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ABSTRACT

Sunn hemp (Crotalaria juncea) is used as a nitrogen-fixing green manure in Korea to improve
soil quality, reduce soil erosion, and suppress weeds and nematodes. In 2014, wilting sunn hemp
plants were observed in green manure-cultivated fields in Wanju, Korea. Leaves of the infected
plants began yellowing, starting with the lower leaves, eventually leading to their death.
Moreover, a number of dark perithecia were observed on the wilting stems. Six isolates were
obtained from these perithecia by single spore isolation. Based on their morphological
characteristics, the isolates were identified as Fusarium udum (teleomorph: Gibberella indica).
Macroconidia were slightly curved with almost hooked apical cell, and microconidia were
formed on false heads by monophialides. Chlamydospores were produced abundantly in the
hyphae, either singly or in clusters. To confirm the identification, multilocus sequence analysis
was conducted using translation elongation factor 1 alpha (TEF), calmodulin (CAL), and
histone 3 (HIS3). The sequences of TEF, CAL, and HIS3 showed 94.4~96.2%, 99.7%, and
99.6~99.8% similarity to the reference sequences of F. udum in NCBI GenBank, respectively.
Pathogenicity was tested on sunn hemp and two soybean cultivars using the inoculation method
of soil drenching with spore suspension. The wilting symptoms were observed only in sunn
hemp and one cultivar of soybean (cv. Teagwang) after 14~21 days of inoculation. This is the
first report of wilt disease in sunn hemp caused by Fusarium udum in Korea.
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Sz Yete|oN Crotalaria juncea L.)+=brown hemp, sunn hemp, Indian hemp Z-> Madras
hemp=E S|, Q1= I, mp7| A8 Ag|g7) Holze|7t -5 il 9 ofd] 2] HeflA
AfrahE S8 IASREE AMlE ] S 1), sulollk= 2005 W5 A58 =R o8
S17] 913 A7 AIREIQL, E5] E U] B3 A At Hold A o2 ||
A @0, ZFe], vl F Auf s7toll A TL o-8o] STkl Qe 2] EEEetelote] IAlsk=
Zo|y o 2 AL M= Fusarium udum®l| 213+ A2 82} Colletotrichum curvatum®]| 2]
ez o] w7} AZbshrtal shalom, 1 ejof =y, welry B SV ER G5 gkt HE
ATH3]. thetelM = S2ete]ot A 8O = F. udum™t F. moniliforme 2762 B 115}
AKX F. udum®] F/do] B Zysittal sEalei{4]. 15l o2 violz| o) tiet S=Eele
oFo] =& o] B arH HE QITH5].

Ju=dloll= 22gEteorE EAEAER o857 bheell o] b=l WAst= el
et A= A9 Aok 20149 897, SR TN ZTAEAEE Ak Al
L TR A& T =T F. udumt-2 2-2ISEIAT. Fusarium udum-> =] L
F5.0 2 A7 pigeonpeal] AZHeH YO =2 el Ql=t| 9] L, ot=e|7t 5 &
ol % oty 2] Sof| A L msi7t ATke, 7). FAEEE Avle FAEC HE H VS
Saotl, EF EAE 7NsHAY Halle JAlohs 59 s ¥ 4 Lo, Aol ot
2} EF A4 et o] 71 AEe] d s do] EARIT. 1B E Ao EARAER
Zgr)= ol S o= B I RUE P Hdd 5, 7179 A 7t
By Aoz et

& Aol s ol Aeo=m SrEeRR|or e Eata Eet3aL, ek 54
© TES

T DNA A7 |14 L2AE ol-8alo] Fdot3l e, E=gete|orE Hiset = A
=tz g de st A Barsiarat el

Az 2
Heln 22| L B=

20149 8¢, S=EERoLE EASAERE Aok A5 At 27 Al 2gollA HE
A= st A 22t or 710 3785 ARdZtS Aste] Brtrel YW,
APFZrS mpsto] RS AEA 7)1, =Rl (water agar, WA)E ©|-85o] T
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=] 2| DNA & Y H7|ME &M

2} Felgt #9] genomic DNAE FE517] 9f5te] & 67l #+5 Adsto] ZH2t
potato dextrose broth (PDB) B Z]o]] &-5}a1, 25°C oA 747 F*]uf%d 3} At FAAE
miracloth® 3]451al 54 XA &, H7] upAfisted Choi 5{10]2] HHO 2 genomic
DNAE &5}, 20°Co]| Hytsha A Addof AR8-sHirt.

DNA 971448 242 0’Donnell 5{11]9] B3 %1751 translation elongation factor
1 alpha (TEF), calmodulin (CAL), histone H3 (HIS3) +{Z}E thio 2 AAIsHct 2t
ZA2}9] PCR F&-& $Iote] TEF 5-32H= EF1/EF2, CAL 3%2H= CL1/CL2A, HIS3 -4
A= H3-1a/H3-1b Zefo| S ARR5IITH 11, 12]. PCR HFEH-S 100 ng/uL2] template
DNA-E Zgls}1o] 10xTaq buffer, 2 mM dNTPs, 10 pmole/uL. 2] Tato|H4: 0.5 umt«] Taq
DNA polymerase & &% 50 uL2 WF=3Itt ZF-3-4219] annealing =%2] 73-9, TEF 74
A= 60°C, CAL -+2AR=56°C, HIS3 -3 A= 68°Coll 4] PCR £-&5I3t}. &5 Hic=
1% agarose geloll 7] G535 FHste] ot ti=rt &1 PCR AHE-2 Wizard
SV Gel & PCR Clean-up System kit (Promega, San Luis Obispo, CA, USA)E A8 A
A+ 5, direct sequencing= ‘5ol A7 G2 EA51t E4H G714 E-2 Clustal W A&
TZEYo]E o] gslo] HH1, nucleotide 2] FAMEES AKISIO] MEGA 6.0 T2 15S
o]-85}to] neighbor-joiningH o2 AlFrE 2ottt Aes 2SS Hsl ARed
reference w2t 702} A K= Table 19| 71451 2™, Al 218t outgroup 22 TEF
S} CAL A= F. oxysporum™}t F. inflexum, HIS3 -F-AZ=F. fujikuroie M-85t

A
J

Table 1. Fusarium species, host/substrate and origin of reference strains and GenBank
accession number used in the phylogenetic analysis

Species IgiiL Host/Substrate Origin ?lz]r;Bank acge:]ilon nur:ItI);a
F. circinatum 25331 Pinus radiata USA AF160295 AF158348 KM231544
F. fujikuroi 13566 Oryza sativa Taiwan AF160279 AF158332 AF291063
F. guttiforme 22945 Ananas comosus England AF160297 AF158350 DQ282179
F. inflexum 20433 Vicia faba Germany AF008479 AF158366 -

F. napiforme 13604 Pennisetum typhoides South Africa AF160266 AF158319 -

F. nygamai 13448 Sorghum bicolor Australia AF160273 AF158326 AF150855
F. oxysporum 22902 Pseudotsuga menziesii USA AF160312 AF158365 -

F. phyllophilum 13617 Dracaena deremensis Italy AF160274 AF158327 KF466366
F. proliferatum 22944 Cattleya sp. Germany AF160280 AF158333 AF291062
F. sterilihyphosum 25623 Mangifera indica - AF160300 AF158353 GU737442
F. subglutinans 22016 Zea mays USA AF160289 AF374046 AF150869
F verticillioides 22172 Zea mays Germany AF160262 AF158315 DQ662837
F. udum 22949 Cajanus cajan Germany AF160275 AF158328 -

F. udum 52707 Aiolopus longicornis  Ethiopia JF740789 - -

F. udum 22540 Crotalaria juncea Brazil AM295809 AM293310 AM295807

TEF, translation elongation factor 1 alpha; CAL, calmodulin; HIS3, histone 3.

Isolates of the GenBank accession number KM231544, DQ282179, AF150855, GU737442, AF150869, and
DQ662837 were F. circinatum CBS 405.97, F. guttiforme MRC7539, F. nygamai MRC7549, F. sterilihyphosum
NRRL54011, F. subglutinans MRC3478, and F. verticillioides CBS 122159, respectively.
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z7)oe S=Eeeore] o] 4FE AAS] AlEHA FekE7] AlRtRITHFig. 1A). o]
A A= 915 A AEo] 9}9}%—, AP A AP AET 2= ek e
Ch(Fig. 1B). ©2t 52 E£7]9] o] F-Zofhs &2 Habd x| A o] 2hdzo] =]

I 3HKFig. 1C). 0] %‘E"tplgeonpeaﬂl:- AlEaE& do7l=t, o froA =g
E| 29t 2 75} o]2of AP Al A58 SARS WS 4~ Q= 7o 2 oA Q)1
=l Ale 8 fASH elo] fetsl7] Afeittr et 57 =, &7 ?_@4 LS
R7HaEE S4o] Hald vl Qlei{13].

Fig. 1. Typical symptoms of Fusarium wilt on sunn hemp (Crotalaria juncea). A, yellowing
leaves of infected sunn hemp; B, severe wilting and necrosis symptoms in the older plants; C, a
number of dark perithecia produced on infected stem of the plants.

ety £

Szgefejol £7]0 P4 2hdZe 708 Fe Hepie wn, SR o] A=
™, 371 27301 370~520 pm ATk A Stol] 8702] AP EARE /s, APdZEA =
dutA o 2 17]9] AuE 7HA| 1, BfIRdolH, H7]= 11.3~15.4 x 5~7 pmSAth(Fig. 2A,
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Table 2). 2R IEALE T2} F2]51o] PDA Hlj2]of] iRt Ax, S5 =9 mm/day = H
£ HolH, 7|5 AR B2 Bk, A UiR] E-340] A /4dst3Ith(Table 2).
CLA HRPgof|A] 48 A= T3 X monophialides) 4] false heads FEHZ FAA=H,
F(oval) -2 A% (reniform) 22 T 7%= 5.2~11.7 x 1.5~2.8 umFTHFig. 2B, 2C, Table
2). NP EA= BF 3719 AUk 71 M, T2 W o= A7 Z4are] Hefo 2 o
O™, 7= 1842 x 2.7~4.0 umTHFig. 2E, Table 2). $H A= 0l ZH 517 A
T, F2 o2 ol B2 30 2 FAEAL T Z]o] Y= h(Fig. 2D, Table 2).
o]} T2 woH B0 ool SRE ot Eelata F. udum C & 5735t 14].

Fig. 2. Morphological characteristics of Fusarium udum isolated from infected sunn hemp
plants. A, asci and ascospores; B, monophialides and false heads; C, microconidia; D,
chlamydospores; E, macroconidia (scale bars = 10 um).

Fusarium udum-2 19108 Butlerl] 2J3]] A2 H 17 F]2137, 1940 Snyder & Hansen®|
OJ3l F. oxysporum f. sp. udum 22 AHEE ATt 12 Booth [15]= F. oxysporum®]| H]
off thd 227 2Rl wol Q= B4 whzell o] 2 F. udum O = ThA] g stlal, |37k
ARSE|L QITH8]. 2HHE, 19821 1IEollA] B pigeonpea E710ll BAdH APdZol F. udum
O] LPAMIHN 2 HSARHA Gibberella indica= 7153 0 H, A= thE wHigo] Bat A}
-8°1Al/d(heterothallic) = Ae|Z] QUri{14]. wbA £ A4 LEAAE k= A
© 2 ghole | #5of| A= WHlF(mating type) TAM] SJ7 thoFA] Bajo] Wt
Aoz Bzrert. BalH 67 75 5 NC266-5 F= =5 A2 sH v AE-29(Korean
Agricultural Culture Collection)°l] 5-5H2 KACC48401 2 7|ET=|S]Tt.
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Table 2. Comparison of morphological characteristics between the present isolate obtained
from infected sunn hemp and Fusarium udum described previously

Characteristics
Structure® - .
Present isolates Fusarium udum
Growth rate (mm/day) Fast, 9 mm/d Fast, 9~10 mm/d

Aerial mycelium

Sparsely developed, felt-like

Sparsely developed, felt-like,
densely floccose

Pigmentation Yellowish, pinkish Yellowish, pinkish
Perithecia Globose, dark violet Superficial, commonly aggregated,
370~520 pm subglobose to globose,
smooth-walled, dark violet
350~550 um
Ascospore Ellipsoidal to ovate Ellipsoidal to ovate, hyaline,

Macroconidia Sporodochia

11.3~15.4 x 5~7 pm

Pale orange abundance

commonly 2-celled
10~17 X 5~7 pm

Salmon or pale pink formed

Shape Straight to falcate, curved to Straight to falcate, curved to
/septation  almost hooked apical cell, usually almost hooked apical cell, usually
3-septate 3-septate
Size av. 28.3 x 3.0 um av. 27 x 3.0 ym
(18~42 x 2.7~4.0 um) (17~46 x 2.0~4.2 pm)
Microconidia Shape Reniform or oval/ 0-septate, no Fusiform to reniform or oval/ 0-
/septation  chain, only false heads tol-setpate, false heads
Size av. 9.9 x2.5 um av.9x2.4 um
(5.2~11.7 x 1.5~2.8 um) (5~13 x 1.5~3.5 um)
Phialides Type Simply branched, monophialides ~ Monophialides
Size - 8~15x2.5~3.5 um
Chlamydospores Usually abundant, globose, singly ~Usually abundant , single, in pairs,

or in clusters

chains or clusters

*Growth rate, aerial mycelium and pigmentation were investigated on potato dextrose agar plates incubated in
darkness at 25°C for a week. Perithecia and ascospore were investigated directly from infected stems of sunn
hemp. Other structures were investigated on carnation leaf agar plates incubated in alternating cycles of 12 hr near
ultra-violet light and 12 hr darkness at 22°C for 2 weeks.

°Gibberella indica described by Rai and Upadhyay [14] and Fusarium udum described by Booth [15].

H7IMEEA

wSHH A0 QA F. udum 02 BR1E Sz gute]ot Beldo] et 548 9I51] TEF,
CAL, HIS3 742} H71 4 B-& AISISITE oI5 TEF, CAL, HIS3 202R= Fusariums <t
o] A5skA B oALo] @] AR E= marker2A4] ©|0] o1& Fusarium® B3 (species
complex)S P02 AE HEQlom[11, 16, 17], E3] ZZoll= o5 374} 2]of| largest
subunit of RNA polymerase (RPB1)2} second largest subunit of RNA polymerase (RPB2)
FHO| Fusarium A& A7toll AHE=IAL IEH 18, 19]. ZL21UF. udum®] 73-¢, RPB17}
RPB2°] {714 E  H7FNCBIO| 555 0] 21A] e3obA 2 A--ollA+= TEF, CAL, HIS3
AxE Vo s 714 E A4S lskalth
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TEF 707 47149 %ﬂ@ﬂ, Zagetelol Relds F. phyllophilum NRRL13617

7} 95.9~96.4% 2] AF=A

32 eI, F. udum NRRL22949, NRRL52707, NRRL22540

TH= 217} 95.9~96.2%, 94.4~94.7%, 94.0~94.4% 2] A48 ERA Itk Fig. 3A). CAL &

A

Fusarium udum NC266-1
Fusarium udum NC266-2
64 | Fusarium udum NC266-3
Fusarium udum NC266-4
% Fusarium udum NC266-5
7 Fusarium udum NC266-0
Fusarium udum NRRL22949 (AF158328)
Fusarium udum NRRL 22540 (AM293310)
Fusarium phyllophilum NRRL13617 (AF158327)
| Fusarium fujikuroi NRRL13566 (AF158332)

0.005

0 L— Fusarium proliferatum NRRL22944 (AF158333)
NRRL25331 (AF158348)

Fusarium subglutinans MRC2921 (AF374046)
Fusarium guttiforme NRRL22945 (AF158350)

NRRL25623 (AF158353)

Fusarium circir

Fusarium

Fusarium nygamai NRRL13448 (AF158326)
4&0% Fusarium napiforme NRRL13604 (AF158319)
ps y .

Fusarium NRRL22172 (AF158315)

Fusarium oxysporum NRRL22902 (AF158365)
Fusarium inflexum NRRL20433 (AF158366)

Fusarium udum NC266-1
Fusarium udum NC266-2
Fusarium udum NC266-3
Fusarium udum NC266-4
Fusarium udum NC266-5
Fusarium udum NC266-0

Fusarium udum NRRL22949 (AF158328)

Fusarium udum NRRL 22540 (AM293310)

Fusarium phyllophilum NRRL13617 (AF158327)
| Fusarium fujikuroi NRRL13566 (AF158332)

100 I—Fusan'umprolr'iemtum NRRL22944 (AF158333)
Fusarium circinatum NRRL25331 (AF158348)
MRC2921 (AF374046)
Fusarium guttiforme NRRL22945 (AF158350)
NRRL25623 (AF158353)

Fusarium

Fusarium
Fusanumnygamal NRRL 13448 (AF158326)
0 Fusanumnaprforme NRRL13604 (AF158319)
NRRL22172 (AF158315)

L Fusarium

Fusarium oxysporum NRRL22902 (AF158365)
Fusarium inflexum NRRL20433 (AF158366)

—
0.005

Fusarium udumNC266-1
C Fusarium udumNC266-4
Fusarium udumNC266-2
= Fusarium udumNC266 0
Fusarium udumNC266-5
= Fusarium udumNC266-3

Fusarium udum NRRL 22540 (AM295807)

7% Fusarium phyllophil NRRL 13617 (KF466366)
62 [ Fusarium nygamai MRC7549 (AF150855)
Fusarium BS:122159 (DQ662837)
1 Fusarium circinatum CBS 405.97 (KM231544)
% Fusarium guttiforme MRC 7539 (DQ282179)
99 | Fusarium sterilihyphosum NRRL 54011 (GU737442)
Fusarium MRC3478 (AF150869)
Fusarium p NRRL22944 (AF291062)

e |
0.01

“— Fusarium fujikuroi NRRL13566 (AF291063)

Fig. 3. Phylogenetic trees based on translation elongation factor 1 alpha (A), calmodulin (B),
and histone 3 (C) genes sequence data for Fusarium udum isolated from infected sunn hemp
plants and reference species. Sequence data were obtained from the NCBI GenBank database.
The trees were generated using neighbor-joining analysis and Kimura 2-parameter model. The
numbers in parentheses represent the sequence accession number in Genbank. Bar represents
the number of nucleotide substitutions per site.
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AR} 71K D2) AL, F. udum NRRL22949, NRRL225402H= 72} 99.7% 0] AFEAS W
R, F. phyllophilum NRRL136173H=99.2% 2] A%-43-2 LFERY 912 M (Fig. 3B), HIS3 -
A= F. udum NRRL225407} 99.6~99.8%, F. phyllophilum NRRL136172H= 97.6~
97.8%2] ‘&5 3= HEIUIth(Fig. 3C).

olo} o] Freeg]ot a2 CAL, HIS3 G320 ASoll M= F udum™} 71 7}
7R A0 2 e O U TEF 2] Algs=oll A= F. phyllophilum3} 717 A A0 =
UePd=, £ phyllophilume @ EZALE wje 527 PAIsHH, 23 ZA= mono-3 5
2 poly-& 2] 74 ZH(phialides)ll4] false headset H-2 A& FEfZ FAJotal, THI27} Gl
= Aol B o2 At JA] sl 2] oot FEIH O 2 F. udumt T ZFo|7F Qlof e
o] 7V 5FH9]. WA Fusariumwt2] 423t 5782 oA of =] 78 A2 ARgoh=
multilocus sequence typing (MLST)¥ o}i]z} e 2] EAJo| theh ZAPFRITA] HQ S A
© & wehEch £3] TEF §-73212] B4 A Fig, 4014 Bi=ule} Zo] U] 415-9] intron
H2ell 10~27709] nucleotide”} AAH AL & & A, o2 As|| A5olA F.
phyllophilum™}; 9150 2 LRt 71 © 2 Wode Tt Laurent 5{20]2 670 F. graminearum
o0 24| 5742t A7 1A E-E v 2AgE At oF 245 o] 7] 9] F10]3(SNP, InDels)= 7}
71 Tk Ado] 9-2-2 BolHA| o) 7|5~ Yt A2l ol| Tofal= 7zt orelst 2
AA| z0] 13k At F7gRtrtal spol=t], & AollA] EelE 7k o] =fgh x1s} it
749] At 7 0 2 A7, ke oof| thet A7 e gk 7l 0 2 AYZHE ] B Aol &
A F5-2] HIS3, TEF, CAL 3712t H7] 4 €2 NCBI GenBank ol KU599899~KU599916

9] accession number= S-=3}5 Tk

e

i

330 340 350 360 370 380 390 400

udum NRRL 52713 T A CCCCGCCATTT CTGCCCTCTCCC-ATTCCCACAACCTCAC
udum NRRE 52712 = = = ccceccsccessssssssssense — oo e e L tcssessss T sss s sssessssans
adum! NRRE (S20A0. icismiesei s - s - e s el e e e e mmsimtie = = = miemt e e gat
udum NRRL S2707 = === cceecccccccsscsessassess e e e e e e e G ttectesee ccsssscsscsssnns
udum NRRL 52706 3 = =  cecwedss s ssnaspussessmmmmm e e e e i S ae et 66 66 § b 8 S meisieieieisiaiele
udum NC266-0 = ..cccceccccccccccccas C.qGAGATGGGCTCGTTTCTGCCCTCGTTT | e ccceveeeeee sonaaacanacanans
udum NC266-5 Pecossssssssssssossie . T

udum NC266-4 Pececacncccccanananns :
udum NC266-3 = .ccecccccccccscsscnse .
udum NC266-2
udum NC266-1
udum NRRL22949
udum IMI397925
udum NRRL 22540
udum IMI 275452
udum IMI 271070

GCCCTCGTTT ke eeeccccsce socnancncanans G.
GCCCTCGTTT ke ccecccccee"concccannnnnns G.

...C.CGAGCGA
udum IMI 193652 ...C.CGAGCGA
. phyllophilum NRRL13617  ......... Cls 3 saipiElse C.CGAGCGA

I R I R R I R B R B R R R AL

Fig. 4. Comparison of translation elongation factor 1 alpha gene sequences alignment between
isolates from the infected sunn hemp plant and the reference strains of Fusarium udum and F.
phyllophilum. Black box indicates that 6 Korean isolates have insertions of 10~27 nucleotides in
intron site of translation elongation factor 1 alpha (TEF) gene.

el 74

o) 0] YU BIsp] Sfste] Srdeteiol B4E wEoky 79 Fol TR
2 W AT BE 7D 5, fRF S o] Ueha, A5 A4S FE7 95
A15o] DALt B oF 3771 718 BREelelol GRo] TARLAL BF el 2
3, 1% 2% 7 Shgo] Ak FARS BET 4 9T, 35 Sl 9715 TASH: 7
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Ol

At uehem, YARE AEA] 70 94 B A28 0 A7 7| = slgict 2
ZeiEtEohs St EelH, 2] B2 F. udum-2 pigeonpea©ll = H-& Go7|B2 S
oM AlElE ¢ HET HPETe s e Ade /\5”3} At w25 5, TARA
EfollS = A P]oto] HERE 2, BT - AE Aol Aso] A=A, oA Al=

2 S Q9O RT-S 5] Gl Al 240 8 HAIEIgl T, A E

LUFERER] F9kCK Table 3). QLTS A1S-8H A3 pigeonpeaS AT 2 J5H] ¢
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Table 3. Pathogenicity of Fusarium udum isolate to sunn hemp and two cultivars of soybean
plant by artificial inoculation

Pathogenicity”
NC266-5 Control
Sunn hemp + -

Plant

Soybean (cv. Wooram) - -

Soybean (cv. Taegwang) + -

*Pathogenicity was carried out by soil drenching inoculation method of sunn hemp and soybean seedlings with
100 mL of spore suspension with 3 x 10° spores/mL of Fusarium udum NC266-5. The rate of disease based on
the degree of wilting at 2~3 weeks after inoculation.

++, complete wilting and stunting; +, slightly wilting with some leaves yellowing; —, no symptom.

oldit o] Ul SEEeelol Ales SelA et w2 FEA, vl S
DNA 947144 B0l 2J5)l F. udum 22 SHE|9on], ek %

&Ik, Tl S=dete|oret HidgollA /ol EIELoH, SriollA] o] o] 7t
20 7 SRI%| it whebA| B AWE viet O 2 Fusarium udum Butlero]] 2J3t 22 €22
OFAESES TUloA A5 o= HAlstarz) g,

-]

Segelelols FllA Ui It AT, EFEA 14, Hhx W 4E o2 9

o FABA B2 o] §5kar 9lk 20144, E.ﬁﬂﬂ%§%%ﬁﬁimﬂﬂ%%$ﬂﬁ

o] AN A5G FAo] PAEIRIT AAT ARA0] Q2 ol i E it FeA A5

) RIS, 9% 9L S} Eiglen, B AR s TApslsict, 2 A2
Z7101M ol Ae] Ahdzto] th PRI, o] APzt i E AREAS HA
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2lst] 67l w5 Eelst3int. w5k EAO| ool Eelwt-2 Fusarium udum($7AAT:
Gibberella indica)2 573 =T, T 2RO AHohA| = tF= dae] Refo R wof 9l
11, AP E2= Ao A false head A0 2 FAIE QI SE A= Ao T .o
Fej2|o] FHoHA F/8=] et o2t 22 574 A= translation elongation factor 1 alpha
(TEF), calmodulin (CAL), histone 3 (HIS3) 42t 7|4 E 40 2 gl }ict. 14
¥}, 2] #5=NCBI GanBankoll 529 F. udum} TEF -3+7421=94.4-96.2%, CAL 474
A= 99.7%, HIS3 7321= 99.6~99.8% 2] /5742 Helt. S2gefe|olet + 52l &
< o2 TAAERS Egfol T FFoto] MY AS et 2k, HF 14-21¢
olje]l &5t S=ERRote} el ggellA B o] WEE L. wbA o] B F. udum©l]
ozt ZrEeE|o AlEH o2 Yot at AljbshH, fujof| A Hgo= B argitt.
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