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Molecular Characterization of Small-Spored Alternaria Species
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To establish taxonomic system of morphologically similar species of small-spored Alternaria, phylogenetic
analysis of internal transcribed spacer (ITS 1, ITS 2 and 5.8S rDNA) and mitochondrial small subunit (mt
SSU) rDNA sequences and URP-PCR fingerprinting analysis from 11 species of Alternaria were performed.
Phylogenetic analysis of ITS and mt SSU rDNA sequences revealed that 10 out of 11 species of the small-
spored Alternaria were phylogenetically identical with a bootstrap value of 100%. A. infectoria only was phy-
logenetically differentiated from the other species. The results suggest that the 10 small-spored Alfernaria spe-
cies are very closely related evolutionally and the markers can not be used for differentiation of the small-
spored Alternaria species. URP-PCR fingerprinting analysis from eleven species of small-spored Alternaria
using 10 URP primers showed that it was possible to differentiate the species, although genetic similarities
were found among the species. The Alternaria sp. from common pokeweed could be distinguished from other
species by URP-PCR analysis, and it was considered as a new species. A. infectoria could be easily distin-
guished from the other 10 species by phylogenetic analysis of ITS and mt SSU rDNA sequences and the URP-
PCR fingerprinting analysis.
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Table 1. Isolates of small-spored Alternaria species used in this study

Speci Isolat Host Origin
pecies solate o Source* Isolated location
AK-11 Pyrus serotina cv. Nijisseiki CNU Daejeon, Korea
AK-21 Pyrus serotina cv. Nijisseiki CNU Daejeon, Korea
AK-42 Pyrus serotina cv. Nijisseiki CNU Daejeon, Korea
K-1 Pyrus serotina cv. Nijisseiki TU Tottort, Japan
K-2 Pyrus serotina cv. Nijisseiki TU Tottori, Japan
K-3 Pyrus serotina cv. Nijisseiki TU Tottori, Japan
A. gaisen K-4 Pyrus serotina cv. Nijisseiki TU Tottori, Japan
K-5 Pyrus serotina cv. Nijisseiki TU Tottori, Japan
No.I5A Pyrus serotina cv. Nijisseiki TU Tottori, Japan
0-274 Pyrus serotina cv. Nijisseiki TU Tottori, Japan
0-275 Pyrus serotina cv. Nijisseiki TU Tottori, Japan
CNU-SS704 Pyrus serotina cv. Nijisseiki CNU Chonnam, Korea
CNU-SS706 Pyrus serotina cv. Nijisseiki CNU Chonnam, Korea
IFO-8984 Malus pumila var. dulcissima IFO Unknown
AM-17 Malus pumila var. dulcissima CNU Chungnam, Korea
AM-22 Malus pumila var. dulcissima CNU Chungnam, Korea
AM-28 Malus pumila var. dulcissima CNU Chungnam, Korea
M-69 Malus pumila var. dulcissima TU Tottori, Japan
A mali M-70 Malus pumila var. dulcissima TU Tottori, Japan
’ M-71 Malus pumila var. dulcissima TU Tottori, Japan
M-72 Malus pumila var. dulcissima TU Tottori, Japan
M-88 Malus pumila var. dulcissima TU Tottori, Japan
M-89 Malus pumila var. dulcissima TU Tottori, Japan
0-153 Malus pumila var. dulcissima TU Tottori, Japan
0O-T-M1 Malus pumila var. dulcissima CNU Daejeon, Korea
IMI-289679 Unknown ™1 Unknown
IMI-79630 Unknown IMI Unknown
IBT-8398 Unknown IBT Unknown
IBT-8400 Unknown IBT Unknown
CNU-A005 Oryza sativa CNU Chonnam, Korea
CNU-A006 Oryza sativa CNU Chonnam, Korea
CNU-A007 Oryza sativa CNU Chonnam, Korea
CNU-A013 Cosmos bipinnatus CNU Gyeongbuk, Korea
A tenuissima CNU-AO14 Cosmos bipinnatus CNU Gyeongbuk, Korea
' CNU-AQ15 Cosmos bipinnatus CNU Gyeongbuk, Korea
CNU-A017 Hibiscus syriacus CNU Gyeongbuk, Korea
CNU-A020 Hibiscus syriacus CNU Gyeongbuk, Korea
CNU-A030 Fragaria x ananassa CNU Chungnam, Korea
CNU-AD3] Fragaria x ananassa CNU Chungnam, Korea
CNU-A032 Fragaria x ananassa CNU Chungnam, Korea
CNU-AD67 Oryza sativa CNU Chonnam, Korea
STR N-1 Unknown CNU Unknown
O-T-L Unknown CNU Unknown
AT-204 Nicotiana tabacum CNU Daejeon, Korea
AT-246 Nicotiana tabacum CNU Daejeon, Korea
AT-2a-1 Nicotiana tabacum CNU Daejeon, Korea
A. longipes AT-2b-1 Nicotiana tabacum CNU Daejeon, Korea
AT-34b Nicotiana tabacum CNU Daejeon, Korea
AT-3b-1 Nicotiana tabacum CNU Daejeon, Korea
0-205 Nicotiana tabacum TU Tottori, Japan
CNU-A082 Citrus unshiu CNU Cheju, Korea
CNU-A083 Citrus unshiu CNU Cheju, Korea
A. citri CNU-A084 Citrus unshiu CNU Cheju, Korea
CNU-A085 Citrus unshiu CNU Cheju, Korea
CNU-A086 Citrus unshiu CNU Cheju, Korea
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Table 1. Continued
. Origin
Species Isolate Host -
Source® Isolated location
IBT-8410 Lycopersicon esculentum IBT Unknown
IBT-8414 Lycopersicon esculentum IBT Unknown
A arborescens 0-227 Lycopersicon esculentum TU Nagoya, Japan
) ’ 0-228 Lycopersicon esculentum TU Nagoya, Japan
0-229 Lycopersicon esculentum TU Nagoya, Japan
As-27 Lycopersicon esculentum TU California, USA
A. infectoria IBT-8418 Unknown IBT Unknown
) IBT-8423 Unknown IBT Unknown
CNU-A008 Nelumbo nucifera CNU Kangwon, Korea
CNU-A063 Nelumbo nucifera CNU Chonbuk, Korea
A, nelumbii CNU-A064 Nelumbo nucifera CNU Chonbuk, Korea
) CNU-A087 Nelumbo nucifera CNU Chonbuk, Korea
CNU-A(88 Nelumbo nucifera CNU Chonbuk, Korea
CNU-A089 Nelumbo nucifera CNU Chonbuk, Korea
CNU-A048 Gossypium indicum CNU Chungnam, Korea
A. gossypina CNU-A049 Gossypium indicum CNU Chungnam, Korea
) CNU-A050 Gossypium indicum CNU Chungnam, Korea
CNU-A051 Gossypium indicum CNU Chungnam, Korea
CNU-A068 Phytolacca esculenta CNU Daejeon, Korea
CNU-A069 Phytolacca esculenta CNU Daejeon, Korea
Alternaria sp CNU-A070 Phytolacca esculenta CNU Daejeon, Korea
) CNU-A071 Phytolacca esculenta CNU Daejeon, Korea
CNU-A072 Phytolacca esculenta CNU Daejeon, Korea
CNU-A073 Phytolacca esculenta CNU Dagjeon, Korea
EGS 35-193 Unknown ScC Unknown
IMI-147909 Unknown IMI Unknown
IMI-89343 Unknown MI Unknown
CNU-AQ79 Allium monanthum CNU Kangwon, Korea
CNU-NI701 Pyrus serotina cv. Nijisseiki CNU Chonnam, Korea
CNU-NI715 Pyrus serotina cv. Nijisseiki CNU Chonnam, Korea
CNU-NI716 Pyrus serotina cv. Nijisseiki CNU Chonnam, Korea
CNU-HW703 Pyrus serotina CNU Chonnam, Korea
A aliernata CNU-HW704 Pyrus serotina CNU Chonnam, Korea
) CNU-HW712 Pyrus serotina CNU Chonnam, Korea
CNU-SS701 Pyrus serotina CNU Chonnam, Korea
CNU-SS702 Pyrus serotina CNU Chonnam, Korea
CNU-S8703 Pyrus serotina CNU Chonnam, Korea
CNU-S8705 Pyrus serotina CNU Chonnam, Korea
CNU-HR701 Malus pumila var. dulcissima CNU Kyounggi, Korea
CNU-HR702 Malus pumila var. dulcissima CNU Kyounggi, Korea
CNU-HR703 Malus pumila var. dulcissima CNU Kyounggi, Korea
CNU-HR704 Malus pumila var. dulcissima CNU Kyounggi, Korea
A. brassicicola 0-264 Brassica campestris ssp. pekinensis TU Tottori, Japan
A. porri AP-934 Allium fistulosum CNU Daejeon, Korea
A. brassicae L-1 Brassica campestris subsp. CNU Daejeon, Korea

napus var. pekinensis

*CNU, Laboratory of Plant Pathology, Chungnam National University, Daejeon, Korea; TU, Laboratory of Plant Pathology, Tottori University,
Tottori, Japan; IFO, Institute for Fermentation, Osaka, Japan; IMI, International Mycological Institute, Surrey, UK; IBT, Institute of Biotechnol-
ogy, Denmark; SCC, Simmons Culture Collection, USA.
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Fig. 1. Neighbor-joinig tree based on ITS/5.8S rDNA sequences
showing relationships among small-spored Alternaria species.
The percentage numbers below each branch indicate the levels of
bootstrap support for the branch point based on 1000 resamplings.
The bar represents 0.01 substitutions per site.
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Fig. 2. Neighbor-joinig tree based on mitochondrial SSU rDNA
sequences showing relationships among small-spored Alternaria
species. The percentage numbers below each branch indicate the
levels of bootstrap support for the branch point based on 1000
resamplings. The bar represents 0.01 substitutions per site.
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Fig. 3. PCR fingerprinting patterns of small-spored Alternaria species amplified by primers URP-04 (A), URP-06 (B), and URP-11 (C):
Ag; A. gaisen, Am; A. mali, Ate; A. tenuissima, Alo; A. longipes, Ac; A. citri, Aar; A. arborescens, Ai; A. infectoria, An; A. nelumbii,
Ago; A. gossypina, Asp; A. sp., Aa; A. alternata. Group O are out group species as A. brassicicola, A. porri, and A. brassicae, respec-

tively. Molecular weight marker are | kb DNA ladder.
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Fig. 4. UPGMA dendrogram of 97 small-spored Alternaria isolates based on band similarity. The scale on the bottom indicates the simple
matching similarity coefficients obtained from URP-PCR data in the cluster analysis.
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