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Fusaric acid is a mycotoxin produced by species of the fungus Fusarium and can act synergistically with other
Fusarium toxins. In order to develop a specific detection method for fusaric acid-producing fungus, PCR prim-
ers were designed to amplify FUB10, a transcription factor gene in fusaric acid biosynthetic gene cluster. When
PCR with Fub10-f and Fub10-r was performed, a single band (~550 bp) was amplified from F. oxysporum, F.
proliferatum, F. verticillioides, F. anthophilum, F. bulbicola, F. circinatum, F. fujikuroi, F. redolens, F. sacchari, F. sub-
glutinans, and F. thapsinum, all of which were known for fusaric acid production. Whereas the FUB10 specific
band was not amplified from Fusarium species known to be trichothecene producer. Because production of
fusaric acid can co-occur in species that also produce fumonisin mycotoxins, we developed a multiplex PCR
assay using the FUB10 primers as well as primers for the fumonisin biosynthetic gene FUM1. The assay yielded
amplicons from fumonisin producers such as F. proliferatum and F. verticillioides, allowing for the simultaneous
detection of species with the genetic potential to produce both types of mycotoxins.
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o] A= oF=A o] FFolEAZA THE Fusarium 4
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sh o] Zo] Zahe] W4T el glgo] B rhLiu 5,
2011a; 2011b). E3F A% -2l F. oxysporum< FAE A/d 5}
] 7]5= Al B& 4o FthBrown 5, 2015). 3HH FAS
MAVSL= Fusarium &2 2= F. verticillioides, F. crookwellense,
F. subglutinans, F. sambucinum, F. napiforme, F. oxysporum, F.
solani, F. proliferatum, F. fujikuroi 5-©] ¥.1.%] it} (Bacon 5,
1996; Niehaus 5, 2014). o] & &£ dX = FER Y Al (fumonisin)
2 WA FORA FAS BAZHETHE FrU 40| 45
WAISHE 854 B0 B4 BAHE 4 Lot oba7iA]
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oxysporum©|| A FA A3+ A0 S AF(clusten = &
A gro] B & ItHBrown =, 2012; 2015; Niehaus 5, 2014).
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Table 1. List of Fusarium isolates tested in this study. FUB10 amplifi-
cation or fusaric acid (FA) production were marked as + for positive,
or —for negative

No. Isolate Species FUB10 FA production®
1 Foxy20 F. oxysporum + +
2 Fp F. proliferatum + +
3 Fv F. verticillioides + +
4 KSU 11560  F.anthophilum + +
5 KSU 10759  F. bulbicola + +
6 KSU H-10847 F. circinatum + +
7 KSU C-1993  F. fujikuroi + +
8 KSU 18979  F.redolens + +
9 KSU B-3852  F.sacchari + +
10 KSU E-0990  F.subglutinans + +
11 KSU F-4093  F. thapsinum + +
12 KSU 11451 F. crookwellense - +
13 KSU 11427  F.culmorum - -
14 KSU 20979  F.equiseti - -
15 KSU 11470  F.poae - -

16 KSU 11552
17 KSU Z-3639
18 SCK04

°FA production was previously verified by the same strain (no.1,
Brown et al., 2015), analyzed in other strains (no. 2—11, unpublished
result), reported for the same species (no.12, Bacon et al., 1996) or
assumed negatively by absence of FUB10 (no. 13—18).

F. sporotrichioides - -
F.graminearum - -

F. asiaticum - -

Fub10-f

F. circinatum MRC6213
F. fujikuroi HKM41

F. miscanthi NRRL26231
F. oxysporum 4287

F. verticillioides M3125

9] = Ak(Fusarium Laboratory Workshop)o]| 4] E-ofuke. 1=
(KSU 1 2)& AHE-3F %I tHTable 1). 33°] A= DNAS] #2
£ 98l A A (PDA) ol 4] 5U7E vl ¥Rt AR E o
1.5 ml EHol| 92 & B 3 (EDTA 20mM, Tris-Cl 100mM,
NaCl 8.19%) 400 ul& 37135} pellet pestleS #2FsF =
2 FAAE B2 513t o] % phenol: chloroform: isoamyl-
alcohol (25:24:1)91-8- &-7F Y11 vortex §F 2= 4°C 12000 rpmo|
A 10427t 42 2] 5lo] DNAE #2183tk DNAZ} 3ok A
Zo A BEHO| £7] & o] A Z TS (isopropanol)S Af
o7} EeFoz 2715lo] Sloldlz AT 919) 2Ao U4l
2|5t DNAS A A Z T 274 DNAE 70% of gh== Al
alo] 7124171 3 TE vjujo] S-afato] 4°Coll w kel T,

SAARe] s A sl 552 FA A/ Fusarium 2.
2HE A A e o] TRIE AR S AR Q1AKtran-
scription factor)Ql FUB10 AR} F-919] A7 ES sl
A A3t 5 Ak ato|n] Fub10-F(5-GATTTCATSGTCAAT-
GAMAATATC-3", Tm 49°C) 2} o413k ajo| ] Fub10-R(5'-
TTGAGAAWATGATACCATAGATTG-3’, Tm 49°C)= A &5l
(Fig. 1). o] & Zefo|m-L o|-&-3l, Table 19] 55 thto
= Mycycler (Bio-Rad Laboratories, Inc.,CA, 1]=+)1} TaKaRa Ex
Taq(TaKaRa Biotechnology, & )2 A8-3}o] PCRE A A| 313
o} Zto] 4410 pM) X gDNA(100 ng)E 33+5}+= PCR ¥H-3-
E3= 25 ulE 96°Cof| 4] 148 3027 B4 3h 3, 94°Col A 30%,
52°Co) A 30, 68°Cll A 157} HEG-A] 7] = #po] 22 355] 4]
ARt o2, 68°COf 4] 1027 HH-g-A| ZiTh,

PCR A}, Fub10-F/Fub10-re] Z2}o| M-8 F. oxysporum,
F. proliferatum, F. verticillioides, F. anthophilum, F. bulbicola, F.

D fr ofw

circinatum, F. fujikuroi, F. redolens, F. sacchari, F. subglutinans, F.
thapsinum©l| A 2F 550 bp 2] T+ Hl =& ZZ A F THF. verticillioides
7|5, Fig. 2). FZ N E2] 37| F. oxysporum, F. proliferatum, F.
circinatum, F. fujikuroi, F. redolens 52| 73-3- F. verticillioides %
t} 1-15 bp & 2.1 F. anthophilum, F. bulbicola, F. sacchari, F.
subglutinans, F. thapsinum ©| A= &1= 2] Foftt. 18y E
}o| IM| A2 A A S1= F. crookwellense, F. culmorum, F. equiseti, F.
poae, F. sporotrichioides, F. graminearum, F. asiaticum®]| 4] += 1l
T} ZZ 5| R 949FTh F. crookwellense'= FAS A A3= A S

Fub10-r

Fig. 1. Alignment of partial sequences of the FUB10 gene from Fusarium species generated using Clustal W method. Each species name is fol-
lowed by strain designation. Arrows show the positions and the directions of the Fub10-f/Fub10-r primers. Black shades represent consensus
nucleotides among the sequences. Dashes in the middle represent abbreviation of nucleotides between the shown sequences.
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Fig. 2. Amplification of FUB10 among Fusarium isolates. Strains corresponding to lanes 1 through 11 can produce fusaric acid. M, 1 kb ladder; C,
negative control with water; 1, F. oxysporum; 2, F. proliferatum; 3, F. verticillioides; 4, F. anthophilum; 5, F. bulbicola; 6, F. circinatum; 7, F. fujikuroi; 8, F.
redolens; 9, F. sacchari; 10, F. subglutinans; 11, F. thapsinum; 12, F. crookwellense; 13, F. culmorum; 14, F. equiseti; 15, F. poae; 16, F. sporotrichioides; 17,

F. graminearum; 18, F. asiaticum. The numbers match to No. in Table 1.

FUBI0

FUBI0+FUM1

FUMI

Fig. 3. Simultaneous detection of FUB10 and FUMT1 in Fusarium proliferatum and F. verticillioides. |dentical sets of DNA were tested with different
primers: FUB10 only, FUB10 and FUM1, FUMT1 only. The white box shows amplification of both FUMT (upper band) and FUB10 (lower band) by
using Fub10-f/Fub10-r and rp32/rp33 primers together. M, 1 kb ladder; 1, negative control without DNA template; 2, F. oxysporum Foxy20; 3, F.
proliferatum Fp; 4, F. verticillioides Fv; 5, F. sporotrichioides KSU 11552; 6, F. graminearum KSU Z-3639.

H ¥ vl Lo k(Bacon -5, 1996) o] Aol A= #7417t
FEX) oot 7122 AR} 54 Bl A Ao 3
% se.

W=7} SZ 5 F(species) 5, F. proliferatum, F. verticillioides,
F. circinatum, F. fujikuroi, F. sacchari, F. subglutinans, F. thapsinum

mol oY, il

2 WE FYAS AAStE Fusarium fujikuroi species
complexe] &3} o] 50| FAE Aotz 7 ¢ YAl FA
o] %39 Qo] oItk Wb T 7Ps A4S FRU A Ao
459 A3 4 A7 FUMT 54 A Proctor 5., 2004)2] 4]
%22 £3) S5k SHTh o2 913 Tmo] W& Fub10-4/
Fub10-r ZZ2}o] (10 pM) Z+2} 1 ul, FUMT 52 322to|H rp32/
rp33(10 pM) Z}2} 0.5 ulE &3 AH8-3 & 919] 7<% FUBIO
PCRY} U3t 27 0 &2 PCRE =afiok it L Axf, Al

I} FAS 5= AYAISI= F. proliferatum} F. verticillioides ol A=
FUB10 50| tHE29} FUMT S| BIE7} A of 5355 BhH 3
WY ALE A SR 9= F. oxysporum-S FA BR =T 52 % Qi ch
(Fig. 3). ©]| A& FUB103} FUM1 Zefo|m o] EFAE A], & &
AR SA HE0| 7He 2 S0t diftoln o] F =429
FE QY 715AS AARSITE YA} FA7) SA of] A8
o Z=4J o] Z715H= Z1-2 White Leghorn eggol| Al 2. 11% v} Q)
tHBacon %, 1995). 3 9] o7} & 7}%] o|Ate] =AE &=
Aloll A/ 8= A& Fusariumol| Al RIHSHA] ARteh ol & &
o, H2FHo|H S U2 7= F. graminearum©|\} F. asiaticum
2 Egfol A48l gAY Eol v Y& AT o
o] 59 F AR ofy 2} Al Fei=S 5 Aloll A detTHDes-
jardins, 2006). SEX U Al FA M -4 7 B EA5)=
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Fusariumo| A= 0)5 dF50] A2 T Al FAS £ 4]
off AAJe=A] o Fe} FA| WAl =4 SR A=
S5 glo] HQsirt

O OF
o 5

ZRAHARE Fusarium©] YA sH= S42 A4 T2 Fusarium
43S Z A7 5 ek FAA B28 Soly
Z35}7] 98] A EAFe] AT LA} 2 A AFQIA}Ol
FUB10% 535 Zefo| & A 2Hs}3ltt Fub10-f9} Fub10-r
Leto]| MO 7 PCRE =332 i, F. oxysporum, F. proliferatum,
F. verticillioides, F. anthophilum, F. bulbicola, F. circinatum, F.
fujikuroi, F. redolens, F. sacchari, F. subglutinans, F. thapsinum

ol Al oF 550 bp2] TUMET} FEE] Q] on o] 5L L F3}
AS WAEH= Ao g oFe Aok uhe Ealo] I AlS A
Sh Fol M= FUBI0 So] ME7E 3554 ofsteh. FARAL
© FRUAL YAah FolH B A4E S 9] i)
FUB1O Seto]ufe} 3 mu) Al ARHA G 214He) FUMT SLeto]uf
£ o] g-¢ multiplex PCRS a3k itk 71 A3k £ 1] 41 414
%21 F. proliferatum3} . verticillioidesol| | YR E7} K& -3 5]
on oji % 7bx] Bag AT S gl FolA B4 BE

o] K538 AT
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