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Leveillula on Helichrysum in Iran: Unravelling a new Leveillula haplotype*
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Abstract

Within the framework of the Mycology research laboratory's program at the University of Guilan focusing
on the identification and DNA barcoding of powdery mildew fungi (Erysiphaceae, Ascomycota) from Iran, a
powdery mildew specimen on Helichrysum was collected from Zanjan-Tarom road and subjected for
morphological and molecular identification. Although this species morphologically resembles Leveillula
helichrysi, and some other closely related species such as L. taurica complex, the ITS sequence differentiates
this fungus from the sequences of L. helichrysi and L. taurica available in GenBank. We suggest this
collection may represent a new species or new haplotype within L. helichrysi. Therefore, until we obtain
more samples and sequence the type material, we report this fungus as Leveillula cf. helichrysi from Iran.

Keywords: Biodiversity, Erysiphaceae, Helotiales, Iran mycobiota, Powdery mildew

* A part of research project submitted to Department of Plant Protection, Faculty of Agricultural Sciences
University of Guilan, Rasht, Iran

**Corresponding author, e-mail address: khodaparast@guilan.ac.ir; blumeria2015@gmail.com
1. Department of Plant Protection, Faculty of Agricultural Sciences, University of Guilan, Rasht, Iran

57 ov


mailto:khodaparast@guilan.ac.ir
mailto:blumeria2015@gmail.com

Khodaparas et al: Leveillula on Helichrysum in Iran

Introduction

The genus Leveillula G. Arnaud (Erysiphaceae,
Helotiales) is a group of important powdery mildew
fungi that infects several plant families including
cultivated and non-cultivated species. The
Mediterranean region and Central Asia are the main
distribution zones for the genus, although now it is
globally distributed (Braun & Cook 2012,
Cerkauskas et al. 2011). The genus Leveillula
includes about 48 species, including seven
Oidiopsis-based names, (Braun & Cook 2012,
www.indexfungorum.org, accessed  December
2023). Asteraceae and Fabaceae plant families
comprise the greatest number of host species for
Leveillula, however, Solanaceae is considered one
of the important economic plant families that host
Leveillula spp. (Khodaparast et al. 2012,
Cerkauskas et al. 2011). Reports of Leveillula
powdery mildew on field and greenhouse crops
from most parts of the world have been sporadic in
the last century, however, new occurrences in some
regions such as North America, Japan, North
Europe, Australia, and other parts of the world are
significantly increasing (Uchida 1995, Swart &
Terblanche 2001, du Toit et al. 2004, Liberato et al.
2005, Liberato 2006, He et al. 2012, Garcia-Gaytan
et al. 2016, Cho et al. 2017, Meeboon et al. 2018,
Damicone & Sutherland 1999, McGrath et al.,
2001, Glawe et al., 2004, Garrido-Benavent et al.
2020, Kiss et al. 2020, Aydogdu et al. 2021).
Greenhouse pepper and tomato are two main host
species of L. taurica and the occurrence of
Leveillula powdery mildew on them is significantly
expanding around the world (Cerkauskas et al.
2011). Moreover, there are a large number of weeds
and non-cultivated plants that harbor Leveillula,
especially L. taurica. These plants may play
important roles in the dispersal and epidemiology
of the disease. In the present study, we have
collected Leveillula on Helichrysum sp. and
identified the fungus based on morphological and
molecular characteristics.

Material and Methods

Anamorphic and teleomorphic structures were
transferred into a drop of 1:1 lactic acid and
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glycerin drop using clear adhesive tape or a
sterile needle. At least 20 fungal structures were
measured and extreme values are shown in
parentheses. All photos were taken using an
Olympus BH2 microscope equipped with a Sony
camera.

The whole DNA was extracted using a
Thermolysis  buffer (zZhang et al. 2010,
Khodaparast et al. 2021). The ITS sequences were
obtained using AITS (Bradshaw & Tobin 2020)
/ITS4 (White et al. 1990). The amplicon was then
sent to Codon Genetic Group, (Tehran, Iran) to
be sequenced in two directions. The reaction
components were 2-3 pul of total genomic
DNA, 12.5 ul Tag DNA Polymerase Master Mix
RED (Ampligon, Denmark), 0.5 pl each primer (10
M), and sterile reverse osmosis (RO) water up to a
final volume of 25 pl. PCR conditions were as
follows: activation for 3 min (95 °C), followed
by 35 cycles of denaturation (95 °C) for 30 s,
annealing (56 °C) for 30 sec, and elongation
(72 °C) for 2 min (ramped up slowly at 1 °C
per second), and a final elongation (72 °C) for 10
min.

The evolutionary history was inferred using the
Minimum Evolution method (Rzhetsky & Nei
1992) in MEGA11l (Tamura et al. 2021). The
evolutionary distances were computed using the
Kimura 2-parameter method (Kimura 1980) and
are in the units of the number of base substitutions
per site. The rate variation among sites was
modeled with a gamma distribution (shape
parameter = 1). The ME tree was searched using
the Close-Neighbor-Interchange (CNI) algorithm at
a search level of 1. The Neighbor-joining algorithm
(Saitou & Nei 1987) was used to generate the initial
tree. All ambiguous positions were removed for
each sequence pair (pairwise deletion option).
There was a total of 580 positions in the final
dataset.

Result and Discussion

Comparison of the obtained sequence with the
sequences available in the GenBank showed at least
1.8% difference (identity 559/569, with 3 gaps)
with all sequences of the genus Leveillula (about
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265 sequences deposited in the GenBank). The
difference between Leveillula species in this gene
region is often very small. When this sequence was
compared with the ITS sequence from L. taurica on
Zygophyllum fabago L. (host plant for the holotype
of L. taurica) and Leveillula helichrysi from
Ukraine (on Helichrysum arenarium (L.) Moench,
holotype host plant and locality; accession humber
LC565497) 12 substitutions (and 1-2 Gaps) were
found. The interesting finding of these results is
that the sequence of Leveillula helichrysi from
Ukraine is 100% similar to L. taurica on
Zygophyllum spp. In phylogenetic analysis, our
sequence was clustered separately and far from L.
helichrysi. Leveillula helichrysi is morphologically
close to species in the L. taurica complex and is
indistinguishable or difficult to distinguish.
According to these results, several assumptions can
be made to explain this situation. The first
possibility is that the sample sequenced from
Ukraine is representative of L. helichrysi species
and our sequence belongs to a different species. In
this case, we need to describe a new species to
circumscribe our specimen. The second is that our
sequence belongs to L. helichrysi and the sequence
from Leveillula on H. arenarium (from Ukraine)
belongs to a different species; although this
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possibility is unlikely because the sequence from
Ukraine is from the holotype host plant and the
same holotype locality. The third possibility is that
the existence of different ITS sequences due to
intragenomic variation, however intragenomic
variation was found to be minimal in the powdery
mildews. It should be noted that species in the
genus Leveillula have not been heavily evaluated
for intragenomic variation (Bradshaw et al. 2023).
Although this assumption is not impossible, we
consider it weaker than other possibilities. We
suggest these sequences belong to different
haplotypes and more likely a different species. The
occurrence of more than one genotype of Leveillula
on the same host plant species is not uncommon
and has been reported for Leveillula on Helianthus
annuus L., and Eryngium spp. (Khodaparast et al.
2012).

To find a clear answer to these questions,
sequencing of more samples, and in particular the
holotype material of L. helichrysi, is necessary.
Morphological characteristics are insufficient for
strong and accurate identification of Helichrysum
powdery mildew from closely related species
within the L. taurica complex. Hence, at this stage,
we report this fungus as Leveillula cf.
helichrysi from Iran.
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Leveilluta allii ex Alfitum sp. AM498635 Iran

[ Leveiliuia alhagi ex Athagi sp. AB044999 Iran
Leveiilula taurica ex Peganum harmata AB045148 Iran
Leveillula chroszophorae ex Chrozophora tinctoria AB044346 Iran
— Leveiflula taurica ex Daphne mucronata AB66786% Iran
Leveilluta taurica ex Zygophyllum atriplicoides AB045148 Iran
Leveiilula chroszophorae ex Chrozophora tinctoria AB045147 Iran
Leveillula eleagni ex Elacagnus angustifolia AB048350 Iran
Leveiilula helichrysi ex Helichrysum arenarium LC565497 Ukraine
Leveillula taurica ex Glycyrrhiza glabra AB045114 Iran
— Leveilivia taurica ex Capparis spinosa-christi AB045002 Iran
Leveiftula jaczewskii ex Dodartia orientatis KU721074 Iran

o7 Leveiliuta contractirostris ex Alcea sp. AB045006 Iran

Leveillufa contractirostris ex Alcea sp. AB045105 Iran

— Leveillula lanata ex Euphorbia petfolata AB045004 Iran

Leveillula duriaei ex Salvia nemorosa AB044373 Iran
Leveiliufa duiaei ex Phlomis persica AB867859 Iran

Leveiftula taurica ex Glaucium oxylobum ABG00940 Iran
Leveiliula taurica ex Medicago sativa AB044994 Iran

99l L eveitivia taurica ex Medicago sativa AB044995 Iran

Leveifiula braunii ex Eryngium sp. AB667872 Iran
Leveiilula lactucae-serriolae ex Lactuca seriolae AB044375 Iran

a Leveillula lappae ex Echinops pungens ABB67871 Iran

i 9
Leveitiula lappae ex Echinops choressanicus ABBG7870 Iran

Leveillula sp. ex Helichrysum sp. PP359533 Iran
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ol Leveiliuia cylindrospora ex Salsola kali AB044372

Leveillula cylindrospora ex Anthochlamys polygaloides AB044350 lran

Leveiliula rubiae ex Rubia tinctorum AB044381 Iran
Leveillula mindii ex Mindium laevigatum AB045106 Iran
Leveilltia lanuginosa ex Echinophora sibthorpiana AB044376 Iran
Leveiliufa foranthi ex Loranthus europasus ABQ44377 Iran

Leveiliuia lanuginosa ex Daucus carota AB042641 Iran

70|
—‘— Leveillula sp. ex Cnobrychis viciafolia ABO44993 Iran

+00|

Leveilitla guilanensis ex Chondrilla juncea AB045109 Iran

I Leveiliuta guilanensis ex Chondrilla juncea AB045156 Iran

Leveiffula sp. ex Acroptilon repens ABB67862 Iran

Levelllula lactucarum ex Lactuca sp. AB667861 Iran

100
Leveillula lactucarum ex Lactuca onientaliss AB667860 Iran
88

Leveillula lactucarum ex Lactuca orientalis KT221632 Iran

0.01

Leveiliula picridis ex Picris sp. AB044380 Iran

Leveiliuta saxouli ex Haloxylon sp. AB044382 Iran

Leveilluta sp. ex Astragalus sp. AB044992 Iran

Phyllactinia adesmiae LC108834 Argentina

outgroup

Fig. 1. The evolutionary history was inferred using the Minimum Evolution method. The percentage of
replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are
shown above the branches. The tree is drawn to scale, with branch lengths in the same units as those of
the evolutionary distances used to infer the phylogenetic tree.
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Leveillula cf. helichrysi V.P. Heluta &
Simonyan, Biol. Zh. Armenii 41(10): 819 (1988)

Mycelium on living leaves and stems,
amphigenous, interwoven with tomentum of leaves,
whitish, persistent, covering most parts or entire
leaves. Hyphae 2-5 pum wide, sparingly branched,
septate, hyaline, thin-walled. Primary conidia
sparsely found, lanceolate, ellipsoid-lanceolate,
with a pointed tip, 4565 x 15-22.5 um,
length/width ratio 2.4-4.3; secondary conidia
cylindric, subcylindric to cylindric-ellipsoid,
rounded at the apex, subtruncate at the base, 42-57
x 16-20 pm; chasmothecia 175-225 (-250) pm
diameter, appendage numerous, short, shorter than
the chasmothecial diameter, hyaline at first,

becoming fully pigmented at maturing, brawn,
simple to irregularly branched, branching coral-
like, sometimes 1-4 (-5) dichotomously branched,
usually aseptate, 5-9 um wide at base; asci
numerous, ellipsoid, obovoid, 70-105 x 3243 pum
(including stalk), stalk 4-11 um, sometimes longer,
2—spored; ascospores usually ellipsoid, ovoid, 37—
47 x 20-25 pm.

Hosts and Distribution in Iran: On
Helichrysum sp., Zanjan, Zanjan-Tarum road, 29
August 2023, S.A. Khodaparast and M.J.

Pourmoghaddam (GUM 1973).
Molecular Data: Accession number for 1TS1-
5.85-1TS2 rDNA sequences PP359533

Fig. 2 Leveillula cf. helichrysi (a) Ascoma (b) Ascus (c) Ascospores (d) appendages, scale bar for a, d=100

pm, b, ¢=20 pm
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Fig. 3 Leveillula cf. helichrysi: (a) Primary conidia, (b) Secondary conidia, scale bar =20 pm
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