP-PCReI| 2]t DNA profile =313l Penicillium
#58] F7h FW ATERE S48 FYEHIAT
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SFo] water agar (1%)°] S8 E3L, 25°CollA
v sttt HMukEelel F4E 22k JojgE
ol 8l 3te] W gddl] 2xEE NS H41 U, PDA
(Potato Dextrose Agar)°ll streaking 3l 4 Fof A
B Y clone2 £2]3le] PDA #iX|ol] &4 Agof AL
El5 4=

o3

Penicillium 2] ZAFG7 AHdA ok LAt e =
HE A7) S18lke] PDACIA 7U7E - dEiolA w ok
gk 52 2008 siF-AWAd} 4000 9] HFARIEE ol
&slo] st 2ANREo R = BAEA, AL
Phialide®] FE}% S7do|2ATt.

P8 54 =

HHE S& =AL

Penicillium w2 373EE ZAFH7] flste] 200 (4 9
weak agar (0.05%)3 F7}ste] EAEERN (10° spore/ml)
o] 24E PDA¥AS] FY F-ld HE skar 25Ce}
4°Coll 242k HEFatal 1297k AEEE 3 SRl
Hizlol] W -] FelA 5AS 2Ake] fleke] x4}
kel (107 spore/ml)e] 20 1 Z Czapek's agar(Cz), malt
extract agar(MEA), 321324 HFslo] 7U7F 25TCol|A] uj
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FF #E 94S 2Hse] YPNRE Som 1
Slof 59 Yo, Aze] P ol T BAse] 24}
ssie.

WM AY
HAA AAS ¢35t Penicilliumd-S PDA HEst
o] 25°ColA 797 viFEt $of FAE FAEAE H
SHFE BAEA dgd (AT 5X 10°7/ml)S s

ATh B SN 5405 2003 3% 9Lol] FFE A
el AAE FAY FA] B JFEe] ESEEE
A3p7] flte] MREe] B BE UHE kg
oA &7 Fo]l 25°Ce} 4°ColA] el R 797F wjek
7ol v & Wng A 5 skt

Penicillium @32 Genomic DNA =2|

AlFAFFE 5mle] PDA broth BjX|o|A] ZIetufor
(200 rpm)©- 2 64 7F M BT Wi FE FARE A9
Aed o $E7XE St 52 Az HARHE
FA vk TR 100 pgdEE 1.5 mle) test tubeol] %71
I &8 959200 mM Tris-HCI, pH 8.0; 200 mM NaCl;
25 mM EDTA; 0.5% SDS) 400 /£2} Proteinase K(20 mg/ml)yE
A7vsle] FElBoZ bufferdol ] & et = oS
37°C ollA A7 Bt &2 SISt o] Ejtdol 2
CTAB bufferg 5371 3t 65°CollA 1587+ =]
3 chloroform:isoamylalcohol(24:1)S Y3 A3 &
ST 12,000 rpmollA] A4liE] Stk dedE A2
FH 7132 0.7 volume®] isopropanol2 3718}l
204 10%7F W5 12,000 rpmoll A 5E-7F QA2
o] DNAS HASIATE 70%2] ethanolZ DNAFHAES
M2 sty ZF AZXS $ TE buffer(10 mM Tris-HCI
pH 8.0, 1 mM EDTA) 100 /o] &3 3}3t}. 10 mg/ml
RNase 2 (0 Z Do 37°ColA 30 2 glste] 2 fH<L0
SH-E RNAE AA 39t DNATHFS 435171981
DNAZE 1008]Z 343} spectrophotometer?] 260 nm
o] mpgo A AAEISATt.

o O iz o m O

PCR CtaY % rDNAEY
PCR LA £42 ¥ 7 H URP primer(Kang et al.,
2002)E o83t 73 k3Tt rDNA ITS 998 &8st

71 flsled  AMEE primere  primer ITS  1(5'-
TCCGTAGGTGAACCGCGG-3")4 primer ITS 4(5'-

TCCTCCGCTTATTGATATGC-3")Z 3}it}. PCRYH-S- &
Ao 10mM Tris-HCI (pH 8.0), 50 mM KCI, 1.5 mM
MgCl12, 0.01% gelatin, 100 ng prime, 50 ng template
DNA, 200 um dNTP(dCTP, dTTP, dATP, dGTP), & 2.5
unit 7aq polymerase(JK BioTech)E Wil A Wh-&-g-<
L 50 1 7F FA sF9TE PTC-200(MJ. ReasearchA})e]
PCR7]7]1E o]-&sle] A5 DNAWAS f18le] 94°CollA 4
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B7h 2 % cycleollAl DNAMIAS 94°CollA] 142, annealing
2 55°ColA 13 3 DNAZHI 72°Colld 2802 % 35
cycleS 2A] 9o, 2E DNATAS 7222 3t}
Z25 PCRAHES Agarose gelollA] #4 331t} PCRAH
=2 1.5%2] agarose gelll ol loadinggh$ 5 vol/cm=z
71998 Skt Agarose “JollA19] DNAZHES ethidium
bromideg&-ol] ¥4)3te] UV lampstoA] DNAMES 3}
Sith. IDNAS] 1TSS 2] H7IME £4L #ste] 0.5kb
o] ITS PCRAHES pGEM-T vector(Promega)®ll ligation
gt & E coli(DHS) cello] BZ3 st Ampicillium
(50 ppm)¥} X-gal ©] $+idk= LB plateo] = s}
37°CAlA 16717 WA gk & FAe] colonyE A1 Shed
5ml¢] LB broth?ll overnight W3Sl Wizard PCR
Preps DNA purification system(Promega)© =2 plasmidE
AL H7IMEEA (ARt o8y S A4 st

FEAEN

Penicilliumd2] PCR TFIAANE vlaes 53 A7)
o] Wh=o 2 Paiqlar, Mes {70 wat 0= o
g3le] UNI coefficient®2 FAF=S 32 UPGMA
(unweighted paired group methods using arithmetic average)
o o3 FHIEA S AA] 8IStk frARE2E UPGMA 742
NTSYS-pe program(Ver.2.1yS ©]-8 3}

Zn o3

MEHZFE ZZe 22

Bex o] 6wl AFL2HE] FHT 3000970¢] o]
W ZFE 2535 ¢] FEe] 455 £l sk3ith Table 1
B E o oA FFo] & FEE VeI Tt o]
W PRy REeE FHo] FRE Penicillium dF7}
Z 300709] olHujFolA 25302 84%2 YERAL S
o™ Alternaria 52 5%, Fusarium & 4%, 7|} &%
o] Zo| 7.5%% YERIUTE. 7Iete] &8s FFo|2M =
Aoz FAFoR de] 4l U= Rhizopus &,
Cladosporium &22 &7 =AUt AgaLolA] A= e

Table 1. Fungal species isolated from pears with postharvest
decay in storage

Fungal species

Origin — - -
Penicillium  Alternaria  Fusarium

(Infected Pears) 3 : : Others
species species species
A (60) 47 5 3 5
B (40) 35 2 1 2
C (50) 43 3 2 2
D (50) 42 2 2 4
E (50) 45 2 2 1
F (50) 43 1 2 4

w2l SRR A7) B4 At
o weh RIS FED EARISE 24
ARG AL

1=}
o

2|t Penicillium &5 T4 JeNFo= FASH AL #)|
QJtaL FHE 84 Penicillium w55 ¥ A o]& 33
t}. URP primer (Kang et al., 2002)Z 84 Penicillium <
2] genomic DNAE 5% DNAZ 3} PCRVH-S 4
Al 3}tk PCR thEAEA 02 TSt Penicillium o5
°] PCR profile AAitste] SEE 455 ALl +
S A Penicillium 55 Adst=d Aok, 71t
A3} 7+o] URP-2R primer= 84 Penicillium #5914 Tk
Fe PCR DRHHNES 3% St F7e] 239
PCR T4 E2 Fig. 29] lane 39| PCR THEAS B3l
w7t S9EFE 0% T3 PCRAFY wo2x P4
Sl ATt ol= lane 3(S-15)¢] PCR WA Penicillium
A7 Aol $HEFE A2 F 5 90w lane 1
(P-13), lane 2(P-10), lane 8(P-21),lane 9 (P-21), lane 11
(SP-1), lane 13 (HP-13), lane 16 (PP-67), lane 18 (P-
30), lane 19 (PP-67), lane 21 (PP-25), lane 23 (KP-1-1),
lane 25 (KP-4-2), lane 32(KP-19-1), lane 34 (PP-75),
lane 36 (SP-21), lane 44(HP-4), lane 50 (PP-92), lane
54(SP-17-1), lane 65(SP-32), lane79 (SP-17), 5°] lane 3
(S-15)°] M=} = DNA ThdS B3t of
= 18 @5 URP-IF, URP-2F, URP-4R, URP-2R primer
£ o]-&sto] thr] PCRAEAEA S 738 &kt

Fig. 32 t}gt URP primer®] 2-&-w-2 18 Penicillium
2] PCR profile & YEhd 2102 P-13, P-10, P-21,
SP-15, PP-75, SP-21, SP-1, HP-13, PP-67, HP-4, SP-17-1,
PP-25 5°] #A}S band patternS ®2$2H | P-30, KP-
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Fig. 3. PCR fingerprints of 18 Penicillium isolates by primers URP1F (A), URP2F (B), URP4R (C), URP2R (D)

1-1, SP-32, PP-927} +A} band patterns X3S} SP-
17 A 8 553 PCR AN EES 4 sk
o}, URP-2R9] 74-9-ol= 8- th2 URP primerk .t} Th
& PCRAFZA W= S ailem T AlsEFol
83 o] &F F UL AR AR HAG 180 +F
o oJa) MAE 345702 PCRUFEAHI=(Fig. 3) B4
& g3t NTSYS-pc®] UPGMA program®.=
dendrogram* 2d 8t tH(Fig. 4). 2 A3 470°] o Group
o2 7 =AY Groupe 1= 471¢] sungroupS = 1+
oA 2™ subgroup 7Hl & 80-85%2] F5/dS RT).
SP-21, SP-1, HP-4, SP-17-1, HP-13, PP-67, PP-25&
Groupe 1419] subgroupesolr]l 7P e £XE HYS

S ii=e ﬂoﬂL 88-95%°] =2 FE4E HAH. P-13%
P-10e5~ ] 1 subgroup°ﬂ —‘—O}U% t}2 subgroupd=
80%2] 7]’ AAAE ©]FUTt. Groupe 2= PP-92+F
F7t & O]-,\iiluﬂl Groupe 13} 70%2] F+AHAE HI T}
a8y T2 groupe3, 474l ZHE 56%-52%= €A &
AE o]F3 A3UT}. Groupe 3& P-30, KP-1-1, SP-32,
KP-19-10] & 3199 P-302} KP-1-1AFo]ol 90%= 7}
H ZAAAE o]FI YA} KP-19-18 THE subgroup
ZHl 60%9] w2 fAI=E YEMIATE Group 4+ SP-
17357} 431 T2 Group 7Fll 52%2] W& FALES
Btk 22X o2 PCR tdEAEA A DNATFEAZ

A& 223 #37ke] $37 FARES Dengrogramoi A
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Fig. 4. UPGMA dendrogram derived from URP-PCR polymorphic bands in the 18 Penicillium isolates.

A5tAz B Aoa] Folw 3%F9] Penicillium E°)
HEAS 78 & F AT 53] Group 1= 70%°]
9 Penicillium 47t 43 122 YElSTE 4 5(2002)
8 & Al P expansum, P. solitum, P. crustosum
3E2 Penicillium®] A SIATHL 8I91™ Shim &
(2002)2 ©|¥ WlZFE] P aurantiogriseum & 2] &7
sttt 3 XXX P biglowiezense, P citrinum, P
echinulatum, P. expansum, P. solitum®] 2] &7 3}
ATHKiIm et al., 2007). A2 2 primerd] W} 2}o]
= AN AFollA 23 7= URP-PCROIA =
Al 4572 555 #77F a2 I8 FOoEA 4 T
Penicillium®] &2 @202 34 =H3Irh

Boysen 5(1996)2 71&e] F MFoRE FiEEo] I
Penicillium groupS RAPD ®'HS 5831 P roqueforti,
P carneum, P paneum®| 3&S= AFEFS vk ok
URP-PCRHIHE 545 AAMSl= Alternaria 942
- (Kang et al, 2003), “ER|HAFT] F5, A5
- F(Kang et al, 2001; Z 5 2007)°0%83 nielom
Phellinus &2] & 50°]4 Z79} 5] URP-PCRUE=S
o]8-3F & 59| Nested PCR primer 71 (Kang et al.,
2002), =l Phythopthora &2 &7}, W] 44 th
A B7FPark et al, 2003)9F ZERIHA WHAA
Hypocrea 2] LA EE24 (Seo et al., 2002)°] ©]&-5]
Rom HF7F2] DNA thFdEAlol w4 {835 o=
2#A 2tk Hyun & Park(1996) =7] A&l
Fusarium oxysporum f. sp. fragariae®] <€ & W< &
5 RAPD markers ©]-&3t F3174 WHolgE ZAR| &
Azt AA Zs}H3el met F groupl E FEEHALH A
B 31%Y0] B E AFAEH rRRVIAR FYEeld

-

o rlo ox Hr Mz

L

|

o~

g Feddl wEt A7 E3b} oefelxl A3E Azt
Hoh

TUFOIAME PenicilliumdT+2] WFzAdm 3
B2 54o] thgete] JefA E/e RS nad ¢
A= WHOZ Sequeera 5(1997)> RAPDS} RFLP <]
gk P nodositatum®] E72 9115 731315, Hockings
T(1998) o] ZHAA & Felate] miFIe ] 54
S A3}, secondary metabolitesS 213 T2 RAPD
PCRE ©|&-38} Penicillium radicum sp. nov.E 5733t
vl 9k oo uwel E A3l URP-PCR profile
Penicillium & &3] F&¢ WHoz olgd F U
2o g A7t

Penicillium 52| SEIH SM
PCRAFAFE ZAbste] 542 Wi=ged s Bl 18
Penicillium 55 402 sfo] v EAS A} )
%t} Table 2= Czapek Agar Cz)9} Malt extract Agar
(ME) SA18 Penicillium 455 % 32l 79 39
colony B #zgA oIt} Cz wiA] A= 29 mmol|A]
40mm®] #FAFE B vbHe| MEoIAE 17004
32 mm=zA CzEth g7go] st F& Ho] Fi Ut
URP-group 19| Penicillium oI~ Cz wjAol|A <] o
O] 7S iR o] 2248 w1 gllor o
2 s 2 =FAALE Alten 735 JHE d
9, e mFolnt. AR KP-1-15 2] g5
Kol whae] zlo MAg Ailele] e 59
= BT} o]#FE URP-PCREA M=
$t PCR TH@A WM=S BAATE P21 HP-30=
Hol| s|ujae] 2FHLS wlu} G e] s ALt
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Table 2. Comparisons of cultural characteristics of 18 Penicillium isolates

Isolates Colony on Cz Colony on MEA
Growth(mm) Color Pigment Growth(mm) Color Pigment
P-13 38 GGr SBr 28 PYGr N
P-10 40 GGr SBr 17 WGr N
P-30 29 PY SBr 29 PY RO
KP-1-1 33 GGr DBr 32 PY N
P-21 31 GGr SBr 20 WGr N
SP-15 36 PY N 29 WGr N
KP-19-1 30 GGr N 28 WGr N
PP-75 38 GGr SBr 37 WGr N
SP-21 30 GGr SBr 30 WGr N
SP-1 ND ND ND ND ND ND
HP-13 33 GGr N 18 PYGr N
PP-92 36 GGr DBr 31 PYGr Y
SP-32 38 GGr SBr 35 WOr N
PP-67 32 ND SBr 30 PYGr N
HP-4 33 GGr N 37 PYGr N
SP-17-1 27 GGr N 31 WGr N
SP-17 37 PYGr N 28 WGr N
PP-25 39 PYGr N 30 WGr N

PY (Pale yellow), GGr (Gray green), PYGr (Pale yellow green), RO (Reddish orange), WOr (Whitish orange), WGr (Whitish green), ND (Not
determined), N (No), SBr (Straw brown), DBr (Dark brown).

SP-15 KP-1-1 SP-17
Fig. 5. Morphological charactics of Penicillium sp. isolates, SP-15, KP-1-1 and SP-17.
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5 met FA AT #4F] AL 17-37 mmE YEF Ao A= 2.5~42 umT7|9] TE~ENEPEOE 2
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Table 4. Morphological characteristics of 18 Penicillium iso-
lates

Spore

Isolates Phialide (um)

Shape
P-13  Globose-subglobose

Size (um)
2.5-3.0

8.3-13.8 x2.3-2.7

P-10  Globose-subglobose  2.7-3.1 8.6-14.2 x2.4-2.6
P-30  Globose-subglobose  2.4-3.6 7.9-12.2 x2.5-2.7
KP-1-1 Globose-subglobose  3.8-4.2 10.6-18.2 x 2.5-2.9
P-21  Globose-subglobose ~ 2.9-3.3 8.4-10.2 x 2.5-2.6
SP-15  Globose-subglobose ~ 2.8-3.2 7.8-142 x2.4-2.6
KP-19-1 Globose-subglobose  2.5-3.2 8.6-14.2 x2.4-2.6
PP-75 Globose-subglobose  2.6-3.1 8.6-14.2 x2.4-2.6
SP-21  Globose-subglobose  2.7-3.2 8.6-14.2 x2.4-2.6
SP-1  Globose-subglobose  2.5-3.0 8.6-14.2 x2.4-2.6
HP-13  Globose-subglobose  2.6-3.2 8.6-14.2 x2.4-2.6
PP-92  Globose-subglobose  2.8-3.1 8.6-14.2 x2.4-2.6
SP-32  Globose-subglobose  2.5-3.1 8.6-14.2 x2.4-2.6
PP-67 Globose-subglobose  2.8-3.1 8.6-14.2 x2.4-2.6
HP-4  Globose-subglobose  2.7-3.2 8.6-14.2 x2.4-2.6
SP-17-1 Globose-subglobose  2.5-3.3 8.6-14.2 x2.4-2.6
SP-17 Globose-subglobose  2.8-3.3 8.2-142x2.3-2.5
PP-25 Globose-subglobose  2.6-3.2 7.6-13.2 x2.4-2.6

Fig. 6. Symptoms of decay by artificial inoculation of
Penicillium isolate SP-15. The spore suspension was
inoculated on wound site of pear and the symptom
was observed at seven days after inoculation at 25°C

PCR 84S 2o F3 9}, o] #2 Kim 5(2007)%
A 5(2002)°] WOl A AFS 7FORE Sl
54 g v} SP-15% EAPAA @ EARYGO] P expansum
I fAeE Zlo g B4 FHoH, K-P1-12 P communel-
2 SP-172 P curantiogriserum®-Z IJAH 02 FA =
AThFig. 5). SP-15 &5+ URP-PCREANM T HE|d

% 70%01dS A ete $HF OS2 P expansum UE
glsl7] $lsted rDNACIA ITS S PCR F%sto]
78S A3 GenBanke] F71ME} H]wEA
S vl P expansum 1TS @714 23 99%2] &d<
B P oexpansum®Z 4 T 4 Sth(data not
shown). m2FA], URP-PCR profile +5-2 Penicilliumé
AL fstd F8&sH AR & dS AR 7Y H
Act.

Penicillium T3] HelM
2 AFolA EAAAETH,
2 #FE o835t ol WUHS AF ST
A ZASEE AHE FASH FALUEWE T
to] HE 3 F 25°C9F 4°CollA] 91X 3 5 25°ColA]
T T 7Y F|, £°C= HE T 3090] A " o
BE 22} T B Aol B2J3t 18 Penicillium
45 25°ColM = HE 38 THE FHHT F-9lolA =
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