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Abstract

Sphaerulina is a genus of fungi which belongs to the family Mycosphaerellaceae in the order Mycosphaerellales.
In a survey of leaf-inhabiting fungi associated with trees in Hyrcanian forests, several isolates of the genus Sphaerulina
were recovered from leaf spot symptoms of oak trees. Integration of multi-locus phylogenetic analyses (LSU, ITS, actA
and tefl) and morphological identification were applied to identify the isolates. The results revealed that, the isolates
belong to a species of the genus Sphaerulina, namely, S. quercicola. To the best of author’s knowledge, this is the first
report of this species for the funga of Iran.
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Introduction

Sphaerulina is a genus in the family
Mycosphaerellaceae (Quaedvlieg et al. 2013). It was
described based on the type species Sphaerulina myriadea
(DC.) Sacc. by Saccardo in 1878. The phylogeny of this
genus has been clarified by Quaedvlieg et al. (2013) and
Verkley et al. (2013). A total of 205 legitimate
Sphaerulina species are recorded in the MycoBank
(http://www.mycobank.org, accessed Apr. 2023) database
(Crous et al. 2004). Eight species of Sphaerulina
including S. aceris (Lib.) Verkley, Quaedvl. & Crous,
S. berberidis (Niessl) Quaedvl., Verkley & Crous,
(Fr) Quaedvlieg, Verkley & Crous,
S. cornicola (DC.) U. Braun & Bensch, S. frondicola (Fr.)

Verkley, Quaedvlieg & Crous, S. westendorpii (Westend.)

S. cercidis

Verkley, Quaedvlieg & Crous, S. rumicis (Arzanlou & M.
Bakhshi) M. Bakhshi & Arzanlou, and S. oxyacanthae
(Kunze & J.C. Schmidt) Quaedvl., Verkley & Crous have
been reported from Iran (Mirzaei et al. 2021, Bakhshi
et al. 2022, Ershad 2022).

Oaks (Quercus spp.) are important forest trees
comprising many commercial taxa distributed in vast areas
of Zagros, Arasbaran and Hyrcanian forests of Iran such
Lindl, Q.
Q. macranthera Fisch. & C.A.Mey. ex Hohen, and
Q. petraea (Matt.) Liebl. (Panahi et al. 2011, Sagheb Talebi

et al. 2014). During the investigation of fungal species

as Q. brantii castaneifolia C.M.Mey.,

associated with leaf spot symptoms of trees in Hyrcanian
forests, some dothideomycetous fungal strains were
isolated from leaf spot symptoms of oak trees. The aim of
this work was to identify these leaf-spotting fungi, in terms

of DNA phylogeny and morphological characteristics.

Materials and Methods

The diseased leaf samples of oak trees (Quercus
spp.) were collected in Hyrcanian forests in north of Iran.
Single-conidial isolates were obtained from symptomatic
fresh oak leaves following the method described by
Bakhshi et al. (2021). Axenic cultures and dried plant
specimens are maintained in the Culture Collection
(IRANC), and the Fungarium (IRANF) of the Iranian

Research Institute of Plant Protection (Tehran, Iran),
respectively.

Total genomic DNA was extracted from fungal
colonies grown on MEA medium using the protocol of
Moller et al. (1992). Amplification and sequencing of four
nuclear loci, 28S nrRNA gene (LSU), internal transcribed
spacer regions and intervening 5.8S nrRNA gene of the
nrDNA operon (ITS), actin (actA) and translation
elongation factor 1-alpha (tefl) were done with primers
LROR + LR5, V9G + ITS4, ACT-512F + ACT-783R, and
EF1-728F + EF1-986R, respectively. The protocols and
conditions for standard PCR amplification and sequencing
of the loci were performed following Bakhshi & Braun
(2022) for LSU and ITS and Bakhshi et al. (2019) for actA
and tefl. The resulting sequences were subjected to a
BLAST search at the NCBI’s GenBank to find most
similar sequences. The obtained sequences from GenBank
together with the novel generated sequences during this
study were aligned and subjected to multi-locus DNA
sequence analyses using MrBayes Ver. 3.2.6 (Ronquist
et al. 2012) as elucidated by Bakhshi et al. (2019).
Ramularia endophylla Verkley & U. Braun (CBS 113265)

(Mycosphaerellaceae) was used as the outgroup taxon.

Results and Discussion

During the study of foliicolous fungi in the
Hyrcanian forests of Iran, severe leaf spot symptoms were
observed on the leaf surface of oak trees apparently occur
widely throughout these trees in Mazandaran and Golestan
Provinces (northern Iran) in April-May 2020. The
symptoms observed as scattered, definite, amphigenous,
circular, subcircular, angular to irregular, pale brown to
brown in the center leaf spots, with brown or black border
giving an eyespot appearance to spots, generally with
1-3(-5) mm

occasionally enlarged gradually and coalesced.

characteristic yellow halo, in diam.,

Based on the phylogenetic analyses, the Iranian
isolates obtained from oak leaf spots clustered together
with Sphaerulina quercicola reference cultures sequenced
by Quaedvlieg et al. (2013) (Fig. 1). The fungus had the

following morphological characteristics:


http://www.mycobank.org/
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Sphaerulina quercicola (Desm.) Quaedvlieg, Verkley &
Crous, Studies in Mycology 75: 347 (2013)

Description (in vitro): On SNA: Conidiomata pycnidial or
acervuloid, pale to dark brown, lenticular to globose,
releasing milky white to rosy buff conidial slime.
Conidiogenous cells discrete or integrated in simple, short,
(1-)3—4-septate conidiophores which may be branched at

the base, cylindrical or ampuliform, hyaline, holoblastic,
proliferating sympodially or percurrently with more or
less distinct annellations, 7-18(-30) x 3.5-4.5 pm.
Conidia cylindrical, straight, flexuous or curved, broadly
rounded at the apex, hyaline, (0-)1-3-septate,
occasionally constricted around the septa, (25-)32-45 x

3-4(-5) um (Fig. 2).
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Sphaerulina quercicola

Fig. 1. Phylogenetic tree inferred by Bayesian analysis of the combined four-loci (LSU, ITS, actA and tefl) sequence
alignment using MrBayes Ver. 3.2.6 for Sphaerulina species. The scale bar indicates 0.05 expected changes per site. The

tree was rooted to Ramularia endophylla (CBS 113265).

Culture characteristics: (in the dark, at 25 °C after 20
days): Colonies on PDA restricted, surface folded,
olivaceous grey to grey, irregularly pustulate, with an even
to irregularly undulating margin, covered by dense to

diffuse, finely felted, white aerial mycelium; reverse dark

grey, slow-growing, reaching 3—7 mm diam. Shape and
size of the colonies on MEA are similar to those on PDA
(Fig. 2).

Specimens examined: IRAN: Mazandaran Province,

Behshahr, N 36° 39’ 47", E 53° 32" 33", 300 m, on leaves
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of Q. castaneifolia (Fagaceae), May 2020, M. Bakhshi, 00625990, actA = 0Q919481, tefl = 0Q919486);
IRAN 4785C, IRAN 18261F (LSU = 0Q625943, ITS = Golestan, Golestan National Park, N 37°21'38", E 50° 00’
0Q625989, actA = 0Q919480, tefl = 0Q919485); Sari, 32", 900 m, on leaves of Q. petraesa, May 2020,
Alamdardeh, N 36° 21’ 20", E 53° 16’ 12", 450 m, on M. Mirabolfathy, P 933, IRAN 18263F (LSU =
leaves of Q. castaneifolia, April 2020, M. Bakhshi, IRAN 0Q625945, ITS = 0Q625991, actA = 0Q919482, tefl =
0Q919487).

g
S

4786C, IRAN 18262F (LSU = 0Q625944, ITS

&2

Fig. 2. Sphaerulina quercicola: a, b. Leaf spot symptoms on the host, ¢. Culture on PDA, d. Culture on MEA,
e. Conidiomata forming in culture, f-I. Conidiophores, conidiogenous cells and conidia (Bars = 10 pum).
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