k=4 B ) EEs)A] 14(1) : 92-98(1998)
Korean J. Plant Pathol. 14(1) : 92-98(1998)

I|IFE0|N SAE MMSk= Alternaria HRT

a2l - 7

FoiEta Fd S8

off

OA

2| RAPD &4

el* - ﬁ*ﬁﬁi’& BT F:.*ﬂ'
&3 eety, ‘i%‘ﬂri}ﬂ

A AZFA, CBER BRASREL

RAPD Analysis of Host-specific Toxin (HST) Producing
Alternaria species
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ABSTRACT : RAPD analysis was performed from four host-specific toxin (HST) producing Alternaria,
i.e., A. kikuchiana, A. mali, A. longipes and A. alternata f. sp. lycopersici, nonpathogenic A. alternata and
A. brassicicola to assess their phylogenetic relationship. DNA polymorphism was detected among species
(pathotypes) of HST producing Alternaria by PCR amplification and differentiation of the species was
recognized by RAPD analysis. Primer OPA-02 was the most profitable among 7 notificated primers for
differentiation of the HST producing Alternaria species. UPGMA analysis of the RAPD bands from Al-
ternaria spp. revealed that HST producing Alternaria and nonpathogenic A. alternata are closely related
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Table 1. Alternaria alternata pathotype system proposed by Nishimura and Kohmoto

Pathotype of A. alternata (Synonym) Disease Host Toxin
Apple pathotype (A. mali) Leaf blotch of apple Apple cv. Starking AM-toxin
Strawberry pathotype (A. alternata) Black sopt of strawberry Strawberry AF-toxin
Japanese pear pathotype (A. kikuchiana) Black spot of Japanese pear Pear cv. Nijisseiki AK-toxin
Rough lemon pathotype (A. citri) Brown spot of rough lemon Rough lemon ACR-toxin
Tangerine pathotype (A. citri) Brown spot of tangerine Tangerine ACT-toxin
Tobacco pathotype (A. longipes) Brown spot of tobacco Tobacco AT-toxin
Tomato pathotype (A. alternata f. sp. lycopersici) Stem canker of tomato Tomato cv. First AL-toxin
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PCR XZ1. DNA ZZ-& 9|3t PCR stockS template
DNA 15 ng, primer 200 nM, dNTPs 125 uM, Taq poly-
merase(TaKaRa Biochemicals, Japan) 0.5unit, 10 mM Tris-
HCI(pH 8.3), 50 mM KCl, 1.5mM MgCl, 0.001%(W/)
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F: Similarity coefficient
N, : the number of PCR products shared by isolates X
and Y
N +N, : total numbers of PCR products in isolates X and
Y, respectively

Dendrogram-2 $1¢] A= zFS 24 = UPGMA(un-
weighted paired group methods with arithmetic average)H &
o] & z}Alslgd el #-ALx 2} dendrogram®] =HAl-2- NTSYS-
pc program Ver. 1.70(16)2- o]-&3}5ic}.
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Table 2. Isolates of Alternaria spp. used in this studuy

w2)sha A A 1449, A 135, 1998

Code Isolates Species Host Origin Year isolated
1 M-62 A. mali Apple Toyama, Japan 1974
2 M-69 A. mali Apple Toyama, Japan 1974
3 M-70 A. mali Apple Toyama, Japan 1974
4 M-71 A. mali Apple Toyama, Japan 1974
5 M-72 A. mali Apple Toyama, Japan 1974
6 M-73 A. mali Apple Toyama, Japan 1974
7 M-87 A. mali Apple Nagano, Japan 1986
8 M-88 A. mali Apple Nagano, Japan 1986
9 M-89 A. mali Apple Nagano, Japan 1986

10 0-153 A. mali Apple Nagoya, Japan 1971
11 0-154 A. mali Apple Nagano, Japan 1971
12 0-156 A. mali Apple Nagano, Japan 1974
13 0-157 A. mali Apple Nagano, Japan 1974
14 AM-17 A. mali Apple Taejon, Korea 1989
15 AM-28 A. mali Apple Taejon, Korea 1989
16 0-274 A. kikuchiana Pear Akasaki, Japan 1993
17 0-275 A. kikuchiana Pear Akasaki, Japan 1993
18 0-276 A. kikuchiana Pear Akasaki, Japan 1993
19 No.15A A. kikuchiana Pear Japan 1989
20 K-1 A. kikuchiana Pear Koyama, Japan 1971
21 K-2 A. kikuchiana Pear Koyama, Japan 1971
22 K-3 A. kikuchiana Pear Koyama, Japan 1971
23 K-4 A. kikuchiana Pear Koyama, Japan 1971
24 K-5 A. kikuchiana Pear Koyama, Japan 1971
25 23 A. kikuchiana Pear Akasaki, Japan 1994
26 AK-11 A. kikuchiana Pear Yesan, Korea 1988
27 AK-21 A. kikuchiana Pear Yesan, Korea 1988
28 AK-42 A. kikuchiana Pear Yesan, Korea 1989
29 AK-61 A. kikuchiana Pear Yesan, Korea 1989
30 0-202 A. longipes Tobacco Koyama, Japan 1980
31 0-203 A. longipes Tobacco Koyama, Japan 1980
32 0-204 A. longipes Tobacco Koyama, Japan 1980
33 AL-25 A. longipes Tobacco Boeun, Korea 1980
34 AL-26 A. longipes Tobacco Boeun, Korea 1980
35 0-228 A. alternata f. sp. lycopersici Tomato Nagoya, Japan 1984
36 0-229 A. alternata {. sp. lycopersici Tomato Nagoya, Japan 1984
37 As-27 A. alternata f. sp. lycopersici Tomato Tottori, Japan

38 IMI-89343 A. alternata Nonpathogenic IMI Culture Collection

39 BC-2 A. brassicicola Cabbage Taejon, Korea 1996
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Table 3. Primers used in this study, and the number of RAPD
bands generated from Alternaria isolates

< (G+C) RAPD bands
Primer e’quenc'e content One isolate
(§' to 3) (%) Total

Max. Min. Average

GT-02 TGGTGGGTCC 70 4 17 6 851
OPA-02 TGCCGAGCTG 70 43 12 3 6.05
OPA-03 AGTCAGCCAC 60 54 14 6 9.59
OPA-04 AATCGGGCTG 60 63 15 5 10.48
OPA-05 AGGGGTCTTG 60 70 17 2 8.64
OPA-13 CAGCACCCAC 170 77 18 5 12.26
OPA-18 AGGTGACCGT 60 69 16 4 1028
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Twa..

H 21 25 30 35 P

Fig. 1. Random amplified polymorphic DNA from 39 iso-
lates of Alternaria spp. using primer OPA-18. Lanes marked
1 to 39 are isolates listed in Table 2. H indicates the molec-
ular weight markers of A DNA digested with HindIIl and P
indicates the pGEM marker.
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Fig. 2. Random amplified polymorphic DNA from 39 iso-
lates of Alternaria spp. using primer GT-O2. Lanes marked 1
to 39 are isolates listed in Table 2. H indicates the molecular
weight markers of L DNA digested with HindIll and P in-
dicates the pGEM marker.
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Fig. 3. Random amplified polymorphic DNA from 39 iso-
lates of Alternaria spp. using primer OPA-02. Lanes marked
1 to 39 are isolates listed in Table 2. H indicates the molec-
ular weight markers of A DNA digested with HindIIl and P
indicates the pGEM marker.
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Fig. 4. UPGMA dendrogram of Alternaria isolates derived
from RAPD profiles obtained by 7 primers used in this study.

4 FABAZL o 77k AR el v AT
ol A. alternata IMI-893433F2} A. brassicicola BC-24-F
= outgroupS Aslgl e E3] A brassicicolatx 713+
A frAdAE Rl

T #

AT §5} SN 2FY F RAPD 24]
ARG EAGe] U1 st ko] At
Hol Zhdslo g 3T w2 oAb RuE s gl
. Welsh®} McClelland(19), Williams(21) S-2 oA <l
vld-& z+= <+l primersl] )3t genomic DNAS] &
&8 22 F0A) b Brbol ik e
A A st Al EHATFF] AS Fusarium: 72
RAPD Aol tjgt A7} &3] 213 s 2 glct. & Kel-
ly(5) 5= °|AE Fol ‘BASL= F. oxysporum f. sp. ci-
ceria®] MUA FH-o RAPD £A4H-& o] 43} 335
A3} 92249 WA A8 LA S group.
2 FE3}gdct. Manulis(11) $& oAzt el EA)sk=
7ol A1 5L T2l F. oxysporum f. sp. dianthi®] race
T2, Assigbetse(2) & H3}ol] WS U7 = F. ox-
ysporum f. sp. vasinfectum?] tace £l RAPD HA1]-8
o)-43}edct. x3 Crowhurst(3) 52 7|3 A=
R E 3} F. solani f. sp. cucurbitae2] race 13} 22 59|
RAPD #A1W& o] &, WA Al 23 71E&2] race
3 dA ks AHAE EU 3L, raced] o] ErHEHR
TFE 7R % I race®] 8L 713 3ot ey

v M

o >
J

o

N

miﬁﬂn&.ﬂ.lﬂmi
o

il

Alternariad-2] RAPD 24 6] 335t B 713= o} glc}.

B o o)A = HST WA Alternaria ¥ 37-& 10 base2]
primer2 PCR& A3 A3} 7z} primerd & A E Z=Z
band®] = v TheFstsdct. 2428 primeroll4] F7k4
EA1S H&s] 738 4 gJ+= band pattern2 FAE| =] 9
QA 2} F7ke] grouping2- A= %k o] A& HSTE
YA 3= Alternaria ¥ QF7-2) NAT FA 4o /-8
g 2l 2A &89 5 S Holvh =3 FF Y ELS
primere]] w2} Z} F2] Ho]& <l band2| Fol o] E B
3, w3 249 Bol 4l bandE A)2)aha LX) bandE
& FF7}, &7} polymorphisme Yehglch. RAPD band
of olel TpdE 7|F501H 548 BHSHE Allernaria
% F5] 204 chp e ey F3 gk Al A7
et

OPA-02 primer®]| 73-¢- 0. &% pattern2 £7+e] 54
el Fa glew, £ primerd] FEAAEE T
dendrogram&- 2t 3191-& wol|l = 2+ FHE clusterg 3
Adstsdct.

vt GT-O2 primer?] 2% bandt 79 tf o] F5
ZF 293 bandE ©)g)x 1~37§2] bandgto] FF7} Alo|
2 ehiolt o5 2% AYEES) UPGMA $402
4% dendrogramol| 4] HST A HE-2 o} primero]] 4]
Beh £ 90% AT FAFEZA groupd o] F T, #
WA F52} A brassicicolats ©FE primerol| 4] B}

o

o

& fFAFERA outgroupd AT} wlebA B primer
= HST A o198 Alternaria®] F7r 73 788
7o 2 Az}

A. brassicicolatx= A. alternata®} 7ro] AT (Long-
icatenate)(12)]] <3l A3e] EA XS JAI SR B
A xA 2] e A EAlo| A. alternata®h= Apo|E vehll=
Zold] 722] primerdl] &%t & YA Zo)| A X band pat-
terno| HST AJAddolvt vl 1A A. alternata®} ol &
vele] ol & F3bolle A ddAde] F& AL &
T At

ZFEZPAE-| thZ UPGMA ¥4 718 primerell 4] X
t} o5& FH3A S T2 o] HEAE I 5
qlt}. =& 77) primerel] N3 £F pattern2 £3l den-
drogram-& OPA-02 primere}|4]2] dendrograms} 7}AF AL
3le2 JN primer24] HSTE A8l Alternaria 2|
T of] = OPA-02 primer7} H 3t A o2 A7=|g]ch

ZZ AN Eo] didt UPGMA £42 HSTE A=
ZVZ9] Alternariaz} Z}72}e] 5= clusters 3A3S v}
£hd  ohie} o] o] FHALE FAE fABA 3l
25 vjepc}. = HSTE A= A mali, A. alternata
f. sp. lycopersici, A. kikuchiana, A. longipes7} 7}7}-2
ABAZ el lG 2 v LA A alternatax. ¥]E out
groupS- 34 3l7) = dlgl x|t A. brassicicola Hrol= 717}




KOREAN J. PLANT PATHOL. Vol. 14, No. 1, 1998 97

<+ FA#AE Jehlidet. 53] A longipest A. alt-
ernata B ©+E HST AATEFH= JeA o2 Zfol7} 9l
th= ¥ 17F 9QQAWH(18, 22) RAPD 541 A3} §AH o
A. kikuchiana @553 FAR/A ) vf-$ 7L Zlo 2
Cherger,

Kuninaga®} Yokozawa(8)y= HST A Alternaria F5-2)
DNA-DNA AFEA] B4l 4] HST Al Alternarias} v
HA A. alternata’= 80~95%2] A=A Belcky g1
Kusaba®} Tsuge(9), Adachi (1) A Iakuchzana«] rDNA
Z probeE 3} Alternaria #52] RFLP #4]-8 AlAl3k
ZAs} HST A 73 v Y4Al A. alternata’= band pattern
o] TR A sty o}E F9| Alternariash= A3 T8
%% band pattenS R<elctw 3kt HE & SOH=
HST 23Ad Alternaria spp.2] 1IDNA2] ITSe3 2] 97144
o] v YU Alal A. alternatas] 717 A &2 dx|3}9) 2.
™ A. brassicicola®}= 30%2] G7|AQd zo]lE Hltiw
stodct. olabe] Rwel B Ao AAE FHE o HST
24 Alternaria W=} v]H YA A, alternata+ 373 2.
2 ke Al sl TEUE & 5 Aick

2 ¢

715501 EA4HST)E A 3= Alternaria ¥ Q2]
TF 2 ASEHA FARAE 3] Y8le] HSTE A
A8 A. mali, A. kikuchiana, A. longipes, A. alternata f.
sp. lycopersici = 4°22] Alternariad=}; v HA] A alt-
ernata, 18]35 BT O F A. brassicicolaE FA|E}]
RAPD £4]-& A Aslsict. HSTS AWM 1= Alternaria T
E& PCR 23| 95to] thepgo] g51om RAPD
$Ho2 ZeIRRIL ol Assiec. 2o o)
= FA|&F 7%2] primer % OPA-02 primer7} 7}&} A )3}
olt}. Alternaria spp.2H€] 4 RAPD band2] UPGMA
B2 Az}l HSTE WA= 4E9) Alternariad-5-& 9%

7S §ABAE el v YA A alternatas} s
e SARAE hehisict

ZAlel &

o] ERe YRFIAY YAPLATIA AN E
961-0603-024-2)2] A7u|2 $3% Axle] B}

11>,|_

25

1. Adachi, Y., Watanabe, H., Tanabe, K., Doke, N., Nishimu-
ra, S. and Tsuge, T. 1993. Nuclear ribosomal DNA as a
probe for genetic variation in Japanese pear pathotype of
Alternaria alternata. Appl. Environ. Microbiol. 59:3197-
3205.

2. Assigbetse, K. B., Fernandez, D., Dubois, M. P. and Geig-
er, J. P. 1994, Differentiation of Fusarium oxysporum f.
Sp. vasinfectum races on cotton by random amplified poly-
morphic DNA (RAPD) analysis. Phytopathology 84 :622-
626.

3. Crowhurst, R. N., Hawthorne, B. T., Rikkerink, E. H. A.
and Templeton, M. D. 1991. Differentiation of Fusarium
solani f. sp. cucurbitae races 1 and 2 by random am-
plification of polymorphic DNA. Current Genetics 20:
391-396.

4. Dieffenbach, C. W., and Dveksler, G. S. 1995. PCR Prim-
er: A Laboratory Manual. Cold Spring Harbor Laboratory
Press. NY. pp.53-62.

5. Kelly, A., Alcala-Jimenez, A. R., Bainbridge, B. W,
Heale, J. B., Perez-Artes, E. and Jimenez-Diaz, R. M.
1994. Use of genetic fingerprinting and random amplified
polymorphic DNA to characterize pathotypes of Fusarium
oxysporum f. sp. ciceris infecting chickpea. Phytopatho-
logy 84:1293-1298.

6. Kohmoto, K. 1987. Recent advances in studies of host-
specific toxins, with special reference to Alternaria toxins.
Korea J. Plant Pathol. 3 :43-53.

7. AL, SRS, X8I SIEE, MEE. 1997. Ribosomal
DNAY] ITS¢e 7| B 93} 7]|FEo|HE
A Alternaria spp.®] AEEFHH fdBA. VFW%E%
SO0 39(2): 19

8. Kuninaga, S. and Yokozawa, R. 1987. Taxomonic study
of plant pathogens on the basis of DNA sequence homol-
ogy. Ann. Phytopathol. Soc. Jpn. 53 : 368-369.

9. Kusaba, M. and Tsuge, T. 1994. Nuclear ribosomal DNA
variation and pathogenic specialization in Alternaria fungi
known to produce host-specific toxins. Appl. Environ. Mi-
crobiol. 60:3055-3062.

10. Lucas, G. B. 1971. Alternaria alternata, the correct name
for Alternaria tenuis and Alternaria longipes. Tobacco Sci-
ence 37:39-42.

11. Manulis, S., Kogan, N., Reuven, M. and Ben-Yephet, Y.
1994. Use of the RAPD technique for identification of
Fusariun oxysporum f. sp. dianthi from carnation. Phyto-
pathology 84 :98-101.

12. Neergaard, P. 1945. Danishi species of Alfernaria and
Stemphylium. Einar Munksgaard, Copenhagen. 560pp.

13. Nishimura, S. 1980. Host-specific toxins from Alternaria
alternata, problems and prospects. Proc. Japan Acad. 56B
1362-366.

14. Nishimura, S. and Kohmoto, K. 1983. Roles of toxins in
pathogenesis. pp.137-157. In: Toxins and Plant Pathogen-
esis, ed. by J. M. Daly and B. J. Deverall. Academic Press.
Australia.

15. Petrunak, D. M. and Christ, B. J. 1992. Isozyme vari-
ability in Alternaria solani and A. alternata. Phytopatho-
logy 82:1343-1347.

16. Rohlf, F. J. 1988. NTSYS-pc:Numerical taxonomy and
multivariate analysis system. Version 1.70. Exeter Software,
Setauket, NY.

17. Sambrook, J., Fritsch, E. F. and Maniatis, T. 1989. Molec-
ular Cloning: A Laboratory Manual, 2nd ed. Cold Spring



98 gl gl ehs|a) A 144, Al 1%, 1998

Harbor Laboratory Press. Cold Spring Harbor, NY.

18. Simmons, E. C. 1981. Alternaria themes and variations.
Mycotaxon 13(1) : 16-34.

19. Welsh, J., and McClelland, M. 1990. Fingerprinting gen-
omes using PCR with arbitrary primers. Nucleic Acids
Research 18(24):7213-7218.

20. White, B. A. 1993. PCR Protocols : Current Methology
and Applications. Humana Press. Totowa, New Jersy. pp.
195-198.

21. Williams, J. G. K., Kubelik, A. R., Livak, K. I., Rafaiski,
J. A. and Tingey, S. V. 1990. DNA polymorphisms am-
plified by arbitrary primers are useful as genetic markers.
Nucleic Acids Research 18(22) : 6531-6535.

22. Yu, S. H. 1992. Occurrence of Alternaria species in coun-
tries of the far east and their taxonomy. In:Alternaria:
Biology, Plant Diseases and Metabolites, ed. by J. Chel-
kowski and A. Visconti. pp.37-62. Elsevier, Amsterdam.

(Received January 16, 1998)



