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Selection and Identification of a Hyperparasite, Ampelomyces quisqualis 94013
for Biocontrol of Cucumber Powdery Mildew
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ABSTRACT: 308 isolates of Ampelomyces sp. were isolated from powdery mildew fungi of 73 plant species in
Korea for selection of biocontrol agents. An isolate 94013 isolated from powdery mildew fungus of red bean was
selected as an effective biological control agent against cucumber powdery mildew in greenhouse. The morphological
characteristics of the isolate is as follows. Pycnidia were sub-globose or elongated to pyriform, pale to dark brown,
52.5~82.5 x 35.0~47.5 (ave. 62.5 X 40.5)um, and conidia were guttulate, straight cylindrical to fusiform, pale brown,
5.0~8.0 X 2.5~4.3 (ave. 6.0x3.0)um. The isolate 94013 was identified as Ampelomyces quisqualis by morphological
characteristics and rDNA ITS sequencing. The isolate A. quisqualis 94013 was different from that of the commercial
product AQ10® in the rDNA ITS sequence.
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AL AAZOR 11,80009%2] 4Eolr A&}
3 o™ (Braun, 1987; Koji, 1986; Spencer, 1978), %
Pubelel e o 3000%e] AEAM wAsL
(Korean Society of Plant Pathology, 2004; Shin, 1994b).
el D76 <3 Jsirt 2 AEEE A
FA 2o, WE, Fe), By, /M, 1F, EvbE, G2,
D7), Aol T, RN Absh, T, W, H), B,
whalolnd, st FM o), Avil, suleb), EEAw
Folth. Eat SFgAEQ P14, Aok, W), A Bt
BEl, ), WR Fo GRS AR o3 )
a7} o] WHAY3IaL 21TH(Shin, 1994b). S7MEH L Aut
Ao of7k Azt 27olA wel B, =2 ue
EE A MR QNS e, e, E A,
Arvg #}g 53 I FF QY] ¥FHo2 Qe ¥
Al 7 FoE J438] Frhste] TAA ] A
%3 JAthH(Shin and Kim, 1994; Spencer, 1978).
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7HEEE WAE] flelA HeFEe, F8EdEE, o

T, Wl it HE, o3 HdAA, wilt prufitt vapor
guard®} -2 SHAA|A| T ARgo] FHZol| AlEHAL=

O (Belanger et al, 1998; Menzies et al, 1991;
Pasini et al, 1997), oF = F2 FFo| oEsl A=
A oltt, webx] A7 Al ARE-Sh= 3lehEofol
g Agdol fkEe] oFgrF AStEil(Asari e al.,
1994; Erickson et al., 1997; Lyr et al., 1996; Hi¥siE
S, 1994; EEEE, 1995), FEEE ARSI &L
2 53] AHAANLE o8t AAES A
Fofell olgk 97t Alzkek Aol wEkA g F
A RS 913 8173 21sHAR1 SVHREE Al E i
o] Ao st =t 2FelM e 7S WAls] <
st ot 3559 wWAES olgste] dAetal Jdom
(Belorger et al., 1994; Hijwegen et al., 1992a; Kiss et al.,
1993; Klecan et al., 1990; Nelson et al., 1995), L ol A
7] AF 718sks 54 o838 Ampelomyces
quisqualis Ces.ex Schlecht(Hijwegen et al., 1984; Hofstein,
1996; Kiss, 1993)¢} Verticillium lecanii(Zimm.) Viegas
(Belanger et al., 1998), FAE=Z S W3Sz Tilletiopsis
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minor Nyland, Tilletiopsis albescens Gokhale, Sporothrix
flocclosa®} Sporothrix rugulosa(Belanger et al., 1998)
SOl A7FE WAl v Bl Aew BuHT
(Belorger et al., 1994; Hijwegen et al., 1992a; Klecan et
al., 1990; Urquhart et al., 1994).

SUollM e b FikES ALtslr] flste] ohdsk &
=0 A7FEH N FEZIABAR] Ampelomyces S+t-5
wa)sle] ool bl 7o) 55 AQUH0I3 F
g Awsy Jejsrd, Mg 2 RARASE 54
ZAkste] FAHAAL, Adet AQ94013 59k AQL0"S.
2 A3k 5, NCBIOl 559 Ampelomyces spp.,
Phaeosphaeria spp. 2 Coniothyrium cereales 5= ¥&
&t NCBI GenBankollX @013l & 1870¢] s8] 5
=91 ITS F71MEE I vlaL 248l
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19943 58] 20059714 A7Hol A9E HEAE
Axzog Azt sjFdnAstolx g7
AR Qo] WAZEe wolWtt Fetkdrn e Wakzt
I Waxake] FEE A8 Ampelomyces Sd-2 91
st % (Fig. 1C, 1D), HEAE WFo|Z Hojujo] A=
YU 50 ppm©] 7} corn meal agar ¥iA|O] =
ate] 25°C 27104 7d7F wigstsAh(Fig. 1E). ¥
5 GEAA Mol U2 FAME AR FIHAPHEIA]
of &A 25°C F271°1A wiFE F(Fig. 1F), AL2%27]
(10°Cyell BaashiA] & Aol ARg-st3dTt.
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AEAZTE FAG ATt (Sphaerotheca fuscays:
HEate] 79 5 Wnko] FAHE QoA EA Y TE57| 8+
o] EAAEN(1X10%mlye EFAYS e A 1 2
= A7 25cm A71& 2ol A7 9emd] frE] HE
grHol s A A 3uiE 2o, ZEd Qo]
< Wtk FE7IATE AEd 2ol A ARl
e #F 3 HEHUAY A2]g v, 25°C 327
NN FFEE WY 12AF712 2AKHEA AE] 124
5 s m A (4omh)stoll A VHEH ] WA S X
Abete] 8 #E Addstaitt.

)

HS

kel 8 @l diste] HE S5dFE sk 9
slo] 8 #F¢] iSRS 500 ml AHztEEkaIe] BeRs
100 g¥ Hobx 23] He#st th, PDA HiA| oA wj kst
T 8 #F FAAGN(7.0X 10%/ml FE)e 3 mP HE
sth HEE ST E 24°C w710l 15978 vk
T BATE B IAE 3 thy uAlel EWEE
o]-g3te] EALHErN S FH|Slo] ARB-EIAATE. A A
HIZANES} dd& A7SHE AES 1:1(vv) HE&2
gete] A7 25 cm XEO] T2 § 2Auitthy] 29]
& UE3le] 4.5 9719 A EA = Aufste] S7FEH TS
HEste] We AR o, st 8 7] XA E
H(6.0X10mlyS dFF 105722 Qo] )& o] B
Helstar, e 8Y ol 37pEHe] yukad &S AL

STt

5714729 84

FE7B - WA W EAte] e, 719 A2 FE)
2 g njFd EAS ARSI Hanlin ef al(1984), Sutton
(1980), Clare(1964)2] ¥l wehr] T4 3T

AE Ampelomyces sp. 940132 £-12 542 <l
3}7] 1814 ribosomal DNA-internal transcribed spacer
(ITS) #4919 A7IM<E A4S HAAPT}E Genomic DNA
£ FE37] 98l AddFE potato dextrose broth(PDB)
i x]oll HF3IAL, 24°CollA 140 ipm o2 7L 7F v k31
ot Wi FE FARE FAst FAAXxs A, & aks
% DNeasy kit(QIAGEN, Germany)S AF&-3lo] DNAS
FZE3IaL, -20°Co RESHHA] ARE-SIYITh. ITS1, 5.8S
9 ITS2E Z33H= DNA-ITS Fj¥ut ohzh 188
oF 28S9] YRS SE3t7] 918 White er al.(1990)9]
universal primer ITS1(5'-TCCGTAGGTGAACCGCGG-
33 ITS4(5-TCCTCCGCTTATTGATATGC-3)E AR&-
sl Tth. PCR %2 18] 2.5mM dNTP 1.6 i, 10X
buffer 2 gl, 100 uM primer 13+ 4 2}z 0.5 pd, S unit/ml
Tag DNA polymerase 0.2 zl, genomic DNA 1 ul ¥ 35
T 142 s FA7Yste] 20 wl 7919 PCR RE-GEF
N Azt ITS TF& 913 PCR ¥-gx712 94°C
oAl 587} predenaturation, 94°CollA] 5027} denaturation,
52°ColA] 90%7} annealing, 72°ColA 177} extensionS
3538] HHESIAAL, HFH O Z 72°Col|A] 7E7} post extension
3l th 2% PCR AHE2 1.5% agarose2}t 0.5X TBE
buffer(0.045 M Tris-borate, 0.001 M EDTA)E ©]-&-3}
271953}, ethidium bromide® @A &te] o133},
Gel extraction kit(Bioneer)& AM&-3te] ZAlZ5E DNAS
23137, ABI 3100 DNA sequencerS AR&-3te] 714
& #A8Hith DNA 171492 DNASTAR 2717
9] sequmans ARE-sFe] HFSEAL, CLUSTAL W 49
(Thompson et al., 1994)& AH&-3te] FE3I3A ). Phylo-
genetic treeE ZJ3H7] 98l 1TSI, 5.8 2 ITS2 H71A4
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& BF ARESITE AEE A71AME2 Mega v3.1
(Kunmar et al, 2004) Z213-& AME-35lo] Neighbor-
Joining(N)YH o2 B3}, E/-7F sequence distance
£ Tamura-NeiH 22 AAFE|Q 3L, Bootstrap #210] 43

=it
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199435 200597H] d=tH oz JrlEHe] A
73E2] AEAE A st w2t 5718 (Ampelomyces
&S F 3087 wElEkith e RTS8
7] $ER RSP, Erpsipheds 12504 EUI®

S 1459 NEAZFE 2545, Sphaerotheca?s 5%
+5 T 35859 AEAZRY 2324, Microsphaera®;
6ol AT 5 659 AEAERY T4, Phyl-
lactinia®y 15X LEUFERE 145, Podosphaera
& 1FAM FAFUFERY 145, Oidiumss 250 4
Mul Qo] 5 1052 AEAZYE 2545, Golovinmyces
& 120X =3t 5 3TN EAERY 84T, Un-
cinuliella?s 1Z0A B3UE28E 245, Uncinula%:
150l BelZo2RE 145, Arthrocladiellads 15
Al F7NIAFERE 6dTEA F A7FEHAY] 105
3150A =

FEvEtell M= Lee(1976)7F S8t Hele] 71
TN A quisqualisE AL 2 B 3R oH,

Fig. 1. A, typical symptoms of powdery mildew infected with A. quisqualis on a leaf of pumpkin; B, pycnidia of 4. quisqualis
produced in the mycelium and conidiophores of Sphaerotheca fusca C, a pycnidium of A. quisqualis in the basal part of a
conidiophore of S. fusca (scale bar=60 um); D, a pycnidium and conidia of A. quisqualis (scale bar=30 um); E,
monoconidial colonies of A. quisqualis on corn meal agar contained chloramphenicol 50 ppm; F, colonies of A. quisqualis

94013 cultured on PDA at 25°C for 25 days.
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1 % Shin and Kim(1994)°] Uncinula verniciferaes
HI 23 84 27%9] S/l A BAlstgith. o] 5ol A
= Hawksworth(1981) 5°] A. quisqualis’t Erysiphe,
Sphaerotheca, Microsphaera, Phyllactinia, Podosphaera,
Uncinula, Oidium, LeveillulaZsvtol 71 %ctal B 1351
© ™, Hanlin ef al.(1984)2 Brasiliomyces malachrae(5-
AN . Oidiopsis gosipii)®] AFd2tat FAYA7 o] K-
9} 717X A quisqualis7t 71 3= RS EAZ A

o] #oll ZEE ArEHe] Wk sk 7Ry
W) Bl w e ] AUk oz ZhA) = QbZhA o 2 Al
Ho FEEHA o] e A% UATHFig. 1A), &
A EA N ] FH7IAE S7EY WyRke e S7HEH
Wty 2 pE )R] Rkt gk U WAL wA7F &
& A Holn® s FHER ggkent sfrd
o R et S7FEHAY] #AC JdE 4
quisqualis®] HWAZE B AATh(Fig. 1B).

A. quisqualis= streptomycin 200 ppm< F7F8F &3
WA (water agar)E ©]-8-3l] E2]3tod(Hijwegen and
Buchenauer, 1984), malt extract agar WX oA w313
T}. Shin et al (1994)2 o] WS 7] #3le] streptomycin
200 ppms F7FEH PDARIAIN A E2]5tGl=H] o e
HHO M= M2 RS0 71538, Alternaria, Clado-
sporium, Penicillium & -2 82 A5o] sk
ot & dAFMe AZHAYF 50 ppme H7FEE comn
meal agar W|A|E o] §-3te] Elst A3, Al 2 thE
8] Ko AL, =t 7h &0l sk thFig. 1E).

T BF7|d7e Mg

218t Ampelomyces ¢ 3080 oA 122 A
ol Qo] o HHAYE o] &3t HAd 8#FE FAISH
ATH 2HA Qo] A7MFEH o] WAT Qo|FE A
glst v 8Y Foll 4. quisqualisdol 23|14 714s 2
o] A7IFHFS AAME] AFsH A7HFH A AR
o] 715 oA HIHFA o7 FRYA AL A A ¢
WRRo A quisqualistte] ZHA] A o] wzjzto]

A 0

B TR dFo] 2N WA Mo
ERLbA S7ERER o] wEo] Ak WA AT &F
A7HEHRke] WAS AR A3, 8457 B S
W dAS T3A JASIeH, 53] Admpelomyces sp.
94013 57} 7R WS 7P Bol JAAAA 7]
o] 48 752 A8 9 tH(Table 1).

Hijwegen and Buchenauer(1984)9} Hijwegen(1992b)
Qo127 AP E AAlshs 1789 2] &
AN S Afete] FAAE ] FEwY o= 22 §
A QA TES H7FFY L, Kiss(1993, 1995)= ZefE
Tl B2 9L, O &l 2AEE] AL 5 HeA @
7Fo] A4 o9l AUE I S T T 5
78S Aelste] 718ES Adsiqith 2 Aol ALS
3k Q0] FHHS o]&3lo] Hijwegend} Kiss7} 43t
7148 AR Agstal, M A quisqualis®
7Pl tigh 7188 S AT 5 AATH

=

sk AQ94013 -2 WAt 7ol A
27 7150 FAEH, Aol thadd o, ot
71 Aokl RO & (Fig. 1C, 1D), =L Z7]= 52.5~82.5X
35.0~47.5(Fd 62.5x40.5)umo| ), MIEAR= A A9
Az olH, Qo] f-3- o] Bo|3, F2 AFEYGe W
Fgoln, 1 H7]= 5.0~8.0X2.5~43(H7+ 6.0x3.0)ume]
TH(Table 2, Fig. 1D). o]&]gt e So|x a}zte] &
B, =712} ML Clare(1964), Sutton(1980), Hanlin ef al.
(1984)°] RII8t Ampelomyces quisqualis®t 2] Y X]3}
Nov, EApe] e, A718F A ZolFo] e A
Emmons(1930), Rudakof(1979), Kiss(1997)2} Sullivan
and White(2000) 5ol &3t dmpelomyces 42 7
o] AFgH ool & Hago] AHEL Ao A=A

= A2 EFAATE SgEA] ek A olth
a2 A AQY4013 752 HjkE EAL o] &
(2005)°] 71H.31gk vpe} o] 5~32°CollA] AJAgatslom,
A dAMS 229 20~30°ColAt). E=3F 26°Cell

Table 1. Suppression of powdery mildew on cucumber leaves by treatment with eight isolates of A. quisqualis in greenhouse

Source of isolates

Isolate % lesion area of
No. powdery mildew Powdery mildew fungus Host plant
94009 2.7 Sphaerotheca fusca Pumpkin
94013 1.4 S. phaseoli Red bean
94025 3.0 S. balsamine Balsamine
95015 3.3 S. fusca Common burdock
95020 2.1 S. fusca Cucumber
96004 4.2 S. fusca Devilsbeggar-ticks
96029 3.7 S. fusca Wang-godulppaegi
97005 3.0 S. fusca Gourd
Control 472

*Measurement was made eight days after treatment of spore suspension (6.0 x 10%ml) of each A. quisqualis.
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Table 2. Morphological characteristics of Ampelomyces quisqualis 94013 isolated from red bean powdery mildew fungi

Pycnidia Conidia Reference
Sub-globose or elongated to pyriform Guttulate, straight cylindrical to fusiform
Isolate
Pale to dark brown Pale brown AQ94013
52.5~82.5 x 35.0~47.5 um (Ave. 62.5 x 40.5 um) 5.0~8.0 x 2.5~4.3 um (Ave. 6.9 x 3.0 um) Q
Sub-globose to pyriform Guttulate, ovoid, clavate, cylindrical or curved
. Clare
Pale brown Hyaline 1964
33.0~105 x 23~53 um 4.0~8.5 x 1.5~4.0 ym ( )
Globose or elongated to pyriform Guttulate, straight or curved cylindrical to fusiform S
utton
Pale brown Pale brown 1980
40~105 x 30~50 um 4.0~6.5 x 2~2.5 ym ( )
Globose or elongated fusoid Oval one-celled .
Dark brown Hyaline Hanlin
(1984)

50~125 x 30~47 zm (Ave. 81x36 zm)

10~15 x 3.75~5 pm (Ave. 11 X 4.9 ym)

A AR ASo] 71 skt pH 3.0~9.00014 A%
slRem, 23 pHE 6.5°19tk. AQY4013 TF2 PDA
Hi R Aol A vl kSt FAle w9 WS sk o)A g
#S oA WAzto] FQE7] AZtEo] 7o Aol
Qe zZtaow vebdth(Fig. 1F). Philipp and Criiger
(1979), Sundheim and Krekling(1982)%} Sztejnberg et
al. (1989 ©] 9] #AM HA =71 20~25°CetaL
B3R, Shin et al (199495 2% AS-2=71 26°Ce}
I BIER O, Kiss ef al(1995)2] WP 712
A Jep Q2 stk 28 2s Aust 94013 #5=
e 2 wits EAHSR Ampelomyces quisqualis=
SR AT

Emmons(1930)2] X270l 231 Cesatii= 18521391 X &=

99

"Ascomycestes sp. MA467, AJ972820

Coniothyrium cereales. AJ293812

Leptosphaeria sp. GF1123. AJ608969
Ascomycestes sp. HK-S212. AM084452
Ampelomyces sp. DSM2233, U82451

80
100

7 Rl 71288 WAZNES Ampelomyces quisqualis
oJe|A MO Z Ampelomyces Zit0] WHEAAHIL, 1 T
o] ofg] #8krlol| 2ske] Byssocystis textilis(Ries, 1852),
Cicinobolus florentinus(Ehrenberg, 1953), Cicinobolus
cesatii(de Bary, 1870), Cicinobolus humuliFautrey, 1890)
oF o] et o5 R WHIAtL sttt ol 7
& &5 % De bary®} Emmons 37FFEH ol 7]
A= F3Bol7t Ampelomyces SdolFal WA
A TH(Kiss et al., 2004). 27510 Z 27K Ampelomyces
Satolle she] Fol EAlste Aoz IR o,
HAIEEE, IAIAAE, 7184 59l Aol A2
= AYe] FaAo] AAEATHKiss ef al, 1995; Rudakof,
1979). Rudakof(1979)= ©] &2 FO=2 quisqualis £1°]

’_93|:Phaeosphaeria arenaria. SAUT7360
100 Phaeosphaeria nodorum STAN24. AY817686
L ,
94 Stogonopora foliicola N396, AF439510
I:Ascomycestes sp. HK-S201.AM084456
99 100 —Ascomycestes sp. HK-5202. AM084457

Ampelomyces sp. 263 AF035782

Ampelomyces quisqualis AQ94013

.
"Ampelomyces sp. CBS 130.79 U82449

84 —Ampelomyces sp. Ul AY663822

71

100

98

| |
0.02

[Ampelomyces sp. D4 AY663824

"Ampelomyces sp . DSM2222. U82450
Ampelomyces sp. 1056. AF035780

Ampelomyces sp. AQ10. AF035783
Ampelomyces sp. MOS ID9, AY587139

Fig. 2. Neighbour-joining tree of Ampelomyces quisqualis 94013 and its related genus and species based on rDNA-ITS sequences.
The numbers above the nodes represent the bootstrap values of >70% out of 1,000 bootstrap replication. The DNA
sequences of all isolates except for A. quisqualis AQ94014 are from NCBI GenBank. The accession numbers of 18

sequences obtained from GenBank are in parentheses.
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artemisiae, humuli, quercinus, uncinulae3} 7+ FHS

AREEFATE U Kiss(1997)= AaEwe] zpo]7h Q)
= TFES RELPEA 23 §14 zpol& 2ARE 24
I, FEEOR R wek oS WA= Kk
t}. 2 ) #Z Sullivan and White(2000)= WEA
Ay AsE L5 Ampelomyces @7t B7FEE
71/ 8t WMALS @dsks #8 3 ITS sequencee]] €]
|4 Phoma glomerata(Cda)2txl 743153t} Kiss et al.
(20042 o) ¢l ek Hold B AL} W2
=9 wiFA 547 DNA ITS sequences®]dte] ztol&
HsHAA 53 &ol ofd 4 JUThal AAFOEA &
ol gk WEek FH 2 oA o] FolR|A] Kl =
A olt},
A AQ94013 w7t 718l HarEl

Ql Ampelomyces spp. dTE3 FLg dAA ] A7
2§37 #APGE Elsh] flE WAs A
Ampelomyces spp. Phaeosphaeria spp. 2 Coniothyrium
cereales 5= X313l NCBI GenBankol|A] ozl &
1871 FFo] 4759 ITS G7IMES A 45k
Neighbour-joining treeE 2JstAth. ITS @714 ES &
A Bk Aol M AEEE]l AQ94013 I A7
H o] AEIAA(AQL0MEA A o=z ] dHA
+= Khat(Catha edulis)®] 37V (Oidium sp.)oNA] &
2l¥l Ampelomyces sp. AQ10 #F2F= F5lo] th=2A 9
AR, 44 FABAZE | Zew Yesith. &5
(Artemisia absinthium) 217V <F(Erysiphe cichoracearum)
o] FE7IAHR Ampelomyces sp. 263 dFv AT
Ql AQ940133F 7 FABAIZY 7P 7k AR
UERIAE 7 475 YT ol oA, oA 80%
9] bootstrapato 2 A A = YA TH(Fig. 2). Szentivanyi et al.
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A5 A goe] HEsoldrtEde] FH71AH
Ampelomyces sp. Ul 455 H&3le] S7l9] thE F30]
o} 7|2 EA A E2l" Ampelomyces sp.2t FL3HA 9
gkl Bastith. v o] AelAs Ul #57F
A2 AQ94013 dF9= FdElo] th=2A $1X5te=
S IS oot e AR B i, & A7 A
72U AQ94013L 7]E HILE Ampelomyces spp.
10778} 22 5240 T2 strain]2hs 218 A 7T
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Fog T =7)E 52.5-82.5X35.0-47.5(FF 62.5X

40.5)umo|th, W¥EAR= €2 2] e Eolm, Al Ete]
Ff2o] Holal, & ATRYFe] WHeln, A7|E 5.0~
8.0X2.5-43(FF 6.0X3.0)umo|th. THEZ AQ94013
e FuUTE 9 EEH SAS AR AFlA
Ampelomyces quisqualisZ. 739 Th. B3 Ampelomyces
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