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ABSTRACT

Soybean powdery mildew (Erysiphe diffusa) was considered a minor disease in Brazil in the decades immediately after its
identification. However, since the outbreak in 1996/97 in all cultivated areas the disease has become a constant threat to farmers and losses
of up to 25% have been reported. The report of a new species, E. glycines, infecting soybean in Japan, and the occurrence of the disease in
other plant species (Phaseolus vulgaris, Helianthus annuus, Sonchus oleraceus, Hypochaeris brasiliensis, and Bidens pilosa) commonly
found growing nearby soybean fields, raised questions in relation to the taxonomy of the powdery mildew strains found in or around
soybean fields in Brazil. Analysis of the internal transcribed sequence (ITS) of the rDNA was undertaken to ascertain the pathogen species
associated to each of the hosts. Powdery mildew strains isolated from Glycine max were identified as E. diffusa. Strains from P. vulgaris
were very similar to E. diffusa, with 4 nt differences, and differed from Erysiphe poligony by 11 nt. Strains from H. annuus and S. oleraceus
grouped with the species Golovinomyces cichoracearum, while strains from H. brasiliensis and B. pilosa were similar to Podosphaera fusca
and Neoerysiphe cumminsiana, respectively. To our knowledge this is the first molecular identification of powdery mildew in Brazil based
on rDNA sequence comparison. In addition, this study presented evidence for the occurrence of N. cumminsiana in America.
Keywords: PCR, sequencing.

RESUMO
Caracterizacdo de isolados de oidio de soja, feijdo, girassol e plantas daninhas no Brasil usando sequéncias de rDNA-ITS

O oidio da soja, causado por Erysiphe diffusa, foi considerado uma doenga de menor importancia, desde a sua identificacdo no
Brasil. Entretanto, apds o surto na safra de 1996/97, em todas as areas cultivadas, a doenga tornou-se uma ameaca constante para os
agricultores, com perdas relatadas de até 25%. A identificagdo de uma nova espécie (E. glycines) no Japdo e a ocorréncia em outras espécies
de plantas comumente encontradas proximas a campos de soja (Phaseolus vulgaris, Helianthus annuus, Sonchus oleraceus, Hypochaeris
brasiliensis e Bidens pilosa) levantou questdes em relagdo a taxonomia dos oidios encontrados nas lavouras. Analises moleculares da regido
espacadora interna transcrita (ITS) do rDNA foi utilizada para a identificagdo molecular das espécies presentes em cada planta hospedeira.
Oidios isolados de soja (Glycine max) foram identificados como E. diffusa. Isolados de feijao (P. vulgaris) foram similares a E. diffusa,
com 4 nt diferentes, e diferiram de E. poligony em 11 nt. Isolados de H. annuus e S. oleraceus agruparam-se com a espécie Golovinomyces
cichoracearum, enquanto isolados de H. brasiliensis e B. pilosa foram similares a Podosphaera fusca e Neoerysiphe cumminsiana,
respectivamente. Ao nosso conhecimento esta ¢ a primeira identificagdo molecular de oidios no Brasil, através da comparagéo de seqiiéncias
de rDNA. Esta também ¢é uma evidéncia da ocorréncia de N. cumminsiana na América.
Palavras-chaves: PCR, sequenciamento.

INTRODUCTION

Powdery mildew is an obligate plant parasite that is
very common in cultivated crops such as soybean, sunflower
and bean, and also on weeds growing in or around cropped
fields. Some species are host-specific, while others can infect
a wide range of plant species. Soybean powdery mildew
was first observed in Germany in 1921 (Wahl, 1921) and is
currently distributed worldwide (Grau, 1984). In Brazil, the
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disease was considered of secondary importance (Ferreira
et al., 1979). However, an outbreak in the 1996/97 growing
season and the countrywide occurrence of the disease resulted
in high losses in susceptible cultivars, such as ‘BR-16, the
most widely grown variety in Brazil at that time. Currently,
the disease is not as severe as in 1996/97. A similar fact was
reported for soybean powdery mildew epidemics in USA
(Grau, 1984). Nevertheless, the disease continues to be a
threat and requires usage of resistant cultivars.

Tropical Plant Pathology 33 (1) January - February 2008



Characterization of powdery mildews strains from soybean, bean, sunflower...

Powdery mildew is commonly found in crops such
as bean, soybean and sunflower, as well as in weeds such
as Sonchus oleraceus L., Hypochaeris brasiliensis (Less)
Griseb, and Bidens pilosa L. The main questions that
triggered this study were: 1- which species were infecting
those plants; 2- which species was really infecting soybean,
since the report by Takamatsu et al. (2002) describes the
occurrence of two species on this crop.

The present work was undertaken to determine
whether strains of powdery mildew from soybean and other
crops and weeds growing close to the commercial fields
in Brazil were similar to either of the groups previously
identified in Japan (Takamatsu et al., 2002), by comparison
of nucleotide sequences of the internal transcribed spacer
region (ITS) DNA.

MATERIAL AND METHODS

Sample sources and DNA extraction. Infected leaves with
dense mycelia were collected from soybean (Glycine max
L. Merr.), sunflower (Helianthus annuus L.), common bean
(Phaseolus vulgaris L.), Sonchus oleraceus L., Hypochaeris
brasiliensis (Less) Griseb., and Bidens pilosa L. at different
locations in Brazil (Table 1) and used to infect the original
hosts cultivated in greenhouse. Only ten out of 65 soybean
strains, randomly chosen from among the strains from each
collection region, were used in this work. Mycelia and conidia
were transferred to healthy leaves with a small brush and
the inoculated plants kept inside a PVC transparent cage to
avoid contamination. A single colony from each pathosystem
was used for successive inoculations. The new colonies
were scraped from the leaf surface with a small brush and
water and used for DNA extraction. After centrifugation,
the pellet containing mycelia and conidia was crushed on
liquid nitrogen and treated with CTAB extraction buffer
(50mM Tris-HCI, pH 8.0, 100 mM NaCl, 10 mM EDTA, 2%
hexadecyltrimethyl-ammonium bromide-CTAB), followed
by phenol/chloroform purification, precipitated with
ethanol and stored at -80°C (Almeida et al., 2003). DNA
concentration was determined through spectrophotometer
and stored at —20°C.

PCR of rDNA ITS region and sequencing. The nuclear
rDNA region including the internal transcribed spacer
regions (ITS 1, 5.8S rRNA gene and ITS 2) was amplified
with primers ITSS and ITS4 (White ef al., 1990) in a
Perkin Elmer 9600 thermocycler. Amplification reactions
were performed in 50 pL-volumes containing 10 mM
Tris-HCI (pH 8.3), 50 mM KCI, 2.5 mM MgCl,, 200 pM
each deoxynucleoside triphosphate, 0.5 uM each primer
(ITSS and ITS4), 10 ng of genomic DNA and 2.5 U Taq
DNA polymerase. Temperature parameters were 94° C for
DNA denaturation, 3 min for the first cycle and 1 min
for the remaining cycles, 45° C for 1 min for primer
annealing, and 72° C for 2 min for primer extension with
atotal of 35 cycles. Amplified products were analyzed by
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electrophoresis in 1.2% agarose gel and visualized after
staining with ethidium bromide. The amplified fragment
was excised from the gel and cloned using TOPO TA kit
(Invitrogen®). Sequencing was performed by the chain-
termination method using the ABI Big Dye Terminator
Cycle sequencing kit v 2.0 (Applied Biosystems®) on an
ABI PRISM model 3100 DNA sequencer.

Data analysis. Homologous sequences from the NCBI
GenBank database, from relevant species, were included in
the analysis: Erysiphe cumminsiana (U. Braun) U. Braun,
Golovinomyces cichoracearum DC., Golovinomyces
cichoracearum DC., Oidium sp., Podosphaera fusca (Fr.)
U. Braun & N. Shishkoff, Erysiphe glycines Tai, Erysiphe
betae and Erysiphe polygoni DC (Accession Numbers
in Table 1). DNA fragments were aligned by means
of ClustalW (Thompson et al., 1994) and a neighbor-
joining phylogenetic tree was constructed from Kimura
2-parameter pairwise distances using the Molecular
Evolutionary Genetics Analysis software MEGA 3.1
(Kumar et al., 2004). The consistency of phylogenetic
resolution was supported by a bootstrap analysis using
1,000 replicates. Pairwise number of differences were
calculated for ITS 1 and ITS 2. Indels and gaps were
treated as missing data.

RESULTS

There were differences in PCR fragment sizes
among the samples. Single bands were consistently
amplified for all strains. Sequences ranged from 587
bp (strain from H. brasiliensis) to 671 bp (strain from
G. max). Sequences from all ten soybean strains were
identical. The numbers of pairwise differences, with
regard to the ITS-rDNA region, among the 16 strains (ten
from soybean and one from each of the six weed species)
were compared together and with other homologous
sequences from the NCBI GenBank database (Table 2).

The sequences of all strains from soybean were
identical to that of the species Oidium sp., which is likely
to be Erysiphe diffusa (Cooke & Peck) U. Braun & S.
Takamatsu, formerly known as Microsphaera diffusa
(Cooke & Perk) (Takamatsu et al., 2002). All major
clades in the phylogenetic tree have high bootstrap values,
suggesting that the results are strongly supported (Fig. 1).
A major clade I (bootstrap value of 100%) grouped all the
strains from soybean, Oidium sp. (several strains) and the
strain from Lupinus albus with 100% of identity. This clade
also grouped the Erysiphe sp. found in common bean (P,
vulgaris), E. glycines (AB015923), E. betae (DQ164440)
and E. polygoni (AF011308); the last is reported as a causal
agent of powdery mildew of common bean.

The second major clade (II) grouped the strain from
B. pilosa (AY739108) and E. cumminsiana (AF011299)
also with a bootstrap value of 100%. The third clade
grouped the strain from H. annuus (AY739110) and S.
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TABLE 1 - Powdery mildews used in this study with respective host plants and collection locations. Accession number
of IDNA ITS sequence are specified. Sequence data of powdery mildews entries collected outside of Brazil were obtained
form NCBI GenBank database

GenBank Species Host Location (City/State)  Country of
accession No. origin
EF196668 Erysiphe diffusa strain OIGma 3 Glycine max Londrina, Parana Brazil
AY739112 Erysiphe diffusa Glycine max Floresta, Parana Brazil
EF196675 Erysiphe diffusa strain OlGma 10  Glycine max Passo Fundo, Rio Grande Brazil
do Sul
EF196667 Erysiphe diffusa strain OIGma 2 Glycine max Cambé, Parana Brazil
EF196674 Erysiphe diffusa strain OIGma 9  Glycine max Uberaba, Minas Gerais Brazil
EF196673 Erysiphe diffusa strain OlGma 8  Glycine max Guarapuava, Parana Brazil
EF196672 Erysiphe diffusa strain OlGma 7 Glycine max Coxilha, Rio Grande do ~ Brazil
Sul
EF196671 Erysiphe diffusa strain OlGma 6 ~ Glycine max Campo Mourdo, Parand ~ Brazil
EF196670 Erysiphe diffusa strain OlIGma 5 Glycine max Uberlandia, Minas Gerais  Brazil
EF196669 Erysiphe diffusa strain OIGma 4 Glycine max Rio Verde, Goias Brazil
EF196666 Erysiphe diffusa strain OILal Lupinus albus Londrina, Parana Brazil
AY739109 Erysiphe sp. Phaseolus vulgaris Londrina, Parana Brazil
AY739110 Golovinomyces cichoracearum Helianthus annuus Londrina, Parana Brazil
AY739111 Golovinomyces cichoracearum Sonchus oleraceous Londrina, Parana Brazil
AY739113 Podosphaera fusca Hypochaeris brasiliensis ~ Londrina, Parana Brazil
AY 739108 Neoerysiphe cumminsiana Bidens pilosa Londrina, Parana Brazil
ABO078813 Oidium sp MUMH1162 Glycine soja (Wild Gifu Japan
soybean)
AB015923 Erysiphe glycines var. glycines Lespedeza thunbergii Japan
AF011308 Erysiphe polygoni Rumex crispus USA
AB026148 Podosphaera fusca Taraxacum officinale Japan
ABO077642 Golovinomyces cichoracearum  Aster subulatus Nara, Yamato-koriyama  Japan
MUMH345
ABO077673 Golovinomyces cichoracearum  Sonchus arvensis Budapest Hungary
MUMH683
AFO011299 Erysiphe cumminsiana Eupatorium rugosum USA
EU159425 Podosphaera fusca Calendula officinalis Slovenia
AB046989 Podosphaera fusca Euryops pectinatus CA,Salinas USA
AB040332 Podosphaera fusca Melampyrum nemorosum
AF011292 Golovinomyces cichoracearum Ambrosia trifida
AB000934 Golovinomyces cichoracearum Eupatorium japonicum
AB015921 Erysiphe glycines var. lespedezae  Lespedeza cuneata
ABO078812 Oidium sp. SMK15414 Glycine soja (Wild Chunchon South Korea
soybean)
AB078811 Oidium sp. MUMH 1464 Glycine max [linois USA
ABO078810 Oidium sp. MUMH 1463 Glycine max Minnesota USA
AB078803 Oidium sp. MUMH878 Glycine max Nara Japan
AB078808 Oidium sp. SMK17078 Glycine max Chongju South Korea
AB078804 Oidium sp. MUMH 1452 Glycine max Shizuoka Japan
AB078802 Oidium sp. MUMH793 Glycine max Fukushima Japan
ABO078805 Oidium sp. MUMH1453 Glycine max Okayama Japan
AB078800 Oidium sp. MUMH791 Glycine max Oita Japan
AB078801 Oidium sp. MUMH789 Glycine max Kumamoto Japan
ABO078806 Oidium sp. MUMH1462 Glycine max Mie Japan
AB237809 Oidium sp. MUMH1183 Acacia mangium Japan
DQ164440 Erysiphe betae Sugar beet cv. Hilleshg Ontario, Oregon USA
2984Rz

oleraceus(AY739111)with Golovinomycescichoracearum bootstrap value of 91%, and the fourth clade was formed
(previously found in Aster subulatus, Sonchus arvensis, by Podosphaera fusca (AY739113) and the strains from
Ambrosia trifida, Eupatorium faponicum), supported by a H. brasiliensis, also with a bootstrap value of 100%.
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EF196673 Erysiphe diffusa OlGma 8 *
EF196671 E. diffusa OlGma 6 *
EF196672 E. diffusa OlGma 7 *
AB078803 Oidium sp. MUMH878
EF196667 E. diffusa OlGma 2 *
EF196668 E. diffusa OlGma 3 *
AY739112 E. diffusa*
AB078812 E. diffusa SMK15414
EF196674 E. diffusa OlGma 9 *
EF196675 E. diffusa OlGma 10 *
EF196670 E. diffusa OlGma 5 *
94 | AB078810 Oidium sp. MUMH1463
AB078806 Oidium sp. MUMH 1462
AB078809 Oidium sp. MUMH1451
AB078802 Oidium sp. MUMH793 |
AB078808 Oidium sp. SMK17078
AB078811 Oidium sp. MUMH 1464
AB078800 Oidium sp. MUMH791
EF196669 E. diffusa OlGma 4 *
AB078804 Oidium sp. MUMH 1452
AB078801 Oidium sp. MUMH789
AB078813 Oidium sp. MUMH1162
100 AB078805 Oidium sp. MUMH1453
EF196666 E. diffusa OlLal *
L— AY739109 E. sp. *

99 r AB015923 E. glycines var. glycines

AB015921 E. glycines var. lespedezae
49 DQ164440 E. betae
59 AF011308 E. polygoni
100 AY739108 Neoerysiphe cumminsiana*®
[ 1

| AF011299 Erysiphe cumminsiana
100 |AY739111 Golovinomyces cichoracearum™*
9 4' AB077673 G. cichoracearum MUMH683
91 ABO077642 G. cichoracearum MUMH345 m

o AF011292 G. cichoracearum
26— AY739110 G. cichoracearum™
31/ AB000934 G. cichoracearum
AB040332 Podosphaera fusca MUMH774
00 AY739113 P. fusca *
AB026148 P. fusca \"
EU159425 P. fusca
89! AB046989 P. fusca MUMH813

60|

—
0.02

FIG. 1 - Unrooted phylogenetic tree based on rDNA ITS1 and ITS2 sequences showing the relationships among strains
of powdery mildew. The tree was constructed by the Neighbor-joining method, using the Kimura 2-parameter pairwise
distances. Topology was evaluated by bootstrap analysis (MEGA program, 1000 replications). The numerical values in the
tree represent bootstrap results. The distance between two strains is the sum of the branch lengths between them. Asterisk(*)
indicates Brazilian strains. Brackets indicate the clusters referred to in the text.

DISCUSSION and weed species commonly found in and around soybean
fields. Although the number of soybean strains used in this
This study describes the first molecular identification, work may be considered low (ten out of 65 strains) they were

based on rDNA-ITS sequences, of four species of powdery collected in different geographical regions including those
mildew in Brazil (E. diffusa, G. cichoracearum, P. fusca where severe outbreaks occurred and also from traditional
and N. cumminsiana) naturally infecting cultivated plants areas. This study, based on ITS-rDNA sequence analysis,
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showed that the only species so far identified on soybean
in Brazil was E. diffusa. An additional phylogeographic
research has been planned to evaluate the genetic diversity
through RAPD or AFLP, using a larger number of strains.
This research may help to provide an explanation for the
outbreak observed in 1996/97 and why a marginal discase
became important after that event. An acceptable hypothesis
is that the pathogen population changed substantially over the
years with the occurrence of more virulent strains capable of
infecting resistant cultivars. Unfortunately, the strains from
the 1996/97 season were not available for comparison in this
study.

As mentioned by Takamatsu et a/. (2002), in Japan
the outbreak was caused by two species of powdery mildew
(E. diffusa and E. glycines), but the present study shows
that in Brazil the outbreak was caused by only one species.
No nucleotide difference was verified between the rDNA-
ITS sequences of all Brazilian strains from soybean and the
Oidium sp. sequence (AB078803) isolated from soybean in
Japan (Takamatsu ez al., 2002). As mentioned by Takamatsu
et al. (1999), Oidium sp. may well be E. diffusa, since the
authors did not find the teleomorphic stage of the fungus (S.
Takamatsu, personal communication).

Erysiphe diffusa should be used as the causal
species of soybean powdery mildew in Brazil instead of
Microsphaera diffusa. According to Braun & Takamatsu
(2000), Microsphaera and Erysiphe are grouped together
in a clade and cannot be separated from one another in
phylogeny. They proposed to combine the genera Erysiphe,
Microsphaera, and Uncinula into a single genus, based
on molecular phylogenetic studies and scanning electron
microscopy of conidia (Takamatsu et al., 1999; Cook et al.,
1997). Based on this information and the evidence provided
by those authors, the name E. diffusa was used instead M.
diffusa.

Although E. polygoni is the causal agent of powdery
mildew in beans, in this study the infection was probably
caused by E. diffusa. Comparing rDNA-ITS sequence of the
strain from P. vulgaris (AY739109) with sequences of E.
diffusa and E. polygoni (AF011308) resulted in 4 and 11 nt
differences, respectively. It is possible that inoculum from
soybean fields contributed to powdery mildew epidemics on
beans since E. diffusa, formerly known as M. diffusa, was
mentioned as a pathogen of common bean (http://www.
hort.purdue.edu/newcrop/duke energy/Phaseolus_vulgaris.
html). The same inoculum could explain the infection in
lupins, used as cover crop in southern regions of Brazil, by
E. diffusa.

The sequences of the sunflower strain were similar
(99.8 %) to the sequences of G. cichoracearum (DC.) V.
P. Geljuta, while the strain from Hypochaeris brasiliensis
(Less) Griseb was similar (99.8%) to P. fusca (Fr.) U.
Braun & N. Shishkoff. The powdery mildew species, G.
cichoracearum, is reported to infect more than 300 hosts
among eight plant families. Evidence suggests, however,
that the species is a complex of host-specialized biotypes
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(Matsuda & Takamatsu, 2003).

The sequence of the rDNA-ITS for strains from B.
pilosa was identified as E. cumminsiana based on a high
similiarity (only 2 nt differences) with AF011299. So far
there is no report of occurrence of Neoerysiphe spp. on B.
pilosa except an invalid record in Cuba (Amano, 1986).
To our knowledge, this is the first analysis on rDNA-ITS
sequences of powdery mildews associated with soybean,
bean, sunflower and weeds in Brazil. It also describes for the
first time H. brasiliensis as a host of P, fusca.
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