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

Olpl Qe 10 puis (2b 5L &Colig0 Solow s 19 9 £999
Talj gLl A Jy 5T e sgademme Ola s Bl Sk (5 i ilanae
Ql,:\ué;bﬂg)u@rbct.aj6j)jufrj15al§,idl>ugol)j(}l.cav&i&b Lé:ﬁn\.;n_,;t@\tfsﬂu‘_;)wd;)6}?;&5‘3—\
g\ﬁu@md,u@:Jpcuﬂ}&)),u{&“&umg\,j&;QM1>6§;}10$5,]§>\;¢1-Y

(mm.faghihi@yah00.com) o 1«6, ¢ 6 b e 5 55uslST 5T 5 Slados S (Kool e okl 9 gue ok ¢ -3
gtﬁ\‘@md,u@:,Lcu,.)@),ufwlmtixmgb;pl; ouSlsils (S 3olE 0y 8 Lsils—F

VE /A O/YA L dy 3 ANAAAGEE ISRV IS

o

PN 353 s lew 31 S Clavibactertessellarius;l ook pos™ b 557b <Col3g0 (S slow
9 EPY (w05 25t 4T (o0 bu & g s 38 59,7 ST 9 Kylige wld (M 45 ol
Jold 39i5” gi> Sbiwl slgz P E5l50 3N1TAA-A4 ely3 Sl 33 Sobow cpl (ST g comas
Solow (ol 4 4w Mo b (AL SUg0d 1AY Slua 9 WASL e 9 Olos WWlwied (b
b Gillaa b b Galas £ov (Egame 8 b plail BOT 3 G &7L Gillna 9 (Sr9T e
(CMR16FLUCMR16R1) s5lygdls” iz colais! sl 55T b PCR cuto gl wluly 45
Olged alaz U (olosdon 9 (Wgd SBTRY 9 P 9y 2w gedl
09031 30 2F/AR sl 5T b g Sl swisked (Salas 08 .l o3l askii C. tessellarius
Somw § PCR 18 oudh oG Oilakad JNgi comdd ol o35 BT 50 gYrB o3 31 wwd PCR
Sl 9y 4laz 08 B &7 55wl «Sb O 95 gYIB o sl 3l odlkisl b Cusdl
21l oS0 58 g wils C. tessellariugsaios b o cpl Baly 38 15 (o33 13/0 5 AA/A)
G430 1Y 3 (fgamme 30 b 5 I8 Clavibacter sladigs plu 31 13m0 095 & 38 34
(Solow £989 .0 (Sillax C. tessellariuss ssb (e yd YY/1+) 4e )30 OF 31 ol (551 pdigos
XFe/00 FOIY Cuwiy 4 g 9 Ol Olwigs (wild SO 10 gl Elp oy oluly
oI ehe 9 Ol Olwiss oL 3 5L w9l STy Golow ol .09 Ao yd YY) 9 YY/IY
Wt LN 31 590 sgu8” SOl gl 33 OT £999 § 90 0

LA gt )i Sl 9QYIB 15 el 20 jlals”™

b e S i


mailto:mm.faghihi@yahoo.com

Ol sz 53 paE ol ST Sl sn (ol (2S5 5 5 8 10Ln 5 (5 e 7

L35 il &5 amisb g5 S5 L1 oS
03b53 633 5 pdS 4 BOT O il gon 5asbe 31 s 3
s Arabi et al. (2004) .65 5 glulds LOT
Dbal) (ol 53 1y S b ST Sl g 4 S S
AL ES 5 adalin (145 Oliwl) 05575548 5 (O Le
055 35,2 )l rv‘-'f i S &S, ose
N Jshin S e Solew Jile Olge 4 5 (S5l
Razi et al. (2010) .uzs o7 (gslulder 4 3B se (gl
G 0 1 S LS Sl 4 oS Sin e
2 ESL By 5 edalin TVAAOI 055 s 45
ol Sole pania @3l S )1 F 0kl Ol
S L pasial Slaasl L oo S 55 s
G2 oS @35 5 (rsns sy 4 400 Sl
5 e S 3 St 5 el B gy 1S
8 53 Ygmnan (5 lac ke 355 o odalie ol VL
Lks (ST 53 5 odalie bals s o&n 35 0
Ssime sbest Yl 5 o 085 85 il oo
IS Cald s 4 o by sk
Ll JSta sdie sln g8 b S slags e
S ol e ¢ LS oo Sole I S IV,
otalin 65U pl 53 gb ST a8l i oS ()15
(MacBeath, 1993; Schutt, 2019) » 52 .
C)  paS LS Slise Solew oo
¢ £ 50 Ctessellariuse.d C. tessellarius
Wl ol aes GBCES Laosw j5 & Sl St
caf , YDC wle K5 slaciS” Lo 5 BCT
Sl ol Gy s B S o W5 (K ik
Clavibacter (Cm) &5 5l 68 5 &S Olgen
Clavibacter (Cmt) olye <> 5 Michiganensis
bl s s 4=k michiganensisubsp. tessellarius
G825 e 5 88 25 o) 055 SIS T S ey
3 Bl ol 5 ks s 48 4 wa 5 ol Koo

Li et al,, 2018;) 4 s« C.tessellariusy sea

3- N-80-19

AoAR0

Npams e S S Olsen paS
S gl (ME 5B el )3 g A (655518
(B 45 5 Oahe WAL W5 L 01l sl
Sl 0313 ol 35 415 Jpamn oyl 5 Sler
Olul 5 Ol j s (il ookl (FAO, 2020)
(o Olmly3T Oltes woliile S Okl (55
b dsame ol Mg g 02 YL Obs S 5 fs )l
slas sae . Ahmadi et al., 2020) w15 428 5s
ol 3 e mals el oS glagslen 5 LT
ijfgcxfdhé‘)l—mﬁj\é Ly o gams
ol 03 0T & 4l @Vle 5 Sl okl a5 OT
2558 osm okal 43 ales (.,uf ciS sble
Ll S L ST ST e (ol 0395 n 0l
Sl @ik ol ptE LS Sl
5 255 o 3wl Clavibactertessellarius L. s
LS o 30T 1y Sh e s el ()
Carlson, 1982; McBeath and Adelman, )
sl oles opl .(1986; McBeath et al., 1988
s s Sl S T 58,5 53 18VF Jl s 5L
5 (1982) Carlson and Vidaver Lugs
w3 S Cws VAP Jle s 0l 5 Davis
Carlson and Vidaver, 1982; Davis et al., )
52 V88 Jle 55 el el sl ) )3 (1984
w58 adkte ol 51 obew ol K eT Yol
adbie pl 53 (Solew 45 Lsls OLES lagsyls pages 5

(Chang et al., 1991) s,I5 3 2.8 £
L 53 ol 2 7 85 @i S sladlu 53 Ol 5
Sahandpour and .cul ods i 8 55iS Ol
Sl g0 4 &S S Me 1494 JLu 5> Azad (2000)
2 (8 mhaa > &35 JS L) paS L ST
S gl 5 W3S edalie (Le)b Oku) oKl

1- Nebraska
2- lllinois



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

(aiiall ol b 5 K)o S el
4 5 So9 pear oS, 5 059 )5 losgd 5 255 Slasls
b baable 5 b, la) () Jader) bis Jazme ol 3T
SEds b T S w Aoy G g S s ke
IS b s 5 e 09w oo ST 5 93 5 prla
0355 O3 Jaie ST )3 50l 5 Slaejlbl 4 O e
Yoo Zole 95 sgde 5l e LS d O e Ogla
5 bl O s b ol O dlons s Sl il s S
yeast extract  fsls Caliee iiS Lse (g4,
bacterial 5 peptone glucose agar (YPGA)
Li et al., ) w& _z3 canker of tomato (BCT)
ol 3 gbee ks 55 4L .(2018; Schaad et al., 2001
4 S e CAS Gladkaes (g5 5 il O il g
53 0dkd CiS 6l 4 ged s CuiS (Laketes) o s
590 Caa b dw Do 4 o gendis (6253 YA G YO (glos
LAl S L (g, 4l As,y slaa , B S S
S5 5 Ghodizm ¢ 5553 S00 55T ol 1 5 S5
Jaie OF 3 el Ste o6 S (6 U Lkd esle]
Y el 55 Soakly IS 5 s F (e 53 g

.Mr\ed‘wwhséq-Jmegsaﬁébé)éwJJ

bosdon 9 (i 9 S OgeST
ol Gilullr Slag S alsl et b
Sl bl plesdigy 5 (s GOse)T
s 508 09057 bl ot (5lopalls (slaglir
5 b e, Ky L (Jf Slaali) bl ,
Sz e Y bl 3l gl 5 Sl (0T 4 s 5
S5 SLS s & SSE 5 i jasi
Silen Ll o 53 diy Jels 53T ol b el LoT
s iy Sy GBS GlnST (OFF) (s5lsn 2
esdsil B by dens N sl TTC Lo
35 45 5 &5 (ONS ¥ Lass (g5, Asy 5 1

1- Triphenyl tetrazolium chloride medium

2- Corynebacterium nebraskensami-selective
medium

SE i Ol S o) (Mendez et al., 2020
Lol Jgle 5 J gty 3l o3 (site SRy 5 5l
S Js sy 1y Iy pmedS Sl eslinad S 5 058 A g
Y0 sl 55 C. tessellaniusas” sl Ll 5 o Sl
Glos ST gayls 1y Ly o g g (G4 3 YA L
@L“ A uf%l}"*" sl o s (g 53 YO 0T
ey LS L (535 (s St 83 3 S5
= C. tessellariugs S .48 » Wg <K, 2ol
Jis 45,8 0 )5 o LT )3 crf oS 4555
Sleslns o LT 55 GSL o) S8 s A,
Lol SLbl oty ladshe 5 o X5T Jobo
bl Koo ok b lageiT 5 a3V s
5 s WU 5l L 5 LU0 15 5L, sSYE
05 S Gl 8L s e sl 4 e
s ovg S et g ges S Y3 0 ol
.(Li, 2018) ... (.vu? 5o slidk S
Opl s W 55 olew opl Coeal ) o
23> Dbl a5 ol ok ool S L Olagss
o> 3 Solew &S 5 oS Dol Ol
53 0T Syl Ol 5 Golew STy copiomat s
Sl ok el 5558 ks bl s 0l g0
LSk ol e (S s e Yzt ol
@ SlaasnS WMo 5 s s Sl e
S Olelia 8 5 0l5,sles Clet S8 cxls s s
S Lol cardlls .ol o g (5l ! v.l)?\.p
Salise Sobew ST om8 g5 o
A plil Ol i ot § e 53 plE L ST

995 9 3ge
balie Gl 9 Skl (515 paigei
ek (sae )70 VAY SIAYAR 5IFAA ol sladla s
5 Ol S Ol ()b gladkel el Gble s
P 4 S S oS 5 (glakisei 5 b 35k g
3 bl Sl g0 4 4t e b ol ST S5 g0 (5o


https://doi.org/10.1601/nm.6249

Ol sz 53 paE ol ST Sl sn (ol (2S5 5 5 8 10Ln 5 (5 e 4l

b T 05057 345 5 K55 ¢ 8 2S5 bl
CMR16F1/CMR16R1  ole 6ujfj&T
5,5 (Lee etal., 1997) SIS i 4 b
A 851505l glulis
G090 95 b S olew (2Lbs
S R 5 R SV RGO (Jf slaalie
(oladisn 5 (o555 B 05T il L Olejen
s ST I eslid L5 JTmg 0p0T L
SIS ju olel CMRI6F1I/CMR16R1
< (Lee et al, 1997) (Clavibacter spp.)
3 b ST V/F g gankas ba ST ool s
o sbaS 5 s wag s 165 IDNA o
sl o (Y o) A8 e 5SS 1, ST S
el SIS G olastl b SHET L oS
Coowpr oladipm 5 (s bl 55 5 old
wlds Ve dalas #Y) Lsy 5eSs 5 tessellarius
» ol a8 b Gl 5 Sl bals Olyes
Richert ) 2F/AR ol gls $5ET LPCR o 5037
Ganas b ST -l s 65, LIS 4 (et al., 2005
S e 2SS 1, OYIB ealials O 3l g5k b O

(V440) b 53 5 b 53 sy ol 2 (510N ] e
eS8 i o s el OT 3 Sl b
Gl b doys 53705 g b dy Sea e a o ST
&0 (,Jf STl 3 5 LSl e pde o5 20
A a4 dbesls 5l 5 a2is Y Ode a4y ek (g 55
o ) SN STk 5 )87 Lo s S 9
wdids 55 53 e s lad ) 5 Bl () 4 YF e
AP AP sy s 8 sk e 4iBs V0 S
pow 33 2 035 WLl Gl e b e gl
e Yo b)) s, Jgbsnanl dee e
Fooode 4 dgT 005 b 5 d5 8 4 (seede
e A SN s (G 53 =T+ Glas 53 4ds

98 il a2ds y3 Hg5 VW 93428510 Sde 4 lad o)

2-CTAB

9 d}l::l.ﬁ )\ ,,\:_,.,l J.:Ij chj ..L:Sj cYDC‘ ‘k.;au
)U.:SYJ c‘\:.»ﬂl.&:};)).\:ﬁjg:)tm‘)‘ a:L&M‘;J}Zﬁ)_}m
el > (Schaad et al., 2001) wsy o Sl
el Gallr 6l pladipn 5 o555 O3]
Clavibacter michiganensissubsp. (e
sl S s JaS Olsea s Michiganensis
Al oolaal baay i
2138w OgeiT
Loodd osls Lesis (galds égi 9 el
o 5 o5 5 b0 se3T
s L ool .» Clavibactertessellarius ol gea
S35 &3l 0505 53 355 a8 5 &, b 4l
OLLE Las eslizul Gliy 5 O e ol5,) (.vuf
Yo gl 5 e sle 10 ks L sbols s C*‘f
G s YOI gl L S Lol s s e sl
5o 3 pgmades G0 VR 5 55y 55 e g
O5e5T plawit st s oS ab 555 ol VF
g3 dsb 52 OD= 0.5 b sl s o5k
Dole L) s ki OT s gl $o
& an) oS ganle & OLLE S, ool 4
G5 w6l Sy 5 Ol pl)) el 2 sl
G5 09k 5 b Wl DbLE fols dels L s
Ao Sde 4 o Cuo by bis (gl Wid g O3 i e T
Sy glaanS b dals 5 otd Siale OLS 5,
OGS de Ll,a L) 6l s plalS wus otiliy
ol 2O ks (LT Jpone ilan 5 (5,165
9 aU; Lgl'“)b" cods &) 6\}5& Q)_}«é%)
j\mob&\:(&‘jf@@ﬁy&)axs‘ﬁ
TSRO TR RTSC IS RPN S A
$oolsd jaid 5 el sy s el Gl 2
Ll oslawl HSde beiS bow sy 6 SL

ol Siubs L;Ladfj 5 edeT s glaw il

1- Yeast dextrose carbonate agar



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

i j4 2F/AR § CMR16FI/CMR16R1 (sl 5 ieTeds . qwsyp ool 30 ol ooli! sl 5 5BT Olasio -V Joue
N0 IS ddlllan 0590 ST 10 1H gYrB 9 1I6STRNA (slays il Jbods oF« g jbeds 16+« dgu (Sladrtad

Table 1 Characteristics of the primers used in this study Primer pairs CMR16F1/CMR16R1 and
2F/4R amplified fragments of approximaely 1400 bp and 530 bp 016SrRNA and gyrB genesin the

studied isolates, respectively.
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Figure 1. Symptoms of bacterial mosaic disease on wheat in the field. A and Beaves with
small, yellow lesions that sometimes coalesced into streaks. Asymptomatic healthy plants.
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Figure 2. A, B: Orange colonies of two pure isolates @lavibacter tessellariusn BCT medium. C:
reddish-pink colonies of anrelated 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/CMR16R1 in sone isolates of grarpositive bacteriarecovered
from mosaic-affected wheat plants. Lines 1 to 10: representative isolates::Gegative control;

M: 100 bp DNA ladder (SinaClon, Iran).
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Table 2 Wheat farms sampled in this study along with the date and place of samplingultivars name
and infection statusof the farmswith Clavibacter tessklrius

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 Zargd 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 Nay?2 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 Shad 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 Gen4 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 Lard Lar Feb2020 Sirvan & 124 Zara4 Zarand Jan2020 Chamran2 - 188 Ah4l Ahram Jan2020  Chamran (
61 Lam1 Lamerd Feb2020 Sirvan - 125 Behl Behbahan Jan2020 Chamran2 ( 189 Khml 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 Lamé4 Lamerd Feb2020 Chamran - 128 Beh4 Behbahan Jan2020 Mehrgan ( 192 Khm4 Khormoj Jan2020  Chamran (
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Figure 4. The expected fragmens of about 530 bp that amplified by PCR using 2F/4R
primers of the gyrB gene.Lines 1 to 10: representative isolatesof the Gram-positive

bacteria recovered from mosaieaffected 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)
42| L 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)

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

7E Clavibacter nebraskensis (AM410851.1)

n

g

100

Clavibacter capsici (CP048045.1)
71! Clavibacter michiganensis subsp. michiganensis (KF663945.1)
—— Clavibacter sepedonicus (FR728017.1)
Rathayibacter iranicus (KX758021.1)

[
EE Rathayibacter festucae (KX758020.1)

_
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3 Gawd B35l » (Neighbor-joining ) b lued cawgw 9y b MEGA X 18lp b &7 15l o0 -0 <4
Syl g b O3 ESb 5 sdlae § eXalige 4 039T Slpns™ 3 ovl cwaw C. tessellariugsaglue 53 gyrB o3
hQTQb}g}o S lod wy 9 ein SS90 30 ol Clin b adllian (3l 33 o0l Tuar (S g gl (sl 0D iy ST ST Yoo
Had Ol >l seg 5 Olgea R. festicaey Rthayibacter iranicusg4igs™ 98 .ifouds adgi 3l y 53
Figure 5. Phylogenetictree constructed with MEGA X software by the Neighbor-joining method
based onthe sequence ofyyrB gene inC. tessellariussolatesrecovered from mosaicaffected wheat
plants and the related species and subspeciestrieved from GenBank The strains isolated in this

study are marked with a black triangle. The accession numbersare indicated in parentheses.
Rthayibacter iranicusand R. festicaewere usedasoutgroups.
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Table 3. Similarity matrix bas ed on thepartial sequence ofjyrB genewhich obtained with MegAlign
software showing the nucleotide similarity between ten C. tessellariusrepresentative isolates
recoveredfrom mosaicaffectedwheat plants in southern Iran and some sequencesom GenBank.

Percent Identity

4 5 6 7 8 9 [ 10 |11 |12 |13 |14 |15 [ 16 [ 17 18 |19 |20 | A
99.6 1100.0/100.0{99.5 |99.8 [99.8 |100.0{95.9 |95.9 |99.3 |99.3 | 954 | 958 |961 |97.2 |96.7 (972 | 746 | 1 Zargh2_Ct
2 . .0(100.0/99.6 (996 [99.3 |99.3 |99.3 | 90.6 | 985|985 003|993 054 | 058 (058 |067 (963 [967 (746 | 2 Fir2_Ct
3 |04 0 100.0/99.6 | 99.6 |99.3 | 993 |99.3 |99.6 (985 |95.5 | 99.3 |99.3 | 954 | 955 | 958 967 |963 |967 |746 | 3 Fasal_Ct
4 |04 |00 996|996 (993 /993|993 |996 (985 (985 |99.3 (993 |954 [958 |958 | 967 |96.3 |96.7 | 746 | 4 Sarv3_Ct
5 |00 |04 |04]0 100.0 99.8 100.0/98.0 (989 093 (993 |054 |05.8 |96.1 |97.2 |96.7 |97.2 |746| & Sir2_Ct
6 |00 |04 04|04 99.5 100.0/98.9 |95.9 |89.3 [99.3 |954 |95.8 |96.1 |97.2 |96.7 |97.2 |746 | 6 Raf2_Ct
7 |02 (07|07 |07 998|987 |987 |996 (996 |956 (96.1 [96.3 | 974 [965 |974 |746 | T Ram1_Ct
8 |02 |07 |07 |07 .0/99.8 | 99.1 (991|991 (991|952 |95.6 |95.5 | 96.9 |96.5 |96.9 |746 | 8 AhvZ_Ct
9 |02 |07 07|07 02 |02]|04 99.8 1991 /991 /991|991 /952 | 956 [958 |96.0 (965 |96.9 |746 | 9 Dez1_Ct
§ 10 |00 |04 |04 |04 00|00 |02 )02 98.0 1989093993 954|058 (961 |972 (967 |97.2 |746 | 10 Bor1_Ct
% 1 |11 |16 |16 |16 11|11 [13 |09 |08 100.0 MT841372.1_Ct
% 12 |11 |16 |16 |16 11|11 (13 |09 |09 | 11 MT941371.1Ct
13 |07 |07 |07 |07 |07 |07 |04 00|08 |07 JX890022.1Ct
14 |07 |07 |07 |07 07 |07 |04 08|08 07 MF409306.1Clavibacter_sp.T229
15 | 48 | 48 | 48 | 48 48 | 48 |45 | 50 |50 | 48 JX890010.1Ci
16 | 43 | 43 | 43 | 43 43 | 43 |41 | 45 |45 | 43 AM410851.1Cn
17 | 38 |41 |41 |41 | 38 | 38 |36 | 41|41 |38 FR728017.1Cs
18 | 29 |34 |34 |34 20 |20 |27 31|31 |29 CP048045.1Cc
19 | 34 |38 |38 |38 34 |34 |36 |36 |36 34 HF854357 1Cp
20 |29 |34 |34 |34 29 |29 |27 31|31 29 KFGG3945.1Cmm
21 311311311 1311 1311|311 (311 311 [ 311|311 KX758021.1Rhi
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Abstract
Background and Objectives
The bacterial mosaic induced by Clavibacter tessellariuss 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 Clavibacterspecific 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 Clavibacteralong 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. tessellariusstrains in GenBank. In the phylogenetic tree, these isolates
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with C. tessellariusstrains from GenBank were clustered in a clade distinct from
Clavibacterspecies and subspecies of Clavibacter michiganensis

Discussion

C. tessellariuswas 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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