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SUMMARY
(P E 8 %)

Evaluating varietal resistance to anthracnose and
molecular marker selection for resistance in grapevines

Anthracnose (Elsinoe ampelina) occurs severely in grapevines grown in warm
and humid chmate regions such as Korea. Hence, resistance of some cultivars to
anthracnose is one of the big advantages in grapevine cultivation. The objective of
this study is to develop a rapid screening system by using very young seedlings In
selecting the resistant cultivars and progenies against anthracnose. Spore
suspension of 10° spores/mL was optimum for symptom development by spray
inoculation of pathogens. After inoculation, incubating the plants in a moisture
chamber for 48 to 72 h later resulted in good symptom development. The most
effective plant materials for screening were seedlings or cuttings in the five or

seven true-leaf stage. This pattern was consistent with that from field screening.

It was also investigated whether culture filtrates produced by E. ampelina could
be used to determine varietal susceptibility in grape cultivars to anthracnose as a
substitute for pathogen inoculation or field screening. Bioassay of grape leaves with

culture filtrates showed that their phytotoxicities were active and host-selective.

Ethyl acetate extracts from those also showed the toXicities and host selectivity
among grape cultivars. The sensitivity range of plants to culture filtrates of
pathogen and their ethyl acetate extracts was consistent with the host range to the
pathogen. Susceptible cultivars were sensifive to even highly diluted culture filtrates
but resistant cultivars were not affected even at original culture filtrates.
Susceptible cultivars were sensitive to the undiluted culture filtrates than highly
diluted culture filtrates. It suggests that culture filtrates of pathogen can be used as
a alternative to pathogen inoculation or field test in evaluating resistance to
anthracnose in grapes. |

To evaluate the resistance to anthracnose disease in grape germplasm, European

grapes, American grapes, and Vitis hybrids were tested. In the result of



anthracnose resistance evaluation by pathogen inoculation, some cultivars such as
‘Black Swan’, 'Rizamat’, Rosario Bianco’, and 'Kaiji’ were susceptible, and others
such as 'Campbell Early’, 'Niagara’, ‘Sheridan’, and ‘Tzumo Queen’ were found to
be resistant to anthracnose. Evaluation in the vineyard showed the consistent
results with those obtained from bioassay with culture filtrates of the pathogen,
pathogen inoculation, and screening in the vineyard.

To investigate the defense response in grapes against anthracnose, the content
changes of salicylic acid, Hz0;, and resveratrol were evaluated for confirming the
biochemical defense changes in responding to pathogen infection. The contents of
salicylic acid, H20, and resveratrol started to be increased sharply on 6 hours after
inoculation in the resistant cultivars of ‘Campbell Early’, however, there were little
content changes in susceptible cultivars of ‘Rizamat’ and ‘Kyoho'.

The other aim of this study is to select molecular markers from grapevines for
the purpose of efficient early selection of phenotypes resistant to anthracnose in
grape breeding program. Through screening 209 primers against the resistant bulk
from 11 grapevine varieties versus susceptible bulks of 9 ones, we selected primers,
URP6, OPABIl4, OPBl15, OPB17, and OPABI8. Southern analysis showed that
hybridization with fragments from OPB15 and OPABI18 as probes generated specific
bands in anthracnose-resistant varieties. Based on the nucleotide sequences of
clones, OPBl15100 and OPABI18sow, new primers were designed for the SCAR
markers. PCR With_ SCAR primer, SC-OPAB18gyp, showed a single band in lines
resistant to anthracnose which is absent in susceptible lines. This result suggested
that SCAR marker designated from RAPD. markers is linked closely to the locus
determining resistance to anthracnose, and could be used for the early selection of
lines resistant to anthracnose. Of the 213 seedlings from 4 varieties, 163 were
resistant and 49 were susceptible to anthracnose. The segregation into resistant and
susceptible classes was reasonably close to the expected ratio of 31 xX° =
0.06-0.32), indicating that anthracnose resistance was controled by a single
dominant gene in grapevines. Seventy two combinations of 9 EcoRI+NN(N)
primers and 8 Msel+NNN primers were used for AFLP analysis in resistant and
susceptible bulks. Of 72 combinations, 22 primer sets generated DNA polymorphic
amplicons between the two bulks. Further AFLP tests with DNAs from their
parents showed that of 22 primer sets selected preliminarily, primer set of E2M2
generated 200 bp long band specific to resistant lines. These markers could be
useful in the early selection of seedlings resistant to anthracnose in grape bréeding
programs, as well as in the identification of anthracnose resistance genes from

grapevines.
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1. A&

A v ANAEY L= AuAdEge ogd £33 JAF5H A5 FHE IF
A Ao gk 877 FiEHT on, = A e H 2o An|Adgk wet A
At Fdie] Ao FF A AL WA o= viA L glo FEo 5%
%.174] TE RS FF5 AL ST FA 9

TE 2002d @A A AAHez 738% 7 ha¥ Aun gov AA BHF AN
%Ftﬂﬂl 130%9) 612308 Eo] AAHE Fa T4 Z9 so|tHFAO, 2002). Fu
G5 AAANE TE A 26800 haZ T F AuiH A 13.1%(MAF, 2002),
d 7 AdEe 2ON4HES R 161/(FAO 2002)E A} o}:ﬂ_ Qo dzk 1207 A
o] 10 kg AE o]2E F8 B}E shrtol i,

a8y FY M= ‘Campbell Early, ‘Kyoho', ‘Sheridan’ FFE°] AA ¥Xx zjujH
2 i 911%E AAY HE2 FA FFo] F&F 5HL Holm o (MAF,
2002), THFE TED FAL 2FEE 4H STE FEA77] P 13 TEZFQ
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FEE yyto] MAdY, gy o|Hd 54 EE FFQ ‘Cardinal’, 'Delicia’
Ttalia’ Ec’ﬂ% do] Alslx| gk A @42 ‘Concord’® 'Champion’ 59 EFAM+=
ol ?‘15“4‘3‘1 Ex 59 AupoEx & He o2 g%
TE FAA g AEFE HBE AAEA
Hd = F59 540 asin.

3] 27|FAR SEvet B34 AH{E F
£ F3ZA4Y 2 o5 53 ok FHA4Y
WA 717] A ZEHolL AAZHJA BAFA

ne,

2

L o
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FTA&Ho] gE FA5d d& AT XA LT
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2 A% SFTAA FHo] A %&fﬂ *‘*écl @A 4
o] il

ot
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224 M
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olf

| AA= A ﬁ‘ﬂ]ﬁ “LO] "‘RQ @3] z,lo‘ji ol HiAE + Sde

A A 2Ho] FEEHojorgit}y EF YFoAE RFHAYL R EE FF4 d
St Al efFEY AT HAAHo]l olFoA Qlev(Kitajima, 1989; Mortensen, 1971;
Olmo, 1971; Vidhyasekara and Charan 1972; Wang et al, 1998) stujel]l A= o]e] tf
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= £eAY AAAAS FEe3 FAAQ N A2 Wb e

gebd B ATAE TE ArTHY 497 4% 2 2% dAMES o848 &
g49 YAy A4 AAE FEan 2edd A AF AAS olgsa WEA
gRAY Austna sl

7b Bt
HAdE olyd TEUF Z7|dAM iﬂﬂ HUd dF EA-1 (E ampelina)e &

ARAAA AL AHE Y& FAIAE+= ‘Campbell Early’, 'Kyoho', 'Rizamat’ %=
o] &3lR e TE FAAL AEFHY AL HA AFH ASEE AT
FAHE I FAAYLS o] &5ttt A YA 7]3} :r”-'ﬁ AFE A3 FAIAEE 671

o}, &9 HHo}; . ¥IxEA {5

A )R (PDA) A &3 dF-& BAu A (Fries medium)Z %74 28T &7
A 10937 Ayl AAT FAE QAREIHE 58 55t HE vy
ol g3t} uvlad T T A E]A| (V-8 juice agar)ol IEA =E3FAC. TAIFAHE =
7] et AL A o] 12417 IR FAEE Fg27|dA 297 wjdetut. H
#3 Hom g4d TAE 48 5z 249 IRPGYow FaHo] HAF HE

i -

ﬂllﬂl

Ol

¢t AT HE 2 AL 37
A

AA T2 98 HEo dos HAdF AEFEEE 10°, 10°7 10° spores/mlel
FEE2 A%t AERYd EFASSAY BYd 4 F TidegET 44 12, 24
48 72, 96X 7to 2 FHRES AT HYATHT A} TR AsT
A3 AEA o WHYT ETAIAGAES BFHTEA

O
T
mon»nu Hute zAlelGT 2 EE 9 3709 AEAd AES HE F 257 H
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AN 9 Atolo] EEubro] WAL Wy £8 zARAT

b A7 Wkl @ o] ol glo]E
QAR NA A5 I EFHAEATY TAHE 5% 5% LA E(11,000rpm)
£ o83t &4A3 AAF F filter(A7F 02m=E DA E -
choFst 39 A9le] AxMTORHEE WA 4uA e ojAYL Yo AW
2 A bﬂg e T W de o 25z FHAste] AAEed Azl
hx72E A4S Fries MAE 484 2 w%ﬂ—w :aaa-}ﬁt} wj ko]l 2w

v, Y d wjgFoqAoZRE EAHED FEAA
Hj kel o] o ZolAHOlE FE&EZ s AXSIL Ao oA Ed Z9F
silica gel chromatography plateol] loading3lt3l chloroform/methyl alcohol (9:1, v/v)-&

Al 22l o2 FHIRSIRTE, o HolAHo|E F&EE o] HME silica gel€ 7 fractionquf
2 ey 54 Yotz = Yo AEHAS AASut AL S U
E}l = fraction® mini-silica gel column chromatography® &3 343 & tA] =
A st

A B AT dish A5 W RA}
o AEFHEEY HFd AT EEUSF A& salicylic acid, H20Z,
resveratrol 5¢ T F HHIE dolR A FAANEE FAHAA potoll 1oF =38l

A Trjo)l 3, 2% 40em o) F ASAA BT HFTSIG. YT HF F0, 1, 3,
6, 12, 24, 48, 72, 96, 120 A+ B F F< AF ko] qA dio FAANKD Hs -

0C ZA2 WdFid EHAsUt g & bit5o% &3t

1) Salicylic acid +4

A

% AeEFHE Hdd JF F ExvFe Agstd WEdA salicylic acide] #
= WglE Raskin %— 1989)4 EAYE §83td B4 =X dTnd B F
°) A& & AZFI & methanol 15ml-S #7184 homogenizer (Ultra Turrax T25, IKA
labortechnik, USA)E 13000 rpm, 483 A|5E sz YA EE7]E o] 838l
22000 rpmoll Al 1587 9AEY3 S AA NS st 100 ball flaskel] 2 3L rotary
evaporatorol Al 7 F=AZAY. F=5H A9 1 ml methanol& #7715t resolving
A7l & Np gas®E BHUY F=2d" Al2T 94 0.25mémethanolS #7718t resolving
A7l Z 0.45um membrane filter2 filtering3t $ HPLC®| injectiond} % t.

A
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HPLCel <8t st ®AL& degasser, Binary Pump, Autosampler, Column
Compartment @ UV Detector2 T4 ¥ Waters ‘Breeze system’ (Waters Co., USA)
ANA columne Polarity-C18 (3.9x150 mm, Waters)E ©| &35 °] &4 methanol
. water : glacial acetic acid (40 : 60 : 1=v/v/v) H] &2 ZA G} o|FAe] 3L
1 ml/min, column <%+ 3bTxE AASRL, salicylic acid& FAE3H7] A% A& 3
A2 28nmE &t ow HESAIHE 11724 At '

Salicylic acid® standardT Sigma (USA)A #AZ3 A& FYste AR
Fig. 2+ salicylic acid standarde} ZA2]$ Al5¢ HPLC &4 ZZnfEWE YE
H AHolr}.

2) Resveratrol ¥ 4

ZZ W2 Okuda®t Yokotsuka (1996), A (2003)8] A W& &8sl 43}
Ak, 2AL WEne ®@ FA AEE AFF ¥ methanol 30mLE H7H3hd
homogenizer (Ultra Turrax T25, IKA labortechnik, USA)Z 13000rpm, 4%t A8 &
24383 sonic batho] o] 30TCoA 1587t sonicationd ¥ 7+ glass funnel 9
Whatman No. 2 filter paper® 2 %2 methanols FH7FsltHA o5t} FEL£AS
ball flaskd] 2o 40C= FZAHE rotary evaporatoroll A 7 F=A17]11 F=dH Al
o] methanol ImLE A 7}8tA resolving A1zl ¥, 045 pm membrane filter2 filtering
3t & HPLCY injectiond} %3t} |

gz EAM2 Hewlett Packard 1100 series (Agilent Co., USA)9lA column<
Eclipse XDB-C18 (4.6x250mm, Hewlett Packard)® o] &3¢t} o|FAoz:
acetonitrile 203 buffer2 sodium phosphate (NaH:PO,) 80H]&Z 30 mME %E9
phosphoric acid® pH 25& ZA% t}e Agsldnh o]BAY 52& 1 ml/min,
column <% 35T, AE& 3% 306nm, A&EAI7HS 41FHW A Y. Resveratrol standard
= Sigma(R 5010, USA)ol A A Z3F trans-resveratrol (trihydroxy stilbene)& < 3}
of B39O, resveratrol standardet HAz2|d AlE el HPLC &4 Z=EvEI#HE
Fig. 37 Zt. ' '

2 T (2003)8 WS SE3AUT. 2%

4 FQ ARE 01 g2 AFS thF cold acetone 500 nLE FH7lste
homogenizer2 ®#&3t¥ 12 FFT 300 vl H7FstHEA AFHsio, AHE Al
reaction buffer(A] & reaction buffer=4:1)eff #-§A17) & 24X 4583 FolF+AT7t
UV spectrophotometry & ©]-&3td 560nmolA EF =S =A3A . Reaction buffers
1.25 mM ammonium ferrous sulfate (0.036/100 ml), 500 uM xylenol orange
(0.038/100 ml), 125 M HzSOq (1.22/ml), 500 uM sorbitol (9.0/100 mDZ F433tich

-
ol
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Fig. 2. Peak of salicylic acid standard chromatogram at 285 nm (left). Arrow

presents peak of salicylic acid. HPLC chromatogram of leaf of 'Campbell
Early’ (right). -
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Fig. 3. Peak of resveratrol standard chrdmatogram at 285 nm (left). Arrow presents
- peak of restveratrol. Leaf HPLC chromatogram of 'Campbell Early’ (right).
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3. 2% ¥ 1%
7t HATFHEE T AYAH AAAA &H
1) A48 £A ¥ 79
Fries mediumol A w3k A€ homogenizerZ 73] vl#d+ & V-8 juice agar
of A2A =3t FALA Fo] ZAEHE 27| A 2dzE widete EAHAS
FrEstRth FHY AT IAES day Fog dasd FFste] 10° T 10° /mlY
FEE A ¥ I UFe Az S EFFHET F EE FETY AETHHE
A HAANA T AEET sEFE FHSGLA AT UAHFoE HATd EA
' F Azol FAHY. 9T

= o e 3
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Rosario Bianco
10°
5
° Kyoh |
o yoho
: - She
© 10
N .
9 -
h —
o 5 :E%“m
Campbell Early
10°
5 i
10 10°
Spores/mL

Fig. 4. Development of lesions of anthracnose on grapevine leaves and shoots by
different concentrations. The number of lesions in 3 e per leaf, and in upper
10 cm per shoot was counted 10 days after spore suspension inoculation of F.

ampelina and incubation for 48 h in a dark moisture room. Ve’rtical bars

indicate standard error.
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—o— Rosario Bianco
101 —*— Kyoho
~—#-- Campbell Early

No. of lesions
hn

Wetting duration (h)

E%T _______
12 24 48 72 96 12 24 48 72 96

Fig. 5. Number of lesions of anthracnose on grapevine leaves (A) and shoots (B)

[Leaves and shoots were i1noculated with
suspension of FE. ampelina at 10> spores/mL and incubated in a moisture
room for given periods. Vertical bars indicate standard error.

by humidity durations.
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—*— Rosario Bianco
- —2= Kyoho

20
o ~~*=- Campbell Early
-
9O 15 -
v
9
S
© 10 -
o)
P

5 =

0 | 1 ) | ]

1 2 3 4 |
Leaf No. from shoot tip

Fig. 6. Pattern of changes with age in susceptibilities of grape leaves to E.
ampelina. The number of lesions in 3 crf per leaf was counted 10 days

after spore suspension inoculation of E. ampelina and incubation for 48 h

in a dark moisture room. Vertical bars indicate standard error.
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4) Zd*—“oﬂ o} gt |

—.—EL ET EZ2 gido= 10spores/me] EAFGALE HEen Q7 Az A
H Huke ot E"‘Mﬂ A UEld ¥Rt S dluste] A3 S B HE4
¥} ‘Rosario Bianco’, ‘Kaiji’, ’Rizamat’ &2 Tzeo 744093, 'Kyoho s
'Benifuji’ E&F& EE 2eAL el e 'Campbell Early’ ¢} 'Niagara’' &= A%
ol THE 1, 3).

rul

E3 WYdd HE9 A9 utsARE 'Rosario Bianco’, 'Kaiji’, '‘Rizamat’ 59 ¥
T2 ITAoIU, 'Kyoho'$t 'Benifuji’ #FF2 TE HTAHES YEUNLH,
'‘Campbell Early’®} 'Niagara’s A3 oA THE 2, 3).

I AleFHEd gst AL 22 FF wep zo|rl & RezZ I A U

A V. vinffera ¥ Wl FeAol, viwmFel V. labrusca 9 m
FELS AYAH B FEAFEE S YENYR EI V. rotund:fo[ia = X% AeFHY
AT E. ampeling o] €3 WAES Hols ALE HiuHo 3H(Kitajima, 1989;
Mortensen, 1971; Olmo, 1971; Vidhyasekara and Charan 1972; Wang et al., 1998). &
ATFAMNE FFo wel AEFH st [agAdo Zolg e, 22y W
o HAEF 279 vl AL ol &5 AAZAAT dAstH ey 3 A A 07‘42}"1 A
S Y AR AAd e g AS o] &3k Wyo] redteleta sttt

I= NEFHH g A3 1AL F2 ubjAAd £ AREE ZHA A F
AAE & EE AL Adzdel dF dede #uhe zabsie] gouy
(Mortensen, 1981; Wang et al., 1998), 40X ¢ ¥ & M= 2 EAd 7 J
173 =5 2 Ful7lt 285 @fo] JoernE F Ao g ¥
o o NeFdw A3d AAYRS =583 A 2 & FHE H S
Ao g 7|djEd,

Mortensen (19812 °¥] @ #FRAAS dide= Ex =5
ampelina & QEFREL AEsgdoy A3 HEo od Agd AAHLe 4
2 oo A3 XM A AAPEG AWl Holxttn AEAX AN,
T3 283 Ades HYdTe xR Aol FdstA ] WEel A B EAE
I3 4 9oy WEolgtm B 1 vt Elsinoe £9o TAHA L A
FEH7] €4A FrHTimmer et al, 1996, Whiteside, 1975). 22y & ATFdA = oA
Ak, v, AR = P ZALdFEd Ao g T WHE T AT
W) x] Aol el E ampeling®] 423 TAFAZES FRReH HYAdTE 54T 4

>
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Table 1. Lesions by inoculating spore suspension of E. ampelina.

No. of lesions on

Cultivar

Leaf Shoot
Benianyo 29 1.2 nopqr
Benifuji 5.3 jklmno 1.1 opars
Beniizu | 3.7 opq 0.8 ars
Benilyamabico 26 de 81 c
Beniizuhio 4.1 nopq 1.1 opars
Black Eye 120 a 11.1 a
Black Olympia 9.2 ef H.2 efgh
Black Sanjaku 9.0 fg 6.6 d
Campbell Early 5.2 1jkl 0.9 pars
Choryo 3.7 kimnopqg 1.0 opars
Emperatirz 25 pqg 0.0 s
Fuen 47 jklmno 3.8 ijk
Fujiminon 5.1 jklm 24 nopq
Guroyu 80 ef 6.1 de
- Hokkou 120 a 86 ¢
Honey Black 73 fg 4.4 Thij
Honey Red 23 g 0.2 r1s
Kaiji 10.1 fg 8H ¢
Kitasaki Red 81 gh 53 def
Koho 59 jklm 3.6 jklm
Kokuou 54 hij 4.4 ghij
Kokuryou 3.7 mnopq 1.1 opars
B Kyoho 59 jklm 3.0 klmn
Mario 11.3 ab 101 b
Neo Muscat 6.0 1k 3.6 jklm
Niagara 2.2 pg 0.9 ars
Niunai 11.2 ab 87 ¢
Pione 24.2 Imnopq 3.8 1k
Red Queen 72 fg 49 gh
Rhodo Berry 6.6 ghi 5.4 efgh
Rizamat 11.5 abc 8.7 C
Rosario Bianco 3.1 f1g 3.0 jklm
Ruby Okuyama 0.1 def 48 ghi
Ryouyou 55 jklmn 3.7 1kl
Ryuho 3.2 fg 4.6 ghi
Sekiret 80 ef 54 efg
Shigyoku 4.0 Imnopg 1.2 opqgrs
Takao 95 abc 84 ¢
Takasumi 3.7 jklmnop 1.0 pars
Tamasizuku 29 mnopqg 2.7 lmno
Tensyu 4.1 jklmn 3.0 klmn
Venus 34 opq 2.6 mnop

“Mean separation within columns by Duncan’s multiple range test, £=0.05.
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Table 2. Incidence of anthracnose lesions in vineyard.

No. of lesions on

Cultivar Leaf | Shoot
Benianyo(£L F§F) 9 ¢° 10.7 nopgr
Benifuji(#L & 1) 23 jklmno 96 opqrs
Be: nuzu(ﬂ@ﬂ) 17 opq 34 qrs
Beniyamabico 6 de 80.1 c
Beniyamabico(¥L E ) 82 pq 8.2 opars
Benizuiho(AL B & ) 21 nopg 6.8 opars
Black Eye 100 a 1000 a
Black Olympia 72 ef 42.2 efgh
Black Sanjaku(Z=R) 70 fg 56.7 d
Campbell Early 32 1kl 54 pars
Choryu(=Hg) 17 klmnopq 6.9 opars
Ermperatirz 5.5 pg 00 s
Fuen('%’?"ﬁ) 27 jklmno 275 1ijk
Fujiminori(§& &) 31 jklm 13.7 nopqg
Guroryu(EFe) 65 ef - 50.2 de
Hokkou(36Y6) 100 a 754 ¢
Honey Black 53 fg 33.9 hy
Honey Red 3 q 1.6 rs
Kaiji( FH2EER ) 80 fg 750 c
Kltasaki(illii?) Red 60 gh 48.3 def
Koho(#L 1) 39 jklm 256 jklm
Kokuou(FET) 34 hij 344 ghij
Kcnkuyou( = ) 17 mnopq 9.8 opgrs
Kyoho(E& ) 39 jklm 20.0 klmn
Mario 93 ab 90.1 b
Neo Muscat 40 yk 25.1 jklm
Niagara 2 DQ 5.0 qars
Niinai 92 ab 716 c
Pione 20 Imnopg 28.6 1k
Red Queen 52 fg 38.4 ghi
Rhodo Berry 46 ghi 42.3 efgh
Rizamat 95 abc 780 c
Rosario Bianco 60 {g 247  jklm
Ruby Okuyama 71 def 38.3 ghi
Ryogyoku 35 iklmn 267 1kl
Ryuho(HEE ) 62 fg 36.4 ghi
Sekirei(7#x48) 60 ef 444 efg
Shigyoku(Z¥ %) 20 Imnopq 7.8 opars
Takao 75 abc 740 c
Takasumi(& &) 17  jklmnop 6.4 pars
Tamasizuku 19 mnopq 171 Imno
Tensyu(K75) 21 jklmn 20.4 klmn
Thompson Sds 90 abc 796 c
Venus(& £) 14 opq 15.8 mnop

*Mean separation within columns by Duncan’s multiple range test, P=0.05.
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Table 3. Varietal susceptibility in grape leaves and shoots by pathogen ioculation of
E. ampelina and field test.

No. of lesions i1n a Infection rate in a vineyard
Variety greenhouse” (%)

Leaf Shoot Leat Shoot
Benifuji 35a 6.7 bcd 24 .8 ef 0.6 ef
Campbell Early 1.3b 1.9f 341 541
Fujiminori 31a 7.1bc 30.7 def 13.7de
Kaiji 444 8. 7ab 54.0bcd 15.0a
Kyoho 3.6a 0.0cde 32.7 cde 20.0cd
Niagara 1.2b 39e 401 50f
Rizamat 49a 4.9de 94.3 a 78.0a
Rosario Bianco 44 a 98a 61.0bc 24.7c
Ruby Okuyama 4.2a 7.3bc 68.8 ab 383b

“The number of lesions in 3 cnf per leaf was counted 10 days after spore suspension
inoculation of E. ampelina and incubation for 48 h in a dark moisture room.
“Infection rates were evaluated by investigation of lesion incidence on the 10 leaves
in upper part of shoots from the shoot tip and on the shoots in the vineyards.
"Mean separation within columns by Duncan’s multiple range test, P=0.05.
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Fig. 7. Necrosis on the grapevine leaves by treatment of culture filtrates from E.

ampelina.
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Table 4. Toxicities of culure filtrates and their ethyl acetate extracts to several
grapevine cultivars.

Cultivars CEFCF ~_EtoAc extract

- 1 4 16 32 100 1 10 100
Campbell Early + + - - + + - _
Kaiji +++  ++ ++ + +++ ++ ++ ++
Kyoho Tobu selection ++ ++ + - ++ ++ ++ +
Kyoho ++ ++ + ~ ++ ++ + +
Niagara t - - - + + - -
Red Queen + + + + ++ + + +
Rizamat | ST = + FH+ o+t ++
Rosario Bianco +++ + + +H+ e+ ++ +
Ruby Okuyama ++ ++ + -~ ++ ++ + +
Sher 1dan - — — = + — - -

+++! necrosis over 3 mm from Wounded spot, ++; necrosis of 2-3 mmm over wounded spot,
+, necrosis on wounded spot, *; slight necrosis, —; no necrosis.

3) gl ArE A W vy HF R A

BTt A R SAHAEZS &3 oA Aiddd HZFQ wiAE AEslr] ¢34
Czapek dox mediumr, potato dextrose broth, asparagine medium, Richard’s solution
agar, V-8 juice medium & ¢ HiA|NA WHLTS vYgstar ASE ZASHD v o] ol
2 #Hdd SAHFANE FAMSETE. 1 A3, V-8 juice®t potato dextrose brotholl A H
Aol AKo] 71A AUFdFHor) EAEH *Bﬂ'% Richard solution® asparagine ¥ X
= ). TF Higodo 2z RE ZAESZY AME FEIAY F
ARAEES Eog A$ o]49 Richard solution©]Y asparagine medium=2 AF&st= A
o] AU Aol

L
R
\J
-_‘—l
ol
0%
Io{u
olf]
—
38
N
Ltf

ka)

Table 5. Toxicties of culture filtrates produced by E ampeling in various media.

Media 3 Culture filtrates Ethyl acetate extracts
1 2 4 8 10" 1 10 100
PDB + + _ _ .\ N T
Asparagine o+ + + _ it . . )
Czapek Dox ++ + - - b ) )
Richard Solution e S = " + it e 4
V-8 juice broth - - _ _ s - . -
YEP + + _ _ ' ~ . )

+++1 necrosis over 3 mm from wounded spot, ++; necrosis of 2-3 mm over wounded spot,
+;, necrosis on wounded spot, *; shight necrosis, -, no necrosis.
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4) A =2 FEAA |
I MeFHEdded E ampelingdl dBjdoddozRE EAHAEAS 458357
Aot HjFogA e dABolAMEOER FE51 ARG F=E=v|E 4AF] LB
=

?

o] & TAl AH9 oA EY BT o]EL TLC (chloroform: methyl alcohol, 9:1

v/v)E ANE & 24749 fractions 3T & YA S AAFSNAHY. 2 2 4

A, A} O A 9] fractiondl A #4Ad TEH FA0] LHHAANE 6, 28 7).
o

ol5 =X A fractione o|F EAEA

LSS oldlsioH T8 AMEE 82 & A FoE AlEH

=3k Silica geld} silicic acid® £ ¥ mini-column chromatography 2 2 Al a4t}
Methanol® chloroform? 8u] AlA®lo =z HA/WEtH 6718 3L 539} o
238 ExVF 9ol hioassayd A 7:3, 614, 559 fractiono| A 73k EAJo] H3H
ATHIE 7).

o

Tablz 6. Toxicities of each fraction from ethyl acetate extracts.

Fraction Paper disk Silica gel
0 +++ ++
1 ++ - +
2 + 4o

3 * -
4 ++ . - +
5 : -
6 + -
I + -
o ++ +
9 ++ +
10 + -

(Thin Layer Chromatography developing system ; Chloroform:Methanol=9:1,v/v).

+++! Severe necrosis, —: Nno necrosis.
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Table 7. Toxicity of fractions eluted by column chromatography.

Fraction Resin
Methanol:Chloroform(v/v) Silicic acid Silica gel
95:5 = =
91 = =
8:2 + +
73 ++ 4+
6:4 o b
5:5 ++ o
+++1 severe necrosis, —: N0 Necrosis.

Fig. 4. Toxicity of fractions eluted by column chromatography.

5 EE NEFHT g gE o] &8 FF A%E HA

EE §ZF Z2a3q dojd F83 F3AY, ST 249 MEe v$- FRUME A
ojof & FAo|t}. HZ FUdAH FHF = FF9 A7t F7Hgel w2t AEFHEe] 24
T FHz} Z7eta glen old g AF}AY FF Mgol 8FHI o) HAF FEFHN EH
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T R HA9T4E 54 AT ds AFHE AT F2 FFAME Yololrtel
o} 339 E9 EXo] ANEgAoE BHFQYT v FYAUIE So FHE %%—0
Aoz FEIEJHE 8). dddF4LdA & o%‘?,]. AABoZE A-468 D-2-1 &

= AFAHLE 163, A-13359 AEo] ZAFAoJAHE 9). tlyE FF FA = 4010,
5BB, SO4 &< A¥Aeli, Harmony, 5C, 188.08 52 Il E 10). Vitis &
AFdl Ao e FY AolEtes F WY AF o AFA Aol el T
b ALY e HULE R ool & AOFE AISHEHUHE 11). nuj HA Fo|A -
FES BT AYA 3AEe 1A ed O 34 R A S4S & 129 29

EE AlsFHEH gigh XIS 2= gAY FolA FFd wet BE o)zt
e AeR BRuso  gltk(Kitajima, 1989; Mortensen, 1971; Olmo, 1971;
Vidhyasekara and Charan 1972; Wang et al, 1998). £% AMcFHHE AP F=
Ao e AAZdA od HA HHS ZASH HA I o] %}_E.L}(Mortensen, 1981,
Wang et al, 1998), ol ®& $dojghe 721 A7 B =583 Fush 285E
@S Ay Yt =3 Mortensen (1981)2 24 WolA el HATAHE 23 AA
HE& ANE3R e} Elsinoe & WA A&uiA A 2AEAY FE7F A ol

(Timmer et al, 1996, Whiteside, 1975) A= &3 3}Sith. a8}, oA A Fskne)
o] B AFoME AAuiA L nAMAE o]&sle] HATFY EAFAHE FEE
AM2d"g eSS e (Yun et al, 2003), ]ayasankar 5(2000)2 71U A E
ampelina®] W FA A o] Balo] ol A3}l V. vinifera 'Chardonay’ € 4¢3+

AAS FEsgcn Bsgoh

geld 2 AFdAE BAF WEY TN ARH AAYS AL F s
EE2Q AAYHY dfo wddqdRE o] &g AAAAE FHA T HL
# WFAg o8¢ bioasssay A7, MRl TEUF Qo] B S4B
zasgon 1 BAE FSodor Agude e JHUAT. el o
AolAHOlE FE2E H9A] ZEYUF Yo 545 T eH 7IF5ol4ds HERRL
o w3 ujokoiolo] Ud 71 FEE AL HE FE2 T sIFEAY 9x
st 432 Jehdigen W #eAdd FFAAAE ¥ TR FNHE FA
o] Yt Agt Al FFdAAE AU Mg Qo FAo] YElA] AU o
Ao AL AAFoA S AM-EA @ wo] Ao AK-Sio] dF 9Su s A

!

ko] % TH(Kohmoto et al., 1977, Otani et al., 1985, Park and Yu, 1988, Yu et al. 1937,

o
o
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Yun and Yu, 1992). |

NFEOHFEALAE F4E AEsts 597 H 2E VEEYE YEFH Y (Buiatti and
Ingram, 1991, Grausgruber et al., 1998, Lemmens et al., 1994). 7|FE& o4 Z4AE 7]
FAZAE 7tefste HYTHd U3 SolHd S ey ﬂ%bﬁﬂlﬁ} 2 AE
SF0 ZAZ9 WA HAE(Gracen et al, 1971, Kohmoto et al, 1977, Schertz
and Tai, 1969, Steiner and Byther, 1971, Wheeler and Luke, 1963, Yun and Yu,
1992), A2 A3A AE A¥(Jayasankar et al., 2000, Mayama et al, 1990, Saito
et al. 2001) 2 BAAFA 7179 o]l (Durbin, 1988, Johal and Briggs, 1992) %9

Shol O 989 &2 zole B HEY FF o UHEU olHE Aol
HAdel e AgAds A3 Jdth(Buiatti and Ingram, 1991). 542 & o] &3 *
R

bioassayH < HWATHFT ™ A AJAH AANME dAst2A suT. 1 ol¥= =
2o AR dras 2 FHAGY v BY A7/ Fwe IPH g
(Gracen et al., 1971, Kohmoto et al, 1977; Otani et al, 1985; Park and Yu, 1988;
Schertz and Tai, 1969; Steiner and Byther, 1971; Yun and Yu, 1992).

2 AFHE EEUF ATy BAFY wddag Txurdd Hysn

129 ZALE A HAT HFo o A EFNAM A HA Ay
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Table 8. Resistance to culture filtrates of E. ampelina in grapevine cultivars.

Culture filtrates Ethyl acetate extracts

Cultivars _

| 1 2 4 8 1 2 4 8
Beninanyo | - - - - - _ _ _
Benifuji ++ + ~ - ++ + — -
Beniizu ++ + - - ++ + _ _
Beniyamabico | - +++ ++ + - +++ ++ — -
Benizawa ++ + + — + + + — —
Black Eye 4+ + - 4+ 4+ + -
Black Olympia ++ 4+ + - +4 + " -
Black San]aku ++ ++ + — ++ ++ - -
Campbell Early — ~ - - - - - _
Changyong ++ + + - ++ + + +
Emperatz + + + ~ + + - -
Fuen | T — - - + + _ _
Fujiminori ++ 4+ 1 + + + + _
G’U]."UI'YU + + + + + — +4++ + + ~
Kokkou F++ o+ + - +++ + + -
Honey Bslack ++ + - - ++ n - -
Honey Red + + + - + + - -
Kaip +4++ 4 + ~ 4+ e+ + _
Kitasaki Red ++ + - - ++ + _ -
Koho + + ~ + + —
Kokuou + - - + _ _
Kokuyou + + - - " + _
Kyoho ++ + + - ++ + +
Mario 4+t + + +++ + +
Neo Muscat + + + + + + + .
Niagara - — - - _ _ _ _
Niunai + 4+ + + — + 4+ + + -
Picne + + — - + + — —
Red Queen +4+4+ - - +4+ + + +
Rhodo BGITY ++ + — — + + — -
Rizamat | +++ 4+ + + F++ ++ + +
Rosario Bianco +++ 4+ + + +++ 4+ + +
Ruby Okuyama +++ 4 - - +4 + + - -
Jingyu + + - - + _ - _
Longbao ++ + ~ - ++ + _ _
Sekirel | ++ 4 - ++ 4 " _
S hg YOkU ++ + + — ++ + + _
Takai +++ ++ + - +4++ ++ - _
Takasumi + + — - + + _ _
Tamasizuku + - — - + _ _ _
Tensu + + + - + + + _
Thompson SDS TRFART + + +H+ o+ + —
Venus + + ~ - + + ~ _

+++. necrosis over 3 mm from wounded spot, ++; necrosis of 2-3 mm over wounded spot
+, necrosis on wounded spot, %; slight necrosis, —; no necrosis.
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Table 9. Resistance to culture filtrates of E. ampelina in grapevine seedlings.

Culture filtrates EtOAc ext(X100)

Lines |
1 1/2 1/4  1/8 O 1 1/2  1/4
A-103 T - - o
A-133 b+ + - - - -
A203 £ o+ - - bt - - -
A-268 e - - - - - -9
B-255 - - - - - - -
A-536 - - - - - -
4% + + + ~ + ~ - -
B-296 - - - - - - -
92-02-98 4 ; - - ; -
A1-14 - - - - - - - -
S-13-13(22)  +++  +++  ++ 4 - - - -
S-1-9 bt - = - - - -
§-9-9 o+ ¥ ¥ - " _
SB-1-3 n £ 4 + » _ -
>B-2-7 .+ - - - - - - -
A-450 _ - _ " . A+ 4t

+++. necrosis over 3 mm from wounded spot, ++; necrosis of 2-3 mm over wounded spot
+; necrosis on wounded spot, *; shght necrosis, —; no necrosis.
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Table 10. Resistance to culture filtrates of E. ampelina in grapevine rootstocks.

Varieties Culture filtrates EtOAc ext(X100)
1 1/2  1/4 1/8 5 1 1/2 1/4

0236 - ~ - - - _ _ _
101-14 - - - - - - _ _
1103P + + + + o+ + + +
110R - - - ~ _ _ _ -
140R(VF) - ~ ~ - - - _ _
188.08 ++ ++ ~ - + - _ -
196-17 — ~ — - - _ _ -
216-3 + - - - + ~ - _
225R + + - — -~ - - -
3306 + + ~ - _ _ _ _
3309 + ~ = - - - - -
333EM . - - — — | — — — —
4010 - — - - - - _ _
410A A 4t - + ++4+ 4+ 4
41B | - — - - - - - -
420A(VFEF) + - - - - - _ _
44-53M - - - - - - - _
5BB(VF) = - = - - _ _ _
oC ++ b + + + - - -
7120C + ~ = - | - _ _ _
779P — ~ - _— - _ _ -
8B + = - - _ - - -
99R = - - - + _ _ _
Freedom- + + + - - _ - _
Harmony: +++ | +++  ++ - TUNREI - +
- S04 — - - - - - - _
Cosmo 10 — - - — - - -
Golia(VF) + - - - + 4 + 4

+++! recrosis over 3 mm from wounded spot, ++; necrosis of 2-3 mm over wounded spot
+; necrosis on wounded spot, *; slight necrosis, —; no necrosis.
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Table 11. Resistance to culture filtrates of E. ampelina in Vitis species.

EtOAc ext(X100)

Culture filtrates

Species 1 12 1/4 1/3 5 1 1/2 1/4
150-44 (Amurensis GVIT) + + + - + + + _
41 (Cinerea GVIT 0516) 4+ A+ e+ FH+ 4+
45 (Cinerea GVIT 0143) ++ + + + _ _ _ _
I 46 (Cinerea GVIT 0234) Fh+ o+t + ++ + 4+ 4+
M 49 (Cinerea GVIT 0233) - ~ - - - _ _ -
0 58 (Cinerea GVIT 0219) tH+ A+t A+ 4+ 4+ o+
[ 65 (Cinerea GVIT 0259) +++ +H+ - ++ +++  +++ HF+ 4
Amurensis GVIT 0689 — - — - - _ _ -
Amurensis GVIT 0741 ++ o+ e+t +++ - _ -
Amurensis GVIT 1264 — - - - _ _ _ _
Amurensis GVIT 1265 +++ - + ++ ++ - - -
Amurensis GVIT 1267 o+ bt At 4+ T T = R = =
Amurensis GVIT 1269 + + — - - _ _ _
Amurensis GVIT 1280 F++ 4+ e+ A +++  +++ 4+ e+
Amurensis GVIT 1282 ++ 4 + - - - - -
Amurensis GVIT 1286 F+4+ 4+ 4+ 4+ +H+  H++ A4+ 4+
Amurensis GVIT 1290 4+ 4+ 4 - + + + _
Amurensis GVIT 1293 +++ 4+ + F+ A+ 4+ 44
Amurensis GVIT 1295 FH+ A+t FH+ 1 +H+ A+ A+
B 47 (Cinerea GVIT 0270) + - - - - - - -
B 49(Cinerea GVIT 0271) ++ A+ o+ + + - _ -
B 55 (Cinerea GVIT 0272) + + T - 4+
B 9(Cinerea GVIT 0170) - ~ - - - _ _ _
GBC 12 (Aestivalis GVIT)  +  ++  + + + + + +
GBC 17 aestivalis GVIT 0214 + + + + + _ _ -
Vitis arizonica - — - ~ _ - - _
Vitis cariacea + + - - - - - -
Vitis longii ++4+ + - - + + -~ _
Rem 46-77 (Aestivalis) +4++  +++ A+ At F4++ A4+t o+
Rem 48-77 (Aestivalis) e = = T S S + 4t A+ 44
Rem NE 19 (Aestivalis) ++ + ++ 4+ + +

— — ——a— el— — —p— ehe—

Rem NE 4(Aestivalis GVIT 094) -

+++. necrosis over 3 mm from wounded spot, ++; necrosis of 2-3 mm over wounded spot
+, necrosis on wounded spot, *; shght necrosis, —; no necrosis.
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Table 12. Major characteristics of grapevine seedlings preliminarily selected as
candidates with resistance to anthracnose.

Cluster Berry Ckin

Cross Ripen Wh. Wt.

_ ds Bloom TSS Acidit
-ing () & Color

Yy
See —ing (OBX) (%) Flavor

Tano Red x

Super Hamburg 927 255 58 Black 273 Midium 18.1 052 Muscat
87-2-15(B~255)

Tano Red x

Canada Muscat 1012 606 6.2 White 4 Midium 170 036 Herb

87-4-9(B-296)

(ono jed x TZmat 104 360 90 White 23 Midum 226 038 Foxy

Fig. 5. Clusters and berries of grapevine seedlings preliminarily selected as
candidates with resistance to anthracnose. B-255 (left), B-296 (middle), and
A-450 (right).
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Table 13. Grapevine varieties resistant to anthracnose from bioassay of culture

filtrates from E. ampelina.

Species

Variety

V.labrusca

Beninanyo, Campbell Early, Concord, Concord Seedless, Early, Early Steuben,
Niagara, Ohtsubu Niagara, SO4

V.labruscana

Tamashizuku, E%H B, AL &%, Ei%, Beauty Seedless, Beni Pizzutello,
Cardinal, Catawba, Darkridge, Dechaunac, Golden Queen, Jai Izjum Belyi,
Kyoho sel., Morgen Schon, Naples, North Red, Shien, Sunlight Seedless, Wase

Queen

V.vinifera

Alphonse, Ark 1196, Bolgaria, Bronx Seedless, Champion, Chardonnay
Decoupee, Chasselas Blanchette, Chasselas Cioutat, Chasselas Musque,
Chasselas Rose, Chasselas .Rose De Fall, Chasselasl Rouge, Ellen Scott, Emilia,
Emperatirz,' (Glaciere, Hicks, Italia, K 194-2, Missori Riesling, Paglieri 5, Red
Globe, Rieshing Vert, Rkatcetely, Rosa Tardiva, S. Muscat, S.9110,
Sabalkanskot, Sauvignon Vert, Seibel 1000, Seibel 10878, Seibel 4986,
Selezione Brum 183, Seyval, Seyve-Villard 18~315, Seyve-Villard 5247

Shabazenzhu(Pearl of csa), Stark Delicious
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Table 14. Grapevine varieties moderately resistant to anthracnose from bioassay of
culture filtrates from E. ampelina.

Species Variety

V.labrusca Fredonia, Itchkimar, Niagara selection-Ishii, Rupestris Du Lot, Delaware

Aki Queen, Benizawa Seedless, Fuen, Iris Chiubing, Izumo Queen,

V.labruscana
Kaitome, Kourgan Rose, Kyoho sel.-Izuka, Kyoho sel.-Tobu,
N.Y.Muscat, Neo Mat, Ryogyoku, Sunny Rouge, Tamnara, Venus,
Y ates
Adiron Dac, Al Zeinel, Alicant, Canner, Chasselas, Clairrete Mazel,
o Clinton, Diamante, Dutchess, GW &, Husaine Bianco, Imperiale, Kemner,
V.vinifera |

Liana, Lival, Marechal Foch, Melver, Moscatel Ruso, Muscat De la

Republique, Oktyabaskii, Opal, Perla di Csaba, Sauvignon, Sauvignon
Blanc, Seibel 5247, Syrah, Urvana, Vivona 182, Zabalkanski
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Table 15. Grapevine varieties moderately susceptible to anthracnose from bioassay

of culture filtrates from E. ampelina.

Specles

Variety

V.labrusca

Betulifolia GVIT 0812, Ichikimar, Ohtama Poto, Ohtsubu Campbell,
Steuben, Takel Campbell

V.labruscana

~ Bailey Alicante A, Beniyamabico, Big unicon, Black Pegaru, Black

Rose, Brazil, Favorit, Gurosio, Honey Red, Hyuuga, ]J.S.23-416,
]1.5.26-627, Jasmine, King Dela, Koho, Kokuyou, Kyoho sel.-Sakura,
Kyoho sel.-Sato, NY37312, Neo Muscat, New Niagara, Olympia, pione,

Sekirei, Seto (Giants, Shinano Smile, Takasumi, Unibala Seven, Wink

V.vinifera

Agawan, Baco, Bicane, Caco, Canadice, Caras Muskatnyia, Chasselas
Fredonia, Clairette, Cogneliano 218, Duc D’anjou, Emperor, Fercal, Folle
Blanche, Gamay, Gamay Beauiolais Lacenas F, Gewurztraminer, Golden
Muscat, Herbert, Hindoni, Kizil uzum Kanibadlamskiy, Linneo Nero,
Maddalena Salomon, Malbec, Marchel, Moscatel Negro, Mourverdre,
Muscat St.Laurent, Pegaru, Perle De Csaba Rouge, Red Millenium,
Roval, Russia 1, Seibel 15051, Seibel 34804, Semillon, Sweet Muscat,

Venessa Seedless, Viognier, Zagtera
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Table 16. Grapevine varieties susceptible to anthracnose from bioassay of culture

filtrates from E. ampelina.

Species

Variety

V.labrusca

Col. McCampbell, Sheridan, Tark, Wase Campbell Early, Wase Delaware,
Cambell Early mutante, Doaniana GVIT 0165, Moore Early, Niabell

V.0labruscana

BE, KETE, B 149%%, %E, Alden, Benifuji, Beniizu, Benizuiho, Black
Olympia, Black Sanjaku, Buffalo, Carolina Black Rose, Centennial,
Chabache, Christmas Rose, High Berry, Himrod 4X, Honey Black, Julski
Biser, Kitasaki Red, Manicure Finger, Muscat Koufu, Nehelescol, North
Black, Pizzutello Bianco, Rhodo Berry, Ryuho, Schuyler, Summer Black,
Taifi, Tano Red, Wase Campbell, White Pegaru, FZEK, EFAAYE, B
Seedless, T+, Baby Finger, Black Eye, Black Queen, Blush Seedless,
Canada Muscat, Cannon Hall Muscat, Cauga White, Centennial Seedless,
Corvina Veroness (ISV-CV7), Davho, Exotic, Feelis, Flame Seedless,
Fujiminori, Gorby, Guroryu, Himrod Seedless, Hokkou, Hongdan, Ikawa8
Jingxiao, Jingya, Jingyou, Jingyu, Jingzaojing, Koushu, Koushu Saniaku,
Kyoho, M.B.A, Marquerite, Moris Early, N. Y. 33875, N.Y. 33373,
N.Y.14013, N.Y.156302, N.Y.21572, N.Y.21576, N.Y.45950, Nerona, Niunai,
Ontario, Perlon, Ruby Okuyama, Seneca, Sin Kyoho, Suntory Blanc, Tabizi,
Takao, Taminga, Tensyu, Thompson Seedless, Wardon, Honey Seedless

V.vinifera

Aramon, Athens, Bath, Cabernet Franc, Chenin Blanc N.19, Feher Szagos,
Feteasca Alba, Focia, GW10, Katta Kurgan, Kishimish Chyorny, Malenza
Farly 1258, Maraberuha, Merlot, Meunier, Milton, Molinera Gorda,
Muscadet, Muscat Frontiguan, Olivetta Vibonese, Rubel Muscat, Russia 8,
Seibel 5279, Selezione Bruni 12, Seyve-Villard 23-51, Suffolk Red, Super
Hamburg, Sylvaner, Topas, Vidal 64023, Vidal 9, Vidal Blanc, Villard
Blanc, +=¥ 58 Aligote, Beilino, Besgano Nero, Beta, Bulgaria 5-2,
Carbernet Franc(ISV1. vf), Chancellor, Chardonnay(ISV1. vf), Chasselas
Blanc, Chasselas Negrepont, Cheongsoo, Cinsaut, Clairette Blanc, Dattier,
Diamond, Don Mariano, Duca di Magenta, Edelweiss, Emerald Seedless,
Favorita D’Alba, Feteasca WNeagra, Glenora, Gloslot Decoupe, Green
Hungarian, GWO03, Inc Pirovano, Italia Seedless, Jurancon, K 183-2, King
Phillip, M. Ottenel, Maldeleine Angev, Malvasia Istriana (ISV1), Marocain
Gris, Merbein Seedless, Michele Paheri, Milbaune, Molinara, Monbadon,
Monukka, Morrastel, Moscato D'Adda, Moscatuel, Muller Thurgau, Muscat

Caillaba, Muscat D’Adda, Muscat De Terracina, Muscat Hamburg Muscat

Rose, No.2, Noir Hatif De Marseille, Omit, Ondenc (Semis B.), Othello,
Panse Blanche, Panse Precoce, Pepin D’'Hispanie, Petit Verdot, Pinot Blanc,
Pinot Gris, Pinot Meunier, Pinot Noir, Plante Mercier, Portland, Prosecco
(ISV-ESAY 10. vf), Record Sweet, Red Malaga, Reliance, Remail Seedless,
Riesling, Riesling Italico (ISV1. vf), Riesling Precoce, Rizamat, Rommel,
Rosario Bianco, Rosette, Royal Seedless, Rubi, Ruby Seedless, S.Urbano,
Saint Jaques Noir, Sangiovetto, Seibel 10076, Seibel 13053, Seibel 21572,
Seibel 5455, Seibel 7053, Servant, Seyve-Villard 20-365, Seyve-Villard
5276, Souvenir du Pulliat, Strashensky, Suitanine Blanc, Suitanine Rose,
Ugni Blanc, Van Buren, Veeport, Ventura, Vidal 50151, Vidal 65163, Viola,
Zinfandel, Red Queen
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o 2k AlEFHE gk A3eA W3 FAL

1) Salicylic acide] ¥ W3}

E. ampelina EA-1& HZ3% & TEUF9 salicylic acidd] & W3lE golR izt
HPLC #4(24 2)& T3 &F2 FASA(ZH 9). A AA A FdA AEA
o2 wg w52 ‘Campbell Early' oA BT HF £+ 72417 salicylic acid¥ ¢
#Fo| FA73% TR o HArAHoE HXA %3. ‘Rizamat’' ¢} ‘A &'} A= salicylic acid
e TR Wt UJEUA @it X2 AleFHETY S S A2 B2
e £ ZAAE dHZE 12). |

Nakashita 5(2002) Swio| Pseudomonas syringae pv. tabaci® {E3RE vf
salicylic acid 4 S7I2 A#@gAo] F7IE Aty B3R 2.8, Martinez 5 (2000) %

Xanthomonas campestris pv. malvacearum (Xcm) race 185 3o HE 3 F

salicylic acid®] &% W3 E ZASIAE v HF 6AIF 3o A& e AT
Hastyr 2 Aoz ol FASE AAE LArt. Yoshioka B(2001)
1,2-benzisothiazole—1,1-dioxide’} A 2l¥ Arabidopsisoll A salicylic acid *17F HZEF
of B8l ¥k salicylic acid 54 & T3l AAFEAFAHO] FEHATL B ISHY
O E3 Meuwly 5(199)E HAAFEAEAH] =2 W A EA W= salicylic acid
7V 24 =t 39 ch Smith-Becker 5(1998)% 2.9] 9o Pseudomonas syringae
pv. syringae® HZ35 9L W phenylanine ammonia-lyase(PAL) &4 Z7}o) ug}
salicylic acid®] F2o] 7o HF 15A 7 Fol| H & e AT &5
Mauch-Mani®} Slusarenko (1996)% Arabidopsis®iAl salicylic acid®] =7 dj
phenylanine ammonia-lyase(PAL) &Ao] H4-F ot B 134t}

ol B2 AT Higt 44 Aol AIAHeE AAFE ‘Campbell Early' %59
EFE AeFHEo s A3AdS Hdd HF $F salicylic acid®] £33 d#o] Qe
No g AAHY Rizamat'¢ 7% salicylic acid®] 42 ‘5“:*2] O}E Ao 7 Hol
I AR A Ay S AAE 7HEER Reke
NMeFEy A3AE 73 god 428 53 4d 2 Aoz
2 HlFEo & df AZAUdA SATAE E AW FHo] M
o .

=
= Frfste shuhel 7]zFolzl & 4 Sl

2) Resveratrol®] ¥&F W3}

E. ampelina EA-1& FHE3 T dof ¥bgo] A5Ed W3l F resveratrold 3%
H3lE dolrr] 93 HPLCE o8 (¥ 3)3ly SAFH(IY 10). & dHto A
Ao AAFEH FZF2 ‘Campbell Early’ 9] resveratrol®] %L HAT HE 3 72
b Holl 54 pe/geE Wil wis) 5wl ol FUFEAT. Yy A w5
Rizamat’ ¢} ‘Rosario Bianco'® resveratrol® @ 3o] 10 ug/g WH3l= AL gt X
E ANEFHE Ty doddS Held FFds 2 2HE AAJATHIE 12).

2,
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Stilbene 7% ¢ phytoalexin< ¥ A3 #F#H(Aguamah =, 1981; Hart, 1981)¢
202.v] phytoalexine &% o], M, dlo]adlx g Tol 23 &9 Ho] dlgoax
& ol X tH(Hammerschmidt, 1999; Dixon, 2001). Resveratrol& stilbened] <£3}=
phytoalexin©®] t}.

Paul 5(1998)2 resveratrole] XX ¢| grey mouldE U 20.7)= Botrytis cineread] T
3l AMIAHE FIAANHYGZ RI3PL Dercks® Creasy(1989)= IZ X9 downy
mildew& €275 Plasmopara viticola®| Wig A¥A AEE Ldolruzl ALY &

] E= —"4 resveratrol & H& ZANSISG W vl plasmopara viticoladl # 3FA] 91
‘Castor’ F°] 74 < 'Riesling’ EZF9 resveratrol &% 1 x B} 58] oA =
T} It E_l_"é‘}?i‘:} Sarig (1997 X% Il Rhizopus stolonifer &HolE FH=
St El uh 7ol A resveratrol A el o3 XA AAH I TAF AFE A A7 A
S WESUTE Resveratrol Atoly TEAAE Fog Z&E st s 287
F524 Zeos ol AdHA A dig JusEdAzEs A7 dE=Jang T,
1997; Lin® Tsai, 1999) 7b& ¥l Chan(2002)2 resveratrol A&l &3] HREHE do
71 T. mentagrophytes, T.tonsurans, T. rubrum, . floccosum, M. gypseum™ &
bacteria ¢ AAE AAMAATL BdHGo),

= AFNME HgAH R HAH ‘Campbell Early! FS HYT HFo ofg Wl
Mol Ao resveratrold THE HUTAHLE HAH ’Kyohog} ‘Rizamat’ =&
2o & dey 99 97 2asd dAag gy IE AEFyye g ¥
=ol A2 BYT F YA phytoalexin®] UFQ! resveratrol®] 243 #A-o] o
™ ol g A2 resveratrold] =2 A TEHIA #BAV e AR FSHEG

3) HaOp9o &% W3l |

E. ampelina. EA-1E& HIFTT F A2 ¥o} Wk Aasky s F sy
H:O00] &3 WIE dolH 7] #3 spectrophotometry = GI%—%}C’# ARG (1¥
11). Aoz FF< ‘Campbell Early’' 9l Hy0:8] Sk

o 3§33 %78t 2™ 'Rizamat'$} ‘Kyoho' FFHT} HgOz g o]

t}, 2y 24 EEQ 'Rizamat’ ¢ ‘Rosario Bianco'¢ H20: “’-’J%t %ﬁ}-‘i Aol gl
Rt Sutherland (1991)e] A &olA HAde 7o digh A E9
oxygen radical(Qs, HzO,, HO )&© ‘ﬂ“ﬂ st o EH AFME HF -%"-"— ‘Campbell
Early' £ E£F0A H:0.9 2Ae] Esith '

A 88 oxidative burst ¥ tUQ Ho0.98 LA ZE USE WYl wo] HkE&
et d ot egendre 5, 1993; Levine %, 1994). Evl &9 X Cladosporium fulvumol t
g o] Wkg o2 293} ¢ AA A BAGAA FEo] TASH (May &, 1996; Lugt
Higgins, 1998) a+Ak3t & A (Catalase-CatlAS)E ZAAAIZ] @l FAABA ) A Ha029]
t=F WAl o2 Pseudomonas putida® AL FZ A7t (Chamnongpol, 1998). w2}

off oF
_%
e
N
N
9

=
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A oolgldt dF AT B A AHE EUYE E ampeling FF 93 I N EF
Heo gid Ao H0, 54 AEE T3 ddEUT 22 I .
Chen ¥ (1993)3 Conrath (1995)< salicylic acid®l catalase® &4 Ao 9|3
H00 8 vl E3 BN AL F59 4o ¥ APAF 59 BHo & ALE B3
2 B el 244 TT F2o we AYYY IE F
Zo] =& H,O; 33ko] X dAFel A L& ETZF9] galicylic acid &8 Z7}d
Aoz F2F £ At £ H0:HEZE salicylic acid®] £3& =28 4 3
Qlthe R I(Bi et al, 1995; Leon et al, 1995)7} Q022 H,0p © SAE E38 AFA
HEe Wy AR v BRI AF: oo #AHG AF7F v FEHjol & AoE
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Fig. 9. Changes in salicylic acid content of grapevine leaves by Infection with

anthracnose pathogens. @: Campbell Early €: Rizamat A: Kyoho.
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Fig. 10. Changes in resveratrol content of grapevine leaves by infection with

anthracnose pathogens.
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Fig. 11. Changes of H202 (Umole/g) content by inoculation of Elsinoe ampelina

-

in grapes. CE! Campbell Early (resistant), Kyoho (moderate susceptible),

Rizamat and Rosario Bianco (susceptible to anthracnose).
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12. Changes in salicylic acid (upper) and resveratrol (lower) contents in
orapevine leaves by treating with culture filtrates of E. ampelina. @:
Campbell Early €: Rizamat A_Z Kyoho.
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4, 2L

Az TPl TE AW A TE A
& Fo sz Fztso] oo I TS
3t sl T. YT 9F BF AT 'Rizamat’ 9t 'Kaiji'v #54, 'Kyoho'
"Benifuji’'t % ZFAl, 'Campbell Early’ ¢ 'Niagara’t A 34 EFojglon o] 73
e 2 Adelel MY A zolst YAE AFE dehii B AFAM A
g 24 oo WAy ¥ FFHE ol8std EX AlETFHEA dig FF & A

7y WA F/lSUA F8E EE W
3

4ol = EF 0 AYY 23 A29e

k&l

A AAES EEACE 3T 5 AT

I NoFHYE T E ampelingZt BT g HE ol &t XIAAFTAH HA
oju} Hld HEFHED F&3Q X5k AeFHY AYAY AR AAE F55t2A 8
(o EE AeFHEAdTY wFA RS o] &3 AAH A, wjdo Ao FAdo] &Rt
H 7|FEo]lH o2 UERT, WAy JAAHE FEEE A X FFZ
o] 717 Eol4e LA wFo] A} v A o ol HoE FEEL WY
oo ZlFHYY dAsAuT}. B TrAAd R FFL ATEE 4 E ujYdo Ao
= AeAdolent AP FFU dAY dddn gkgetx gt I A
52 49 g dEY eV £& Ao dE] gl EE thin-layer
chromatography ¢ column chromatographyE %3 SA& Hols A fractiong ¥

=g de o g5H AT WEOUY TAATH FAL dAL F o
IAMoE B8 M5 ofvdth

= fAALY AERHE WE AYH AL dud 4¥F, FF, 7o @

A7 FE 9@ 4, 2NN AGH 29

A

& 2
dxo] st g d F A HolAHOE FE=
ATk

o
-]
0y
L
{n
Q0
<
2
1o
ol
g
ol
o
\1kd

IE NEREUHI7e HE23 A3 ‘Black Swan’, 'Rizamat’, Rosario Bianco’,
'Kaiji’ §°] 754, 'Campbell Early’, 'Niagara’, ‘Sheridan’, ¥ ‘Tzumo Queen’ T2
A FEoE2 BEHEHIY. TGN AHeFHEe 2423 AN 23, ‘Black
Eye’, ‘Mario’, ‘Niunai’, ‘Rizamat’, ‘Rosario Bianco' ¢ +#%°] ZTA, ‘Campbell
Early, ‘Niagara’, ‘Honey Red Z¢] FZ& A3gozm Az o, s Yo A
F omgogAs o83 AHEAA AARATI  ‘Black Eye, Mario’, ‘Niunai’, ‘Rizamat’
‘Rosario Bianco ¢ &3Fo] 7744, ‘Campbell Early’, ‘Niagara’, ‘Honey Red 52
EFFo] AZAHow waEdon wFodo o HolaHo|E F&E 9 bicassay 2%

© owdelole] Anel ANFL BARAL £, AT AFY, TAAFHY 2
dFolole] o @A Ade BF A
LT AEFedel U ABLA wol We WHE Toluux HUYFS HEE A
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Z % gsalicylic acid, H20s, resveratrol® &= W E ZALS R HATHE 9
salicylic acid, HsQs, resveratrol®] %L XL AEFHHo ZH4AQl ‘Rizamat'

‘Rosario Bianco' &ZF Bt} A 3tA E2Z9 ‘Campbell Early’ oA o A e
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A28 Marker assisted selection®l] 93 ¥ & A +=HHH
A As AA

T EEANE T2uEd V$2 Qs B2 Hdddd g A &4E 24
g WA 3l FFAELI AEAH LR o)FoR 3 vt QHARE

TU E=H #A% A4E F2Z AN AT AFHA G (Kim et al, 1980). L
| 2o o q(Woo et al, 2005)3% RAPDWHF 22 ZAAE o

m

oo w3, I EE §Fo] o5 Hdr|£9 A
$48 5 9t §ABE markerd B0 NFH A
o] 5 HatulAF o DNA w#7F Hay F, 4 T, EVE FY ¥F 4R
Aol B3 4 (Waugh and Powell, 1992; Weeden et al,, 1992)d] FZ o|& 511
o, Az F 5HolHd TAFAE o8 AHEe FAH(Perron et al,
1995)(Khasa and Dancik, 1996)¢]) it} 3lx)gt o3 XX E tjdoE g 42 v

=& AAel Ut

B AR AR d3d BEAvAE B2 AEAdA EEHed Fo 94 (Kasuga
et al., 1997), ¢ FAlvlA ¥ (Voorrips et al., 1997), B o =3(Qi et al., 1998),
E5ole] AZF(Lu et al, 1998), =¥ (Chen et al, 1997), €< 375 (Hartl et
al,, 1999) 2213 L&YY Y= (Cervera et al, 1996)9] wist A7t AP=jzm ot
E38 AFLP vlAE o] 83 AXH map-based cloning2 2 A &A §-HAZE cloning gl
w39l o o] NEd ANE AP (Vos et al, 1998) S0l Utk

Paran3 Michelmore(1993)+= sequence characterized amplified region (SCAR)ZH=
AZE BAUAE AetstFG =, o] A UAE random amplified polymorphic DNA
(RAPD) XA EXAAL S 7R st Ad e RAPDWME=S E7IME &
A%t & 71 primerE A|&3de ¥ annealing <% A PCRE& 335l E AR
MAibsle AR W d9 DNAMEZ Yety ™ primer AAE v 54
(co-dominant marker)2 A3 T Q7] whEd o]FAHIA e &M
A4S 74X 1 Qloh(Negi et al, 2000). SCAR wiAel #3 A7: &
dE A3 FHAY FEAARE Aoy, AAE FHAY T T H R
%ttt RAPD vFAE o] 83 SCAR vz 29 HEe) #3 A2+ 2
A FAA(Nagvi et al., 200002} B2 Clonostachy rosea?] +5F2 ZI@(Bulat et

2
dlo oi
>

|

it He

|
=
)
o}
by
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al,, 2000), PVY %A} wpol2| 2ol @3¢ 5 (Arnedo-Andres et al, 2002)7F R 157 %
4t} |

getd B APANE TE AEFYgd ga Wad 2549 JB02 $%9
IdETN SEFASEUS YT WEAEAY He 2 o8 o]&¥ MAS (marker
assisted selection) &4 & HEI AT
9. A g 2wy

7} A8 AR

- M E=FHY #H DNA BAJAE Adetr A 11453 244 9458 &

Zyzy ALgst e (Table 17.).

Table 17. Cultivars of Vitis spp. used in this study

No. of line Cultivars in resistant group |No. of line Cultivars in susceptible group
1 Concord 12 Niunai
2 Champion 13 Centennial
3 Delaware 14 Muscat Hamburg
4 Niagara 15 Sauvignon
5 Beninanyo 16 Koushu
6 101.14 17 Neo muscat
7 3309 18 Muscat Bailey A
3 3306 19 Kyoho
S 5BB 20 Thompson Seedless
10 SO4
11 Rupestris Du Lot
B R .
Na-FH el oist FARME s APJA £F 'Tamnara’ 2 FFAH 5
‘Kyoho', 'Kaiji’, 'Muscat Bailey A’, 'Alden’S sty ddd Zze F3& A
2Astal F2 AAE $A45AT F2 Ao AESH AR g9 FAEHS AAE4H
=3
r}, DNA & |
¥59 Jo2RE DNA FE2 Wagnar 5o 93ty # CTABY® <= °]&3h5
zz359th 500mge) AEo] AHNALE 9o vy & & E- tubec’ﬂ Az o 104 4
zt7VS- F&= 89 (Isolation buffer: 10% polyethylene glycol 6,000, 0.35M sorbitol,
0.IM Tris (pH 8.0), 0.5% spermidine, 0.5% spermine, 0.5% B-mercaptoethanol)< %
T, dHALrd o BLE @ ARE ¥ed 2 3T ts 48" (15000rpm,
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10+, 4T)st] AT HE AAS HAEZ A 59 5ule LB (Lysis buffer: 0.35M
sorbitol, 0.1M Tris (pH 8.0), 05% spermidine, 05% spermine, 05% B
-mercaptoethanol) & #H7tstd & %3k & Aol 1/10w] ZF2] 10% sarcosined &7}
o A2dA 1082 AIgit. @9 2xCTAB solution (2% CTAB, 0.1M
Tris-HCI(pH 9.5), 1.4M NaCl, 20mM EDTA(pH 8.0), 0.5% B-mercaptoethanol)& 3
71e t8 65T 27104 108 Aesti =9 chloroforms #7138t ‘”ioﬂ/";
15000rpme 2 10% T YA SIS Y42 ”‘”ﬁ‘f’“oﬂ WEsd Rasd
isopropanolS &% 2o DNAZ HAAZIY, HAAZ] DNAE A EF (6,000rpm, 5
2 4C)3te] & genomic DNAS A& £& A zi.awﬁ:}. %A 7] DNAZ 100
¢ TE buffer (10mM Tris~HCI(pH 8.0), ImM EDTA)°| £33l F 2 phenol<
A71e & dAEE (15000pm, 108)8t8 Y. A=d98 #HE T 539 chloroform :
isoamylalcohol (24:1)<= #H7F8ta dAE= st Z54& AT + T2 isopropanol
& %o DNAE HAA7| IHAE=E (6,000mpm, 5%, 4T)sled o

70% EtOHZ A3ty g =2 Ad AZAHAT. dEA|7] DNAE 504t TE
buffer(10mM Tris-HCI(pH 8.0), ImM EDTA)el £33} Img/mé2] RNaseE A 7}‘5~
3 37C 27104 3087 A3 DNAE 08% agarose geld A 347]":‘%0]"54
5t - spectrophotometer® DNA A %359 o}

2}, RAPD &4 |

RAPD+ Williams(Whiteside, 1975) =& wWHel| wet 833t PCR 274& g
Hojl 20nge} genomic DNA®F 10 X PCR buffer, 1.5mM MgCl;, 200uM dNTPs |,
300nM primer, 1U Tag polymerasegd &% st F 30UE ZAHIFG. AFo ALLH
random primerv &% 209%°] AI{HIJ =W 12579 20-mer URP primer (universal
rice primer), 97% < 10-mer Operon primer (OP, Operon Technologies Inc., Alameda,
CA USA). 283 10052 UBC primer (UBC. Canada)$ ©]&3o PCRE a‘*—f@ﬂ@ﬂ
tt. PCR ®¥F-3-Z72 URP primer 4%+ 94Col A 5&7F predenaturationdt 3 94 o]
A 1% denaturation, 58 Ceoll A 1#3t annealing, 72Tl A 2% 7F elongation FA L 35
3 B & HEHoF 72°Cd]/’\“" 1087F ¥ES A H T, 10-mer Operon primer= 94T 9
A 457t predenaturation$t ¥ 94TCo|A 1E denaturation, 37Col A 1&83F annealing,
2CAA 283t elongation A S 353 vty & HFHo g2 72CAAM 1087 92 A
.5 EE AES 15% agarose geldl X HA719 58] Z primerE2 2 AMHE AA 9

t}
arle WEel AT gee BEASFUT

~J

o}, ¥l = o] cloning ¥ Southern ¥4
RAPD B4 2ol& dojza g3dwi=E 1% Low melting agarose gel (Promega,
USA)o} 94 %53lo] 839} Gel=25H DNA®] %<& Geneclean Kit (Q-Bio gene)
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of ela) FystAT. Fel® 50| bande pGEM T-easy vector System I (Promega,
USA)E cloning®t$1 3 plasmid miniprep kit (Promega, USA)E& ©) 235 DNAS 2
23R Y. Cloning® &9l A8 += SP6 (reverse)?} T7 (forward) primerE o] £ 3«
PCR3} 15% agarose gelo]A #9159t} Southerne A &4 linedl A E-o] 33l
band& YEIW & primer® PCR productE 15% gelod] #7]9 %3 v} denaturation
A2 AZ & nylon membrane (Schleicher & Schuell co.)2.2 o]ttt HolH
DNA Y9HES 3AAF 7] 938 UV crosslink® 23 A A3 9}, Pre-hybridization
< 2 x SSC, 10% Blocking Reagent (DIG DNA labelling and Detection kit Roche
AB), 1% SDSE& o)A 68CTelA 1A B¢t F3etget. E38 hybridization & o]
Dig 2.2 labelling %t pro‘ae-%— Y3l overnight 383t Membranes 2 x SSC, 0.1%
SDS2] washing bufferol A A& 3+ t}2 Dig detection kit (Roche co. Germany)ol 4]
A-&E vH o2 NBT/BCIPO| &gt &S #AA3YH Y. Probes DIG Probe Labeling

2

Kit (Roche)& ©¢]-&3lo] 3Ato|A AlFste W wat AZEEAT Probe A2
RPAD #44 A4 AT Yehe So] bandg ol &35t

u}, AFLP &4

1) DNA double digestion3} ligation

Genomic DNA 200ng®] EcoR 1 & MseI (Invitrogen)E& 27t 10unit& #H7}sle] kb
SN-S 0uE FAS 37ColAM 447 #HEAHY. ASFEAZ H2d 93 8ul,
15482 EcoR 1 -adapter (50uM), 15ux8¢] Mse I -adapter (100uM), 6U% T4 DNA
ligase (Promega, USA)E #H7I8te] 20T A 16413 ligationA] FH t (Table 18).
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Table 18. List of primers and adapters used for AFLP analysis

Primer/ Adaptefs Sequence

EcoR 1 adapter

EA-1 5-CTCGTAGACTGCGTACC-3 _ 17mer
EA—Z 5-AATTGGTACGCAGTCTAC-3 18mer
PA primer-E0  5-GACTGCGTACCAATTC-3 19mer
SA primer 5-GACTGCGTACCAATTC+NN (or NNN)
~AT, -AC, —“AA, -TA, -TG, 21mer
-ACA, “AAG, -~AGC, -ACT 22mer
Mse 1 adapter |
| MA-1 - 5-GACGATGAGTCCTGAG-3 | | 16mer
MA-2 5'"-TACTCAGGACTCAT-3 14mer
PA primer-M1 5-GATGAGTCCTGAGTAAC-3 - 17mer
SA primer 5 -GATGAGTCCTGAGTAA+NNN
-CTG, -CTT, -CAA, -CAC, -CAG, -CAT Z20mer
- —-CTA, -CTC | |

2) Pre—amplification |

Aol A ligation ¥ DNA &4L bHou) 343 o F 2UE FH3t] 8ue]l 100uM EO
primer, 842 100uM M1 primer, 2¢£9] 25mM dNTPs, 254821 10 x PCR buffer, 2.5
unit®] Tag DNA polymeraseE o] HF&-AE 25ul2 FA St PCRe G333t
PCR #&& 95ColA 30%, 56TCAlA 30%, 72ColA 1823+ 308 wh2siict
3) Selective—amplification

Preamplification 2F-S-H-S 10843 S 2u0E FH3lY 152 10ng/ul EcoRI +
NN(N) primer, 25162 100ng/ut Mse I + NNN primer , 249 25mM dNTPs, 2.5
10 x PCR buffer, 2.5 unit® Tag DNA polymeraseE 2o} W HE Bz FA
ted PCRE +83t¥ . PCR HEgolA A golle 94TolA 30%, 65°C°ﬂ/’*1 30%, 727TC
M 187 123 drE39 9 annealing <58 65TCAA o3 0.7CH LA 12%
BTk o] Fole 94CAA 30%, 56ClA 30%, 72TelA 1&3F 203 wb53te b
s zgdrd '
4) Gel electrophoresis 2 silver-staining

PCR ZZ2 250 Mg (94% formamide, 10mM EDTA, 05 mg/mé Xylene
cyanol FF, 0.5mg/m¢ Bromophenol blue) 10x4& H7FsH £ 95T A 583t denature %

S A7 vlE2 o 4. o HH = 3wE FH3l 5% denaturing

1o

ol

op & X
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polyacrylamide gel o 23l 1500Vl A 3}\]7} & A7 FEHA . A7 EFo] &
© % Promega A}¢] SILVER SEQUENCE'™ Staining Reagent Kit® OS '5'}9‘1‘3}

5) Buk A AFLP &4

Tamnara F2o| A=5t4 HA<S 2A8t9 &4 A
Al 1574 E sty o|E2FE DNAE 47 FE3t9 A
REE 33 RAPD 2 AFLP ®ESo) 93t AgAdol ot
g Awsdo. RAPDOE 209709 primerS o] &38ho] S 8313 th. AFLP #3& $lof
A 7l e 98 EcoR 1 +NN(N) primer 979} Mse I +NNN primer 871 & ©
ot B 7270 &390 o 43S AAlskH.

A 1670 &4A A A
A :73: mff:’)‘é DNA bUlk%
o] Y e Hol: EAUA

7h
FA

=4

=

\J
=
)
M

wilil!

w0 R

, o
2
Qlt
&
oX.
.

,_; Hateq A3Ad 11 AEH
| 5S o]&3l ZZte] DNA bulkE %HEo] B4 o] &3t Agd A
23 primer=-12FF 9 20-mer URP priemr (universal rice primer), 10-mer Operon
primer (Operon Technologies Inc.(OP, Alameda, CA USA.)) 9723 UBC primer
(UBC. Canada) 100 2.2 % 209%<2 AH&3te RAPD E43 Z3% F 513719 band
& ¥ primer 9 FZ49 bande ¢F 4.7 T

AR 2L A5 AFS FEE £ JE DNA EXUAE 10712 F bandF 9
1.95% 2 et (Table 19). 9= 1071 2] bandE& ©| &3} AHAo] Y= primer
= UEP 6, OPB15, OPB17, OPABl14, OPAB 18 5 5/ & A%ttt (Fig. 13).
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Table 19. RAPD primer, sequence and DNA marker showed to resistant lines.

No. of DNA marker
. Sequence No. of total . |
Primer . polymorphic of
(5'-3") bands v . o
bands resistant lines
URPO6 ATGTGTGCGATCAGTTGCTG 15 7 URPO61200
OPB15 GGAGGGTGTT 11 T OPB153300
OPB17 AGGGAACGAG 4 4 OPB171800
OPAB14 AAGTGCGACC 14 10 OPAB141300

OPAB18 CTGGCGTGTC 8 o OPAB18sw
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L, AE Al E°] DNA EA A A

Ae=frHs A3 2 244 AsS 7EE 4 e DNA EAXUJAE plasmid
vector®| cloningste], o]& o|&3] Southern #4& 2AA 3Tt zZ A%<2 DNARZH
B A3 5709 primer (URP06, OPB15, OPB17, OPAB14, OPABIR)E ZZ3le] @0
X DNA #X|QA7F SCAR wtA o] AR5 &olslr] ffs AAd 23 Fig. 149 20
OPB15130, OPAB18sy02 probe®Z AF&3le] Southern #A41& AASRE A9 A
A& ‘Concord’, ‘Champion’, ‘Delaware’, ‘Niagara’, ‘Beninanyo’, 101.14, 3309, 3306,
5BB, S04, Rupestris Du Lot oA WH=7F Yeld Zo 2 Bol olg Fiie ulAd
gt 5o} band¥re] SCAR marker®] 7ts4d AAEAH (Fig. 14). welA ol F
EAE o] 43te] SCAR EA /MEe 9% g v d7E Aot
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Fig. 14. Southern blot analysis of amplified products using URP6, OPB15, OPB17
OPABl14, and OPABI8 primer as probes. R: resistant lines, S
susceptible lines. Number of lanes represents lines described in Table 1.
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oF A FA 75]% E 0] SCAR marker A&

Southern blot &4]o 23] %34 AF =o| clone (OPB153w, OPAB18sw)2l &7
B B & ZAFSH @J'} OPB15130< 1247bp, OPAB18gy 843bpXHiti(Xd 15).

ol HZIME HRE o]&3le NCBI 43 A3 unknown -+ AE YERRT ©
E 5 clone?] @7IME HHE o]&dled SCAR marker®& primerE UAQI3IH T
(Table 20). OPB15i3w clone w3 Fw 5-GGAGGGTGTTGGATCAACAGCTAT-3', Rv
5'-GCGAGGGTGTTGTAAGCCATGCCAT-3' 9l = PCR A3 A3 Z+A WA T
2} o] 7} 2+ monomorphicd UA-E HIY (Fig. 16A). o2 7}A] annealing < %o &
PC T YRR T o] 7 FTAL EE A A FUT 10merE o] &3 HHFAA = A
‘?‘éﬂr% Holg W=7} dkg-9] otAA o] & 24mer ¥ A= YEIYA] gkl o=
F7IHE AHEAAN AYAAH L AFgAH 95 AKX HAHT A2 ALREHT. OPAB18w0
clone ¢! Fw 5 -CTGGCGTGTCCACATTTTTGGTAG-3/, Rv
5 -CTGGCGTGTCTGGAGGAAAATATC-3' & AHE3EI% S 4% AT AEdMT 535
&Y bandE LU 2 AR primers &k &7 °ﬂ et FFHGoA 2ol &
ol 43C& FFE A% &9 A band’t E&8EIR LT HEH 220
L EFSETH

SCAR ¥ A AE A ¢t3t Paran® Michelmore (Otani et al., 1985)% &3l 9]
g3 ZeAdSE FEE & §IE monomorphsimE Eole EARIAE SCARE
Adacta gt oy sk dA4L RAPD EXUAE SCAR EX|QIAE AEet+ i
oA &3] YeEhvte RS ZA monomorphismE Hol= DNA MEE 3lgslo] oY
g AgtgA= 7‘4‘7’?} Z polymorphism& ¥& & v+ EiE JtH(Kang, 1999).
e o] B Be wdo] Bag wate dANS IA e 3¢ Ak

H«
A
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5'-GGAGGGTGTTGGATCAACAGCTATAGGAATTATTCTGGATCAATCTGACTTAT
ACTATCTGAGGAATGTGGTTAGAAGTTTCGTTGTAATATTTCTCCATTGTCTATT
ACTGCATGGTTCTCATGACCGCCCGGCAGACCTTACTGAAAGGATGAGTTTGGCAT
AATGCTTAAAGAATTCTAGAGGTAACTTCACCTGGAAGTGGCGATTAGAGAATTT
AATTTCGTGATTTTTTTTTTACCCTAAGGACACTGTAATGCCGCTACCAAACTTC
AAATGAAAGAAACATTTTAGTACACTGGTGGGGTTACGCTCTTTTATAATGGATT
AATGAAATATTAGAACATGAAGGCATCTTTGAAAAATGGTTTTGTTTGATTAAA
TGCGGATAATGGAGATAAAATCGACAGCAAGTTATGACAACGAAGGGGTTAGAGT
TTAGATGTGGACTGCCGCTGATAGATGAGACATTGACTTGCAAAATTGTTTAGAG

OPB1513s0 CCTACAAGATTATAAAGTACCAAAATGGTTGAAGAATTTTCCAGTACCCGAGCCC

clone AGATCGCTCAATTGGCCCAGATAACTTATTCACAACGGAAATTGGTGGGGGAAAA
GTGCCTGTTTCCTCCGATCTGGATGGTTCCGTACCAGTACTTTTTGAGGATCGAAC
CATTCAAGGTTCTTCAAGAGATGGCGGTTTTCTGCCTACAGGCTATAAACACAAT
ATTCATTCATCTAAGGATGAAATCAACATCATTATTGGCCTATACAACCTTTATG
TTGTGGACGATAAAATAACCCAAAGGAACTGATTACTGGCTCAACACCCAACTGA
GAGAAGGAATTAAAAAACCAGACAACGACAATCACATCAATGGAGTATGATTCAC
AGGATGGTGCATATGGGATTTCTTCAATACTCAAGAATTCACAGCGGCGACCGCA
GCTTCTGTTACACCGACACCCAGAAGCCCAGCCATCATTGGATGGTGGTTGACGCG
GAATCCCACAGCCATGGTGGCATGGTCCACCACAATGCCCTTCATGGCATGGCTTA
CAACACCCTCC-3’

5 -CTGGCGTGTCCACATTTTTGGTAGCTAAGCCATTGAAAGCACGTAATAAAATC
TGGGTATATGATAAAATCTTGATTATTAGATCAATAAGGTATATGATAAAATCT
AAATTGTTGTACAAATATACGGCATAAAGATACATAAGATGAGACTAAGGAATG
ATTGGACTGAGTTGCACAGGCATGAGTTGCACACGTGGAGTCAGCTCATTAACAG
TATCTTTTCCATATTTATAGTCGAGTCATTTTAAAAATAGCTTTACATGTTTTCA
AAAATAAAATTCCATTTGATAATTCAAATATTAAATTCGTTTTTAATAATTTCT
CAAAACAATTTTTAAAAACTAAAAAACACTTCATATTTATTTTAAAAAACTTGA
AAAACTGCTTTCAATTGAGAATTTATTAAATATATTT TTGAAATTAATAAACAG
OPAB18s0y LTTTAACAACAGCATTCAAAACAGGTTCACAGGATCCAATCCATTCAGGATAGAT
| TAAAAATAGAAGTAGAACTAACTATACTGTTCTTGATATTTTGATTAAAATAAT
clone ATAGAAACAAAAGGAGTTTCTAGATTTACGGCAATGGACGGCTGCATTTTCACTG
GAGTGACATCCACTTAACCTCATCGCGATCCTATGTCCGTGATCCGTAGACTGAGG
TGCTCTCTCACTCTCGTGCCTTGAGCTTTTAATTAAATACGTCCACGTGTCGTCCG
CCTCAGAAATATCAAAGCATGGCTTCCGAATACCAAAAAGCGCCATACTCTCTCTT
CCTCTCCCATGCTCTCTGATTACTACTCTTCCGTCTTCTTCTTCTTCACTCTCCGA
TATTTTCCTCCAGACACGCCAG-3ACAGAAAATTGGATGCTTATTCATTTAAAAGA
GAATAAAAAGATCATCAAAAGCACATTTTGTTAGGGCCCTTTTGAAAATTGACTT
GCAGAAGGCAACTTAGGAAAGTAAAAGAAAGTGAGATACGTACAGTTATGGAAAG
GAAGTGGCTATAGAAAGACATTTAATTTTTCACTTGATGAATGTGAGA -3

Fig. 15. Nucleotide séduences of clones used for the design of SCAR markers
(SC-OPBI15135 and SC-OPABI1&sy). The underlined indicate sequences of
the 10 bp-long primer which were used for RAPD analysis.

Table 20. Primers designated for SCAR marker by using nucleotide sequence
information of OPB15130 and OPAB18sw clones.

SCAR marker  Orientation Length Oligonucleotide

SC-OPB15i3w-F Forward 24 bp 5 -GGAGGGTGTTGGATCAACAGCTAT-3’
SC-OPBlbizs~R  Reverse 24 bp b'-GGAGGGTGTTGTAAGCCATGCCAT-3’
SC-OPABI18go~-F Forward 24 bp 5 -CTGGCGTGTCCACATTTTTGGTAG-3’
SC-OPABI18siw—F Reverse 24 bp b'-CTGGCGTGTCTGGAGGAAAATATC-3’

The underlined indicate sequences of the original RAPD primers.
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2 EZ ‘Kyoho!, 'M.B.A.", 'Kaiji’, ’Alden’° Ao g FRTBE &
*3"3}"4 AMESA AAES AAS ZI Table 8% 2t ’'Tamnara’, 'M.B.A., 'Kaiji’,
&) A

'Alden’ F2R @A XA B Ao &9+ 3 12 8 Ajst= single dominant
FAAZ e & F A olE olF FFY wulxFo] AP 2 AFgNeR

&t

no =z Agz}zmarﬂr a2 F2 AgdA 1 12 R ‘Kyoho' 9]
% ; 43 Fo FEAHEUALE HolA & Fl& ARESIH =
¢ Aoy Azyojzitt wpA DNA vy §AE 93] 'Tamnara’ #F < ©| &%
ow 4%e 9 vhlE 98 £ e Aew AzEd '

Table 5. Segregation analysis of anthracnose resistance 1n grape seedlings.

No. of plants in F2 population

. 2
Varieties Resistant Susceptible X test

Tamnara | 48 15 0.0476 (3:1)
Muscat Bailey A 45 13 0.2069 (3:1)
Kaiji 30 g 0.3157 (3:1)
Alden 40 13 0.0063 (3:1)
Kycho 28 26 0.0700 (1:1)

“>Nonsignificant at P=0.05.

vl SCARZEA 8] AEFH A Fraket a4

A D A4 AZSAM Aol SCAR marker7t AEFHW A FAAet
o] ARALS ZAEY) 98 HFA FF ‘Tamnara’' & AME8Sth AFEE ‘“Tamnara’
EZ2e AeFud A3AF ‘Campbell Early’ ¢} 743 ‘Himrod Seedless’2] Fl1<
2 AAete] ol F2 AdolA Aesty dAE T 213“4*‘2' Hol= 10704 H
FAE Bole 10AE AEd F A7 ASAEYE DNAE FF389] template® A
&8t  OPABI8w Fw 5’—CTGGCGTGTCCACATTTTTGGTAG—3' Rv

!

5'-CTGGCGTGTCTGGAGGAAAATATC-3' S A48 A3} 'Campbell Eaﬂyf, FI %
F2 gl AR AMIMT bandst BHAHFig 16). o5 AHZ vl 2
N

o RAPDOIA @o}Z SCAR markers A EFHd A FAAe ofF HPsA
HEo e A=A o]F markers 0]%0}‘3‘4 AeA] Aol Mo FE3HA oj&

& 5l Aoz Azdd
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Fig. 4. Profiles of PCR products using SCAR marker 'SC-OPAB18&sw’ In resistant
and susceptible lines. PCRs were carried out with OPAB18sw primer set at
02°C annealing temperature. M: DNA size marker. A) 1-11: resistant iines,
12-20: susceptible ones described in Table 1. B) P1: 'Campbell Early’, P2:
'"Himrod Seedless’, F1: "Tamnara’, and 20 seedlings from the self-crossing

of "Tamnara’.

%21%}‘0 %ﬁ—ﬁ"ﬁ;% &3 3 Al single dominant ~rr7‘37<}°ﬂ A8l AT = o
' EEe B2 4G 16749 BAAE AN D 1549 94
T/ 7Hﬂ% Melste] genomic DNAE &3t ZF /IAZRE Y %42 DNAE
o} Z}ztel M 44 DNA bulkE A8t RAPDRET §-&o] &2 AFLP
BEMS 3t ATz FHE A8 A3 AFLP markerE ©st7] #38tod, A8A 3
‘Campbell Early’ (P1), 24 % ‘Himrod Seedless’ (P2), F1, A %A F2 DNA bulk
R 4 F2 DNA bulkE Al-&ste AFLP 48 AAIS3AH.

AFLP ¥-8&& 335t A3JA DNA bulkol¥ £Eo| bandE YEIY = primer}_%“%
Mukstgd o (Fig, 17A). A8 ¥ primer 2382 EcoR1 + 2(or 3) primer 9702t Mse | +
3 primer 8ME Z¥3so & 72719 Zg€o=Z AFLPE S$3stgom HMuslt Ay
AFLP HXA QA 75X o] 9+ 22% 2] primer 2¢oA A3A bulk Eo]F W= #
28 4~ QoY 1AA o2 Ay 22709 primer & U A3HA  'Campbell

HJ )
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Early'®t Z<4 ‘Himrod Seedless’, A& Tamnara F1, Tamnara F2+= #*3%4 DN

bulk®}t ©]*/d DNA bulkE ©o]-&3st ME=FHH I FeAe +20 7@
Ba)okate UERER o1ttt E2M2 & oA Aa4 Rl ‘Campbell Early
¢} Tamnara F2 A3 FdolA 2 200bp AE0 Eo] =7} £83= AFLP ¥ XA
AAE st o (Fig. 17B). |

AFLP %< RAPD 883 vl e o EAUAe Hdagd & Aoz 3
TdEw] o] 7[BAHOS 2 AFLP7F ®A3lE genomic lociZt RAPD® uv]3] 10ei8] o|4
%7] M8 Aoz Budch £ AFLP %42 % primerd 2Fol s EAAx
g Awaly] W He £ primerZE ¥ FRE AL F gl
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N
N,
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Fig. 5. AFLP profiles amplified by EcoRI + NN(N) primer in combination with
Msel + NNN primers on two DNA bulks (A), and four different bulks including
the 'Campbell Early’ (P1), 'Himrod Seedless’'(P2), and 'Tamnara’ (F1) (B).
Arrowheads indicate bands specific to resistant DNA bulks.
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Salicylic Acid and Resveratrol Content Changes as Affected by
Downy Mildew and Anthracnose in Grapevines
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Abstrect. Grapevines Bave been known o expriss their own defense systesos 1o protect themsebves against forelign
pathogen atiacks. To investigate the defense responses in grapevines againgt downy mildew and anthracnose, the
change patiens of salicylie acid snd resvesstrol contints weee pvalaated by high performance tiaald cheomatography
i grapevine leaves gfler puthogen snoculwion of culiure Hifirate frestmant of Elsinoe ampeling, The comtents of
sadicylic acid and resverairol stented o increase sharply within | h after inoculstion of resistant cultiver "Campbelf
Farly’, but there were Tithe content changes i e cultivars, ‘Rizamat’ tod “Kyobo', suwoptible 10 downy mildew
and anthracnose, Smnilir change pattens in sabicyhie achd and resveratriol condents were observed in cell free caltare
filtrate freated with anthrsenose psthogen. Thertore, # 5 considered that the differences v resistance fo doway
mildew and anthecrose among grapevine cultivars are closely related fo the prodoction of sslicylic acid and

resversirnl m their stermns,

Addidowl key wonds: Elyinoe ampelina, pathogen inocualation, pathopenesis-relnted proteins, phonodics, phytosexing

Introduction

Plants have evolved sophisticared systens of detection
and responded w0 decipher the pathopen sigrels and
mduce appropeiste defense responges to pathopen attacks.
These systems include specific metworks that operate
through the action of signaling molecules such as
salicylic acid {8A), jasmonic soid, snd ethylete, and
cause the accumulstion of pathogenesis-related (PR}
profeins, phivtoalexing, and other phenolic compourids
that are toxic to the pathogens (Dong, 1998; Elad, 1997;
Feys and Parker, 20000,

The importance of chemical diversity i Hnked to
defense traits against both biotic amd abiotic siresses,
Phytoabexing are low molecular weight, and antimicrobial
compounds that are both synthesized by plams in
Tespanse W microorganisns o pathopen attacks {Paxton,
981}, Phytoslexing accumulate at the site of infection in
sufficient amount o seccessfully inhibit the growth of
both fung and bacteris (Darvill and Albershein, 1984),

Trang-resveratrol (3.3 dtnhydroxystiibene), one of the
phenyipropanoid compouds produced by the shikimi
seid pathway through SA (Teitt ec 3, 2084) i an
ardioxidant compouind naturally produced in many planis
incloding grapevine, and # is the major source of the
phiytoalexin response of plants. It accumulates i vine
leaves and grape skin in resporise to varous fungal
infections, UV-amradiation, and other chemicals [Adrian
et al., 1997 leandet et al., 1995 Langeake, 19850, The
sypibesis of m~mswml plays & pivolal role in

Received Decamber A%, T004: accepied February 4, 2005,

registance mechanisms of centain plants spainst fungal
infection. | has been shown that the rapidity and amount
of resversirol symhesis are positively correlated with
resistance of grapevine cultivars to gray molds, which is
caused by Bowrytis cineree (Langeake and Price, 1974).
Trans-resveratrol hus also been proven to enhance the
resistamce of ving plants to other pathogens, sch as
Plaxmopara  viticeln {(Dui et al, 1995), Phomapsis
viticoke (Hoos snd Bisich, EWB), and Rhtzopus stonjfer
ysang et al., 199,

SA has been shown to induce various defense responses
in plants agawnst pathogen attacks {Malamy and Klessig,
19923, 8A has merged as an important component of the
signat transduction chaie leading to the expression of PR
proteins and exhibition of acoquired resistance. SA
accumudates 0 high levels surrounding  developing
lesions praor to the tratscriphion activation of PR genes

with 8 subgsequent, much smaller, systemic rise in SA

concentration. This is accompanied by induction of PR
gene expression which i3 concomitant with the onset of
acquired resistance (Enyedi ¢ al, 1992 Malamy ef al,
1996 Metraux et al,
SA alse induces acguired immunity end expression of
many PR genes {Enyedi et ab, [992; Malamy ot al,
F990). Trangpenic plants expressing Nabdl failed o
exhibil. systemic acquired immuniy, displayed rechuced
PR protein sccurwlation and exhibited severer discase
symptoms in infected leaves {Bi o al, 1995, Delaney et
al, P99 Galtoey et al., 1993, Vemooh et al., 1994).
Grapevines alse show variolx resistances W major

1991, Exopenous application of

.......................
e e A e e e,
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Abstract

Breeding of grape cultivars resistant fov anthuracneone is ome of the most importany breeding goals b Keores, In
this study, evaluation of restsiance using binassay of grape Jeaves with cultore filirates from &, angaeling and their
sthyl scetate extracty s compidd with pathopen inpoulstion and field screentige. Té evialuate the resistanoe
to anthracnose disense in grape gevmpdasey, Bayopearn grapes, American grapes, and Vire hybride were wesed,
Biosssay with catiare Slrmes pooduced by the pathiogen showed that "Black Eve', Warey', Nivnai', Rizamat . and
‘Rosarto Bianco’ were sensitive, while ‘Campbell Barly’, ‘Nisgard', and ‘Honey Red” were tolersist © anthrscriose,
I the evaluation by pathoges inoculation, some cultivars such as 'Black Swon'. ‘Rizemal’. Rosario Bisnen’,
and "Kniji' weee susceptibibe, while others sech 3¢ Campbetl Eardy', ‘Niagary’, “Sheridan', and Teoran Queen’
wens found to be resistant to amttracnose. Vipeyapd evaleation showed the same resobes, The sesalts of brosssay
with culture filirtes of the pathogen were consivient with those from pathogen inoculation and screesning in the

vingeyand.

Introduction

Chrape (Vitix spp.}, one of the world's
most important fruit crops, is subject o
a mamber of bacterial, fungal, and viral
diseases (6). Grape anthracnose, caused by
Elsinoe ampelina Shear, specially damages
European grape (V. vinifera) and its hybrids
grown i warm and bumid climates (6). The

pathogenic fungus attacks all aeria] parts of

the vine and overwiniers in dead canes and
fruits, making its control very difficult (3, 3).
Developing resistant grape cultivars against
anthracnose 1% needed w reduce the labor
aid cost of chemical spraying and to produce
marketable grapes, In the development
of grape cultivars resistant to the disease,
the selection of resistant genetic resources
is initially required in the grape breeding

Sereening of discase resistance i planis has
been conducted throagh a survey of nateral

infection i the vigpeyards wnd pathogen
inoculaton  in  greenhouses.  However,
thix process takes time, 15 very costly and
inefficient v screening of perennial crops
like grapevine especially for ldarge scile
management. Resistance to grape anthracnose
has heen ¢valuated in mative grapes as well
as other grape cultivars {3, 7, 9, 13, 14). In
previous studies, there were neports on the
development of an efficient sereening system
for resistance against anthracnose among
grape cuittvars by pathogen inoculation
(17) and by the use of culture Ritrates from
E. ampeling (18). Hence, 1t is necessary 1o
examine the degree of nesistance in grape
cultivars growing in the country using an
cificient screening system,

Sereening of grapes resistanee or tolerance
i snthracnose i3 one of the most important
steps in developing disease resistant plants,
It is uswally done by visual imspection

" Natiomal Forteotuesl Reseireh Fntitate, RDA . Suwon $40-706, Kovea, hikeun Gvda_ o ke
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Developing a sereening system for resistance to anthracnose in

Erapevines using o

Hure tiltrates from Elsinoe ampeling

By H K YUN*, .5 PARK, I H ROH, Y. 1 CHOl and & B JEONG
Natonal Horticultural Research Institute, RDA, Suwon 440706, Rapublic of Korea

(e-mail: hekeuni@rds gokr)

This sindy simed to deteiraira whecher exkbare Bliratun preduced by Karee aecpelne Shear could be wmed ma o
vabatlost for puheges ibcculwian or ald screening of grege cukivaes fee reshoszon oy sisthencnow:. Blosasys of

prape heeves suing oiltere Plgsies showed thae thes

idten wate hoataslsctive. Bl scetaiw exieace of

rukuire filtoses showed che wnivve neciddes sird ko mlmﬁ?iwwnm gwﬁm cuitivaics, Thy ranpe of plaitisasinidvw

ﬁﬂ mklh Blteatex of tha Mﬁgﬁl woed theit ethyl soedate woivects v cormii sl with the host ebgs <F the paibageis.
tihle cubivar wore sbeitios 2w 4 H@h{&lﬁad coliure thirsies. Howerer, teshiare culiivars wene: et

tﬁxud eesn by the srigined culture Ritraies Sus

thar in higils»-dimﬂ codture filtinker. Thing
et }eﬁmﬁal isocuisch, of i Held ot o wv

mfﬁm e, one of e Waidld's nreai mmmx

Birgit crepn, B wusieri b @ ouinber of beckerisl
bubgel, and wriml dinensen [Miics, 154 lﬂrnEi
sirthrachoms, caued by Eltear ampeiine Shenr, offsch
Evrrpenn Siupen. 1 wintferg), it partioalar, axd ¥
winthra bybidds prowing 1 ween abd bsmid dimeis
[Hi: 178, Tkh pathaeiic fubne wescks all seial

g - ﬁmmadmw&:m i dead cxzes. eid
™ muking comral diffioul fﬂmjm 1900 Meppoxy

e ol P34 [i ooy b devebypograpw aiitivai dise
rre heaBinks bs arihoscions i L f edoo laboar
rird chenical apéuping castn, snd. v m&m rarebeiable
grapes. Lo daie, limiied Edoriacion schiy oh mahiais

2 mthmﬁm arsuzy prape rukivars preown in Keesa
[Movtermen, IR, Yun vz o 2005], Heteox, thisre bn seed

b dilﬂiﬁj! siy wificiebyi xmﬂ:@ Rwshe s o tent the
%* of rudwtavre sinsiy axiiing sad mee g
& i 3

Scraaping Bor the pwdstarce o talerswoe of graps
mﬁm b3 Erekracuoow v oee ol the ot inpnmms
wiepe b thae duwimpm sk of dhwsre-pedvixvs plasin Hois
mwindly schidecies - vires] lnspactien af panwnl
im:mwih ﬁm5ﬁaﬂt ab by pathoges lnoscalaticn nihs
presahease. Hamdnivhos o aﬁi&'lmmt ey bams
evabinced 1o naibex %}.’ﬂ:t st well s b . iy
[Kitajima, LRED wriensen, LITL ﬂnng._ j & I B
Whm&ﬁm sred Charedy, 1IT); Weisg o o, i 2148
Hampver, siay avaluaiics syuin the mi&w ity nataind
ipEaciian o }m:imn' iscdeidon i - Whiﬁg,
cotly abd uﬁﬁkﬁm for perenisl sraps sk m
pregevines. It mbsx  bwepalrsn labpe-scale Em}&
RS BN R it Furﬁnrunn, i 3 difficulr m dhuibonaind
dexreas of Livierine dnte: redxianoe hwuml Eravpactian

Vekistiara fn teshiszm o Ielstatoe ko anthiscicee

s Aathee ke Comepoaines

£ YD) extinia, i wes. 1o

s ihe cultivain vwere st sebiitiee to sbdibcied culiiv Bltcates

tlﬂ: saliaie fikines of the
wv sleshe tentaioe v ynihirsdhose iy

thospani culs be used wean shisiendive
B grapevibas

amig mnpe& mﬁ%ﬁ have best cepaniad, Fod Endsxin,
¥ o) %ﬁhmpﬂhh EE ¥ izbnucr sind
habirlon. wens mmm nrundmhmﬁmj viad ¥
ratiedt ity wen ———— JEM T TR
Mavtotman, 1570 Olna. 1871 Wﬂhyaﬂi:;hl liul
havein, (3 TR Waagai o, 1554). M@rmnllﬁﬁirw:‘kﬁ

3 neihod i mdﬁ:ill inaculatices of yourg arape
mudlibn wik £ ampefioe end Jusid thet loceulstion
wea Jemy relizhle thax seversl wsary od vineyedd
absetvusicts during the wann, bensid Suenmer tooxths,
Marsezsen (1301 reported thae, becvear of i:aiﬂm in tha
spatulatiod of the paileaget dirig peat decivas sasr
Tmmbh b devalap s feliatie
soretew of spores for arefidal rorkening of pruag
ssedling {t: tbim difficult o Induos wyrondsion of
Einve x o wickicial medis {Timbwsr v of, PHIS;
Whitenide, 1075, lo 3 phevican repote, b@uw:i' W
descibed wh efficient wpsban. bot spairulsdan of
E m:r by miurihs: i ﬂ.];_fki miil, grimding ntxd
LLCR -$i'tiu-f ' :':h%h‘m
ﬂ‘mﬁh@ »"l Uﬁfy sgn b NENT wndet raaia n'wi:»im
lilhi ey o af., Kﬁﬁ] In addibion, . mkar 2 o
EW] selecied dhsm-cednizn ¥ wmfm ‘ﬂlﬁrﬂamy
planks i wiirs ming s culuie Bliczia of E awmpitea,

1 & hand be disgrone snthivetoes o o deistmian
divenme resiwinnoe by timplm vimgi inepecticn of
aytopicom sopreasiog. In vinea 1 b sbe cosbadbg e fhe
svirgicEn inay e Elteeheed by mwussy snrianinerial
Eacicis Bim, therw v 2 besd for o mcke detsled,
qusiitintivs whd vertrnokic 1m:ﬁm§ raethad to

derermine perhtansy i snchisnose B srapavizes, oind
s selecy terhiaat cxdidveeis oire o bieiviby
Thi sady alrmed o derskop ¥ eHlicuat :cmmtg

sywhere fud tewhitavoe. to nivibiscree: (i ghope e uitsg
yourg leswes vad the mecctdery motabalies of the
pathrpes. 11 the phytioxdcsgesn

- 83 -



. Plant Breeding 2007 A Al o A (accepted)

Identification of SCAR and AFLP Markers Linked
to Resistance Against Anthracnose in Grapes

Ki Hoon K1m Hae Keun Yun® KYO Sun Park and KWon
Kyoo Kang

lDepartment of Horticulture, Hankyong National University, Anseong,
) 456-749, Korea

Fruit Research Division, National Horticultural Research Institute,
RDA, Suwon 440-706, Korea

"Correspodence: kykang @hknu ac. kr

Abstract

The aim of this study is to select molecular markers from grapevines for the
purpose of efficient early selection of phenotypes resistant to anthracnose in
grape breeding program. Through screening 209 primers against the resistant
bulk from 11 grapevine varieties versus susceptible bulks of 9 ones, we
selected primers, URP6, OPAB14, OPBl5, OPB17, and OPABI18. Southern
analysis showed that hybridization with fragments from OPB15 and OPABIS
as probes generated specific bands in anthracnose-resistant varieties. Based
on the nucleotide sequences of clones, OPB15i300 and OPABI18gy, new primers
were designed for the SCAR markers. PCR  with SCAR  primer,
SC-OPAB18sw, showed a single band in lines resistant to anthracnose which
is absent in susceptible lines. This result suggested that SCAR marker
designated from RAPD markers is linked closely to the locus determining
resistance to anthracnose, and could be used for the early selection of lines
resistant to anthracnose. Of the 213 seedlings from 4 vareties, 163 were
resistant and 49 were susceptible to anthracnose. The segregation into
res'stant and susceptible classes was reasonably close to the expected ratio of
3:1 (X° = 0.06-0.32), indicating that anthracnose resistance was controled by a
single dominant gene in grapevines. Seventy two combinations of 9 EcoRI-+
NN(N) primers and 8 Msel+NNN primers were used for AFLP analysis in
resistant and susceptible bulks. Of 72 combinations, 22 primer sets generated
DNA polymorphic amplicons between the two bulks. Further AFLP tests with
DNAs from their parents showed that of 22 primer sets selected preliminanly,
primer set of E2M2 generated 200 bp long band specific to resistant lines.
These markers could be useful in the early selection of seedlings resistant to
anthracnose in grape breeding programs, as well as in the identification of
anthracnose resistance genes from grapevines.

Additionalkeywords: phenotypes, breeding, bulked segregant selection
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Grape and Grapevine Rootstock Breeding Program in Korea
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Several Korean wild Finr speciss bave feen coliectad reainty fom moastin e all over Yhe country, suinained in the viseward, md
ased for improving mape aduvms st National Horticultwrsl Besearch Mstitwe (NHRI, Pazal Development Admimstration (RDAL
Dmmg the awrly 1060, NHED Bad developed mud referiad aizhy nbie g.w]:»e caltvars, naneely: {haoag@oa“ ‘Hangday', "Hopgesnl',
“Tammze, ‘Yinok', 'Feuisgamul "Heukbeseok', asd Sk’ Ar addirional ¢ graps cuitraes, namely: “Tamag’, "Sweaug’. ‘Beukiisino’,
and “Topas” were developed by the Provincal Grzpe Expermects Statiuas 2zd the Gasgwon Nations University. Evaluasion 2ad
screening procedies for major disease resiviance had aim been deweloped for zoape seediings 2ud germplazms. The penptic xealysis of
seediessness 13 Bemses and appliation of wolecwiar Wciogy techmques for disexse Tesistance screeming provided a viabie tocl in ensaring
2 highly efficient grape breeding program. The demand for srefied saions on resistant rootstacks increased with e growing peocaiiy of
srowing grapes under winyl houses & well 25 minindnug vise danage from crown gall and phyiiogera infecton. Yet, there had been mo
serions breeding program for gZrapevine rootstacks being fmplemezted B was oxly cmiid ﬂ:e wte 1900s that fvterests anmd afforts wars

nadertaben by NERI deveinD Tootstocks from the nxtive wild goape penuplism sutsbls to Korear mowing conditens.
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INTRODUCTION

The grape industy i Kores shows 2 positive wend @ terms
of increazed srea and produciion velime, Theie increazing
reads £an De shTibutad 1o Se ease of itx culivetion, Righer
marke? price compxred to other fuwit oops aud Incregung
cmmmpﬂm it baing conziderad 25 2 healthy food.

Creitke the major producing counlries, Kocesn grapes
are producad mainly lor table use and @nl} 3 muall porton
iz nsed for processing thongh it kad been zrowrn for mere
iaan 1,500 vears in the counpy. Diffsreny grape fuiivars
are grown matouwide dependinz on the yeevsiling Climare,
The Ewropesn CUNvars can grow well in e portharn areay
whher eer-vwantering svitern like ‘hilling’ wander the mami
However, piost Amsricas cuftivars and their hﬁ'ﬁﬂd& with
Eurcpean raldvars sre more adapred to Koresn ciimstic
roidisions axd can groawwe withent westuwent for over-
wintering. Por m I%Et& e cold-had caldwar, “Conspbell
Exly’ ocrupies 73 3% of the rotsl prﬁductm are8 while
Kyodo" sccnpies 13 1%, sud ‘NMuscat Bailev A, 3.8% oo
an aggvegate 93.3% of the toal aves cultiveted for EIPE
prodictica AT 20583},

With the mowinz desod for the frut, svatiability of
goad guality varieties {5 ecessary to compere with $e -
ported zexpes. The fuitivation of tetraploid grape cultivers
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i vyl zreenboeses swch 23 ‘Fiowe’, ‘Fujimined”, aud
‘Howey Black’ which are nued for thaiy large-sizad berries
sud excelisnt raste hecomes popular as well as the Eurppesn
Zrapes, namely ‘Rizansar’, Tealis’, and ‘Rozasic Bisnco® for
teir Aigh f.rmt qurlity. %}espim- tase devaioptoents, it was
desmsed importaas 1o fiurther develop new grape culiivars
that are well sdsgeed to the Korasn clinste mmd growing
creditivas with epxphasis on cons:pmers’ quality preferences

Tais sindy deais on developing new grape culvars witk
resistance to mane dizesses as well az the npdstes oo fhe
geruplsem collerson of wild grapevinss, and rooistock

bresding rrogras in Xares.

WH.D GRAPE GERMPLASM CONSERVATION AND
UTHEEZATION

Armeme the 30 Asianc grape species o eqstern Asis, the P2

evrenzis Bupe., V. Yexuoce Thumb, P coigneria Pullias,
and T, thaonboypit are Snowy 1o be native fo Korea, Although
commenly koews Pl aomurensis Rupr. bas not been ulti-
veted, the edible Evits from Aus species are collected 2nd

wsed as Fosh Fud, juice, and wine i niountain areas. Fo-

resr wild zrapes were collected mainly fom wonntsin areas
all over the counwy and mantained a5 grspevine gemmplasm
far breedinr partcularly those possessinz wmique charac-

Retobres B8 Boseutey, SO07. arorping; 13 Rl 2660,
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