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ABSTRACT: Twenty five isolates of Alfernaria were obtained from various solanaceous crops in Korea. For all
isolates, morphological characteristics of the conidia were determined and compared with those of representative
isolates of A. solani and A. tomatophila. A selection of the isolates and the representative Alfernaria isolates were
evaluated for pathogenicity to potate, tomato, egg plant and red pepper. Molecular characteristics of 17 isolates
of Alternaria inculding the representative isolates were determined using sequence analysis of ITS rDNA and histone
H3 gene, and URP-PCR analysis. Based on morphological characteristics, the isolates from the solanaceous crops
were grouped as identical or very similar to either A. tomatophila (ATO), A. solani (ASO), and unidentified Alter-
naria sp. (ASP). Isolates of ASO were moderately pathogenic to all the solanaceous crops tested, but ATO isolates
were highly pathogenic to tomato and the ASP isolate was pathogenic only to potato. Among the molecular markers
used in this study, the URP-PCR analysis was found to be appropriate for taxonomic resolution of these species.
Based on the conidial morphology, pathogenicity test and molecular characteristics, A. tomatophila (early blight of
tomato) could be distinguished from A. solani (early blight of potato), and the Alternaria sp. (ASP) from potato,
which was closely related to ASO in conidial morphology, was considered as a new species.
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porri(@ALEFEE) 2 A dauci(F23-SQvEd )9t
FARIO R o]ES& FYUFOE BUAF)IL SYRFEA
Hed 2 715898 Jeple B9 A. porri 1. sp.
solani, A. dauci f. sp. solan)2.2 FEE AL AZs14
o} olelg 351y AlA"L di] B45R] Balga 714
I HEY ARYHTS A solanid] SEE 2oz A
porri B A. dauci®h= TRE $02 XF7HX] 2d 717 A
AAH 2 F-&=o] SIth(Ells, 1971; Rotem, 1994).

2y H2 W= Simmons(2000yE 7HA1F ZE
A EelEe QEIAE dA s AlternariaS 25 A
solaniZ. T3 AL ARE Aoy 713 79 wt
o F9 AlternariaZt Fgtial B 8K Y. Simmons
2000y ZAHFEBALEAN 2 FIE FI I= A
solani= EVIE, 7FA], 3139 ARHAHFHE ¥R}
o] g, 53] 7] (beak)®] 5NN 2 =ol7}t 1
7] Qi M2 g Fog pEgolitiy syt
= 7K FE F BEvREAA EYEHE AL A tomato-
phila Simmons, 7FAoM EE=E RAE A beringerae
Simmons, JZFNA EB=EE AL A capsici Simmonsg}
€ AT 74z Hsidg. 22 Simmons?} 38}
= FEHF Xolz ol H|uEy| wE] BEF3Ar} opd
AERYERE] 2 AolE FRIIE ml¢ AP o
£°] Simmons= FA| 4559 BINAEF 2L WeEt
A HE glo] BAXA e, 53] beake) vn)3h Rjojuto.
2 o|E& ] Wi o]59] BHol A ¥}

2 AEH YT ERol EARASE wgo]l =y
WA SLAAR] FeA R/ AH S sl xE
o] AI=H glr}(Kusaba and Tsuge, 1994; Cook et al.,
1998, Morris et al., 2000; Prayer and Gilbertson, 2000).
Weir et al.(1998)& 72kt EntEolN Bal8 A, solani
355 RAPD-PCR 4 & 23 33 by e =4}
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I BEE AEL fEENT
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2 FIHAE 8] ol E EDE 3 EEAAE ghs)
o W7 A3 $PL sk=r) Qi
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1~2 i g3ATh. SF-ErF (X 40) FEE T3] Byt
ol XY Alternaria WEEAE FRIg & PDA HiA]d]|
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|t B d #55e ARIA 158, BErkECA
T, 7ERA 2835, AFNA 135, F 253590

S REFFEA] U] SimmonsEH-E Eopike
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42-156)E, Y|d&=2] CBS(Centraalbureau voor Schim-
melculture)2FE FUL A solani(CBS 34779 A}
S39aL, Uix FFEA CBSERE Y e A
elegans(CBS 109159)9} £ A7Eo] gZolA EEdt A,
dauci(CNU3 408), ¥3jollr 221§ A. porri(CNU 3366),
Q1o A Beldt A panax(CNU 34058 ARE3}4Th A.
elegans= 7oA BE Fol™, A, dauci, A. porrie
A. solani group? FEN7} FAMSE dEC|T)
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8] #FES V-8 agar HiX|ollA] w3t & BEAYER}
o B ey EAS AT F Alternaria
#FES V-8 agar Wix|d] HF ko] 25°C F27]0A 7~
104 WS & FATA A4S Fslr] st 7359
715 dAE scrapper® FolF3 2AFL)AFo] 1Y 124]
T AAE 20~22°C 8271004 1~2 w8t &
Zo) BAHE Alternaria® BEAYZIAS} BEAYAFL wol
slide glass®] lactophenol &<l €3 cover glassE &
< F SRV (40003 E S St el BAL &
A8IRIL drawing tubeE ©]8-3F line drawingS %3}
o|& A g3l

Held 43

58 FAXRY] Fed 54 wel 4 groupl
2 FES %, 7} group BE Y EFTE VN (group 4
© 195) ARS8k AL, BulE, 313, 7iR]ef tlg HY
A AR S ANEIT HY4 ARddE EREESE A
3), THEE SR, IFEF 5B TAE
Hell-& HEE ¥ XE HE3le] 20~25°CY] 24
A 3097 ALAR ABAS AR ARHES O
Ay RS AWl RIS 24 WEA wolrz]
T Ao g HEE 9 XEY &4 Y9 e 279
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20~25°CellA ASAIZ] A EAE AFEEE T

B AL AT BEAEAR g9 (FAE=
10Ymlys AEA 12A] BRPESR T FE24o] 2o
25°CollA] 48X EIEFEE FAAIZ] F 20-25°C LA =
&7 4~59 Foll HHkFE Ao} ¥ AP =S A

B EEY S3

73 ZEAN YT FF T EAEA HuF B
AL FHsl] Adek 10759} Simmons 2 CBSOIA]
&AL 23T 435, 2L A dauci, A. porri R
A. panax Y7t 1958 FA181(Table 1), ITS F71M<E
#4, Histone |32} 9714 EE4 & RAPD-PCR ¥4
& B8t] EXRESE EAL A8

DNA £2|: FTAZF+= PDA slanto] FE3k 25°C
ol Al 3U7E W YT & FA AL potato dextrose broth
(PD broth)ell HF, 125 rpmeE 25°CollA 297+ e

Fotol FAAE QATE FHE 5EDR F 4TS

1.5 ml tubeol] B3 w3 H 400 we] extraction buffer
[200mM Tris-HCI(pH 8.0), 200mM NaCl, 30 mM
EDTA, 0.5% SDS]ell #€3}al proteinase K 50 ugs 3
7k, 37°ColM 1217 B2t ¥EEAIH T o7l 400 ul 2X
CTAB solution[2% CTAB(w/v), 100mM Tris-HCI(pH
8.0), 20mM EDTA(pH 8.0), 1.4M NaCl, 1% PVP
(polyvinylpyrrolidone) Mr 40,0001 7|5l 4oj&
chloroform : isoamylalcohol(24 : D& F&3}3 JAl 2
sl AL A5H 0.7 volume?] isopropanole: H7}s}
o DNAE ¥%1th. TE buffer[Tris-HCI(pH 8.0) 10 mM,
EDTA(pH 8.0) 1 mM]ol DNAE 350]3 RNaseE A7}

Table 1. List of Alternaria isolates used for molecular char-

acterization

Isolate Host Location Group” or species
CNU 3073 Tomato Buyeo Group 1(ATO)
CNU 3074 Tomato Gyeongju Group 1(ATO)
CNU 3585  Potato Pyeongchang Group 2(ASO1)
CNU 3591 Potato Pyeongchang Group 2(ASOLl)
CNU 3601 Potato Boeun Group 2(ASO1)
CNU 3602 Potato Boseong Group 2(ASO1)
CNU 3448 Red pepper Pyeongchang Group 3(ASO2)
CNU 3503 Potato Pyeongchang Group 3(ASO2)
CNU A97-1 Egg plant Nonsan Group 3(ASO2)
CNU 3530 Potato Yimsil Group 4(ASP)

EGS 42-156 Tomato
EGS 44-098 Potato

USA(Simmons) A. tomatophila
USA(Simmons) A. solani

CBS 34779 Tomato Netherland(CBS) A. solani
CBS 109159 Tomato Netherland(CBS) A. elegans
CNU 3366  Onion Geumsan A. porri
CNU 3405 Ginseng Geumsan A. panax
CNU 3408 Carrot Pyeonychang A. dauci

*Alternaria group designations : ATO = A. fomatophila, ASO(1) =A.
solani typel, ASO(2)=A. solani type 3, ASP =Alternaria sp.

Table 2. Primer sets and their nucleotide sequences used for
amplification of ITS region and histone H3 gene

Locus Primers Nucleotide sequence(5—3") Length

ITS ITS1I  TCC GTA GGT GAA CCT GCG G 19

ITS4  TCC TCC GCT TAT TGA TAT GC 20
Histone H3-la ACT AAG CAG ACC GCC CGC AGG 21
H3 H3-1b GCG GGC GAG CTG GAT GTC CIT 21

5 A3l 4°Col RAsisih

ITS 29 3 Histone H3 {IXIQ] ¥7[MY E4:
7RI ARl A WA= Alternaria®] rRNA 54}
(tDNA) “dll &= ITS 94, & ITS1# ITS2, 28iL
5.88¢] ribosomal geneS FE3}7] 8| ITS13 ITS4
primer(White et al., 1990)% tl7|2}=e]oH(Takara Korea)
Hlo] Qu T A ojElete] A &siATt. ITS ¥4 FF
£ 15ng®] genomic DNA, Z} 0.5 pmol®] primer, 200 uM
dNTP’s, 2.5 units®] Taq DNA polymerase, 10 mM Tris-
HCI, 50 mM KCl, 1.5 mM MgCLol H,05 H7}ste] 2
% volume2 50 pu/2 39t} DNA 532 initial dena-
turation 94°CellA] 487+ AA)EFT, denaturation 403
(94°C), annealing 13-(60°C), extension 13-(72°C)C.E 30
cyclesS A& pRR]Eto. 2 72°ColA] 587} incubation
st} Histone H3 F+42k8] $&o] AME primers
Glass(1993) 2] H3-1a9} H3-1bZ 3= BioneerA}of 2]
)5l A|ZEl Tt PCR reaction mixtured] 42 ITS
gy FZo| 799 FYUSIN L, initial denaturation 92°C
oA 287+ A3 H denaturation 13-(92°C), annealing
15-(68°C), extension 13 (72°C)2Z 30 cyclesS 343}
I ¥kgo] Tt H 72°ColA] 587 incubationd}Si T},
PCR ZZo] ¢ 10 ue} BPES 1.2% agarose gelol
] A719E8L3L ethidium bromide® A 3le] F% o1
9} 1 A7E FEBATH

PCR ZZ¥ ITS ¥} histone H3 F7x= Wizard
PCR Preps DNA Purification System(Promega)>. 2 %A 3}
31, sequencing ¥H-3-& BigDye™ Terminator Cycle Se-
quencing Ready Reaction kit(Perkin-Elmer Co.)& ©|&,
template 40 ng, primer 3.2 pmol, terminator ready reac-
tion mixture 8 ploll H,05 715t 20 ul®] volumel =
483 9 96°C 10%, 50°C 5%, 60°C 4%-2= 25 cycles
2] PCR WH&-2 $3319]tt. vkl ZHz}b 1TS4 primer
9} H3-1b primers AME-3}9 T}, Sequencing ¥H-8-©] &8
A 3 SABAEL ethanol FAH3 AZRAZ FH o=
ArggEra-rdol 9Bsie] J7IAEE 23U Lo
A 4714 €2 PHYDIT program(Ver. 3.1, Chun)& ©}&
3l aligndATt.

URP-PCR £4: & 4%¢ PCR AT E4ol=
A AR FFATA(SRILS)S] SRILS UniPrimer™ kitE
AREsFaATE. 1229 UniPrimer 004 1)kt SEAA
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E-g 3¥olE URP-073 URP-128 A2}k 10F2) primer
£ 23199t PCR $-&-2 7.5ng2) genomic DNA, primer
100 ng, dNTP’s 200 uM, Taq DNA polymerase 1 unit,
10 mM Tris-HCI, 50 mM KCl, 1.5 mM MgCL°l H,05
A71sle] F volumeS 20 ulE 233} DNA $E
£ initial denaturation 94°Coll*| 4%7F A1l dena-
turation 1¥(94°C), annealing 1%(55°C), extension 2%
(72°C)2&. 35 cyclesS AAISE H 72°CollA] 787} incuba-
tion3th. PCR WhE o|F, 15ul) BEEE 12%
agarose gelollA 80V, 5A17F FRt A71QF3SIAL ethidium
bromide® H4 st BF3Ur}.

7t #5-9] primerel] 9§ FF pattern®] BliE TS
2719] band EA] AF-E Y331, band®] 7ol wet
03} 12 YE3led UN1 coefficient® f-AH= (similarity) S
T-3}31 UPGMA (unweighted paired group methods using
arithmetic average)©l] ¢t HAEA S A3 FAF
=9 UPGMA EA& NTSYS-pc program(Ver. 2.1,
Rohlf, 2000)& ©]-&-}33ct.

2 o

ey 53

T 2Rl AL, BERbE, 313, 7ER]Y] FFEER
ol 2|3t Alternaria 25dFE< V-8 agar B A4 )
U & B FAEA] Py AL ZAEIA
. EEaFES EF U3IXE BAAEe Ade ®
5 Ui A8 75 Ui BAFEATE chain® &
QA= 3T AR ERL #3700 F Aol
7t IR BAEAS] Fe o} F2](beak)d] EA wa}
2 4552 419 Fe4 groupl & TEE 4= AT}

Group 1 #5-E°] 43 ZAEA] ey 5L
=3 2o BAEARs 71 AR -2 eRd¥ol9 group
20l HlEte] EARE%(spore body)e] Fo 27t Fokrh. vl
S A3 A 2P HE(beak)E 2L YT HI= BE
o] AZE = FelodlA FA3] FokAH §8] 7KK 7Y
gt o7 yhsd A o)ojFitt gAY RYE e B
AEAS FARE ) FeE zte BYEA vl
o] vl BAEAS A7 g Y FEE e A
£ 85~110X15~22(B%9] Zo|XZ) +95~200X ca. 2(5-
g9 doIXE) um, F Mo FE ke A2 80~110X
15~20 + 80~185Xca. 2 um, Al 7|2 He& 2= AL
83~105X15~22 + 50~165X ca. 2 um$Jth. 29 (septa))
Fe 7~-1209 T4 18] M) FA98g 243 o}
(Fig. 1). o1 EAL A tomatophila®} NEFTY &
A2} FAEIASL Simmons(2000)7} 7148 A. tomatophila
o] EAA= FAFSIRT

Group 2 TFE°| 3= BAEAe] Feid 54
=3 2. BAEAE AT, 25 vwE 11

Fig. 1. Conidia and conidiophores of Alternaria tomatophila
(group 1, CNU 3073) from culture. Bar = 50 um.

RBEE zky Jon ESoA vt AlFEE 2997 |
3(4~8 ym) F-# BREQ.S5um)SE AA3F] Fopxitt.
RE BAEA 3 719 Rat o BE Rt
BAsle] T 2 2 AxE vk 2R =2
7€ 3 Y FEg e AL 85~112X17~25+ 75~
140X 5~8 — 2.5 um, $71¢] Fel&€ Zt= 22 80~108X
15~22 + 58~88X4~5 — 2.5 umtt. A (septa)e] F=
6~1U19) FAHES vy e IA8E 2 itk
(Fig. 2). ©1&18t BAL A. solani NEFTS] ST
AFSIEL Simmons(2000)7F 71&$ A. solani®] £7334=
frAFE AT

Group 3 #FE5°] gAsle BAZAESY 5L th=
I 7o}, BAEAe] FElE group 1| FFE Ve &
Zo] A3 F) olae] REE zhe XA H|&]
3 A BYE zte BAEA) HEHT 4t B9
B2 Hrt AlgEe 247 Wal@~7 pm) F8 £
HBog A3 Foldtt EAHEAL AVE g 79
BaE e AL 92~140X 15~22 4+ 95~205X4~7 — 2
um, 5 719 F2& 7H= A2 85~125X15~20 + 70~195
X4 — 2 um, Al 7l9] FEE zZ= AL 80~115X15~20
+60~180X4 — 2 um$th. A¥e] £ 7-137/19) FAHY
7 1-98) /e IAHL zkw UukFig. 3). ©] groups

4EL 27t 45 BA% o] B2 A2 group 19
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Fig. 2. Conidia and conidiophores of Alternaria solani type 1
(group 2, CNU 3591) from culture. Bar = 50 ym.

.

Fig. 3. Conidia and conidiophores of Alternaria solani type 2
(group 3, CNU 3503) from culture. Bar = 50 pm.

Fig. 4. Conidia and conidiophores of Alternaria sp. (group 4,
CNU 3530) from culture. Bar = 50 ym.

£ FARIES 28y BERRlelA FEE oloRe
F87F F43] FolAA L AMA S| FolAlH Feje]
o] FAL AL group 2(A. solani) TFEY SAF FA}
3l on AAHORE A solani®] WF| Eoj7rog o]
group A. solani type 22 -8t}

Group 4 77t WAshe FAZAS EAL2 Rt &
ok B EAE A9 ARY ool BE groupd] FF-
B vlsly /e RYE 23 vt REe 559 AF
oA A3 FolAle AF MA3] FokRl= Aol 3
ok iR BAEA ] g e Hejvt e ke Ry
7t AFAEE B5e ERECOA 23 BARE0l 3457

gt et xxe FAWo] Tl 7Rt
== Boj7t AlE7} 27} H|F5te] Frs it 5 F-2
o] EX7Y Hsir= gt A¥e £ 5~ 4
w3 1o e FAME 24 Q). BAZA] F5-9
A7E 52~95(-105)X 15~22(-30) pmBTL F2l2) =Z7)e
+17~95X ca. 2 um E= 15~70X 3~5 — 1.5 umSA th(Fig.
4). ©] group®] 7= group 28 FFEY HlEte] A=
ZAe) BE9) Fo] 555 JAWo] B8 Jhea &
2 Y E zZhethe oA Aol HAr

H

Held ZHH
Alternaria2) 7+ groupE = Vl9) QIR FTE A9 sk
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20
® Potato

. ™ Tomato
g 15 e = Egg plant
E ™ Red pepper
e
W
S
5]
el
€
=
=

Group 2 Group 3

Group 1

Group 4

Fig. 5. Pathogenicity of Alternaria isolates from group 1 (A.
tomatophila), group 2 (A. solani type 1), group 3 (A.
solani type 2), and group 4 (Alternaria sp.) based on
results from artificial inoculation test.

(group 4= 195) A, EvLE, 3%, 79 01 3K
A HARE AN BI= Fig. 59 2. Group 1(A.
tomatophila)el] &%= CNU 3073 @59} EGS 42-156

FE BUE, 24, 7Y 2F B94E Je et
53] BEulEd] 723 HA4E vefllo] Qg ol ¢}
Bt E7)% A HekE FA3A. aFee
HH4dE JePNATE. Group 2(A. solani type 1)°] &3}
© CNU 35859} CNU 3601 #F& BEF AN £
 FFAAT, A4AL, BEvkE, 7Rl 2F Hdide] AN
3 FE ofst WeAdSs JeRNATE Group 3(A.
solani type 2)°] &3l= CNU 3448 FFAFT5)¢
CNU 3503 #F@# A 2T A, ErlE, 7H¢ 257
WY PSR IL Ao e HYAE Ro )
Group 4(Alternaria sp.)?ll &3= CNU 3530 ¥4+ %
At BolFog WG Y thE FAEde
B e] YA

Fed B0l wel BF 419 groupF group 1(A.
tomatophilaye ERtEAAN Bl #5524 72A, 71K
o= WA E eI o EntEY 53] 73 ¥
g JeRfo] tE groupd] FEF 2018 B FU}.
Group 2(A. solani type 1)} group 3(A. solani type 2y
EAEAS] Fejde thd &ol7t YA £ 7F= 2
2, 7K, IFE sl He94e & 2ol7t glo
22, EvlE, 7F4 Fol BF vlsd Bdde B £
t}. Group 4(Alternaria sp.)] 4+ & groups] #&
o Hlsle] Hho] oFste] @A) ZAjoNt ket HAGES

HoFoi

BEAASEE 53

ITS ¥l 7MY BY: JEX|} 2HEor £t
Alternaria 559 1TS 99 PCR 5% Z3 600 bp
Axe A7E ZAa JoH 179F EF Y s

CNU 3585 ASO(1)
CNU 3591 ASO(1)
CNU AS971 ASO(2)
CNU 3602 ASO(1)
CNU 3074 ATO

EGS 42156 A. solani

CNU 3073 ATO

CNU 3503 ASO(2)
CBS 34779 A. solani

CNU 3448 ASO(2)
80

CNU 3366 A. porri

EGS 44098
il —159 A. tomatophila
CNU 3601 ASO(1)

CNU 3530 ASP

98

= CNU 3408 A. dauci

CNU 3405 A. panax

CBS109159A. elegans

-~ 0.001substitutions/site

Fig. 6. Phylogenetic relationships of 17 strains of Alternaria
species inferred by analysis of ITS-1, ITS-2, and 5.8S
ribosomal DNA. The tree was obtained by neighbor-
joining method using Kimura two-parametér model.
The number above branch indicates bootstrap values
of distance. The bootstrap values were obtained after a
bootstrap test with 1000 replications. Alternaria group
designations : ASO(1) =A. solani type 1, ASO(2)=A.
solani type 2, ATO = A. tomatophila, ASP = Alternaria
sp.

HAFAJT ITS 999 G7IXE 49 454 HaE
E3] 24" phylogenic tree(Fig. 6)0I14] 7FEX]3} 2HEof A
23 Alternariad S22 UIFE-°] $Y clusters I3}
o o]go] ZH A JSE & 7 INL, FHA &
Aol wgt 83 grouptll TEEHE 4L UEUHA]
et @A ZAAM £2]8 CNU 3530 &5 544
ol cluster® A3l e #FEF WEstA +EFHAU
o} HH 2FFE AN A dauci, A. panax, A.
eleganse ¥ S outgroupS FAIALY A, porric
A. solani®] clusterd] E§tE o] o]Eo] f-HFo2 FAH
A7t & A8 & F YA

Histone H3 f8Al2| 47| &4 : Histone H3
Az G71M g 354 HIRE B3 F4Jg phylogenic
tree(Fig. 8)°14 A. solaniZ X 33F= group 2(ASO 1)}
3(ASO 2)°] 3le] & clusterS AU, A. tomato-
philaS X3rsl= group 1(ATO)H Alternaria sp& T3
3= group 4(ASP)= 4t TRE clusterS: AT}
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Fig. 7. Phylogenetic relationships of 17 strains of Alternaria
species inferred by analysis of histone H3 gene. The
tree was obtained by neighbor-joining method using
Kimura two-parameter model. The number above
branch indicates bootstrap values of distance. The
bootstrap values were obtained after a bootstrap test
with 1000 replications. Alternaria group designations :
ASO(1) = A. solani type 1, ASO(2) = A. solani type 2,
ATO = A. tomatophila, ASP = Alternaria sp.

(Fig. 7). W2FF2 AN A dauci, A. panax, A.
elegans< outgroupE BN OU, A. porrie ITS 24
ANXet ol A. solani®t FUEF clusters 3451}
ITS9} histon H3 dataE =38t ¥4 Z3= histon H3
FAAE A7INE B Aol R8T, BE resolu-
tiong HIFEITHFig. 8).

URP-PCR X2 &4

£ Aol AMEE 1229] URP primers 7143} ZHE9|
A £33 Alternaria FFE) Nel| e ZZ pands &
33815321}, URP-073} URP-12 primers A #3=9] A
) mefdt FEuke-2 Jehlo] PCR EA o)A A 23}
Atk FAE I 1059 primer B2 Z2ZH bando)
gl ZolE EFET], URP-04 primerdllA] 5202 7F%
BRI URP-08914 21702 71 At 5229} primer
AME 30~4070 F=9) band7t TZHYI, FZAE )
T R FEE5EY 7P E 9L vIAE anncaling &
e A% 2592 55°ColME smearing @Z3o] #A) 5l

64
SQ: CNU 3602 ASO(1)

CBS 34779 A. solani
CNUA971 ASO(2)

L CNU 3585 ASO(1)
66

\~l»_ EGS 44098 A. solani

CNU 3601 ASO(1)
L CNU 3448 ASO(2)
— CNU 3591 ASO(1)

— CNU 3366 A. porri
7

CNU 3503 ASO(2)
CNU 3074 ATO

CNU 3073 ATO
EGS 42156 A. tomatophila

100

100 CNU 3530 ASP

'— CNU 3408 A. dauci

CBS109159
A. elegans

CNU 3405 A. panax
— 0.005substitutions/site

Fig. 8. Phylogenetic tree resulting from combined data sets
(ITS-1, ITS-2, and 5.8S, histone H3 gene) of Alter-
naria species. The number above branch indicates
bootstrap values of distance. The bootstrap values
were obtained after a bootstrap test with 1000 replica-
tions. Alternaria group designations : ASO(1)=A.
solani type 1, ASO(2)=A. solani type 2, ATO=A.
tomatophila, ASP = Alternaria sp.

<% band9] ol MBS FA) G+ 58°ColA whe-S A

Al 8HATt.
£ A7l AMES 1052 URP primerS2] 71" primer
A FF A3}, A AEAA Eed 47T BF

o
354 bandEo] B, F #57 2olE Uehle
E& I Hlgo] AtF R At 8y URP-03,
URP-05 2]3L URP-099} 72 primerdA= 7Ex13} 2t
EollA —v‘fﬂﬂ Alternaria FE< grouping® & JE &
o|ZQl F& patterng HFSTE. URP-03 primerd 7
T Feid B2 RS 40 groupd LA s FF
patterng H.F=UTHFig. 9). Group 19] &= 4FE5
< 14kb 729 band’t Ho]H o2 EA|31aL, group 2
o &3l= #FELS 0.9kb9] band® THE groupSH T
EHN e gFdE FF pattemoﬂ kel RpolE B
At Group 39 &3 H#FEL group 1, 294= i)
0.75%t 0.85 kb®] band’} 2] 2;12\11 group 49l &3l
#F= group 39 &St FFES FAE SEEHAS
1 0.3, 2.5 28)5L 1.7 kb9] band®] EAZ U2 groups
7 FEEA.
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Fig. 9. PCR fingerprinting patterns of Alternaria species amplified by primers URP-03 (Left) and URP-09 (Right); lane 1, CNU
3530; 2, CNU A97-1; 3, CNU 3074; 4, CNU 3448; 5, CNU 3503; 6, CNU 3601; 7, CNU 3602; 8, EGS 44-098; 9, CBS
34779; 10, CNU 3073; 11, CNU 3585; 12. CNU 3591; 13, EGS 42-156; 14, CNU 3366; 15, CNU 3408; 16, CNU 3405;
17, CBS109159. Molecular weight markers are 1 kb DNA ladder.

URP-05 primer2 $EZHES AS 06, 12 22 15
kb¢] band’} 7} ZEOA EE S BE #F TF
i EA8IR 2™ groupZholl 97he] 3o HolE band
Z 5t} Groupl FFo)E= 07kb A=) band’}
EO]’Q_E EABIAL group 29} 3& FE pattern®] T

bandE %3t} UPGMAY] 23 AEA S
Folt}, 7 A3} ZREA EE8 Alternariady #E< 8
2 24 o5 7R A7 A= MY groupS
HAsATE. Group 1S ERLENA EEd A, tomato-
phila AFEA 05L& % 91%9] FAIEE ZRIA £

T AR oL groupZt 2~3719] bandoﬂ Z}Ol B3 & A. solani FFE°] &8 Y& group 2, 33 FEHS
S th. Group 291E ZAlN Ee)@ FFE0) TFHNS
Fig. 102 1059 primere] ¢J3] AAE F 283702 ] group 3l TR}, 35 a8l 7HA A Ee§ &5
CNU 3530 ]éroup4(ASP)
CNU A971
[:CNU3448 Group 3(AS02)
; CNU 3503
] — CNU 3601
CNU 3602
CNU 3585 Group 2(AS01)
CNU 3591
‘EGS44-098
CBS 34779
CNU 3073
'_—‘l 1CNU3074 Group 1(ATO)
EGS 42156
CNU 3366  A4.porri
CNU 3408  A.dauci
_{ CNU 3405  A. panax
CBS109159 4. elegans
L S L S A S T

0.72 0.79 0.86

T 1
0.93 1.00

Fig. 10. Dendrogram of large-spored isolates of Alternaria based on band similarity. The scale on the bottom indicates the simple
matching similarity coefficients obtained from URP-PCR data (URP-1, 2, 3, 4, 5, 6, 8, 9, 10, and 11) in the cluster

analysis. Alternaria group designations :
ASP = Alternaria sp.

ATO =A. tomatophila, ASO(1)=A. solani type 1, ASOQ2)=A. solani type 2,



Taxonomy of Alternaria from Solanaceous Crops 111

E°] 31U} Group 4= ZHAbolA E&F CNU 3530
55 XFsla OE AH B B #FEH
788 e groups AT FelH 54 W
4 ARAME o] #FE e aFd £33 #FEH F
ol Ko XF7A] ARlAM B F3s O vr|S
o N2 Foz Azt oA, 7iX 3 &EoA Eelgt
Y] group & Alternarialt®] FAFEE ¢F 87T =R OH,
FZ band®] P E HolE: RIWE UiERaFFA A
panax, A. eleganse= °F 70% 3= F& FALEE BAH.
o &

A. solani= NEIAE AT Alternaria2] group2
24 dWA O chaing B4R L 1 Fel(beak)E
BEE &8 743 2-30¥ ZaL e woln 7T E
E2= A, BErkE, 74 52 7HRF AE(Solanaceae)®]
B3 =oJQIthEllis and Gibson, 1975). A. solani T35
< FEiA, AEd B ol WA oM E T3
< YeR7] &l o] Fulel o] (race)’t EATTR=
FAol dAo] A7|H At GF AFAEL F5E] ulY
2 A4, 329 27], TAEATE 2 BN T Ao
o oJsld FolAE FE I S 1 (Bonde, 1929; Neergaard,
1945; Rowell, 1953), |8 AEL #5F 2 wjd=dl
w2t |- tdsiAl Wslr] bl dojs el 7)ol
g 2 glth(Rotem, 1966). Petrunak and Christ(1992)=
isozyme?] ThFAS FAVIS AL solani WOl 12711€] A
719% typeol &S BB, Weir er al. (1998 A.
solani #5-52] RAPD-PCR #4& 53l 7tx1e} En}
EdA s #F Jae 7314 A=yt F8 Wl
A. solani ¥ 9] WA &3l 7FedS AABIRT &
< Simmons(2000)y= 7HA|# AEA 22E Alternaria
£ oy Fo2 PN, 53] BEulE, 714 B FolA
2|9 Alternaria® 22t A. tomatophila, A. beringerae,
A. capsici 59 ANEOE W3l o]0 AN £
B A solani®}t FelF o2 FHEAT ST

£ A7 T S 7R3 ZEo A ZH T Allernaria
TFEL Fuo} EAAESH EA0A teddol 3 E
At 2] FFEL FAEAS g EAd net o)
groupl ® UE F AR group 12 EVIE EEdF
E2A A. tomatophila$t AL group 2%} 32 77},
7HA], Aol Bes FEEA e Xolrt IR
AT 2% A solani®] HF) Eo)71H group 45 HAF
EEHAFEA T2 groups] 453 FeF L2 Z}o| 7} 9l
I AR A H ZEM BT @ vl Qe V=
o2 FFHAH.

7R 3} A Bl B2l g Alternaria 52 44
FeH FF7+e) FABRAE 2 molecular marker®
Ag A3, 1TS 499 F7IMEEN e 744 g 2

Hejdel Fo) ol AR Gkt ITS Y92 st
Aoz wl$ HEH ribosomal DNAGDNA) X} B
HolE zh3 glo] F7klE F71X G B Xel7t UA)
7 ZY e 2 2oyt F3] =E7] WEe] tREe
o7 F7 §97A iAol o]-&=HL UTHGardes T,
1990). 181 Alternaria® A AF XA Adke &
E2 ITS 999 &7 MEo] fAlske F7F o] ol
Y chH(Kusaba and Tsuge 1994; Pryor and Gilbertson,
2000; Kim, 2002). Kusaba®} Tsuge(1995)= ITS B9
NG BN AAE 5 75 5old EAMHSDE 4
A8l Alternaria®s 78 FAA A alternata®t HEE F
AL, o1 E<] FejF ol HST A7 FUH Hol=
siasfiob Ptk FAEALE B A= ITS 99
A7IME B8 7R3 AEA R B EAE I
sl Alternaria €2 FHF s PiEEe 1 H
group 7+¢] 7ol ZghA] &2 markerd o] IHE Ut
Histone -2+ chromatin® F8. F44 <] histone
A S encodingdhe F-4 %o H (Igo-Kemenes 5, 1982;
McGee and Felsenfeld, 1980), H2A, H2B, H3 & H4 4
71} histone A o] nucleosomal coreZ /3t Q)
ThIsenberg, 1979). H3 ©¥& 2 encodingdhs F+3A=
2 BZEEo) 9)3(Glass and Donoldson, 1995; Thatcher
2, 1994), 2HsHA A AEA ] B/ 2 ASRAE
A o o] o]&FI Uti(Donaldson 5, 1995;
Thatcher 5, 1994). Steenkamp 5(1999)2 histone H3
FARe] G GQEAL 0|83t Fusarium subglutinans
459 races TFEEAUTE. Myburg et al.(2002)> S
tublin®} histone H3 A2k F7IMEEHE T3l
South Africadl¥] #&l3+ Cryphonectria cubensis®] T
E2 Asia®t South Americadlr £818 #5553 EE

HBXL- A solani®t A. tomatophila®) o] 7}
BHo A, solani W] BE|A Zpolol] &3t group®]
e Bt
B Ao ZAE molecular marker & URP-PCR 3}
MR ERA L Alternaria FFES] FHIA £ B groupell
et U clusters AT ZA FeiH EASE & 7
B3 £ E marker® WHHEEHITH DNA SEZA44E9
st UPGMA E48 /18 primerd| BT} o] &S %
39S o groupingo] HENAL & & ANk =T 10
e primerel] thet FZE patterne E3gH dendrograme
URP-03 primeroll A1) dendrogram3} 7F¢ f-ARSIEE 7))
E primer®A 7HR 3 22 A 2 S Alternaria® w9
FHoll= URP-03 primer’t 33k Aoz AAzb= .
Weir et al.(1998)% A. solani @5 FoA AdF9 E
v 38 FHE F 9JE marker® RAPD7} H-83H
ARE < J2S B vkl

B Ao &2 FFE59 71F, FAER Y, ¥

ol m® rir
N
>,
2
T
X
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8744 2 BAANETSY EHL FF/E o EvEH
FHHAFR A, tomatophilae TAHTIFHE AT A
solani®} o] Yok FZF 7AMEE @529 CNU
35303FF ITSY S, histone H3 §Ax 2] 7GR
Aoz tg F9 #&3 vEE 5+ A3, URP-PCR
AR FE BA M E ZZ band B o] BolH
e 39 457 %L 44 FARE HIge s 7|E
o B3 H Alternaria o= & v7|E $2o02 AE
™ o] 9] WYL ¥ A& FHF S HEZAH =
I3 FFHETY B} 2T A porrie Alliumé
Asjsle HLFYAE B3k 1TSS histone H3)
71N 23 FAXLE A solani®t L& FABAE
BHATY. YOE A porni®) WS IFE FAEA A
solani®}e] 434 f-ARA A 3 HES} Basic)

o, o

§ 2

=He] 7R ZAENM B2 Alternaria 25 H4TE
FAIBI BAZALe] Held EAS AL A solani
9} A. tomaotphila®) UEFFo} vl st} Ea45 £
FHHoR FHEE B FFEH UHEFFE TS
72, BulE, 71A), 23] dist WY AL AASS
o}, BAFFE X839 Alternaria 17N 458 ZA)81o
ITS ¥} histone h3 FARe] 7 |AEEA, URP
(universal rice primer)°l]l 28 SAER]FH-A-E AAEH
t}. Alternaria 9552 ¥AEAS] Fej4 EH 93}
o A tomaotophila(ATO), A. solani(ASO) ¥ u]EA 2]
Alternaria sp.(ASP)2] groupl @ & F+ UJFL A
solani(ASOYE XA} 72 (beak)e] EAo sl o
Al ASO(DF ASO(2)9] 2 typel & UE 4 J3UTh ATO
%} ASO #FEL 23 A 1A, EntE, 714, 3L
o] BF HYAdol JANUL ATO 5+ 53] EnfEd
73st Aol Ao, ASP A5 AR Aol
AL}, o] AFoA AREE molecular marker = ITS9};
histon H3 532} G7|ME B4 419 3 group
< B3] FET F fIRAT, URP-PCR A T84
HE olE groups B3] HEY F AT XA
Fe, BY9HA, BARETE EAL T | EnlE
AFHW A= A. tomatophila= FARZSZFHH
o B3z A solani®t FHo] 7L F I =
AN 288 Alternaria sp.(ASPR= A. solani(ASO)
9} FEH O T FASIFUA T BAERS] Zo] T F
2l (beak)’t Fri= FoA ASOS} FEEHALH 7R3}
ZEA BAE v gle AFeE A

HAle] 2

o] =E& 2001d % SEZATe] Add 2

ok
&

of A7H Y-S (KRF-2001-002-G00007).
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