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Detection of Acidovorax citrulli, the Causal Agent of Watermelon
Bacterial Fruit Blotch, in Infected Seeds by SYBR Green Real-Time PCR
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Acidovorax citrulli is a seed-borne bacterium that causes bacterial fruit blotch (BFB) in cucurbit crops such as water-
melon and melon. Contaminated seeds for watermelon cultivation can cause severe harvest losses. In this study,
seed preparation conditions were optimized to enhance SYBR green real-time polymerase chain reaction detection
of low-level A. citrulli in watermelon seeds, facilitating healthy seed selection. Watermelon seeds artificially inocu-
lated with A. citrulli were processed using different soaking duration, with or without direct grinding, and various
DNA extraction kits to compare the detection levels. The highest detection efficiency was obtained when DNA was
extracted with a soil kit after either 24 hr of soaking or direct seed grinding. Furthermore, the optimized method
successfully detected A. citrulli in seeds collected from watermelon fruits exhibiting BFB symptoms. These results
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indicate that the optimized detection conditions can be used to screen seed affected by BFB in watermelon.
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+ - FAe} o] ol o, uhF & HHdto] fE = A
olgjo] 12} AFY o &2 A3t} (Song 5, 2015). A. citrulli®] 4=
4 A Aol 2A 7 7H A=7F ek AA, 7isE 5 oF 2
T+ &< ulof| &AFo] FAH7| M Heto] By FH 7|
= ool W= JFsto] APAQ AR Huke 5l
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= BFoA A|A Ego] B2 A2 B uEo| §ltH(Dutta 5,
2016). U7t HES ol #2 2] v, A At
W, 2 A3 5ol ol8Eo] gkou, A& AlRE Sold g
FE&A A HAE XdtHGiovanardi 5, 2018; Gitaitis
9} Walcott, 2007). Z|Zolli= EAMEEH Zletgo] F/d513d
o, E3| A citrulli HE&-E 93 real-time polymerase chain
reaction (PCR)of| thgt A7} 13| Xd= L lth(Ham 5,
2024; Tian £, 2016; Zhao =, 2022). 3FA|5F PCR vF-2-< )5}
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ghglo] Z ek AAolrt.
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Table 1. Comparison of mean Ct of seed suspensions according
to soaking time and DNA extraction kit

Seed Bacterial DNA Plant DNA Soil DNA
soaking extraction kit extraction kit  extraction kit
time (hr) (n=3) (n=3) (n=3)

Control ND ND ND
0 ND ND ND
1 34.41£1.56 34.67£0.17 37.38£1.76
3 32.97%0.39 32.57%£0.62 36.74+£1.98
5 33.94+0.25 33.76+1.38 31.34+0.32
10 29.75+0.58 32.77+£0.27 29.87+2.93
24 31.24+0.07 31.60+0.97 26.19+2.61

Values are presented as cycle threshold (Ct)+standard deviation.
ND, not detected.

AFHE 41 g2 Bt THF 5 mlof oL 2= 27°CY
200 rppmo.E 0,1, 3, 5, 10, 247 AA|s}gom zkzto] A

£ 34HE((n=3)2 = A3tk JA| = oA DNAS
ZZ3V7] Y3) bacterial (Promega, Madison, WI, USA), plant
(Qiagen, Hilden, Germany) & soil DNA extraction kit (MP Bio,
Santa Ana, CA, USA)E AL-&3}9ithHTable 1). A. citrulli &<
23t SYBR green real-time PCR 27 9 primer= 7|& A+
ZhHam 5, 2024)2} 5 U5HA Sysheick PCR 23, 35
DNA 22 7] R%0)x 2] AZko] 242 cycle threshold
(Ct) gho] RolxH HE a-&o] 5718t= AFa Hlrh(Table
1). &3] soil DNA extraction kit (soil kit)= DNA &= A] £x}
2 3A7H WA A Ct 7H36.74+198)0] o} AE Hgo|
okout, 24407t XA] & Ct 71(26.19£2.61)0] ZHAs5lo] FHA|

7 AA7L BAE A BES AN AL T 5 A
o olejet £ WA F Hel % i 2o A2 A

o] JAHe 2 & Y SIS sho] Hdet 3o 7]
IR AL E AR =T AFY dAtol W=, o]H g 3R] 2
BETA U Bt = ARAY o2 EEAA HE a5 =Y
o} B %9tk Grabicoski 5, 2015). T3 A1X] 2} oA &=
oA SEH T, AAY Fo] A JFHe R 2§
stof XN Y2 &5 HHddo| S 7Heol sler
(Martins 55, 2018), 2|E-43 HYd A& 5&S Aot
o] 7|3t A = AR EQITE 183 £ 2 XFEf Al S
717-EPPO)ON| A s=tF FRFo A A citrulliE Adsl7] 3] F4}
£ 2417k JA|ste] Wt FE5h= AR E AR s A
YX|8}= A}to|THEPPO, 2016).
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Table 2. Effect of soaking time after seed grinding and DNA ex-
traction kit on mean Ct values

Seed soaking Bacterial DNA Soil DNA
time (hr) extraction kit (n=3)  extraction kit (n=3)
Control ND ND
0 ND 25.94+0.29
1 26.08+0.52 27.79£0.18
5 26.16x0.50 26.28+0.21
10 26.71£0.01 28.20+1.02

Values are presented as cycle threshold (Ct)+standard deviation.
ND, not detected.

ohao] mE WA BT A HE-S vl I AR

4% o] §3te] £1} vk F 0.04 ¥ i
kit Z}2k] AR 2] DNA 22350t U@ & 248 2
I} Ct go] 25.94+0.29% 24A17F FoF FAE AR &
T+ AE3E A3k} 8|53 FAFS HYtH(Table 2). Giovanar-
di £(018)2] AT HE FAE Bajelae et WAsH
<= W PCR 53 50| B wrhal B Eo| gtk o]= &4
Ao A WrEE = theFo] B (starch granules)¥} Z+2 PCR
Asf E4do] WEH7| dlwolztal Astiict. olo) PCR 5%
282 Y3 T A W o 2= 24X 7F AA] & soil kit2
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79 FA0] U5 PE SRyt ohfet whell EAJsHE WAR
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AALE SAIE 2 ZEH TS FHsAHE Y v
a2 20| A 20243 (3% ‘Uri-kkul') T} 2025 (&% ‘Dang-
dangha’, ‘Sambok-kkul')o]| =8+ Auljs} et TN 21 B
12 23l A. citrulli KACC 17001 (5= 5% ODgy=0.1, 5.12x
0’ cells/ml) FEtHE A|zsto] +RH ol HF 4 ¥
TE 3 2,3, 4540 ] mHof EF HEFtchFig. 1). Z+
Foich W@ FR2 HAo] vehd $uhe 47} 3%

o etk $ 8 A, AT FAE 70% ol -]
308 FA|gE 3 1% sodium hypochloriteo]] 307t 3 #|3}¢]
2535101, it S 7ol 33] Al A3t 5 48A17F 59 A2l A
AaEsteink A2 FAHE vk F 03 g¥) 33 vhE skl
soil kitZ o]-g3}o] z}z}o] A2 2 HE| DNAS 23519t A
d 23} 20243 2025 9] AF FAFAA A. citrullizt AE

Control

Inoculated

Fig. 1. Watermelons were cultivated in a greenhouses in 2024 and
2025, respectively. (A-C) Inoculated with sterilized water, (D-F) in-
oculated with Acidovorax citrulli KACC 17001. Cultivars were (A, D)
Uri-kkul, (B, E) Dangdanghan, and (C, F) Sambok-kkul.

Table 3. Mean Ct for control and treated watermelon seeds col-
lected in 2024 and 2025

Year (cultivar) Sample Value (n=3)

2024 Control 1 ND
(Uri-kkul)

Control 2 ND
Control 3 ND

Inoculated 1 32.67+0.66

Inoculated 2 29.93+0.33

Inoculated 3 31.83+0.13
2025 Control 1 ND

(Dangdanghan)

Control 2 ND
Control 3 ND

Inoculated 1 28.63+0.47

Inoculated 2 28.31+0.13

Inoculated 3 29.20+0.32
2025 Control 1 ND

(Sambok-kkul)

Control 2 ND
Control 3 ND

Inoculated 1 27.38+0.14

Inoculated 2 27.76+0.15

Inoculated 3 28.54+0.36

Values are presented as cycle threshold (Ct)+standard deviation.
The seeds were ground, and DNA was then extracted using soil kit.
ND, not detected.

T o, Ct 7k 20243 ERHEZ: ‘Uri-kkul)ol| A H+E 31.48
+1.40, 2025 =3t £XHFE = ‘Dangdanghan’, ‘Sambok-
kkul)ol|l A Zz} 4 28.71+£0.459} 27.89+0.592 el B¢
o] HA o 2 HEE = A gelstsich(Table 3). o] gt
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