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ABSTRACT

Symptoms of smut were observed on stems of Ceratocephalus falcatus plants collected
from Maragheh, Northwest of Iran, in June 2016. Using morphological and molecular
techniques, the fungus was identified as Urocystis eranthidis. To our knowledge, it is
the first report of U. eranthidis from Iran and also the first record of the species on C.
falcatus.

INTRODUCTION1

C

eratocephalus falcatus (L.) Pers. is an
annual weed plant from the family
Ranunculaceae (Bhandari and Asnani
1966). It is common in Poa-Carex plant
communities and grows in Meso-xerophyte habitats
of the Irano-Turanian region (Gintzburger et al.
2003; Asl et al. 2012). Ranunculaceae plants are
considered important in medicine; however, C.
falcatus is poisonous and
may
cause
phytodermatitis (Gonul and Cakmak 2014).
The order Urocystidales R. Bauer and Oberwinkler
(Basidiomycota, Ustilaginomycotina) contains
phyto-pathogenic smut fungi (Bauer et al. 1997)
that are characterized by producing haustoria into
host cells and having pores in their mycelial septa.
Among the Urocystidales, the Urocystaceae
produce a variety of teliospores. The genus
Urocystis includes holobasidiate fungi producing
united teliospores forming spore balls and
comprises species that can infect both monocot and
dicot plants (Begerow et al. 2014).
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Vanky has reported U. ceratocephali Zambett. ex
Vánky had been previously reported on C. falcatus
(L.) Pers (Vanky 1988). The fungus has been also
reported from Iran on C. falcatus (Vanky and
Abbasi 2013) but not confirmed by any molecular
data. In this study, we applied morphological and
molecular techniques to identify the smut causing
fungus.

MATERIALS AND METHODS
Plant Material
Typical smut symptoms were observed on
Ceratocephalus falcatus plants collected from
farms around Maragheh, northwest of Iran, in June
2016. A dried infected plant was preserved in
“Herbarium Ministerii Iranici Agriculturae” (IRAN
16881 F).
Light Microscopy
Fifty fungal cells were studied under a light
microscope (Olympus,
CH-2) at
1000×
magnification. The length of teliospores and
peripheral sterile cells were measured using an
ocular micrometer (Verma 2001).
DNA Extraction
In order to further characterise the fungus,
DNA was extracted from the spore balls using
CTAB extraction method as described by Liu et al.
(2015) with some modifications (Clarke 2009).
Briefly, 100mg of symptomatic tissue was ground
in liquid nitrogen and transferred into a 1.5-mL
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Figure 1. Smut symptoms on Ceratocephalus falcata plants including sori (arrows), foliar proliferation (1-2) and
elongated swellings (3-5), as compared to healthy plant (6).

centrifuge tube. Seven hundred microliters of
CTAB buffer (3% cetyltrimethyl ammonium
bromide (CTAB); 100mM Tris-HCl, pH 8.0; 1.4M
NaCl; 20 mM EDTA, pH 8.0 and 3%
polyvinylpyrrolidone (PVP)) was added to the
tissue powder. The solution was incubated in a
65°C water bath for 30 min with intermittent
shaking. An equal volume of chloroform/isoamyl
alcohol (24:1) was added, and the mixture was
smoothly shaken and centrifuged at maximum
speed (14k rpm) for 10 min. The aqueous phase
supernatant was removed into a new 1.5-ml
centrifuge tube and mixed with 0.7 vol. of cold
isopropanol and 1/10 vol. of 3M sodium acetate.
The mixture was kept at -20°C for 2 h, and then
centrifuged at 14k rpm for 10 min. The supernatant
was discarded. The precipitate was washed twice
with 70% ethanol and air-dried for 30 min. Finally,
the pellet was dissolved in 20 μl TE.

The PCR product was purified using a PCR
purification kit (Bioneer, South Korea) and directly
sequenced in both directions using an automated
ABI3730XL sequencer (Applied Biosystems)
(Macrogen, South Korea). The obtained sequences
were assembled and the contig was compared with
the DNA sequences available in GenBank
database.
Phylogenetic analysis
The corresponding sequences were retrieved
from GenBank and aligned using ClustalW
program (Larkin et al., 2007) embedded in MEGA7
(Kumar et al. 2016) using default parameters
except for DNA weight matrix that was changed to

PCR and Sequencing
The internal transcribed spacer regions (ITS15.8S-ITS2) of the ribosomal DNA were amplified
by polymerase chain reaction (PCR) using ITS4
(5’-TCCTCCGCTTATT GATATGC-3) and ITS1F
(5′- CTTGGTCATTTAGAGGAAGTAA - 3′)
universal primers (de la Cerda et al. 2007; Gardes
and Bruns 1993; White et al. 1990).
Amplification reactions contained 12.5 of 2X
PCR Master Mix (Sinaclon, Iran), 1 µl of each
primer (10 µM), 25 ng of template DNA and
brought to 25 µl with deionized water. PCR was
carried out in MyGenie32 thermal block (Bioneer,
South Korea) under the following conditions: initial
denaturation at 94 °C for 5 min followed by 35
cycles of denaturation at 94°C for 30 sec, annealing
at 55 °C for 45 sec, extension at 72 °C for 10 min
and a final extension step for 10 min at 72 °C.
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Figure 2. Light micrograph of teliospores of Urocystis
sp. (X 1000), isolated from smut sori on Ceratocephalus
falcate plants. Scale bar = 10 µm.
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proliferation (Figure 1).
Micrometry

Evolutionary analyses were conducted in
MEGA7 by the maximum likelihood method.
Maximum Likelihood fits of 24 different nucleotide
substitution models were estimated and a model
with the lowest BIC scores (Bayesian Information
Criterion) that best describes the substitution
pattern was Kimura 2-parameter model (Kimura
1980). Bootstrap analysis using 1000 replications
was performed to assess stability of tree topologies
(Felsenstein 1985). The nucleotide sequence of
Flamingomyces ruppiae (EF635909) was used as
out group.

RESULTS AND DISCUSSION
Symptoms and Occurrence of the Disease
Typical smut symptoms were observed on
Ceratocephalus falcatus plants. The sori (10-15 ×
2-4 mm) were formed on stems, as elongated
swellings covered by silvery epidermis that later
broke into black, dusty mass of spore balls. About
2% of plants seemed to be infected, showing the
sori, accompanied by other symptoms such as foliar

Under a light microscope, globose to ovoid
spore balls, 15-37 μm long, composed of 1-4
brown, 10-20 μm long teliospores, and 4-12 μm
long peripheral sterile cells were observed (Figure
2). Based on morphological characteristics, the
fungus was identified as Urocystis sp. (Shivas et
al., 2014).
Sequence analyses
The assembled contig resulted in a 717bp
DNA fragment which was submitted to GenBank
(Accession No. KY552912). A BLAST search of
the sequence data showed the highest identity (98%
over 694 base pairs) with Urocystis eranthidis
(HG918043). The multiple alignment of studied
sequence with 14 most similar sequences is shown
in Figure 3.
The evolutionary history was inferred by using the
Maximum Likelihood method based on the Kimura
2-parameter model. The tree with the highest log
likelihood (-1649.9971) is shown (Figure 4). Initial
tree(s) for the heuristic search were obtained

Figure 3. The multiple alignment of studied sequences using ClustalW program.
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Figure 3. Continued

Figure 4. Phylogenetic trees constructed by Maximum Likelihood method from ITS1-5.8S rDNA-ITS2 regions of the Urocystis
sp. described in the present study (in bold) and those of related species from GenBank. The percentage of trees in which the
associated taxa clustered together is shown next to the branches. Bootstrap values lower than 60 are not shown. The tree is drawn
to scale, with branch lengths measured in the number of substitutions per site.
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automatically by applying Neighbo Join and BioNJ
algorithms to a matrix of pairwise distances
estimated using the Maximum Composite
Likelihood (MCL) approach, and then selecting the
topology with superior log likelihood value. A
discrete Gamma distribution was used to model
evolutionary rate differences among sites (5
categories (+G, parameter = 0.3108)). All positions
with less than 95% site coverage were eliminated.
There were a total of 561 positions in the final
dataset. Results showed that the smut fungus from
Maragheh, and two U. eranthidis isolates
(Accession No. JN367299 and.
HG918043)
clustered together with a robust statistical support
(bootstrap value 99%).

CONCLUSION
Based on the results, we concluded that the fungal
species causing smut on C. falcatus is U. eranthidis
(Passerini) Ainsworth & Sampson. This fungus has
been previously reported on Eranthis hymenalis
(L.) Salisb in Australia and British Isles (Ainsworth
and Sampson 1950). To the best of our knowledge,
this is the first record of the U. eranthidis on C.
falcatus.
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