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Screening of Wild Yeasts Inhabiting Vineyards as Microbial Pesticide Candidates
Against Grape Gray Mold Disease
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The antifungal activity against Botrytis cinerea, a pathogen of grape gray mold disease, was validated iz vitro
for 59 of 225 wild yeast strains isolated from naturally fermented wine samples (69 strains), our university campus
plants (129 strains), and commercially available fruits (27 strains). Twenty strains showing strong antifungal activity
were identified. The majority of the strains were Saccharomyces cerevisiae (16 of the 20 strains). The S. cerevisiae
strains were differentiated by genetic polymorphism analyses with comparisons of their antifungal activities. As a
result, it was clarified that each strain type showed different antifungal activity, and that automatic rRNA intergenic
spacer analysis was extremely useful for the differentiation of S. cerevisiae strains when compared to other

conventional polymerase chain reaction-based methods.
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A ORY AN ENTWE, ZOHMTY, BRI
T WA R L2, 372 b bREY REED%)
RIR BEAFERIT) OO —TEE L GEHENTET
WY HAE, K EROBBRRER K & LT Bacillus
B OB LB ™ 72 &2 FIH L 22y BEEATR 58 &
NTWb, BEYRESHEROET 2 ET L5 & L
T, A BHIRRESOBENGV), HBHUER, %4,
R RPEIEF LR S S M SN T B

AY =5 —WERE VRV ERSERET A~ OfEEIZ BV
TT Ry RFEIEET B TERBIPEZEREEHLHY . R
WfZECi, Y1 v Y —FHILWIZERERTA v 2 E0H
MR S AR 2 0L, B RS L L CoRI T
FEVER in vitro (2B A B. cinerea \ZRF$ 00 ¥ ilERIC
FVFHE L7z, BT A Y DOT NI VEAIZBW TR
B % E % B 729 Saccharomyces cerevisiae |22 T
AR TS RN IC X AR 21TV, P EAEH & g
PRI D W T IR L 7z,

1. EEBFH&

(1) AR OBk 2%

1) HElE R B & OVt

FUIRFSRE T A VIR, A% v /XA (JLBIT) $REL
B X OO AR O G F 145 3k & B A RERE % 25 B
¥ L7z (Table1). BREOJUAR#TH S YPD Fi#h (1
% EERET X 2 (BD), 2% R X7+ (HARIE), 2% 7
NVa— 2 CEf, &7 4 Vv AHDGHEE), 001% 2 0 4
TJr=a—=) (FHITATAY7) BLU02% 7t »
BBF U wa (Bh7 4 VAHGHMEE)) BLUS. cere-
visige EIRFGEHTH A RE 80K ((067% 1 —AM=}H
07y N—=2 (BD), 1% 7 74 /—A (BBALE), 0.05%
JUTATr=a=VBLIN8% =¥/ — (i, EL

Table 1 Plant samples for the isolation of wild yeasts

Resource Sample Number

Kondo Wine (Liquid) 3

. . Kondo Wine (Sediment) 3
Wine liquid/sed t

10 HqUE/SeAment oy erry Wine (Liquid) 2

Nobori Wine (Liquid) 1

Grape (Campbell Early) 21

Grape (Pinot Noir) 6

C lant Dandelion (Flowers) 2

ampus plants

bus b Birch (Deciduous deposits) 84

Mulberry (Fruits) 2

Pollen (Dumplings) 4

Grape (Niagara) 1

Grape (Campbell Early) 2

Commercial fruits Grape (Steuben) 6

Pineapple 6

Kiwi 2

Total: 145

74V ARERER)) RV BEKETY ) -V ER
ERAFEZBEAL, 7— b7 L—7 (LBS-325 Tomy) % H
WT 121°C, 20 MR L7z, %HEl#:, RE 8.0 ¥l
995% T¥ 7 —VEIRIM L7z, 5B O R 12
&, SNSOMBUC 2% O T Fa—A (IR &hi
T L7z

i) EEREOSHERE A2 S

SrHEEHURL % YPD Ri#h ¥ 7213 RE 8.0 ¥4t 25 mL 1232
EL, 78 %ROIRET, 25C T 3~14 HHEREEL 72
moh-pfiks (B 2H4E&H T YPD AT 7
(X RE 8.0 ZEREEMICFEAR L, 25CC 3~7 HRRF#E L 72,
FEREMEO v 7Vvau=—%8H L, YPD ¥ F /-
I3 RE 8.0 H5#h 3mL (23 L, 25C T 3~7 HRE = L 7=

AL LTo&Emz, H#Eko 7 Py REIC
BHHEL, BN ) — VgL - TR S T A S EEEA
DEROIEFTE B S. cerevisiae %1 L CTHEET 5720
S. cerevisiae FEIRMEDE\ RE 8.0 Ksthz v 72,

(2) BPARERAR O 2

i) MALDI-TOF/MS | & % FEH1FE [F] 72

< N v 7 AR L — = HEEA & ALTRAT IR R
5387 (MALDI-TOF/MS) ZHWWTYRY =48 287 H
LS LIZERANRY PVOIRY — VAT X ) BREZ
[F5%9 % BioTyper ¥ A5 4 (Bruker) % w7z

< M) v 27 A (HCCA portioned) (5% :a->7 /-4~
E FOF*F VR BXUOFY ) 7L —2a v AY U F—F
(LLE, Bruker) #EMEOIRRIZLIZDVERE L 72,

FW (LC/MS I, B4 7 4 Vv AHEHZE) 50mL (2755
K 214mL #INZ 70% FREWEEMBE L 7 b= b
YV (HPLCH, T4 7A27) &, Z0FFHW-.

@ & o7 BH

[(1) i) BEROEERE 25 12 L72Ah%y, YPD £ 7213
RE 8.0 /A5 Hh CRERE AR D BETHASTERE S N7 B = %
7z, FEREDS KR & 7 5 3t Bl o BAR 2= o
—#% 15mL 72— 7ML, @058 (10000 r/min-
5min-25C) #%, L& rhrr—T a2k hgIL .
AR SRR (RIREEE) 300ul iz, KvT v o
AL DB LIFA LR 995% 4 7 — )L 900 ul
iz, BE, B rFA LA, @008 (13000 r/min-
2min-25C) &, LiEzT&lkRELL 312 70% F
B 20 ul 2Nz A IEAR, T P YL 200l &
WL 7z, FEED F AR, w0 (130001/min -2 min-25
C) FEHEIOUL % 0.6mL F 2 — 7IZ L & > 23 7 B
W & L7z, AR R L L.

® MALDI-TOF/MS il

BARD % 2787 B4l 1 uL % Target Plate (MTP384
target plate polished steel BC, Bruker) ® ARy MMiiE |2
WHFL, &% v YAy b (SCV-EC IIB, HiZ) HTHE
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WL, WMUAKRY P EICw M) v 2 A1yl #ERT
WE L, BERERESE/-% MALDI-TOF/MS Ml %17 -
7o W TR & 2 ARy MIRELL, ARy M1
Bz L7z, HEREHE Autoflex, HIEHY 7 b o
713 Flex Control B & U8 MALDI Biotyper Real Time Clas-
sification (RTC) (L, Bruker) Z L7z

ii ) TRNA #fz1-0 DNA HEILFCHIMATIZ X 2 HERE 2

Biotyper ®JLH 7 — & N — A2 RINFO WA IZ DT
(X, DT DNA $EIEBCHIEATIC & 0 [EE L7z,

@ DNA Hiit

[(D) i) oS EERRSMm] 12 L7225, YPD 7213
RE 8.0 i AR5 3mL |2 25°C T 3~7 HMiE % L 72w &K
0lgMEEM/INT I ALY =X (BZ01, 7 A7 ») 300mg
BLUOHIAE—=X (BZ5, 7AT V) 2% & 2mL A
7)) a—F%x v 7F2—7 (T204, BM) 20z, 02% K7
DOVEEEES N ) v A (SDS)-Y) v AR A B AR (PBS)
800uL & hnz, MlewiisiE (BC20, &~ b7 WEEE
2y) TR (2000r/min-3min) L7z, #0508 (15000
r/min-3min-25C) 12X D57z 13 400 ul % H 8%
Bl i€ (magLEAD 12gC) (2t P L, HH* v b
(mag LEAD Consumable kit - Magtration Reagent MagDEA
Dx SV, DLk, PSS) % M\»T DNA &4l L7z,

@ PCR 4@

B DNA ARSI H O ITS S35 77 A
< — Fun-3 ((Forward 5-GTAACAAGGT (T/C)TCCGT/
Reverse 5-CGTTCTTCATCGATG) ¥ 721 Fun-5 (Forward
5-GCATATCAATAAGCGGAGGAAAAG/Reverse 5-GG
TCCGTGTTTCAAGACGG) % JHw7-" PCR KIS D
FL X, 1 X ExTaq Buffer, 0.22mmol/L dNTP Mixture,
06%ExTaq (LLE, #5554 %), 4 0.56 umol/L Primer
Mix (Forward+Reverse, 77 A~y 7) %&b L9, #
B ORISR # W AR L 72, ZOMBK 18
ul & 837 2 — 71250, DNA i 2 ul % i 2§z
BREML, —~< 4 75— (MiniAmp, ABI) %\ C
PCR ¥4l % 17> 72. PCR $&fix, 94C -10 min O -F il
Bf%, 94T -05min (FAZ1%), 55C-05min (7T=—1 ¥
7)., 72C-05min () OTHEE 3094 7 & L7z

® 7Hu— AT VELIKE

PCR ¥ME% 7 70 — A7 WVESIKEN L ) FERE L 72
BWEAIKEN L, 2% 7 12 — A X1 Tris Acetate EDTA
Buffer (TAE) (Z=vKR> Y =) 1225mg/mL =57
LATORA RN (v Ry I—2) ZMALEZYVBIOL
XTAE, 25mg/mL TF Y7 A7 0~v A FEiRGL7zik
Bt x V72, JkENZ VA X6 Loading Buffer (&, 277V
+1) ¥ 15g, 7UuE7x/—)V7)V— 15mg, 1.5mol/L
EDTA (=v Ry I —2) 3mL IZKEMAZ 1%, 4850
mL & L7z, PCR & 10 uL 12 X6 Loading Buffer 2 uL %
BELZD D E, 05ug/ul @ 100bp DNA Ladder (Gene-

DireX) 2ZNZFN10uL $2O7VADOT = VIZT 774
L., 100V T 25min, E5GKE) (Mupid-2 plus, Advance)
AT 7z, EKEWE T, UV Fvsgil (FAS-201, BE
i) AR THERE N PR L 7.

@ DNA HEEEHIRATIC & 2 TERE O [H] 52

BEGKE) CHERR L 723y RO S 1240 & 10~50 fi512
FEHHAARTHRL 72 PCR EW 10 ul B £ U 1.61 pmol/ul
forward ¥ 721 reverse 77 4 ~¥~— 4yl & 8 F 2 — 7
WA CHRBRM L, DNA EERVIAENT 2 7 7 A< v 7
AR L 72, B 5N 735 8EBCH 7 — ¥ %, National Center
for Biotechnology Information (NCBI) 7 — % X— X ®
BLAST 12 X D MR MEMBE A ATVWEERE L2, O,
9% U Eo—FEEZRLIYE, FAETH L &KL
VAR

iii) MALDI-TOF/MS HBF HERERET — & X — 2 Dff 5L

DNA SFEEBCHIENT I L B 72 I2FE L2 RO & > o8
ZHEME [(2) 1)) OBEIC LD > Ty =7y b7
L — b RIZHzlE: & & MALDI-TOF/MS #2217 72, Ml
EXTHEHCOE 4 ARy 2L, H£AKRY V42 3HE
WELZARI 12 ARy MV ES, F—FEHY 7 b
% = 7 Flex Analysis (Bruker) Z\WT, 25D AR
PUVEFHALRELZNERTEZART PV ELT
MALDI Biotyper @ in House Database 28§k L 7.

iv) rHERERE O ORAT

YPD iR & FAVC 25°C, 3~4 HEG#E L 72 0%
o B (15000r/min-3min-25TC) %2 L7214,
BARERAEE (YPD kB & 3w 30% 277 1) £ 1 — Vi
OFEERM) 1mL ICEAZ B S8 0.2mL & 1L5mL
BT 2 — 7 5 R/ L —80C THAGIRAT: L 7-.

(3) B. cinerea M4yl

FWNF v NV OIRE S CERERE S LU Kondo
T4 Y= FOF—tvu TREREL H72 B cinerea
T A0l AT 2=V (FHTATAY)
ELRT M XA MO — REREH (PDA i) BX O
AT b FFA o — A s (PDB i) (DL E, BD) %
A7z,

BT P R9E%E PDA EiHGIciEE, 25C, 3~5H
MR L7z, BONZHEARE HEfT8HW LT PDB &
M2 HE L, 25°C, 3~7 HH, [MEmk##% (RT-5, Taitec)
EAWTEELLZ. BELLEREICOE[(2) i) rRNA
LT O DNA SRR I & 5 WA ] #EC L
WOWHEEZ [[5%E L7z, B. cinerea O MR FIEH#ERR & LT
NBRC 5964 £k (NITE Biological Resource Center $£f) %
w7,

(4) ¥EREERED B, cinerea \ZxF APU7 ¥ akkx

i) MEOFE
O FPARER B O
AR R AR (=80 CHBifRAT) %= L7214,
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YPD Ki#h 3SmL IZHEH L 25°C € 3~7 HIERs = L 72, iy
g (TR Y= NATFATAANT AT
A) EHWTHBEFHIL, 10°~10 cells/mL OREREIEE
Wed ) EmEHCTHERL .

@ B. cinerea DYEHIREE

PDA K:Hh F 0 B. cinerea ¥ ¥ A 7 ¥ a0 =—%JER
BT b Tmme WHR1IKT 1+ A7 27
PDA B MZiE X, 25C, 3~5 HEE#R%, 4TCICHR
L 2 BRI L7z,

i) Puh CRERE

PDA O W2 a V7 K= 5 =T bk B
cinerea ® Tmm ¢ WHRAET 1+ A7 %@ &, 5X10°~5X10°
cells/disc D7 7T A & & 7 % W AR 20 & Wk I
(1% EALR N T =0 ZFR) B L ORI (R E
HAEAK) & 50ul %, MEFE (100C, 1HEH) L7238
mm ¢ R—/8—=F 4 A7 (REWREM) 12T TF714 1L, 25T,
3~5 HM¥3 L72Y B. cinerea \2X ¥ 5 AEFME %= Btk
xR & RIS RO AUSHLD EERD S 5 L HIE L, Z0hh
SofEREiEL LT BB T4 A7 HBIZBIT S B
cinerea W AR OWIEIHIE V' — v %, F o772 BORW
(=), TAAZO V6 RERDD (+), 1/3HERD L (+
+) BIO 12 RERD L (+++) 4 BeRE TR L 7.

(5) S. cerevisiae DT T2 FIHNT

1) BERRR

S. cerevisiae B L L CTHWRE (FA4XYHT, T74) H»
DAHEL 7 28k, BEEE (RTHE) OBRRERET A 05
SHEL7Z 1 RR, ADRITY 2 5 0 R EFRE & L HIRSEEY
A (TR TA ) PEAEELTZ 28, KONDO 7«
YX— FHRFEEET A~ LB EETER S 2508 L7

visiae 2 ¥ (Pasteur Red, Pasteur Blanc, Ul -, Fermentis)
B L HEERE S, cerevisiae 2%k (& BB, H
AR (HERFIAA A=, HIE7—X) OAFF26
a7z

i) ZIHAT

HEEAY PCR (Scl)' 12 & B HEB L 0% R PCR M
(Simple Sequence Repeat (SSRmix)” Delta elements™ 3
& " Random Amplified Polymorphic DNA (RAPD)" ) (2
Mz, DNA —ifiEo@w 2 i3 % HE) rRNA #{5T
ML RENT (ARISA)®? % v THREERI 217> 72 (Table
2). PCR {3 Primer ##f£ % 0.28 umol/L, 7=—1 ~
i 45 C-30 sec DAME [(2) i) ] &M U4&ME L,
PCR ¥R % 7 /0 — A7 )VERGKEN L ) FERE L 7-.
ARISA 12137 1 6 @ HEX-Fun-1 8 & U HEX-Fun-2
TIA = W IS DA A iR PCR EY
I0UL ICOWCTHEIDNA =7 Y kB 7572 b
fEtie 7 7 Ay 7K L7z, WH7 727 722 MR
LBAEOIE, 7927 A2 FEOE01% OFFANT
HAULTE U O F—REO T HREMED B 5 & HIT L 7=

2. KBRERPIUVEE

AR, RIS T A REEMOET ) 2320, X DR,
TR REDE HEG IR 5720, {LFPERUREEIC X
57\ BIRBREBE O K a MU L 720R R 8 & OV
B 2 AR B 2 7E 5 EH STw b,

B. cinerea \Zx L CHEE OFEREAEMEM 2R § 314
WEY ST DL I ER 6, KWL TIE, KRBT ERER)
RICTFHTEL T 4 vV — FBAEBRFOERZ BIE L
oo bbby Y —FIZHEL, BRI A L 0%
BRI T 2 AR A AE Y R L L TR T &L

178RIC, RS LT A VHAY — 5 —BEES. cere- 13, WO T R REIBIIHBEEIEELILT
Table 2 Species specific and polymorphic PCR conditions for S. cerevisiae
Pli\l/[r&er Target Forward Reverse Anr(l%a)hng liifce:
Scl ITS i—ACATATGAAGTATGTTTCTATATA 5 TGGTGCTGGTCCGGATCTA 45 16)
CGGGTG
SSRmix 45 17)
(C8232X 5-CTGCTCAACTTGTGATGGGTTTTGG 5-CCTCGTTACTATCGTCTTCATCTTGC
YOR267C 5-GGTGACTCTAACGGCAGAGTGG 5-GGATCTACTTGCAGTATACGGG
SCPTSY7 5-AAAAGCGTAAGCAATGG TGTAGAT 5-AAATGATGCCAATATTGAAAAGGT
iz Tyl 5-CAAAATTCACC-TATA/TTCTCA 5-GTGGATTT-TTAT TCCAACA 45 18)
elements  transposon
RAPD - 45 19)
M13 5-GAGGGTGGCGGTTCT -
M14 5-GAGGGTGGGGCCGTT =
Coc 5-AGCAGCGTGG =
OPA09 5-GGGTAACGCC -
ARISA ITS 55 20)21)
HEX-Fun-1 5-GTTTCCGTAGGTGAACCTGC 5-ATATGCTTAAGTTCAGCGGGT
HEX-Fun-2 5-TGYACACACCGCCCGT 5-ATATGCTTAAGTTCAGCGGGT
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LD TN a— VERRRET L2 EPHRFTES.

(1) AR OB 2 A R

HARM RN & 558 L 72k B 283, 2 oW, MALDI-
TOF/MS 12 & 9 200 #%4 5 10 Wil (Saccharomyces cere-
visiae, Candida krusei, Kloeckera apiculata 73 ) H3[a|%E &
N7zh%, 42 ¥k1Z Biotyper 7 — % N — 225449 5 FAEAS
FIEET, A BRIEY 7 F DS N 0o 7272 DRI EARRE
THhotz, T—IN=ANAFITEL Loz 2oF s
25 Bk A& DNA MEREMHIFEATIC L Y WERE L& 25 S
paradoxus (DDB] &4%7 7 v ¥ a 75 : LC 602850~
5), Meyecozyma caribbica (LC 602856~65), Torulaspora
delbrueckii (1L.C 602866~7), Candida sp. (LC 602868~9),
Schizosaccharomyces japonicas (LC 602870~3) B £ O
Moniliella megachiliensis (LC602874) @ 6 FEDE A ERET
BHoleZ EWRERTE 2. ISR L Biotyper @ in
House Database |25 8k L7z, fféiyls, BREEET A v h

569 Bk, KEX ¥ /X ADKEW 2> & 129 #£8 L O iR
Fn 6 27 FRO I AEFEEE 16 fE2355 B 72 S 4172 (Table 3).

(2) B. cinerea D53y HEREAE M EAE R

B. cinerea 1%, K H CIRE L-FHNT R RENS
12#:;, KONDO 7' 1 ¥ ¥ — FORE T FREDS 6 HH°
IrHES 7z,

(3) FPAEREREHT S VR O SEAfAS

B. cinerea NBRC 5964 #&iZ, 4rBERE X V) b iR\ R KB 5E
BeaoR L7-Z &5, Hih EEERIZIE NBRC 5964 #:% H
WprZ e e L7 (Fig ). BRMEDS5HEL 728 A FER:
225 BRH B 55 FRAE IR L, HEoRE LT [(5) 1)) o1l
W 4 RO G FE 59 Bk % FHY, B. cinerea \ZxF$ BHLH ¥
e % 574l L 72, BEREE % 5 X 10°~5 X 10° cells/disc & %
LS E7HEICBW LI EEAOMEILIZIZFA LT
o7z BEEE 5X10°cells/disc D5, B. cinerea \ 233
B PLy EER (+++) 2789 16 # 5 S. cerevisiae (13

Table 3 Yeast species identified by MALDI-TOF/MS and/or DNA sequencing analyses

Wine liquid/sediments

Species

Kondo Wine Kondo Wine  Cherry Wine Nobori Wine
(Liquid) (Sediment) (Liquid) (Liquid)
Saccharomyces cerevisiae 21 8 2 1
S. paradoxus 1
Candida pelliculosa 9 7
C. valida 6
C. inconspicua 14 (sub total 69)
Campus plants
Species Grape Grape Dandelion Birch Mulberry Pollen
(Campbell Early) (Pinot Noir) (Flowers)  (Deciduous deposits)  (Fruits)  (Dumplings)
Candida krusei 34 10 2
C. pelliculosa 32 4 11
C. valida 5
C. inconspicua
C. sorbosa 1
Candida sp. 2
Torulaspora delbrueckii 2
Schizsaccharomyces japonicas 4
Moniliella megachiliensis 1
S. paradoxus 6
Kloeckera apiculata 9
Pichia manshurica 2 (sub total 129)
Commerecial fruits
Species Gra G G
pe rape rape . ..
(Niagara) (Campbell Early)  (Steuben) Pineapple Kiwi
Saccharomyces cerevisiae 1 1
Kloeckera apiculata 12
Candida krusei 2
Geotrichum candidum 1
Meyerozyma caribbica 10 (sub total 27)

Total 225
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), K. apiculata(1¥k) B L C. krusei Q¥R 2SN W, BEREMICIA R CBERFEOM T, Hin EIEM

(Table 4). iAW EVEHZ £ o7 RELVERHI SO PRSI CELRLBLEPBOLNI: (Tabled). D720 S.

ATH o7z cerevisiae 26 ¥R DML T LRGN IZ & DRI RIFEF L Puh
JKE 7 EIEDOIFIEE B. cinerea \Zxt3 A0 CiRBRIZE CrEHRE % iR L, Z ORH% % MGE L 72 (Table 5).

S. cerevisiae (Kondo 1709 - 5)
5><‘1(‘)‘5 5X10*

S. cerevisiae (Kondo 1709 - 6)
5X10° 5X10*

PCi+++ NC: - 5X10% + 5X10% + 5X10°% + PC: +++ NC: - 5X10% +++ 5X10% +++ 5X10°% +++

K. apiculata (CE 17111501) C. krusei (CE 17110101)
5X10* 5X10° 5%10*

PC: +++ NC:- 5X10% ++ 5X10% ++ 5X10°% +++ PC: +++ NC: - 5X10% ++ 5X10% +++ 5X10% +++

PC: 1% Benzalkonium solution Bc: B. cinerea mycelia NC: Sterile physiological saline Wild yeast 5% 10°~10° cells/disc

Fig. 1 Antifungal activities of wild yeasts on the mycelial growth of B. cinerea
Fifty uL of 10°~107 cells/mL yeast suspension in PBS was applied on a paper disc (5x10°~5x10° cells/disc). The
disc was attached on PDA plate and incubated at 25T for 3~5 days. The antifungal activity was evaluated as
inhibitions of none (—), 1/6 (+), 1/3 (+ +) and 1/2 (+ + +) surrounding area of the paper disc. S. cerevisiae strains;
Kondo 1709-5 and 1709-6 were the strains isolated from spontaneously fermented wine sample (Table 3, 5). K.
apiculate and C. krusei strains were isolated from Grape (Campbell Early) sample (Table 3).

Table 4 Comparison of antifungal activities of wild yeasts

Species Yeast cells 5% 10° cells/disc 5% 10° cells/disc 5% 10 cells/disc
Activities* — 4+ 4+ +++ - 4+ ++ +++ — + ++ +++

Saccharomyces cerevisiae 4 13 5 13 3 8 8 16 3 8 8 16
S. paradoxus 1 1 1

Kloeckera apiculata 1 3 8 1 1 3 8 1 1 3 7 2
Meyerozyma caribbica 1 1 1
Hanseniaspora vineae 1 1 1

H. osmophila 1 1 1

Candida kruset 1 1 2 1 1 2 1 1 2
C. pellialosa 1 1 1

C. inconspicua 1 1 1

C. valida 1 1 1

Total: 59 5 22 16 16 4 17 19 19 4 17 18 20

* Inhibitions of none (—), 1/6 (+), 1/3 (++) and 1/2 (+ + +) surrounding area of the paper disc
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Table 5 Differentiation of S. cerevisiae strains by genetic polymorphisms

Specific and polymorphic PCR analyses band size (bp)

Strains
Scl SSRmix  Delta elements M13 M14 Coc  OPA09
Pasteur Red* 300 200/400 800 = 900 600 800
Pasteur Blanc* 300 200/450 150/300 - 900 600 800
Tokachi Dry Yeast* 300 200/400 400/800 900 900 600 800
Nisshin Dry Yeast® 300 200/450 150/300/800 = 900 600 800
Cherry Wine 11 300 200/450 800/850 - 900 600 800
12 300 200/450 800/850 = 900 600 800
Kondo Wine 1709-1 300 200/450 500 = 900 600 800
2 300 200/450 500 = 900 600 800
3] 300 200/450 500 - 900 600 800
4 300 200/450 500 = 900 600 800
5 300 200/450 500/800/900 = 900 600 800
6 300 200/450 500/800/900 = 900 600 800
7 300 200/450 500/800/900 = 900 600 800
8 300 200/450 500/800/900 = 900 600 800
9 300 200/450 500/800/900 = 900 600 800
Nobori Wine 300 200/450 = = = = =
Grape (Niagara) 300 2007450 500/800/900/1000 900/1000 900/1000 600 800/1000
Kiwi 300 2007450 500/800/900/1 000 900 900 600 800
Kondo Wine 1803-1 300 200/450 500/800/900 = 900 600 800
2 300 200/450 500/800/900 = 900 600 800
3 300 200/450 500/800/900 = 900 600 800
4 300 200/450 500/800/900 = 900 600 800
3 300 200/450 100/800/1 000 = 900 600 800
6 300 200/450 80/800 = 900 600 800
7 300 200/450 100/250 = 900 600 800
8 300 200/450 100/250 = 900 600 800

*: Commercial yeast

(4) S. cerevisiae DAL 25 RUFFHNTHE R

TEY RIEE L COERICINZ, BEEEREICD BN R
& LTS, cerevisiae \ZIFH L, F72, BRETH E1EH
WS D REWEFED 72 S, cerevisiae |22\ TERURMTIZ
L 2R %47 > 72 (Table 5).

i) FEEY PCR AT

S. cerevisiae DTN & 7 #ivk o PCR IEEW £, & b
WRIE N Y94 X (9 300bp) #7” L72 (Fig. 2, Table
5). S. cerevisiae FF 51 PCR 12 X V) 43 BERED & & T B
EE—DIE/ NV K25 51722 &1E, MALDI-TOF/MS
OWHEFEERHEDOR S EEDITLLDEEZOLND.

ii) %% PCR fi##t

@O SSRmix

Pasteur Red & & D LEEARF O A, MWARIZHT L TEWE
L7z (Table 5).

@ Delta elements
S. cerevisiae DWIHAEB L OV BERE & O IR CTHH & 20
¥ 7 5 4RI % 7R L7z (Fig. 2, Table 5).
® RAPD
7oA <= MI31Z, HiliE 2B EELES. cerevisiae & TH
R T AXYHT T, FOARFELSHTHELTS. cerevisiae

2BV TS TH IR/ N F2oR L, MidkidsgiE«

hrolz. E£72, 774~ — M4 B LU OPA09 DIEIEIL

R

ERIZEGL, FAXTITRENSHELT: S, cerevisiae D

INY RDEEIN AR LT2DOATH - 72,

DYiE, PCREGNE/N Y N3f o NhkiiZE 2z o %

H o7z (Table 5).
@ ARISA
T B £ O 8E S, cerevisiae 26 ¥k ARISA AT O 4%

R, WIE7 Z 722 Mg (bp) PHRETHOLNIZRZY,

77 4 ~— Coc
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accompanied with their antifungal activities

ARISA Fragment length size (bp)

HEX-F-1 Primer HEX-F- 2 Primer Activities
A B C D E A B C E
*1
- 821.0 -— = = - 9599 -— = +
- - - -  826.1 - - = 965.8 +++
= = — —  826.0 = — - 94.7 — ++ "
= — = —  826.1 = = - 9%4.6 — ++
- 821.0 -— — — —  959.8 — = ++
- 8209 — = — —  959.8 — = ++
""""""""""""""""""""""""""""""""""""""""""""""""""""""""" *2
600.7 — — = — 739.9 — = = =
T = 8247 = T T = 9645 = T
600.8 — — — — 739.8 — — — —
— - 847 -— = = = - 9%4.7 - +
= - 847 - = = = - 9%4.7 — +
- 81.1 - = = = —  963.6 - +++
*1
- 81.2 -— = = -  960.8 — - +++
- 8209 — = = - 90.4 — - +++
- 821.2 - = = -  90.6 — - +++
- 821.2 — = — — 9599 — - +++
= = = —  826.2 = = - 9%4.5 — +
— — — 825.8 — = = - 9%4.5 — +
= - 824.7 — — = — - 9%4.6 — +
= — 8248 — = = = - 945 — ++
= - 8248 - = = = - 945 - +
= - 8248 - = = = - 9%4.4 — +
*1
- 821.0 -— = = —  959.8 — - +++
- 820.2 -— = = - 9594 — - +++
- 81.0 -— = = — 9595 -— - +++
- 8209 — = = - 9594 - = ++

EEERENE TR ST A EDbh ol BERO 757
AV M= PHELISE, ¥ 7 FIVBENRLEVD
DEXA =7 & LT

TR S. cerevisiae (Pasteur Red) 7 5 7 2 ¥ b+ EiZ
821.0bp TH VY, 8 S. cerevisiae Kondol1709-9 #:> 821.2
bp 3l TH - 727%, Kondo 1709-1 ¥k 600.7bp B L OF
TR EIA4 4 =2 (HE) ©826.1 Lid¥7 -7 (Fig
3. 777 A MRICEDEZRGHOKER, T4~ —
HEX-Fun-1 B X O HEX-Fun-2 & 412 A~E @ 5 B 255 F
517z (Table 5). ARISA ZRUFENTIZ L 2@ = TR I O
11 BRD 9 B 10 BRidsaELy EFER (++Dk) 2R L7
DK LT, BIRFEI O 2HRICIEHD CIEH 20 %
o7z (Table 5).

Z TUAEMTIZ 3B T Delta elements T T3k TH %
FEEE DE N FERR T X 7275, RAPD g 22 S~ — 71 —

*1. Genotype I
*2. Genotype 1I

ZBWTIE, KEPBD SN -7 (Fig 2, Table 5).
CO—NELT, 7HU— AT VELRKEN L 5%t bp
FREOGFHEREDR R % L L 724 R e E 2 6NAb. T
X LT 1bp OEW R I T & 5 ARISA £ RN Tld 4%
B BIBIASTRECH Y, ZOFHUEDTHEIR SN TV 5
(Fig. 3, Table 5). ¥R S. cerevisiae (Pasteur Blanc)
DG, Mok EREELY, 794 ~— HEX-Fun-1 T
1 821.2, 823.2, 824.3, 826.1 DHEDOM/INE — 7 SHIB L,
77 4~ — HEX-Fun2 128\ T¥ 960.8, 962.7, 963.5,
9658 Ltk CTH o7z (Ll F=FREF). Thoo
PCR WO T 710 — A7 )V E KRB R IO S, cere-
visiae B & FFRIZH—/NY R THo727%, 1bp DEWVE K
HT &% ARISA T ICBWTIREEOM/NNE -2 £ LT
BEREMPMETE TV 5.

WAETIE, MAEWEORITIZIE A Y7 AR TR &
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M 12 345 6 7 89 101112131415BLM

1. Pasteur Red
2. Pasteur Blanc

-
—

Specific PCR (Scl)

M 12 345 6 7 89101112131415BLM

3. Tokachi Dry Yeast

4. Nisshin Dry Yeast
5-13. Kondo 1709 -1~ 9
14. Grape (Niagara)

15. Kiwi

BL. Blank

M. Size marker

I

— S cerevisiae
(Commercial yeast)

.
_

------ S. cerevisiae
(Wild yeast)
-ee
- -

Polymorphic PCR (Delta elements)

Fig.2 PCR identifications of species specific and polymorphic DNA fragments of S. cerevisiae

strains by agarose gel electrophoresis

The strains used were shown in Table 5. Experimental conditions were described in the text.

HEX-Fun-1 Primer

600 700 800 900
= 2000
g
- 821.01 bp
I
= 1000
-~
k)
2
ﬁ 0
k= Pasteur Red (Commercial yeast)
S
2
g 2000 600 700 800 900
=
2 600.74 bp
g
£1000
E
‘5 824.72 bp
2 N A

0 1

Kondo 1709 - 1 (Wild yeast)

5000 600 700 800 900
1000
826.07 bpfL
0 N
Nisshin Dry Yeast (Commercial yeast)
5000 600 700 800 900
1000#k1*ﬂ*4f~4~»~»—*~*“'*”*”'HﬂA#AHPH’*"ﬂ*‘*>
821.22 bp N
0

Kondo 1709 - 9 (Wild yeast)

Horizontal axes and numbers on accompanied peaks: PCR fragment size (bp)

Fig. 3 Polymorphic ARISA fragments of S. cerevisiae strains

Fluorescence intensity on vertical axis is corresponding to the amount of PCR products with fluorogenic HEX labeled primer (Table
2). Fragment size on horizontal axis is corresponding to the length (bp) of the PCR products which are specified to yeast species or
strains. Dot symbols connected with the line indicate fragment size of standard markers. The strains used were shown in Table 5.

o TWAHH, ARISA 1 rRNA @5 T DL TIFHBIZ O W
TrARE# 7T 1 ~—%HWCPCRYIEL, HEjY —
U ) —EEED EDO TS A Y M A ADENS
WA/ RO ZIT) b T, Ka A N TERMLT
HTH LYY S, cerevisiae 26 #ild ARISA D7 5 7 X 7 k

RIZED 5B O, SHICZOEEFIHEGA Y
VER OFREEDSFTIE L TV B W RetEARIZ S 7z (Table 5).
L LU EEHZ RS R VEKRIE 2HROATHY, S5
TR R R L CHERR S 2 L ED D 5.

P CrEH O & LT, RO, PDA Ko
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KBNS EIYE) 2 E2X Y B cinerea DM & 54 L
TeRRELT MEERAEZRLTWATREEDZEZ 6N
B8 L L, BERERAAR D & BENL A7 1S D BB 2 fHAE ) —
YO ENT NG ZEns, B EAT LI CEY
BOFGHWRENEFHINLDS, R, WRYEESR
RUEWE R &, ZF OO BMRN BT FE S LTy
7 BRACEREAS AR § 2 MBI 2 HUE K T h
BHIY ) —VD 2% KEWR R L7228, oL
TERIIHERRCE oz (=R EY). 5tk BRI X
B PUHE B O IZIANY T, SRS HTHE RS D FEELS
BT AW 9ETEmE L 22 5.

B CHTA BB TLRNIHN CIEH AR & 1 diE R
DHRWITS D LRI TH L = b, F72EHET 2DV T
bRESN TV ARWZ b, REMNRHERICEEDED
RV L LA S, EEEFEOIRIL WS ERIEDH &
N5 S. cerevisiae BRI THL A EEFFIZOWT S R & 2R
WA EPPLPERoT.

7 R REEFWIZERE L OV TORLH CRiE
SNTHBY, HETIES. cerevisiae 16 Fi 15 #RIZIERES
& 723 UER & EAR P BRI S L Twn 5
L LD OEEO Y 4 X — FTOPH iz oW T
DOEMHNIHE STV, Lad->T, 5%, 71 v
Y= PFIZBITFE 74— FREBETOHY EVEHOBGERENA
WRTHD.

AWFFEE & HICRESE, 1 Y — FEA O LR
ZWWEAEL, 7 FYHICRLTEBETELESIELI L
XD BUEEEE L CORER QM2 Hd 5 L &b
2, BRFEEET A 2 OFEEICBU AR L R ERE Y
B L&D EFETE S,

3. E N

HIRFERET A L, A% v 2328 L OHI o
WA R & B AR 225 MR S BEL 72, SO BE L
7259 k& W7 R IRl CIROJEIE R Botrytis cinerea
WX BH00 IR % in vitro TEEMI L 722 2 A, BT
B EERZERT 200G N7z, 2O, &b%<D 16
BEDMF B 72 Saccharomyces cerevisiae (22T, #EfnT
LZRUFNTIC X BRI 21T, i EERZ L2 L 2
B BT CEHORE N R D 2 EhbiroTz.
ZDEE, S cerevisine DERFENTIZIZHE) rRNA HIZT
ML TUMENT (ARISA) DSHEROFFN b TH DS
BWZ Eabhro .
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