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SUMMARY

Agrobacterium vitis 1s a causal agent of crown gall disease on grapevine. A.
vitis has been classified as three biotype of Agrobacterium spp. Nomenclature of
genus Agrobacterium is now revised as Rhizobium. During infection, the T-DNA
region of Ti-Plasmid is transferred and integrated into the plant genome, where is
expression results in the gall formation. This study was aimed to develope
systemic control for crown gall disease of Grapevine. The three detail research
subjects include propagation and selection of A. vitis free grapevines,
establishment of detection method of Agrobacterium vitis using DNA markers, and
cultural control of crown gall disease. We have isolated a variety of A. vitis
strains from grapevine cultivars and investigated infection ratio on grapevine in
farm fields of Cheonan and Ansung areas. In Korea, crown gall disease of
grapevine has mainly been problematic on cultivar Kyoho since the stems of the
cultivar were buried in soil for overwintering. High infection ratio of 78~85% was
observed on 7~8 years old grapevine cultivar Kyoho in Ansung and Cheonan
areas of Korea. While the symptom was not observed on cultivar Campbell Early
that is being cultivated in farm fields. The cultivar Kyoho was introduced from
Japan and its stem cuttings were planted in soil to select crown gall disease free
grapevines. Crown gall disease was not found from tested 600 stem -cuttings,
suggesting stem cuttings of grapevines are infected by A. vitis. Rootstocks of
grapevines were tested for pathogenecity to A. vitis. Rootstocks, 3309, 101~14,
SO4 and 3306 were resistant to A. vitis strains, but Kyoho and LN33 were
susceptible to the pathogen. Soil samples were collected from grapevine (Kyoho)
farm fields of Ansung and Cheonan areas and were applied to isolate
Agrobacterium spp. on rich medium King's B agar and selective medium RS
medium. The cell density (10" *cells/g) of soil bacteria was formed on RS media,

and the formed colonies induced crown gall on cultivar Kyoho. Primer sets derived



from sequences of PheA and VirA genes were used for specifically detecting A.
vitis strains. PheA primer was problematic in reproducibility and non specific
bands and VirA was limited to detect diverse A. vitis strains. Twenty two URP
primers were used to reveal PCR polymophism in A. vitis isolated from grapevines
and crown-gall of them. The primers URPZR, URP2F, URP17R and URP4R were
useful to produce polymorphic bands in the isolated. Two polymorphic bands that
are shared in A. vitis strains were sequenced to design primers. The primer set,
named AVSZ2 and ACV3 could reproducubly be used for specific detection of
various A. vitis strains. Primers, URP2R, URPZ2F, and URP4R were used to
fingeprint the 64 isolated bacterial strains and the PCR polymorphic bands
amplified by the primers were analyzed to construct UPGMA dendrogram.
UPGMA cluster analysis using URP polymorphic bands revealed 6 clustered
groups, showed genetic diversity among strains. Cultural and chemical control

methods were applied to control crown gall disease of grapevines.
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T e UAE eAE= Agrobacterium vitisol 7FEE A ZE AAZ B
Aol Aoz Mygs|ojol =l A vitis-free HE A7) Q&M T2 Y A
gsto] HAds AAstE WHE AREEh 12y 30~60% E<te] 50T d'A 7t
A vitis FE A FEAZARE ] AAD F= gldv st Bur F, 1996).
Wample(1993)2 50C RHU} ¢ 2 XA d8AeEr) 7Mestda 9oy Burr &
(1998)2 50C o]/de] i Ed%
Burr 5(1987)2 A vitist: EEAoIAE AEHAAW Z‘{E‘Jr‘j% AujabA] ekt

ol A= AEHA &gken, Burr 5(1998)
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A vitise =719 FEH 9 AAE SEA AstnE L& Auisks St A4
Fofl A7 YA FEE Folslojof st (Lehoczky, 1968; Braun, 1983; Burrs, 1998).
B SR FAAoA Wo] B A Al st HAHE TIAE AEA

Y5k=dl(Person? Goheen, 1988), 53] 7|1 xx0] $2ZaE L2717 AL 3
Lol o] Al ks Al o] &= tH(Schroth -5, 1983).

Eg g ol ofst FFA Al s Y] 3 FHoRE Ik E7]E BEo] viE
st o] HAHNAE Z7)o] A7 A7) H$EZ(Person?} Goheen, 1983) 7153k
A ZelvF BAsA Be s AdEste] A etelor drkBurr 5, 1998)aL st

Ty Ao wie ARl WPoRE B Hi 9l
o} AlA o8] Uetel A B E QA A rhizogenes strain K845 o] &3le] ¥ x g
e tis] AETH WAE st Jh(Kerr, 1972).
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ERUIA] = @&ow, A vitis F9ES dASHA XS (Burr 5, 1998). o]# gt o] fF = E
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2
whafste] Smee] Aol Wi ERtsiith EF NS dAIFo® FA st 20uE
nutrient agar (NA) v Ao Z=wgst of& 289 s-27]ol A 48A17F w438 Si .
2 o] UEMY colony=ol MZy R ko] Agrobacterium £33 +AFSF colony S wlo]
veast mannitol agar (YM) AFHu} Aol o] 2l3}e] 28°C 2] ghZ 7)ol A 48413t wlj &F3}aL
AAp e EElste]l 4ToAA Bastar Aol ARE-ghot

HAAd A4S TSA medium (Yeast extract bg, tryptone bg, sucrose 5g, K-HPO,
%H4100ml, pH66)ol FEake] 28°ColA 29, 52Uk wjerd o A}
gtk MUY FAe I, BEvE 27 2 % S/ gAsgth g a4

& Ag Al skl oF lem FAR Add F Adde] 10°cfu/mls =) ATt

2g, agar 1b5g,

i

S 10w HFste] 2AHNA 7~149 Fol ] JA FFE ZASEAT

oo WdAdo] sow #FE 10%ells/mliz =2 84359 biovar 74 8] A ol
HFsle] 28T 9 g27]oA 44z vt & AguA]o) A AAdFFo weh biovarE
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Medium 3 DG (for biovar 3 strains with selectivity based on D-glutamic acid
and tartrate).
Solution A: water, 500 ml; sodium tartrate. 2H-O (25mmol/1), 5.75g; D-glutamic
acid (4% aqueous, pH 7 with NaOH), 15ml; NaH-PO, 2H.O (40 mmol/l), 6.24g;
Na;HPO4 (30mmol/1), 4.26g; NaCl (100 mmol/l), 584g; MgSOs 7HO (1.0 ml;
Congo red (1% aqueous), 2.5 ml.
Solution B: water, 500 ml; MnSO,. 4H.O (5 mmol/l), 1.12 g ; Davis Agar, 15 g.
Dispense solutions A and B separately in 50 ml lots and autoclave at 120C for 15

min. Before pouring, add, per 50 ml solution B, actidione (2% aqueous), 1.0 ml;
NazSeOs. 5H.O (1% aqueous), 0.5 ml, solution A(at 50C), 50 ml. A precipitate

forms and is redistributed by recapping the bottle and inverting several times.

(Brisbang and Kerr, 1983.)
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Table 1. Incidence of crown gall on Kyoho in Cheoan area

] No. of No of Palnt with
Plant age Area  No. of field plants plan;sal 11Wlth gall/T%il plants
Ibjang 1 2,500 518 21.0
Seongger 1 132 34 25.0
’ Gigsan 1 145 43 29.0
Average 925 198 214
Ibjang 2 1,350 938 69.4
Seongger 2 1,376 780 56.6
e Gigsan 3 1,029 722 70.1
Average 1,252 813 64.9
Ibjang 1 500 418 84.0
Seongger 3 1,728 1,384 80.0
ot Gigsan 3 1,190 938 78.8
Average 1,139 913 80.1
Ibjang 3 1,480 1,271 85.8
Seongger 2 1,168 1,079 92.3
Over 8
Gigsan 3 1,094 870 79.5
Average 1,247 1,073 86.0
Average - 65.6
ZAFZIZE 12002, 4. 22~23
T FAAY ReEY BAFE U BAYES 2AG A}E Table 29 2k
A o] A A e AR EHFEo] 14~100%= Awj gl wep A xfo] 7t
AATH Mok ABET Lo X AHIAE 23~97.9%2 AW ELA o we} Lo
Hol7b wi- thstdth. 23y oA =AM = AEol 04%, Aol
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Table 2. Incidence of crown gall on grape veins in main culture area

Area Plant Variety Total Plant with Plant with gall/

age plants gall Total plants(%)
Anseon(Field) 6~8 Kyoho 480 366 76.3
Anseon(Field) 6~8 Kyoho 400 85 21.3
Anseon(Field) 6~8 Kyoho 400 43 10.8
Anseon(Field) 6~8 Kyoho 600 365 60.8
Anseon(Field) 4~5 Kyoho 528 330 62.5
Anseong(house) 4~5 Kyoho 576 576 100
Anseong (field) 6 Kyoho 315 294 93.3
Anseong(field) 8 Kyoho 240 235 97.9
Anseong (house) 6~8 Kyoho 209 7 3.3
Anseon(field) ” Kyoho 493 7 14
Cheonan(field) ” Kyoho 480 470 979
Cheonan(field) Y Kyoho 468 52 11.1
Cheonan(field) " Kyoho 372 8 2.2

,33,



Table 2. Continued

Area Plant Variet Total Plant with Plant with gall/
age Y plants gall Total plants(%)
Okcheon(house) " Kyoho 550 51 9.3
Okcheon(house) ” Kyoho 488 7 14
Gimcheon(house)  10~12  amppell gq) 11 1.8
Early
Gimcheon(house) ’ Campbell = 1) 12 1.2
Early
Gimcheon(house) ’ Campbell — oes 11 3.9
Early
Gimcheon(house) , Campbell o) 0 0
Early
Gimcheon(house) , Campbell o 0 0
Early
Gimcheon(house) ~ 6~8  CAmpbell - aqp 0 0
Early
Yongdong (field) ” Kyoho 550 2 0.4
Yongdong (field) ” Jaok 252 30 11.9
2002 119 4-5¢ =A}+

Fig. 1. Crown galls of grapeveins
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e AMEG % EEA0] ANkl Wmsh ZTe Al WEE A 23} Table
31 2l BE9ke] AwmA s 10'~10%ells/g Bl &2 X391, Agrobacterium A
el A s 10°~10%cells/g HI& 2 R HATh % F719] AvAEFE 10°~10°
ol i, Agrobacterium B Ao A= 0~10%cells/g M &2 Ea o] Ek
Ho} gurzog o wgw Beuda 14709 Agrobacterium A B H] A ol A= A
ol HElEx &gttt WEZoAE AWkl SE 10°~10%ells/g R E7F 107cells/g

%717} b4 ATt Agrobacterium A A= 10°~10%cells/g = 2] ¥ 2Lt}
ol 3} ol Agrobacterium AR A L FE Aol #EHASH, 53I

5o gt A £ wx2 E2HAY

Q
D
=
192
~
0Q
I,
o

Table 3. Bacterial concentration of soils, grape plants and galls

Soil Grape plant Gall

King's RS King's RS ing’s RS

medium medium medium medium medium medium
1 2.0x10° - 1.2x10° - 107017 1.4x10’
2 15x10°  6.0x10°  72x10°  45x10° 10701 9.6x10°
3 40x10°  1.0x10°  1.8x10"  56x10°  4.0x10°  2.4x10’
4 35x10°  65x10°  34x10"  84x10°  20x10°  1.4x10’
5 50x10°  6.0x10°  75x10°  3.0x10°  107¢]4  3.2x10"
6 15x10°  20x10°  43x10°  12x10°  16x10°  1.4x10°
7 50x10°  9.0x10°  4.0x10°  45x10°  107e]  9.0x107
8 1.1x10°  20x10°  23x10°  1.3x10"  4.0x10°  1.3x10"
9 55x10°  3.0x10°  1.1x10° - 10701 7.0x107
10 70x10°  25x10°  1.3x10° - 107012 4.8x10’
11 70x10°  1.7x10°  1.1x10° - 47x10°  2.4x10°
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Table 3. Continued

Soil Grape plant Gall
King’'s RS King’'s RS King’'s RS
12 2.4x10°  3.0x10°>  7.0x10* - 107012 3.2x10°
13 3.0x10°  24x10*°  1.1x10° - 10701 1.6%10°
14 9.1x10°  1.0x10*  1.7x10° - 48x10°  3.4x10°
15 19%10°  6.0x10°  6.6x10" - 3.0x10° 1.4x10°
16 28x10°  20x10°  75x10°  35x10° 10701 1.8x10°
17 35x10°  7.0x10°  54x10° - 15x10°  4.3x10°
18 2.0x10°  25x10*>  8.3x10 - 44x10°  3.4x10°
19 3.0x10"  75x10°  4.3x10° - 6.0x10°  1.6x10°
20 75x10"  50x10  3.3x10° - 40x10°  4.4x10°
21 15x10° 1.1x10" 5810 - 2.0x10°  1.4x10°
22 15%10° 1.0x10°  35x10°  1.3x10°  4.0x10°  1.7x10°
23 15%10° 3.6x10°  2.6x10° - 107012 1.2x10"

B¢ X% &7 2 302 8Y Agrobacterium AEuA 2 B3 AT EvlEL

Aekadd gol F& FAsts #F7F S22 YEstH(Table 4). B¢ o278 2

Lehoczky(1968)= el o] e &7]o] =35 AEd, Fo] gl 7|24 H
(Lehoczky, 1978), ¥e] 25-€ (Lehoczky, 1971) Agrobacterium vitisE &3t thaL
stovt & Aol wig e WEE FEEo] AR FEuHs Jidsior &
Ao yeherct,

ol A3} Zro] Agrobacterium A A= B H Alit FollA o] &S A

,36,



X

°
rlo
POV
rlo
)
e
o
=
2
>
rlr
r>~
)
=
N,
2
>
ofN
1>
ok
4»
X0
rlr
By
4]
o
i)
kv
rlr
Py
o
o

vslal Agrobacterium < e Bo] EAGHA S-S ouidt} upepA] A e
Ao 2 w59 WEE HAYSges AL 23T Ao dAddn

Table 4. Tumor formation of bacteria isolated from soils, grape plants and galls

Soil Grape plant Gall
No. of No. of gall No. of No. of gall No. of No. of gall
] formed ] formed ) formed
1solate . isolate . isolate )
isolate isolate isolate
1 4 0 233 0 27 0
2 3 0 126 0 192 2
3 8 0 36 0 - -
4 7 0 61 0 - -
5 10 0 2 0 10 0
6 30 1 856 0 - -
7 10 0 808 0 18 0
8 22 0 90 0 - -
9 11 0 256 0 14 0
10 14 0 166 0 95 0

oo B HE s AFA vlEdd Agrobacterium vitisE ¥ HEd] S

saetel HEW A9E Sol da YHHA gkor
10° cells/ml o] ol 3= o] wAstg o WHnlEsl Wron] Fo A7|w A¥o
vkl gt} S04-2 HEL SO4-1Rth W& A5l 107 cells/mloll A 28}
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cells/ml9] FEo A W adth 5C &2 10 cells/mlo| A Zo]

10° cells/mlol| A= oF7F @A}l T}, A 34 o) 2o

[e] —%l = }\]oﬂ

o

Aol Tl ww7b 10° cells/mlsl A& A9 §1&

A e
A FuelA A vitise] AEE WS W] e AF YEF Anuk Ho) 0y

N
2% P25y e AR FFl U ANSEEA L P gel g A
49 Be A2

Table 5. Evaluation of resistance to crown gall in grape rootstocks

Isolate
Variety
YK2823 YK3312 LMG259 HKAZ234
Kyoho +++ +++ ++ +++
Campwell Early ++ + - +
5CC ++ + - +
3309 + + - +
5BB - - - -
1.N33 +4++ +++ + +++
1201 ++ + - ++
188-08 + + - +
3306 - - - -
CF ++ + - +
101-14 + - - +
504 - - - -

,38,



Fig. 2. Comparison of tumors formed on two grape cultivars and three rootstocks

after inoculation with A. vitis.

Table 6. Development of tumors on rootstocks by different concentrations of A.

vitis one month after inoculation

Bacterial inoculum Tumor size
Rootstock (cells/mD) CNU Bl ST

10 - —

10* - _
SO4-1 .

10 ++ ++

108 ++ ++

10 - -

10* - _
SO4-2 5

10 ++ ++

108 ++ ++

10 - _

10* - _
5BB-1 .

10 + _

10° 4 +

10 - -

10* + N
5BB-2 5

10 o +

10° AR +

,39,



CNU 64
++
++
++
e+
e+
e+

over bmm.

Tumor size

CNU 51
++
++
++
+++
+++
+++
: 2~bmm, +++ :

++

10°
10"
10°
10°
10°
10"
10°
10°

(cells/ml)
: Tumor size 1~2mm,

Bacterial inoculum

Rootstock
5C
: No formed. +

Table 6. Continued
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Table 7. Test of crown gall bacteria free plants

No. of No. of No- of No. of No. of No. of

No. plants gall stem plants No. plants gall stem plants
formed cutting gall formed cutting gall

formed formed
1 0 40 0 9 0 40 0
2 0 40 0 10 0 A0 0
3 0 40 0 11 0 0 0
4 0 40 0 12 0 40 0
0 0 40 0 13 0 40 0
6 0 40 0 14 0 40 0
7 0 40 0 15 0 40 0
8 0 40 0 7 0 600 0

Table 8. Test of crown gall bacteria free plants on grape clones

No. of stem No. of plants Growth

Clones No. Plant . ..
cutting gall formed condition

CNG 1- 40 0 good
40

40

CNG 2- 40
40

40

CNG 3- 40
40

40

W N =W NN =W N =
O O OO O oo O

,41,



Table 8. Continued

No. of stem No. of plants Growth

Clones No. Plant . ..
cutting gall formed condition

CNG 4- 40 0 good
40

40

n

n

CNG 5- 40
40

40

Vi

n

4

CNG 6- 40
40

40

4

"

"

CNG 7- 40
40

40

n

n

n

CNG 8- 40
40

40

n

4

4

CNG 9- 40
40

40

"

"

n

CNG 10- 40
40

40

n

n

n

CNG 11- 40
40

40

4

4

"

CNG 12- 40
40

40

"

Vi

Vi

CNG 13- 40
40

40

n

n

4

W N H[WN HWN W N FHWN FHWN WD WD WD =W
O O OO O O O OO0 O oo oo oo 0 oo 0o 0o 000 0ol
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Table 8. Continued

No. of stem  No. of plants Growth
Clones No. Plant cutting gall formed condition
CNG 14~ 1 40 0 good
2 40 0 "
3 40 0 "
CNG 15- 1 40 0 ”
2 40 0 "
3 40 0 "

2. EYo odAE ZFA}

Atz ko] ABAluls ol A EYS AFH S King's B agar 8] #]¢} RS/ &l nj
2| (Agrobacterium)ES AF&3te] Al E =S ZASE A3l Table 99 #Zth Bkl A

7 EEE 10cells/g Wgon RS A A E 10" ‘eells/ge] WEZ Ea 5},

ey Ao A 7 sample @ S0FFH S AwEel Fo WAL A A
0~2 #Fure] 52 PAstgon] e ¥ 32 A4aA Gy old@ 2

= =gtk ol EAAS st i EA marker®] AREo] &S =

3 Aow A7,

O
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Table 9. Concentration of total bacteria and gall formed bacteria isolated from

grape cultivated soil and grape plants

Bacteria (cells/soil g) No. of gall formed isolate
Field No.
King's medium RS medium No. of isolate No. Of. gall
formed isolates
1 2.0x10° 2.3x10" 50 1
2 1.5%10° 2.9x10> 50 2
3 4.0x10° 1.0x10° 50 1
4 35x10° 6.5x10” 50 0
5 5.0%10° 6.0x10° 50 0
6 1.5%10° 2.0x10° 50 1
7 5.0x10° 9.0x10” 50 0
8 1.1x10° 2.0x10° 50 2
9 55x10° 3.0x10” 50 2
10 7.0x10° 2.5%10> 50 1
11 7.0x10° 1.7x10° 50 0
12 2.4x10° 3.0x10” 50 1
13 3.0x10° 2.4x10° 50 2
14 9.1x10° 1.0x10" 50 1
15 1.9x10° 6.0x10” 50 0
16 2.8x10° 2.0x10° 50 2
17 35x10° 7.0x10° 50 1
18 2.0x10° 2.5%10> 50 2
19 3.0x10* 7.5x10° 50 1
20 7.5%10" 5.0x10 50 0
So] WAl §= g ¥ ALg
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Helgovie L2k Ao Avted 542 Table 103 2o Wi d5F=
271 em SA8slaL, D-1uAel A SAslen, WAEAE FAstA FUdrh =

§ g AT FFALE FAHA Fr Tol WRFUL T FHHE

Table 10. Bacteiological characteristics and gall formed of isolates from grape galls

Isolate Ga DI Sp Gr Fp 3K Na Nu Su Er Me Ma
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Table 10. Continued

Isolate Ga DI Sp Gr Fp 3K Na Nu Su Er Me Ma

CNB31 - + - + -
CNB32 +
CNB33
CNB34
CNB35
CNB36
CNB37
CNB38
CNB39
CNB40
CNB41
CNB42
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CNB48
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CNB5>4
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Table 10. Continued

Ox . Gall formation
Carrot Grape

Isolate Ta Pr

CNB1
CNB2
CNB3
CNB4
CNB5
CNB6
CNB7
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Table 10. Continued

Ox . Se Gall formation
Carrot Grape

—
o
)
—
=
o

Fe Lt

@
Z
o

Isolate

CNB40
CNB41
CNB42
CNB43
CNB44
CNB45
CNB46
CNB47
CNB48
CNB49
CNB50
CNBb51
CNB52
CNB53
CNBx4
CNBb55
CNB56
CNB57
CNB58
CNB59
CNB60
CNBF61
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o+ o+ o+t
[

+ o+
+ o+ o+ o+ o+

|
|
\

|

|
.
™

+

o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
+

+
o+ o+ o+ o+ o+ o+ +

+ o+ o+ o+ o+ o+ o+
++++1|L++++++++++++
T S
T S T S S S S R S S T T T i
[
[
[
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3K : 3-Ketolactose production, Na : Growth in 2% NaCl, Nu : Growth at 35T,
Su : Acid from Sucrose, Er @ Acid from Erythritol, Me : Acid from Melezitose,
Ma : Alkali from Malonic acid, Ta : Alkali from L-tartaric acid, Pr : Alkali from
propionic acid, Mu : Alkali from Mucic acid, Fe: Ferric ammonium citrate, Lt :
L-tyrosine utilization, Ox : Oxidase reaction, Ci : Citrate utilization, Ga : Growth
aerobically, D1 : Growth on D-1 agar, Sp : Spores formed, Gr : Gram positive,

Fp : Fluorescent on KB, Ne : New and kerr medium, Sc: Scroth medium
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ol EAgESte] HER 1980d i F-H DNAS °] &3 A= HAA =] A
3]

of Mt ow HEF T F AUk

F Zol&= DAN WHj(3£fi¢ : habridization)2} DNA probeel]l 2|3+ PCRWH o] 7|k
of MA=SY 54FY HAE, AARAUHY HE FH4 FABAEA N e AMEH
itk 53] PCR7IHE-2 19834 w519 Cetus Mulisel 9]3ste] i19t% o] DNAZF
224 Klenow fragment = ©]-&3}o] A& 2vhrh, 19884 Saikiol <3| =3A|
I e u2oix ALEE M Thermus aquatus® FE G <¢kA3E Taq
A polymerase & 32|, o]& 3HAEEH PCRES H|IFHo2 Hg A7 29
H3tk. PCR WHel 7/IE DNA d714E92474, a8, So] Al 9 utole
273%, A Fo| 93 /HAZE DNA band thdA 3ol WA E2A4FE &9 5

A ES A Bye o] 83 2 AEClA Avitise] HEYN 14 dFAd A
Wo g Specific primerd] 23 PCR 4, rDNA° ITS ¥ IGRYY £,
Rep-PCRW, AFLP, RAPD, AP (Arbitrary Primer)-PCR¥ %o] <lt}.  Specific
primerell o]¢F #4112 T-DNA ¥l EAlst= B4 A K44 Q1 vir F44
virCl, virG, virC2, 5o 2RE Eo] primerE wEo] o]&d u} gitd. 18y, o]
DNA vlA &L Agrobacterium. spp.dl HEZ Q] FAAE o] gstozn Eo]A glo]

o2 3 =t vHYA A vtisE AEste Aol A FelY. rDNAEAH-S 58S



9% Eo|4 0% PCR $E3te] 97l de nlwes wi PCRUES ARLAD 4
9 279% dho] DNATRA S BAlahs wolth TSP S 52T & 3= PCR

primer”} 7&E o] < AR7F GRAGHA fdA T 5 e WHely 23 A o]
=2 ARl Aoyt ZAF Aol Al Al AT
AFLP Wi e] 2= genomic DNAE AgtaA2 oladdst & 1 DNA ddHE
o] YEE adaptor® EA AL, FAEH S DNA g7144 o
£ Abgete] 54 AldE A 9ol o 44 E DNA @S SHAZ §F o] FEH4
59 o] F5= vl Aol AFLPE =2 DNA ddAS #AEF & 4= gon
AFdas A, "o, PCREEH & B4 3ol H3stal, DNA = Aoke] A &
Qg A7t olE AF@AFe]l WolA= &del vk RAPD (Random Amplified
Polymorphic DNA)H 2 #-2 primerE F2$E ©]& genomic DNAE F3ZA7]<
Wy o 2 PCRAFHES agarose geldolA A7|d% 3 & B4 & 4 . RAPDH S

vre annealing= %= &7 o= Qlste] H] HolA wlso AE T AdAdo] "ol

rl

¢
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™
M

Aol ArHER A FHtol URP-PCRHo| 23 mAE 9
de] o] ¥ A vk vt AW ASelA wHEEE S48 7 944 DNA
g3l pKRD 97|l E 258 12%F7F 2] URP (Universal Rice Primer)7} 7] o] A}
%3l Atk URP primere B43 5, A& 9 vAd= Fod 25 ol§ 7Fed o
9 primer®Z W ¥ At URP primerd] 7Fd 2 E#S RAPDHH I EAHo] AL
sty 20719 @MAte 2 FAE Oligomer2 4, URPS 3 DNAZFe] & Z(annealing)
225 55T ol el AAl & 5 Qo] AAA o] Holutk= Aol Filolt

B Aye FYed BIsE LxUY =739 (Agrobacterium vitis) 59 4
4 t4ds URP-PCRYES ol&3te] 71 a1 XL Wds Sol4o

e o 9= PCR primer st A& E& /g staak AA s
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A 24 AFE L WY

—t
ol

AEF

B Ao o] &H Agrobacterium 5 Table 11014 & 4 At} tixTo2 A
/3% Standard Avitist T+ 51T AT Ay dolA 2L o
T(YK2794, YK2800, YK2801, YK2823, YK2827, YK2828, YK3312, YKS5050,
YK5052)2F BCCM (Belgium Culture Collection Microorganism)oll Al =943 5
(LMG 256, LMG 259 LMG 262, LMG 8750)& AH&3staith, vmA #F& bg, #
b, 9, WA ddie FrAw) @AM EHFd #EFE FAT Felt. vE
Agrobacterium Fo.ZX+ A. tumefaciens (A-208, A-348), A. rhizogenes (LMG
63, LMG 152), Agrobacterium rubi (LMG 157, LMG 159)2 A}-&-3}%t}.

2. I=Z YT 29 2 HAdAHA

Omloll 304 23] A3t Petridishell 12 244dS A% YA i WA
2 F9E 7 2mme] FWS Adeto]

0.5
o oEAe BASRD 1A 9 Al gAsAG WaA

+

(Nutrient Agar or AB ¥lX])ol streaking &te] F=Hol HAHE colonyE & 3st X
== 5] primere] ©% PCRAAS AAleti A&d 5 EvtE 9 2 X
Lo HEete] HddS &2l sk

EvlE WA AAS oF 0UAALY EnE HES 74
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& skl 19 Fol gall Y4 55 #Fsint

3. Genomic DNAE g

A. vitistt+E X33l Agrobacterium %9 genomic DNAE #2317] $35}o] uj
% Single ClonyE # 3% 5ml NB(Nutrient broth)E Test tubeol| 4 2~3¥Y
s Fstdeh. Mg S 15ml Test tubedl F&3dte] F&8& <45 (200mM

TrissHCL PH 80, 200mM NaCl, 25mM EDTA, 10% SDS) 56740} Proteinase

K(20mg/ml) 3plEs H7istel 2 Mole thg 371C &F=7] oA 1A &3t

IncubationdFt}. o] E3gtHo] 5M NaCl 100uE H7Fste] Ad3s] HojFa of 7]

2xCTAB [2% CTAB(w/v), 100mM Tris-HCl (pH 8.0), 20mM EDTA (pH 8.0),

1.4M NaCl, 1% PVP(polyvinylpyrrolidoneMr 40,0001 80utZ ZH7}ste] 65TolA 10

B2+ W33 70040 Phenol:Choroform:Isoamylalcohol(25:24:1)S o] 2z #Hoj& v}

& 12,000 rpmoll 4 A2 kATt

NS Al tube & &7]3L 0.6 volume Isopropanols #7bsbal 4o A 5&7F W

[e)

O

)

d

o

A3k 12,000rpmell A 53 4 Eefste] DNAS FAskitth. 70%9] ethanol=
DNAH A &S washing o] A&71x 3 % TE buffer (10 mM Tris-HCI PHS.0,
ImM EDTA) 50uol &313Fdth. 10mg/ml RNase 2u0E ¥o] 37ColA 1A17F ®3
sto] 2 Ao FH¥E RNAE #171 a3tk DNA =S S8 E)st7] 918t
DNAZ 1008 343} Spectrophotometer?d] 260nme] Z}gol A A A 3813t}

4. URP-PCR ®r&-Z74

PCRE 93 wbg§x72 Total 50u= 3T ¥H§8 N2 10mM Tris-HCl (pH
8.0), 50mM KCI, 1.5mM MgCl2, 0.01% gelatin, 100ng primer, 50ng Template DNA,
200um dNTP (dATP,dCTP,dGTP,dTTP), ¥ 25unit Tag polymerase (Promega)Z
go AAsteith DNA T%2 918 PTC-200 (M]. Reasearch)Ate] PCR717]1E A&
3}tk PCR program= A< 94ColA 483} pre denaturation A1 & 94ColA 1%
7t denaturation, 55ColA 17t annealing, 72Col A 2% extension 3t¢] & 35Cycle
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AAstg e #F DNA AL 72CoA 10222 39t SEAELS 1.8%
Agarose gel)lA 5vol/cm Z H7|9%F At Agarose “FollA9] DNA A&
ethidium bromide &% S Mslo] UV lamp Aol DNA W=Z FHodsle] 2481

o,

5. A. vitis E°| 7% Primerd & % PCR A& "4

Agrobacterium vitis®] E°] primerE A Z357] 9dte] HAA A Ti-Plasmid
W vir A 9ddoA Fefd Vir A primer set (F:5-TTCAGTCGCGCAAGCA
GTT-3, 5'-CGGCAATTCGTATCACGG-3")¢} A el =4 &= Pectin 3l
842 487 Pectin enzyme hydrolase (pehA) §42 A7 E=5E A 23k Peh
A primer set (F:5'-CGATGGCGGCGAGGATTT-3', R:5'-ATCGGGCGTGAAACA
AGT-3)7F Ag FHdo. =3 A tumefaciens?’t olHet:eE AL Z9e7] 989
Ti-Plasmid We] virC 4] d7IMd= FH A= VCFR primer (5'-ATCATT
TCTAGCGACT-3’, 5'~AGCTCAAACCTGCTTC-3'A)E A2 3ttt

Specific primerE ©]43 PCR ¥3Z4d2 10mM Tris-HCl (pH 8.0), 50mM KCl,
1.5mM MgCl2, 0.019% gelatin, 100ng primer, 50ng Template DNA, 200um
dANTP(dATP,dCTP,dGTP,dTTP), ¥ PCR buffer 2.5unit Taq polymerase (Promega)
& il Total Volume 50d= A3t PCR HH-82 PTC-200 (M]. Reasearch)
9] PCR7]71& ©o]&€3}o] 94T A 4%7F pre denaturation A5 94Co| A 1E3F
denaturation, 60°CollA] 182t annealing, 72°Coll A 18 extension 3] & 35Cycle 2
Alstg o #HE DNA A2 72CoA 5oz Ay SZ22E2 15% Agarose
geldlA 5Svol/em & A7]19% 3l Agarose Aol DNA #HEL ethidium
bromide &l @Aste] UV lamp el A glataitt.

6. PCR A& 9] cloning € 47144 &4

URP2F primerel ¢3le] %3 54 PCR th34 WMEE Agarose gel2F-EH &
Wl F Gel extraction Kit (QBIO Ahol ¢]ste] DNAS #F &Flth. 5% DNA
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|

HH S pGEM-T vector (Promega A} Al&)ol 14 CollA overnightdle] ligation & <
25 E. coli (DHS) celldl & A3t sttt Ampicillium (50 ppm)3# X-gal ©] 3f
st LB plated] @dd8 &5 =wste] 37CAA 1643 B & AxFA et
AZrE = A colonyE A dlo] 5mle] LB brotho] overnight ¥ sl Wizard
PCR Preps DNA purification system (Promega)®. 2 plasmidE A #3112 DNAZH
o] 49 HAE=A IF-E EcoRI Algdass A ste] FAES

Sequencing W32 BigDyeTM Terminator Cycle Sequencing Ready Reation kit
(Perkin-Elmer Co.)& °]&3tdth 971448 A4S ABI 3700 automatic sequencer

(Perkin-Elmer Co.)2 WA gt e] 1@l zinlo] @ 8ol og|sto] 3 Qi)

A3d d3 " uF
1. DNA 2 394 #Ad 92 TEFW 259 g2y

200239141 20044 9] 3ol AA A, <k, A, oA, F9 SAAA e
Wk FEFFOoRTE st A 2 AT Vled wRoR WHukR R
B NA Ao MS widstel 8 A vitis o AFA 3 WS w= At
colonyZ $F& 3fo] g3t NA vjAo] A} streaking 3to] 2 Fot 2| v &)
A Th

Pectate lysase f+73Ate] 471X 4 HAZFH A =S PheA primeret A. vitis9]
Ti-plasmid G99 virA 32 ¢ 54 499 dA7|LEFE Agrobacterium vitis
5ol primer¢]l PheA$t VirA7F B ® wb lvh whebA v=9] A vitis 55 A&,
A sl E8st7] Yste] wiRo] A colonyES FAYZ Yellow-tipl & A&

A AEZE £3 5ol 10 we] B+ SHT7F 59 = PCR FHoA dEsln

PCR WHg-8 948 H713ste] PheA$t VirA primerE # 718 PCR %S A A8t
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Table 11¢] 6475 A% & 4 A} Fig 3& A vitis 755 AEEE 233
FAH HE:S A E HAS e Aotk %9 &9 Crown gallo] &

=
=
<
s
ee ¢ 5 Ak 53 3oL v #32E 4F & 5 A3 £E9 20
g

Fig 3. Crown gall on grapevine and carrot disks formed by inoculation of A. vitis

Fig 4% PheA$} VirA primerZ PCR 5Z3 A}X 22 PheA primer< A. vitist =+
o A1 Zk7} 0.25 kbe} 0.5kbe] PCRMEE % sttt & primere =19 BCCML =
FH BEgutol 272 AFESIEE A vitis 59 LMG 256, LMG 259, LMG 262,
LMG 87501tel diste] EF Hol# PCR WH=& HEF st oy A radiobactor, A.
tumefaciens| A= & W=V HE FHA EAt} PheA primers UWE Agrobacterium
F9l A rubi LMG 157), A. rhizogenes (LMG 152) oA A. vitisol A A&3F 54
& PCRYMI=E F3sto] SolAo] WojA= A& &9l &ttt

Sl A EF 7] oA BEUREE A vitis i+ E  PheA primer® PCR £% 33 &
o FENEA Wl B YK 755  SitFRke] Eo]#9]l PCRUE=ZE &4 319

Sojell Al YRR 441, 448, 451 FollAl 451%F PCRS% = Slth(Table 11).
Ti-Plasmid 9o &A= VirA 2124 971449 B9 =2 2E A 23 VirA primer
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= TYA vitis T LMG 256, LMG 259, LMG 262, LMG 875014+ E5F 05kbe]

% sile, thE Agrobacterium FolM= PCRME=ZE HEHA] ool
PheA primerBthE £ EolAd S H Tl whHo| VirA primer® Sl 44 3
S ul, YKt 5 YK2828, YK5050, YK505291 A7k PCRE % 1o the 359 A

= PCR EolWl=7} A& HA &t} AA "oz A5 AM TS Pectate lysase -
AA7E A9 Bf 3t 9o Agrobacterium €3 B w5 ol wl$- FAME &

A Q71 = g emA Solide] 2o | Zew Alg WAt

virA primer= N3} O/C type® Ti-plasmid® vir A9 S SFZs= Aoz 4y
A glth. wEkA virAel HAE HA FE A vitistFEL UE typed Ti-plasmidS
7bFsstAl H s 7heAdel vk wekA 7] e Al vitis
g0 Eold Ao EA Ti-plasmid?Hs HFdt= A

H {3 PCRT %o
PCRE.-©] primerE 4

vitisttFREe] HE S0l EAHCR dof Hlow o LAlHE sjAdsty] #sA

B 5
=
&

vy
i

= A vitis FHAWY EolAow REF DNA dHo|go] Qd AHo=z AR H
St

A B

M12345678910111213 141516171819 M12345678910111213141516171819

Fig. 4. PCR amplification of Agrobacterium spp. by specific primers, pehA primer
(A), virA primer (B). Lanes 1. YK2794 2:YK2800, 3:YK2801, 4:YK2823, 5:YK2827,
6:YK2828, 7:YK3312, 8YKS5050, 9:YK5052, 10:441, 11:448, 12:451, 13 LMG, 14:LMG256,
15:LMG259, 16:LMGS750, 17:LMG262, 18:A. tumefaciens, A-208, 19:A. tumefaciens :A-348
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Table 11. Agrobacterium vitis strains isolated from grapevines in Korea

Agrobacterium vitis

Pathogenicity Specific primer
strains Geographic region/Host
(URP-PCR groups) Grapevine Carrot PehA virA AVS2 AVS3
1 YK 2800 (1) Kimcheon, Korea/Kyoho + +++ O+ - + +
2 YK 2823 (1) Ansung, Korea/Kyoho +++ ++ + - + +
3. YK 2828 (2) Ansung, Korea/Kyoho ND + + + + +
4. YK 3312 (1) Ansung, Korea/Kyoho ND ++ + - + +
5. 451 (1) Cheonan, Korea/Kyoho + + + - + +
6. LMG 256 (4) A. vitis, Greece + + + + + +
7. LMG 259 (5) A. vitis, Yugoslavia + ++ + + + +
8. LMG262 (4) A. wvitis, US.S.R ND ++ + + + +
9. LMG 8750 (5) A. vitis Austria ND ++ + + + +
10. CNU-10 (6) Teajon, Korea/Kyoho ++ + + + + -
11. CNU-12 (1) Teajon, Korea/Kyoho ++ + + - + +
12. CNU-13 (1) Cheonan, Korea/Kyoho - ++ + - + +
13. CNU-15 (3)  Cheonan, Korea/Kyoho ++ ++ + - + +
14. CNU-25 (3) Cheonan, Korea/Kyoho + ++ + - + +
15. HKA-1 (3) Ansung, Korea/Kyoho +++ ++ + - + +
16. HKA-2 (2) Ansung, Korea/Kyoho + ++ + + + +
17. HKA-3 (1) Ansung, Korea/Kyoho + ++ + - + +
18. HKA-4 (2) Ansung, Korea/Kyoho + ++ + - + +
19. HKA-5 (3) Ansung, Korea/Kyoho + + + - + +
20. HKA-7 (2) Ansung, Korea/Kyoho + ++ + + + +
21. HKA-8 (2) Ansung, Korea/Kyoho + + + + + +
22. HKA-12 (2) Ansung, Korea/Kyoho ++ + + + +
23. HKA-13 (2) Ansung, Korea/Kyoho +++ ++ + + + +
24. HKA-25 (2) Ansung, Korea/Kyoho ++ ++ + + + +
25. HKA-26 (6) Ansung, Korea/Kyoho + + + + + +
26. HKA-27 (2) Ansung, Korea/Kyoho ++ ++ + + + +
27. HKA-28 (4) Ansung, Korea/Kyoho + ++ + - - -
28. HKA-31 (2) Ansung, Korea/Kyoho ++ ++ + + + +
29. HKA-36 (2) Ansung, Korea/Kyoho - + + + + +
30. HKA-37 (2) Ansung, Korea/Kyoho ND S+++  + + + +
31. HKA-38 (2) Ansung, Korea/Kyoho ND ++ + + + +
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Table 11. Continued

Agrobacterium vitis Pathogenicity Specific primer

strains Geographic region/Host

(URP-PCR groups) Grapevine Carrot PehA virA AVS2 AVS3

32. HKA-39 (6) Ansung, Korea/Kyoho ND S+++  + - + -
33. HKA-41 (3) Ansung, Korea/Kyoho ++ S+++  + - + +
34. HKA-42 (3) Ansung, Korea/Kyoho ++ S+++ + - + +
35. HKA-43 (2) Ansung, Korea/Kyoho ++ ++ + + + +
36. HKA-44 (4) Cheonan, Korea/Kyoho + + + + + +
37. HKA-45 (2) Cheonan, Korea/Kyoho ++ +++ o+ + + +
38. HKA-46 (2) Cheonan, Korea/Kyoho ++ ++ + + + +
39. HKA-50 (2) Cheonan, Korea/Kyoho ++ - + + + +
40. HKA-51 (2) Cheonan, Korea/Kyoho - ++ + + + +
41. HKA-52 (2) Cheonan, Korea/Kyoho - +++ + + + +
42. HKA-53 (2) Cheonan, Korea/Kyoho + + + + + +
43. HKA-54 (2) Cheonan, Korea/Kyoho + ++ + + + +
44. HKA-55 (2) Cheonan, Korea/Kyoho ND + + + + +
45, HKA-59 (2) Cheonan, Korea/Kyoho ND +++ o+ + + +
46. HKA-61 (2) Cheonan, Korea/Kyoho ND + + + + +
47. HKA-62 (2) Cheonan, Korea/Kyoho ++ +++ o+ + + +
48. HKA-63 (2) Cheonan, Korea/Kyoho - + + + + +
49. HKA-64 (6) Cheonan, Korea/Kyoho - + + + + +
50. HKS 1-4 (4) Suwon, Korea /1-6 ++ S+++ 4 + + +
51. HKS 2-2 (2) Suwon, Korea /1-3 ++ S+++ 4 + + +
52. HKS 3-1 (2) Suwon, Korea/Hongbusa ND +++ + + + +
53. HKS 4-3 (2) Suwon,Korea/ Kitsaki Red ND + + - + +
54. HKS 6-1 (4) Suwon,Korea /Yangock ND ++ + + + +
55. HKS 7-2 (2)  SuwonKorea/Rube muscat — +++ + + + + +
56. HKS 8-4 (2) Suwon,Korea/T-Seedress ++ + + - + +
57. HKS 10-2 (4) Suwon, Korea/Honey Red ++ + + + +
58. HKS 11-1 (4) Suwon,Korea/R-Biance ++ ++ + + + +
59. HKS 12-3 (4) Suwon, Korea/4-3 ++ ++ + + + +
60. HKS 14-2 (2) Suwon,Korea/5-12 +++ + + + + +
61. HKS 15-3 (4) Suwon,Korea/Fuen +++ ++ + + +
62. HKS 16-1 (4) Suwon,Korea/Big Unicon +++ + + + +
63. HKS 17-3 (2) Suwon,Korea/3-1 +++ + + +
64. HKS 19-2 (4) Suwon Korea/Deabong ++ + + +
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Table 11. Continued

Agrobacterium vitis Pathogenicity Specific primer
strains Geographic region/Host

(URP-PCR groups)
65. A. radiobacter

Grapevine Carrot PehA virA AVS2 AVS3

Belgium/UN - - - - -
LMG 14
66. A. rhizogenes, .
Belgium/UN - + - - -
LMG 152
67. A. rubi, .
Belgium/UN - + - - -
LMG 157
68. A. tumefaciens, . .
A. tumefaciens Belgium - - - - -
A208

2. A vitis TF9 14 O 4
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X%E ZH7e] PCR DNAYEA AEd A8 4 9= URP primerE Ad 317

9 3le] Table 129} #Zo] 1272 URP primers &% 2] genomic DNAZ template
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Table 12. Nucleotide sequences of URP primers used in this study

Primers Sequences (5-3) GC (O/:)) PCR polymorphism
/Tm (C)
URPIF  ATCCAAGGTCCGAGACAACC 50/65 Yes
URP2F  GTGTGCGATCAGTTGCTGGG 50/67 Yes
URP2R  CCCAGCAACTGATCGCACAC 50/65 Yes
URP4R  AGGACTCGATAACAGGCTCC 50/66 Yes
URP6R  GGCAAGCTGGTGGGAGGTAC 50/65 No
URPOF  ATGTGTGCGATCAGTTGCTG 50/68 No
URP17R  AATGTGGGCAAGCTGGTGGT 55/74 Yes
URP25F  GATGTGTTCTTGGAGCCTGT 50/65 No
URP30F GGACAAGAAGAGGATGTGGA 50/65 No
URP32F TACACGTCTCGATCTACAGG 50/65 No
URP38F AAGAGGCATTCTACCACCAC 50/65 No

Fig 5& URP2F primerZ 3}l PCRT% & 2 AI8te] Ethidium bromideo] <A
#A UVE A3 . #Fol wEl PCRUEAS Hola glon #5373

T 6571 multiple =2 A sha Aok

tlo
]

2
o
N
)
IS

L

Fig 5. PCR polymorphism amplified by URPZF.
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Fig 62 URPI7R primerg ©¢]43te] A% PCRUFA M=z A #3770 v §-
43k PCR 9 A S Holx Aok 954 type culture
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Fig 6. PCR polymorphism amplified by URP17R.

URP-PCR¥H 2 7]&e] 7/ldsE RAPDY AP-PCR¥ A dEj2A A849 5 3l
o1}, primer7} 20702 @712 FAEO i PCR 21 A% F3 DNAS 9wAy
(denaturation) : 94Col A 4822 31 denaturing : 94C 1%, annealing : 55C 1%,
DNAZA @ 72T 28-S 35 vhE cycle® at& Zo] 7|Exrdoz &a ot olg 3k
PCRZ7 2 primer®} Template DNAZS] Eold ZHIS FEdte WHS 2702 A
47191 RAPD9} AP-PCR W #= tt2via & 5
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Fig. 7. Construction of UPGMA dendrogram using URP polymorphic bands of

Agrobacterium strains

3. URP-PCR U4 ME==2HE Avitis E°| A% primer 7|2

71#€el Hao] ostH A vitis E°lAE primerZ24 919 VirA$¢l PheA ¥ o=
YE primerZF HEE AFEH 3 gtk ey B AdoA] 483 23 PheAd A$-
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5ol primers AZet=d oA o]§ & 9
URP-PCRAHE S ©]83}9] Pectobacterium carotovorum subsp. carotovorum A&
o] Sol4 HEol AeAom olg #d # vk (Kang, 2003). wehd 2 A7+ A
vitis w9l 5 H o2 FA s URP-PCR thdA ME=EE 2, o&ste 2A8S
A A8 AT

URP2F primer® <33 PCR t93d4d W= FolA shax 3219 1.0kbe] WE=9}
URP2R primer® <%3% 0.8kbe] PCR W=%& pGEM-T vectordl clonings}al Z+7z;
PAVS29} pAVS3o 2 Wrslal z+2be] clone?| plasmidE FE31 G719 S B4
AT pAVS29 pAVS39e A9 DNAZE probe® 3to] A vitis 779 & 9 A
o 25 E DNAS Southern hybridizationg 2 A3tk ACV2 probe= A. vitis ¥
F Bk oyt A rhizogenees 9+ A. tumefaciensdl = AEA W=7 HE Hd o
& AdRolAe dsd Mert A% HA @ krh(Fig. 8).

ACV3 probe?] A% A vitis @75 Soldoz gy Mes HE 3o
o2 Agrobacterium &3 At &9 FAAC e ARES A ol A

ZAsE 5ol 49 DNAAH R At St

. vitisoll 7t

A B

I F 456 738300002 IS 15 0617 IE RN EEIEEER R TR N

Fig. 8. Southern blot hybridization of various bacterial species using probes AVS2
(A) and AVS3 (B) AlkPhos Direct labelling and Detection system (Amersham) was
used in this experiment. Lanes 1-4:A. vitis strains LMG256, LMG259, LMG262,
LMG8750, lane 5:A. radiobactor LMG 14, lane 6:A. rhizogenees, lane 7-A. rubi LMG
157, lane 8:A. tumefaciens A 208, lanes 9-12:Korean strains of A. vitis, lane
13: Xanthomonas campestris pv.glycin, Lane 14:Bacillus subtilis KACC10372, lane
15:E.  rhapontici  ATCC29281, lane 16:Pectobacterium  carotovorum  subsp.
carotovorum, 17:Escherichia coli DHbn, lane 18:X. oryzae pv.oryzae KACC10314
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PAVS2E 1.137 bp d71E T4 sgoen 97NAEEFE 3% amino acid®
A AHAAS AR Ay a9 99 o] Sinorhizobium meliloti®] Putative

dihydropyrimidinase protein®} 77%<] 2542 Ho FAh

GTGTGCGAT CAGTT G CTGGEGGCTCGECTTCGECTTTHEC GARGT G GLrAACA CTCACGCLALLGCCGCAGGGLGGT AATGCC AMGCCC COGATTTT
URPZF primer
CCGGTTGETCCGLGAT GATTTAATAATGAAGGGCATCAGGC GLGECTT TGLCAGGCTGAL GGLLCEATCAGECL

AGCCGGECGTEETC G GCATCAATATCGGLGCCAATAAGGATEOC GAGGACE GEATTGCCEATTATGTCACGEGCATTCGLE GCTTTTATCCGC TR
3'-gccaataaggatygccgaggacc-3 ' (ASVEFN)

GCCAGCTATTTCACC GCCAATATTTCCTCGCCCAACACGCCGGLE CTGCGE GATTTGCAGGCARAGGAC AGTCTC GRCCAT CTGCTGACGCG LT
GCTGGCCGE COGTGL CoATGAGGAGEL CARAGC AGGTCGCCGGLT GLCGET CTTCCT GAGGAT COCTCC TRACT AL CGAG GAAGGL ATGLAT (i
CATTGCCGAGETGGTTCTGGE COGEGATCTGRA CGGLTT GATCGT CTCCAL CACCAL GLTGTC GCGCGATGEC CT GACGEATACALG GLAGGE Gk
GLGAGGEGEGLGEATTETCOGGCALGE CCTTGT TCCAGARAT CoA COGCEETELTEGCCCGTATGEGLC ACC GGG TTGEAGCGACCCTRCCGATC
ATTGGCGTT GETGGT GTTTCCTCGEC GLAGACGGCGCTGCAGAML ATCALG GCCGET GLCGAT CTGGTACAGCTC TATTCC TGCAT G GTGTAT Gh

3'-agaccatgtcgagataagyacy-3' { ASVP2BH)
AGGECCEGECCTGOC CGCCGC CATCOT CALGGG CCTGTCACAGGC GLTGGACCOCRATRECAT TGCCTC GATT GC GLAMCT GCGTCACAGCTGCA
GLGTTGATTACTGGE GRGCGETE. TTGAGCC GCAGCAGAAGGAARLGEC COCCAMACGCCAGAALCAGETT AL

GCCAGCCATAGTC CGTGATTGLCCAGCALCTGATCGLACAC
URPZF primer

Fig. 9. Nucleotide sequences of pAVS2 derived from URP2F-PCR
polymorphic band. Undelined sequences indicate sequences of URPZF and the
boxed sequences indicates specific primers for detecting A. vitis strains

pSVAL: Lb  LEELSVPKERE] | FLERDLE L ALRL THAR YHAAR | SVFESVER IRLARARER VIO SIN 19D
LIzl EVPHERE] [ PLERDLE [ ALTHA YHARFLSVE 5 E 14+AK H= VICR]SIN
Shijet: 207 LELPEVPREAE] IPLERDLE] AGLTRAAYHAKRET SVPESAETIRI ARERCGTNVTOGRISIN 266

pSVAL: 19n NLSLNEND] GEY K TFFRLAFFLEAETNDEVAMVERLASD ] D] [VERHDFLUIVDTERLFFR 3750
FLALNEND] GEYE [FFRLAFFLE EDDEVAMVERLA [ [D] IVEHHDPLIVITERLFFA
cojet: Aol HLILNEND] GEYKTFFRLSFFLE TEDDEVAMVERL AT LD IVESHDFUIWVDTERLFFR 320

ESVAZ: 376 DAADGAVELETHENXNMNXNNMNEOVPLMAL I DAMETRIPAEFSE: S04

DARDGAHALET FVFLMELIDA4STHRPY 2
cojet: 347 DARADEALGLE]TAAAALELYFSEVFLMEL ] DALS THFSR LT 305

Fig 10. Comparison of proteins between A. tumefaciens GenBank (B) and pAVS2

sequence (A)
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PAVS2 A7 EUl Aol A vitis 5olAE Primers A#et7] 9ste] URP2F
primer sequence %S 2 ¢F 120 bp "ol F7IALGAA 20 mere] primers T A}
Ql 3ol A AT Foreward Primer?! AVS2F(5'-GATCAGGCAAGCCGGG
CGTG-3")¢} Reverse primer?] AVS2R(5'-CCTTCAGCGCCCGCCAGTAA-3)E

Ao Abg 3Ft o] 2 AVS2E ®HEle] Table 119 #F2 A2 3o primer

o] Boligd ofE5 ZAF AW vk A vitis TR 5ol Al METE HE HATH
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Fig 11= A. vitis @5 7| == 0.7kbe Eo|&d WM=EdES Ho F=3 )
A F7HA A. vitis E°]7 % primer®4] PheA primer7} 7F3 #8353ttt €A
gy AFAE B2 1] 5ol Mz HE EUAS A4

oA AB =7t WojAl= Aol A
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vitis #FE HAEFOEA 1 58S MAAZ F AUk Fig 12 DNARH §l¢]
A. vitis cell& PCR¥Hgo AH = A R A9 CelbA] AT F A+
Ag ZAREE Blolth 4719 cellZbA] AEE 4 Aol AL WEo Welito] E4 st
T vl MAEA PCRAEC] 7He 3lthes RS AlARSEY FAth
PAVS3 S7IMEAHZA F 673 bp7t A4 FHATE ¥ AVIAES A A2
AR 3 A A z=RlBlastel gEste] 71E] SEE A A7IAER vl B4
3 Ay AAFoR Ha HA e 2L DNAGZIAER gral At el 2 g7A

AL Rhizobium vitis E°1%4 A7| A= AR Yt} o]y et 9rAge] Eo]d L Eo]

=R g A

A

1

Mo

N

2)
A primer AZe] w9 F8& Aoz AZES] 7 Primer Designer V. 1.01 (Scientific
and educational software IBM A} A|&) 7 olgtx HAFEH T2 IS o]&3}o] 24mer W
2] 20mer?] primerES A& dFGth 5-doho] A 59 Ao A Q2 A P DS EEE}
+ AVS3-1F$} 3-gdo 2 BE 553004 5309 * &3t RVSP3-1RS A 23St

Nested PCR¥He) o] €8 4 4= primerE A 2387 98te] AVS3-1FEHE 3}
TG 1814 A7 AztE 10084 A71HEH 120971714 2 3eke
AVS3-1F primer2} AVS3-1R9] 20 bpel AFAY9HFEH Al2= = 5llbpolA 492 bp
o AVIMES EFstE AVS-3RE tiASl sttt (Fig 12). 434 o2 RVSP3
-1F/RVSP3-1R9] primer¥ 2.2 PCRE%& T 45 495bpe] PCRA=o| T4 P&
a2 & 4+ Qo RVSP3-3F/RVSP-3R9 primer %S 483 9+ 32bp74
463 bpe] PCR AtES T3 & & A& Aoz o4 9o
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GTGIGCGATCAGT TGCTGGEECTTGAT T TGCGCCECEEGAATGGT TGCGGTGATCTCCCG 60
5'-cg
CTGECCTGGT TCTACGAAGATAACCAGAGCCCACAT CGCCGCATAGATCATGGECCGCTAC 120

ctggcct ggttctacgaagat a- 3' (AVS3- 1F) 5' - gcat agat cat ggccgct ac
( AVS3- 3F)

GGTGECGATGACGAACAGGAAGCGGAATAAGGT GGBCATGATGACGGCCTCCTGCCTTAA 180
AAGGCATGGTGTACAGT GCCGT GCCTCCCAGAAGAAGCAGTCGAGGT TACTGTAACACTT 240
TGCGTITCTCTGGATGTCGI TTATCTCTTCGCGAAAGATCAGTTCTGCTTTTCCCTCATTG 300
CAACACACAT CAGCAATAT CGECTGGAGCCGT TCCTGT TTCAAGAT CGAACATGGCAGGT 360
TTTGCTTGATAACACCCTAAACCCCTGGCACT TAAGGGAGGT CACGGGGECATGCAGGTGA 420
TTGITTCTTGI CGGCATGI GCGGCAAGT GCTTGACGT GGCCCCGECATTTGT CAATAGSG 480

TTGGTAAACCT GT TGCGAAAAGGCT GATGACCCACTCGATGCCCCATGCTGITCTACCTC 540

3' -caacgcttttccgactactg-5' (AVS3- 3R) 3' - acaagat ggag
TTGCCTGAGCGGACCCGCT CEGT GCTCEEECGT CGAAACCTGATTTTCGTCGGT CTGATGG 600
aacgact cgcctg-5' (AVS3-1R)

GGGCTGGAAAATCCGCGAT CGEGCGT CTCGT GBCCCACAACTGATCGCACACA 653

Fig 12. Nucleotide sequences of pAVS3 derived from URP2F-PCR
polymorphic band. Undelined sequences indicate indicates specific primers for
detecting A. vitis strains.

Fig 132 ACV2F/ACV2R primer %3 AVS3-1F/AVS3-1R primer %22 PCRZ
Eate]l 719% sho]l ARIEA Z1o2A  ACV2F/ACV2R primer= A. vitis®] 9]
=5 LMG259, LMG262, LMG87504 ¢} =W} 3¢l YK2823, YK2828, YK33129¢l
Al ¢Fgk 0.7 kb9 PCR WH=E 5% 31921, AVS3-1F/AVS3-1R  primer &2 =
QoA =]igh 4T RFe wul AdFolA BT 75 05 kb PCRUI=E 5% &

Rov vgE Al FelA= & WEE SF A FUHh 1Yy BE Rhizobium §
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Fig 13. PCR based specific detection of A. vitis strains using ACV primer sets
AVS2F/AVS2R and AVS3-1F/ AVS3-1F(B). Lanes 1-4:A. vitis strains LMG256,
LMG259, LMG262, LMGS8750, lane 5:A. radiobactor LMG 14, lane 6:A. rhizogenees, lane:
T:A. rubi LMG 157, lane 8A. tumefaciens A 208, lanes 9-12:YK2800, YK280, YK2823,
YK2828, YK33129 (Korean strains of A. vitis) Jlane 13:Xanthomonas campestris pv.
glycines, Lane 14:Bacillus subtilis KACC10372, lane 15:E. rhapontici ATCC29281 lane
16:Pectobacterium carotovorum subsp. carotovorum, 17:Escherichia coli DHbu, lane 18:X.
oryzae pv. oryzae KACCI10314. PCR amplification was carried out in a PTC-200 (M]
Research, Inc) using the following profile: one cycle of 4 min at 94C 30 cycles of 15 sec
at 94C, 15 sec at 60C, 30 sec at 72C one cycle of a final extension for 7 min at 72C.
PCR products were separated on a 1.5 % agarose gel in TAE buffer and visualized by
staining them with ethidium bromide (Img/ L)

Southern hybridization®} PCR Z3ellA AVS3 primer set’} AVS 2 primer setk
T Boldol &2 o= uyEryth Table 132 A vitissE X3S o4t
Agrobacterium %3 U2 ModEHS gt Al Aow B AGolA st
AVS3-1F/AVS3-1R9] primer %2 X =3 R (A vitis)S 5°|5HA] PCRUI=EE A&
sto] A& A A vitist T 9E W rlflte] o] & Thesithe AS v
el & 4 AUk

Tk AVS3-1F/AVS3-1R primer= 7] B3 ¥ A. vitis 5°] primer?l PheA
9] v] Eold HZE3 VirA primerd E7F Ti-plasmidE H3 A vitis 75 E0]

A AEY TAMES RS f F8&3F primergtal AFR ®h
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Table 13. Bacterial strains used in PCR amplification of AVS primer sets

. Geographic Specific primers
Strains region AVS2 AVS3
Agrobacterium vitis  YK2800 Kimcheon, Korea - +
YK2801 Kimcheon, Korea + +
YK2823 Ansung, Korea + +
K2828 Ansung, Korea + +
YK3312 Ansung, Korea + +
451 Cheonan, Korea
LMG256 Greece - +
LMG259 Yugoslavia + +
LMG262 US.SR + +
LMGS8750 Austria + +
A.tumefaciens A-208 US.A - -
A-348 US.A - -
A. radiobactor LMG14 - -
A. rubi LMG157 - -
LMG159 - -
A. rhizogenes LMG63 - -
LMG152 - -
Rhizobium leguminosarum KACC 10428 USDA - -
Sinorhizobium melioti KACC 10025 - -
P. ¢ subsp. carotovorum KACC10458 US.A - -
P. ¢ subsp. atrosepticum ATCC33260 US.A - -

P. chrysanthemi ATCC11663 - -

Erwinia herbicola ATCC33243 - -

X. oryzae pv .oryzae KACC10331 - -

X. campesris pv. campestri KACC10377 - -

P. syringae pv.syringae KACC10134 - -

P.marginalispv.pastinacae KACC10469 - -

P. syringaepv. tabaci KACC10388 - -

Ralstoniasolanacearum KACC10149 - -

Escherichia coli DHS5 - -

Serratia marcescens KACC10002 - -

Bacillus subtilis KACC10372 - -

Enterobacter sp. KACC105263 - -
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4. Axe EGo=2RE T3 Fo PCR 4% A&

B AFoA fEE Nested PCRel o888 4 9= PCR primer %
(AVS3-3F/AVS-3R)& A&3led 17tE PCR #HES A=EsT. o5 938k,
AVS3-1F/AVS3-1R primer 222 12 PCRS 33 PCR¥HEY 1wE MEZE
PCR Wh3&do] 3 DNAZ o]&3de F53 =
PCR primer & °]&3te] A PCRS 3 &Stk Fig 14= ¥ Axs] A
vitis & 1, 22k PCR3to] Al257e] w& PCRAZEAFE ZAFSE ARzlo]t),

Fig 149 A¥ AVS3-1F/AVS3-1R  primer 22 12 PCRE AA 3% Aoz
1:1x10° o A1x10" AFele] AME Foll A 3 PCRAEC] A& Hor 1x107%-H
PCRHIE=9] Z=7t oksiAl= o] e AS= eyt AVS3-3F/AVS-3R
primer %422 Nested PCRZ 2% PCRE 43 3198 AT 1-2719 M2 714
12} PCRAE 9] 049kbRE.t} 22 =719 046kbe] 73t PCRYM=7F & =t} o]}
ko] ¢ PCRHIE=9 xlo]&= Fig 9 oA BolFE ZAzro] primere] ¢ 2o W& 23} o
o},
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Fig 14. PCR detection limit of A. vitis cells with specific primer pairs. Primer sets
(AVSP3-1F / AVSP3-1F ) was used for and AVSP3-FN/AVSP3-1RN were used
for standard PCR (A) and nested PCR (B). Aliquots of 15 g0 from each amplified
PCR mixture were separated by electrophoresis on 1.5 % agarose gel. Lane M: 1
kb DNA ladder (Gibco BRL). Number of cfus/ml: lanes 12x107, 2:2x10°, 3:2x10°,
4:2x10, 5:2x10°, 6:1x10°, 7:8x10%, 8:4x10%, 9:2x10°, 10:1x10°%, 11:50 cfu 12:25 cfu,
13:12 cfu, 14:3 cfu, 15:14 cfu
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Table 14. Rootstocks vitis used for resistance to low temperature.

Rootstock vitis Parentage
188-08 Monticola X V. riparia
3306C V. riparia X V. rupestris
N33 V. berlandieri X V. riparia

SO4 V. berlandierr X V. riparia

Riparia Gloire V. riparia

101-14M V. riparia X V. rupestris
5C V. berlandieri X V. riparia
5BB V. berlandierr X V. riparia
8B V. berlandieri X V. riparia
3309C V. riparia X V. rupestris
110R V. berlandieri X V. rupestris
Cabernet Franc V.
Saint George V. rupestris
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Table 15. Details of bactericides used in this study

Common name

Active ingredient

Application

Remark

(Korean name)

Octyldecyl dimethyl
ammonium chloride

Octyldecyl dimethyl ammonium
chloride 2.250%/1L

Dioctyl dimethyl ammonium
chloride 1.125%/1L

Didecyl dimethyl ammonium 2000 sl o]
chloride 1.125%/1L

Alkyl dimethyl benzyl

ammonium 3.000%/L

Glutaraldehyde Glutaraldehyde 150g/1L
Dimethyl cocobenzyl ammonium 200 < nlo] ]
chloride 100g/1L

CIOq CIO: 24,000726,000 ppm/1L 200 o]z o

Didecyl dimethyl Didecyl dimethyl ammonium 200 P

ammonium bromide bromide 10%/1L voR

Benzglkonium Benzalkonium chloride 10%/1L 200 e

chloride

Didecyl dimethyl Didecyl dimethyl ammonium

ammonium chloride  chloride 100g/1L -
Sodium Gluconate 10g/1L 200 OF 1
Sodium cireate 1.7g/1L

N-Alkyl dimethyl N-Alkyl dimethyl benzyl

benzyl ammonium ammonium chloride 10%/1L

chloride Isopropyl alcohol Q.S Sl
Benzoic acid Q.S 200 #7h=
Pine oil Q.S
Yucca oil Q.S

Watersoluble Watersoluble Boron(B)

Boron(B) 0.05%/1L 200 o s}
Watersoluble Molybdenum(Mo) 7
0.0005%/1L

Sodium hypochloride  Sodium hypochloride

solution(NaClO solution(NaClO 476%) 200 shepE

476%) 990ml/1L

Sodium hypochloride  Sodium hypochloride

solution(NaClO solution(NaClO 476%) 200 N

476%)
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WA+ B G 9 5(9.6C), vinylZ8 A JE(105C), HF 35(10.7C), ¥ & +vinyl=
B2 9E(11.0C) Ry 9E(1247C), 93 712(198T) 22 ey}

safell dFE T Aok HALEeke] Aol 9fF-7] 198C Aol s}

of Al BEF AL £E WHE wgor oy 2w ews) ¥BelA 74z o
3T, 96T &% Aol7h o] FaluAe] 74 Gur} o Aow zAmTh

Table 16. The maximum and minium temperature around grapevines during the

winter according to heat conservation materials(’04. 1. 20)

Range
Heat covering materials Maximum(<C) Minium(C)
(max-min)

covering 0.3 0.0 0.3
Straw 4.7 -6.0 10.7
Straw+Lagging 2.7 -6.9 9.6
Lagging 2.7 -9.7 124
Vinyl coating Lagging+Straw 15 -95 11.0
Vinyl coating Lagging 3.0 75 10.5
Conrol 6.4 -134 19.8

¥ Control : Temperaturemeans air temperature

29 4% 9ES A5t Fol B AN
AeEm FuhE AT olsle] AA WEEel A et e FPAL Fol
Aekol H97] W) Ao weldrh EF AEALW LETe] 1A

} B
W R XY FdA 55F 3F7F ARG HA m&o] 25 HA+R Q) I&

GAE Skl Aol HAE A=

,83,



o] 15, 297 15, vinylZ8 3 &2 15, vinylZ€ 3 S+ A7} 15 TALE

Ax FUhE A TAAE TR RO Gtk Ed o2 B wWelrAUY 2009

Al B ol H Qo A Fake] Az AlEo] S

Table 17. The Effect of death and agrobacterium vitis contagion 'Kyoho'
gapevine according to heat conservation materials

Treat Contagion number
Heat covering materials Death number

number below 1.5m over 1.5m
covering 5 - 3 -
Straw 5 2 - -
Straw+Lagging 5 1 1 -
Lagging 5 1 1 -
Vinyl coating Lagging+Straw 5 1 - -
Vinyl coating Lagging 5 1 1 -
Control 5 3 - -

¥ Date : 2004. 9. 1

B2y Ao FriEd Aol Wol&(79%)°] 7HE =ekal A+vinyla ¥ ¥ &
A FB(754%), WR+HLERA FB(750%), WA(730%), LA I)E(69.0%),
vinylZ 8 A 9] 5(58.0%), 795 (565%)w o2 Top&S Bt

,84,
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Fig. 16. Budbreak percent according to heat conservation materials of 'Kyoho'

grapevine ¥ Date : 2004. 4. 29

dE7It T B9 EAE Agsta ofFd AFe] WE 77 98 10d A x9
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sty o duH FYAE &) Aed dedert dade & A
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Table. 18. The effect of the length branch and cluster of 'Kyoho' grapevine

according to heat conservation materials

Average daughter
Average length

Heat covering materials between 3~4
branch(cm)

internode(mm)
Covering soil 95.1 7.6
Straw 82.2 6.8
Straw+Lagging 93.3 75
Lagging 74.9 6.6
Vinyl coating Lagging+Straw 83.3 6.9
Vinyl coating Lagging 74.5 6.7
Control 54.7 5.7

¥ 2004. 6. 9

AN RAY £ 105F FFo] AEd XL A9 9Ee wews) %ol

MEFOlR b WL, Ao Rt HUBUIUED), vinylLE v H(412%e]), M2

9% (405%-0]), vinylZR Al 93885 0]), MLEA T H(31550]), F3H(304%0]) e

2 2AEAR B YEE THE(154Bix O R 71 Gekn ge Agie v
=

SAtHTable 19). °l2ldt A= AE Reds JEAE &8dto] X

,86,



Table. 19 The effect of the number of cluster and Average Brix of 'Kyoho’

grape according to heat conservation materials

Number of
Heat covering materials Average Brix
cluster(Ea/10hill)
Covering soil 414 159
Straw 405 159
Straw+Lagging 445 15.9
Lagging 315 15.8
Vinyl coating Lagging+Straw 412 16.0
Vinyl coating Lagging 388 15.8
Control 304 154
¥ 2004. 9. 9
A9 E8A4d 5258 vwd A3 Table 203 2ol 10a9 w=5A-S FulE 4524
o HE 273A7 WA g B

SN 315417 B9l 345417 9 EE W Hed
B

N
vinyl= g4 9%, Heus) VB we o] £HHIL YEE FASY AFE A7

M ol A2 WBo

ll
)
uv
i)
4%/
)

,8’77



Table 20. Effect of heat conservation materials on laber input of ’'Kyoho'

grapevine between winter and spring (hour/10a)

Working Control CoYering Straw Straw+Lagging Lagging Vinyl .coating Vinyl. coating
stage soil Lagging Lagging +Straw
{Winter)
Cutting 85 85 - - - - -
Binding vine - 76 - - - -
Clear of branch - 54 - - 5.4 - -
Covering solil - 6.8 - - - - -
Covering - - 134 176 52 50 174
{Spring)
Cutting - - 85 85 85 85 85
Clear of
54 - 54 54 54 54 54
branch
Taking soil 34 - - - -
Leading of branch - 135 - - - -
Remove cover - - 43 48 4.0 4.0 48
Smoothing - 8.0 - - - - -
139 452 273 315 245 189 31.3
Total
(30.7) (100%) (60.4) (69.7) (54.2) (41.8) (69.2)

2. ALA7 T2 FFE dolo WA= IF 79

127 =& 7 -25C 744 e
a1 30A17E M3 o 24417 AU E AdEtn Ao 28 2 F A FEY
71 A 82 (HA7):15T, Ha7]e: 23T)o A BAATFE45ecm*x60cm*15¢m)
of A3 HefolEE 747} 1278 Ejtste] Wi woldss XARgE A3k Table 21
7 2ol GMo] 9831%= 71 o st Wolg Hlom, TrhE o= St.George(88.46%),
188-08 (83.64%)5 H.Qlar, 3306,504, 1202, 5C, LN33,5BB, 101-14, 8B, 3309% 63.3
3739.68%2] Wol&S HITE mEkA FUlel A= GM,, St. George, 188082 -]

4% BEOE AT & I AOE BAHU.
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Table 21. Bud browning test of rootstocks cuttings.

Bud browning(%)

Variety . ) Germination
Good Normal Bad Non germination .
ratio(%)

5BB 56.52 13.04 21.74 8.70 91.30
1202 61.67 26.66 11.67 0 100
3309 39.68 33.34 11.11 15.87 84.13
S04 62.96 9.26 12.96 14.82 85.18
101-14 44.93 18.84 27.54 8.70 91.30
5C 56.92 13.78 13.78 15.52 84.48
188-08 83.64 5.45 9.09 1.82 98.18
8B 40.68 32.2 20.34 6.78 93.22
St .George 88.46 1.92 1.92 7.69 92.31
LN33 56.9 6.9 10.34 25.86 74.14
3306 63.33 1.67 6.67 28.33 71.67
GM 98.31 0 0 1.69 98.31
Average 62.83 13.59 12.26 11.32 88.68

ek 22 wHer AL A

Alden¢] 100%%= Wolgo] 7+%

ot
Ny
_\'ﬂd
b

T F3E Wols 2 Table 229 Zth

Early steuben®] 71.43%, North Black

Hi
30
k!

68.42%, Wase campbell, Takatsuma, Izunishiki, Bebifuji¢] 65.52~57.63%, Rizamat,
Tensyu, €%, WlY5Fo]3 A, Kyoho 7} 49.21~10.71%2] ol&& Rt}
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Table 22. Bud browning test of grape variety cuttings

Bud browning(%)

Varity Good Normal Bad ton Germi?ation
germination ratio(%)
Bebifuji 57.63 15.25 11.86 15.25 84.74
Rizamat 49.21 6.35 14.29 30.16 69.85
Early steuben 71.43 4.76 19.05 4.76 95.24
Mamicurefinger 21.43 12.5 21.43 44 .64 55.36
Tensyu 36.84 36.84 19.3 7.02 92.98
Hongdan 23.88 22.39 20.9 32.84 67.17
North Black 68.42 5.26 7.02 19.3 80.7
Alden 100 0 0 0 100
Izunishiki 59.65 5.26 12.28 22.81 77.19
Kyoho 10.71 23.31 33.93 32.14 67.95
Takat suma 61.82 7.21 16.36 14.55 85.39
Wase campbell 65.52 13.79 5.17 15.52 84.48
Average 52.21 12.74 15.13 19.91 80.09
3. BelE AYY EF A2

W E Ay

=

o
o\
2
i
o

st 871 FF < A vitis free Holl YK2800(5 &7 &

4), LMG256("871+), HKA-37(37 thetal), HKS1-4(f4 thstan)e] 475 <] #el s

TFE AH2d A3 YK2800, LMG256 & Az t& 2 EFFoA wgo] wo] A

YFELT BT ols uF AToAE Aol wekem HKS1-49 A9 GM, 110R,

5Co tiE FFolAE W] HXA o} o5 FFLE HKS14 oA Aol
=

R 53 GM, 5C¢ A HKA-370A %= o] ¥z ¢fof

HKA-374] tlgtAE A&Ado] de= Aoz AlmEth 1202, A%, g}, Qe F=
RE A% #Fo nsA wkgste] o5 T ol A Aol ekt
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Fig. 17. Gall formation of rootstock and cultivar by inoculation of A. vitis
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Fig. 18. Gall size of of rootstock and cultivar by inoculation of A. vitis
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Table 23. Effect of vinyl coating on gall formation

Treatment No. of' stem No. of plant gall Ratio (%)
cutting formed

Control 30 30 100

Vinyl winding 30 0 0

IEEME SRR SR O

=20 1w

Fig. 19. Effect of vinyl coating on gall formation
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5. ¥=FA £ AT FRA FFA

s om Ry Felgh Ao g e s AR A3 3 249 2ok
Ampicillin (10gg)el A&l w52 CNB 2, 11, 16, 17, 23, 26, 27, 29, 30, 33, 34,
55, 60°]1 2, Chloramphenicol (30ug)ol thalA+= CNB 2, 43, 44, 45, 46 #+Z A
aluns ¥ Aoz Jehgth Erythomycin (15pg)ol= CNB 16, 387 ©] 9]

2 yEelyk e, Kanamycin (30uxg), Neomycin (30g¢g), Rifampin (5
wlls AR dF 57 AR et Streptomycin (10gg)ol  thal A=
CNB 8, 9, 17, 18, 26, 27, 29, 30, 33, 34, 43, 44, 46, 53, 56 ¥ °]il, Tetracycline
(30pg)ell A = CNB 2, 8, 12, 17, 18, 20, 22, 23, 27, 28, 29, 30, 33, 43, 44,
46, 53, 56, °| At}

o3 ZE A

T B Aedow yehdg eI dEE nAAEe] WAl 2
o7 gud
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Table 24. Susceptibility of bacteria from grape gall to antibiotics

Isolate Am Ch Er Kan Neo Rifa Str Tet

CNB 1 - 18.1 - 20.7 15.2 10.1 14.5 17.1
2 7.1 - - 20.1 16.0 104 15.6 -
3 - 13.6 - 22.1 16.1 7.7 17.4 19.5
4 - 11.2 - 26.3 20.1 89 19.8 22.3
5 - 16.6 - 21.5 17.0 10.3 16.2 217
6 - 11.2 - 19.1 14.3 7.6 135 16.8
7 - 12.0 - 18.2 15.2 10.3 14.7 16.6
8 - 17.6 - 20.3 16.6 8.7 - -
9 - 10.2 - 17.3 13.7 9.9 - 9.3
10 - 16.6 - 21.7 15.7 9.4 11.9 14.8
11 7.25 17.8 - 25.2 19.0 11.9 23.3 22.8
12 - 13.4 - 22.5 16.4 115 10.2 -
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Table 24. Continued

Isolate Am Ch Er Kan Neo Rifa Str Tet
13 - 13.0 - 22.3 136 8.7 16.1 18.1
14 - 13.1 - 22.5 15.8 114 158 20.8
15 - 124 - 20.1 16.7 10.3 156 165
16 7.8 12.5 7.4 22.1 18.1 8.3 17.9 8.1
17 7.3 12.0 - 20.1 15.6 11.2 - -
18 - 16.3 - 21.1 151 9.6 - -
19 - 11.1 - 19.7 17.2 8.7 14.8 19.0
20 - 194 - 26.0 17.3 11.7 146 -
21 - 14.5 - 22.1 16.3 11.7 16.6 16.3
22 - 13.4 - 20.4 16.7 114 105 -
23 109 15.0 - 22.0 174 75 18.1 195
24 - 13.7 - 20.0 15.0 85 9.7 -
25 - 149 - 24.9 19.3 14.8 149 -
26 7.6 12.3 - 18.7 15.3 10.8 - 6.1
27 8.4 134 - 20.7 16.3 8.2 - -
28 - 12.9 - 21.1 145 11.3 8.3 -
29 7.1 134 - 19.7 155 125 - -
30 8.0 15.1 - 19.8 165 12.8 - -
31 - 14.3 - 20.2 15.1 72 115 21.8
32 - 16.7 - 22.6 159 9.3 159 19.3
33 8.5 13.2 - 21.4 16.8 13.0 - -
34 8.2 154 - 20.9 144 7.7 - 79
35 - 16.3 - 21.8 15.9 8.7 15.8 21.0
36 - 17.4 - 24.0 175 11.1 17.9 20.0
37 - 153 - 21.0 16.0 10.3 9.2 9.1
38 - 29.0 8.7 22.0 176 10.8 104 9.1
39 - 18.0 - 21.8 16.8 9.6 13.8 12.2
40 - 7.8 - 21.2 15.8 9.2 17.0 17.6
41 - 11.0 - 20.6 16.1 10.6 158 20.8
42 - 13.1 - 23.1 17.4 9.5 14.7 21.1
43 - - - 20.3 14.3 7.4 - -
44 - - - 17.8 145 8.7 - -
45 - - - 24.1 18.0 10.4 16.3 19.4
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Table 24. Continued

Isolate Am Ch Er Kan Neo Rifa Str Tet
46 - - - 18.8 155 8.30 - -
47 - 16.6 - 22.2 15.7 9.6 13.1 22.3
48 - 16.0 - 19.8 14.5 7.6 15.0 19.2
49 - 17.3 - 19.8 16.0 9.1 13.8 20.2
50 - 16.3 - 22.2 16.3 10.1 15.7 20.7
51 - 9.0 - 20.8 15.9 3.6 125 14.3
52 - 18.0 - 16.1 125 8.6 14.3 14.3
53 - 20.0 - 21.1 16.4 94 - -
54 - 21.1 - 23.5 17.1 9.3 16.0 214
55 6.75 13.8 - 22.5 175 9.8 16.6 18.0
56 - 85 - 20.4 16.5 8.2 - -
57 - 15.8 - 24.4 16.1 8.0 175 18.2
58 - 20.0 - 24.3 19.6 9.8 10.0 10.0
59 - 9.2 - 24.4 18.1 8.4 18.4 18.0
60 10.5 28.2 - 22.0 17.1 10.0 16.1 20.4
61 - 10.0 - 23.1 175 8.4 15.3 185

Ampicillin 10gg, 2 : Chloramphenicol 30yxg, 3 : Erythomycin 154g, 4 @ Kanamycin
30ug, 5 : Neomycin 30xg, 6 : Rifampin Sug, 7 @ Streptomycin 10ug, 8 @ Tetracycline
30pg. A Z3]A} © Becton, Dickinson and Company
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3 25. Effect of disinfectant on crown gall formation in Kyoho cultivar

Treatment Treatment day after inoculation Gall formation Remark
1 10/10
o 27e]
Control 7 10/10
2~5mmeo] AN &
14 10/10
1 0/10 _
59 A7o]
A+D 7 1/10
2mmeo] s} 3] &
14 3/10
1 1/10 }
59 H7o]
B+C 7 2/10
2mmeo] 3t A&
14 2/10

A ! Glutaraldehyde, Dimethyl cocobenzyl ammonium chloride

B : Didecyl dimethyl ammonium bromide, C : ¢t 3} o]} & (Cl02)

D : Alkyl dimethyl benzyl ammonium chloride, Octyldecyl dimethyl ammonium
chloride, Dioctyl dimethyl ammonium chloride, Didecyl dimethyl ammonium
chloride

~
&

A& FA BAL Bt

EEReSY F9Ee K4 2R A% £ met G2 ek £RugR
Faol 394 olshel A9 214%, 4~5949] B% 64.9%, 6~TIAAL 80.1%, 8414
o4 86.0%% APHl W 656%7F AP AR Uehgor] 6~9d4 Tulu

= 3 79E 86.2% HUl 31.6% HEEo] wow Yy A

S vepstglnh EE R A% 34 YEALE FUEE s 7gH9

o
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Table 26. The infection rate of gall formation according to soil burying (2003)

Plant age Area No. of No. of  No. of plant Ratio (%)
) Plant gall formed
(year) (33m')  orchard (A) (B) B/ A)
3 3,120 3 2,777 595 214
4~5 7,750 7 3,755 2,440 64.9
6~7 8,282 7 3,418 2,740 80.1
>8 7,700 8 3,742 3,220 86.0
Total 26,850 25 13,692 8,995 -
Average 65.6
Non covering 5 55 4 1,326 685 51.6
(6 year)

Hetel AFEmAuHE AL 1372ha® ©]F 1,098ha(80%)7} deAdz Fujes 8t

AHH o g 12158 Askeko]l Faso] 26219 W wrtAS A HE oR
AR

Table 27. Yield reduction of grape by grown-gall disease

Yield reduction amount of infection degree

Area Yield/10a Average  Total
(ha) (ke) Total (won)  (million
d (‘99~"01) Deep Medium Slightly infection (02~'04)  won)

ratio

Area of infection 1647 2196 339 7202

degree (ha)
peee 0 150 00 (06 (66)

1,098 16% Reduction ratio (%) 20 10 5 - 21%6 2621

Total Reduction (kg) 558662 372,441 284843 1215946
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Table 28. The amount of planting-stock change by crown-gall disease

Average age

No. of of changing Cost/  Total

Area (ha) plant/10aplanting-stock plant  (million
(won) won)
(year)
The total amount of
1,098 154 10 1,500 253

changing planting—stock

Table 29. Yield reduction by the amount of planting-stock change

planting -stock

Average A Price / kg Price reduction
change age Area (ha) yield Yield reduction (won) (million won/
(vear) (kg) (ton/year) (‘02~'04) year)

10 1,098 1,696 3,445 2,156 7427
Yo o wAS 109 AR A e A/ A 4(109)

Table 30. The amount of over-wintering mulching materials for Kyoho cultivar(10a)
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Control OO\szng Straw 121 tgrgg; Lagging Vinyl coating Wﬁ&i::ing
Persomnel expenses 69500 266,000 158000 181500 142500 114500 180,500
Pruning 12500 12500 12500 12500 12500 12500 12,500
String ~ 8400 8400 8400 8400 8,400 8,400
2} Rotary - 5,000 - - - - -
A | Straw - ~ 30000 30,000 - - 30,000
] Lagging - - - 45,000 45,000 - -
Vinyl coating - - - - - 100,000 100,000
rorfoﬁaiifj 12500 25900 50900 95900 65900 120900 150,900
Total price 82000 291,900 208900 277400 208400 235400 331,400
Degree of difficulty - —— +r r + + Tt
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 Bol AeHa R YR E 363417, vinylA B+ 9] 5 3614 A 9 E 316
A 7F Beds) v8 285A1 7k, vinylZ®W I E 22947k Exgle] A$ 13947k T
FEANoH dFIES 9 AeFHe AAHE vinylaZ® I H+ Q9] Hoe] 150,900 o
2 7b ®ol A8 HRAl vinylZ® ¥ E 120,900¢, F+H 2N E 959009, 9
71 65,9004, A ¥ & 50,9009, EviE 259009, FAHE 125009 o2 UERT F
ZAHl & vinylZ®8+3 o] 331,009 0.2 71 ®o] 28 FHA3 I YFoE2E FHujEol
291,900¢, A+B =G/ 35 2774009, vinylZ 8B I E 2354009, F &5 2089004,
BLG) 95 2084009, g 82,0009 02 uElth Addelms FrjE A}
b olE BoRE AE M A IE) vinylZB+F 95 JA+H Y 95l
Aol eyt HEg o H2Url, vinylZ® ¥ Ee Fte] =t g vk Ao
= A A

Table 31. The labor hour for over-wintering mulching (unit:hr./10a)
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Covering Straw+ Vinyl  Vinyl coating
Control ) Straw lagging Lagging .
soil coating +straw
Cutting 85 8.5 - - - - -
Binding vine - 76 - - - -
Winter| Clear of branch - 54 - - 54 - -
Covering soil - 6.8 - - - - -
Covering - - 134 176 52 50 174
Cutting - - 85 85 85 85 85
Clear of branch | 54 - 54 54 54 54 54
. Taking soil 34 - - - -
Spring )
Leading of branch| - 135 - - - -
Remove cover - - 4.3 48 40 4.0 48
Smooting - 8.0 - - - - -
Total 139 53.2 316 363 285 22.9 36.1
Degree of difficulty - ++++ ++ ++ + + ++

Table 32. The amount of over-wintering mulching materials(won/10a)

Price reduction

Material Price/ea Amount Price Use year
(price/year)
Pruning 25,000 1 25,000 2 12,500
Rotary 5,000 5 25,000 5 5,000
Straw 100,000 0.3 30,000 1 30,000
Lagging 30,000 3 90,000 2 45,000
Vinyl coating 500,000 0.6 300,000 3 166,660
String 8,400 1 8,400 1 8,400

95 $87] FdFFe 2290 A5 Ayt b B2 Folg F
et F 9 FevinylZ® 5, vinylZ2® A 98 gL 87~93% s
B2 95 A2 2970 v 54 Ao 72 68.3%, 70.7%2
o A g Es FAYE A B Al vl skl
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dERom LEans 93 2av= AAAH = vinylZ
2 7b4 @ol 281 vinylZE I E 1209009, A+E 29/ E 959009, Hed
7} 65,9009, & ¥E 50,900¢), FrlE 259009, ¥ 125009 oz vElgt &
A E vinylZ®+2o] 331400908 714 ®o] 285U I tLogE FujZEol
291,9009), A+R 297 38 2774009, vinylZ® 35 2354009, @ IH 208900,
B2d7) 98 2084009, ¥ 820009 0.2 vElyth Addelxs FujE Ae|st
7HE olel Aog xAEgdoen F dE, vinylZ®+d HE F+H2H7] ¥ 3o
Aol eyt vizatdom B2, vinylZB 95 Agdelmrt b vk Ao

2 AR AT

ZZH(IH/10F)
500
400F
ztopa(7h/10 300
z) 200F"
100F
0
@) N 3 N ks % xe o\@g& & % 7'\?/\
g,% \XQ’% Nl O\VX ° x
7 7 oF
Il = g
EEZEH/A10F) |
Fig 20. Effect of different mulching materials on grape yield
L% Welgye) A0 HAE AN THFEEY PYRSS Adsn ¥
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