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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)zm, and conidia were guttulate, straight cylindrical to fusiform, pale brown,
5.0~8.0 X 2.5~4.3 (ave. 6.0x3.0)zm. The isolate 94013 was identified as Ampelomyces quisqualis by morphological
characteristics and rDNA ITS sequencing. The isolate 4. quisqualis 94013 was different from that of the commercial

product AQ10® in the rDNA ITS sequence.
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Ut A= oF 30009F8] AEoA EAEAL Sl
(Korean Society of Plant Pathology, 2004; Shin, 1994b).
SEvetel A SRR % Hejirt 2 FEEs AL
FollM o], W&, Fe|, 34t 7HA], I F, BEvlE, B,
97], ol i, AeiolA Al e, @3 W, Beol,
o, sajFela gul, AW, suier), EE9s
Soltk, gk ok gFES] 1A, Aok, 97, M TH
B, A, 2UE 59 AEdAx 87 o3t 3
3|71 ol ASI UtH(Shin, 1994b). B/ 1FHLS AUk
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FAME A8 T3 I FF Yo FFoE Qs £
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7HEE S AlE] el

5, Hlo]: AE, & S AIA, wilt prufd vapor
guard®} & SHAAA 5] ARgo] HZo| A EHIE
S (Belanger er al., 1998, Menzies er al, 1991;
Pasini et al, 1997), o}FH&= F2 Fo oS8t 3=
AQoltt. WA A7t LAl ARgske 3helE et
e Ao faso] FEVE ASHEIL(Asari er al,
1994; Erickson et al., 1997; Lyr et al., 1996; HiEmHE
=, 1994; FhiBE, 1995), F-EE A HEH FE&L
2 E3] AAALE o)8dte AHRES wAEY R
okl 93k St Aet Aol mEbA T
AME ARS 98 8 X3HHRl VR Al s i
| ZasiA =k A=olAe A/MEHEE WAls] €
3lo] Thekst 3559 mYEBE o] 83k AFstal o
(Belorger et al., 1994; Hijwegen ef al, 1992a; Kiss ef al,
1993; Klecan ef al., 1990; Nelson et al., 1995), 71 Zol|A]
7ol AR 71 54F o188 Ampelomyces
guisqualis Ces.ex Schlecht(Hijwegen et al, 1984; Hofstein,
1996; Kiss, 1993)e} Verticillium lecanii(Zimm.) Viegas
(Belanger et al., 1998), FB=2-& A8z Tilletiopsis
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minor Nyland, Tilletiopsis albescens Gokhale, Sporothrix
flocclosa$t Sporothrix rugulosa(Belanger et al., 1998)
Sol A7 WAl v Bl Aow HAHTH
(Belorger et al., 1994; Hijwegen et al., 1992a; Klecan et
al., 1990; Urquhart et al., 1994).

S MR b SAES A4 Sleted ok &
Eo] 3y golr S8 84 Ampelomyces S
Eejate] @o] frpeHel 7| 8Ho] 2428 AQ94013
FE Adsia Feahd, ik Bl BANGA e 5Ae
zAste] SRS, AR AQI4013 #F-9F AQI0TS.
2 ddsst #5, NCBIY 5 Ampelomyces spp.,
Phaeosphaeria spp. 2 Coniothyrium cereales 58 X%
3lo] NCBI GenBankolA 4olR & 187h¢9] FFo] 45
£ ITS H7IMEE T vlal 43

ME Y wy

571479 22

199458 2005A7H] @71eRel e HEAE
Aoz AHste sjdn st AztEH el 71
A 7lre] WAzhE wojitt. FdnH oz WAzt
I Wxzle] FeE A Ampelomyces & 3
3 URS(Fig. 1C, 1D), HEAE wWFolZ wojulo) A=
U 50 ppmo] F7FE comn meal agar BlA]e] =
sfod 25°C &e7)elA 77t WSt tk(Fig. LE). Wi
T A Mo Ve ALE AR R ARE ]
off &7 25°C F27)0llA i F(Fig. 1F), A2F27]
(10°C)dll HABPHA] & Aol ARg-skiTt,

7k vioFate] WAZS P47 & g ¥al 2
AL o)Al Al
HEZ 1:1(viv) H]
£5 B35l FA4 10cm TE && & eAwritly)
2015 wEsle] A 3 Bgo] Eolslie A7 olRH
NEANBRE FAT AW (Sphaerotheca fuscays
HEsto] 794 3 Wdlo] FAH Qo2 EA|d FEIAYH
EAE N (1X10mlys BEFA s & A 1 29
A7 25cm 372 ZERo] 4 9eme] #E HE
Aol g A4l A4 3uE 45, Zebd Q0]
AL Yk SEVMFS A g 2ol HHS AR
4y gF=g 3 FEUFAY He g, 25°C F27)
ANM FFeS md 1277712 2AFEA] A7 12Y
5 e dn A @om)stols E71EHe) wubddee =
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Marek § #3o) skl AE dTE sy
slo] 8 w39 WIS 500 ml AHEE~IY B
100 g¥ Holr 23] g tha, PDA iF|olA Wi
& g FFo| TAHEN (7.0X 10%ml FE)S 3 m
stk HEY STAIE 24°C 7)oM) 159 7F v
5 Pa4s Wi A4S 359 O sniAle| EMERE
ol g3t} ITAF NS Fulsle] AMBIATE 20l
nEASEL A48 A7|8E FES 1 (w) HlER
E3ate] A7 25 e XEO| ©E & ety Qo]
2 mkEsle] 4.5 9719 A EAR Aulste] A/EEES
HEste] WL WA U, Aue 8 #5] AEH
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ZE7\WFe YAzt HEAe] Je, 2719 A2, Y
A 2 ujokz £4J8 2ASI] Hanlin ef al(1984), Sutton
(1980), Clare(1964)2] ¥-Friel npebr 48t

MFEl Ampelomyces sp. 940139] F3A4 5A4E &<l
317] ¢34 ribosomal DNA-internal transcribed spacer
(ITS) F$19 97144 #4& AAIFITE Genomic DNA
2 Z2Z3l) 98] AdFE potato dextrose broth(PDB)
W =)ol ESIAL, 24°CAlA 140 rpmO 2 7UZF Wi
o wjE FARE s SEARE A, & ek
%. DNeasy kit(QIAGEN, Germany)& AH&-3te] DNAE
FZ38ka1, —20°Ce] BESPAA ARSI 1TS1, 5.8S
2 ITS22 EFEE (DNA-ITS FGWat ohe} 18S
o} 288¢] URE-S FEsly] 93 White er al (1990)2]
universal primer ITS1(5-TCCGTAGGTGAACCGCGG-
397 ITS4(5-TCCTCCGCTTATTGATATGC-3)E AHS-
31k PCR FES 98] 2.5mM dNTP 1.6 4, 10X
buffer 2 ul, 100 zM primer 13} 4 242} 0.5 pd, 5 unit/ml
Tag DNA polymerase 0.2 zl, genomic DNA 14 3 5
B 142 pZ FA7vste] 20 ¢l 19 PCR RHEEH
AL AxstAh ITS TFS 918 PCR #H&E2A2 94°C
o4 557} predenaturation, 94°CollA] 50227} denaturation,
52°CollA] 90327} annealing, 72°ColA] 137} extensions
353] R, HEAH o R 72°ColM TEAE post extension
sttt FZH PCR A2 1.5% agarose®t 0.5X TBE
buffer(0.045 M Tris-borate, 0.001 M EDTA)E ©]&-5t
A7)%9% 813, ethidium bromide® FAIste] FRlsSiTt.
Gel extraction kit(Bioneer)Z AHg§-3t] A=HE DNAE
Z23)3., ABI 3100 DNA sequencers AR&-3led G714
d& FA8th DNA 9714 €& DNASTAR Z2-18)
9] sequmanS AR&-ste] BABIEL, CLUSTAL W 44
(Thompson ef al., 1994y ARS-sted A H&HATt. Phylo-
genetic treeS A4 38t7] Hsf 1TS1, 5.8 2 ITS2 H71A
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g EF ARSIt 488 9714¥9e Mega v3.1 5 14%9] N EAZTE 25¢F, Sphaerotheca?s 5ENA

(Kunmar ef al, 2004) Z2134-3 A&3le] Neighbor- 2 & 3550 AEAZRY 2325, Microsphaera?s

JoiningNDH &= BA319 3, 737 sequence distance 65014 23 F & 6—5‘«] A ERZHY 7T, Phyl-

+ Tamura-Nei} 0.2 AAE A7, Bootstrap H2o] 4=3) lactzma—“ 1EoM Q5 VUR-ERE 15, Podosphaera
=}, & 150 F% %ifﬁi 195, OidiumZs 27504 &

‘ﬂ vl Qo] 5 10%F2] H=ARFY 2585, Golovinmyces

#ot 3 nE & 150 Al=sl 5 3TJAEARNE 83T, Un-

cinulielle® 12909 WE3VWTE28Y 295, Uncinula®s

7147 2al 12X AyEo g Y (5, Arthrocladiella—f‘% 129

1994Lﬂ FE 2005971 Ao f7pEH Ay A AR EREH eaFaRA F A/FEHTEY] 105

7358 AEAE AR 6}04 Be)gt F271 D (Umpelomyces  31FANA B H A
&3S F 308%F 3}, B3 =EANFS 3 o Ut A= Lee(1976)7F 3akak Zkolo} S7pEr
TNEEge] SR :er:O]'L, Erysipheds 12594 B8 TN A quisqualisE Ao F w2 FAHIHLH,

Fig. 1. A, typical symptoms of powdery mildew infected with 4. 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 m); D, a pycnidium and conidia of 4. guisqualis (scale bar=30 xm); E,
monoconidial colonies of 4. quisqualis on corn meal agar contained chloramphenicol 50 ppm; F, colonies of 4. quisqualis
94013 cultured on PDA at 25°C for 25 days.
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22 % Shin and Kim(1994)°1 Uncinula verniciferaes
HIZ g 84 278] VMR olA Bttt =l
+ Hawksworth(1981) 5°| A. quisqualis’t Erysiphe,
Sphaerotheca, Microsphaera, Phyllactinia, Podosphaera,
Uncinula, Oidium, LeveillulaZ:+ol 7148}l RIS
o wf, Hanlin et al(1984y2 Brasiliomyces malachrae(}-
IR : Oidiopsis gosipii)®] Ardzra FAYA7 o] AH
9} 715-NAM 4. quisqualis7t 717 8= AL EASAT

o] ol FEHE /e Wik AHs Y
Wk v wd o kAo Zh e o 2 WA
gof FHlah] el He A SAFig 1A), 45
21 EA Ao FE/AE A/EY e A 37
ok} 2 PRER] Qb ek Y WAYe WAL 2
S AHY Bolnz SAsH PR ko Ed
gos sty HArEHe] AR FAE 4.
quisqualis®] WAZIE & 7 UArHEFig. 1B).

A. quisqualisv= streptomycin 200 ppme H7+g &3
He x| (water agar)E ©]-8-3F 23l (Hijwegen and
Buchenauer, 1984), malt extract agar W =] A w455
t}. Shin et al(1994) o] W& /WFste] streptomycin
200 ppmS H71sE PDABNA|AA] 2]ttt o] 7
WM Aarel 5ol 7158k, Alternaria, Clado-
sporium, Penicillium & B A9 Aol S5
k2 Adas A2EHUE 50 ppmE H7HE corn
meal agar M{A| & o]-&3sl] Felet A, Ao 2 v E 3
49| AFo] JAF L, e 7E &o] st thFig. 1E).
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T S57|MFe e
28t Ampelomyces S5 30875 FollA] 1A= AU
2ol & HAHE o] &et AEE gHFFE FAIs)
Qo] #7FERro] BT QolEE A
A3t the 8Y ol 4. quisqualisttoll 34 718 S 9
o] A/FFHFE A8 IEI Sy Ee] A
o] A7)E Lol v E TR FAAAE 9
]

wEe] PrhREas #Eol 4 WA FRges
B ArkRRe #F0] EE WAL ALY &%
Arhswel AL AN A, s#F B A7

W uge =4 AEon, £3] Ampelomyces sp.
94013 571 A7FeH WA 7 8ol JAAAA 7
Qo) 958 FF 2 ALK Table 1).

Hijwegen and Buchenauer(1984)2} Hijwegen(1992by2-
colgsIpTe EAREE e 1789 Qi T
Apgerelg Aialel BAAAe) FeE ¥ 54 9
2 olA 5EL BIFEE AL, Kiss(1993, 1995y ZeHH
Boll B8 @, 2 Sl 2X2F| #L T HeM A
ZfEHel Ad 201 BHE F9o &ElEe Fo T5
NAFS Agste] 7IAES wdsidrh & AP AR
o Qo] AWML o] g3l Hijwegen?} Kiss7} G730 5F
7188 AR Ry Helsha, 2HE8 A quisqualis®]
gA7rg el ug 71AES AR 5 ATk

P MY F=7|1d72| S8
Add AQU4013 el BAZE A7FEHEe] A

273 7)) A, gddog gy, ol
71 Aol 2O F (Fig. 1C, 1D), L 7]% 52.5~82.5X
35.0~47.5(HF 62.5%40.5)umo] Tk, WEARE G2 A
A ol A ESke] f-2o] Mo, & AFRFY W
2o, 1 A7]E 5.0~8.0X2.5-43(F T 6.0x3.0)ume]
TH(Table 2, Fig. 1D). 0|13k Hel 2] E4olx wajzte] &
g, =719} A& Clare(1964), Sutton(1980), Hanlin et al.
(1984)°] B3 Ampelomyces quisqualis®t 7] L8}
ok, AR FE|, A7eh AL Zolflo] e A
Emmons(1930), Rudakof(1979), Kiss(1997)¢} Sullivan
and White(2000) 5ol 23] Ampelomyces &+t 574
o] AP oF & Fa o] AN ot FAEA
E Az EFAAV BHEA &2 Aol

a8 Ak AQo4013 452 WikE 54L& ¢ §
(2005)°] 71H.323F uhel 7o) 5~32°CellA AR e,
HA FAMS L5 E 20~30°COIATE B 26°COl

Table 1. Suppression of powdery mildew on cucumber leaves by treatment with eight isolates of 4. quisqualis in greenhouse

Isolate % lesion area of Source of isolates
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 33 S. fusca Common burdock
95020 2.1 S. fusca Cucumber
96004 42 S. fusca Devilsbeggar-ticks
96029 37 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 zm (Ave. 62.5 x 40.5 um) 5.0~8.0 x 2.5~4.3 ym (Ave. 6.9 x 3.0 um)
Sub-globose to pyriform Guttulate, ovoid, clavate, cylindrical or curved Clare
Pale brown Hyaline 1964
33.0~105 % 23~53 um 4.0~8.5 x 1.5~4.0 zm (1964)
Globose or elongated to pyriform Guttulate, straight or curved cylindrical to fusiform Sutton
Pale brown Pale brown (1980
40~105 x 30~50 zm 4.0~6.5 x 2~2.5 pm )
Globose or elongated fusoid Oval one-celled Hanli
. anlin
Dark brown Hyaline 1984
50~125 x 30~47 tm (Ave. 81x36 zm) (1984)

10~15 x 3.75~5 zm (Ave. 11 x 4.9 zm)

A A Aol 71 %3steiTt. pH 3.0~9.0004 A
stom, A pHe 6.50]8th. AQ94013 F5¢] PDA
A g et FARE wl AAE At o)4g
FEF-ANA BAz o] A ANFHo) g Mol
Fe Aoz Jebdth(Fig. 1F). Philipp and Criiger
(1979), Sundheim and Krekling(1982)3} Sztejnberg et
al.(1989)2 ©] 9] FAMIZ HALXE7F 20~25°CEtaL
B33, Shin ef al (1994)% H & A-3-2%7} 26°Ceh
3 HISP O™, Kiss e al(1995)2] ML oMz 7he
RS YL skt 13 ug A9dt 94013 455
Hel ety 9 wjokd EXOR Ampelomyces quisqualis=
AT

Emmons(1930)%} R370)) ¢]8}3 Cesatiis 185299 X%

99

Ascomycestes sp. MA467, AJ972820

Coniothyrium cereales. AJ293812

Leptosphaeria sp. GFI123. AJ608969
Ascomycestes sp. HK-S212. AM084452
Ampelomyces sp. DSM2233, U82451

80
100

S7tEH ol 718S WANES Ampelomyces quisqualis
oA A& 2 Ampelomyces 0] RFEOIHIL, 1 &
of ofe] kRl 9Jsted Byssocystis fextilis(Ries, 1852),
Cicinobolus florentinus(Ehrenberg, 1953), Cicinobolus
cesatii(de Bary, 1870), Cicinobolus humuliFavtrey, 1890)
o} 7ro] TioFl o]Eo R wWHEATta gt ook &
L& E% LM% De bary®} Emmonse 37 dol 7]
ke FHo)7t Ampelomyces Saolgtal WEaA 2
A tHKiss ef al., 2004). Z2A 0] HZ7ER] Ampelomyces
&golle shel Fol EAlshs R dA ot
ST, IAZAEE, 718 TY AolE R
= Ay o] daXgo] AANEITHKiss ef al, 1995; Rudakof,
1979). Rudakof(1979)= ©] &2 $O2 quisqualis <]

. 98 Phaeosphaeria arenaria. SAUT7360
w1 Phaeosphaeria nodorum STAN24, AY817686
94 ]—‘_Stogonopora foliicola N396, AF439510
[ Ascomycestes sp. HK-$201.AM084456
99 100 “—Ascomycestes sp. HK-5202. AM084457

Ampelomyces sp. 263 AF035782

Ampelomyces quisqualis AQ94013

L
Ampelomyces sp. CBS 130.79 U82449

84 ————————4mpelomyces sp. Ul AY663822

!
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, uncinulaes}t 7+ &7
AREERITE 2EY Kiss(1997)= Aadwe] zjo] 7}
= HFEE RELPEA o3 §44 AJolg =MV 2
3, SO R TR T 2pojd S WA= Xk
vt} 2 o Z Sullivan and White(2000)= W-EA] o
AV AAstE AR Ampelomyces @ 7F E7FEH Ol
71ste WARZRE @/dske # ITS sequenced]] <
&4 Phoma glomerata(Cda)d} il =384 T}, Kiss et al.
(2004)2 ©] £ere] FHEjA dolH ¢ AgHwErt MES
2] vjoFa EA13 (DNA ITS sequences2|ste] X}ol&
BIEPEA Fe &o] ofd = YTl AXFOEA &
ol gt WEsE 542 oA o] FoA A Eakal 3l
AA o]},

Mk AQ94013 7 71Eo) Hald ¢
ol Ampelomyces spp. dT=3 FLS #AA A
2 fdd #EAAS Felstr] Qs BARbE 94shk=s
Ampelomyces spp. Phaeosphaeria spp. 2 Coniothyrium
cereales 52 ¥EF3F] NCBI GenBankoA] doj7 &
1870] Fgo] FFEL] ITS F/XES T 245}
Neighbour-joining treeE #733}5At}. ITS @7 |MEE &
A gk Aol M Al AQ94013 s 7
Bol AENAA(AQLONEAM AR ] deix 9l
£ Khat(Catha edulis)®] R7VFHE(Oidium sp )4l 2
¥ Ampelomyces sp. AQ10 TF8= F3lo] thZA ¢
28R, A4 FARATE | Ales vttt e
(Artemisia absinthium) 317V (Erysiphe cichoracearum)
o] ZEINAYFQ Ampelomyces sp. 263 d-F At
9l AQ940133 14 FATAZE 7 Tk AL
YEPIARE 7 FFE2 SYS ool oflr, o4& 80%
2] bootstrapgh o2 A A A TH(Fig. 2). Szentivanyi ef al.
2005y AtASI7tERte] FEI1AES] Ampelomyces
a5 7 ge] Byt FE718]
Ampelomyces sp. Ul #7-F H|E3st] 5719] o & 3]
o 71 B A HejE Ampelomyces sp.ot LA 9
Agoia Bt ey of Al Ul a7t
ADEEFQ AQ94013 wshE F3l0] ThEA HXshe
AL IS o9} 22 A3E = oo, B Ao A
g0l AQ940132 7180 BALE Ampelomyces spp.
d5-9F EAHA EAJo] TR straine]2he A& Al g

32 o

it

fr b

—_—

by
A
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9 Ampelomyces < 308 o5 E2ldit). 29 37t
FHFA B2s AQ94013 #FE Q0] f7REH ol
Vg 7o) et R ADEE TR 94013 T+
WALz o) T o ), o 71 Al B
FO® 1 AZE 52.5~82.5X35.0~47.5(Hd 62.5X

FolA] T3] ANl Aol F514
. ©]

40.5)melTh, W FEARE G o] Tl Eoln, At
FAo] Boli, F& YERe] WEeH, A= 5.0~
8.0X2.5-43(EF 6.0x3.0)molch THEE AQI4013
TFE duey 2 B BE4e AR Al
Ampelomyces quisqualisZ. 53 3T, TEZF Ampelomyces
quisqualis 94013055 7] I4ser Ampelomyces sp.
AQ107F 52] rDNA ITS sequences Hlul #2413 A
oA thE Aol FH AT
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