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Table 1. Characteristics of the primers used in this study. Primer pairs CMR16F1/CMR16R1 and
2F/4R amplified fragments of approximately 1400 bp and 530 bp of 16S rRNA and gyrB genes in the

studied isolates, respectively.

Primer Sequence Annealing (°C) Amplicon Target Reference
name size (bp)
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Figure 1. Symptoms of bacterial mosaic disease on wheat in the field. A and B: Leaves with
small, yellow lesions that sometimes coalesced into streaks. C: Asymptomatic healthy plants.
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Figure 2. A, B: Orange colonies of two pure isolates of Clavibacter tessellarius on BCT medium. C:
reddish-pink colonies of an-related Gram-positive bacterium.
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Figure 3. The expected fragments of about 1.4 kb of 16S rRNA gene that amplified by PCR test

using primer pair CMR16F1/CMRI16R1 in some isolates of gram-positive bacteria recovered
from mosaic-affected wheat plants. Lines 1 to 10: representative isolates; C-: negative control;

M: 100 bp DNA ladder (SinaClon, Iran).



v

VEer b oF ol PPl (5,58 ale dlons) (S50l

;bgﬁ Curog 9 ol s pB ! P (810 pdiged foxo 9 Fu Il ol o 4 (5110 pdiged dyg0 PAS £l T Jou>

Clavibacter tessellarius (CT) 31 o6 2b 357k <Kalige 4 &350
Table 2. Wheat farms sampled in this study along with the date and place of sampling, cultivars name
and infection status of the farms with Clavibacter tessellarius

No Isolate County Date Cultivar C No. Isolat County Date Cultivar  CT No. Isolate County Date Cultivar  CT
. T e

1 Abal Abadeh March2020 Mihan - 65 Zargl Zargan March2020 Sirvan 129 Raml Ramhormoz ~ Jan2020  Chamran2 +
2 Aba2 Abadeh March2020 Mihan - 66 Zarg2 Zargan March2020 Chamran2 + 130 Ram2 Ramhormoz  Jan2020 Mehrgan -
3 Aba3 Abadeh March2020 Pishgam - 67 Zarg3 Zargan March2020 Chamran - 131 Ram3 Ramhormoz ~ Jan2020  Mehrgan -
4 Aba4d Abadeh March2020 Pishgam - 68 Zarg4 Zargan March2020 Sirvan - 132 Ram4 Ramhormoz  Jan2020 Mehrgan +
5 Eghl Eghlid March2020 Pishgam - 69 Nayl Nayriz Feb2020 Pishtaz - 133 Ahvl Ahvaz Jan2020 Chamran +
6 Egh2 Eghlid March2020 Pishgam - 70 Nay2 Nayriz Feb2020 Chamran2 - 134 Ahv2 Ahvaz Jan2020 Chamran +
7 Egh3 Eghlid March2020 Mihan - 71 Nay3 Nayriz Feb2020 Chamran2 - 135 Ahv3 Ahvaz Jan2020  Chamran2 +
8 Egh4 Eghlid March2020 Mihan - 72 Nay4 Nayriz Feb2020 Sirvan - 136 Ahv4 Ahvaz Jan2020  Chamran2 -
9 Sepl Sepidan Feb2020 Chamran - 73 Ghirl Ghir Jan2020 Chamran2 - 137 Shutl Shushtar Jan2020  Mehrgan -
10 Sep2 Sepidan Feb2020 Sirvan - 74 Ghir2 Ghir Jan2020 Mehrgan - 138 Shut2 Shushtar Jan2020 Mehrgan -
11 Sep3 Sepidan Feb2020 Sirvan - 75 Ghir3 Ghir Jan2020 Chamran2 - 139 Shut3 Shushtar Jan2020  Chamran2 -
12 Sep4 Sepidan Feb2020 Sirvan - 76 Ghird Ghir Jan2020 Chamran2 - 140 Shut4 Shushtar Jan2020  Chamran2 -
13 Marl Marvdasht March2020 Sirvan - 7 Jahl Jahrom Jan2020 Chamran2 - 141 Shusl Shush Jan2020 Chamran -
14 Mar2 Marvdasht March2020 Chamran2 - 78 Jah2 Jahrom Jan2020 Chamran2 - 142 Shus2 Shush Jan2020  Chamran2 -
15 Mar3 Marvdasht March2020 Chamran2 - 79 Jah3 Jahrom Jan2020 Sirvan + 143 Shus3 Shush Jan2020  Chamran2 -
16 Mar4 Marvdasht March2020 Chamran2 - 80 Jah4 Jahrom Jan2020 Sirvan + 144 Shus4 Shush Jan2020  Chamran2 -
17 Maml  Mamasani Jan2020 Chamran - 81 Bajl Bajgah March2020 Chamran + 145 Dezl Dezful Jan2020 Mehrgan +
18 Mam2  Mamasani Jan2020 Behrang + 82 Baj2 Bajgah March2020 Chamran2 + 146 Dez2 Dezful Jan2020 Mehrgan +
19 Mam3  Mamasani Jan2020 Chamran + 83 Baj3 Bajgah March2020 Chamran + 147 Dez3 Dezful Jan2020 Mehrgan -
20 Mam4  Mamasani Jan2020 Behrang - 84 Baj4 Bajgah March2020 Chamran2 + 148 Dez4 Dezful Jan2020  Chamran2 -
21 Shirl Shiraz March2020 Sirvan 85 Kerl Kerman Jan2020 Chamran + 149 Abnl Abadan Jan2020  Chamran2 -
22 Shir2 Shiraz March2020 Sirvan + 86 Ker2 Kerman Jan2020 Chamran + 150 Abn2 Abadan Jan2020  Chamran2 -
23 Shir3 Shiraz March2020 Chamran2 _ 87 Ker3 Kerman Jan2020 Chamran + 151 Abn3 Abadan Jan2020  Chamran2 -
24 Shir4 Shiraz March2020 Pishtaz + 88 Ker4 Kerman Jan2020 Chamran2 + 152 Abn4 Abadan Jan2020  Chamran2 -
25 Kazl Kazerun Feb2020 Chamran - 89 Sirl Sirjan Jan2020 Chamran + 153 Shadl Shadgan Jan2020 Mehrgan -
26 Kaz2 Kazerun Feb2020 Mihan - 90 Sir2 Sirjan Jan2020 Chamran2 + 154 Shad2 Shadgan Jan2020  Chamran2 -
27 Kaz3 Kazerun Feb2020 Mihan - 91 Sir3 Sirjan Jan2020 Chamran 155 Shad3 Shadgan Jan2020  Chamran2 -
28 Kaz4 Kazerun Feb2020 Chamran - 92 Sird4 Sirjan Jan2020 Chamran2 + 156 Shad4 Shadgan Jan2020  Chamran2 -
29 Firl Firuzabad March2020 Sirvan + 93 Rafl Rafsnjan Jan2020 Chamran2 157 Khorl Khormshhr Jan2020 Mehrgan -
30 Fir2 Firuzabad March2020 Chamran2 + 94 Raf2 Rafsnjan Jan2020 Chamran2 158 Khorl Khormshhr Jan2020  Chamran2 +
31 Fir3 Firuzabad March2020 Chamran2 - 95 Raf3 Rafsnjan Jan2020 Chamran2 159 Khorl Khormshhr Jan2020  Chamran2 +
32 Fir4 Firuzabad March2020 Pishtaz - 96 Raf4 Rafsnjan Jan2020 Chamran - 160 Khorl Khormshhr Jan2020 Mehrgan -
33 Farl Farashband Feb2020 Chamran + 97 Bafl Baft Jan2020 Sirvan - 161 Susl Susngrd Jan2020  Chamran2 +
34 Far2 Farashband Feb2020 Chamran 98 Baf2 Baft Jan2020 Mehrgan - 162 Sus2 Susngrd Jan2020  Chamran2 +
35 Far3 Farashband Feb2020 Sirvan + 99 Baf3 Baft Jan2020 Mehrgan - 163 Sus3 Susngrd Jan2020 Mehrgan -
36 Far4 Farashband Feb2020 Sirvan _ 100 Baf4 Baft Jan2020 Chamran - 164 Sus4 Susngrd Jan2020  Chamran2 -
37 Fasl Fasa March2020 Sirvan + 101 Shal Shahrbabk Jan2020 Chamran2 - 165 Bushl Bushehr Jan2020 Mehrgan -
38 Fas2 Fasa March2020 Tirgan + 102 Sha2 Shahrbabk Jan2020 Barat - 166 Bush2 Bushehr Jan2020 Mehrgan -
39 Fas3 Fasa March2020 Tirgan + 103 Sha3 Shahrbabk Jan2020 Chamran2 - 167 Bush3 Bushehr Jan2020  Chamran2 -
40 Fas4 Fasa March2020 Chamran2 + 104 Sha4 Shahrbabk Jan2020 Chamran - 168 Bush4 Bushehr Jan2020  Chamran2 -
41 Estl Estahban March2020 Sirvan - 105 Barl Bardsir Jan2020 Chamran - 169 Genl Genaveh Jan2020 Mehrgan -
42 Est2 Estahban March2020 Sirvan + 106 Bar2 Bardsir Jan2020 Chamran2 - 170 Gen2 Genaveh Jan2020  Chamran2 -
43 Est3 Estahban March2020 Sirvan - 107 Bar3 Bardsir Jan2020 Chamran2 - 171 Gen3 Genaveh Jan2020  Chamran2 -
44 Est4 Estahban March2020 Sirvan - 108 Bar4 Bardsir Jan2020 Chamran2 - 172 Gend Genaveh Jan2020 Mehrgan -
45 Sarvl Sarvestan March2020 Sirvan + 109 Jirl Jirft Jan2020 Sirvan - 173 Dayl Daylam Jan2020 Chamran -
46 Sarv2 Sarvestan March2020 Sirvan + 110 Jir2 Jirft Jan2020 Chamran2 - 174 Day2 Daylam Jan2020 Mehrgan -
47 Sarv3 Sarvestan March2020 Chamran + 111 Jir3 Jirft Jan2020 Sirvan - 175 Day3 Daylam Jan2020  Chamran2 -
48 Sarv4 Sarvestan March2020 Chamran + 112 Jird Jirft Jan2020 Chamran2 - 176 Day4 Daylam Jan2020 Chamran -
49 Darl Darab Feb2020 Sirvan - 113 Baml Bam Jan2020 Mehrgan - 177 Darl Dayer Jan2020 Chamran -
50 Dar2 Darab Feb2020 Sirvan - 114 Bam2 Bam Jan2020 Sirvan - 178 Dar2 Dayer Jan2020 Chamran -
51 Dar3 Darab Feb2020 Sirvan - 115 Bam3 Bam Jan2020 Chamran2 - 179 Dar3 Dayer Jan2020 Chamran -
52 Dar4 Darab Feb2020 Chamran2 - 116 Bam4 Bam Jan2020 Chamran2 - 180 Dar4 Dayer Jan2020  Chamran2 -
53 Khol khonj Feb2020 Chamran - 117 Ravl Raver Jan2020 Sirvan - 181 Borl Borazjan Jan2020  Chamran2 +
54 Kho2 khonj Feb2020 Tirgan - 118 Rav2 Raver Jan2020 Sirvan - 182 Bor2 Borazjan Jan2020  Chamran2 -
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55 Kho3 khonj Feb2020 Sirvan 119 Rav3 Raver Jan2020 Chamran2 - 183 Bor3 Borazjan Jan2020 Chamran -
56 Kho4 khonj Feb2020 Chamran 120 Rav4 Raver Jan2020 Chamran2 - 184 Bor4 Borazjan Jan2020  Chamran2 +
57 Larl Lar Feb2020 Mehrgan 121 Zaral Zarand Jan2020 Mehrgan - 185 Ahrl Ahram Jan2020  Mehrgan -
58 Lar2 Lar Feb2020 Sirvan 122 Zara2 Zarand Jan2020 Sirvan - 186 Ahr2 Ahram Jan2020  Mehrgan -
59 Lar3 Lar Feb2020 Mehrgan 123 Zara3 Zarand Jan2020 Sirvan - 187 Ahr3 Ahram Jan2020 Chamran -
60 Lar4 Lar Feb2020 Sirvan 124 Zarad Zarand Jan2020 Chamran2 - 188 Ah41l Ahram Jan2020 Chamran -
61 Laml Lamerd Feb2020 Sirvan 125 Behl Behbahan Jan2020 Chamran2 - 189 Khm1 Khormoj Jan2020  Chamran -
62 Lam2 Lamerd Feb2020 Sirvan 126 Beh2 Behbahan Jan2020 Chamran2 - 190 Khm2 Khormoj Jan2020  Mehrgan -
63 Lam3 Lamerd Feb2020 Chamran 127 Beh3 Behbahan Jan2020 Mehrgan - 191 Khm3 Khormoj Jan2020  Chamran2 -
64 Lam4 Lamerd Feb2020 Chamran 128 Beh4 Behbahan Jan2020 Mehrgan - 192 Khm4 Khormoj Jan2020 Chamran
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Figure 4. The expected fragments of about 530 bp that amplified by PCR using 2F/4R

primers of the gyrB gene. Lines 1 to 10: representative isolates of the Gram-positive
bacteria recovered from mosaic-affected wheat plants; C-: negative control; M: 100 bp

DNA ladder (Smobio, SM2300).
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82\ Clavibacter tessellarius (MT941372.1)

B8 Clavibacter tessellarius (MT941371.1)
Clavibacter tessellarius (FR728062.1)
Clavibacter tessellarius (FR728061.1)

A Clavibacter tessellarius Ahv2 (MZ014481)

A Clavibacter tessellarius Dez1 (MZ014482)

— A Clavibacter tessellarius Bor1 (MZ014483)

A Clavibacter tessellarius Zargh2 (MZ014474)
A Clavibacter tessellarius Sir2 (MZ014478)
A Clavibacter tessellarius Raf2 (MZ014479)

25, Clavibacter tessellarius (JX890022.1)

Clavibacter sp. T22% (MF408306.1 )
A Clavibacter tessellarius Fir2 (MZ014475)

; A Clavibacter tessellarius Fasal (MZ014476)

A Clavibacter tessellarius Sarv3 (MZ014477)

A Clavibacter tessellariusRam1 (MZ014480)

Clavibacter sp. (KF663832.1)
T3 Clavibacter michiganensis subsp. michiganensis (MK&06235.1)

35" Clavibacter michiganensis subsp. michiganensis (MKE06281.1)

Clavibacter phaseoli (HF354357.1)
% Clavibacter michiganensis subsp. insidiosus (JX850010.1)

7E Clavibacter nebraskensis (AM410851.1)
Clavibacter capsici (CP048045.1)

71! Clavibacter michiganensis subsp. michiganensis (KF663945.1)
—— Clavibacter sepedonicus (FR728017.1)

|

0.050

[
EE Rathayibacter festucae (KX758020.1)

Rathayibacter iranicus (KX758021.1)
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Figure 5. Phylogenetic tree constructed with MEGA X software by the Neighbor-joining method
based on the sequence of gyrB gene in C. tessellarius isolates recovered from mosaic-affected wheat
plants and the related species and subspecies retrieved from GenBank. The strains isolated in this
study are marked with a black triangle. The accession numbers are indicated in parentheses.
Rthayibacter iranicus and R. festucae were used as outgroups.
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Table 3. Similarity matrix based on the partial sequence of gyrB gene which obtained with MegAlign
software showing the nucleotide similarity between ten C. tessellarius representative isolates
recovered from mosaic-affected wheat plants in southern Iran and some sequences from GenBank.

Percent Identity
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Abstract
Background and Objectives
The bacterial mosaic induced by Clavibacter tessellarius is one of the wheat seed-borne
diseases that causes mosaic and chlorotic leaf spots on infected plants. The disease has
previously been reported in a few regions within Iran. There is still no information on the
disease's prevalence and distribution in the major wheat-growing areas of southern Iran.
The disease may have gone unnoticed in part due to its mild symptoms and resemblance
to those caused by viruses and certain non-infectious wheat diseases. This study aimed to
determine the occurrence and distribution of wheat bacterial mosaic in wheat fields in
southern Iran.
Materials and Methods
Between 2019 and 2020, surveys in wheat fields in four southern lIranian provinces,
including Fars, Khuzestan, Kerman, and Bushehr were conducted, and 192 plant samples
with symptoms resembling the bacterial mosaic were collected. Bacteria were isolated
and purified using semi-selective media, and Gram-positive isolates were selected using
Gram staining and KOH solubility tests. The isolates were identified using a polymerase
chain reaction (PCR) with Clavibacter-specific primer pair CMR16F1/CMR16R1, as
well as their phenotypic and pathogenicity characteristics. Additionally, a fragment of the
gyrB gene from the representative isolates was amplified by PCR using primer pair
2F/4R. The PCR products were purified and directly sequenced. The obtained sequences
were aligned, trimmed, and compared to those of related strains in the GenBank using the
BLAST search method. A phylogenetic tree based on the gyrB sequences was
constructed using the MEGAX software employing the neighbor-joining method.
Results
In total, 400 bacterial isolates were obtained. Based on positive PCR results with specific
primers for the genus Clavibacter along with the pathogenicity test on wheat, and the
phenotypic and biochemical characteristics, 61 isolates were identified as C. tessellarius.
In ten representative isolates, a ~530 bp fragment of the gyrB gene was amplified by
PCR. The gyrB gene partial sequences were edited and deposited in GenBank under the
accession numbers MZ014474-MZ01483. A BLAST search confirmed that all ten
isolates shared the highest nucleotide identity (98.8% to 99.5%) with their corresponding
sequences in C. tessellarius strains in GenBank. In the phylogenetic tree, these isolates
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with C. tessellarius strains from GenBank were clustered in a clade distinct from
Clavibacter species and subspecies of Clavibacter michiganensis.

Discussion

C. tessellarius was isolated from 53 out of 192 wheat fields (27.60%), exhibiting
bacterial mosaic symptoms. The Fars, Khuzestan, Kerman, and Bushehr provinces had
disease incidences of 35.7% (30 infected farms out of 84 sampled farms), 30.55%,
22.7%, and 7.1%, respectively, indicating the relatively widespread occurrence of the
disease in these provinces. To our knowledge, the wheat bacterial mosaic is reported for
the first time in the provinces of Khuzestan, Kerman, and Bushehr, and its occurrence in
other parts of the country would not be unexpected.
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