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ABSTRACT

Verticillium wilt disease is caused by a fungal plant pathogen Verticillium dahliae, which
attacks commercial crops such as chrysanthemum. The conventional methods so far used

'.) to identify this fungal pathogen require high expertise and are time-consuming. Therefore, in
T this study, we developed an assay for the rapid and specific detection of V. dahliae infection
updates

using loop-mediated isothermal amplification (LAMP) method. For this assay, four primers
for LAMP were designed for targeting cellulose-growth-specific protein partial mRNA gene

a OPEN ACCESS in Verticillium dahliae. Under standard condition, the optimum reaction temperature for

Fe’:ggnfgggg:g;g amplification is around 60 °C within 60 minutes. This LAMP assay was designed to amplify
' only present in V. dahliae. When this LAMP assay applied to the DNAs for four other soil-
Kor. J. Mycol. 2019 December, 47(4):437-41 borne fungi and host plants, no amplification was detected. Therefore, this LAMP assay we

https.//doi.org/10.4489/KJM.20190048
ttps/doiorg/ / developed for V. dahliae is expected to do detection at the early stage of its infection. The

fast and reliable detection method will allow us to develop effective management system to
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sclerotiorum) - 8|0l 2]sl| WAYoh= B3t Al Hio|2| A, Hio| Zo]=of| o]t Bfo] Bk 1
Ak [1]. Fste] 9 Wl F shQl WA S3 82 Verticillium albo-atrum™} V. dahliae®l| 2]3H
BHAYSI [2], & 2ol V. dahliacoll 213t T8l 7F B Verticillium: YA 350152 HE A1E
A 2R E HYFS Befuesto] #82 EAS eRlstal 2ds7|71A] B2 A7kt m2o] A&
QE|BF AckS Eok HA7} ofg]-& AAo|th 2] 842 J7| M E B4 7]&0] ddslo] n]Ay
EE59] Eo] gJ7|AYS 0]-83} PCR, real-time PCRY 52] Z&7]&0] 71LE o) [34], thE
£ol AZ7]&2 17te] | et Aok, R4 9l Qlgjo] @ E| B 2 A Aol A 28511 Q)tt,
At 2rolA EA FARE SEA)7|= 525 7]E (Loop-mediated isothermal amplification,

LAMP) 0] 2000t -E] 7HEE 0] [5, 6], 0] 7|2 S-81H A HE7]& 7o) Eids] 1

o o

=1 Uk wEhA £ Aol A= V. dahliacol] I3 RIFZAIS S A&s] HEd e T
25 EH S 7ol RIEZAIS S 2 S Al&sHA| xldsh=d| E-8stalxt ottt

A ST AEE S5 TS 7S] Slol S Yol Stk ol 54
3013l Q= =8} HIEA| S-S 9w (V. dahlize) 955 AF8-01 T RIZA| 539 w2
o] ITS tDNA ¥ 2] 7| -E-S BAI5I0] V, dahliae -2 EQ1512ATH [7]. NCBIOY| 5
H71M LS 7|9E0 2 HEZA| 5212 cellulose-growth-specific protein partial MRNA
RS S=510] A71A LG (2F 870 bp)yS EE 51, Primer Explorer (http:/primerexplorer;jp/e/
index html) T2 134 o|-83lo] 52Z=Z 8 ualo|H HEE A2t (Bioneer co., Korea,
Table 1). REEZA S ST HEE 52322 3 fEERAEE = 10 ngule] 3 DNAS H|E
5to] 5 2FZ-8 outer Z2to|H HIE (loop /4 EX)= F3/B3+= 10 pmole®] 52 Z12H0.5 W
14, inner Z2}o]H M| E(loop FAJ) 10 pmole?] =2 212} 2 plA] ARE-5FIL 10 mM dNTP 0.5
1, 10X buffer 2.5 pl, B-Z54> 15 U2 2 24 R HFSAIZCEL 52228 2= 370 2= 95°C
oA 5E27F 7 2] 2] S A AJSFAL Bst polymerase (8 unit/ul) 1 S 3 7Fsko 55°Col|A] 502 BH-A1 3
th 525 Hh3o] Tt FEAHE-2 1.0% agarose gel= ©]-8-5101 100 VZ 3027+ 7955k,
ethidium bromide= G445}0] UV transilluminatorofl 4] -5 {Tt. 1 A3k, V. dahliae®] 53 DNA
o| X H2]5h= DNATHH o] Z-E5| = 75 ERIsIgint
Table 1. Information of specific primers for detection of Verticillium dahliae using LAMP

o £

Amp?yﬁpzaﬂon Primers Sequence (5" — 3) L?]?I%m Pm%;g; -
F3 TCC TCC TCA ACA GGA GTG G 19
Loop-mediated g3 CGA TCC CTG GCC CCA A 16 Laddering
isothermal TCC TCT GCT GCC CCT GTC GTT (Amplification size
amplification FIP TTT GCT CAG TGT GAG TGG TGG 42 of outer primers is
(LAMP) prp  GAGCGT CGGTGG CAA CAGGIT 181 bp)
TTT CTT TAC CTG CTC TGG CGC
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=5} HEBA|S2H 7 Verticillium dahliae AE52 S2SZH

=23 (Korean Agricultural Culture Collection, KACC)2-Z R €] Verticilliumt2] T+AZ52!
chlamydosporium (KACC No. 40859)} Verticillium sp. (KACC No. 42493) w55 £ BHoba AL
ST Total genomic DNAE &350 5L 271 810l A 10 ng/ul®] 5= 2 & DNAS ARE5}o],
V. daliaeS Y272 AFgSHo] HlmHILE. 1 sk Fjet vlrol N Beld MEASSHR V
dahliae®| ATF o] & 0 2 JAA} AHEo] FHEJUL, Verticillium TAFN A= BHE5HA] 9
S[e} mjzhAl, HHEAIS S FRE Bol o2 HE 4 Yt A0 WHEIC) kA
59T B2 8 52528 neoln] AEe] EobAYH B0l VS0l Y WS f7E 7
ot Aot 2 WAchs B AN 380l Fusarium oxysporum (NIHHS 13-198),
F. solani (NTHHS 12-143), Phytophthora capcisi (NIHHS 14-255), Pythium sp. (NIHHS 12-217)2] total
genomic DNAE 25111 55 DNARE AREoto] obA st Rt 2 Al 3T 625

a]-o]tﬂ ]\ﬂEg]-_,] H]EO]Z;] H]—O S A5 ]—Oﬂq-lﬁj_]- H]—E ]E.Q.hﬂ;FQ]AﬂU]-EO]Z_']_Q_
= TF@XH\_}_E'O] SHEUL, EFADA golehs HhEokA| T 714 2] = eke Hi s
9] total genomic DNAS FZ&5}11 5% DNAZ Al-&-5}0] H| S0 2] ¥h-3-& 7143 ATtol| A = §E
A S RS, 715 ]%—OJ e gl E7)9k= H}—"—OW Rk, wEbA, 2 Aol
A 7R RERA| S ST 52528 Zeto|H A Ex Eo]/do] 52 21 0 2 SRIE|QIch

Ol'i
E
Ji&

Fig. 1. Specificity test of loop-mediated isothermal amplification assay for detection of Verticillium species.
Lane M: 100 bp DNA Ladder, 1-3: V. dahliae (NIHHS 11-027, 13-118, 13-290) isolated from chrysanthemum
(Chrysanthemum morifolium), 4-5: V. dahliae (NIHHS 13-252, 14-324) isolated by Chinese cabbage (Brassica rapa
subsp. pekinensis), 6: V. chlamydosporium (KACC No. 40859), 7: Verticillium sp. (KACC No. 42493), 8: Negative

control.

2 3 4
A.

Fig. 2. Specificity test for soil-borne fungal pathogens and host plant. A, Lane M: 100 bp DNA Ladder, 1-2:
Verticillium dahliae (NIHHS 13-118, 13-290) isolated by chrysanthemum (Chrysanthemum morifolium), 3:
Fusarium oxysporum (NIHHS 13-198), 4: F. solani (NIHHS 12-143), 5: Phytophthora capcisi (NIHHS 14-255),
6: Pythium sp. (NIHHS 12-217), 7: Negative control; B, Lane M: 100 bp DNA Ladder, 1: V. dahliae (NIHHS
13-290) isolated from chrysanthemum (Chrysanthemum morifolium), 2: Stem of chrysanthemum, 3: Root of
chrysanthemum, 4: Stem of Chinese cabbage (Brassica rapa subsp. pekinensis), 5: Root of Chinese cabbage, 6:
Negative control.
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NEZA ST 52o2H Y FEAES S0z gelsty] Yt - 75517 sk
SYBR™ Green I Nucleic Acid Gel Stain (10,000X, Invitrogen) Al2FS 1~2 pl2 U] ARESHICH 1
Z3} 1 2] SYBR Green I solutions AF-8-5HC|2HE §QFd0 2 FEAME 0] S0iQ)+= tube?} &8
Ao & LGl 7] wioll 7195 Glo] Ste 2 & ZHo e EHQlgh 4= JIQlrt. kARt 2 u
12] SYBR Green I solutions AFH&-513S tliolli= §QHd 0. &2 2tol= GIU 2, UV transilluminator
M= PPt =2 A0 2 SRl Q)

23 E7]&S o&ato] 7150l WAgsh= ARS &St
o 8], 2| Zoll= A Y/ Hlo|HAE HESH= 7|2 % E-85 A1 JIT}H9, 10]. =5 Ah=2F
S0l F2 Aoy AaztEe] e TS A&k 7I&E 1 o] HojA| 1L Qloh11-
13]. Verticillium%; 23g-0]+= Ul 2] Z 70| A] ulj =] 2|9k A AHo]

S17)7HA] At AlRto] AQ HL) o] HH2 F2 F7|, el 5 B HolA] WAty mhE
of o2 EFARA Hewt k] St} AP ofgfgo] it wEkA] 2 AE 550 7N

S WA S ST S8 52322 yYTe] 27Xt o] & F5t 27 W WA of w2

=
AR £ M2t she o $88 4 92 70 BeE,
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Naked eye Under UV

Fig. 3. Visualization test of Verticillium dahliae detection LAMP from product using SYBR Green I solution.
Amplification was performed under standard conditions. A, 1 ul of SYBR Green I solution (1000 X) added; B,
2 ul of SYBR Green I solution (1000 X) added. Lane 1-2: V. dahliae (NIHHS 11-027, 13-118) isolated from
chrysanthemum, 3-4: V. dahliae (NIHHS 13-252, 14-324) isolated from Chinese cabbage, 5: Negative control.

525 Z7]% (Loop-mediated isothermal amplification, LAMP)S 485t E8-& 7ids}olct o]
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