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The specific and sensitive nested-PCR method to detect Acidovorax citrulli, a causal agent of bacterial fruit
blotch on cucurbitaceae, was developed. PCR primers were designed from the draft genome sequence which
was obtained with the Next Generation Sequencing of A. citrulli KACC10651, and the nested-PCR primer set
(Ac-ORF 21F/Ac-ORF 21R) were selected by checking of specificity to A. citrulli with PCR assays. The selected
nested-PCR primer amplified the 140 bp DNA only from A. citrulli strains, and detection sensitivity of the nest-
ed PCR increased 10,000 times of 1* PCR detection limit (10 ng genomic DNA/PCR). The nested PCR detected
A. citrulli from the all samples of seed surface wash (external seed detection) of the artificially inoculated wa-
termelon seeds with 10' cfu/ml and above population of A. citrulli while the nested PCR could not detected A.
citrulli from the mashed seed suspension (internal seed detection) of the all artificially inoculated watermelon
seeds. When the naturally infested watermelon seeds (10% seed infested rate with grow-out test) used, the
nested PCR detected A. citrulli from 2 seed samples out of 10 replication samples externally and 5 seed sam-
ples out of 10 replication samples internally. We believe that the nested-PCR developed in this study will be
useful method to detect A. citrulli from the Cucurbitaceae seeds.
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Table 1. Bacterial strains used in this study and results of 1% PCR and nested-PCR
No. Strains® Host 1% PCR® nested-PCR
1 Acidovorax citrulli KACC10651 Unknown + +
2 Acidovorax citrulli CNUPBL AC37 Unknown + +
3 Acidovorax citrulli CNUPBL AC42 Unknown + +
4 Acidovorax citrulli CNUPBL LB09-308 Unknown + +
5 Acidovorax citrulli CNUPBL LB09-309 Unknown + +
6 Acidovorax citrulli CNUPBL LB10-233 Unknown + +
7 Acidovorax citrulli CNUPBL LB10-234 Unknown + +
8 Acidovorax citrulliNWB SC016 Watermelon + +
9 Acidovorax citrulliNWB SC024 Watermelon + +
10 Acidovorax citrulliNWB SC058 Watermelon + +
1 Acidovorax citrulliNWB SC074 Watermelon + +
12 Acidovorax citrulliNWB SC076 Melon + +
13 Acidovorax citrulliNWB SC107 Rootstock + +
14 Acidovorax citrulliNWB SC108 Watermelon + +
15 Acidovorax citrulliNWB SC109 Watermelon + +
16 Acidovorax citrulliNWB SC110 Watermelon + +
17 Acidovorax citrulliNWB SC111 Watermelon + +
18 Acidovorax citrulliNWB SC172 Watermelon + +
19 Acidovorax citrulliNWB SC175 Cucumber + +
20 Acidovorax valerianellae NWB SC185 Watermelon - -
21 Acidovorax valerianellae NWB SC186 Watermelon - -
22 Acidovorax avenae CNUPBL294 Unknown - -
23 Acidovorax avenae subsp. avenae KACC10162 Zea mays - -
24 Acidovorax sp. KACC13277 Soil - -
25 Acidovorax facilis LMG2193 lawn soil - -
26 Acidovorax cattleyae LMG2364 Unknown - -
27 Acidovorax konjaci KACC10652 Konjac - -
28 Pseudomonas syringae pv. lachrymans KACC12856 Melon - -
29 Pseudomonas syringae pv. lachrymans KACC12857 Cucumber - -
30 Pseudomonas syringae pv.lachrymans KACC13264 Cucumber - -
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Table 1. Continued

No. Strains’ Host 1¥PCR nested-PCR
31 Pseudomonas syringae pv. lachrymans LMG5070 Cucumber - -
32 Pseudomonas syringae pv. lachrymans LMG5172 Cucumber - -
33 Pseudomonas syringae pv. lachrymans LMG5458 Cucumber - -
34 Pseudomonas syringae pv. lachrymans LMG5459 Cucumber - -
35 Pseudomonas syringae pv. lachrymans LMG5662 Melon - -
36 Pseudomonas syringae pv. syringae LMG2230 Rice - -
37 Pseudomonas syringae pv. syringae NWB SC125 Squash - -
38 Pseudomonas syringae pv. syringae NWB SC132 Squash - -
39 Pseudomonas syringae pv. syringae NWB SC137 Watermelon - -
40 Pseudomonas syringae pv. tomato Y1 Tomato - -
41 Pseudomonas syringae pv. tomato DC3000 Tomato - -
42 Pseudomonas syringae pv. tomato LMG5093 Tomato - -
43 Pseudomonas syringae pv. tomato LMG5509 Tomato - -
44 Pseudomonas syringae pv. pisi LMG5079 Pea - -
45 Pseudomonas syringae pv. pisi LMG5478 Pea - -
46 Pseudomonas syringae pv. pisi LMG5479 Pea - -
47 Pseudomonas syringae pv. pisi LMG5480 Pea - -
48 Pseudomonas syringae pv. pisi LMG5679 Pea - -
49 Pseudomonas syringae pv. pisi LMG8612 Pea - -
50 Pseudomonas syringae pv. pisi KACC11620 Unknown - -
51 Pseudomonas syringae pv. phaseolicola KACC10575 Kidney bean - -
52 Pseudomonas syringae pv. phaseplicola NWB SC126 Squash - -
53 Pseudomonas syringae pv. tabaci NWB SC127 Squash - -
54 Pseudomonas syringae pv. putida NWB SC136 Watermelon - -
55 Pseudomonas syringae pv. garcae KACC10398 Coffee - -
56 Pseudomonas syringae pv. helianthi KACC11618 Unknown - -
57 Pseudomonas syringae pv. japonica KACC11638 Unknown — -
58 Pseudomonas viridiflava LMG6480 Chicory - -
59 Pseudomonas syringae pv. lapsa KACC12216 Unknown - -
60 Pseudomonas syringae pv. mellea KACC12844 Unknown - -
61 Pseudomonas syringae pv. mori KACC10390 Unknown - -
62 Pseudomonas syringae pv. morsprunorum KACC10397 Unknown - -
63 Pseudomonas syringae pv. myricae KACC12845 Unknown - -
64 Pseudomonas syringae pv. panici KACC11619 Unknown — -
65 Pseudomonas syringae pv. papulans LMG5077 Apple tree - -
66 Pseudomonas syringae pv. persicae KACC12852 Unknown - -
67 Pseudomonas syringae pv. ribicola KACC11622 Unknown - -
68 Pseudomonas syringae pv. sesami KACC10649 Unknown - -
69 Pseudomonas syringae pv. tabaci KACC10388 Tobacco - -
70 Pseudomonas syringae pv. tagetis KACC10389 Unknown - -
71 Pseudomonas syringae pv. ulmi KACC11633 Unknown - -
72 Pseudomonas syringae pv. glycinea LMG5554 Unknown - -
73 Pseudomonas syringae pv. savastanoi KACC10751 Olive - -
74 Pseudomonas syringae pv. passiflorae KACC12846 Unknown - -
75 Pseudomonas syringae pv. maculicola LMG5560 Cabbage - -
76 Xanthomonas campestris pv. campestris LMG7460 Rape - -
77 Xanthomonas campestris pv. vesicatoria KACC11153 Pepper — -
78 Clavibacter michiganensis subsp. michiganensis NWB SC191 Tomato - -

*KACC: Korean Agricultural Culture Collection, CNUPBL: Chungbuk National University Plant Bacteriology Lab, LMG: Belgian Coordinated Collec-
tions of Micro-organisms, NWB: Nongwoobio Co., LTD.
®+: PCR product of the expected size was amplified, -: no PCR product was amplified.
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M1 23 456 7 8 9 101112 13 1415 16 1718 19 20 21 2223 2425 262728 2930 31 3233

M 3435 36 37 3839 40 4142 43 44 454647 48 4950 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66

M 67686970 71 7273 74 75 76 77 78 NE

Fig. 1. PCR result which was carried out with primer set, Ac-ORF 12F/
Ac-ORF 13R and bacterial DNA. Lanes 1-78 is corresponding strain
number 1-78 in Table 1. NE: water as negative control.

M1 23 456 7 8 9 101112 13 1415 16 17 18 19 20 21 2223 2425 2627 28 2930 31 3233

M 3435 3637 38 39 40 4142 43 44 4546 47 48 4950 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66

M 67686970 71 7273 74 75 76 77 78 NE

Fig. 2. Nested-PCR result which was carried out with primer set (Ac-ORF
21F/Ac-ORF 21R) and bacterial DNA. Lanes 1-78 is corresponding
strain number 1-78 in Table 1. NE: water as negative control.
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GTC-3)& A2Fak3ict. A2 nested-PCR Zafo]uje] Eo]4)
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19555 2] DNAO] 4|k F 140 bp 217] 2] =7} ZZ g}
(Fig. 2). W2} 4] PCR o] u] Ac-ORF 12F2} Ac-ORF 13R, L2
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At A. citrulliol A 7Y ol Ask= 7] 9] DNAE 53351 A,
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B

M1 23 45 617 89 10

Fig. 3. PCR and nested-PCR results for determination of detection sensitivity of target bacterial genomic DNA. PCR was carried out with primer
set, Ac-ORF 12F/Ac-ORF 13R and 10 ng of genomic DNA of Acidovorax citrulli (lane 1) and its ten-fold serial dilution (lane 2-9). Lane 10 was water
as negative control (A). Nested-PCR was carried out with primer set, Ac-ORF 21F/Ac-ORF 21R and 1 pl of 50 times dilution of 1* PCR product (B).
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A

M12 3456 789 NP

B
M1 2 3456 789 NP

Fig. 4. Nested-PCR results for detection of Acidovorax citrulli from external seed samples (A) and internal seed samples of the artificially inoculated
watermelon seeds. Nested-PCR was carried out with primer set, Ac-ORF 21F/Ac-ORF 21R and DNA from external and internal seed preparation of
the artificially inoculated seeds in 10° cfu/ml-10° cfu/ml (lane 1-9). N is negative control and P is positive control.

A
M1 2 34567 8910NP

B
M1 2 3456 7 89 10 NP

Fig. 5. Nested-PCR results for detection of Acidovorax citrulli from external seed samples (A) and internal seed samples of the naturally infected
watermelon seeds. Nested-PCR was carried out with primer set, Ac-ORF 21F/Ac-ORF 21R and DNA from external and internal seed preparation of
the naturally infected seeds. Lane 1-10 are 10 replication seed samples. N is negative control and P is positive control.
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sequenceE- Next Generation Sequencing(NGS)S o]-8a}o] &
o, o]= £l |& Aok Ac-ORF 12F/Ac-ORF 13R PCR
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A. citrulli®] genomic DNA 10 pge| o, &9 =&
=0]7] 9&l| 7§23t nested PCRS 12} PCRY] AZ 3HA S oF
10,0008 Z-7HA1 et =2 A+ HE2 912 LAMP(Loop-
mediated Isothermal Amplification)2] - AZ&3H4 7} ge-
nomic DNA 5= & 10 fg(Rigano 5, 2010) H 15| ¢l=1], & A
TANE ¥ nested-PCRO] HE3HA| = o] &F FAFSEAY =
= O vg o ® dekEoh 2 Aol A 7 nested-
PCR ¢1-5-4E SAet A4l A T4 ol-8-5fo] SAF HAL
o A-gsto] FAA o= o]§ 7hHaThA] ERlsH A5HE
T L7 HAPl| A= 10" cfu/ml FE=2 @ A1 FALof| A
= HE0] Hi= Alo] ERIE o i HALl A= A& &
2| &ttt o] Atz QIFHFT TAF 24| Al A Hof| 24A17F
AENo R = TA YRR e ¢o] B gF2 o] fd o=
TrebE ok AR T SR A SAF R AR A 1071 A=
% 27l A&l A A citrullis: H=5HAL, S 5 & FAF U
F AP A = 107 Al & - 571 A= ol A A citrulliE A <33
ok 2 Ad of| ARE-gF AT S A= grow-out FHAol| Al A A
TAFE] oF 10%5F =] o] Q= Ao = YEphd A 2= 10
A& 5 570 Al moll ARt Lt A citrulli7h =9 A2
e, o] HEATE F3f 7' nested-PCR HH o] AL
Aol AHEEE 4= Q)= A Tkt FA; S|Aol| A= F, Rt &)
TR A A 21} S A of] OFAIE o] 83t A S A A
ok 3 A O & i B = o) 5o vhaARE At
A= 5] shar Qlof vkeF BFB7F Ay E Tt H, At
Bol| Z23}= A. citrulli th= 22} YHof 7 o] Q= A
citrullizt A1L Zojth T4} W itof] 22 sz =] 9l
A citrulli 52 f18 A= 5ol A o] i Wit = 2 HEH o
2 a3, 2 Aol A 73t nested-PCRE] 7-9- E-0]/d L 1l
Herb 3 A0y € AR Y HEo| 7Fse 21
& Hol uiupabE o TR e UM A dtrulliE =5
o Eabe 02 AGE 4 9l A0 weket,
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Generation Sequencing-2- ©]-8-3}¢] draft genome sequencing
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