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SUMMARY

I. Title

Development of in vivo screening system for resistant radish plants

IT. Objectives and Importance of the Research

In the process of developing new disease-resistant radish cultivar, it 1s
essential to screen plants based on resistance to their disease. The methods of the
screening have to be precise, simple, rapid, and economical.

The objects of this research, therefore, were to establish an efficient screening

system.

IMl. Contents and Scope of the Research

1. Collection of pathogens causing major diseases on radish
A. Plasmodiophora brassicae
B. Fusarium oxysporum f. sp. raphani
2. Assessment of disease resistance of radish cultivars to various isolates
A. Radish clubroot (Plasmodiophora brassicae)
3. Development of in vivo and in vitro standard preservation technology
A. Plasmodiophora brassicae
4. Development of molecular diagnostic methods of plant pathogens
A. Fusarium wilt (Fusarium oxysporum f. sp. raphani)
B. Clubroot (Plasmodiophora brassicae)
C. Black leaf spot (Alternaria brassicicola)
5. Development of efficient mass—screening technology for the major diseases on
radish
A. Fusarium wilt (Fusarium oxysporum f. sp. raphani)
B. Black leaf spot (Alternaria brassicicola)

C. Soft rot (Pectobacterium carotovorum)

_5_



6. Development of cost-effective methods for the resistance of radish to the
major pathogens
A. Fusarium wilt (Fusarium oxysporum f. sp. raphani)
B. Clubroot (Plasmodiophora brassicae)

C. Soft rot (Pectobacterium carotovorum)

IV. Results

. Collection of pathogens causing major diseases on radish: 19 isolates of

Fusarium oxysporum f. sp. raphani and 20 isolates of Plasmodiophora brassicae.

. Assessment of disease resistance of various radish cultivars: 22 radish cultivars
were investigated for their disease resistance to 12 PF. brassicae isolates, which
showed that there is no race differentiation among FP. brassicae isolates, and the
resistance of radish to P. brassicae was controlled by quantitative traits rather

than qualitative traits.

. Development of in wivo and in witro standard preservation technology for the
pathogens that were collected from domestic and foreign area: an efficient short-
and long-term storage method has been developed on the basis of pathogens’

viability at various temperatures.

. Development of molecular diagnostic methods of plant pathogens that were
collected from domestic and foreign area: molecular markers that are
species—specific for F. oxysporum f. sp. raphani, Alternaria brassicicola, and P.

brassicae, have been developed and confirmed their utility.

. Development of efficient mass-verification technology for the major diseases on
radish

. Development of cost-effective and rapid assay methods for the resistance of
radish to the major pathogens, which is useful for small-sized private breeding

companies and individual breeders
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Table 1. A B TS Sl FRI RS T dF Z2E
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Table 4. FH3Z F ASFHT g2E

o Fineak? Hdd H] 31
1 F. oxysporum f. sp. raphani 57 + sharsletA -9
2 F. oxysporum f. sp. raphani 58 + Elniei s |
3 F. oxysporum f. sp. raphani 59 + Elnici g |
4 F. oxysporum f. sp. raphani 60 + sharsletAd -9
5 F. oxysporum f. sp. raphani 61 - sharsletAd -9
6 F. oxysporum f. sp. raphani 147 + sharsletA -9
7 F. oxysporum f. sp. raphani 151 + Sk gletA -9
8 F. oxysporum f. sp. raphani 216 - Sk gletA T+
9 F. oxysporum f. sp. raphani 217 - Sk sletA T+
10 F. oxysporum f. sp. raphani 218 - Sk sletA T+
11 F. oxysporum f. sp. raphani 219 - sk sletA T+
12 F. oxysporum f. sp. raphani 2200 - Sk gletAd -
13 F. oxysporum f. sp. raphani KR1 + Sk gletA T+
14 F. oxysporum f. sp. raphani 2202 - ey 24
15 F. oxysporum f. sp. raphani 2203 - ey 24
16 F. oxysporum f. sp. raphani DN-2 + ZedTd £
17 F. oxysporum f. sp. raphani NW1 + TfHlol e B4
18 F. oxysporum f. sp. raphani HN + ZEd 2
19 F. oxysporum f. sp. raphani JHW + ZEd 2
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o A3 % 1F

4T, -20+3C (I Ys4), 20Tl A A 7|3t mE ISP AY A& AFE =
A7l A IARAA LAY Bo Age RS R gHE £ 39 o5y

T o Fe] HES s T =S vusch

4C, -20+3C(PA Y22, -20ColA AA3 Ma)3 0126g o Wa| T+ TA9 4

= Table 13} gkom, mE A oA 2 o] glo] 88x10'~15x10°7M, B 1.6x10°7)

ol W EFWE AR S 5 ATk 2P 80T 2ALYELNA LAY B AFR

AT 0125 B RAFEE 110N E FEaAh deby 28d mE 2404 Aol gl
o

~

of WHEYT TAE FIF & Jvkm AAH AT AW 4TAN BE IR FrE T F
Wol RAEEC A7)7] Axtshy, 149 Folt £o® wAW 44 $AY AR § 24
o] A3, A7k A skt

Table 1. A% &%= % 7|3bel] wh& W ST 22 533

n= X2+ 4 (spores/0.125g)
7F _ §
N4 4C (%%}Zgigc%@) 20T 80T
1 1.6 x 10° 1.2 x 10° 1.3 x 10°
2 1.7 x 10° 1.3 x 10° 1.2 x 10°
3 2.2 x 10° 15 % 10° 1.1 = 10°
4 1.3 x 10° 1.7 x 10° 1.0 x 10°
5 15 x 10° 15 x 10° 1.1 x 10°
6 2.7 x 10° 1.7 x 10° 1.3 x 10°
7 51 % 10° 15 x 10° 1.0 x 10°
8 15 = 10° 1.7 x 10° 14 = 10°
9 19 x 10° 16 x 10° 15 x 10°
10 2.0 x 10° 15 x 10° 88 x 107
11 3.1 x 10° 1.8 x 10° 1.9 x 10°
12 15 x 10° 16 x 10° 1.1 x 10° 1.1 x 10°
13 2.7 x 10°
14 25 x 10°
15 25 x 10°
16 2.2 x 10°
17 15 = 10°
18 2.3 x 10°
19 1.8 x 10
20 1.7 x 10°
21 1.9 x 10° 2.2x10°
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4C, -20+3C(JF3 YHA), 20CAM A Jlghe] mE R B YE FYE
4

=
817] Slste] Frh Aol wolyk WFE Algete] WalEy s A3}, 4Tl A
AFHFe A4S Weli 1ALelA 127199 A4 713kl 4Rglo] 34 ode] ke
W22 BrHFig. 4, Table 2). 283 -20CE Wgs WEA £74(-20£3C)7 -20C 3%
£ Abgetel At Aol AgHE WALe] WELY Sxi 20T AgHe] o)
2 ou o] & Ao %

He7h gropa AxAl A4 2xHth &% W3 2
=R

Fome WelEy WAL wold 1287 E

-

Z1 2 LA = — 2=

2P & Aol glo]l #F] Wddel & FAHIL e Ao AZA4HAH(Table 2).

gl -20ColA = 4TAA BEEH s AFstd s "ok g & FATEY 29 glo]
AREA BEFAT. FH WF 1w PEAod 20L7A At nEHS A Ay 36
o]Fe] e WHEE Hol WD WEHAAR 21/ME7HA] Aol Theds & A
=720 -80C deep freezer 21708 A% w5 A IHE 408 BATH

wE 71 A
e e (e wED) e
1 40 + 0.0° 40 £ 0.0 3.8 £ 0.3
2 40 £ 0.0 4.0 = 0.0 40 = 0.0
3 40 + 0.0 37 04 40 £ 0.0
4 3.8 + 0.3 40 + 0.1 40 £ 0.0
5 40 £ 0.0 35 £ 0.7 4.0 = 0.0
6 40 £ 0.0 3.8 + 0.3 4.0 = 0.0
7 40 + 0.0 37 04 4.0 £ 0.0
8 40 = 0.0 40 = 0.0 40 + 0.0
9 34 = 0.7 3.8 £ 0.3 40 + 0.0
10 40 + 0.0 39 + 01 4.0 + 0.1
11 4.0 = 0.0 40 £ 0.0 39 £ 0.1
12 3.8 + 0.3 40 + 0.0 40 £ 0.1
13 4.0 + 0.0
14 40 £ 00
15 36 + 05
16 39 + 01
17 40 £ 0.0
18 40 £ 0.0
19 4.0 + 0.0
20 4.0 = 0.0
21 40 + 0.0
g
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A 44, SR A=HATd A g By g

1. NEL&8H(Fusarium oxysporum f. sp. raphani)® EAAEsZH 2

2

Fusarium 4 2 A AAACE B F2o A& AZs HES doy|= HYTo=
HS 9oy 7|Fo wel 12070 Fol f. sp.2 A E o] Adth(Agrios, 2005). F AlESH &

o]/
Ao 7= WATS Fusarium oxysporum f. sp. raphani=

EF A9 Waloln, A5eue
E el FHEAE F4stel FHE Qo Fdz FRYHE EAsE Aol bed
thoo] ¥, B70] FohAW FHZAL Wolste] 713 B R FYs] AEIHE I

© 71tH(Van Peeret al., 1988).

o Ast= F8 Wall AlE FEE A& ke o] FAMo R Hm 2
A7 AlEL, BEY @i e AR Wste 4l 4 AA7E aAbskA Ak
(Kendric and Snyder, 1936; Peterson and Pound, 1960). 2 1934\ vl A ¥y
o} San Benitoo 1+ White Chinese Winter Radish & Jo Hi¥om, 1946\
922221 Waukesha®] + ZFolA A& Aol Hiud & dAA= vl= Zhx]oA A
3t 9 tH(Pound, 1959; Pound and Fowler, 1953). $-gluglol A= 1981 H YT w5 Aujct

A AS HAEAeH, AL Ao m st AEoH Aol HA Friet
(Moon et al., 2001; Nam, 1994).

oN -{E
>,
ully
oo

T AIESHY] A& HAE SAE F AESHS dod= HATSs AS Ade
Aeshs 7les gstel a4l ¥ A A sHe AT 3§ B o Fo] o] §sh= Aol
sasttt AE dole REdd F 0)g/sp0rum0] s Qe Aol Be AFe] 3 H

FE AT wegbA H¥ YA F.ooxysporum T7F obd Fol WAool = F. oxysporum f.

sp. raphanis Eo°)4 o2 sl o] H Qs

# RFLP (Restriction Fragment Length Polymorphism), RAPD (Random Amplified
Polymorphic DNA), SCAR (sequence characterized amplified region) marker, IGS (intergenic
spacer of the nuclear ribosomal DNA), ITS (internal spacer of the nuclear ribosomal DNA)
awlal 54§47 59 ¥ 545 2te DNA QU7IAEE9] #4025 Aozl £+ 5
o]4 molecular marker?} ©]& ©]83 PCR (polymerase chain reaction) 4]7]% 9]
Fusarium % W4T E5e & 54 9 ¥ o] glojA w9 FRLstA d&=HoAA L )
(Baayen et al., 1997, Kawabe et al., 2005; Li et al., 1994, Migheli et al., 1998; Waalwijk et
al., 1996). A9 T A=W A F oxysporum f. sp. raphanis Eo°]F o2 A Es=
Zzlol v (primer) = X ¥ #}F glo)

Ao s F AIESY e U Wdd 540 &8sy & F ooxysporum f. sp
raphani & 5°]% molecular markerE 73t azt AFSA Y. F. oxysporum f. sp raphani<t
TR g FAR Fusarium®BHW thE FE59%2] genome FAAF WF-o] 74 LE A

o BA3Ee] F ooxysporum f. sp raphani € E°]%4 primerE /%l o]= PCR 71WHS

o]-g3ate] SoldE Felstith

. As €

(1) A} ¥ ¥ genomic DNA £
5

v zoe et 75 ABeA Red F oxysporum FFES B AT AHE39
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tH(Table 1). F. oxysporum f. sp. melonis % 157N, F. oxysporum f. sp. cucumerinum
= 370, F. oxysporum f. sp. niveum i+ 47N, F. oxysporum f. sp. conglutinans =
178, F. oxysporum f. sp. lycopersici 75+ 17 1813l F. oxysporum f. sp. raphani v+
16702 & 4070 F. oxysporum 5 A& o] AF&3A ).

o5 407 ¥FE9 genomic DNAE EEst7] f38to], 2+ =5 PDA ujA|d HF3sla
25°Col A 7LzE wjkE FAAE dud =20 mDY A dAE FojWo] effendorf FE.
Y -70°ColA SAANFAY. TZ2E HAFAE glass beadE o]&3d] w3 S 400 /9
extraction buffer[200 mM Tris—-HCl(pH 8.0), 200 mM NaCl, 30 mM EDTA, 0.5% SDS]¢}
proteinase K0 ug)E F71ske] 37°ColAl 1A A3t 32 400 #/2] 2xCTAB
solution[2% CTAB(w/v), 100 mM Tris HCI(pH8.0), 20 mM EDTA(pH 8.0), 1.4 M NaCl, 1%
PVP(polyvinylpyrrolidone)|= #H7}ste]l & Aol & F 600 w4 chloroform: isoamylalcohol
(24 © D2 FZ3F3L 12,000 rpmel A 102 &< YAEZs 45 dAS 1.5 ml tubeol] 2 ST}
Ao 0.7 Bl %F2] isopropanols F 7 slar A oA 10E37F WX 3 12,000 rpmol A 10—‘?'—
FoF AR sk A" DNAE 70% ethanols o] &3] 22 oz AZsrt F
W] ethanols A1A, 71xA1Z1 & DNAE 50 «#/¢ TE bufferol =<1 vt 2 #(10 mg/ml)4
RNaseZ #7}3le] RNAES AlA 3 3 agarose geldl #7194 53] DNAS ol 2 Aakslo]
=3

+F
L
.
T
-

o

-~

(2) F. oxysporum f. sp raphani 5°]% primer A3

GenBank(http://www.nchi.nlm.nih.gov)oll &ME F. oxysporum f. sp raphani 2 T3k
F.  oxysporum %9 genome H7|MEES  Fusarium Comparative  Database
(http://www.broadinstitute.org) ZZI13:S o]&a] Hu EAst] F oxysporum f. sp
raphani®] specific primer set®} F. oxysporums 3% S 2 S35t 4= 9l universal primer
setE AAsIATH

GenBankell /0¥ F. oxysporum f. sp raphani®l genome @7IA<E AHHE= F.
oxysporum f. sp. Iycopersici, radicis-Iycopersici, cubense, pisi, vasinfectum, melonis,
conglutinans®] genome 97|14 <E3} 34 BROAD INSTITUTE®S Fusarium Comparative
Databasel Xl 9714 <¥E Blast w4 ZZIa#S o]&3] ¥4 3o, Oligonucleotide
Properties Calculator(http://www.basic.northwestern.edu)S ©|83to] F. oxysporum f. sp
raphani®] specific primer set(Raphani F/Raphani R)®} F. oxysporums 55402 SE3

< 94& universal primer set(FO F/FO R)& 7Z+z} A A st}
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Table 1. Fusarium oxysporum isolates used in this study

No. Isolates Fusarium oxysporum formae specialis Host plants
1 Fom-0 F. oxysporum f. sp. melonis melon
2 Fom-1 F. oxysporum f. sp. melonis melon
3 Fom-1(62) F. oxysporum f. sp. melonis melon
4 Fom-2 F. oxysporum f. sp. melonis melon
5 K-43205 F. oxysporum f. sp. melonis melon
6 K-43206 F. oxysporum f. sp. melonis melon
7 K-43207 F. oxysporum f. sp. melonis melon
8 GR F. oxysporum f. sp. melonis melon
9 GR65 F. oxysporum f. sp. melonis melon
10 BY-C1 F. oxysporum melon
11 BY-C2 F. oxysporum melon
12 BY-G1 F. oxysporum melon
13 BY-W2 F. oxysporum melon
14 BY-W6 F. oxysporum melon
15 BY-W7 F. oxysporum melon
16 N-5117 F. oxysporum f. sp. cucumerinum cucumber
17 CJ F. oxysporum f. sp. cucumerinum cucumber
18 KR5 F. oxysporum f. sp. cucumerinum cucumber
19 HA F. oxysporum f. sp. niveum watermelon
20 K-40902 F. oxysporum f. sp. niveum watermelon
21 NW1 F. oxysporum f. sp. niveum watermelon
22 NW2 F. oxysporum f. sp. niveum watermelon
23 CO F. oxysporum f. sp. conglutinans cabbage
24 LY F. oxysporum f. sp. [ycopersici tomato
25 KRI1 F. oxysporum radish
26 57 F. oxysporum radish
27 58 F. oxysporum radish
28 59 F. oxysporum radish
29 60 F. oxysporum radish
30 61 F. oxysporum radish
31 147 F. oxysporum radish
32 151 F. oxysporum radish
33 216 F. oxysporum radish
34 217 F. oxysporum radish
35 218 F. oxysporum radish
36 219 F. oxysporum radish
37 220 F. oxysporum radish
38 GWNU2 F. oxysporum radish
39 GWNU3 F. oxysporum radish
40 DN-2 F. oxysporum radish
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(3) F. oxysporum 2 F. oxysporum f. sp raphani 574 +AA¢] PCR &

F. oxysporum f. sp raphani® specific primer set(Raphani F/Raphani R)¢} F.
oxysporumrs FEF A 07 FE3T 4= 9 universal primer set(FO F/FO R)E o] &3le] F
oxysporum f. sp raphanis X33t o8] F. oxysporum formae specialesE(tFE 7|5 2 &9
A B8t F. ooxysporum f. sp. melonis 1575+, F. oxysporum f. sp. cucumerinum 335, F.
oxysporum f. sp. niveum 435, F. oxysporum f. sp. conglutinans 13+, F. oxysporum f.
sp. Iycopersici 13+5, F. oxysporum f. sp. raphani 1637+5)°] el PCR %5 2 A3k}

ZZS 93 WkS mixture® total volumes 20 w/Z 3}l template DNA 2-10 ng, 2t
primer set 10 pmole, 25 mM dNTPs, 10xPCR buffer 2 « 10 mM MgCl2, Tag DNA
Polymerase 2 unit (Intron Biotechnology Inc)*o* H7tste] PCRE T8ttt Fdate] 5%
2 jnitial denaturations 94°Cell A 5&7F 2 A]gk & denaturation 94°C/20%, annealing 57°C/19
%, extension 72°C/ 30%= 35 cycles& #AAlstil final extensions 72°C/5+% A At
BioRadAl9] iCycler< ©]&3lo] PCR T35 sldom 53 % PCR 2HE2 1.5% agarose gel
ol A 100 Vol 30%7F ©7]953t4] ethidium bromide® 43k & #2s}3d ),

(5) F2FE £ F. oxysporum 167} w59 Fo e HLd AR

LRRE a3 Fooxpsporum 167) #FE PDA wjA|o] HEate] 25°Col A 227+ ujok
3ttt PDA HiXo] FAE wAd7e 7FEow Ry @A 27 67
Ay Aol HEF F 25°Col A 747 150 rpm e & el vk 2 wE mjFd S

= 4

A9 miraclothell A8 #AAE A AL AAEEE S A A S At 2AE +9

sttt g3 ¥ HugR dgste xxRdgds e AR I v
52 84389 1x10" conidia/mle] =2 ZAsle] HELS Zvsg)

T TAE TEstal SAdA 12¢9 FtF Auigr 71 ASAATTET, ¢ AESY

T4 FE) Yo F& AAst, Eve A E Y 40 mlol 30 <t At HE5HA

A sttt o] % 25°C

@AM eFFell 12413 F¢ FS 2AEEA Aujsilon HI

I
)
—_
o
3J
e
a
=
>
[t
oo

dy
t HA FEE 5x8 1 EEo| &7 Al 25°CeolA 2443+ 54
&}
ke

TS A A
HzAbE oS 2e @ T (disease index)Z AR o, WAL= 0 = A 1 =
AetiE 2WEy AARE WAool gl A, 2 = AeHE dWuEa AARE 9 Ko o
A= 2, 3 = A= AREI AGEE A5l AT ot F3td A, 4 = A
AW E L A ste} A GE BE ASo] AAlH AstA std A 5 = AP 5 69AIE 5HA
=3 1.0 O]ﬂ?_ 7§—°r°ﬂlf: HH A, 20 29+ BYA8 52 Agstdon] ¥

o. 243
(1) F28¥Y 843 Fusarium oxysporum 167) #F¢ Fd tha HLA
gkt Ao WE FREYH 23 F ooxysporum 1671 1

Ql F. oxysporum f. sp raphani?l A& 135}7] §sto] o5 T
v 7bA EE) HEdn WAL ZAFSY T A3 1670
=

(KR1, 57, 58, 59, 60, 147, 151, DN-2)+= H& 256¥ o 2



A Y AFgA 2 Fgslye dYAHA F O AESHE Al #EHNeW 671 F
oxysporum w5 (KR1, 57, 58, 147, 151, DN-2) 35 o]A¢] =& W =S veyon, 27H i
(59, 60,)= ZHzF 299 269 taA e W EE B tH(Table 2). WekA] ol 87 o5

H4E 7 FHEAA 08 ]'6}

oxysporum f. sp raphani® A% ATF 1 9 L}Ui A AFES
WAA F oxysporum T+

W e = Yello] F ooxysporum f. sp raphani7} ofU il H]
1

o

24 = AT (Table 2).

o 1o

Table 2. Pathogenicity of 16 strains of Fusarium oxysporum isolated from radish plants on

radish seedlings

Disease Disease

I[solate index Pathogenicity I[solate index Pathogenicity
KR1 40 + 0.7 + 216 08 £ 04 -

57 48 + 04 + 217 0.0 £ 0.0 -

o8 47 + 05 + 218 05+ 04 -

39 29 + 1.2 + 219 01 £ 0.2 -

60 26 £ 09 + 220 06 £ 0.5 -

61 05 + 04 - GWNU2 03 £ 05 -

147 44 + 0.2 + GWNU3 03 £ 05 -

151 35+ 1.1 + DN-2 43 + 1.5 +

(2) F. oxysporum f. sp raphani 5 °]% primer® 5o|A
F. oxysporum f. sp. raphani®t 74252 FASE F. oxysporum formae speciales A}©]
o] genome°] Wd AVIAME Hla AL FaA 450 bpel PCR /?::wgo A &)=

oxysporum f. sp. raphani 5 °]# primer set(Raphani F/Raphani R)E “d 73} 31
F. oxysporum f. sp. raphani 5°]4 primer= A %% primer® ~°] A4 _%/\}3}7] 2
U] e AESH 7F AE] WE, Qo] FH EntE e FEEEH £33 0
3k formae speciales® F. oxysporum i 40709l i3]+l Raphani F/Raphani R primer setZ
o] &3] PCR WH&& AAISH Az Fo dist WAAAS 7MX = F. oxysporum f. sp. raphani it
FEANMRE SolHRl 450 bpel @ FHA=S 9 & & AU (Table 7; Fig. 1). F.

o

oxysporum £°]% ¢l primer set(Fo F/Fo R)ol oldjr+= A3 BE F oxysporum TT+%
WES HEb At (Fig. . webs &2 Aol W23t F.ooxysporum f. sp. raphani 5°1% })
primer Set(Raphani F/Raphani R)¥= F. oxysporum f. sp. raphani ¥+ AHH o2 ot
T U e EAA R AdE A Table 3).

i
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Faphani F/Raphani R primer Fo F'Fo R primer

2 2728 0 30 31 32 33 W 350 360 37 38 030 40 M
- e -
Raphani F/Raphani R primer

Fo F/Fo E primer

Fig. 1. PCR-amplified products of Fusarium oxysporum isolates using F. oxysporum f. sp.
raphani specific primer set (Raphani F/Raphani R) and F. oxysporum universal primer
set (Fo F/Fo R). Genomic DNAs of F. oxysporum formae speciales isolates (lanes 1-40:
Fom-0, Fom-1, Fom-1(62), Fom-2, K-43205, K-43206, K-43207, GR, GR65, BY-CI,
BY-C2, BY-G1, BY-W2, BY-W6, BY-W7, N-5117, CJ, KR5, HA, K-40902, NW1. NW2,
CO, LY, KR1, 57, 58A, 59, 60, 61, 147, 151, 216, 217, 218, 219, 220 GWNU2Z, GWNUS3,
DN-2) (Table 1) were used for PCR analysis. M, molecular maker 1-kb DNA ladder

plus.
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Table 3. PCR detection using F. oxysporum {. sp raphani specific primer set (Raphani

F/Raphani R) and F. oxysporum universal primer set (Fo F/Fo R)

PCR PCR
No. Isolates Fusarium. q)g/sporum Host plants test test Path o~
formae speciales (RaF (FoF  genicity
/RaR) /FoR)

1 Fom-0 F. oxysporum f. sp. melonis melon - + +
2 Fom-1 F. oxysporum f. sp. melonis melon - + +
3  Fom-1(62) F. oxysporum f. sp. melonis melon - + +
4  Fom-2 F. oxysporum f. sp. melonis melon - + +
5 K-43205 F. oxysporum f. sp. melonis melon - + +
6  K-43206 F. oxysporum f. sp. melonis melon - + +
7 K-43207 F. oxysporum f. sp. melonis melon - + +
8 GR F. oxysporum f. sp. melonis melon - + +
9 GR65 F. oxysporum f. sp. melonis melon - + +
10 BY-C1 F. oxysporum melon - + -
11 BY-C2 F. oxysporum melon - + -
12 BY-GI1 F. oxysporum melon - + -
13 BY-W2 F. oxysporum melon - + -
14 BY-W6 F. oxysporum melon - + -
15 BY-W7 F. oxysporum melon - + -
16 N-5117 F. oxysporum {. sp. cucumerinum  cucumber - + +
17 CJ F. oxysporum f. sp. cucumerinum cucumber - + +
18 KR5 F. oxysporum f. sp. cucumerinum cucumber - + +
19 HA F. oxysporum f. sp. niveum watermelon - + +
20  K-40902 F. oxysporum f. sp. niveum watermelon - + +
21 NWI1 F. oxysporum f. sp. niveum watermelon - + +
22 NW2 F. oxysporum f. sp. niveum watermelon - + +
23 CO F. oxysporum f. sp. conglutinans cabbage - + +
24 LY F. oxysporum f. sp. [ycopersici tomato - + +
25 KRI1 F. oxysporum radish + + +
26 57 F. oxysporum radish + + +
27 B8 F. oxysporum radish + + +
28 59 F. oxysporum radish + + +
29 60 F. oxysporum radish + + +
30 61 F. oxysporum radish - + -
31 147 F. oxysporum radish + + +
32 151 F. oxysporum radish + + +
33 216 F. oxysporum radish - + -
34 217 F. oxysporum radish - + -
35 218 F. oxysporum radish - + -
36 219 F. oxysporum radish - + -
37 220 F. oxysporum radish - + -
38 GWNU2 F. oxysporum radish - + -
39 GWNU3 F. oxysporum radish - + -
40 DN-2 F. oxysporum radish + + +

“F. oxysporum f. sp raphani specific primer set (RaF, Raphani F/RaR, Raphani R).

PF. oxysporum universal primer set (Fo F/Fo R).

*> The symbol “+” means the PCR product of the expected size obtained, “~” means no

PCR product of the expected size obtained.

°F. oxysporum f. sp raphani isolates were tested for their pathogenicity using the root dip

assay on their respective hosts, and the symbol

“ ”

means no disease.

_4"_

“+” means positive for pathogenicity;



2. B8 39 (Plasmodiophora brassicae)® EAAEEH Ady Y
7F A E

Plasmodiophora brassicae®] 2|3+ |2 A AAFo=R HAste] & IJPE Fia
= P

<

AdE Fo ESHAAH SR Protozoa Aol 3= FARTF(Pseudo fungi)® #F %t}

brassicaer= ZE 7| .2 w3 (Brassica rapa subsp. pekinensis) ¢|o|% vl F(Brassica
oleracea), -(Raphanus sativus) 5 AAsty} 2HEe] By S A AZIYH(Kim et al,
2003; Zhang et al, 2005). o] WAyt Bz Ao F45] W FHEAZF FAHT, {74
HgA 59 Fe= vt Fajsed wel el yo g wrEr o] EdkdA 15 ol AES
WA el HesHs dovle= Aoz delA AvH(Arie et al, 1998, Mattush, 1977). Hl
o 5l 74" Woronindl o8] A5 B o]F A AAXCR WA =
(Karling, 1968), st=ro| 2] w3 B a2 1920d ol A3} 4= x]Jo] uj3= Anj)=] o
A S BaHE A 2 (Nakata and Takimoto, 1928), 1990\ 55 = ujF oy dAH A
o] 343] F7Fst9 1 (Cho et al, 2003; Kim et al, 2000a, 2000b, 2003), &A= = A A

W, G, TS RS Ggo] RelEe] WS Yt
SEEE D)

S WAEH] flste A AHEYE T3 EYY pH 247 AA stz 2HEo] 9
o ZEH} Hste W 9 AEFA BA, & "AES ol &3 AETA WA (Cheah and
Page, 1995; Cheah et al, 2000), 2@ 3L fluazinam, flusulfamide % ethaboxam % ¢](Komyoji
et al, 1995; Mitani et al, 2003; Shimotori et al, 1996) 2t #| S o] &3al= 3874 wWhA| S
H A7 Ede] APgHoA gk AR AEA WAlE S g wAERrt @
i, Al E ol 8% 8EA WAls dAFoE Y FAIA @717E el WA
2E B 7 Jdoy FEVE oA W oA Wl s yo] AdtelA
TH(Yoshigawa, 1983). 3k FoFe] Irprlgoz Qlsh

A& op7lstar

=
l‘ﬂ basd
Ll )
X2 d
ol oF

(o]
bl
N
Hir
o,

oM,
2
ax
4z
ot
i)
rigt
o
to
2
do
(02
iy
1o
Sl
2

b B SR e] WAl AQEE HEH ke AAA s Fol7] A Wi
o Z7] XS Foto] Al&e WA 2 dgus & 5 Qe s siEo]l dasty, A<l
sy A gd FESs st ¥ g oz Y SHdes AS AdsHA a9
= 7lEs o] &3te Aol FTastt

sy HdES oHES V|5 AEAE o&3 A=Y A (bioassay), FF 7]
7AE ol &gt e Ay, So] o] g/ E o] g3 WAN-SH (antiserum), /A
HESol A @aet 7jde] dbE Az yeiys B HAYgRE o83 gaAUdgSAY
(enzyme-linked immunosorbent assay, ELISA) So] o]&% 1 oy HZFo Ha3k 7o
Aokt B2 AZFe] &g kel Au7E e H A B wE 9 JSAH S Kol vl

A tH(Faggian and Strelkov, 2009; Lange et al, 1989, Toxopeus and Janssen, 1975;
Wakeham et al., 1996; Wallenhammer, 1996, White and Wakeham, 1995).

< B2 71 o2 RFLP(Restriction Fragment Length Polymorphism), RAPD(Random
Amplified Polymorphic DNA), SCAR(sequence characterized amplified region) marker, IGS
(intergenic spacer of the nuclear ribosomal DNA), ITS (internal spacer of the nuclear
ribosomal DNA) 18]al 54 F3d2 59 kst 545 2= DNA F7IAE 59 A4 o=
FE Ao F 5°]4 molecular marker®} ©]& ©]-83 PCR (polymerase chain reaction) &
A7IHe] AE HAadEe] & 4 2 W ded QoA v FHLSHA &8HAA A 9l
(Kawabe et al, 2005; Li et al, 1994, Migheli et al, 1998; Waalwijk et al, 1996).

PCR &4 7ol 71x3te] 5o]4 primerg °©]&3% 54 DNA 974 E9] TFHS 3l
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A W EgRe A9 4 9

T =2

fr

W Eo] AT Hojx gkom(Cao et al, 2007; Faggian et
al, 1999; Ito et al, 1999; Wallenhammar et al, 2012, Wallenhammar and Arwidsson, 2001)
ER /\11‘— ITS(internal transcribed spacer)®} bata—tubulin @714 <4< E9°| primerE o] &3k
PCR #4x FZ& S FZHde Ad & 4 d= ol Biaxo] utH(Choi ef al,
2014; Soh et a]., 2013)

BoAo M= AR ZEo A Y S WY (Plasmodiophora brassicae)®] 3+
710 stz & 7S NSt 918 7159 ITS ¢F bata-tubulin 9714 <E 5%
M2 P. brassicae genome W] Eo] §Hdx R v 7| gS vl HA S0
ST (P. brassicae)®l 5o]ZQ1l A (PbAll 1F/IR)E 4
o] gate] Ml H Wl ol EAmpAREA S HolA

EN

F51 131 conventional PCR

)2 A,

N E 2 o

2 o
o Jfob

U As 2 Ny
(1) Genomic DNA ¥ &

AqiE 23 SR uF e sy 127) 77(GNI, GN2, JS, GS, HS, YC, PC, HNI,
DJ, KS, SS, HN2) (Fig. 2)¢} +9] %%&"J 15 AW (Phytophthora capsici), W4+

3 7} E W 1 (Podosphaera xanthii), EVIE W 3t (Phytophthora infestans), ¥ =344+
(Magnaporthe oryzae), il THAHAH( Co]]etomcbum coccodes), — RZAEW T (Pythium

ultimum), ™5 HewFo|W i (Fusarium graminearum), <34 <78 S9 (Fusarium
verticillioides) (Table 4)2} Alvt7d WU 153 EvntEY A1t (Ralstonia solanacearum) “12]
3 B FHEMIQ Paenibacillus kribbensis T9, Lysinibacillus sphaericus TCl, Bacillus
velezensis G341, Bacillus amyloliquefaciens), (Table 5), Z18]3l w5, F EnlE 3 H
o] AA (100 mg)S effendorf FH| Yl -70°Coll A A AT 258 AWZS glass bead
= o] &3& mhad e 400 w/9extraction buffer[200 mM Tris-HCl (pH 8.0), 200 mM NaCl,
30 mM EDTA, 0.5% SDS]¢} proteinase K(50 ug)E H71ske] 37°Coll A 1413 Al stdc). o
52 400 w9 2xCTAB solution[2% CTAB (w/v), 100 mM Tris-HCI(pH8.0), 20 mM
EDTA(pH 8.0), 1.4 M NaCl, 1% PVP (polyvinylpyrrolidone)] #7}ste] 2 o] &= 3 600
191 chloroform @ isoamylalcohol(24 @ 1)® FE3Fal 12,000 rpmol A 102 &< H4l 2] sho
A5 HEe 15 ml tubeo EATh A5 0.7 vl #EF9] isopropanols H7Fsal A-oA 1053t

gk % 12,000 rpmoll Al 10+ &< G Atk F7%E DNAE 70% ethanols ©] 83
2o oz A3t FEU ethanols AA, AEAIZ £ DNA% 50 w/°] TE buffer
| =9l o2 2 «(10 mg/m])«] RNaseZ #H7}3to] RNAS A7 3+ & agarose gelo] A7) <
Eoto] DNAE &<l 3 F sl

2
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Fig. 2. Clubroot development of Chinese cabbage inoculated with YC isolate of

Plasmodiophora brassicae.

Table 4. Field isolates of Plasmodiophora brassicae used in the study

No. Isolate Host Area

1 GN1 Chinese cabbage Gangneung
2 GN2 Chinese cabbage Gangneung
3 JS Chinese cabbage Jeongseon
4 GS Cabbage Goesan

5 HS Chinese cabbage Hoengseong
6 YC Chinese cabbage Yeoncheon
7 PC Chinese cabbage Pyeongchang
3 HN1 Chinese cabbage Haenam
9 DJ Chinese cabbage Daejeon
10 KS Chinese cabbage Keumsan
11 SS Chinese cabbage Seosan
12 HN2 Chinese cabbage Haenam
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Table 5. Fungal and bacterial isolates used in this study

No. Species Host
1 Phytophthora capsici Pepper
2 Phytophthora inféstans Potato
3 Podosphaera xanthii Cucumber
4 Magnaporthe oryzae Rice
5 Colletotrichum coccodes Pepper
6 Pythium ultimum Cucumber
7 Fusarium graminearum Wheat
8 Fusarium verticillioides Maize
9 Paenibacillus kribbensis T9 Soil
10 Lysinibacillus sphaericus TC1 Soil
11 Bacillus velezensis G341 Ginseng
12 Bacillus amyloliquefaciens Soil
13 Ralstonia solanacearum Tobacco

(2) Plasmodiophora brassicae £°]% primer A

Eo]4 primer?] A%S 93] GenBankel ¥ /0¥ P. brassicae®] genome W< F7A <
7199 ARE gd3t AE WAdTe genome 971X LE3 7 National Center for
Biotechnology Information®] GeneBank ¥ 714 <€ Blast ¥4 Z 28 o]&a] nluiEs 3
2w Oligonucleotide Properties Calculator (http://www.basic.northwestern.edu)& ©]-83}¢]
P. brassicaec 5°14 primer?] PbAll 1F: 5'-ATCAATATGAGGGTCTTTGCTGGAGTC-3’
¢} PbAll 1R: 5 -GGGTACTTAGGGTGGTGGACTTATATC-3'& AA st

(3) Plasmodiophora brassicae 573 +#A A2l PCR $%

P. brassicae®] PCR S0l 9loJM P. prassicae®] genome 97|/ <E A HE National
Center for Biotechnology Information®] GeneBank % 7]4 ¥ Blast ¥4 T Z 138 F3)A
2435k 719 ITS % beta-tubulin F#< ©]| 83t primer sets® 2 54 FHAE o] &
3l P. prassicae 5°]% primer(PbAll 1F/PbAll 1 R)S A At o= ¥l 1271
ZHEH F=3% Genomic DNAE template® ©]&3te] PCR +%& AAsdY. &
HES- mixture™ total volunmes 20 w/Z 33l template DNA 2710 ng, ZF primer set 10
pmole, 25 mM dNTPs, 10xPCR buffer 2 «, 10 mM MgCl2, Tag DNA Polymerase 2 unit
(Intron Biotechnology Inc.)& #7tsled PCRE Sttt FdAe] FT&%H2  initial
denaturationS 95°Coll A 7%7F A A3k ¥ denaturation 95°C/30%, annealing 60°C/30%,
extension 72°C/ 30% % 30 cyclesS A A&}l final extensionS 72°C/10% 2 A 8¢ th. BioRad
ARe] iCyclers ©] &3t PCR 5% & 39 o 533 PCR A& 1.5% agarose gelol A 100

Vel 3087 7719 %E 3] ethidium bromide® &% F #3233

(4) Plasmodiophora brassicae®| 5©]% <l primer? 5o]A
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AAE primere] P. brassicaed Wt 5oldS XAlstazr X 3 i sy 12
N ATt vddd 7T AEERY FEe 3% B S T B AT dF 5 7T,
aga v F, F BEulE) 315 B 5o A 223 genomic DNAC dldl Al PbAll 1F/PbAll 1R
primer setE ©]&3te] PCR &% & AAI39 . PCR 2742 initial denaturationg 95°Coll A 7
B2 AA8 & denaturation 95°C/30%, annealing 60°C/30%, extension 72°C/ 30%% 30
cycless A AISFal final extensiong 72°C/10% A A&+t BioRadAle] iCyclers ©]-83}¢]
PCR ZZ$& &9on ZZ5 PCR AHES 1.5% agarose gelol 4] 100 Vel 3027 A7) %38}
o] ethidium bromide® 43t & 72} T,

o 243 2 1@
(1) E9°]& primerE ©|-&3 Plasmodiophora brassicae 1271 #5¢ PCR &
P. brassicae®] genome 97|14 <€ A EE National Center for Biotechnology Information
GeneBank $7]14 <€ Blast w4 L2138 FalA A5t genome F7IAE ol 5A
A [FHAAE o] 83 P. brassicae 5°]% primer(PbAll 1F/PbAll 1R)E A A5t} A=
o] primer®] P. brassicae® W3 PCR SZWHg AHE9] A 7]+ 480 bp= A= o). ¥
o] Algk o] ohFd AdelA 2 FHE wF S 75 (GNIL, GN2, ]S,
GS, HS, YC, PC, HN1, DJ, KS, SS, HN2)®} Fusarium oxysporum 2| w5(F. oxysporum
f. sp. melonis, cucumerinum, niveum) Z1¥]3 W|F F EulE 33 B2 RE B
genomic DNAE] tjaf4 PbAIll 1F/PbAll 1R primer set= ©]&3] PCR &% 33}
]_

SE o o

[e)
3, O Ay Bl Ho] wAlst oA ¥ W ujF BEEH 127 dFFEoAR 5olF
Ql 480 bpel ©Y DNA SEAES &2 & 4 A3 F oxysporum & 2 TFs 2E 9
B A= ofwl DNA SE4EE A=A &Ekth(Table 6, Fig. 3).

Table 6. PCR amplification of genomic DNA of Plasmodiophora. brassicae field isolates

with specific primer set

PCR detection

No. I[solate - 2
Primer set (PbAll 1F/IR)

1 Plasmodiophora. brassicae GN1 +

2 Plasmodiophora. brassicae GN2 +

3 Plasmodiophora. brassicae ]S +

4 Plasmodiophora. brassicac GS +

5 Plasmodiophora. brassicae HS +

6 Plasmodiophora. brassicae YC +

7 Plasmodiophora. brassicae PC +

8 Plasmodiophora. brassicae HN1 +

9 Plasmodiophora. brassicae D] +

10 Plasmodiophora. brassicae KS +

11 Plasmodiophora. brassicae SS +

12 Plasmodiophora. brassicac HN2 +

”

“Plasmodiophora brassicae-specific primer set, PbAll 1F/PbAll 1R. The symbol “+” means
the PCR product of the expected size, “~” means no PCR product of the expected size.
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A F. oxysporum f. sp.

Fig. 3. Detection of Plasmodiophora brassicae using specific primer set (AbAll 1F/AbAll
1R) in conventional PCR. (A) Genomic DNA of clubroots of Chinese cabbage infected by
P. brassicae isolates (lanes 1-12: GN1, GN2, JS, GS, HS, YC, PC, HNI, DJ, KS, SS,
HN2) and Fusarium oxysporum formae speciales isolates (lanes 13-15: F. oxysporum f.
sp. melonis, F. oxysporum f. sp. cucumerinum, F. oxysporum f. sp. niveum) were used
for PCR analyses. (B) Genomic DNA of clubroots of Chinese cabbage infected by Z.
brassicae isolates (lanes 1-12: GN1, GN2, JS, GS, HS, YC, PC, HNI1, D], KS, SS, HN2)
and roots of plants (lanes 13-16: Chinese cabbage, radish, tomato, pepper) were used for

PCR analyses.
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(2) Plasmodiophora brassicae®] E°]% <l PCR primer9d —E—O] A

P. brassicae %8 primer?] 5olAd& 2135ty {8t 2 FFo] WA (L. capsidi,
P. Infestans, P. Xxanthii, M.oryzae, C. coccodes, P.ultimum, F. graminearum, F.
verticillioides)®t At WA (LK. solanacearum) 1831 @AM (P. kribbensis T9, L.
sphaericus TCl, B. velezensis G341, B. amyloliqueficiens)®] %% genomic DNAE ©] &3}
o] PCR £Z4t8S S35ty PCR &&%s A3} P. brassicae D] 52 genomic DNA

ZHE 480 bp 2712 @ DNA TEAES golst 4= glloy D] #5 o]9] A& ¥+
o] @ Ayto] thalA = oWl DNA SZ AR gHelst 4= g1t (Table 7, Fig. 4).
] ==

wrp] B Ao A ZFE P, prassicae FAEE E°]4 primerE ©]83%F conventional
e A5t AEetA el 3w WA (P, brassicae)S A=st=d 29X 02 ALE

R
g4 5 Adg oz AZE

ul

Table 7. PCR amplification of fungal and bacterial isolates with Plasmodiophora

brassicae—specific primer set

PCR detection
Primer set (PbAll 1F/1R)*

Z,
o

Species

Phytophthora capsici
Phytophthora infestans —
Podosphaera xanthil —
Magnaporthe oryzae —
Colletotrichum coccodes —
Pythium ultimum —
Fusarium graminearum —
Fusarium verticillioides —
Paenibacillus kribbensis (T9) -
Lysinibacillus sphaericus (TC1) —

O© 00 3 O O = W N =

—_ =
)

Bacillus velezensis (G341) —

—
\]

Bacillus amyloliquefaciens —

13 Ralstonia solanacearum —

4Plasmodiophora brassicae-specific primer set, PbAll 1F/PbAll 1R. The symbol “+” means
the PCR product of the expected sized, “~” means no PCR product of the expected size.
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Fig. 4. Specificity of primer set (AbAll 1F/AbAll 1R) for Plasmodiophora brassicae by

conventional PCR using genomic DNA purified from fungal and bacterial species.

3.
7},

Genomic DNA of fungal and bacterial species (lane 1 : C, P. brassicae D] isolates, lanes
2-14: Phytophthora capsici, Phytophthora inféestans, Podosphaera xanthii, Magnaporthe
oryzae, Colletotrichum coccodes, Pythium ultimum, Fusarium graminearum, [Fusarium
Bacillus

velezensis G341, Bacillus amyloliqueficiens, Ralstonia solanacearum) were used for PCR

verticillioides, Paenibacillus kribbensis 19, Lysinibacillus sphaericus TCI,

analysis.

49 AHg

o

iy

1
N

2 AeFYY YA (Alternaria brassicicola) 2 &1 7
A

Table 8. Alternaria spp. isolates used in this study

al
=

Culture media,

No. Alternaria spp. Host plants T™M CC)
1 A. acalyphae 43236 Acalypha australis PDA, 25°C
2 A. alternata 42131 Pyrus serotine V8, 25°C
3 A. arborescens 43734 Creosote treated wood tie MEA, 20°C
4 A. brassicae 46634 Armoracia rusticana PDA, 25°C
5 A. brassicicola 40036 Raphanus sativus PDA, 25°C
6 A. calendulae 43237 Calendula arvensis PDA, 25°C
7 A. carthami 44416 leaf of Carthamus tinctorius V8, 25°C
8 A. cassiae 43238 Cassia tora PDA, 25°C
9 A. citri 42128 Citrus unshiu V8, 25°C
10 A. creassa 43227 Datura stramonium PDA, 25°C
11 A. dauci 42997 Daucus carota V8, 25°C
12 A. dianthi 43240 Dianthus superbus var. PDA, 25°C
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13 A. gaisen 42124 Pyrus serotine V8, 25°C
14 A. gossypina 42129 Gossypium indicum V8, 25°C
15 A. helianthi 42469 Helianthus annuus V8, 25°C
16 A. Iridicola 43241 Belamcanda chinensis PDA, 25°C
17 A. japonica 43244 Raphanus sativus PDA, 25°C
18 A. kikuchiana 40630 Pyrus serotine PDA, 25(UV)°C
19 A. longipes 42127 Nicotiana tabacum V8, 25°C
20 A. longissima 44350 seed of Oryza sativa V8, 25°C
21 A. macrospora 43245 Gossyoium indicum PDA, 25°C
22 A. mali 40841 Malus pumila var. dulcissima CMA, 25°C
23 A. padwickii 43247 Oryza sativa PDA, 25°C
24 A. panax 42461 Panax ginseng V8, 25°C
25 A. porri 40568 Allium fistulosum MEA, 25°C
26 A. radicina 43249 Daucus carota PDA, 25°C
27 A. ricini 43251 Ricinus communis PDA, 25°C
28 A. sesami 43254 Sesamum indicum PDA, 25°C
29 A. tagetica 42471 Tagetes erecta V8, 25°C
30 A. tenuissima 40968 Vicia aba PDA, 30°C
31 A. tomatophila 44357 Lycopersicon esculentum V8, 25°C
32 A. zinniae 44882 leaf of Zinnia elegans PDA, 25°C

longicalycinus

Table 9. Alternaria brassicicola and A. japonica isolates used in this study

Culture media,

No. Alternaria spp. Host plants ™ ©C)
1 A. brassicicola 40034 Raphanus sativus PDA, 25°C
2 A. brassicicola 40857 soil of Chinese cabbage PDA, 25°C
3 A. brassicicola 43923 Armoracia rusticana PDA, 25°C
4 A. brassicicola 44415 Raphanus sativus V8, 25°C
5 A. brassicicola 44877 leaf of B. campestris ssp. perkinensis PDA, 25°C
6 A. brassicicola 44878 leaf of B. oleracea var. gongylodes PDA, 25°C
7 A japonica 43243 B. campestris napus var. PDA, 25°C

nippo-oleitera
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Table 8. Various fungal isolates used in this study

No. Fungal species Source
1 Phytophthora capsici Pepper
2 Phytophthora inféestans Tomato
3 Podosphaera xanthii Cucurbits
4 Magnaporthe oryzae Rice
5 Colletotrichum coccodes Pepper
6 Pythium ultimum Soil
7 Fusarium graminearum Wheat
8 Fusarium verticillioides Maize

Table 9. Various bacterial isolates used in this study

No. Bacterial species Source
1 Paenibacillus kribbensis (T9) Soil
2 Lysinibacillus sphaericus (TC1) Soil
3 Bacillus velezensis (G341) Ginseng
4 Bacillus amyloliquefaciens Soil
5) Ralstonia solanacearum Tomato

Y. Genomic DNA &3

- 0gE 7T AR5 2gE 39 ASFHE d#FE sHTAALAE ZRE Egtol
potato dextrose agar (PDA), malt extract agar (MEA), V8 juice agar (V8), & corn meal
agar (CMA) ujx]ol HZFskal 25°Col A (o &]; A arborescens 20°C, A. tenuissima 30°C) 74

ot SAE (d9); A kikuchiana light)oll A vl &F3} At}

mlm

- W E 7z} Alternaria spp. 7 B 20 m)E o) &3t HAMAE Sl Th A
22100 meg)S effendorf FHO| Eir -70°ColA =ZAANAL. 5249 WZS glass bead=
o] &3l whagk th 400 w/9extraction buffer [200 mM Tris-HCl (pH 8.0), 200 mM NaCl,
30 mM EDTA, 0.5% SDS]¢} proteinase K (50 ug)E #7Fste] 37°ColA 1A A2l

2 400 w2l 2xCTAB solution [2% CTAB (w/v), 100 mM TrisHCl (pH8.0), 20 mM
EDTA (pH 80), 1.4 M NaCl, 1% PVP (polyvinylpyrrolidone)] & #7}ste] 2 o] & % 600
w«I9] chloroform: isoamylalcohol (24 @ 1)2 F%3lal 12,000 rpmel A 1072 &2 ¢4 25t
Ao NS 1.5 ml tubeo] WA A Aol 0.7 vl FFe] isopropanols F7Felal Aol A 10%7F
FAek = 12,000 rpmoll Al 102 &< YAEE Atk F7E DNAE 70% ethanols ©] 83

o g AFedtt. FEWE ethanols A A, AxA1Z1 3 DNAE 50 «/9 TE buffer
5ol oS 2 4 (10 mg/mh2 RNaseE #7Fste] RNAE A7 3 F agarose geloll 7]
stol DNAE &<l 31 A &Fsksl

E
N'o

rlo

2 m

of
off
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t}. Alternaria spp. (A. brassicae, A. brassicicola, A. japonica)® 5 °]% primer Ad
- GenBankel 3708 Alternaria spp. (A. brassicae, A. brassicicola, A. japonica)®] genome
FHAA 97]4<E AHE NCBI (National Center for Biotechnology Information)e] 7|4 <
Blast &4 Z=IHE o] &3] HluAsie] 5ol d7|Ad dH FES g on, ol
3k Eo]d 7] ELS Oligonucleotide Properties Calculator (http://www.basic.northwestern.
edu)E ©]83}o] A. brassicae2] specific primer set (Abrae 1F/Abrae 1R), A. brassicicola®]
specific primer set (Abcola 1F/Abcola 1R), A. japonica®l specific primer set (Aljap
1F/Aljap 1R)E 7+7+ A A sk3 .

2}. Alternaria spp. (A. brassicae, A. brassicicola, A. japonica)® &3 FAA A4E &
£9 5o|3 primerg °|&% PCR $F H Z primer A|E9 PCR %% §3 5|4
el

- trekal 7| AERYEY Y9 3270 Alternaria spp.¢F 67/01¢ ©WE A, brassicicola 7, 1
M © & A japonica 1, TN +Fol WU I F(Pytophthora capsici, Phytophthora
infestans, Podosphaera xanthii, Magnaporthe oryzae, Colletotrichum cocodes, Fusarium
graminearum, Fusarium verticillioides), 57\ A+’ W - F(Paenibacillus kribbensis
(T9),  Lysinibacillus  sphaericus  (TCl), Bacillus velezensis  (G341),  Bacillus
amyloliquefaciens, Ralstonia solanacearum)®+¥ %3t Genomic DNAE template® ©| 83}
o PCR 5% & AAsith

- FZ5 93 W mixture: total volumesS 20 w/= 3}il template DNA 10 ng, Z} primer
set 10 pmole, 2.5 mM dNTPs, 10xPCR buffer 2 «, 10 mM MgCl2, Taqg DNA Polymerase 2
unit (Intron Biotechnology Inc.)& X 7Fste] PCRS S, FAAS] F%H-2 initial
denaturationS 95°Coll Al 783+ A A% ¥ denaturation 95°C/45%, annealing 65°C/30%,
extension 72°C/ 302 30 cycles2 A A3}l final extensions 72°C/10% A A138+4 T} BioRad
ALl iCyclers ©]83te] PCR T% 5 3o 5249 PCR 4= 1.5% agarose geloll 4 100
Vel 303 A7) 534 ethidium bromideZ A3+ & #4233t

& 4
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) Alternaria brassicae

1

0
o
el

—

o
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gloly MEZ} Alternaria brassicicola®) =
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2) Alternaria brassicicola

fite)

o
ofy

—

0
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E
=

gtol N EZ} Alternaria japonica®l

)

3) Alternaria japonica

bl ot
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Al 5. Fo Fo Wl tg 2L ¥ HAA e AT
T AEEE AR AAE AT(EadelE)

o] AlEe2 1934 wv=r 7|32y ol San Benitooll 1% White Chinese Winter Radish
TEANA A Hid o] F 19461 91224l Waukesha®] - EZo|A] EAE &= DAY
o Ao = v Ao A WAL 9l (Pound, 1959; Pound and Flowler, 1953). $-2]i}
gho A= 1981 AUt wlE AR A A5 HAEHgoH, ALHH Ao 13 A&
A S7FE 2 A= F4AY9 Moon 5, 2001; Nam, 1994).
S S do7)+= Fusarium oxysporum f. sp. conglutinanst <A+
Zy ZEo| ek o] WY wEf 5aFoeR fLESY U (Armstrong@ Armstrong,
1952; 1966; 1981; Ramirez-Villupadua &, 1985), o|% 7]€} 2= Fo disk HAA =fo]
7F AAX FE JAYstes WHATS F ooxysporum f. sp. raphani Z1€]3l 7|E}F ZFEo] WA
S F. oxysporum f. sp. conglutinans® % %13 (Brayford, 1992).
AA F A5 AZAJ] F FFS el FAA dwjsta oy F AEsH A
A

A A R AR FAgY 2o S A B Barh 53 (Bak s,

2011).

oF ATE AT E&Holm AANT F Y= W AFY W AT BEHY

Wel B B AESH U AY AAEe FHstel A% 43S FAsm 99

2.

NE ATE B FHR YU olgsel W AYYS A F BARS B

AAATANA T AFEF 5 ADHL wolt 49 10FF da ¥+ A5y A3y 44

2 Aw A, YA e B APHS oW FHOIAE 439 B MWEES Holt

AAY RE ABE FFAA 210099 £ BHES e (Fig. 1),

Webd no Festn P B AEeY Hegde s 9% Fx, gEas 2o
Son WS 2Ate] ¥ AESH

4.0

3.0

kg

2.0

1.0

0.0
34 AYE AT YpRA a6z @9 43 tedd =¥ AW A43F

N

Fig. 1. 7]& W& ol &3 Al T2 F 415F T AFAS B A9 10552 +
= A
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ST

0.0 ; =

Fig. 2. A% @Aek F=x2 Wstel] o3 1070 AZA 59 F Aa=wed e A3 #al

U F aR AR G4 5E3s

o ko AdelM F FH AF AT F FF AZAY T T adde & 3
A, AN Fo] 52 AuiAlvlel mel s vEas B fRe] A% dAel od
7IEol Hastrhal AZE =

o THE A GAe BEIE Foke] AMiA7IeE dAglel LA AF Al7]e] F FEE
Aol A o gledget d4dE s

o t=3 o] 7o A% dAS F=3HH(Fig. 3).
A, 19 MR, 19 Yoo AAY vseh
B, 199 714 A7, 299 1999 1/3);
C, 19 & A7, 29 149 1/2);
D, 19 & A7H, 29 149 2/3);
E, 29 & A7, 39 299 1/2).

Fig. 3. % #59 4% WA £F5h A, 19 0120, 19 99nc 4 n%d; B, 19 A
A7, 29 199 1/3; C, 19 & A, 29 199 1/2; D, 19 €+ A7, 299 199 2/3;
E, 290 gk 270, 3% 2999 12

_58_



18 A¥AE A=

=
=

A

=

T

o A% A o

=
T

=S

Fig. 3¢ A-D A%

SEREE

Sk Ay

o]
=
gAY B S ASESHIAS 1.0 x 107 conidia/ml XA =2

o] A8 10, 12, 14, 16

Mo
Hn
70
_ﬂo
—

el
B

—_
file)

Mo
o

beabaa s s1zte] dejdss) A

Al 7

)

1.0, 1.3, 1.3, 1.7¢]

ol
R

el
700
T
|

B

A} 77ke] Aol W55 303 279

1 &(Table 2).
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D(14¢) E(16%)

A7 A 713h)°
Cc(124)

A
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E839
B(10¥)

A(8Y)

Table 2. A% Ao wE F A

1.0 £ 0.0 1.3 +09 1.3 +10 1.7 £ 1.1

1.0 £ 05

<
Ho

1.3 £ 0.7 14 £ 0.7 15 £ 1.3 1.1 + 0.7

1.3 £+ 0.8

MR

A

33 £ 138 39 £ 18 3.0 £19 27+ 20

35+ 16

o
&

&0

K

]

-

2

<
YA
fan

oJ
H

bo zAld A, A
wolx govh, 4% wA B ‘Y

<]

=

A AEE F. oxysporum f. sp. raphani A 7}A
=

3}

1%

A

j
T

=

AN, 19 HEEY AW vtk B @A Al AN, 29 199 1/3)

= (1.1 x 10° 3.3 x 10° 1.0 x 10" conidia/mh) = A=

A% @A Ash Bel AEAle] ¥

AN, 299 199 1/2; D, 19 €A 7K, 299 199 2/3; E, 299 ¢k A0, 39 2999 172
A SAA0H

A, 19 TR, 19 g R AAY vsseh B, 19 A9 AN, 29 199 173 G, 1

o A% dAC w

O

d& YEFW S (Table 10).
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¥ (Table 3).
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Table 3. 8% & wWE F AlsHo 24
A A 1% 3% L
(A8 717h) (conidia/ml) ™ A} 2 Al ) 2
1.1 x 10° 09 + 09 34 + 14 39 + 13
A
3.3 x 10° 1.1 £ 03 22+ 1.1 45 + 0.8
(11¢Y)
1.0 x 107 09 + 0.3 27 + 13 49 + 0.3
1.1 x 10° 16 = 1.0 25+ 12 46 + 0.7
B
3.3 x 10° 19 + 14 34 + 14 38 £ 18
(13¢)
1.0 x 107 12 + 08 29 + 1.0 43 + 15

‘A, 199 vIAUN, 19 Mok Ao vseh B, 19 A9 A, 29 199 13

rlo

2. % A
7F M2

Toyd gd 5&HA FARR AA &

Alternaria®ll 93t AEHL2 AMAHozR g 7]
Alternaria® el o g A%<l !

A TH(Agrios, 2005). =3k zZhE
LAANA FIE Fi Jor=E
Yu, 1995). AAIHe= w33} 2= (Brassicaceae)d] WS A
brassicae, A. brassicicola, A. japonica 1¥11 A. alternata’} ¥.11%ATHNowicki et al.,
2012). ©o] & Y (Raphanus sativus L.)°| WAst= ASFHWS A brassicicola, A. brassicae

83 A. japonica (= A. raphann®l 23] @A STHYu et al., 1991; KSPP, 2009).

ol Alternaria A-2FHWare] A x7] o g AA-HAgAel HEHE
etz A3 528 e ggdges wWito]l oA A3 A - g dde] gES
et Wuk bt Mo T HFE 7 AW F=od 3 - 349 St
7171 = e A kA H A oy Ui Wuko]l  FAHAIW WuHk F9)7}

Al =
)M -3 o g Wela Slo] el =
w3 AEo] AeFHES 7IF wHee 22 vk WHeTE ol wAE ofEE
o|tH(King, 1994). ©] W& wWAlst= 7Hg dwbAl whHo = 3 A7t AEH 1
| (Mora and Earle, 2001; Iacomi—Vasilescu et al, 2004), ¢1A¢} & 2e)a $7 9
=4 33 woF AbGol gk ¢-27F FUketal itk (Muto et al, 2005). LEEE o] WS
Astzl  fg PE I@&AEAHol AAAA WHE ARAY FFY AWMY
Zl o] tH(Iacomi-Vasilescu et al., 2004).

King(1994)oll ol&|l A. brassicicola® A &732Q  Brassica napus®t B. oleracea®)
FAAE o] BuEAdet. 2ela wiF ZAE<l Camelina sativa®t Capsella bursapastoris?}
Alternaria 1o gl =& AIAHS Y= Aoz &3 (Conn et al, 1988; King,
1994). 12t} Tewari and Mithen(1999)+= Ao RE 492 ¢l Brassicag A. brassicicola®t

Al Ak (Yu et al, 1991).

ok & O 4
N
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A. brassicae®| 7573 olal, B. rapa®t B. juncea= A. brassicaeit+ol Wdl B. napus$t B.
carinatal o O Zr/doletal Btk olef o] HLEFH W] tig AggAde] B
Hj 2 ZhEo] gk EFea FPAoE AFHdES YEde FFol dwEA Xsta

J+= A A o)} (lacomi-Vasilescu et al., 2004; Muto et al., 2005).

et gAYl tigt A FES NEEy] A E Alat A FEAY

A FAAe] 9, AT FAd G D AZY FF SAAS AT B 32A4 AL Sl

ek A7 AlFEith olE ATFE fEAe Z&Holn AFT £ e FoHFHH

AA] 1A e o] A3t B. napus, B. juncea =% B. rapal e A E A,

S 7, HAE TR, HE OUH, AW 2= 59 F8 293 A brassicicola®t A
o

brassicae®| <%t HALFHHW Ao #e A7l 3 HAcH(Mridha and Wheeler, 1993;
King, 1994; Hong and Fitt, 1995; Hong et al., 1996; Doullah et al., 2006). d}#] "t $-2]1}2}2]
5t A& F stuel Fo 2 JIE T de F o H2FH" dEdsE ALY AT

o] Fof XA F38E3A

2 AT E 249 F AT AYAE dAANS st 3 AP BE
A. brassicicola #tFE° XA FAZFIH HAHGS ZAbst] AR AR AHER dFFE
Adretar, o] FeFHy el gk Al Tl ¥ 61U FFe AL AEE FAbetaL, AE8A
A7t & 1Y F FFE Aty AS AR HEY vE 2 AW 2% 5o 4y
Z7o W o5 FF9 A brassicicola®) 9% HSFHH WAL FALS T
U As L Y
(1) JAHY Azt WE A. brassicicola TdF9 XA JFAAF ZA}

sETH FsHFAAAAHKACOZFY  F HFHWI A brassicicola
7+ (KACC 40034, 40036, 40857, 43923, 44415, 44877, 44878)E FFwrol Ao AL-g3}¢]t}.

A. brassicicola TN wFES FAHE 7] wE EX JAAFES

ZAbstaLAy Zhzt o
w5 potato dextrose agar(PDA; Becton, Dickinson and Co.) BjA|ol] FHE3stal 25T A
T Aujgsto] FAWE gEFomRE #AEZS wolw F7 85ecm Petri dishe] V-8 juice
agar[V8 agar; V-8 Juice(V8 Campbell Soup Co.) 200mL, CaCOs; 3g (Samchun Chem. Co.,
Ltd.), Agar (Junsei Chemical Co., Ltd.) 18g, distilled water 800mL] ®jA] <ol 1x27H4
SHFEIL dFvE SdE AA PFEHIE HES S Fo 25TeA 7Y ok v &

ket H2FH W plated] F4S 93 25C F2FFAFUFE 80%)olA 5ol
1241749 3355 pmol-m *s )& AlstiA 19 i 297F wjgd Fol wjHe] @it 20

1 =
ARG Fom ol ¥AE FuRU aem

mLE ¥ 5} 489 A== AYA TAAE
A A Fstan 7 ol A hemocytometerE ©]&3to] mL T ¥EAFo] 5 FAEAL o]
Zb vj A platedl FAdE EAe] FE ARSI TH AES AP & 3709 plateE AFESHR ST,

WA, B e

WSS, A DT A

YRS &G, ke 9E, B, WA, At dR,
} ¢ ¢

S , T
FEE ALAFAHIINE, S AR, w2 A, S gEE], (28, AR, ALY
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S

AN &3 TAE

49

’

"|_

A

g z

d

S

,_ao

N
B
)

ki3

%

oy, 1=lar A brassicicola KACC 40036 T
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=
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e
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=
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2 Folal 27y 20, 25, 30C FAA YWa 48A17F &9
et Fo ey I AeEs AT
"]fﬂr %OL 610 E=9 A brassicicola®] W3 A¥A AL A

3

ToASEEY 2 dde SukRoR 23 st
-

e HA7E vuE 9 slo] Duncans multiple range test(P = 0.05)= A A&t}

o A% 4 1%
(1) A. brassicicola T&5 9] ZAg A3tel| we& 2 ik 2 HAA

Z(55 pmol-m s S FAe 7174l W A prassicicola T/ 5(KACC 40034, 40036,
40857, 43923, 44415, 44877, 44878)°] A PAAFES AP Ay, 7T BT PGEjAA 7Y
S e S woll= hemocytometer® XA A FS A oHE AER A2 49

FA7F FAEJ oA v AR, FE Ageds wele A 4F BT 22 P ol
A Z748ke] 6.0 x 10°705E 14 x 10°719 Be 2271 FA YK Table 4). 3HA % F<
kol 12417 19 T=& 29 Aol 93 & FAFL FAHoR FogA AE AolE
Holx| otk waktx A brassicicola ©) ¥A S 9 B(55 umolm s FAME

aL Az A
% KACC 400362} KACC 439232 714 w2 ¥AE FA3Acd 1¢
7t plate & 1.1 x 10°, 1.4x10°71¢] E£2-2 &d8t%th(Table 4). =123 KACC
44878 EX} gdol 744 Agoew 19 I 98] plate & 6.0 x 10712 A3t
ol Atk
A. brassicicola 77\ wFEY  Fo O wWHAx
7z

w o (s e, vz Hdds £5 HSsaL A
,] =

%
=
"—lN-ﬁ

Rl é ] o :ﬂ- hak N =

A G 48A17F &t FAA st HE&FH o] AstA HAg Aow A HQIY 1eal
KACC 40036 =F2] ExdE AL 5712 FEZ sto] F+ F59 ¥ 5o HEshar 2443
FAA L 29 Fol I BRE A AY, F EF BT JET A vk oEAHoR
ALFHyo] TAATE v Ad 5= FHAAE A AA stk Wo] HAEHA
gouv=w AN A prassicicola T B ol tiste] g o] o= S &
919 T}

IR AN .

B2 ATAES A brassicicola®l EA F3E #1E A EA A (Otani et al, 1998;
Iacomi—Vasilescu et al., 2004; Doullah et al., 2006) 58 <1429l 3= 2] o)A (Pedras et al.,
2009) &2 s}Fo 12A17F A 2] (Babadoost and Gabrielson, 1979; Muto et al., 2005; Kohl et
al, 201005 3= & UL WHo R A brassicicolaS W EFsEA T AW AR F

473

. [e}
ALYy A e S Y E a&AOoR A brassicicoladl EAE AYAEE Ao
=z

_—

FTasth ol fdEMe TS 2 FA4 UHes vaste] Mg aeAow A
brassicicola®l >AE tFAAT = = WS A¥ste Zeo] dadit. V& AFAEY
2 dA WS A¥S = vuwst A, A prassicicolaE  AFE ol ANE v ke S
o= A EAVF FAEA ok, ke EAE AL g8 Hdds JEe g
plateE HHA A&EH oz FAHAA widsts AL FHHoz W Aol usith o] g}
2] plates FobA s AAl ARESIHA PRl A 7TH FF widE Fo o5& BAA



sl 12417 1Y =2 24 FES AYstEE "ol folsiAl we &Y AU
EReR= o=

. brassicicola®l ¥A A&
A FoF st SO 3FFo

7
sttt 3V, A brassicicola®l race

Ho
_O|L
Ir
=3
=)
L
o
ot
b
(0e]
=
1)
@
S
0
[
=
=
B
2
iy
ofN
_O|L
WIS

14 = <

ok obd maw vl glern=w Adst 75 F A brassicicola KACC 400367} A9
Hert #Usla g2 fFET B ¥xE FAPgong o s B Hdoenyy Agy
ARES 9S8 s 28 &% 2o gt 5 Ay Hy A A4S
A8 vt AP FAALS GRS $o| A brassicicola®] race W3t @B ATE
Ty o AHoltt

Table 4. Spore production of Alternaria brassicicola isolates by light treatment and

pathogenicity of the fungus on two radish cultivars

Photoperiod for  spore

: N

KACC NO production” Cultivar
1 day 2 days Hannongaltari Minongjosaeng

KACC 40034 80 cd” 88 bed 100 + 0.0" 100 £ 0.0
KACC 40036 110 abc 82 cd 100 = 0.0 100 £ 0.0
KACC 40857 92 bed 91 bed 100 = 0.0 100 £ 0.0
KACC 43923 140 a 120 ab 100 = 0.0 100 + 0.0
KACC 44415 93 bed 60 d 100 = 0.0 100 + 0.0
KACC 44877 67 d 71 d 100 £ 0.0 100 £ 0.0
KACC 44878 6 e 7 e 100 = 0.0 100 £ 0.0

“Each isolate inoculated on V-8 juice agar plate was incubated in dark condition at 25C
for 7 days, and then the plates were cultured under the fluorescent lamp (55
pmol-m %+s 1,12 hr/day) in a growth chamber (25C, RH 80%).

"Seedlings at three-leaf stage were inoculated by spraying spore suspension of the fungus
at a concentration of 5.0 x 10°spores-mL !, The infected plants were incubated in a
humidity chamber at 25C for 48 hr and then transferred to a growth chamber at 25T
and 80% RH with 12-hour light a day. Percent diseased leaf area was scored 3 days

after inoculation.

*Each value represents the mean number (x 10°) of spores per plate of two runs with

three replicates each.

“Values labeled with the same letter are not significantly different based on Duncan’s

multiple range test at p = 0.05.

"Each value represents the mean disease severity + standard deviation of two runs with
five replicates each.
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A7+ =] A eH(Table 5).
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95,
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F A tH(Fig. 3). ©l
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5}

o

o,
b4 e

h84

82,
A
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0
pad

) af

°

ted 10, 13, 16, 19
OE_J

el o (Fig. 4).
bl Ha1

A. brassicicola®|
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LERH AA R 40
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=
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Doullah et al.(2006)

(3) F 7R A A= W
ol A

H A H(Fig. 4).
96, 89, 74%= 7}

o]

el
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Table 5. Resistance degree of 61 commercial radish cultivars to Alternaria brassicicola

causing black spot”.

Diseased leaf Diseased leaf

Cultivar area (%) Cultivar area (%)
Geumbong 54 + 38¥ Cheongunplus 8 + 17
Baekchun 61 + 19 Chamjoayeolmu 89 + 95
Gaeulgimjang 62 + 27 Jeilgeongangsireagilho 89 + 15
Saerom 66 + 16 Supermodel 89 + 13
Jeonmuhumu 67 + 38 Jeilbora 90 + 12
Housechungok 69 = 44 Minongjosaeng 90 = 11
Baekdong 70 £ 12 Seonbongaltari 90 = 14
Myoungsan 70 = 17 Songbaek 90 + 15
Jangsaeng 71 + 40 Chobi 91 + 13
Boseokaltari 72 + 11 Giljo 91 + 6.0
Taechang 73 + 2.8 Sireagi 91 + 88
Cheongpungmyeongwol 74+ 27 Mansahyeongtong 92 + 12
Hannongaltari 74 £ 2.8 Bakja 93 £ 5.7
Kangseong 7B £ 29 Daebak 93 £ 5.3
Alphain 76 £ 22 Dongha 93 £ 64
Geukdong 77+ 25 Yeoreumchunhyangyiyeolmu 94 + 3.2
Myeonggagaeullho 78 + 5.7 Asiagaeulgimjang 94 + 88
Bitgoeunyeolmu 78 + 26 Chungilpum 94 + 7.8
Jailsupersireagi 79 + 14 Gwandongyeoreum 94 + 8.1
Auriwoldong 80 = 27 Tokwang 94 £ 5.3
Supergiljo 81 + 20 Chungdu 9% + 6.7
Ujeongaltari 82 + 13 Chungsukungjung 95 + 6.7
Pyeonggimjang 82 + 19 Daedeulbo 95 + 53
Baekok 83 + 18 Cheongun 9% + 5.7
Chorong 83 + 17 Taechung 9% + 5.3
Bibariwoldong 84 £ 19 Tamseurun 9% £ 4.9
YR-championyeolmu 84 + 15 Deadong 9% + 5.7
Taegwang 8 + 13 Kangchu 97 + 4.2
Baekja 8 + 11 Janghyeingbom 98 + 35
Sannariyeolmu 87 + 12 Daepyeongyeoreum 9 + 14
Baekselho 88 + 7.8

“Thirteen—day—old seedlings of radish cultivars were inoculated with spore suspension (2.0
X IOSSpores-mLfl)ofA. brassicicola KACC 40036 by spray method. The plants were
incubated in a humidity chamber at 25C for 24 hr and then transferred to a growth
chamber at 25C and 80% RH with 12-hour light a day. Two days after inoculation,

percent diseased leaf area of each plant was scored.

YMean * standard deviation of two runs with ten replicates each.
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Fig. 4. Development of black spot on four radish cultivars depending on growth stage
of plant. Spore suspension (2.0 x 10°spores'mL ") of Alternaria brassicicola KACC 40036
were inoculated onto 10—, 13-, 16—, and 19-day-old seedlings of four radish cultivars were
inoculated with by spray method. The inoculated plants were incubated in a humidity
chamber at 25C for 24 hr and then transferred to a growth chamber at 25C and 80% RH
with 12-hour light a day. Disease severity was measured two days after inoculation,
representing as percentage of infected leaf area. The data were obtained from five

replicates with two repetitions.

(4) %9 =4 & A&7y 24
=52(25 x 10° 5.0x10% 1.0x10°, 2.0 x 10° spores'mlL ol W& 47] T EFF9
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spores'ml o] gt A= 71%  olste] oA v HubHAALS Hgou, 20 x  10°

spores'ml e A& 88% o]l =o wWubA A &S W rH(Fig. 5).

King(1994)& kvl 3= (Brassica oleracea var. capitata)®t -+ (B. napus)°l A. brassicicola
#FE 23 x 10%, 3.7x10", 22l 5 x 10%conidiamL "sEE HFsn HeFHW WAL
ZAgE A3 A 7] IR E xols gl 4 vt Hasddth ARk 2 A3 el A
T AETAAM HEd = s & A Adel A 25 x 107 5.0x10°
1.0x10°, 2.0 x 10” spores'mL ' FE& FHF w Zbzb 16, 30, 48, 74%9] Wit WHEZ
Uet, HES 22 7t Emotds 5
<7tk tH(Fig. 5). ©l ¢ 2& 43 A
Rk ofye} iRt wRHelA e e 59 1
sl kel HAAAA %%01 ok
Ao 2 (Baik et al, 2011; Jo et al, 2014; Jo et al., 2015) ¥ 23
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Fig. 5. Effects of inoculum concentration on occurrence of black spot on four radish
cultivars. Sixteen-day-old seedlings were inoculated with various concentration (2.5 x
10%, 5.0x10%, 1.0x10° and 2.0x10° spores'mL ') of Alternaria brassicicola KACC 40036
spore suspension by spray method. The inoculated plants were incubated in a humidity
chamber at 25C for 24 hr and then transferred to a growth chamber at 25C and 80%
RH with 12-hour light a day. Disease severity was measured two days after inoculation,
representing as percentage of infected leaf area. The data were obtained from two runs

with five replicates each.
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Fig. 6. Effects of incubation temperature on the development of black spot on four radish
cultivars. Sixteen—-day-old seedlings were inoculated with spore suspension (2.0 x 10°
spores'mL ") of Alternaria brassicicola KACC 40036 by spray method. The inoculated
plants were incubated at 20C, 25C, and 30T controlled in humidity chambers. Disease
severity of the plant was measured two days after inoculation, representing as

percentage of infected leaf area. The data were obtained from five replicates with two

repetitions.
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Table 6. Disease index of radish bacterial soft rot

Disease index Symptom

Chlorosis or rot ; 09, healthy plant

Chlorosis or rot ; 0-25%

0
1

Chlorosis or rot ; 25-50%
Chlorosis or rot ; 50-75%

3
4

Chlorosis or rot ; 75-10096, plant were dead
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~old seedlings of each cultivar were inoculated with KACC 10421 by drenching the proximal in 1x10° CFU/ml.
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Fig. 8. Development of bacterial soft rot on 6 radish cultivars according to incubation

temperature. Twenty—-day-old seedlings of each cultivar were inoculated with KACC
10421 by drenching the proximal in 1x10° CFU/ml. The inoculated plants were incubated
in a dew chamber at 25C for 24 hrs and transferred to a growth room at 20, 25
(RH80%) and 30C with 12 hrs light a day for 4 days. Values labeled with the same

letter are not siginificantly different based on Duncan’s multiple range test at p = 0.05.

(2) F ASA7IE 24 W& F 554 oA

7hH A= R U

A=A £

WA G T WIAES el F TEY A4l 42 AKVALS FAsuA 5
At

H
% 78 HolFAY o 4AFUL, HF F of

, 9E 209 ¥ 3-4¢¢] 9d AR w8, IE 3
Z

NA(nutrient agar, Difco) ®} Aol streakingste] 193F Awj¥3 P. carotovorum subsp.
carotovorum KACC 10421 =l NB(nutrient broth, Difco)E bml ¥ i A& 1E2A
ststar o] Mt A NS 2mlS FHste] A= NB ®lA| 200mldl HE3s F 30T, 200rpmS.
2 24-36A17F FEiE 3 Ao A 8000rpm, 1053F YAl 3t At pellets +E3HA
o} &3k Mt pellets "Eirgo] dEgt T, UV spectrophotomer® ODgpdts =74 519
ODew=0.2(1x10° CFU/mD& =A% At detd s wEdTh o] Atdeal S 1004 343}

_74_



&

S

AR ]jl-

Skod

]_

S

&

I} HLt3k glycerolS 4:1W] &2 13

¥ HEdew AL

)

o] 1x10° CFU/ml2] Al

Plant growth stage
- 75 -

twenty-day-old twentyseven-day-old and thiryfour—-day-old

e GG mw,aﬂgmx:%
fre) ﬂﬁ Bon o aze] 0 Y
S e O )
X G RN  I
0 &y YT N ) ME 100 o Hin i yoSuoaipasnoy
. - G o X
M = M HM s Wo Mﬁ 7 X o 70 - 1je3eSuoqung
= ™ - B o P 7A‘_ ~ 0 _! [
S & mo X i) B L ¥ nwjoafunsosug
o <t fils) 100 N o 5 2
9 ,D” on — dlo 3 1H E.w m..oa = o N o nwnynwuoap
B o o] = -
o T o o <Y e Mo X o x° 1 uoiduieyyA
& U 5 % f.ﬂu Nio umo’ K n WM oF ,.H__MM = oowSuop|om 100y
) \_I_| - ‘l—l —_
oy W < or ME B HVM 7o o] B Wrw 1 yoSucaipasnoy
i " o X o Mo NN 1jeajeSuoqung
03 Mo s - —_— WMoz ey 9
H B o T HiE X R
< %o H ok Mo 2 = 0 nwjoaunaofig
{Jm . - of ) zo R
) E ! oF <R = MT el o o nwnynwuoar
— ~
~ = of ~ W oo HLAF o ®m W_,I.m — ~ uoidweyIya
M 0 el & ﬂl O o h %ﬂ ﬂw‘_ oowSuop|oa oo
g E wujz.L]rmeﬂ LiﬂBma P|omyicoMy
== X ﬂW_ o w =) m mﬂ ﬂl T LT yoSuosipasnoy
= B
m ‘J%_..oﬂ - v % ) o _m;l ] W o 1le}efuoqunsg
. g Mo x,_ e of T o M W T nwjoafunaofig
e g ¥ G o L
w5 M T - o HE i) ST
\_ﬂOI 3 o_a Bo o E . o mﬁ mE ) E uoidweyyya
o 8w e I R F o i
< T Mo AF @ X _ o nﬂ - oowSuop|om ooy
S Ry Sl o e D 0| w_.,u joJuoarpasnoy
m ! o T o ~ u T e oF =
-~ ,ﬂl o o AT o_H i~ md/ m 1|e3jeSuoqung
Te) ) mAé w o s e Mo e ool Mﬂ — . nwjoaiunaosig
T R _ oo T B oo w B R e .
i+ omo S N g TWE B g Y E ooy
~ %o N N -l e SR iy
N X el N oA = T XN pl X o] o h uoldweyyA
— =) o o — ) J" ‘.mo ﬂAl‘_ ﬂﬁ M,A @H OM
DS o W il X o &l o ﬂ_ol IA ) oowSuop|oml ooy
e T ey R e L
TR R B — e X 3
TYTY xeESEEfTieecT g8 8 8 R
) on = ~) —_ =0
T P T oM LR BT S oy BOW W 1
T =~ B e WY Noozn 2 2dany
& Mo 7 A= w B U_M N o] o m Ry
D oF BT X 0 o Ome
O EX ol E¥ Vs
. 2 F oo ®Nd e R

thirteen—-day—-old,
radish seedling of each cultivar were inoculated with KACC 10421 by drenching the

proximal in 1x10° CFU/ml. The inoculated plants were incubated in a dew chamber at 2

Fig. 9. Development of bacterial soft rot on 6 radish cultivars according to plant growth
stage.



5C for 24 hours and transferred to a growth room at 25C(RH80%) with 12 hours light
a day for 4 days. Values labeled with the same letter are not siginificantly different
based on Duncan’s multiple range test at p = 0.05. Values labeled with the same letter

are not siginificantly different based on Duncan’s multiple range test at p = 0.05.
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- 5x8 ZY TE YSAE 2E(FEANE B H oS LT YRAM, ARFEY
Wpeaw ARAE, HeaFS FES 24 7 2d4 BED F LA A,
3% 569 Foll LE I 19 4EA} HES T2 FolFEAL o 4aF UL, $F 20
F 3400 94 AAH FRE Aol At

- W Fu 8 B

- NA 8¢l streaking@te] 193t A s P, carotovorum subsp. carotovorum KACC
10421 ¥° NB(nutrient broth)E 5ml ¥ AS L2 A &8st o] At dAEAS
2mle #3sle] Al 22 NB(nutrient broth) #1%] 200mlel &3 % 30T, ZOOrpm o= 24-36
AZE A = d=olA 8000rpm, 10iE7F AAlEE skl Al pellets FZstAt. +3
g Alet pellets Hegol dEEE F, UV spectrophotomer® ODe,OO7L S =3}
ODgo=0.2(1x10° CFU/mD) & Z A3 Al dAgadlS w9} o] AldaeadlS 100 343}
o] 1x10° CFU/mle] Al SEdS mx= 243 5 HE2YUoz ALL3IA.

e HATF H=E

- 1x10° CFU/mlo] H%2 243 AddgA(HEd)d 23 glycerolS 41 v &= 723
A &3ste] 224 715 5 ml HE35

c HET 5 34

S HETS A EA= 25C dew chamberol] 24A12F F4A2] & F 25T RH;80%) &

Gl T3 ahol 1240744 Be ZASUA W AW AEE BT

152 1x10° CFU/ml ¥ 1x10° CFU/ml ¥ F&22 HE39S o 7154,
TAFgY, ALY AEE WastA FET £ AddA9 1x10° CFU/mlIZ ZEs 49 7+ &
A el gE AGY Ame] wrgol AP, FEAGH, #5443 1FoE Yehpy

x10° CFU/ml 2 ZA3te] 229 5 mi¥ HE3= Zo] A

o
rr

o ™ o = XN

o Axes T B, F FEE ARY HAS Adl, 9F 209 F 3-490] 94 A
AE F frel 1x10° CFU/mIZ 243§ F, glycerold 4:1H &7 Edate] 224 F 5 mi¥
HAEsta, HAdS HAET ASAE 2443 25T F4A- 3 5, shFel 124304 3=
At A 25C(RH 80%)oll Fir ¥ 1d A=E w#Este] 4F 3¢ F58H HF 5¢ 5744
=S 2ASEY] AYA H7EE sk Ao] b A elgta AT
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8 @ 8 @ T8 @ =
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I <L =i
1x10° 1x10¢ 1x107

Inoculum density(CFU/ml)

Fig. 10. Development of bacterial soft rot on 6 radish cultivars according to inoculum

density. Twenty—-day-old seedlings of each cultivar were inoculated with KACC 10421 by
drenching the proximal in 1x10°, 1x10° and 1x10° CFU/ml. The inoculated plants were
incubated in a dew chamber at 25C for 24 hrs and transferred to a growth room at 20,
25 (RH 80%) and 30T with 12 hrs light a day for 4 days. Values labeled with the same

letter are not siginificantly different based on Duncan’s multiple range test at p = 0.05.

4. vtolH 2 AFY AAY AL(AH: W)

. % doles AREA 9 A

2014 9¥5H 11€ 744 F 4/1€3h 2015 %o+ 119 2¢ 5 244704 oF 1L A8 Al9lgh
Aol 5o Y-S ez BAto]A(mosaic), 915 (dwarf), ¥ AHnecrosis), &% (mottle), &3}
(vellowing)s 9] Hlolg]2o) 7w Aoz iy = AES 201435 10871, 20151 =0l 15278 Ad
Z5 AP HFig. 11, 12). AR 2= 37] olatzwt AYS AAsle] & Ko AFHXA

Al AL, oS TaAA HmAom e Hiol¥ X straingS FESA Stk SHE-HE

w y
debes, g oz dsE o} gel REshn sl
e F AEELS Trizols o]&3te] Total RNAE #2]3F & BLAST #AME g3l A4t specific

primers(Table 1)E AF&3}o] One-step RT PCR kit(Genethio)< ©]-83F ®'H 3} TOYOBO ReverTra
Ace —a—E o]&3}e] cDNAE 43 T specific primersES AFg-3le] PCR3}= W 5 271A] Y
o2 npo]lYy~E HestHth(Fig. 13, Table ).
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B smna S Gangwon
f‘w«.,\ \ TuMV : 7
Gyeonggi e \\ LE(‘:MV+TUMV a1
TuMV : 2 l—}@m,j \ North
N 8 ‘ A Chungcheong
PIPR, 2 A TuMV: 3
South .Ja.-»:»"%;,u,\fr’ i mbaisl -
Chungcheong A . }‘:C“"”w;’_&.’( -
TUMV & 6 E]ogﬁi ?‘i’: ngeheong \'g,\_ ® ';‘J\ . ® }
=1 'é_"'\/ [ ] North Gyeongsang
CMV: 1 =3 QL ! *
N N e - 4
North Jeolla =S o A ) Gyeliig?ang
TehMEE TUMV : 13
South
South Jeolla Gyeongsang
TuMV: 0 TuMV : 4
RaMV : 3
_—
Fig. 11. 20149 % F nlolgi~ A x9 2 1Az}
Table 7. - vpo]g2 e Zejoln
Primer PCR
Virus Primer name Sequence of primer size product
(mer) (bp)
TuMV TuMV_CP_F (5oligo) AATGGTTTAATGGTCTGGTGCATT 24 440
TuMV_CP_R (3oligo) TGCATGTTCCGATTAACGT 19
RaMV RaMV_CP-F (5oligo) CTTGATACCAAGATGGCAAG 20 980
RaMV_CP-R (3oligo) ACAACTCCTATGTTAAAATCAC 22
CMV CMV_CP_F (50ligo) ATGGACAAATCTGAAATCAAC 21 370
CMV_CP_R (3oligo) ACCCACACGGTAGAACTAA 19
CaMV CaMV_CP_F (5oligo) TGTCTCTCAGAAAGTCAATTT 21 1349
CaMV_CP_R (3oligo) TCTTCTTCCTCTTCTTTGTAT 21
RaLCV RaLCV_CP_F (5oligo) GATATAATCATTTCCACGCC 20 659
RaLCV_CP_R (3oligo) GCATTCTCAGAATGATTCTC 20
BWYV BWYV_CP_F (5oligo) TCGTGGGTAGAAGAACAATC 20 538
BWYV_CP_R (3oligo) GAACCATTGCCTTTGTAGAG 20
PLRV PLRV_CP_F (5oligo) TCGTGGTTAAAGGAAATGTC 20 590
PLRV_CP_R (3oligo) GATGGTGACTCTGAAGGAT 19
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Gyeonggi-do . o Gangwon

TuMV : 34 TuMV: 0
Gavsgon
\ T
Chungcheongnam-do - 5
@ Chungcheongbuk-do
TuMV : 21 T
TuMVv: 17
CMV : 2 J . {
& [ ] ' & North Gyeongeang
roe {
b,lr
Jeollabuk-do Gyeongsangbuk-do
TuMV : 9 Lsan TuMV : 12
/e i v ;
. A X 1
g'.u it Mol
Jeollanam-do ' A5 Gyeongsangnam-do
TuMV: 6 \ sl TuMV: 8

Fig. 12. 20159 % F mlolgj~ MPAY 2 A4y}

R0O001~R0O016
RO033~R0048 EX] 36 37 41 42 47 48
(e r— —
RO0O55~R0070 55 59 A 69 70
L N "

RO083~R0098 83 84 85 86 88 90 91 93 94 95 98

R0O099~R0108 99 100 101 103 104 108

Fig. 13. 20149 % % njolgfx xlek A3}
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o MUEE AFAZ Ak Ay 1080F F 577071 vlol#2d A ASS one-s
ol s & 9% A
Cucumber mosaic virus(CMV) 241Zo A vlo] 2~ 7S g18ta, TuMV 9]r
H FE 245 A gl & 5 vy 3). AR E

lebsich efar o1 o) A whole] s B =) vlE

EJ

rN
H
X
lo
FlF HU

o 20159 % AHAE F 1652719 AE A A3 TuMVZE 107712 70% <]
)~}\——tq 3‘ 113]'
(Table 8).

Table 8. 20151 %= wpole]z~ Ay 3 Ak A3

T Ao, Tumnip mosaic virus(TuMV) 4741%, Radish mosaic virus(RaMV) 34
zZ

tep RT PCR= &

CMV7P E% s
¥ Ho] ole A& &

L%ﬂ A ok

FAES Ueh

Zol A AFH AZolM TuMVe CMV S83ta AZ©23)o] = At

No. of CMV

Province ’ TuMV RaMV CMV Unknown
samples +TuMV

Gyeonggi-do 47 34 0 0 0 0
Gangwon-do 0 0 0 0 0 0
Chungcheongbuk-do 31 17 0 0 0 14
Chungcheongnam-do 26 21 0 2 2 3
Jeollabuk-do 15 9 0 0 0 0
Jeollanam-do 12 6 0 0 0 0
Gyeongsangbuk-do 18 12 0 0 0 1
Gyeongsangnam-do 8 8 0 0 0 0

107 0 2 2 45
Total(%) 152

(70.4%) (0%) (1.3%) (1.3%) (29.6%)
o Hlo]H AR Qe Fato]A(mosaic), ¥ (dwarf), €5 (mottle), &3Hyellowing)s2 HA-L Fig. 149}

2ol ey, Ak Fato] o F owpoles 7 ARS8k
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e Turnip mosaic virus(TuMV)9] strain® EA1S sletstuxl 22 E Gul(Nicotiana benthamiana)<
B3t strainFAe} 971G BAS Aldedh A BRE AES Gl FAHFS "]?HOBM—

Gl JERHE WA Eajo] o voleissh BEHolEl s stand A4S PHE 7} 913

j=5
=

=3
=

.

o oly3 WA Aol ARNE Feotetr] fste] mpolg|AE FASE Vs dHAE Y AVIAE ARE A
waklon, o] 2 F3l strain?te] WMol amino acid AEZE & 4 AATHFig. 15).

o I3t WY AolE st A TuMV strain ZH7+e] A ekl 1(ORF)° pGD, pGDG vectordl]
cloningdle] HUA T movementet #HHE = @wlE V)5S Table 9). o]#3 IS

s
S g eR 5 wpol X straintte] AA A7IMES FHe1 E}%V& ARES vEow A4

fll

o
vt

ol

—|~
—E

ipkd ppfpaklgfzqpekges

Fig. 15. TuMV strain®] @& 4 % amino acid A< &4]
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Table 9. ¥ TuMV strain R007, R041, R065 ORF 7] 4]

Nucleotide identity (%) Amino acid identity (%)
Length Le}rllgt

(nt)  (,a) 7-41-65 7-41 7-65 41-65 7-41-65 7-41 7-65 41-65
5 UTR 129 - 9767 9402 9357 9845 - - - -
P1 1086 362 9555 87.11 8733 9880 9590 8895 8978 97.24
HC-Pro 1374 458 9554 8726 8726 9913 9942 9847 9847 9956
P3 1065 355 9565 8742 8714 9934 9784 9408 9352 9944
6K1 156 52 9676 9103 9167 9303 100 100 100 100
CI 1932 644 9669 9068 9042 9917 9933 9845 9845 99.07
6K2 159 53 9455 8491 8365 9874 9811 9434 9434 100
Nla-VPg 576 192 9491 8594 8524 9878 9440 9323 9219 9896
NIa-Pro 729 243 9424 8340 8354 9849 9863 9583 9671 99.18
NIb 1554 518 9508 8601 8601 9845 9839 9574 9613 99.03
CP 864 288 9673 9066 9066 9908 9361 9722 9583 9861
3 UTR 209 - 9841 9522 9522 100 - - - -

Full length 9833 3164 9577 8796 8785 98.93 98.35 96.02 9592  98.96

t}. F wlo]# 2 Infectious clone®] A=

WY R F oL vholE A strainFAME F3H] TuMV e RaMVE 94124 0 2 infectious clones A28}l
b aklom, 71Ee] Bzt Holgle TuMVel RaMV el ZA-¢oll= ol HF &&(in vivo) o] o}
o] M7 93}e] infectious cloned] T7 promoter2t 35S promoterZ FAlo] Azt dF9ic).
2%F7 2 promoterE ©]-83C 2 M in vitro transcription & in vivo inoculationS 7}FsdtAl st HE

pr
284S =ol11A s tHFig. 16).

N
ol

:1FU e

TuMV (9.8kb)

T”{“‘Ml HC—Pro l P3 H cr I:lvrglm--l !ﬁb-—RdRp| cp I_Lﬁ

i
6K1

RaMV RNA—1 (5.8kb)
ass| 'r:‘[ 32K[ Hel lVPgI Pro | POL

-

LB
RaMV RNA-—2(3.3kb)

Q.@WH MP ILCP[SCP)-—IDB

Fig. 16. TuMV, RaMV Infectious clone A%} &2 %=
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01495 AFA3E S AAHT TuMV isolate(RO07, R041, RO65)E 22 pGDHDV vectorol
cloning 3}] infectious clones #)2Fs}sdth(Fig. 17).
TuMV genome 3o T7 promoter®t CaMV 35S promoterE FA9l AH3Fe] in vitro

transcription % in vivo inoculationS 7} abA S

TuMYV genomge

5> O Pl-pro| HC-Pro | P3| Cl [[vPghia-ore] NIb—RdRp | CP_|—aAAAAA 37

-
-

l full-length PCR e

7 | TuMV [Xmal

- s
- -

‘h“"‘.._‘ ‘ Cloning 7
pGDHDYV Veclor Tl -~
Belli / Xhol / HindTT / Ps 7 Sall / Apal / BamHI / Xma B RSB |
pGDIIDV: TuMV lv

" Ty S - I

Fig. 17. TuMV infectious clone A& <=4 2 W

R AXE( Njcotiana benthamiana)©l
o &otog by ®Aola WAool YEhdS #11stal RT-PCRS &3 TuMV s
o]

4

pGDHDV: TuMV R007 pGDHDV: TuMV R041 pGDHDV: TuMV R065

T3k A2k TuMV R007 isolate®] infectious cloned R 92E(Arabidopsis thaliana)©l “4E3}F]
v
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2

=

Healthy TuMv R007 sap pGDHDV: R007

Fig. 19. R007 infectious clone®| #E¥ of 7| %)

F nlo] g A TuMV Infectious clone9 hybrid construct #|2}

TuMV R007, ROAL, R065 isolate ko] WAe] Apol7h oWk gjollx 7|Qlah=A] dopr izt
hybrid constructE A2} th

3 39 ORF zFe] zto] B 7|5 &4 W&& vtd o= TuMVel oW Protein®] HR, Aol }o]
5 doy|e=A Polry] fEA WAool okg RO07TH WAool A ROGSE  ©]&3lA Hybrid
constructs A2tk (Fig. 20).

Az 5 E hybrid constructE ©]-8-38to] Hiolg| 2 WAS FRlstar, 1 zfolof thE 4
gk oA ot}

A3

tlo
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{a) Mottling

{b) Systemic necrosis

(c) Mosaic, yellowing

Symptom

None

Symptom

17

ROO7
HR

12

38

Fig. 22. R0O07, RO65 & Al
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3)

_’401]/\1_4 TuMV BﬂOJ/H 74%3

0149 % F mlol 2~ AHS F3 AAE TuMV 3714 isolate(R007, R041, RO65)E (& alnf,
AFFTHAD HFaste] Hdd e
A4 A3 3709 isolate BF 33}, RETY

o= LFERA) ekskrhFig. 23).

d, Apela S/do] Yo isolate ¥ A A

Healthy R007 R041 RO65
%

Fig. 23. § ol YEld= TuMV isolate ¥ ®7A

oA e TuMV B8 A4

20143 % F wpo]ly 2~ QS B AAHE TuMV 37F4 isolate(R007, R041, R065)E F (7
43t ALFH 5D HFsto] HA8S ARSI

AR A ROO7TS T2 JdEHA oFg g3t S S sk v (chlorotic spot)e] 94 U
ERron R04l, ROGSE dEd- §IANE st 33} 447 2ol sl vbdo] yeby):
(Fig. 24).

R041 R0O65
oS gt

_87_



4) o717 el A el TuMV B9d 174
o 14W% F vpolgx AHE S AAHE TuMV 37H4 isolate(R007, R041, RO65)E HE A&
1 71 (Col-0)ell &3t BAdS A
o HA Ay A @ YA WA o] YEFS L isolatem}E AFo] A YERA] eFtTh(Fig. 25).

Fig. 25. o717 tel Yelv= TuMV isolate ¥ WA

v}, 5 (Raphanus sativus) 60 line® TuMV infectious clone §3% 2 A3A FF A

o ROl TuMVE EdHoz gEelmAl, R9AEQl Nicotiana benthamiana®) 7}7te] TuMV
infectious clone 37F4& Agroinoculation®] W'HS F3te] JEste] TuMV WAS YUEdE N
benthamiana® F-E] B& o] vpolg] A~ 7+ FAMZS 3 819 th(Fig. 26).

o 47}l TuMV strainll A€ N. lenthamiana®l 9= o9 F FHY o w2 Wyow
6001 F EFEol TuMVE HZE3H3tHFig. 27).

_lz
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ROO7T R041 RO65
Fig. 26. 9 HES ¢l 279 TuMV infectious clone®] HE¥ Huj

3 TuMV HE

R84

42 of

N
op

Fig. 27. TuMVell z+<d€ el ¢

60o] F FFo] TuMV strain R007, R041, RO6E 2172t FAHEs o] HE 2194 714 vlolg]x~
HAe] WS Setos B (Fig. ), AEe AHs 98 RT-PCRES &3 TuMVe 9 S

o =222

51913} tH(Table 10).

o
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Fig. 28.

RO65
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32
3
3
35
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3
40
41

RO6S

RO41

ROO7

10
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13
14
15
16
17
18
19
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Table 10. R. sativus 60 line® TuMV strain &<



RT-PCR Ze+& F3tod, 3719] TuMV straindll tidt A3/ F 555 ¥
TuMV A& 7 FE& At Table 11)
Table 11. R. sativus line®® TuMV R007, R041, RO65 HE A3 2 A FF dd
RO0O7 | RO41 | RO65 R0OO7 R041 RO65

No. 3 0 X O |No.44| O X 0
No.11| ©O X X No.45| O X 0
No.12| O X X No.47| O 0 X
No.13|] O 0 X |No.48| O 0 X
No. 14 0 X 0 No. 50 0 (0 X
No.15| X X O [No51| O X 0
No.31| X 0 O |No52| X X 0]
No.37| X 0 X |[No.57|1 O 0 X
No.41| O X O |No58| O 0 X
No.43] O X 0 |
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2. F AESY
7} A&

w3 2| A9 F(Raphanus sativus L) $84yg gix A T styz, =] ALk
HAF T wFe tEo] T ALY 60% ol AA st e wlg- T3 ZHE ol tH(Jung
s, 2004). FHZoll F AR AuiA A A wWa et AeA gs) @A o] Friste]l o Aujol
oelws AL Ak AAZA Fol A= HE FulodA = A= (Fusarium wilt),
B &9 (cluroot), A% S (black rot), =7 (downy mildew), #2535 (black spot),
At &5 ¥ (bacterial leaf spot) 5 19%°] R 1% A THKSPP, 2009).

Fusarium oxysporum®| 23] A= A ESHS ddo 93 (vellows)E EFH
EddEAd Hoewm, S Fo Az WA AAAoR Z JIE do7
2 TH Armstrong and Armstrong, 1981; Booth, 1971; Kistler, 1997). F. oxysporums % %) sh=
715 wet 2318 (forma specilais, f. sp.) o= UFi, 7]Fe] FFo gist WY xfo
races TEIH. WiFH AEo AlESHES 4o HAdve U F8 #Hdd O
oxysporum f. sp. conglutinans race 1-57} 7% 1 tH(Armstrong and Armstrong, 1952;
1966; 1981; Ramirez-Villupadua &, 1985). %9 o]& YAl racew= A&7 HAJ+=d race 12
f. sp. conglutinans race 1% Z18]3l race 5+ f. sp. conglutinans race 2%, race 3%} race 4+
Zy7}y f. sp. matthioli race 13} race 2%, 7181l race 2+ T2 5 #AS= f. sp. raphani=
A A = 2 tH(Brayford, 1992).

T ANELSHE F ooxysporum f. sp. raphanio] 9@ wAstw, A A A FHow7 Ao
ok s doval de o F8 Wajolth F AlESWE 1934d mls Ayl Yo}
San Benitooll %= White Chinese Winter Radish A F¥EolA HS HiuE o] F 19464
=22 Waukesha® F ZEA&NA el dAfddl= w= ZA oA ZAsta A th(Pound,
1959; Pound and Flowler, 1953). o %= 22 AFE FAEHJS Aoz AZE 19814
A vls Aol AHe BuEfdi Al&GE Aoz i AlEaH wAel HAt

=2
ol

HE Y HeAAE A

I‘EL

[0
[

ﬁj
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Z7keta 9= FAloltH(Moon %, 2001).
= AP F FEL ol 3AjelA vl

=
32,
o
P
—d
>,
il

[o
ok
2
ot
ox

o

FAA TR A FAFH a3 B pgel B muE A R o)
@dolthBak 5, 201D. °lF ATE AL bgHolm E&H AFH Aol
stk Ro AESY WM ARE Qs THE 5 dE pHor e AW
o) g% A4Wel nnHE H ArhBak 5, 2010; 2011). FAT P F Wol Tz AR
5% AN Fol olF TAPGe]l AAsu oA M2 TER oA AuF Fo
MaAbsE BYAANS ol8F P WHe ] AR metel AESW AY IS
T A% A wEPel wol Wasith weld P A4 HEF PRt dFe ¥ fFuo
e ALY AP BRYOR A A PHSdm EEH HF PEL o §
47 a3

Hol 3t §2 HAHS YA, ?ﬂ%“é XEﬂ ta 4% Pr ETEFE A3k
A), 42U HE(37 x 10% 1.1 x
07 conkﬁaﬁnD,5§'3O}%fiﬂ%?9l/@4% A71(8, 10, 12, 14, 164 vl gk

10°, 3.3 x 10° 1.0 x 1

FWel WE AEeW WAL zAsEt adx ols ARy fYd 1A oY
A4we B4 FAsud YWHOER g FA R A PE PPN B A7
FAd gE Pl % B FBEY AESHel hE AFY Aol vwsy
RN

(1) %""] T EE3 A
o] ‘W§AF(Syngenta Korea, Seoul, Korea), == 4 3A FZ< ‘A AE(Monsanto
Korea, Seoul, Korea), 74 #F2A M5 ZA'(Asia Seed Co., Ltd, Seoul, Korea)¥}
‘M7 (Asia Seed Co., Ltd)S AlFolA F+4ste] Aol AHE3sHA
F 539 TAE 5 x 8 94 XE(XE 9 EY 70 ml, Bumnong Co., Ltd, Jeong-eup,
Korea)ol Y84 E 53 (Punong, Gyeongju, Korea)S il %% 9 10XEX 181l ¥E T

29 TEST LA25 = 5TRIA AWtk FAU dobd F fue) Aol nay
MRS ¥E 154 @0 fob FHod, BE F UL B¢ ANT FEE 2
Agsarh. gERE FH 4K A6l nE M%S% Wy APAAE A% AT
PPow FAE AFsta 8 10, 12, 14, 163 E A HEES Agste] 2AAS

(2) 3F4 &M

F. oxysporum f. sp. raphani KR1 % (Baik &, 2010; 2011) potato dextrose agar (PDA;
Becton, Dickinson and Co., Sparks, MD, USA) vj#]ol HE3ta 25TCoA 7¢ = vjsh
TZEO02RE HALZEZS wWo] malt extract broth(MEB; Becton, Dickinson and Co.) Hi#] el
JEetaL o5 26T ol A 79 &<2F 150 rpm o= AEH]F stk w3 KR1 #5&
474 A==z 4y dAE AAS 8000 rpmelA 10w3F PR (4,300 xg, 10+, 4T,
Beckman Coulter Inc., Brea, CA, USA)E 3 Fol| NS AAS I JHAE s
HYu & 5o xAIdgRS FHledrt. xAdEgRe] ¥ s FedE 1% (Nikon
Instruments Inc., Melville, NY, USA) 3}ol A hemocytometer(Paul Marienfeld GmbH & Co.
KG, Lauda-Konighofen, Germany)& AF&3to] SAsGoH, HF s%dd W E F A&
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A AES A3 RE AFY ¥z ThE "WiErsE 3Ase] 1.0 x 107 conidia/mlE
Z7g 5k ok

83 FFTYE s mE F AESY HA AT S HEAE dedAg e wHoe=
3 3ske] 37 x 10°, 1.1 x 10% 33 x 105 1.0 x 10" conidia/ml %2 ¥AAE NS
TH sk At

Scalpelf’u A= v wE H ukAl A3 gealpelS o] §35)¢]
(1) AAFANAH 1 cm Eog oA 45°Z74 % 2 cm Aoz AeA Blo AXE e W,
(2) AAF-AA 1 ecm "ozl 3ol A 90°7F%E, 2 ecm Z o= AeA]l o AHE U= WH,
(3) AAF-oA 05 cm EoZ 3ol 90°Z =, 2 cm Zol= HyA ¥ A4S W W,
(4) AAFoA 05 cm BRI FoA 90°Z %, 3 cm o= AHA Bl FHE e UH
s d 7 WHoeR fFHO By AAHE Fu Rl xAEE RS 10 ml¥ HFEHo
qE skt
(4) g A HFHA F-HE scalpel FFH 93 AEa T ¥
g3t scalpel HEHY &84S AAS7] Ssto E]"‘Z] HEHIH sAlo HFsto]
FEEY NEad A vkt e JA HEFEHLS 8 x 16 ¢ YTE & EY

ml, Bumnong Co., Ltd)ol 47}# #&< F FAE dFstar =22
A fFRe s 22 AFHs &
FAFE A (B0 x 10° conidia/ml)el 30&

= o4

Scalpel HFS &% HAHGUL 5 x 8§ A4 :’—EEOﬂ T FAE SFea 2425 +
ol A 149 &< AW FEE scalpels ©] &3] _t,L

90°7} %=, 2 cm % 9|

=
XE 10 ml¥ @38t HEFedvh

)
v
>
4=
i)
0%
Wi
Ll
N
k1
M
e
ot
m )
)
FBL
=
12
=
(e}
X
—
<
(@]
o
2
2
Q
~.
=)
i

(5) w3 2 YxA
Scalpel H&

TWHOo R F oxysporum f. sp. raphani KR1 75 HE3 FE= 25C 524
19 &< v 3 S et

kol Bol| 95C 2o FFE 124 7HH BE ZAEIE A 453 Zot A u) st
a2l IAAFFTHOE JF3 FHEHE 37 T A Fo A= TS AT
HZALE ZF 2549 A58 &Y 4 S (disease severity)E ZAeIF o W AwE =
23 7o whH T (disease index)® ZAFSFATE 0 = AA, 1 = AsEE Z2WEY (AR E
ANEA 3 Al gl A, 2 = AsHe AREHL AdRE A=EsE 4, 3 = AsE e
AL A= AIEY 33 A 4 = AR e AWy AAEE ASHA 3 s
A ddE 2, 5 = A T 6AR st em(Fig. 1), Bv ¥ E7F 1.0 olakdl A fdll=
A, 1.1 -2567 T=ATA, 25 29 Aoz A4
RE AHS |ovrEo 7 23] AAEPT 18 SAS(SAS Institute, Inc., 1989, Cary,

NC, USA) Zza3S o839 ANOVA ®AS 9o, Az Hifzk uuE 935k
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Duncan’s multiple range test(Z = 0.05)
(1) Scalpel A=A Hiof uw}

o243 %2 1@

o

A A ¥ A 05cm "ol Fo| A scalpelZ 90°Zt%, 2cm o= Heja B o

]
1
,Wo

Iz

ﬁo

0.8, 3.3, 349

B

=
T

Gl
ol A =

[e)

T

(1996)

=
o

el tH(Table 3).
Song

(O =
- T

FA"F Baik 5 (2010)

S
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A
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He
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e
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847
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&t At

o
=

A3

SETER

w2t A F. oxysporum f. sp. raphani®

o

B
N

EvlE AE2e

ki3

F. oxysporum f. sp. lycopersicil <]

5 (2013)&

Park

ole} AZte e,
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=

A 2] A
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Aol Atk (Lee et al, 2015).
k<)

T RE!

7F= el

ol weEh F5tol

hA

[e)

=

_(H
05cm o]z 91Xl 90° Zt= 2 2cm Zlo] = g o

1

AANTHA T mAA]). L2]al AAF-l A 0.5cm Holxl 3ol A

[e)

=

o] A 45°Z}%= 2cm Zo]E  scalpel
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Table 3. Development of Fusarium wilt on radish cultivars according to scalpel inoculation

method®

Scalpel-wounding method
(Distance from stem, angle, depth)

Cultivar Trait
1 cm, 45°, 1 cm, 90°, 0.5 c¢m, 90°, 0.5 cm, 90°,
2 cm 2 cm 2 cm 3 cm
Myoungsan R 0.5"b 7" 0.6 bz 0.8 bz 1.0 bz
Minongjosaeng S 3.1 az 2.7 az 3.3 az 3.4 az
Baekchun S 3.0 az 3.8 az 3.4 az 3.7 az

“Fourteen-day-old seedlings of each cultivar were inoculated with Fusarium oxysporum f.
sp. raphani KR1 by cutting the roots with a scalpel and then pouring a 10 ml-aliquot of
spore suspension on soil at a concentration of 1.0 x 10’conidia/ml The inoculated plants
were incubated a dew chamber at 25C and then cultivated in a growth room at 25C
with 12-hr light a day. Four weeks after inoculation, disease severity of the plant was
investigated on a scale of 0-5.

"Each value represents the mean disease severity of two runs with ten replicates each.

“Values in the labeled with the same letter in each column are not significantly different in
Duncan’s multiple range test at 2 = 0.05.

dValues in the labeled with the same letter in each row are not significantly different in

Duncan’s multiple range test at 2 = 0.05.

(2) HFY &l 0& F A

_g_
HAEY Sl w7+ AEs8 A

A Ay FEQA HWAS AL yeA 37 FEL HE
7bet ot AR R FoAd de Aol flATH(Table 4).
= sk Ul HE9 s% EFdA AIAPS a8 g FE vesEAgw
2 BT 5SS yepdlt gl FEASA F3590 G 1.0 x 107 conidia/ml
of vt WH L 142 FTEAIFAHES HJow ywA FrAAE 1.0 ol WHE =
Agge ®morh aelEg A¥s JE2Y % F 10 x 107 conidia/ml FZo]A ‘W
A F A MEo] ZhzE W (08 14, 39, 449 WHEE Ho 7} EFE 9
S ¢ A A H(Table 4).
Baik(2011) <& ®Edx HE2Hoz 30 x 10° - 30 x 10" conidia/ml
I RS HEst F FITEoAY AEaH WS A 2y, A
7t S7bebel wet g @Al Al Fbe Rl ol
dolm, = AL e FEAAE AL Ten EL FE
% Fo mgom, B AreMst nAAAR ¢
AYe HE TE #BARel AZAS BEIvn sk wEbd HEY S
FEE

<
o] F. oxysporum f. sp. raphani®l TtHI AIFA wrSo A HEHy}

O
SN

2
oo
o,

ol 2 2 Hd of
x4 o
41 o jr o o 1lo

k)
i

%
Q
Q)
o

ko]
@
1
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il

1S & 4 Aok 28] scalpel 5 WHS 9 5+ H
9 0 x 107 conidia/ml % ¢ ZAIEGHNS TE T 10 m¥

QL
rlr
>M
o
jud
-
e f
»op
o o
AL
;&
o
15
)
32
i)

Table 4. Development of Fusarium wilt on radish cultivars according to inoculum

concentration®
Inoculum concentration (conidia/ml)
Cultivar Trait
3.7 x 10° 1.1 x 10° 3.3 x 108 1.0 x 107

Myoungsan R 0.8"bz¢ 0.7 bz 0.9 bz 0.8 bz
Jangsaeng MR 0.6 bz 1.0 bz 0.8 bz 1.4 bz
Minongjosae“ S 26 abz 36 az 34 az 3.9 az

Baekchun S 3.7 az 40 az 48 az 44 az

“Fourteen—day-old seedlings of each cultivar were inoculated with Fusarium oxysporum f.
sp. raphani KR1 by cutting the roots with a scalpel and then pouring a 10 ml-aliquot of
spore suspension on soil. The inoculated plants were incubated a dew chamber at 25T
and then cultivated in a growth room at 25°C with 12-hr light a day. Four weeks after
inoculation, disease severity of the plant was investigated on a scale of 0-5.

"Each value represents the mean disease severity of two runs with ten replicates each.

“Values in the labeled with the same letter in each column are not significantly different in
Duncan’s multiple range test at 2 = 0.05.

“Values in the labeled with the same letter in each row are not significantly different in

Duncan’s multiple range test at 2 = 0.05.

3) AEA 7)o BE B ASeH uay

FAE SEsa 2225 + 50)dA 8%, 109, 129, 149, 169 <k Awd fxo F
oxysporum f. sp. raphanies FEFIL - AESHY DAS A Ay AE o AS
A7l F 149 FEE WA, A, mExRA, el Zbzh 08, 11, 33, 409 RS
wolw A, TEAFA, #FAd WS YEHltHTable 5). stArt 84, 10, 129 Ajui &
FrHEE WER HAPAE A ARAS & vguley, #5d 5 MR
TEAYEES 283 FEATY FEA S AFAES dEHT

a2 169 AMg FEE A FF WAV A = Aol HAhste FERAE
Uebdieh Aul 713ke]l FrbEsE et wol AdAl Hal of7]e] scalpel® A
7 O Zoeet AzbEm o ujito] A3 FFQ PAbo
oxysporum f. sp. raphani®l ™ A &dE& YEFNA k= Aol oHUE Aoz AZLET
olAte] Az HE el F /\]f—ioﬂ ste] F. oxysporum f. sp. raphani®| gk
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Aoz FelA Mg AxE F3, 1.0 x 10conidia/ml EE2 EIdEgANS YET 10ml¥

wFste} HF5L, 25CeNA A Aol maFoln AZE

Table 5. Development of Fusarium wilt on radish cultivars according to growth stages®

Plant growth stage (days after sowing)

Cultivar Trait
8 10 12 14 16
Myoungsan R 05"z 0.7 bz 0.6 bz 0.8 bz 1.2 bz
Jangsaeng MR 0.6 bz 0.6 bz 0.8 bz 1.1 bz 1.2 bz
Minongjosaeng S 1.7 bz 2.1 abz 2.2 abz 3.3 az 2.5 abz
Baekchun S 41 az 4.0 az 42 az 4.0 az 3.6 az

“Eight-, ten-, twelve-, fourteen—, sixteen-day-old seedlings of each cultivar were inoculated
with Fusarium oxysporum f. sp. raphani KR1 by cutting the roots with a scalpel and
then pouring a 10 ml-aliquot of spore suspension on soil at a concentration of 1.0 X
10’conidia/ml. The inoculated plants were incubated a dew chamber at 25°C and then
cultivated in a growth room at 25C with 12-hr light a day. Four weeks after inoculation,
disease severity of the plant was investigated on a scale of 0-5.

PEach value represents the mean disease severity of two runs with ten replicates each.

“Values in the labeled with the same letter in each column are not significantly different in
Duncan’s multiple range test at 2P = 0.05.

YValues in the labeled with the same letter in each row are not significantly different in

Duncan’s multiple range test at 2P = 0.05.

Hood oA 93 scalpel HEHS o83 AN a8A4S FAstux 7S A
AFEEAL e BEHA HF W FAlel A §F ETES AESY 24 E AIA
RS waweh Ax A WS ARSStH WAP, A, mls A, WMol A ZhzE 1.0,
16, 39, 479 WHEE Z 77t AYA, TEASA, #FA, #FEAES YErdnh ada
AAGHeR SRS woll= WA, A, ERA, WMEAA 47 06, 1.1, 2.7, 3.29]
HEE Ho AU mpdsA 2 7 FE5L ALY, TEAYA, 34, 34
S-S & yellth(Table 6). T3 2 AolA ggst gAML Ay FEQA HabedA
71E W vlste] o =2 A vES YepgnRZ g ¥ ASE25E F oxysporum



Table 6. Comparison of resistance degree between root dipping and scalpel inoculation

methods to Fusarium wilt caused by Fusarium oxysporum f. sp. raphani

Inoculation method

Cultivar Trait
root dipping” scalpel”
Myoungsan R 1.0°%¢ 0.6 cz
Jangsaeng MR 1.6 bz 1.1 bez
Minongjosaeng S 3.9 az 2.7 abz
Baekchun S 47 az 3.2 az

“Nine-day-old seedlings of radish cultivars were uprooted and the roots were washed
gently in water. And then the plants were inoculated with F. oxysporum f. sp. raphani by
dipping the roots in inoculum suspensions at a concentration of 3.0 x 10°conidia/ml for 30
minutes and were transplanted into 40-cell plastic trays. The plants were incubated a
dew chamber at 25C and then cultivated in a growth room at 25C with 12-hr light a
day. Three weeks after inoculation, disease severity of the plant was investigated on a
scale of 0-5.

PFourteen-day-old seedlings of each cultivar were inoculated with F. oxysporum f. sp.
raphani KR1 by cutting the roots with a scalpel and then pouring a 10 ml-aliquot of
spore suspension on soil at a concentration of 1.0 x 10’conidia/ml. The inoculated plants
were incubated a dew chamber at 25C and then cultivated in a growth room at 25C
with 12-hr light a day. Four weeks after inoculation, disease severity of the plant was
investigated on a scale of 0-5.

‘Each value represents the mean disease severity of two runs with ten replicates each.

4Values in the labeled with the same letter in each column are not significantly different in
Duncan’s multiple range test at 2 = 0.05.

“Values in the labeled with the same letter in each row are not significantly different in

Duncan’s multiple range test at 2 = 0.05.
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Y HEAAAE AL
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(KSPP, 2009). - Ajuj=]ol| A o] 3Fof tjst MY dxe digt HiuEs ofz gIAAT, F

of FAdg HAsI A=< v FEHY A5 20149 89 wijF FErEo] e EAelA
o] Alit AE A%+ Pectobacterium carotovorum &2l Aol 731%= 4 FTS 2 YES
Atk(e] &, 2015). ol FA EFo] A A= WA g AYAY FES A5 980
Me s LS st ol gk B AYA AAS S AT AdES Ao
olF Al 7 FFo ¥ A AEE sty g Ed HadAg Yol dasit
HARYH W AFAG HAA A= oln] Bad vt e, £ AL FFolH, ¥ 7|t
W, EvtE AJESH, W3 2R 5 oo ¥ AAd AWl gyEde 18y A
Aol 2§ =l A wEES A ARSIl o wel U= A7 d=dH, o
xHor Wt IR e HAddSs wdete] ESol A4S & 0 dAHE A1, 8F
< (Loffler et al, 1995; Straathof et al., 1993) =2 125 ¥ (Prados-Logero et al.,, 2008) <%

stol AYESN &7 AL R ¥ AW PP skl AFY AFE 6HAD AAtw, 2

dol AHgE Wek 165l thete] A s B8V = SFAARE o] FA 3N A

= 9 dEWS NEsd o (Suijder and van Tuyl, 2002) ©] S
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of oJgt F5 FAol sntE o] A3 Fr7E ol @iol AU 2
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12 o
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Table 1. Disease index of radish bacterial soft rot

Disease index Symptom
0 Healthy plant
1 Chlorosis or rot ; 0-25%
2 Chlorosis or rot ; 26-50%
3 Chlorosis or rot ; 51-75%
4 Chlorosis or rot ; 76-100%, dead plant

- T et WP g A HA S FskATh
o W T (disease severity, %)
= {X(disease index x the number of diseased plants) /(the highest disease index X the
number of plants rated) }x100
o WX H=43H4 (area under the disease progress curve; AUDPC)
= {(disease severity of 3DAI + disease severity of 4DAI)/2 }+ {(disease severity of
4DAI + disease severity of 5DAI)/2}

Fig. 4. Cultivation of Pectobacterium carotovorum subsp. carotovorum KACC 10421 was

carried out at 30C for 40 hr in nutrient agar.

ENEE L
(1) % FEy @49 Qegay A
- Alto] wikE wiA g HidFE 10 mle YL, spreaderz M-S EFo] AddgdS

© 5 =g 50, 55, 60 miol ZHzb Alit A 5 mi® &3S W, F3 ODesw
0.3525, 0.2723, 0.208°1t}. weEbaAl Aato] wigE wix] 9o EHFE 10 mlS
spreader® M-S Fo MU AENS e FH, B4 60 mlol M dgd 5 mlE &

Hgol WgW Weldg el HAsitia Azshgln.
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Table 2. Dilution of bacterial suspension for convenience method.

B
0.2714 + 0.0001
0.2720 + 0.0001
0.2746 + 0.0001
0.2744 £ 0.0001
0.2722 + 0.0001

Plate No.

0.2169 + 0.0001
0.2061 + 0.0000
0.2050 £+ 0.0001
0.1913 £ 0.0001
0.2158 + 0.0001
0.2061 + 0.0001
0.2050 + 0.0000
0.1988 + 0.0000
0.2143 £ 0.0001
0.2222 £ 0.0001

0.3520 + 0.0001
0.3544 + 0.0001
0.3542 + 0.0001
0.3522 £ 0.0001
0.3528 + 0.0001
0.3519 + 0.0001
0.3533 + 0.0001
0.3510 * 0.0001
0.3503 £ 0.0006
0.3526 £+ 0.0001

0.2728 + 0.000
0.2826 + 0.0001

0.2644 + 0.0000
0.2652 + 0.0001
0.2733 £ 0.0001

10
Average ODsoo

0.2081

0.2723

0.3525

Bacterial suspension were prepared by sterilized spreader in 10ml sterilized water and

Z,¥,X

then it taken 5 ml of bacterial suspension and each 50% 55%, 60° ml sterilized water

were mixed.
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Fig. 2. Comparison of two inoculation methods for estimating resistance of 6 radish
cultivars to Pectobacterium carotovorum subsp. carotovorum KACC 10421. Value labeled
with the same letter are not significantly different based on Duncan’s multiple range test
at p = 0.05.
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