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Table 1. Sources of fungal materials and sequence database accession numbers

Original Host plant Location GenbBank
fungal name of Accession No.
collection

Erysiphe. aquilegiae Ranunculus constantinopolitanus Gilan AB104523
E. betae Beta vulgaris Karaj AB104516
E. buhrii Acanthophyllum sp. Karaj AB128924
E. cichoracearum Cichorium intybus Gilan AB077695
E. cichoracearum Tragopogon sp. Esfahan AB077694
E. circaeae Circaea lutetiana Gilan AB104517
E. convolvuli Convolvulus arvensis Gilan AB104518
E. galii Phuopsis stylosa Gilan AB104525
E. heraclei Pimpinella affinis Gilan ABI104513
E. heraclei Torilis cf. leptophyla Gilan AB104514
E. heraclei Bifora testiculata Gilan AB104464
E. heraclei Conium maculatum Gilan AB104510
E. heraclei Daucus earrota Gilan ABL04511
E. heraclei Eringium caucasicum Gilan AB104512
E. orontii Cucurbita sp. Gilan ABO077696
E. orontii Valerianella cf. uncinata Gilan AB077693
E. pisi Medicago sativa Gilan AB104519
E. Polygoni Polygonum sp. Gilan AB104522
E. urticae Urtica dioica Gilan AB104524
Microsphaera alhagi Alhagi sp. Gilan AB104463
M. astragali Astragalus sp. Gilan AB104515
M. multappendicis Berberis vulgaris Gilan AB104520
M. trifolii Trifolium pratense Gilan AB104521
Leveillula taurica Peganum harmala Gilan AB045149
Leveillula sp. Chondrilla juncea Gilan AB045109
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Table 2. Matrix of percentage distance among ITS region from 19 Erysiphe s.lat. species
species 1 2 3 4 5 6 qf 8 9 10 11 12 13 14 15 16 17 18
E. heraclei Pimpinella
E. heraclei Daucus 0.4
E. heraclei Torilis 0.2 0.2
E. heraclei Bifora 0.4 04 0.2
E. heraclei Conium 0.7 0.7 0.5 0.7
E. heraclei Eringium 0.9 0.9 0.9 0.9 0.9
E. Polygoni 1.8 1.8 1.6 1.8 1.8 20
E. buhrii 1.3 11:3 151 1.8 1.6 1.1 1.6
E. betae 2:9: O 2.7 25 2.5 2.9 34 29
E. convolvuli 6.3 6.3 6.1 5.9 6.3 6.6 12 6.5 52
E. aqulegiae 5.8 5.8 5.6 58 5.4 54 5.8 58 44 74
E. circaeae 6.0 6.0 5.8 6.0 5.6 5.6 6.0 5.6 4.5 7.6 0.5
E. pisi f r T i) TaT AL) 7.5 85 78 83 102 6.6 6.8
E. urticae 7.4 7.4 72 7.4 79 7.8 83 73 7.8 9.8 83 85 9.8
E. galii 20.5 208 1 20.5 % 20.3040 20000 w207 ~ 2077 19.8 19:5 224 7203 203 22:00 205
E. cicho Cichorium 19.5 195 19.7 19.5 19.9 19.9 19.9 19.9 19.65, 21.8 200 20.1 20.7 17.6 18.7
E. cicho Tragopogon 19.1 19:° 0 193 (191 189 195 195 193 S410.0% 212 930 KO3 10 18,9 176, B4
E. orontii Crcurbita 19.7 107 188 I8P RS0 ] 19.1 189 1877 20.8 1897 189 4194 485 1738 238 1.2
E. orontii Valerianella 18.7 18.7 18.9 18.7 18.5 19.1 19.9 18.9 18.7 204 18.9 18.9 19.6 18.7 17.3 k2 1.6 0.8
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Table 3. Matrix of percentage sequence divergence among ITS region from 12
Erysiphe and 4 Microsphaera species

species M. trifolii M. multappendicis M. alhagi M. astragali
E. heraclei daucus 4.00 4,10 3.60 3.20
E. polygoni 430 4.70 4.00 3.60
E. buhrii 3.80 3.90 3.40 3.10
E. betae 2.50 2.30 2.50 2.00
E. convolvuli 6.50 6.10 6.10 5.60
E. aquilegiae 5.30 5.50 5.50 5.10
E. circaeae 5.50 5.60 5.70 5.30
E. pisi 7.90 8.70 8.00 7.80
E. urticae 8.00 8.70 8.40 8.00
E. galii 20.30 21.40 20.50 20.60
E. cichoracearum 20.30 21.70 20.50 20.40
E. orontii Valeraniella 19.30 20.70 19.60 19.40
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Fig.1. A strict consensus of 4 equally parsimonious trees. The numbers above the
branches indicate bootstrap values based on 1000 replications. The tree length is

506, the consistency index (CI) is 0.79, the retention index (RI) is 0.84 and the
rescaled consistency index (RC) is 0.67.
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Abstract

To study the phylogenetic relationships between Erysiphe s. lat. and
Microsphaera, the nucleotide sequences of internal transcribed spacers of DNA
including 5.8S rDNA gene were determined for 23 taxa. The results showed that
Erysiphe. section Erysiphe and Microsphaera are closely related and clustered
together with strong bootstrap support (100%). All of taxa belonging to this group
produce conidia singly. Whereas, these genera are distinguished by the morphology
of appendages which is dichotomously branched in Mierosphaera and mycelioid in
Erysiphe. Erysiphe. sect. Golovinomyces and Erysiphe. sect. Galeopsidis, both of
which are well characterized by conidia produced in chains, formed two different
groups. The percentages of sequence divergence ranged from 2 to 7.8% between
Microsphaera and Erysiphe. sect. Erysiphe. In contrast, there was high diversity
between E. sect. Erysiphe and two other Erysiphe sections (18.5-22.4%). Morcover,
divergence between E. sect. Golovinomyces and Erysiphe. sect. Galeopsidis was

also high (17.3-18.7%), which is similar to those between distantly related genera.

1. Corresponding author
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These results show that Erysiphe. sect. Erysiphe is closely related to Microsphaera

more than to two other sections of Erysiphe.
Key words: Erysiphe, Microsphaera, Phylogeny, Powdery mildew, rDNA sequences

Introduction

The fungi belonging to the traditional genera Erysiphe and Microsphaera are
important plant pathogens which obligately parasitize a wide range of plant species,
and belong to the family Erysiphaceae (Ascomycota: Erysiphales). These genera are
distinguished from one another by the morphology of appendages which is
dichotomously branched in Microsphaera and mycelioid in Erysiphe. However,
there are several species having intermediate appearance of appendages, which have
been regarded as intermediates between Erysiphe and Microsphaeara. BRAUN
(1981) divided Erysiphe s. lat. into three sections based on the anamorphic features,
i.e., section Erysiphe (conidia produced singly and lobed appressoria), section
Golovinomyces (conidia produced in chains and nipple-shaped appressoria), and
section Galeopsidis (conidia produced in chains and lobed appressoria). Section
Galeopsidis has been regarded as an intermediate between sections Erysiphe and
Golovinomyces by some authors (BRAUN 1987).There have been some debates on
the identity of Erysiphe s. lat. as a single genus. Some authors split Erysiphe into at
least two genera. On the other hand, Microsphaera, which produces conidia singly
and has lobed appressoria, has been considered to be closely related to Erysiphe
section Erpsiphe (BRAUN 1981, 1987). The rDNA diversity has recently been used
for phylogenetic analysis of several powdery mildew fungi including Erysiphe and
Microsphaera (HIRATA and TAKAMATSU 1996, SAENZ and TAYLOR 1999,
TAKAMATSU et al. 1999). According to these studies, Erysiphe s. lat. does not
:form a monophyletic group and E. section Erysiphe clusters with the genus
Microsphaera. In this study, phylogenetic relationships between these fungi based

on rDNA ITS sequences using [ranian isolates-are reinvestigated.
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Material and methods
Sample sources:

A total of 23 Iranian powdery mildew isolates were sequenced in this study,
with two outgroup species from the genus Leveillula. Fungi used in this study, their
original hosts, localities and accession number of the nucleotide sequence data bases

(DDBJ, EMBL, and GenBank) are given in Table 1.

DNA extraction and PCR amplification:

Whole cell DNA was isolated from cleistothecia or mycelia using the
Chelex method (HIRATA & TAKAMATSU 1996). About 25 cleistothecia ora
piece of mycelia were added to 300 pl of 5% Chelex (Bio-Rad) in a 1.5 ml
microcentrifuge tube and incubated at 56C for several hours. Then the tubes were
incubated in a boiling water bath for 8 minutes. The extract was mixed vigorously
and incubated in boiling water bath agajn. After mixing, the Chelex solution was
centrifugated at 15000 g for 5 min. 10 pl of supernatant were used as template DNA
for first polymerase chain reaction (PCR). The region spanning ITS1, 5.8S and ITS2
of the rDNA was amplified twice by the PCR using nested primer sets. The primer
pairs viz., ITS5/P3 and ITS1/P3 were used for first and second PCR amplifications,
respectively (HIRATA & TAKAMATSU 1996).

DNA sequencing:

Whole cell DNA was extracted from cleistothecia or mycelia using the
Chelex method (HIRATA & TAKAMATSU 1996). The region spanning ITS1, 5.8S
and ITS2 of the rDNA was amplified twice by the PCR using nested primer sets.
The primer pairs viz., ITS5/P3 and ITSI/P3 were used for first and second PCR
amplifications, respectively (HIRATA & TAKAMATSU 1996). Nucleotide
sequences of the PCR products were obtained for both strands using direct
sequencing in an Applied Biosystems 373A sequencer. The sequence reactions were
conducted using the Prism Dye Terminator Cycle Sequencing Ready Reaction Kit
(Applied Biosystems) following the manufacture’s instruction. The primers, ITS1,
T4, T3 (HIRATA & TAKAMATSU 1996) and 1TS4 (WHITE et al. 1990) were

used for the sequencing in both directions.
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Data analysis:

The obtained sequences were initially aligned using the Clustal V package
(HIGGINS et al. 1992). The data were analyzed using the parsimony and
distance methods by PAUP v.4.0b4a (SWOFFORD 2000). In distance method,
a neighbour-joining (NJ) tree was obtained using Kimura’s two-parameter distance
(KIMURA 1980). The most parsimonious (MP) trees were found with a heuristic
search. ~ All nucleotide substitutions were equally weighted and unordered.
Alignment gaps were treated as missing information. The strength of the internal
branches from the resulting trees were tested by bootstrap analysis (FELSENSTEIN
1985) using 1000 replications.

Results
Divergence between ITS1-5.8 S-1TS2 sequences:

Pair-wise percentages of sequence divergence of the ITS-5.8S-ITS?2 region
were calculated using PAUP for 23 isolates (Tables 2, 3). Within Erysiphe s. lat.
species, the sequence divergence between pairs of taxa ranged 0.20 to 22.40%.
E. galii (representative of E, sect. Galeopsidis) showed 17.30% to 22.40% sequence
divergence when compared with all of other Erysiphe species. Erysiphe
cichoracearum and E. orontii (representatives of £, sect. Golovinomyces) were also
highly divergent compared with all of the other Erysiphe species (17.30 % -
21.80 %). The sequence divergence between Microsphaera and E. sect. Erysiphe
was  2.00%-8.70% which is similar to those within respective genera, whereas
Microsphaera showed high sequence divergence with E. sect. Galeopsidis and
E. sect. Golovinomyces (19.40%-21.70%).

Phylogenetic analysis:

Figure 1 shows a strict consensus free of four equally parsimonious trees
obtained by the maximum parsimony (MP) method using PAUP v.4.0bda, A similar
tree topology was obtained by the neighbor-joining method (Data not shown here).
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Discussion

The present result indicated that E. sect. Erysiphe and Microsphaera form a
clade with strong support (100%) of bootstrap analysis. All taxa of this group share
an anamorph belonging to Oidium subgenus Pseudoidium (COOK et al., 1997)
which produces conidia singly. Moreover, Microsphaera and E. sect. Erysiphe link
with some morphologically intermediate species. All of these evidences clearly
indicate that Microsphaera and E. sect. Erysiphe are closely related to each other
and cannot be separated into independent lineages. E. galii (E. sect. Galeopsidis)
occupied basal position to the Microsphaera-E. sect. Erysiphe group with 70%
bootstrap value in MP method. E. cichoracearum and E. orontii (both from £. sect.
Golovinomyces) formed a separate group supported with 100% bootstrap value in
MP method. As stated above, BRAUN (1981) divided the genus Erysiphe into three
sections. In a recent taxonomic treatment of powdery mildew, BRAUN &
TAKAMATSU (2000) accepted two genera, i.e., Golovinomyces and Neoerysiphe
for E. section Golovinomyces and E. section Galeopsidis, respectively. Moreover,
they considered Microsphaera and some other closely related genera could be
congeneric with E. section Erysiphe. The present analysis well coincides with the
results of some authors (SAENZ & TAYLOR 1999, TAKAMATSU et al. 1999)
showing that the three Erysiphe sections are phylogenetically distantly related to

each other.

To look at the figure and tables, please refer to the Persian text
(pages: Y-\ Y).
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