AZgad ' Research in Plant Disease

Res. Plant Dis. 18(4) : 310-316 (2012) [©The Korean Society of Plant Pathology |
http://dx.doi.org/10.5423/RPD.2012.18.4.310

| Research Article | Open Access |

U2t Het S22 578 E2lSt Gibberella fujikuroi Z581H| 2t
Fusarium commune 2= o3| FRL|M MMS

OI%E" - XIS - E&E - olElAY - B8

[ I—
SRYYSRL 2T, FEATY FYERAAL oA

uill}

oz

g
=

Fumonisin Production by Field Isolates of the Gibberella fujikuroi Species Complex
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Gibberellea fujikuroi species (Gf) complex comprises at least 15 species, most of which not only causes serious
plant diseases, but also produces mycotoxins including fumonisins. Here, we focused on the abilities of the
field isolates belonging to the Gf complex associated with rice and corn, respectively in Korea to produce
fumonisin, all of which were confirmed to carry FUM]I, the polyketide synthase gene essential for fumonisin
biosynthesis. A total of 88 Gf complex isolates (55 E fujikuroi, 10 E verticillioides, 20 F. proliferatum, 2 F
subglutinans, and 1 F. concentricum), and 4 isolates of F. commune, which is a non-member of Gf complex,
were grown on rice substrate and determined for their production levels of fumonisins by a HPLC method.
Most isolates of F verticillioides and E proliferatum, regardless of host origins, produced fumonisin B, and B,
at diverse ranges of levels (0.5-2,686.4 pg/g, and 0.7-1,497.6 pg/g, respectively). In contrast, all the isolates of
E fujikuroi and other Fusarium species examined produced no fumonisins or only trace amounts (<10 pg/g)
of fumonisins. Interestingly, the frequencies of relatively high fumonisin-producers among the F. proliferatum
and E fujikuroi isolates derived from corn were higher than those among the fungal isolates from rice. In
addition, it is a first report demonstrating the ability of the FUMI-carrying F. commune isolates from rice to
produce fumonisins.
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F 2 YA (fumonisin)2  Gibberella fujikuroi &3 H A tHRoss 5, 1990). £3] HZ Fol=z7} 3=
(species complex) &2 3Fo|7} o] T 29 AE W I FoAM FRUN o F=9 IS AHEY A=

A sh= AR polyketide 7159 FFol 5424, AF o WA Apo]o] GEHE ART/ATE A7 EHRHEA EtTH
g3 7hEe] ohofst A3 AAde Ao de Xt EFE FEYA QItk(Marasas, 2001; Yoshizawa 5, 1994).

=

(Marasas, 2001; Marasas 5, 1988; Munkvold®} Desjardins, %E YAle A MARHOR S5 Z £, 717 W 5
1997; Nelson 5, 1993). thEZ <l A o7 o] iz o] FFA &3] AAYASHH o]59 THFAFANE

& 3}%:(Leukoencephalomalacia), o1& =H#]9] #H K HZ = % th(Sydenham 5, 1991). FEYA A F3o|=

lo

(Pulmonary edema syndrome), 51| 7Fek, 21749 Fol B oAl Fusarium moniliformett= A o2 SHEU
ot FEA FAMOE BFEtL 5 Wl 715 AEdd o

fequally contributed Sl 71 EolA, A% AT T8 5o 2jolE Hole
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Gf & BHAE Fusarium®S ESLAAUZE b= AP
4 APt w3l HHEoRA 7HE Ee] FHAsH 2
dxo] 8 HalE o= AEHAddolth(Leslie 5,
1990; Leslie} Summerell, 2006). ©] I Y Fo &
& FF Atole] wf ofF-of wel mating population(MP)
o7 Fe= oz §AFEY] $ok(Leslie 5, 2007; Leslie
o} Summerell, 2006) FAAAU T EA)3t= TES &
o o] WEEA] LU ol FEHB] St 54
Z2F DNA 971X 98] ds7del 7138 Al'eEAy st &
A=33t ol & B3l 8 E of TEEA W Al
+2] % (phylogenetic species) 7]1& MP ¢ A
% (biological species)@} U X3t oH, 2| F7}A]
2 At F5 2gste] Je W HA 409 F o
Zo] T4 ATHODonnell &, 1998). Gf -3+
FRUL A SO 2= F verticillioides(3AW: G
moniliformis, MP A), F. proliferatum(G intermedia, MP D),
E fujikuroi G fujikuroi, MP C), F suglutinans, F. nygamai,
F globosum °] BIAEAt & Gf TEFA 7l
olgl FR U2l AgHA o] polyketide synthase2} 2 5Fe] &
2ol oaf o] Fof o] Bzl o] FFo] {FHA W
FUMI FA7ke] A 72 FRULS] 444 585 4
A ATk ol T2 WHOE AAMA HA 1589
Fusarium spp.7} FEUA AASE 7HAAL e Zo=2
3ol 5] A th(Proctor 5, 1999). Gf TEFA 9] Fusarium
TOEE F oxysporum®] FAsA FRUNS Ast=
o2 g thH(Proctor 5, 2004; Rheeder 5, 2002). ©]
F A F F 53| E verticillioides®} . proliferatum
2 524 A A FHHoE 52 T
FEUNE Aste Aoz g
F verticillioideses A MAXSZ HiEslH
T F71, o2, e Tl A3HE ¢
FElgh BAglelx o5 7]l HIvie] 9%
5, 2005). o]l vl F. proliferatume S
, 8, B, vy, ofauiebA s o,
b 2B AZET wjw 2 black point
. E proliferatume 7157 W& A QtaL +
Folma A5 oA E verticillioides®t W5~ H]
FE verticillioides®l B3] 7122 <1 AF7} uf$-
Aot A FRUA A4 s v AL o
F fujikuroic 2 Wl QY= o] gibberelline A}
ZA v 7I02|Hg dOTARE ¥ & SFgoA
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et M= Wt S5 W Gf S5 +5 Jde &
Z& FRUA Aol #gk Al A X3 E
H(Choi &, 2009; Chung¥} Kim, 1995; Kim &, 1998;
Park 5, 2001; Seo} Lee, 1999). 53] -2yt & Ul
WSk FRUAN WA 7hs 6f FEIA 2% 455
o] FRUA ATl gk A= Al AFg Aol

upEba] B2 AFelAE 2009-2010 B9 $-2luE ¥
o SggoM AEH FRUYA B 75 Fusarium %5
s A MR FRYUAL AEFE S5k
ol #F9 FRUA Adss A5zt stk

FAEF 2 o B ATeA = 2009-20101
vt Sest HERE E2e Fusarium 573 5%
o] T FREUA AN FUMI FH7e] EA] of - g1l &
eukaryotic translation elongation factor 1-alpha (EF14)%}
RNA polymerase II second largest subunit (RPB2) -}
F7IL S ol &3 AT EHoR FHE AFE
NTFF2 ARSI THKIm 5, 2012) (Table 1). 2
o] FRUA A% A wiA] wigAZTH A5
o]& 93 250 ml flaskell 2 30 g2+ 15mle] 57/
oA 1A1ZE E1F WRIEE F 30153t autoclave
Th, ZAkgdu Aol A 3 &<t ), 25°C %71
Z et 7} #F9] agar blockS HESISTE &l
= o
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WA A EE E3lste] #2838t | A8 5 goll WEs:
O EYEY 1 E(25:25:50, viviv) EFEY 20 mIE ¥
A7 ¢ X8-S & o] & o X [Whatman No.1(18.0
em)E Fall ATt AFA smlE 50ml IUZ F
B #3}3 PBS[(Phosphate Buffered Saline) (Dulbecco
A, OXOI, England) 18-S Z/F 100 mlell 5094 AR
S 20 miz HAHT. 349 10 miE WAL
& (Immunoaffinity column) (Vicam, USA)ol| F3ste] %
1202 £ SR o]o1A PBS €9 10 ml
e FEoE fEst] HE & wWEE=E(80:20, v/v)
&Y 4mlE S AT EEAS APl ¥aLF
A1Z1 H 1 mlo] o EYEZ E(5:5, viv) EHgdoz
23)3 & 0.2 um A7) ZE (Pall Corporation, Ann Arbor,
ML, USA)E AZ 5 x| azepgEae)x g 7] (LC-
MS, Agilent 1100, USA)E ©]-§-3to] th&e] 27102 §4
S AAEIATE 2™ ACE 5 C18 150 x 4.6 mm (Advanced
Chromatography Technologies, Scotland), ©]&7 &wj:
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Table 1. Fumonisin production by Fusarium isolated from rice

and corn in Korea

AR AR

Table 1. Continued

. FB, FB,
Species Isolate Host Year (uge)  (ugle)
F verticillioides  c1-v41 corn 2009 26864 1525.1
cl-v20  corn 2009 26812 1497.6
0S67 corn 2010  490.2 1932
0S40 corn 2010 23157 8942
0S68 corn 2010 12653 4153
0842 corn 2010 11953 3132
0S24 com 2010 69.2 5.6
Vo8 rice 2009 ND?* ND
Vo6 rice 2009 1707.8  821.5
B1 rice 2010 8529 220.2
F proliferatum  c¢7B-v13 corn 2009  974.0 344.1
¢2-v20  corn 2009 9204 230.2
c¢7B-vl8 comm 2009 10.5 4.0
OS18 corn 2010  472.7 238.2
0S66 corn 2010 4673 149.6
0S30 corn 2010 4703 1014
0865 corn 2010 6.5 32
V116 rice 2009 8204 163.9
V66 rice 2009 ND ND
V90 rice 2009 3127 68.9
V30 rice 2009 ND ND
V33 rice 2009 0.5 ND
V71 rice 2009 ND ND
V83 rice 2009 1.4 0.7
V112 rice 2009 ND ND
V45 rice 2009 5.6 1.2
V13 rice 2009 ND ND
V73 rice 2009 ND ND
V115 rice 2009 ND ND
B43 rice 2010 2735 26.3
F fujikuroi ¢7B-v15 corn 2009 3.0 3.6
c6-v3 corn 2009 6.5 6.5
c7a-v4 corn 2009 1.5 2.7
c6-v4 corn 2009 11.7 9.2
c10e-v20 corn 2009 0.5 0.5
c7a-v3 corn 2009 6.6 4.7
c7a-vl7 com 2009 12.9 10.9
0837 corn 2010 6.1 1.9
0S5 corn 2010 5.0 1.8
0S51 corn 2010 3.0 4.0
0S39 com 2010 3.7 3.7
V82 rice 2009 ND ND
V35 rice 2009 1.1 0.6
Vs8 rice 2009 ND ND
V34 rice 2009 ND ND
Vo9 rice 2009 ND ND
V84 rice 2009 ND ND

. FB, FB,
Species Isolate Host Year (uge)  (ug/e)

F fujikuroi V62 rice 2009 ND ND
V4 rice 2009 ND ND

Vo1 rice 2009 0.6 ND

V113 rice 2009 ND ND

V61 rice 2009 ND ND

V31 rice 2009 ND ND

V40 rice 2009 0.5 ND

V93 rice 2009 ND ND

V25 rice 2009 ND ND

V8 rice 2009 ND ND

V23 rice 2009 ND ND

V12 rice 2009 ND ND

V76 rice 2009 ND ND

V108 rice 2009 0.5 ND

V74 rice 2009 74 2.7

V72 rice 2009 6.0 2.1

V76 rice 2009 7.5 1.4

V63 rice 2009 1.3 1.7

V60 rice 2009 1.0 0.5

V69 rice 2009 0.6 0.5

V57 rice 2009 1.9 0.5

V&0 rice 2009 9.0 3.7

V50 rice 2009 7.1 52

V27 rice 2009 0.7 0.5

V21 rice 2009 4.1 3.1

V22 rice 2009 1.0 0.7

V34 rice 2009 ND 0.5

V42 rice 2009 0.6 0.5

V38 rice 2009 4.8 1.6

V71 rice 2009 0.5 0.5

B15 rice 2010 3.1 2.8

B20 rice 2010 1.2 2.7

B10 rice 2010 2.9 1.9

Bo6 rice 2010 1.1 2.3

B39-1 rice 2010 2.6 23

B39-2 rice 2010 4.5 3.1

B65-1 rice 2010 9.7 5.7

B65-2 rice 2010 43 2.8

F concentricum OSI115 corn 2010 ND ND
F. commune 0S4 corn 2010 ND ND
B40 rice 2010 ND ND

B25 rice 2010 0.9 23

Bol rice 2010 0.5 0.5

F subglutinans  0S22 com 2010 23 5.3
0OS15 corn 2010 0.6 0.5

*ND: not detected (<0.5 pg/g).
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0.5% formic acid’} ¥7Fed HPLCH °HAIEUEZ ] 0.5%
formic acid’} 719 HPLCH &, §%:0.7 ml/min, Z 3
: 40°C, °)& Z2AF B 305): 0% 35% o}
H]EHE%‘, 108 35% oFHEYUEZ, 204 100% oM E
HEZ, 241 100% cHIEYEZ, 258 35% oM EUE
g, 308 35% S EYEZ, U5 ul, MS 72 ion
source: ESI, Ion mode: Positive, Drying gas flow: 10 I/min,
Drying gas temp: 350°C, SIM ions: 0+, 334.4, 3524,
370.4, 722.5, 16+, 336.4, 354.4, 706.5, Step size: 0.1,
Peak width: 0.15min, Time filter: On, Fragmentor:
Variable 230V (334.5, 352.4, 370.4) 100 V (706.5, 722.5).
3]8 A& BiopureAl (USA)2] matrix reference material
(Fumonisin B;+ B, in maize flour; FB,=2406+ 630 ppb,
FB,=630+ 116 ppb)Z 35% & 3utE o2 F33}30
™, FB,#} FB,o| 35782 717} 92.7 £2.7%9} 84.5+7.5%
ol FEYA T RFU NS Biopure A2 mycotoxin
mix 3(FEUAS oA EYEZ E(50:50) S =2 A
(FB,: 50.2 ug/ml, FB,: 50.1 ug/ml)S A3t}
FEYA AAAs BH.  F verticillividese & 10452
= 5 tﬂoﬂﬁ S 1T F(VI8)E Al9lstal B
FRUA BdsS Bl 53] X 4F 9T 5 1+t
F(0824)2 XJM@P RE B4 4F80%)7F FEU4 B,
7 B, T&°l 600 pg/g o173 BH LR & FE9
A H(683.2-4,211.4 ng/g)S HATKTable 1). |5 45
o] FB, AAFE H9= 490.2-2686.4 ug/g, FB, = 68.9—
1525.1 pg/gel ATk, ol 1996-1997'a $-2jute} oA
B2t E verticillioides@ 55 ¥49)2] FB, A% (105-
746 pg/g) (Lim 5, 2001)2 Hlwste] v A= &2 +
Folt}. AT -2uE} 4 2l E verticillioides <t
Fo 7%, FRYA ATl #F 7€ S B4 H
7h flo] & Aol AF vl ofHek AF7HA Al
Al 2+ A HNX B2 E F verticillioides 45 U552 F
BUA ATS 7HA e AR dEidon, FB Y
ol A= Holzgrkest= 22 g5l 27k 17,900
ug/g FE7HA B E A THAlberts 5, 1990). =3} 1|2
3} 7+ ofaJo}l 2| 7t E 6,000-10,000 pg/g
o] o) BAFEE Hole #5771 ER1= A TH(Desjardins
S, 2000; Ghiasian 5, 2005; Rheeder 5, 2002; Yoshizawa
, 1994). B A7ZAelA Wzl ejuet S
F verticilloides w521 FEU4 A A sE=
gk sl 9] H B350l vk 154 =
& FEold, H2 &9l Sl 75 AHEE
f(e17k: 233-9,661 pg/g, WAL 0.1-4,047 pg/g, =72
5.4-3,001 pg/g)et vlw s A9, & 2o)E Holx] eoth

Bl
2

oE XL&

1:714/\] A 313

(Ghiasian -, 2005; Hinojo ‘&, 2006; Sanchez-Rangel &,

2005). 53] 60%°l sllFsh= A 6571 1,000 p.g/

g o1} 79 FB, AdsS R =EA Eve &

= 5 F verticillioides @52 33+ 54 ‘3’\4274
SN Ao TEEe FRYNS A4ehe Ao
A9 5 AT A o2 HWANI) skl F o

B T S5 fref oY #5740l AlFsEtth
StA BM U F overticillioides @+ % 29-5+(V98, Bl1)

7F HlellA el F=olH, o] T 1T (B1)RtO] 852.9 ng/
g9l FB, A5 Rt oA st 6f TE5TA
% F verticillioides 452 3 B]&2 vl-$ 7]7](1% ©]

3hslh7] wWZol(Kim 5, 2012) ¥ 2 F verticillioides

439 F7F r7t oy N@O]X]”} oyt AxE
B3 ZEex FRYN WSS ZE F verticillioides @+
Fof 98k W 7Y e 299 7}?/‘32 WA =
A=

>4

F proliferatum®) 735, & 2052 &4 o4 5 S
T el +5 # o7
AFEE FRYA AL FF9 Hgo] Ut S5
) 7479 FB, A= W= 6.5-974.0 pg/gele
o, o] F 27F(0S65, c7b-v18)S A& 5745(71%)2)
FB, A4 WY AUdos 1552l 467.3-974.0 ng/g
oltt. AT ¥ flf 1379] 735, 5¢T(38%)5F 1.4
820.4 pg/g W19 FBS A3 o™, o] T 300 ug/g
ol IEE A AFE 3HF(23%)0) AT U
o7 §FF(62%)2] FB, A EEE 0.5 pgle o5 EE
AZTAA oIttt 715 A&l @Al ol FEY
A A F proliferaum 452 54 % o2 99 F
proliferaum 52 FHW FB, A4 (31,000 ng/g)
(Castella =, 1999)3} B3 308 o] wre Woli},
HZ &9 #F9 ¥ug 2, (D] Welsh onion -+
& 45 16.1-882.9 pg/g, 2299l S5 FEl 4 23.8-
198.9 pg/g) & xtel7F 1) th(Dissanayake 5, 2009; Jurado
5, 2010). gt dle] ¥ {2 F proliferatum w52 73
-, EAYY F l6dF EF FEYA(FB)E 9-2,980
pg/gel FE WHAE A wiR|oA AP on, o] F
9 F(56%) = 500 pgle ©1e] =o WAL Bt
(Desjardins &, 2000). ©]¢} 7+ B E T3l 72 ofA|
o} X JojA|gt vj&e] FFof vlsl] -2yt v {2 F
proliferatum 4= FEYA g5l Ha 2m) o]t E
oAx= AeE FAHAL 5 JUrh
= 55759 B W FE fujikuroi®] 735, ST
I 2dF(c6-v4, cTa-vITE ALYt B 457 &3
A FEollMe FEYAE BA8HA] A, 10 pg/g ©l
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skl mlEF whE GBIt oloh e sEUEt F fujikuroi
#52] FRYA A FEHLE AF71A] 89 A A
9} U =] K Desjardins 5, 2000; Wulff 5, 2010). 3}A] T+
SElvet E fujikuroi 2] FRUA B M TE
Sk FrUdl JAA £ F verticillioides, F proliferatum
of Bla] g AW, 75 AEe] wEt FRUA YA
ol Aok e & F ATk F 27FF9 ¥ {3 F
fujikuroi TF T 150F(36%)2] FRUN AAAFS HE
S o]t Eol™, YA 2735 (64%)E 0.5-9.7 ng/g
o] WelellA FrUAl FB S AASIAL ©o] T 67 (F
W el #5 T 14%, T FEYUA AL 8§ 77
% 22%) RFo] 5-10 pg/g T4 FEUAS A sHATH
ol Wk, F 1259 S5 fal E fujikurois B
0.5-30.3 pg/g 59 FREUYANS BAsAS B olye}
o] T 6xT(50%)= A o= W Fof +F Hrh =&
FE(5-129 pg/g)el FEYAS AR olef e
W o} S5 A Felet F proliferatum 5 {4 ARo]
o] FRUA A% Aolo] EAl 7L & A7E 5
& A& AdERoH, B4 FFo FRG5EF)E oY
g F49 BdgS SR shrle] FEettia AdE
th. $H4, o] & Gf &% F F subglutinans2+7), F
concentricum(1:F )y A4 #5¢] F27F vl 22 A
ojuf BEF mj$ Wre %1(0.5-23 pglg) BE AEIH

olat +2el FEUA FBS A4 olsh 2L 2
A

2

ol

=
=
AL F5 T uAat g5 7S Aol XS
TH(Fotso 5, 2002; Rheeder 5, 2002). 3H4 Gf FE-3HA)
2 T o AT o9} AFTATHOZ L E
commune &% 44T EF HoA {9 e, FUMI
FA2e] PCR 2% A7Kim 5, 2012)°] wat & A3
o] Z3tH T} o]E F 275 (B40, BR)= AT
T FEYAS A Est oy, UmA] 2d3F
(B25, B61)= FB,3} FB,E 717t 0.5-0.9 ng/g, 0.5-2.3 pg/g
FEo2 A HIF o9t 42 FRrUZ Y &
F& g e HolX W E communedl 2|3+ FREUA
FB . FB,9] A4 2 A+E Fall Ae Halsle= Aolth

2 AT Ao v 7 7R 8 39l He

SFgo] 29 Ee AdH] de 6f T A &%
Fusarium 52| FRUA AHsE& A5o82 Big A
o g2 vt FRUA o v AzskE g
Al tF sl F8% 7x ARE F&s &8E A

o2 7€t} 53] ¥ A74A%e}t Kim 5(2012)9] Gf

FRYA #7 AU 2T A% 52 FPHOE 24

-5 olvlERt - 4%

sh, fEvEtolA FRUL F3o] =

sto] Ble} S Qb o= R gk zfol 7t
A Utk WA SFF FH of T EFA 457 F
o] A FRUYA I 521 F verticillioides$t F
proliferatum F+57F FHEE AA L S W ofgt
(Kim 5, 2012) FEYA AH5E e #59F vlst
of & zpolgle] FA o R H& ot} o]of Hls) H
il Gf THEFA #F JdolAe FEYA vt =
= ALY FRFE fujikuroiZt -85S AR S B
olyz}h, + WA HI%=(15-20%)2 HA3= F proliferatum
45 TAMEKIm 5, 2012) S5 F8 FEUA 2

el dFE 14%0 EFSITh Bk S 4F
ol F verticillioides= ¥ N 72 A

o] Bl st g =4S o

&
it
2

SHE ol FEUAY g an 9 A AA
g 5 S AR FAUT ol9h 2 ¥AE Sl

o
i
RN

|
Fusarium spp. 2.4 Hl
o)t Haf o] 7HsdS ehds] wiAlE = glvh 53] 3

Al Yt A AL, 75 L
Az G718 FEYA A Gf TEIA &% Fusarium
spp2] 9 oRel HIEE xAlgof & Aolt}, o] 9
&l 5o primers ©]&3% PCR 5% Wiol §8 Aol
thKang 5, 2011). 34,
T FERUA A4 "2l FuMl F3AE

e
re
-
2,
>,
oo
i
o
i
of
>,
4

Holol] o3k Aoz 24T 5 3
AV FF(EE F fujikuroi, F subglutinans, F. commune
)] A%, 2L FdF(F verticillioides, F. proliferatum)
of Hlal FUMI FA7-e] I 0] @& o8 5
32+ Ak ol AnAa] dAdE £ 3F A
Aole] Bsle FUM 47} /)5 Bl A77t 45
oJoF & Zolt.
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o oF
Sl =

Gibberellea fujikuroi (Gf) 5% = Hai
2 7AE] lom, iR A=l Be d

FRUNDG e Fgol54Fs AT 2 ATl
G

e WSk S55RrE Peld

Borfr

T

AUV e BT FRUR Aol 2474
synthase 32} FUMIE 7HA3L e 222 IRIEA
th & 88F9 Gf FEEA 2% dF(55 E fujikuroi, 10
F verticillioides, 20 F. proliferatum, 2 F. subglutinans, 1
F concentricum)®t Gf EEA| o] 2AFQ 4539 F
communes 2 WA wiFet & 7} #3o] FRUA A
4 F=E HPLC WHor Atk e F
verticillioides} F. proliferatum 45+ 715 &=l 3
glo] EmU2 B,(0.5-2,6864 pg/e)et By(0.7-1,497.6 pgle)
S TFFEE HE Welld skt b BE F fujikuroi

S HES U2 Fusarium spp.2l 4+FZFHe FEYA
o] AZEA AU 10 pg/g olst 7 vZF A=
At SuEAIE FE proliferatum™ F. fujikuroi®] 733,
ST frel 75 JolA B fE 7 el vlaE) A
Aoz yex FRUA A #59 Hgo| EUrh
S, FUMI §RAE 7313 U= F commune] F
YA AT 2 dATE S8l AS Hadnh
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