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of Fusarium Species

Associated with Grain Mold of Sorghum

Hyo-Won Choi*, Sung Kee Hong, Young Kee Lee and Wan Gyu Kim

National Academy of Agricultural Science, RDA, Suwon 441-707, Korea

ABSTRACT : Sorghum (Sorghum bicolor Moench) was traditionally grown on a small scale, however, at present its cultivation is
getting momentum in terms of food and animal feed crop throughtout the Korea. Grain mold symptoms of the plant were
frequently observed during disease surveys in Korea from 2007 to 2009. The symptoms were highly variable. Severely infected
grain was fully covered with mold and partially infected grain may look normal or discolored. Ninety isolates of Fusarium species
were obtained from the diseased plants collected from several locations in the country. Among the collected Fusarium isolates, 41
were identified as Fusarium thapsinum, 23 as F. proliferatum, 12 as F. graminearum, 5 as F. incarnatum, and 3 as F. equiseti based
on their morphological and cultural characteristics. Elongation factor 1 alpha gene sequences of the isolates were used for
phylogenetic analysis. Analyses of the sequences revealed that the isolates were confirmed to be identical with related species of
NCBI GenBank. Pathogenicity tests showed that three dominant species, F. thapsinum, F. proliferatum and F. graminearum were
strongly virulent to grains of sorghum. This study is the first report of sorghum grain mold caused by Fusarium species in Korea.

KEYWORDS : Fusarium species, Grain mold, Sorghum
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4E Y 852 AREE ),
a3} HART} Fo} 1977] A
o}, 2y eElueke] 5 AuH A2 1938 64,000 ha
A Ao] FZo= 1,500~2,000 ha == A=, F5
I 739, AE DS AlQfshd 53] vjw|gt Aol
TUjol| A R a1 49 WS Z= Bipolaris sorghicola®
OJg ASFHM, Cercosporattoll 23 AF3F-H | 2}
FFEEYH, Colletotrichum gmminicolaoﬂ o3l B
5 15709] Aol Jout, thEE 1940 o] Io
19901 At)] Wol] AR Ao 7 FH WA= Wol uishk =
A= HE38E 217 o]t (KSPP, 2009). S0l A3h= WS
ZARH] $18ted 2007\ %] 2009 97HA] H=2] 4= A
vl IS AR A3, ojate)] Fgolrp Mlshs S-S
AL o) At WIS S 2 v
Fusariumyto] 2] Atk
B Aol ae olakgtgo] S
3t Fusariums & E251931,
stpom EelE v A7IMES B4
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o} LANEF (NaOC)E AFE3I ERALET -, 4F
a2 33] MlAste] Eghul=]el] Xdstaict. X
d &, At #FOZRE Fusariumv-S DEA F
o} PDA(potato dextrose agar) APHE|A] ol 274 vl ks
31, ol #FE 10°Col BshAA A3l AR8StGATt
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T SEMZAL

23t Fusariumtte] 784 54 ZAE 9I51e] PDA
HlA] B! CLA(carnation leaf agar)BljX]ol] ¥-& vl 31Tt
s 54l A= 5 5mm cork borerZ 2}
PDAHNA] Tl HESH 5, 793t 25°CollA] wj st
AP, TEY] Bk A, w2 A A - T
= ARGt A 5439 ZARE Fisher 5(1982)9]
Wil mel CLAMIAIE ZAl81ar, H1E viAlol] 5 mm
cork borer® A2 HES X8I 20°Ce] NUV(near ultra
violet) 7 o}gfjol] 12A17H19 o2 wjd3Tt. bl
& 277 SHE HIFEAEAY R =27, AP EAL
o] FA - B 2 =271, A} (phialide)®] FE, 2t
FALe] A - 5= AR

=2|ZFe| DNA £& 2 A7 IME 24
e £l o3l FHE 752 genomic DNAE F
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3k 3, CTAB-phenol/chloroform=- ©]-8-8F Choi 5 (2009)
WHO 2 genomic DNAE FE3)al, -20°Coll H=38)
A APl ARSI
Translation elongation factor 1-o(EF-1a) %Ak 7]
A8 #24E 9151 O'Donnell 5 (1998)2] WH-S ZHars}
o], EF-1(5-ATGGGTAAGGAAGACAAG-AC-3)3} EF-2
(5-GGAAGTACCAGTGATCATGTT-3") o & ALE-
3le] PCR 555 F30313Act. PCR W81 100 ng/uLe]
template DNAS- &3} 10 x Taq buffer, 2 mM dNTPs,
10 pmole/uLe] FE3F primer’d, 0.5 unit®] Taq DNA
polymeraseS & 50 uLEZ A|Z=3}39TE PCR $34-2 94°C
30X, 50°C 303, 72°C 90%F 353] WHE3Ia, HF 2o
2 72°CollA 743t post extensions HAISIATEH SHE
PCR 222 1% agarose geloll 17195 ¢H ¥, 554 band
Wizard SV Gel & PCR Clean-Up System(Promega) kit
AMESt] AAISHATE. 71 &, pGEM-T easy vector}

=
=

=
=

JebEso] 2401 Heldh Fusariumds 7] Dby 2 398 143

ligation3}al, heat shock"'H O 2 FHZHZAZAIA blue-white
screening © & FAXHA Adbsiint. A FExg
A ZH5E Wizard Plus SV Minipreps (Promega)E ©]-8-3]
o] plasmidE 523}, ABI 3730 DNA analyzer (Applied
Biosystems)=. sequencing= A8 A1 A7 |M<E
< Clustal W 22ZEg]|o] (Thompson et al., 1994)5 ©|-&
3te] 3L, AlBTE MEGA 4.0 Z2 1388 o83}
¢ neighbor-joining™Hell 2]3l] Z}38}HTt.

HAd 43

2E 559 Fusarium 1] ¥A3ES FRIs17] $151
agar test tube assay'3'H= WAt ARS-SIATH (Leslie et
al., 2005). 2N =7} =XE E thapsinum, E proliferatium,
E graminearum= Y2} 27\ T, E incarnatum, F. equiseti
<= VR o575 et 7 SAHEE: A1A)E 55°C
oA 3083t 2EFARE &, FALSA (=Y - BE T
shA] el 48413t FAIEt] FAtel]l Holle -5 A8
o A5E FTAE 0.6% =5 v Xdste] ol o
FE RIS 2 149 ¥, 20 mLe] Hoagland's no.
2 (Sigma) WiAI7} B2 Aol g AWAA o]4staL 10
A R BFAA dLHA At 7 FEE SISl
B A7) AR 5= PDA HiAOlA 5U%T ik
BE ARgste] TAdEd S vheal A
1x10° spores/mLE ZA3IAT}. TS o83l fH
o] A F<2oll 0.5 mLe] EAAEAS HF5haL, of 35
MRS o] g3t WHAEE AT WA
= Schreuder 5(1995)2] WH-S- WEP3sIe] A8
Jo] = A5 0, FrES 3t H 2 F=Tt 25% ©]
AL 1, 26~50%%] 7A-9-oll= 2, 51~75%= 3, 76% ©]
AAEAY 23] IR AL 482 FAISAH T
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o} A 2} FrHS] AT (mg)S ARSI B
AL 7S =2 23] AASIAAL, o) AL B

2] R version 3.0.1S ©]-83F Duncand th=7
ElEARES S o=
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Fusarium?% #2| 22|

2007'3FE] 200937HA] A=] = A TAelA o]
Argo] Sdo] A= o oREs ARSI orEE
ol¥e] Al WAL o2l MAH SR SHFA %
o7} WASIaL, e T F24 Rido] FAE oM,
THo] P37 Ksle EYHel e T O S
< YeERRITE @Ao] Ak & oF 10%°] WHEES Y
Bk (Fig. 1). AT AIRE E3HduAe] X)ds)d]
Fusariumit®] AZE-S ZARE A}, A8 7hl Zpol= Q)
Ao} oF 50~100%2] HIEE HEFJT. F 907)<]
Fusariuma-2 32|13t A3}, E thapsinum®©] 45.6%=Z 7
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Fig. 1. Various symptoms of grain mold caused by Fusarium species on sorghum.

2ol AZEUAL E proliferatum©] 25.6%, F. graminearum
o] 13.3% E2]H At (Table 1). 7L 2= E incarnatum,
E equiseti’} ZY2} 5.6%, 3.3% w2l =T v, Q1% 5
T8 AETRIME T ool Sl
Alternaria, Bipolaris, Curvularia, Fusarium, Penicilliumvl
< HIERE 40 o] Xto] BdEo] = Aoz B
gk v} T (Erpelding and Prom, 2006; Prom, 2004;
Williams and Rao, 1981). T3t vl X|99] 7|3} ===
s AU Il met 1 T80l Zleli= ot o2t
F3Zol|Woll= Fusarium, Curvularia, Alternariavi©] T2
#Ash= Ao 2 BE T (Christopher et al., 2012). &
3] E thapsinum, FE verticillioides, F. proliferatum, F.
andiyazi ‘& V&t Fusariumd2 2155 sf2-3} 2HEolu 3+
Zol| FAH B2 W om EAsitt 7 ol
ojre] AAYo] Fl= Aoz &#HA ATt (Funnell-Harris
and Pederson, 2011). ¥ Aol M= Fusarium 77+ T
oz ZARI F2 E thapsinum©] 5313l Y= AL

Table 1. Number of isolates of Fusarium species from grain
mold on sorghum

Number of isolates

Species
2007 2008 2009  Total %
E thapsinum 18 9 14 41 45.6
E proliferatum 8 4 11 23 25.6
E graminearum 5 1 6 12 133
E incarnatum 2 1 2 5 5.6
E equiseti 2 1 0 3 33
Fusarium sp. 1 1 4 6 6.6
Total isolates 36 17 37 90 100

2 YEPkO ™| o]= Sharma 5 (2011)°] Axol|A o2l
Fo|He F2  Fusarium o] FTASH, ©] F E
thapsinum®] $-743}aL k= Adkel YX|gict. hA, o]
2-gsgolBolli= Fusarium v ©]9]9] TRFsH Xlato] o
317] wiszoll oA WA= olAkrgold ek Y
st 2APE 283 Ao A7t

e 84 ZA

ojrtgo] Sl U= e oAl A gk ool o
TFE U OF CLAS} PDA HiX|ollM 9] 718H4 548 =
AYslte] FA3FATH(Table 2). E thapsinum-2 1997%3]
Hy1E 7O Z o|Holl= E moniliforme= A2)= S
, o] o} M (Gibberella thapsina)S B33}
, 715 Boldolu =4 AL} 22 T8 549 A
ol A2 Fo= F=HAUTH(Klittich et al, 1997).
thapsinum =& MAE P3P & B9 E
verticillioides®} FE|Z o2 o] o]7] wjio| DNA
F7IMEEA oY anlIsHd 4 5o] B3It (Leslie
and Summerell, 2006). 53] & 72 FUojlA HH n}
o, AR O g0 7RSI oA gol e
T8 AT eR dHA Ut 1 Qo= vhhd, S,
FFolv BExFoMe E2d vb ok (Klittich et al,
1997).

E proliferatum-> Gerlach®} Nirenberg(1982)°l <J3l &
o2 JFHAeH, olHoll= E moniliforme= S
7] Wzl oFA7IA] B Fol E moniliforme= AR&-%|3L
ATt TS AlE BES do7)= Aeg HuFglon,
4] Sqdest e, W, ol2slebAZ S0 20 4
7o 2 A Ut} (Leslie and Summerell, 2006). =]
A= S50 2PH S (Choi et al. 2009), &2 HE

kT o



Table 2. Comparison of cultural and morphological characteristics between the present isolates obtained from grain mold of sorghum and Fusarium species described previously

Characteristics’
Structure’ E thapsinum E proliferatum E graminearum E incarnatum E equiseti
?resent Reference ?resent Reference Present Reference Present Reference Present Reference
isolates isolates isolates isolates isolates
Growth rate 6.3 3.5-4.9 9.5 9.4-10 11.5 15-16 8.8 7.0-8.0 11.7 10-13.2
(mm/day)
Aerial mycelium Abundant, White to Abundant, Abundant, Abundant, Abundant, Floccose, Floccose, Abundant, Abundant,
white pale orange white to white to white whitish with white to white to whitish to whitish to
purple pinkish buff yellow tips buff-brown  buff-brown brown peach
Pigmentation Yellow Yellow - - Red Rather - - - -
variable,
golden yellow,
crimson
Microconidia Shape Abundant, Abundant, Clavate with ~ Clavate with Absent Absent Absent Sparse or Absent Absent
born in chain born in chain  a flattened a flattened absent
or false heads or false heads base, oval base
Size 4.6-11.4x 5-20x2-3 5.3-13.5x 3-16x1.2-5.3 - - - - - -
(um) 1.7-4.1 2.8-3.7
Macroconidia ~ Shape Straight or Straight or Slender, Slender, Falcate, long  Falcate, long  Fusiform to  Fusiform to Long, Long, slender
slightly slightly straight straight and slender  and slender falcate falcate dorsiventral ~ dorsiventral
curved curved curvature curvature
Size 28.6-48.3x 24-64x3-4 - 19-79%2.6-5 45-63.5x 41-60x 18-48x2-4.5 7.5-35x2.5-4.0  47.4-67.8x 45-70x4-5.5
(um) 3.3-5.5 4.8-5.5 4.3-55 4.2-5.1
Phialides Shape Monophialide Monophialide, Polyphialides =~ Sometimes Monophialide Monophialide, Monophialide Monophialide Monophialide Monophialide,
cylindric monophialide cylindric and and usually short
very often polyphialide  polyphialide
polyphialides
Size - - 13-25x 11-32x - - - - - 10-15x3-4
(um) 2.5-34 2.3-35
Chlamydospores Absent Usually rather Absent Absent Absent Usually rather - Sparse Abundant Usually
scarce scarce abundant

‘Growth rate and aerial mycelium were investigated on PDA plates incubated in darkness at 25°C for a week. Other structures were investigated on CLA plates incubated in alternating cycles

of 12 h NUV light and 12 h darkness at 22°C for 2 weeks.

°F. thapsinum was described by Klittich et al. (1997), and E. proliferatum, E. graminearum, E incarnatum and E equiseti was described by Gerlach and Nirenberg (1982).
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(Choi et al., 2011) 58 do7|= Aoz BuH u} o}
E proliferatume 53] E fujikuroi®} ZENZ O Z vll-9- FA}
st 7 F& A3] FEShsHl= DNA G711 ERA 0]
U wezlisg BA So] "dasitkal skt (Leslie and
Summerell, 2006). 53+ poly&Ele] Hx}ol] F7F dol9
A& AYIEAE 5] WiEoll monoFENR] E verti-
czllzozdes‘/]- E thapsinum¥} 3%},

E graminearum 2, Be] T Wil H2golH
dorn, Sgaoll= 37]9} oS o=
AtoltH(Choi et al., 2009). ©] T PDA HiA|| A whe]
Aghs HolaL, 7ISdALE et FdehH, HiA|olA
o ALE ‘44"5 Ho| EAoltt. CLA iAol Fd€ o
FAR= 5~6709] Auhe 7HA|AL, o1 7kET Ae] A |
glo]H, 7| RAE7} A& 2 ‘ﬂa 29 E—1/}15}‘441‘4-(Gerlach
and Nirenberg, 1982). 28X 2R= B354 gfon, Tt
¥R B ke =gA d4EY. dEideR E
pseudograminearum, E. crookwellense, F. culmorum 3} ¥l
28lo] E537) A4, tAEA ] Wele} AREA
Ao % 502 FES 4 At (Leslie and Summerell,
2006).

E incarnatum=> F. semitectum, E. pallidoroseum™} &
o] (synonym) 2.2 AREEH | & U= FEH o= o
Fl7] di2oll BA7HA] BRTHCRE ==L = T
2 FEFAR] Aoz It (Leslile and Summerell,
2006). F incarnatum-s Q- A4l #FoJsl= Aoz H
3Ea =2 AP R EAITE. E equisetivc F-A379

ok HJIO

e
S ot iﬂﬂ H} ATHKSPP, 2009). tH3E ZA}

5 4aL k=™, 21| 58 (dorsiventral)
o) GOl slo] sl 29k S o,
HAE T (Gerlach and Nirenberg,
1982). 53] ©|5 ¥~ Fusarium incarnatum equiseti spe-
cies complex(FIESC)2l= & E3Aldl 3= Zow &
A HZ A7} J3ZFo]tH O Donell et al., 2010).

HIIMLEN
T oRFago|S gl B2l Fusarium 2] 18H
59 2] 93 B4 AnE DR o8 2
o} W5 23, YRR A} A Aoz ekt
Aol Fe F90) o To| RET T AT
25 54S 98] multilocus DNA 7 14E 248
o]8-8=t, Fusarium%] &+ FEle o 7HA] 73
A v}A F translation elongation factor 1-o(TEF) -4}
7} 7 Hgettiar HrhE L A (Geiser et al., 2004). ©]
£ o] &3] = o2tz o] 4ol A B3l FusariumTh
= v:/—\ﬂ"ﬂ' Az}, #2375 5 NCBIY| 553 2H}9]
T 98% oo “F5/dS YIS (Fig. 2). 2+ 1271
T9] A7|M B KF267262~KF2672729F KF5146612]
accession number® GenBank®l| SZFH ). oA AAFSH
v} 20] Leslie®} Summerell(2006)2 G. fujikuroi & 5
Aol &= E thapsinum®} E proliferatuma ZENZ,
Hj 2 543 & & = 2] ©o§il, DNA ¢

KF267268(CF605)
EF453018
e KF267265(CF25)

JF270220
EF152428

F. thapsinum
100

100

100

e
0.02

KF267270(CF636)
KF267267(CF626)
- KF267264(CF593)

EU091072

KF267269(CF644) F. proliferatum

98| KF267271(CF690)
51" KF267266(CF598)

73 FJ939690
1°°ﬂ KF267262(CF711)
KF267272(CF706)

100 KF514661(CF21)
'FJ939673

a0d [ KF267263(CF43)
100—F 895279

F. graminearum

F. equiseti

F. incarnatum

Fig. 2. Phylogenetic tree of Fusarium isolates from sorghum grains based on the sequence of the translation elongation factor 1
o gene. The phylogenetic tree was generated using Neighbor-Joining analysis. The number in each branch indicates bootstrap
values obtained after a bootstrap test with 1,000 replications. The scale bar represents 0.02 nucleotide substitutions per site.
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71M4E EAolvt wnfzlskgd E4S Bl F ol Ths
shotar ekt 53] & Aol B2l Fusariumd o] o
st B4l o3t 54 Aa= TEF G7IAE 40l &gt
Ae}l Aok AR UERTH. 2ol TEF 9714
&g 2]o] RNA polymerase geneg] A7IME S o] &3]
o Fusarium?; 1ol EAJslE o] 712 TEFAE B
3] FAsk= A7) o]FFHH(O'Donnell et al., 2010).
wWEbA] ol A 2]El Fusariumyt BE3F o8] SEIHA]
o &3}17] ol Tthdet A7 IMES e R g AR
F3H4 A9l Bash Ao g AztE,

HHd 4%

oPFEEel ZHE Uehd Sgel ool Reld
Fusariuma oA #2RE7} &= E thapsinum, E
proliferatum, E  graminearums 237} 27\ w4, E
incarnatum®} E. equisetic= Z}Z} 1Vl O tlido= B
A ARS Fstact. 2 A3k, E thapsinum©] HA4d0]
7V 33 Aex UEltal, E o proliferatum¥  F
graminearum SN WA do] &t = A= e
T} (Table 3). TF3F FusariumdS WO 2 < FEHE
olgste] WY HAS TS A3}, E thapsinum, E
andiyazi, E. verticillioides, F. nygamai, F. pseudonygamai
o7 HYAo] F3et AoE HuHAT} (Leslie et al,
2005). ©x= E thapsinum©] ¥/de] 717 733t A= 1}
B 2 Are] Aot ARSI ey B Fusarium
] 735 £ ATellA ZEelE T3 ol Ao Vet
o, ol = FF 2 A, AHF 2ol = Q)
w52 Tl Afel7t Us Aoz Az, sjo] =
T ARG E FA0E Wt AL Bad Flow ¢
ST 1, E thapsinum®] A0l gk 5 440

= (caryopsis formation frequency)E =793 27}, 53] &

2hggo] SdollA ®el’t Fusarium@y 1] ThFd 2 WA
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2 EES 2 HEY w5 =EFHAS W, o]ate]
T = =] (Christopher and
Magill, 2009). °]= 74F710)| wlg} olatggolo] =
ool AR FEE F= As orletH ofof] tigh
& A 983 Ao = A7 EY. 53] E thapsinum-a
moniliformin F4AE FAsk= A0E HEA, 1 9

2 54 ALk TFsAol orRE Iujoll EElE E
thapsinum®] =282kl tigh A7} FaiEojof & Ao
2 AZHET (Leslie et al., 1996). ©] A7~ Fusariumtol 2
3l AYSE 5= o|akggo| g el tigh 3 WA KBato|t)

N
o
6

S| o
= I

Fule] AN 2 AWA 0 o] FolAr,
2l gou} Algg0 2 AME-E 1 T} 200795E 200937}
A =] e Al TS AR A3, oatel] Fgol7t
HAlske S T s B vl ook,
A AR o2t A Fdo|7t AL, FEA
o2 79 Aeole 75 THo] MAEAY EYHol
A=A}, F 90719 Fusariumi2 F2lsl o, )
2 - g 54 Al o9 B4 A, E thapsinum©]
4171, E proliferatum®] 237}, E graminearum®] 1271 2]
HAOH, E incarnatum3} E equiseti7} Z¥2}+ 57W, 37} -2
Ak, Elongation factor 1 alpha Ak 71 9]
&3 A2 23, tiFE°] NCBI GenBankell 55¥
7} fr7aAtel dxshes A% yEbit e Hddd
W 14 27, 95 E thapsinum, E proliferatum,
E graminearum3:©| ¥-H4do] 7st Ao2 A= T}, o]
AT Fusariumtol] &l G G ofakFFol5 gl
gk 3 M) ®Bato|t},

Table 3. Pathogenicity of Fusarium species isolated from sorghum grain by artificial inoculations

Exp. I* Exp. 2°
Fusarium species Isolate - - - - - - - -
Disease index Fresh weight (mg) Disease index Fresh weight (mg)
E thapsinum CF593 3.7a 18.5a 3.9a 14.0a
CF25 3.6a 16.2a 3.4a 15.1a
E proliferatum CF598 2.4b 72.1b 2.1b 76.3b
CF690 2.3b 74.7bc 1.9b 79.4b
E graminearum CF706 2.3b 92.0cd 1.9b 89.6b
CF711 2.3b 88.6bcd 2.1b 75.6b
E incarnatum CF43 1.0c 97.1d 1.0c 140.4c
E equiseti CF21 L.1c 101.6d 1.0c 152.0c
Control 0.0d 125.6e 0.0d 207.1d

‘Means followed by the same letters in the columns were not significantly different by DMRT at P = 0.05.

"Disease severity were rated on a 0 to 4 scale of disease index, 0 = no symptoms, 1 =1 to 25% of plants wilting or yellowing, 2 = 26 to
50% of plants wilting or yellowing, 3 =51 to 75% of plants wilting or yellowing, 4 = 76 to 100% of plants wilting or yellowing, completely
wilted and decaying. Pathogenicity tests were conducted in an agar test tube assay.
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