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In 2023, symptoms like damping-off disease were observed in 74 paprika growing in greenhouses in Cheor-
won-gun, Gangwon-do, Korea. In this study, we tried to find the cause of the damping-off disease outbreak.
We collected symptomatic seedlings and observed the typical crescent-shaped conidia of Fusarium oxyspo-
rum by microscope. To confirm the presence of F. oxysporum in the samples, polymerase chain reaction was
performed using primers specific for F. oxysporum; the resulting sequence showed 99.11% identity with F.
oxysporum. To confirm the pathogenicity of the F. oxysporum (CW) isolated from the samples, healthy paprika
plants were inoculated with F. oxysporum CW and damping-off symptoms were observed 2 weeks later. To in-
vestigate whether the damping-off disease outbreak in Cheorwon-gun was caused by F. oxysporum-contam-
inated seeds, 100 paprika seeds were disinfected and placed in Murashige and Skoog medium. Typical pink
F. oxysporum hyphae were found only in control non-disinfected seeds. An 18S rRNA-based and a TEF gene-
based phylogenetic analysis showed that the F. oxysporum CW isolate was not grouped with a F. oxysporum
isolate reported from Cheorwon-gun in 2019. This study is the first report that an outbreak of damping-off dis-
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Fusarium oxysporum< EYHEA T35 0|2 29| He]
o Zistel 7150 BREolA Welgo] FAlste] B2S v}
o AlE=1, YA st F4F 55 FEEtthMa 5, 2013;
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&40] Yol HE R NPl BT F StholcDean 5,
2012; Maitlo &, 2014).
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Polymerase chain reaction (PCR) &= 2! DNA &H7|AM &
M. BddS A Al s7HlA QAT 2EE F
ArS Hol= A Z o4 DNAE 3<(BCS FOLDER; Biocube
system, Suwon, Korea)s}aZ, DNAE template & 2 3} Colak
7} Bicici (2013)0]14] AF&-5 Zato|w(uni-f: ATCATCTTGTGC-

CAACTTCAG, uni-r: GTTTGTGATCTTTGAGTTGCCA)E ©]-&3
o] PCRE £33}tk PCR reaction mix ZAJ-2 Biocube (Bio-
cube system) 17, F/R Z&}o] Z+ 1 ul (10 pmol), 2X RT-PCR
premix 10 ul, B4 8 ulE A7}5}1o] & volumeS 20 plZ s}
Atk PCR Z7-& 95°Coj| 4] 387t denaturation £, 95°Coj| A]
30%, 60°Cof|A] 30%, 72°Co)| A 3029 ZAHOC 2 35 cycleZ 4=
YR th 72°Col| A 52 - 3HATE PCR HH-g-&-2 1% aga-
rose gelol x| 7|94 E0 2 22 o2 2915}311, Dokdo-
Prep™ GEL/PCR purification kit (Elpis biotech, Daejeon, Ko-
rea)E ©]-85}9 PCR HH-&E-2 &A%t 5 Applied Biosystems
3730XL DNA Analyzer (Applied Biosystems, Foster City, CA,
USA)E ©]83}4] Sanger sequencing =AM 2 J7|AES
B A3} tHBionics, Seoul, Korea).
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QA2 2elapr] 95 AT AT AATHNAT 7} 22 0]
NE=E gz} 22 A E(EZ: 7|4, Keessie RZ, Lot No:
102733738)% =0 2 BFEF TAHES: oMo =)E
Zulatgich 2t ko) 442 ALg 5}, % 2009 % 1009
2 220 Akt A2 E 37| 93l 5% sodium hypochlorite
solution (Daejung, Siheung, Korea)2 1%= 3]43t 8- 10
22t 3 253§, Hateo] 1024 23] AlA $ et fil-
ter paperE o]-&sto] @2 =715 AlAs EHlstaL, v
A 10032 45 SHA o= FAREe 2 EHleki e,
Z} Murashige & Skoog Hl|X](Duchefa, Haarlem, Netherlands)
1 plated 5084 x|AFsto] FAZHE WYL (F. oxysporum
CW-5)2 sfoFstlet

2olFe| Y 29l 7oA AT AEA £t
Z2(F. oxysporum CW)2] 14 78-& 18] A shazelz}
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4.2 Selshlck PDA HjA|o 4 25°Col 4 7207k Hlorgt &
0’ conidia/ml2] &= 2 Z X} FetHS A R5lo] HEUS
Hlalgich h5 3 4% B Bzaly) 2o 2} Ferl 10
ml& 3 A28t ch(Park 5, 2019).
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2 4=3)3}o] forward 2 reverse X8-S 34 31} contig file S
THE ¥, NCBI BLASTES =3J3t0] AF9] 107]0]] sl #o.2
AT E 7817 248 23515t HMacrogen, Seoul, Korea).

Translation elongation factor (TEF) 1-alpha X} &
M. Park 5(2019)0|A H e MY wpza]7toA &2
% F. oysporum (MK732352)3} -G-ATA S E4317] ¢s}<]
B A¥o| A B3t F. oysporum (F. oysporum CW)2] TEF &
A} G711 RS St Geiser 5(2004)04] A&l TEF
Za}o|v)(F-ATGGGTAAGGA(A/G)GACAAGAC, R-GGA(G/A)
GTACCAGT(G/C)ATCATGTT)E ©o|&3}4 annealing 2= &
53°C2 AA3}al PCRES 433t A} 2F 700 bp2] PCRAES
31 =35199t). ©]2 pGEM®-T easy Vector (Promega, Madison,
WA, USA)E ©]8-3}9 cloningslt |, 97|44 £ 4|(Bionics)
= &l TEF {32 G714 84 st o] % Eel+t9] Al
E B8k B A2 93|, National Center for Biotechnology
Information (NCBI)o]] GenBanko]] 5250 Q)&= #F2] TEF
SAA 78S 0]83}9] MEGATT (Tamura 5, 2021) X 2
I} 0 7 AF4+E A E 2 3382 Maximum Likely-
hood model3} Kimura 2-parameter model/method S %-8-5}
11, bootstrap-& 1,0003] & AT

2 1

DEAE HII2 Ho|= OtZ2|7} SR0IM F. oxysporum 2]
U SH 20239 2¢ ZHAEEAA = ALY gzrt F

7h 743001 friol M mAdEg o 2 o EHE= AEre] il
AsHATE B4 Al7]o] AYAF 9 ZA(Lot. No. 102733738)€ 7]

A FEY TAE 55T s7HlA o 29 £7] AAE7}
)AL, EA FE7F 28R = SA o] EAYsHTHFig.
1A). CX43 A& &u]7(Olympus, Tokyo, Japan)S Z3f 57}l
A RS MZ A Fusarium sp. EALS] A A Q) moFQl 22
o 2| AR B EATHFig. 1B). Fusarium Y o5
£ ZRIsk7] fal, w7kl AR 22E HAS Hol= {1
o} 71 R0 ote & grebE F9E A -sto] £ oxysporum
5ol Zeto|HE o] &3l PCR A< 343t A}, ZAEHo
2 == FRoARE 672 bp 7] 9) WHE 7SI U THFig.
10). A&H PCR AFHE2] ¥7)A4¥ H4] 2 NCBI BLAST search
gt A3}, £ oxysporum3t SAFE 7} 99.11% 2 M Zo] mat
2 1730 918 F oxysporum®]| 2|5+ Ao g gHelE e},

F. oxysporumO| A& E = 2|7} ZX}2| Xt Ze ofF &
QL 22 -s7tolA A Al F2 ok wzert FEolA=
nzkEso] WASHA] ¢rofar, BA| £ Al7)of A4te]o] 24
H 7K FFoAT maEo] WAgsiglen g 7|4 EFFol
ok F. oxysporum®] ZHH 7=l gk el 8= Al A
A&A] F. oxysporumell T AE AR Al 27 Aol 4] 2
H Ao|A] oH-F FRlelr] A5t AP X5ttt Fig. 2). &
A A2 ek FAkeE FHAS A2elA] g2 FAY TAE
Z} 10084 Murashige and Skoog (MS) B ®]of] X|A}&}aL z}z)
1293} 1970 FAE TS At 71K FF9 F 74
o+ A E g AP A= AL HobEgl ou FAE
ol A= AFHQ Agt BN Fusarium HFo] FAPE
Astlon, FHAG A3t FAtol| Bl 2170 = o7t A
9] o]F0jx| 2] FSkth(Fig. 2A-D). & Al B3l FF0l
ZAE TS Ax), AF Q) F oxysporum®] A 2oFol &

Fig. 1. Detection of Fusarium oxysporum from paprika seedlings in a greenhouse with symptoms of damping-off disease. (A) Symptomatic paprika
seedlings (collected samples). (B) Conidia from hyphae isolated from the collected samples by microscope. (C) Detection of F. oxysporum from
samples by polymerase chain reaction using primers specific for F. oxysporum. Yellow arrowheads indicate F. oxysporum band. Lane 1, healthy pa-
prika seedling; Lanes 2-3, symptomatic paprika seedlings; Lanes 4-5, sporoderm of germinated seedlings; -, distilled water.
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Fig. 2. The occurrence of Fusarium oxysporum in disinfected and
control paprika seedlings in Murashige and Skoog medium. (A)
Non-disinfected seeds 12 days post-seeding (red arrows F. oxyspo-
rum). (B) Non-disinfected seeds 21 days post-seeding. (C) Disinfect-
ed seeds 12 days post-seeding. (D) Disinfected seeds 21 days post-
seeding. (E) Occurrence of Fusarium sp. spores from hyphae
isolated from non-disinfected seeds at 12 days post-seeding.

P @ ® g o

/8ZHmicroconidia)&} AEo] FAJH 25D B A
ZHmacroconidia)7} &1 %] THFig. 2E). MS v z]o]] EA3L F,
oxysporum®] o}5-5 thA] THH 1517 fJal, 2 Aol A
Frrot FAE FHsEA Foxysporum o] Zeto|HE o]-8-3f
PCR AA& 5343+ A3, F. oxysporum©] WA g SA A 5
A2 oA ¢ M= HEESL(Fig. 3), H714E £4 2
2 FF F oxysporumQ-S S8k

M ECREE
3} F. oxysporum w-5+(F. oxysporum CW) 2] B3-S &91517]
Al, AA T HEF: oFAlotHE)ell F. oxysporum CWE
AEsHL, 25 5 A5 ERIsHIhFig. 4. 71 Ay}, FA9] A
A whazelrlol A AE o 2 el At A Ae) Aol
Aol o m(Fig. 4A), REHO|, F. oxysporum CWE -3t mhiz g
7hollA £7] stV SRl Ao 2 HAEHA 25
A= AP A m2AEY FAFo] Uehgen, 4 Beds
o] st AAsHA] Hstarl 28 A]= FA4de] UeRHTHFig.
4B). B Wo| WA mhmalzlol K Helst AHE oxyspo-
rum CW-2)5 PDA sljx]e] uljefgt 5 @n)7 ¥z g 23 A

E2|E F. oxysporum?| HEM ZH.

Fig. 4. Pathogenicity assay of Fusarium oxysporum CW isolated
from paprika seedlings collected in a greenhouse. (A) Healthy pa-
prika plants. (B) F. oxysprum-inoculated paprika plants.

Fig. 3. Detection of Fusarium oxysporum causing damping-off disease on Keessie seedlings by polymerase chain reaction (PCR). (A) Seed-
lings from disinfected Keessie seeds. (B) Non-germinated seeds from non-disinfected Keessie seeds. (C) F. oxysporum was detected in non-
geminated and non-disinfected Keessie seeds by PCR using primers specific for F. oxysporum (yellow arrowheads, F. oxysporum band). Lanes
1-5, seedlings from disinfected seeds; Lanes 6-10, non-germinated seeds from non-disinfected seeds; -, distilled water; +, F. oxysporum.
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Fig. 5. 18S rRNA-based phylogenetic analysis using sequences from Fusarium oxysporum isolated from (A) symptomatic Keessie seedlings
(F. oxysporum CW), (B) F. oxysporum CW-inoculated Asia red plants (F. oxysporum CW-2), (C) unopened Keessie seeds (F. oxysporum CW-S).
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B A3} cHFig. 5C). 7L A3}, Al #FllA F. oxysporum®} &
Aol 99% 2 ERIFSI, BF 552 HE7|F oA &2
= F. oxysporum (JF807401.13} KU512835.1)0] E3He A%
T(clade)s FATIAAL, 4 Al EelitFe 8 Ade &
QAskATHFig. 5). BEAEfe. &, 2024 o] F7koll A E2 & F
oxysporum CW2] TEF -3 =}of o3t BLAST A3} A-54
o] =2 10719] +3(DQ452430.1, DQ452432.1, KF928931.1,
KP964909.1, KX822794.1, MK059958.1, MT809754.1,
OP903519.1, OP918942.1, 0Q241898.1)2} AH5-AJo] W 17]
5+(0OR466198.1) 12|11 Park 5-(2019)of| A X315 F. oxyspo-
rum (MK732352) & Z3+5to] BRI S $A0A4S Bt
ik 1371 F. oxysporum 5 7F EAAE S SRS £
A B 2 (. oxysporum CW)<= Park 5-(2019)9f1 4]
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DQ452430.1 F. oxysporum
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MT809754.1 F. oxysporum
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Fig. 6. Translation elongation factor gene-based phylogenetic analysis using sequences from 13 Fusarium oxysporum isolates, including F.
oxysporum CW (white arrowhead) and F. oxysporum MK732352 (black arrowhead).
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Table 1. Fusarium oxysporum infection rate of paprika seeds

No.of F.oxysporum  F. oxysporum
infected seed/total infection rate (%)

Keessie
Non-disinfected seeds 5/100 5.0
Disinfected seeds 0/100 0.0
Asiared
Non-disinfected seeds 0/100 0.0
Disinfected seeds 0/100 0.0

AW, F 28 = A2 OhE daded] £3HE = A=
elIgke 2 H(Fig. 6), 2023 HY<- sz 2j7}t 7oA ot
A BAER O] A2 B4 A7l AL 5 A= F oxyspo-
rumol] LG FAo]| 23t Ao = FR1E Tk

AE FBoHE 1% EY AR LY TA R 2He 5
717 5 Thopah WAlo 2 AYE T thE 2HE Hukd 4 gl
tHCamod 5, 2019; Jain 5, 2019; Lazarovits 5, 2014). F. oxys-
porum-& 2] A= A A17]o] e 4 glor, s
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