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Causal agent of powdery mildew on five chilli plants in Thailand viz.: Capsicum frutescens, C.
annuum var. grossum, C. frutescens x C. chinense (Bhut Jolokia), Capsicum sp. (maxican
chilli) and Capsicum sp. (darby chilli) has been identified as Oidiopsis sp. based on
morphological data in Thailand. Molecular phylogenetic analysis indicated that the powdery
mildew on Capsicum spp. is Oidiopsis sicula which supports the morphological data. This
result confirmed that Oidiopsis sicula is linked to Leveillula taurica in teleomorph state.
Maximum Parsimony tree showed that all sequence data are located in a clade consisted of
Leveillula taurica, a fungal agent causing powdery mildew of Capsicum sp.

Key words: morphology, phylogeny, Leveillula taurica, Capsicum spp.

Introduction

The first systematic taxonomy of powdery mildews were studied based
on morphological characteristics (Boesewinkel, 1980; Salmon, 1900; Ferraris,
1910). Some powdery mildews have similar morphological characteristics
which cause confusing identification of the fungal group. In addition, sufficient
information on morphological characteristics of sexual state (teleomorph) is
essential to identify powdery mildews at species level. Unfortunately, most
powdery mildews do not produce sexual state in tropical or sub-tropical areas.
This is a problem for taxonomy of powdery mildew. Hirata and Takamatsu
(1996) has been reported to use molecular analyze associate with anamorphic
morphology in taxonomy of powdery mildew.

Nowadays, molecular technique is a useful tool for precise taxonomy for
the Erysiphaceae. Khodaparast et al. (2001) determined the nucleotide
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sequences of the rTDNA ITS regions for 13 Leveillula species on 50 host plant
species and reported that the morphology of primary conidia mostly provides a
good criterion to identify Leveillula species. This study also demonstrated that
L. taurica s. lat. is a species complex composed of several biological species.
Glawe et al. (2005) determined that powdery mildew on Triglochin maritime is
caused by L. taurica. This result was confirmed by morphological and ITS
sequence data. The ITS sequence of this fungus was identical with those
reported for L. taurica hosted by Capsicum annuum in Australia and Elaeagnus
augustifolia in Iran.

Chilli (Solanaceae) is an economic spice crop and cultivated
commercially in all parts of Thailand (Poonpolgul & Kumphai, 2007). Powdery
mildew on chilli is an important disease that causes yield losses in growing
chilli area. And also, this disease is distributed in the other parts of the world
(Palti, 1988). Sontirat et al. (1994) reported that Oidiopsis sp. is a causal agent
of powdery mildew disease in Thailand. However, identification at species
level was not shown because its perfect state has never been found on
Capsicum species. The molecular analysis combined with morphological
characteristics is a useful tool to approach for precise taxonomy of powdery
mildews.

The present study was conducted to clarify the taxonomy of the fungal
pathogen causing powdery mildew on chilli plants (Capsicum spp.) at species
level on the basis of morphological data associate with molecular approach.

Materials and methods

Morphological observation

Specimens were collected in the northern Thailand since 2007. Fungal
colonies on fresh specimens were stripped off by adhesive tape, mounted in
distilled water and examined by standard light microscopy with 20X and 40X
objective phase contrast lenses. Herbarium specimens were mounted in lactic
acid, gently heated, but without any staining (Shin and La, 1993).
Morphological characteristics were measured in 30 replicates for each
structure: size and shape of conidia, conidiophore; position of the basal septum;
shape and position of hyphal appressoria and presence or absence of fibrosin
bodies (To-anun et al., 2005). Observation of conidial germ tube was carried
out using the method of Hirata (1942). Specimens were deposited in the
mycological herbarium in Department of Entomology and Plant Pathology,
Faculty of Agriculture, Chiang Mai University, Thailand and Mie University
Mycological Herbarium (MUMH), Japan.
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Phylogenetic analysis

Whole-cell DNA was extracted from mycelia or conidia using the chelex
method (Walsh et al., 1991; Hirata and Takamatsu, 1996). The nuclear IDNA
ITS region including 5.8S rDNA was amplified by the polymerase chain
reaction (PCR) using nested primer sets. The following thermal cycling
conditions were performed in a PCR thermal cycler SP (Takara, Kyoto, Japan):
an initial step for denaturing at 95°C for 2 min; thermocycling for 30 cycles that
each cycle consisted of 30s at 95°C followed by 30s at 52°C for annealing, and
30s at 72°C for extension; and a final extension cycle at 72°C for 7 min. The
oligonucleotide primers were used in this study as follows: ITS1, ITS4, ITSS,
p3, PM6 and Ph7. A Phyllactinia and Leveillula specific primer Ph7
(TGTTGCTTTGGYAGGCCG) was designed in this study. Primers ITSS5
(White et al., 1990) and p3 (Kusaba and Tsuge, 1995) were used for the first
amplification. Nested primer sets ITS5/PM6 and Ph7/ITS4 were used for the
second amplification. The nucleotide fragments of PCR products were sent to
SolGent Co. (Daejeon, South Korea) for sequencing by using ITS1 and ITS4
(White et al., 1990) as sequence primers, respectively.

The nucleotide sequences of rDNA on ITS region were aligned with
MUSCLE program (Edgar & Robert, 2004). Phylogenetic trees were
constructed from data using maximum-parsimony (MP) analysis in MEGAS
(Tamura et al., 2011) with a heuristic search using close-neighbor-interchange
algorithm (CNI). All positions containing gaps and missing data were
eliminated. The strength of the internal branches of the resulting trees was
tested by bootstrap analysis (Felsenstein, 1985) using 1,000 replications. Lack
of bootstrap value indicates less than 50% support at that node.

Result
Morphological observation

Powdery mildew was found on 5 chilli species, viz.: Capsicum frutescens,
C. annuum var. grossum, C. frutescens % C. chinense (Bhut Jolokia), Capsicum
sp. (maxican chilli) and Capsicum sp. (darby chilli). Diseased chilli plants
appear symptom on leaves, but other parts of plant did not show symptoms.
The lower side of leaves exhibited white-grayish colonies of fungi
(hypophyllous) (Fig 1). The upper side of leaves showed a symptom as only
yellow spot and then became to necrotic brown spot.

Mycelium hypophyllous; hyphae substraight to wavy, mostly branching
near the septum; conidiophores erect, long and slender, arising from the upper
part of mother cell, positions not central; foot-cells straight, with a basal septum
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near branching point of mycelium up to away from it; appressoria slightly lobed
to elongated; conidia formed singly, dimorphic conidia, apically pointed in
primary conidia and ellipsoid to cylindric in secondary conidia without
conspicuous fibrosin bodies and conidial germination formed pseudoidium type
(Fig 2). Chasmothecia can not be found. Table 1 showed size of morphological
features of powdery mildew on each chilli species.

Phylogenetic analysis

The five tDNA sequences data on ITS region were aligned with 21
Leveillula sequences retrieved from GenBank. The alignment data matrix
consisting of 26 taxa and 621 characters were used in the analysis. A total of
1,012 most parsimonious trees (CI = 0.708, RI = 0.832) were constructed by the
MP analysis. One of MP tree is shown in Fig 3. The powdery mildew found on
five chilli plants were located in the group of L. taurica causing powdery
mildew on chilli under the accession numbers of AB000940 and MUMH3830.

Fig 1. Capsicum annuum var. grossu Bail. (Seet chilli) leaves
showing a symptom of powdery mildew
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Fig 2. Morphological characteristics of Oidiopsis found on chilli plants illustrated using a line drawing
under a light microscope (400X); (1) Capsicum frutescens (2) C. annuum var. grossum (3) C. frutescens x
C. chinense (Bhut Jolokia) (4) Capsicum sp. (maxican chilli) (5) Capsicum sp. (darby chilli). Alphabet in
figures described as follows; (A) primary conidia (B) secondary conidia (C) conidiophores (D) conidia
with germ tubes of the pseudoidium pattern (E) mycelia with appressorium and (F) mother cells that
originate of conidiophore (Bar =30 pum.)
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Table 1. Morphological characteristics of powdery mildew on chilli species.

Size of morphological characteristics (um)

Host

conidiophore mother cell foot cell primary conidia secondary conidia
Capsicum
annuum var. (51-)100-276 (28-)30-122 (41-)49-140 60-76(-83)% (46-)52-69
grossumum (-338)%(5-)8-12(-16) (-134)x5-6(-7) (-202)x5-6(-7) 13-17(-21) (-78)x(12-)13-17
(MUMHS5096)

Capsicum  spp.

(66-)133-266(-

(24-)34-84(-107)  (17-)48-137(-234)

(61-)63-76(-78)

(46-)58-73(-78)

(maxican chilli) 281)x(10-)12-17 x5-6 %(4-)5-6(-7) X(13-)15-19(-21)  %(13-)15-17(-19)
(MUMHS5104)
Capsicum (105-)178-273(- (46-)49-83(- (56-)90-149(- (58-)63-80(- (49-)54-71(-
frutescens 310)x(6-)8-15 151)x5-6 174)x5-7 88)x(15-)16-20 76)x(13-)15-19
(MUMHS5083)

(41-)51-68(-
Capsicum  spp.  (37-)110-251(-301)x(7-  (30-)35-89(- (44-)76-124(- (47-)58-73(- 76)x(11-)13-18(-
(darby chilli) )8-12.2 100)x5-7 177)x5-7 74)x14-19 19)
(MUMH5119)
C. frutescensxC.
chinense (Bhut  (119-)144-195(- (22-)88-105(- (39-)71-107(- (54-)58-71(- (46-)5-72(-73)*(13-
Jologia) 278)x(7-)8-15(-17) 115)x(5-)6-7 149)x(5-)6-7 73)x(12-)15-18 )15-17(-18)
(MUMHS5106)

g7 L. contractrirostris ex Alcea AB045006
L. contractrirostrs ex Alcea ABD45105

— # Cidiopsis ex Capsicumn sp.darby chilli MUMHS119
L. duriaei ex Salvia ABO44373

—85| L. duriaei ex Salva AB044373(2)

L. taurica ex Capsicum ABOO0S40

* Oidi ex Capsicum fr MUMH5083

# Oidiopsis ex Capsicum sp.maxican chilli MUMHS5104

L. chrozopherae ex Chrozophora ABO44345

# Oidiopsis ex Capsicum sp.Bhut Jologia MUMHS108
Leweillula sp. ex Capsicum JPN MUMH3830

# Qidiopsis ex Capsicum annuum var. grossum MUMHE098

— L. picridis ex Picris ABQ44380
91 L. simenianii ex Thevenotia AB044383
L. lactucarum ex Lactuca ABQ44375
L. saxaouli ex Haloxylon ABO44382
L. eylindrospora ex Anthochlamis ABD44350

98 L. cylindrospora ex Salsola ABO44372
L. lanuginosa ex Daucus ABO4264

L. lanuginosa ex Echinophora ABO44376

L. lorantii ex Lorantus ABO44377

L. rubiae ex Rubia AB044381

L. mindii ex Mindium ABO451086

’— L. taurica ex Acroptilon repens AB044378

&

illa ABO45109
ia annua AB044384

L. guil is ex Ch

L. taurica ex A

—

2

Fig 3. The Maximum parsimony phylogenetic tree based on fungal ITS gene sequences. Numbers above or below branches
indicate bootstrap values (>50%) from 1,000 replicates. The tree length is 92, the consistency index (CI) is 0.708, the retention

index (RI) is 0.832. Solid rhombus is represented as Oidiopsis that causing powdery mildew on chilli plants.
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Discussion

The phylogenetic analysis represented by MP tree indicated that the five
Oidiopsis specimens on chilli plants are located in a clade of Leveillula which
confirms an anamorph-teleomorph connection of this fungus with Leveillula.
Leveillula on Acroptilon, Artemisia and Chondrilla were used as the outer
group based on Khodaparast ez al. (2001).

The present phylogenetic result supported the morphological examination
that showed no significance differences among five Oidiopsis found on
Capsicum spp. (Braun, 1987 and Palti, 1988). Conidial germination type is
pseudoidium-type (syn. polygoni-type) cited by Cook and Braun (2009). Thus,
the morphological and phylogenetic analyses suggested strongly that the
powdery mildew on Capsicum spp. is infected by O. sicula (teleomorph L.
taurica) which agrees with the report of Goldberg (2004). Cunnington et al.
(2003) revealed that L. taurica is a causal agent of powdery mildew disease on
C. annuum in Australia. As a result, molecular analysis of rDNA ITS region is
a strong tool to clarify taxonomy for species level in the genus. Species
identification is an important information for accurate controlling this disease.
In addition, this is the first report of taxonomy of powdery mildew on chilli
plants by using morphological characteristics associated with molecular
approach in Thailand.

This fungus attacks broadly range of plants (Glawe et al., 2005;
Khodaparast et al., 2001). Future work such as pathogenicity test is necessary
in order to determine pathogenicity of this fungus on differential varieties of
chilli plants including other plants.

Acknowledgments

This research were supported by The Royal Golden Jubilee Ph. D. Program (Grant No.
PHD/0125/2550), the Thailand Research Fund (DBGS5380011) and a Grant-in-Aid for
Scientific Research (C) from the Japan Society of the Promotion of Science.

References

Boesewinkel, H.J. (1980). The morphology of the imperfect stages of powdery mildews (Erysiphaceae).
Bot Rev (Lancaster) 46: 167-224.

Braun, U. (1987) . A monograph of the Erysiphales (powdery mildews). Beiheft Zur Nova Hedwigia 89:
1-700.

Braun, U. (2010). The current systematics and taxonomy of the powdery mildews (Erysiphales): an
overview. Mycoscience: 1-3.

Cook, R.T.A. and Braun, U. (2009). conidial germination patterns in powdery mildews. Mycological
Research 113:616-636.

Cunnington, J.H., Takamatsu, S., Lawrie, C. and Pascoe, 1.G. (2003). Molecular identification of
anamorphic powdery mildews (Erysiphales). Australasian Plant Pathology 32: 421-428.

1807



Edgar and Robert, C. (2004). MUSCLE: multiple sequence alignment with high accuracy and high
throughput, Nucleic Acids Research 32(5): 1792-1797.

Felsenstein, J. (1985). Confidence limits on phylogenies: an approach using the bootstrap. Evolution 39:
783-791.

Ferraris, T. (1910). Flora Italica Cryptogama, Part I Fungi. Rocca San Casciano, Florence, Italy, pp 591-916.

Glawe, D.A., Dugan, F.M., Liu, Y and Rogers, J.D. (2005). First record and characterization of a powdery
mildew on a member of the Juncaginaceae: Leveillula taurica on Triglochin maritime.
Mycological Progress 4(4): 291-298.

Goldberg, N. (2004). Powdery mildew on Chile peppers. New Maxico State University. Guide H-248: 1-2.

Hirata, K. (1942). On the shape of the germ tubes of Erysipheae. Bull. Chiba Coll. Hort 5: 34-49.

Hirata, T. and Takamatsu, S. (1996). Nucleotide sequence diversity of rDNA internal transcribed spacer
extracted from conidia and cleistothecia of several powdery mildew fungi. Mycoscience 37: 265-
270.

Khodaparast, S.A., Takamatsu, S and Hedjaroude, G.A. (2001). Phylogenetic structure of the genus
Leveillula (Erysiphales: Erysiphaceae) inferred from the nucleotide sequences of the rDNA IT'S region
with special reference to the L. taurica species complex. Mycological Research 104:909-918.

Kusaba, M and Tsuge, T. (1995). Phylogeny of Alternaria fungi know to produce host-specific toxins on
the basis of variation in internal transcribed spacers of ribosomal DNA. Current Genetic 28:491-498.

Palti, J. (1988). The Leveillula Mildews. Botanical Review 54:423-535.

Poonpolgul, S. and Kumphai, S. (2007). Chili pepper anthracnose in Thailand. First international
symposium on chili anthracnose. September 17-19. p 23.

Salmon, E. (1900). A monograph of the Erysiphaceac. Mem Torrey Bot Club 9: 1-292.

Shin, H.D. and La, Y .J. (1993). Morphology of edge lines of chained immature conidia on conidiophores
in powdery mildew fungi and their taxonomic significance. Mycotaxon 46: 445-451.

Sontirat, P., Pitakpaivan, P., Khamhangridthirong, T., Choobamroong, W. and Kueprekone, U. (1994).
Host index of plant diseases in Thailand. Plant Pathology and Microbiology Division. Mycology
Section. Department of Agriculture, Bangkok, Thailand (3™ Edition).

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M. and Kumar, S. (2011). MEGAS: Molecular
Evolutionary Genetics Analysis using Maximum Likelihood, Evolutionary Distance, and Maximum
Parsimony Methods. Molecular Biology and Evolution (In Press).

To-anun, C., Kom-un, S., Sunawan, A., Limkaisang, S., Sato, Y. and Takamatsu, S. (2005). A new
subgenus, Microidium, of Oidium (Erysiphaceae) on Phyllanthus spp. Mycoscience 46: 1-8.

Walsh, S.P., Metzger, D.A. and Higuchi, R. (1991). Chelex 100 as a medium for simple extraction of
DNA for PCR-based typing from forensic material. BioTechniques 10: 506-513.

White, T.J., Bruns, T., Lee, S. and Taylor, J. (1990). Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ (eds)
PCR protocols: a guide to methods and applications. Academic Press, New York, pp 315-322.

(Received 5 May 2011; accepted 1 October 2011)

1808



