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2- Neighbor Joining
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Tablel. Xanthomonas translucens strains isolated from wheat in Kermanshah province.

Strain Isolation date Location Source
So 2019 Songhor Seed
Sal 2019 Sahneh Seed
Jal-8, Jal-1 2019 Javanroud Seed
Isl 2019 Eslamabad-e-gharb Seed
Gil, Gi2-1, Gi2-2, Gi2-3 2019 Gilan-e-gharb Seed
Da2-5, Da2-4, Da2-3 2019 Dalahu Seed
R2 2019 Ravansar Seed
Ke 2019 Kermanshah Seed
Ss2-5, Ss2-4, Ss2-2 2019 Salas Seed
Ka3-1, Ka3-2, Ka3-3 2020 Kangavar Seed
Hal, Ha2, Ha3 2020 Harsin Seed
Mal, Ma2, Ma3 2020 Mahidasht Leaf
Unl, Un2, Un3 2020 Kermanshah Leaf
Ka4, Ka4-2, Ka4-3 2020 Kangavar Leaf

oliile y7 Ol 33 pis™ 3 sudlne Xanthomonas translucens (sl s sw! (o bowdion 9 wigid Shogas Y Jooe

Table 2. Phenotypic and biochemical characteristics of Xanthomonas translucens strains
isolated from wheat in Kermanshah province

Test Reaction Test Reaction
Gram reaction - Ice nucleation activity +
Oxidative/Fermentative o* Growth at 40 °c -
Oxidase ) S{;)v'\\l/gan presence of 4
Catalase + ?()Bozjvl\\l/g}:iln presence of ek
Yellow pigment on + Growth in presence of )
YDC 5% NacCl

Litmus milk AC, P**

Levan production + Acid production from:

Potato soft rot - Arabinose +
Hypersensitive reaction + Mannose +
Starch hydrolysis + Cellobiose +
Tween-80 hydrolysis - Sorbitol -
Lecithinase + Inositol -
Gelatin liquefaction + Galactose +

*0O = Oxidative, **AC=Acid, P=Peptonization *** >90% negative
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Figure 1. Symptoms caused by Xanthomonas translucens pathovars isolated from
wheat in Kermanshah province: water-soaked areas and necrotic stripes surrounded
by yellow halo caused by pv. cerealis in A) wheat, B) Barley, C) Rye and D) Triticale.
Water-soaked and yellow areas caused by pv. undulosa in E) wheat and F) Triticale.
G) Control (inoculated by sterile distilled water). Symptoms caused by pv. cerealis
were more severe than those caused by pv. undulosa.
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Figure 2. Genomic fingerprinting of Xanthomonas translucens strains, isolated from wheat in
Kermanshah province using: A) BOX-PCR and B) ERIC-PCR. NC) Negative control (sterile distilled
water), M) Molecular marker (100bp) and Ps) Pseudomonas syringae.
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Abstract
Background and Objectives
Bacterial stripe caused by Xanthomonas translucens is one of the most important diseases
of wheat worldwide. The disease was first reported on barley in America in 1917. In Iran,
it was reported for the first time on wheat and barley in Kerman province in 1987. Based
on the standards for naming pathovars, the currently accepted pathovars as pathogens
infecting cereals include pv. cerealis, pv. translucens, pv. undulosa, and pv. secalis.
Following climate changes, especially heavy rainfalls in recent years, and probably the
transmission of infected seeds, the disease has shown significant outbreaks and damages
on wheat in Kermanshah province, Iran. The present study was performed to (I)
characterize the pathogen in Kermanshah province, (1) determine pathogen distribution,
and (I11) assess the genetic diversity of the strains.
Materials and Methods
Wheat seeds and leaves showing symptoms of the disease were collected from major
wheat-growing areas in Kermanshah province during 2019 and 2020. In the laboratory,
samples were rinsed with tap water and were macerated into a few drops of sterile distilled
water. Two loops full of the resulting suspension were streaked on the nutrient agar
medium. Plates were incubated at 25°C and pale yellowish colonies were purified.
Physiological and biochemical tests were performed to identify and characterize 140
isolates. To determine the pathovar(s) of the pathogen, the pathogenicity of the strains was
tested on wheat, barley, rye, and triticale in the greenhouse. Nearly complete 16S rRNA
sequences were determined for two strains representatives of two pathovars distinguished
by pathogenicity test using 27F and 1492R primers. Genetic diversity among the isolates
was evaluated in rep-PCR utilizing BOX and ERIC primers.
Results
Based on physiological and biochemical tests, Xanthomonas strains from wheat in
Kermanshah province were identified as X. translucens. Pathogenicity tests revealed two
groups among the strains. Members of the first group induced disease symptoms on wheat
and triticale exclusively and were identified as pv. undulosa, while the strains belonging
to the second group infected wheat, barley, rye, and triticale, and were identified as pv.
cerealis. The rep-PCR using ERIC and BOX primers demonstrated genetic variation
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among the strains. However, there was no significant difference between the results
obtained by ERIC- and BOX-PCR. Nearly complete 16S rRNA sequences were
determined as the representative strains of two pathovars distinguished by pathogenicity
test and based on the comparison of sequences with the GenBank database. The two strains
matched X. translucens with 100% similarity. The nucleotide sequences of the pathogen
strains were deposited in the GenBank database under the accession numbers MW173461
and MW193070.

Discussion

According to the findings of this study, X. translucens strains collected from wheat in
Kermanshah province belonged to pathovars undulosa and cerealis. Considering the wide
host range of these pathovars, the disease could be found on other cereals and grasses
belonging to the Poaceae in the province and this subject must be taken into consideration
in future studies. Although rep-PCR showed significant diversity among the strains, there
was no correlation between the rep-PCR groups and the pathovars identified in the
pathogenicity test or the geographic origin of the strains. Biochemical and physiological
tests, as well as rep-PCR and 16S rRNA sequencing, could not distinguish the two
pathovars. This confirms that pathogenicity tests and host range are still the main methods
for determining pathogen pathovar(s).
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