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Table 1. Bacterial isolates used in this study

Reference Host Isolation location Strain name?
This study Wheat (Fars — Droodzan) WFD1
This study Wheat Fars - Beiza WFB2
This study Barley Fars - Beiza BFB2
This study Wheat Kermanshah - Allahyari WKA3
This study Barley Kermanshah - Allahyari BKA4
This study Barley Kermanshah - Rostamabad BKR5
This study Barley Kerman-Arzooieh BKEO6
This study Barley Kerman-Arzooieh BKEOQO7
This study Lolium Kerman-Arzooieh LKEOS8
This study Phalaris Kerman-Arzooieh FKEO9
This study Wheat Kerman-Arzooieh WKEO10
This study Barley Kerman-Jiroft BKEJ11

Alizadeh et al., 1995 and 1997  Barley Standard strain UPB906

Xanthomonas translucens pv. translucens
Alizadeh et al., 1995 and 1997  Wheat Standard strain UPB922
Xanthomonas translucens pv. Undulosa
Alizadeh et al., 1995 and 1997  Wheat Standard strain UPB923

Xanthomonas translucens pv. undulosa

a: The isolates of Wheat, Barley, Phalaris and Lolium begin with W, B, F and L., respectively. The rest of the letters are
related to the place of collection: Fars (F), Kermanshah (K), Kerman (KE) provinces, and the locations: Beiza (B), Doroodzan
(D), Allahyari (A), Rostamabad (R) Arzooieh (O) and Jiroft (J). WFD1 (Fars - Droodzan wheat strain), WFB2 (Fars - Beiza
wheat strain), BFB2 (Fars - Beiza barley strain), WKA3 (Kermanshah - Allahyari wheat strain), BKA4 (Kermanshah -
Allahyari barley strain), BKR5 (Kermanshah - Rostamabad barley strain), BKEO6 (Kerman-Arzooieh barley strain), BKEO7
(Kerman-Arzooieh barley strain), LKEO8 (Kerman-Arzooieh Lolium strain), FKEO9 (Kerman-Arzooieh Phalaris strain),
WKEOQO10 (Kerman-Arzooieh wheat strain), BKEJ11 (Kerman-Jiroft barley strain), UPB: “Unité de Phytopathologie”
Bacterial Collection, UCL, Louvain-la-Neuve, Belgium; UPB923 (X. t. pv. undulosa standard strain from Kerman),UPB922
(X. t. pv. undulosa standard strain from Kerman) and UPB906 (X. t. pv. translucens standard strain from Kerman).
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Figure 1. Symptoms begin with the appearance of small dark green spots on the wheat

leaf (a) and the beginning of infection from the leaf tip and water-soaked spots on the
barley leaf (b). Joining these spots and creating water-soaked spots in wheat leaf (c)

X. translucens (& @b ilisto S Tu 4 42 9 puiF Sdig iS19 -V Joua
Table 2. Wheat and barley seedlings reaction to different X. translucens isolates

Infection of barley Infection of wheat Strain name”
+ + WFD1
+ + WFB2
+ + WKA3
. . LKEOS8
+ + FKEO9
+ + WKEO10
+ - BFB2
+ - BKA4
+ + BKR5
. _ BKEO6
+ - BKEO7
+ - BKEJ11

* See the footnote of Table 1 for the names of the isolates.
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Table 3. Biochemical and physiological characteristics of different isolates of X. translucens

from barley, wheat, Phalaris and Lolium

wane suans T v suaing Test
- - Indole Negative Negative Gram reaction
- - Salicin Aerobic Aerobic Aerobic growth
+ + Cellobiose - - Fluorescent pigment
+ + Fructose + + Xanthomonadin
+ _ Lactose - - Oxidase
+ +) Galactose + + Gelatin hydrolysis
+ + Trehalose —+ - Starch hydrolysis
+ + Maltose + + Protease
- - Mannitol + + Mucoid growth on GYCA
- - Melibiose + + Catalase
+ + Arabinose - - Pectinase
+ + Di-Mannose + + Slime
- - Rhamnose + + Aesculin hydrolysis
+ + Xylose - - Arginine dihydrolase
+ + Arabitol + ) Hydrolysis of Tween 80
B B Tartrate ’ ) pljgg 5232?1 ?‘lrjtl)l::wdgystein
+ + Acetate Alkaline Alkaline Litmus milk
+ + Citrate + - Lecithinase
+ + Lactate - - Urease
- - Inulin - - DNAse
- - Adonitol - - Nitrate reduction
- - Dulcitol + + Casein hydrolysis
- - Meso- - - Asparagine
Inositol
- - Sorbitol - - MR-VP

a - Presence (+) or absence (-) of substance in all isolates, also use (+) or non-use (-) of the substance by all isolates,
starch hydrolysis by 50% of isolates (- +), weak hydrolysis or poor use of the substance (+ in parentheses)
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t. pv. undulosa

Table 4. Biochemical and physiological tests differentiate X. translucens pv. translucens from X.

t. pv. undulosa pathovars.
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wheat Barley ®
- + + + + ++ + 3-35 Barley hordei
+ + - - ++ + - 2-25  Wheat undulosa

a= Low (+) and high (++) amount slime production. b=Weak T80 (+) hydrolysis [production of a narrow
(ca. 1.5 mm wide) zone of precipitate around the colonies], strong (++) T80 hydrolysis [production of a
large (2 - 3.5 mm wide) zone of small white crystals of precipitate around the colonies].
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Figure 2. X. translucens pv. translucens and X. t. pv. undulosa pathovars reaction to
some biochemical and physiological tests: a) Slime production in barley isolates
(right), compared to wheat isolates (left), b) Lactose utilization in barley (right) and
negative reaction in wheat isolates (left), c) Lecithin hydrolysis by barley isolate and
sediments production around the bacterial colony (bottom) and lack of lecithinase in
wheat isolate (top), d) Tween 80 hydrolysis in barley (middle) compared to wheat
isolates (bilateral), e) Esculin hydrolysis by wheat (left) and barley (middle) isolates
and control (right), f) Starch hydrolysis by three barley isolates after three weeks
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Figure 3. Pattern of protein electrophoresis bands of some wheat
and barley isolates and a standard strain: BKEO7 (Kerman-
Arzooieh barley strain), WKEO10 (Kerman-Arzooieh wheat
strain), BKEJ11 (Kerman-Jiroft barley strain), UPB922 (X. t. pv.

undulosa standard strain)
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Figure 4. Rep-PCR fingerprinting patterns of genomic DNA of X. translucens strains from different
geographic regions of Iran generated by, ERIC (Top left) and BOX (bottom left) primers.
Dendrograms illustrating the grouping of X. translucens Pvs. translucens and undulosa
representative isolates using Rep-PCR fingerprinting patterns of genomic DNA by UPGMA using
ERIC (Top left) and BOX (bottom left). See the footnote of Table 1 for the names of the isolates.
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o Abstract
Background and Objectives

Bacterial leaf streak of cereal was first reported from wheat and barley in the early twentieth
century. This disease was observed in wheat and barley fields of Kerman province in 1987
and then isolated and identified from infected wheat and barley in different provinces of Iran,
as Xanthomonas translucens pv. undulosa and X. t. pv. translucens respectively. In recent
years, this disease became epidemic in Iran. For this reason, it was necessary to re-examine
once again the different characteristics of the causal agents of this disease in different regions
of Iran to determine if there is any possible genetic modification in these bacteria.

Materials and Methods

The phenotypic and genetic diversity of 12 bacterial strains isolated from wheat and barley
(four isolates from wheat, six isolates from barley, one isolate from Phalaris sp. and one
isolate from Lolium sp.) originated from Kerman, Kermanshah, and Fars provinces was
studied. These isolates (selected from 67 isolates) were compared with three ancient Iranian
standard strains (obtained from Unité de Phytopathologie, UCL, Louvain-la-Neuve, Belgium).
The strains' pathogenicity test was performed on wheat and barley seedlings by spraying and
injection methods. Then, the biochemical and physiological characteristics and SDS-PAGE
profiles of the whole cell proteins of isolates were examined. Finally, using rep-PCR by BOX
AlR, ERIC 1R, and ERIC 2 primers, the genetic diversity of isolates was performed.
Results

All strains were Gram, oxidase, and urease negative, and catalase positive. All strains
produced xanthomonadin pigment. The strains could produce hydrogen sulfide from cystine
and peptone. Negative results were obtained for arginine dihydrolase, urease, starch
hydrolysis, nitrate reduction, acetoin and indole production, and methyl red reaction. All
isolates produced acid from cellobiose, fructose, galactose, di-mannose, arabinose, xylose,
trehalose, arabitol, but not from salicin, mannitol, melibiose, rhamnose, dulcitol, sorbitol, and
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mesoinositol. They utilized acetate, citrate, and lactate but not d-tartrate and inulin. Only
barley isolates could utilize lactose and hydrolyze lecithin and starch. There are no
discriminating bands among PAGE profiles of wheat, barley, and standard strains. Genomic
fingerprinting of isolates was performed, and the data were analyzed using NTSYS V 2.2
software and the UPGMA cluster analysis method. All isolates of wheat, Phalaris sp., Lolium
sp. and one isolate from barley along with UPB922 standard strain were formed one group
consists of three subgroups. Isolates of this group could infect wheat and barley plants. The
rest of barley isolates, which were pathogenic only on barley, separated from the first group
at a similarity coefficient of 84% and formed the second group, including the standard strain
UPB922. Furthermore, this group had three subgroups. This grouping was completely related
to the host range from the isolates. Based on biochemical, physiological, pathogenicity (host
range) characteristics of strains and their genetic diversity compared to the standard strains,
the first group, and the second group isolates were identified as X. t. pv. undulosa and X. t. pv.
translucens, respectively.

Discussion

It was found that the isolates are divided into two separate groups based on their host range.
One group could contaminate wheat and barley plants, and another group infected only barley
plants. Biochemical and physiological tests did not show much difference among the strains,
but some tests were able to distinguish two pathovars, such as lactose utilization, the activity
of lecithinase and lipase enzymes (hydrolysis of Tween 80), the tolerance of NaCl in the
culture medium and the amount of slimes, produced on the nutrient agar medium containing
glucose or sucrose. Rep-PCR tests could show the differences and variations within each
pathovar. The grouping formed based on these tests showed a high correlation with the strain
host range of pathovars. Using both BOX and ERIC primers showed that the genetic diversity
of isolates was strongly related to the pathovars type and their host range. Since previous
studies showed the same diversity in Iranian isolates, so it seems that there has not been a
genetic change in the causal agent of this disease in Iran. The disease widespread occurred in
recent years could be mainly due to environmental conditions and wheat and barley cultivars
response to this disease.

Keywords: Bacterial leaf streak of cereal, wheat, barley, X. translucens pv. undulosa, X.
translucens pv. translucens, rep-PCR test



