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Fusarium verticillioides (teleomorph: Gibberella moniliformis), a member of the Gibberellea fujikuroi species
complex, causes rots of corn stalks and ears, and produces a group of mycotoxins known as fumonisins that
are harmful to animals and humans. Here, we focus on the development of a species-specific PCR primer set
for differentiating F. verticillioides from other fumonisin-producing Fusarium species belonging to the species
complex, such as FE proliferatum, E fujikuroi, and F subglutinans that are frequently associated with corn.
The specific primers (RVERT1 and RVERT?2) derived from the nucleotide sequences of RNA polymerase I1
beta subunit (RPB2) gene amplified a 208 bp-DNA fragment from only F. verticillioides isolates among the
potential fumonisin-producing species examined; all of these isolates were shown to carry FUM1 required for
fumonisin biosynthesis. The PCR detection limit using this specific primer set was approximately 0.125 pg/pl
genomic DNA of E verticillioides. In addition, the F. verticillioides-specfic fragment was successfully amplified
from genomic DNAs of corn samples contaminated with Fusarium spp. This primer set would provide a
useful tool for the detection and differentiation of potential fumonisin-producing F. verticillioides strains in

cereal samples.
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Gibberella fujikuroi & £-3A (species complex)= Fusa-
riumes ELHANE Zhe AP Ad Fgeldwe
2A W, &5, T, 71 58 HIES 4 FEd F
HIAHA SHE 8 WallE dov= AEyddtol
SH(Leslie 5, 1990; Leslie®} Summerell, 2006). ©] ol
&3t T2 IS SATe R Jgs] FEE7] ofF
7] wjiol] 5 Alole] wujl of¥ol] w2 mating population
MP)L.E UH 7= 3t} o t(Leslie %5, 2007; Leslie2}
Summerell, 2006) FAAHEZ =5l 59 RS
o8] st Rutt. o|F F5317] 215t DNA &
71 g v S B8l XS/ JeE W A 409
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Z o]’de] AT e F(phylogenetic species)©] 574
A THO’Donnell &, 1998). o] & T A F2 2 &EH
B ooyl o EE 2¥924E W fumonisins©] 2
polyketide 71-5°] ]2 (mycotoxin)E A4 st At
g3 7hEe A FESS 4277 S (Marasas,
2001; Marasas 5, 1988; Munkvold®} Desjardins, 1997;
Nelson 5, 1993). 53] A9 A%, fumonisin LHF=
o] Aot A=t WA Atelo] WSt A@AATL W
FEEA dEd SEHEA OS B2 S 9A H
St (Marasas, 2001; Yoshizawa 5, 1994).

Fusarium verticillioidess(RFAAN: G moniliformins, MP
A= G fujikuroi & HHA N &3t T2 AAAA
o7 o] AF BAEt] Z7|ut o]rtol e S
< doZ ¥ ol thFe] fumonisinsg AJAFslE Ao
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2 dEH S (urjevic 5, 2005). 3HA T SEgrol] WIS
QA== G figikuori & ETA T F verticillioides ¥ o}
Yzt E proliferatum(G  intermedia, MP D), F subglutinas
(G subglutinans, MP E), F. fujikuroi(G. fuji kuroi, MP C) &
o] T} FEX fumonisin® A Hct(Jurjevic 5, 2005).

ZE AE Y o]E fumonisin B FFE59 A& =H
2 fumonisin A &/dll 22l polyketide synthase -
A1 FUMI(Proctor 5, 1999)¢] PCR £% ojF-2 4]
A 71 s shH(Baird 5, 2008; Bezuiden hout 5, 2006),
fumonisin 44 w5 W A& F G2 3] AT
At Ao gk 7hsdttt o] & S5417] 918 DNA
) =) O

=
, EE

9] intergenic spacer(IGS), internal spacer(ITS
calmodulin F72}Fe] A7 |MEL o]&3le] E vertzczllzozdes,
E proliferatum, F. subglutinans®] 5°]3< H&S 93t
primer %2 7ldo] A=A TthMuleé 5, 2004; Patifio
%, 2004; Sreenivasa 5, 2008; Yazeed 5, 2011). 3+ =
W 287 e Sata e bl ek B4l

o] AXHA &FFE HES FEAIE W ©]& fumonisin
A dTEY 0 ARE AEsHA A8 F U= 7]
=9 4842 O% F2EA vk A & A7 F
A2 et SFollA B F verticillioides
FE YE fumonisin A FAHG fujikuroi & SFA| &

& #7533 78 5 = At 5ol primer 22 7H
welal, o] primere] 5ol HEIA 52 B4,
FEAEZHE FE verticillioides & AAF-E A= A
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ol - 9

ojtt.
TF F3. B A3 ALSH G fujikuroi F
2009-2010 5%t et St HERYH
2X 5208 H SHEHHTY ==
Fol eukaryotic translation elgongation factor 1-
alpha(EFI4) 27 971192 o83 ALY ¥4
o2 F4% #FE(Kim T, unpublished data, 2011'd 5
A == e she ) F Y+ A Al E (Korean
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Z‘:O]ﬂ-('[’able D). o9 92 F9 Fusarium & 389|
= Fusarium Research Center(USA) ¢} KACCZHH &

FREQITH(Table 1).

RPB2 A7 $& 8l 97142 Ad Y9 4+
E9 7= DNA F5& %’40}04 A Bl 2] (PDA) el A
3L vl et 2 F9] agar blocks ZAFSHA A u)A]
(Potato Dextrose Broth, Difco, USA)| HE3l 3 &
oF 24°Col|lA F & v <stAich #AZFE Chi 5(2009)
o] Hygh Wy wel AlEx DNAE F58 & F
verticillioides 147, F. proliferatum 85, F. fujikuroi 55, F.
subglutinas 4572] 755 DNAZFE fRPB2-7cF3} fRPB2-
11aR®] primer(Table 2)E ©] &3} RNA polymerase 11
beta subunit(RPB2) FAAE FZ3IA Tt B AFo|A] A}
43t ZE PCR $Z% primere Bloneer/\}(Korea)Oﬂfﬂ A
Zbsl o™, PCR HH3-S $J3ll F3F 50 ul 98-l 50 ng
o] 33 DNA, 1 xPCR buffer, Z}7}2] dNTP 0.2 mM, 2z}

Table 1. Fusarium spp. used in this study and PCR amplification using species—specific primers

i o Primer pairs®
Species Isolate Host Source® (origin)
PRO1/2 VER1/2 p32/33  RVERI/2

K44021 rice KACC +¢ —d + -

K44019 rice KACC + - -

K44017 rice KACC + - + -

K44015 rice KACC + - + -

K44010 rice KACC + - + -

K44009 rice KACC + - + -

F fijikuroi K44004 r?ce KACC + - + -
K42687 rice KACC + - + -

K42686 rice KACC + - + -

OS5 comn Kim et al.® - - + —

0S6 comn Kim et al. + - + —

0S8 corn Kim et al. - - + -

OS11 comn Kim et al. - - + —

0825 comn Kim et al. + — + —
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Table 1. Continued-2
. . Primer pairs”
Species Isolate Host Source® (origin)
PRO1/2 VER1/2 p32/33  RVERI2
K44025 rice KACC + - + -
K44024 rice KACC - -
K42694 - KACC + - + -
K42693 - KACC + - + -
K42692 - KACC (China) + - + -
0OS17 corn Kim et al. - - + -
F proliferatum OS18 corn Kim et al. - - + -
0S30 corn Kim et al. - - + -
0832 corn Kim et al. + - + -
0546 corn Kim et al. + - + -
0S58 corn Kim et al. + - + -
0S65 corn Kim et al. + - + -
0S66 cormn Kim et al. + - + -
K42699 - KACC - + + +
K42698 - KACC (China) - + + +
K41321 - KACC - + + +
0S9 corn Kim et al. + + +
0OS14 corn Kim et al. + + +
0820 corn Kim et al. - + + +
0821 corn Kim et al. - + + +
F verticilliodes 0824 corn Kim et al. - + + +
0826 corn Kim et al. + + + +
0S34 corn Kim et al. - + + +
0835 corn Kim et al. - + + +
0S40 corn Kim et al. - + + +
0S44 corn Kim et al. - + + +
0845 corn Kim et al. - + + +
0548 cormn Kim et al. - + + +
0OS12 corn Kim et al. - - + -
F: subglutinans 0OS13 corn K1m et al. - - + -
0823 cormn Kim et al. - - + -
0847 corn Kim et al. - + + -
K41087 cymbidium KACC - - - —
K40236 carnation KACC - - - -
F oxysporum 01565 banana FRC (Taiwan) - - - -
01566 banana FRC (Honduras) - - - -
01567 banana FRC (Australia) - - - -
01090 tomato FRC (Canada) - - - -
£ oxysporum £ sp. radi- 109, fomato FRC (Canada) - - - -
cis—lycopersici
01097 tomato FRC (Canada) - - - -
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Table 1. Continued-3
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. o Primer pairs®
Species Isolate Host Source® (origin)
PRO1/2 VER1/2 rp32/33  RVERI2
PH-1 wheat FRC (USA) - - - -
. 703643 wheat FRC (USA) - - - -
FE graminearum

GZ3639 wheat FRC (USA) - - - -

SCK04 barley KACC - - - -

*KACC: Korean Agricultural Culture Collection, Suwon, Korea. KACC without parenthesis indicates the fungal isolates from Korea.

FRC: Fusarium Research Center, University Park, PA, USA.
°Primer pairs used in PCR amplification. Refer to Table 2.

°+: amplification of a specific DNA fragment

_: no amplification

‘unpublished data

Table 2. PCR primers used in this study

Primer name Sequence (5'—3") Reference
fRPB2-7cF ATGGG(C/T)AA(A/G)CAAGC(C/T)ATGGG L L 1999
1uetal.,
fRPB2-11aR GC(A/G)TGGATCTT(A/G)TC(A/G)TC(C/G)ACC
PRO1 CTTTCCGCCAAGTTTCTTC
Mulé et al., 2004
PRO2 TGTCAGTAACTCGACGTTGTTG
VERI CTTCCTGCGATGTTTCTCC
Mulé et al., 2004
VER2 AATTGGCCATTGGTATTATATATCTA
p32 ACAAGTGTCCTTGGGGTCCAGG
Proctor et al., 2004
p33 GATGCTCTTGGAAGTGGCCTACG
RVERI1 CCTTAACTACACTGAAATCTTTG
This study
RVER2 TATCACGACGTTGATGCGAC

primer 10 mM,
medicals, Japan)g 739tk RPB2 2] primer
(fRPB2-7cF3} fRPB2-11aR) (Table 2)<
e o5
73 ©]F 94°C, 30%, 58°C, 30%, 72°C, 1% Hk&-<]
S =2 30 cycle®] FFE TP £ 72°CollA 10
extension ¥H-&-& Tt AT H7|Y9F
o @A =7](~970 bp)2] PCR 5% At
purification kit(NucleoGen, Korea)E ©]-&3}o] 3
DNAE AAEtTE 5% DNAS H7IME8S 2%
et

@%mﬁ

§2 O.|E_4 ﬂl[C'

37, T 5% DNAS

USA)°l cloningdt & T73 SP6 primer %
g& AAslth % e HF

125U ExTaq polymerase(Takara Bio-
=%

o]}}.-sl- PCR
e 2SR F33A T 94°C 272

CR ¥ RPB2 5349} 99-100% =

J3}7]
5% DNAE F32 =2, PCR %% primer X%
B71ME 24 & primer= AH8-3}= direct sequencing
HE ARSI ST A7IM e A3t e primer & A #3l7] 93]
=7 olv] B3 % "W (Hong 5,
2010)°] ™2} pGEMT- Easy Vector System (Promega,
ZHoE Q714
QM ES G5t

i)

7] flsted & W primerdl] o3 ZAE ML S
DNASTARAHUSA)®] SEQMAN Z21#o 2 u)watg]
= on, olF FF {4 H7IA<EES DNASTAR
M MEGALIGN Z=Z71% U] Clustal W %' (Thompson %,
A 19943 AHgstel AEsiith. S$3%E RPB2 FdAES]
oF  Y7]A<¥S NCBI(The National Center for Biotechnology
3} Information, USA)ell o]v] 7|&t=]o] U= s Fusarium
oA FEEE B
Z th & A7l e AME F U= NCBI® GenBank
o 7]€r3} A thH(GenBank accession numbers: JN968201-
IN968212).

% 5o] primer®] A, E verticillioies®] ¥ 5°I
T #F°] EFIA 37
(Kim 5, unpublished data)$} £ Ao A 5%+ RPB2
A2 A7IMES Akﬁlz‘s}oilu} °F 680 bp 27191 EFI
A A7IME S +FEE JEs0Es 45, 359 G
fujikuroi species complex T WA F 68 bp9] A71A
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RVER1

P RVER2

-
T £ i
F. verticiliodes TcGGEcTEAACTACACTGAATCTTHGA-//-TCARTCGCARCARCGTCGTGATATCTCGA

F. fujikuroi

F. proliferatum TCGGTCTCAACTACACTGAGATCTTCGA-/

F. subglutinans TTGGTCTCAACTACACTGAGATTTTTGA-//-TCAATCGCATCAA

F. oxysporum

F. graminerum GTCGGTCTCAACTACACAGAAATCTTGA-//-TC]

TCGGTCTCAACTACACTGAGATCTTCGA-//-TCAATCGCACCAGCGTCGTGATATCTCGA

/=-TCAATCGCACCAGCGTCGTGATATCTCGA

CGTCGTGATATCTCGA

TCGGTCTCAACTACACTGAGATCTTCGA-//-TCAATCGCACCAACGTCGTGATATCTCGA
AT

CAGCGTCGTGATATCTCGA

1 Nah.Ned:
ALALA

Fig. 1. Alignment of partial nucleotide sequences of RPB2 from the representative isolates of Fusarium spp. used in this study. The
location of primers RVER1 and RVER?2 are indicated by black arrows, and variable nucleotides within the primer sequences among the
species are filled with black rectangles. // represents discontinuity of the nucleotide sequences. F. verticillioides: RPB2 from isolate OS9,
E fujikuroi: OSS, F. proliferatum: OS17, F. subglutinans: OS12, F. oxysporum: K41087, F. graminearum: PH-1.

o] HolE g = UML) sHAINE o] & ®Wo] F9l=
SHE EFIA faAtel Z30% 228 U9l7] Hael
F. verticillioides 7+l 5°]4%] primerg A&t F =]
ALEZ 2l Ho] F9E5 37| ot AAE Wo] 74
2HE A2 primer 2 AHESHY] PCR 5345 3
A3}, F verticillioides 75 5014 SZ¢4S A3 &
%A THdata not shown). ¥FH, ~970bp =712 RPB2
A A71M L] BEE F3 oF 50bpe] Wel MES &
latslon, o] F-9|ZHE RVERIZ RVER2E 5]

primer $-H. 2§02 A2E 4= QJQItHFig. 1). ©|€ primer
£ 25 RPB2 +7A9] coding regionol] $X]3}F T,

E verticillioides 5°] primers ©]-8gF PCR $%. RVERI
7} RVER2 %3S ©]43F PCR SZ(ZAL 919 RPB2
SZZ27A3 7FoH, annealing =2 55°C AHE) 23,
3%2] fumonisin A4 G fujikuroi species complex 53 o
FE T A4 E verticillioides®] A% DNAZY-E] 208 bp
°] DNA #¥o] So]x o= FXEUrKTable 1, Fig. 2).
o] & primer®] 5ol4dS £ © HAS] 918 ol&
3% 9 ©E Fusarium & H3°|(F oxysporum, F gra-
minearum %) (Fig. 2)9F SFFolA =F A=
Fusarium % € T2 &30 (Cochliobolus heterostrophus,
C. carbonum, 5) (data not shown)2] 7l DNAES F+3
© 2 PCRE 3 23, 5o|4 DNA dA¥o] 3 A
%A ¢t} o]5 S8 RVER1Z RVER2 primere]
Eoligo] EAERtt S+ fumonisin A F/J B2 <1
polyketide 21 FUMI FRAARZRE s mp322t
p33 primerZ PCRE 33t A3}, BE F verticillioides
472 Al DNAZHE <F 680 bpe] DNA H¥Ho] S
= I TH(Table 1, Fig. 2). FUMI 5-°] Z¥#o] %% F
verticillioides +7 B5F7} AA| 8R4 fumonisinS
A THE Bal(Baird 5, 2008) o A3E FxT 7
L, B Ao ZARE BE #FE fumonising AJA &
7VsAdol Eohal AekE T SHA W FUMI 53-8 primer

M 18 19 .20 21 2

Fig. 2. PCR amplification from the Fusarium spp. used in this
study using the primers RVER1 and RVER2 (A), and rp32 and
rp33 (B), respectively. (A) Lanes 1-10 and 18: F verticilloides
isolates; 11-15: F fujikuori, 16-17: F. subglutinans, 19-27: F.
proliferatum, 28-34: other Fusarium spp. M: a 100-bp ladder.
(B) Lanes 1-8: F verticillioides, 9-15: F. proliferatum, 16-21: F.
Sujikuroi, 22-23: F. subglutinans.

3+ F verticillioides ¥ ©FU 2} fumonisin 24 A5
dHZ FE proliferatum™ A Ao] A = w4k
T2 YHX F fujikuroi®t F subglutinans w52 5-€
242 =719 DNAE S%st3Ath(Table 1, Fig. 2). &
A, F verticillioides 53-8 primer 23 (VER13} VER2,
Table 2y AHE3IS A-Fols, 4 8] +F
= & F verticillioides ©52] DNAZFE T 5o &
Ho] FZ5[of(Table 1), ¥ AA 7| EE primersE2]
Eolido] A 7] /N primere}t VTS & 5 3
ATk 2 & AFA JREE 5ol primers A=t
A AZEHA BN RPB2 FAAZEEH AZEA7] o
T calmodulin FAAHMulé 5, 2004), EF-1 3 A}
(Bezuidenhout 5, 2006), intergenic spacer sequence(IGS)
-] (Patifio 5, 2004; Sreenivasa 5, 2008), RAPD A
012K(Yazeed 5, 2011) S22 HE F2iE 7]1= 59| primer

z9ed 29 S Zen & ¢ ok 3 TS

SO

s
a
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o W%E F proliferatum 5°] primer 3 (Mulé -, 2004)
ANAM - G fujikuroi T EFA o5 I
&3 A, T 5olF FF PCR AZo] #AFEHA
TH(Table 1). W2tA ©1& E proliferatum 5-°] primer
25 S5 A fumonisin LAY 2 F proliferatum
I F verticillioidesg 7% T f1th 238 & A+
N NLS F verticillioides primer Z3HZ-2 715 primer
F7hS 329t mp33ERFH FA AT AL
fumonisin A4 7V F verticillioides @2] 2143813 B
o s F 50| 7t AR qdE. 28
RVER13} RVER? primere] A& HAE #2437 ¢t
F verticillioides @5 A% DNAZ 125 ng/ule] a2
B 10814 g4 &te] PCRS F33gt A3, 0.125 pg/ul 5
¢ F3o] DNARREE E0] primerE FZT 4 3
Ach(Fig. 3). 4, A IF= AEZRE F verticillioides
¢] PCR HZE 75 A48} S18ted, 200 mgo] B9t &
T AEZHE Food Kit(NucleoSpin® Food, Germany)
£ °]&st AlF DNAS F53 &, 9lox dud =
7S5 Z PCRS F3lAch A A, F 559 S5
AR F 3594 So] d¥o] HEHALH(Fig. 4), T
1059] ¥ ANEEFHE 5o] dHo] FFEA| FUrh
olo} 7o Axt= U] A, E verticiliioides7t =
Tt 2 Hox= A Bk gethe 23 (Kim
5, unpublished data)s St mebA] vt |
R} 7k E=A4n) A Fo|A A &= v 2ol fumonisin
(Lee 5, unpublished data)y> F. verticillioides?t F 2} tf
-5 E proliferatum®] 213+ 207 FH3 4= 9t} 1A
T Euet & & ofAlol ofze] 7t A oAM= H
ANM = F verticillioides7t SAE = Bzt 7] W&
ol(Amoah 5, 1995; Desjardin %, 2000), *-21}2te] 4
= F verticillioides® 2]3F ¥ 2] fumonisin 27"
o Folsteiof & Aot} dH, & W F verticillioides
o] o9 o ¥ ohE} ARA] QT 42> quantitative
real-time PCR(QRT-PCR)S &3l 7} Zo|th & A+
oA 7]2E RVER13} RVER2 primer S o] Eo] 2
3l S%¥ DNA Z¥He| A7]208bp)E 2T o qRT-
PCRO| 213 AME-E7] A Ao= o et HEglh o
£ primere &Y B ofUgt O FEAANE F
verticillioides®] B3 ©lo| wWZ fumonisin TS 4
T dFete vz f&sH €82 & IS Aol
3] spehEof AHES HAaslele 218 FH o R Ay
FAE W o] S HEAd Fask €82 A
Aolt}, o|F alMv= FE W F verticillivides 2.
3} fumonisin WA F Atele] wWr} g FAAA

KX
=

9
2 r

o]

23

§
2

Z3t

T O A

o -

ol - 9

FA71

Fig. 3. Amplification of RPB2 from Fusarium verticillioides
genomic DNA using RVER1 and RVER2. M: a 100-bp ladder;
Lane 1: fungal genomic DNA at 0.125 mg/ml; lanes 2-6: 10-
fold serial dilutions of the genomic DNA in lane 1.

Fig. 4. Amplification of the Fusarium verticillioides-specific
DNA fragment from genomic DNAs of corn samples using the
primers RVERI and RVER2. M: a 100-bp ladder; Lanes 1-5:
corn genomic DNAs, lane 6: genomic DNA of F. verticillioides.

o] Pad Aelt

2 o

Fusarium verticillioides($t7 M : Gibberella moniliformis)
= Gibberellea fujikuroi & EA o &ate S UFoR
A S5l F719k o)2tel] WS doZ W oope} ?l
Zo| F55S o7& fumonisin =30 SAE ALkt
ot & A9 5Ae S5l =2 HAE= fumonisin
WA 7Ve G fujikuori & SFA 2% Fusarium =8 °)
% F verticillioides®} ZL 2| F proliferatum, F. fujikuori
= AR FEE F d= F 514 PCR primer %=
7Ntsk= A olth RNA polymerase 11 beta subunit 3
ZHRPB2)%] A7IMEZRE A Zd Eo°| primer 2=
(RVERT12} RVERT2)2 -2y} S5FollA EEgt 7
A&l fumonisin A G fijikuori 5 EFA 45 T L
2 FE verticillioidesZF¥ 208 bp 27|12 @< DNA AH
S SEZ3IAY}. A F verticillioidesS X33 BE X
T+ fumonisin A3l 2 FUMI 3RS 2
3} AR AN EE E0] primer 232 AEIAE £
A1 F%o] DNA 0.125 pg/pl 501}, 31, 7
Z3 O 2 Fusarium spp.ol LHE S5 AgQ AF
DNAZRE E verticillioides 5°] DNA ZH¥Ho] ZZ5|9]

ReyAR =

primer X% o8 FE

Al gl 2950

¥2
rr
o



L= G Fusarium verticilliodes ©] & £°14 PCR 7= 375

verticillioides 2] &3 & $749
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