AL sbslen 5 DUl
\\'"/\V J).LJ.G..A c\ a)l.q...: QV? .Ll?

S S ol Jolo LS9 9 o 5 £ 5 oz
sk Q\Pg\eﬂi 9 okdS sl s d(afeo-‘,f

Phenotypic and protein profile diversity of tomato bacterial

canker in Golestan and West Azarbaijan provinces
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S sb s S 5 g g s GLL» Sheslizal LUls 3 yasie gl sy Sl
S ol slmesls o 35,005 155 SDS-PAGE 55, 3l ealil b Jslow Joms o5
NTSY'S-pc Version ;| 531 o .5 5l esléul Ly 55 50359, 5 plend g Olos sast
Jalrs ol do s bos S amw 3liad L5 S ey 3581 o 55 s UPGMA 5 5, 2/02e
53 TN Jslas Calis Ao ys Loy S T2 3 slberdom Glaesls Jeol>- fljf‘,).x.}.a BEWALY
Gloallr (55 S5 8 G5l Ao S asie s sbeeslsl Jol- ol S50
35 5 o Qbbb 5 0ledS slaaslir Gy (05 el lblud € 5a b Syl
SIS sl ol sty DL 1) Calee bl (glaaghr o s sline gl nex

ol ledS Ol 38 K ar LU SL SO (olen 542
sbSL S (Clavibacter  michiganensis” subsp.  michiganensis  :gdJS  glae}ly

SRS 5 Sl 3T 0l (S eSS

LV R V-V
Sholen slas SU 5l @aldas Ol 50 (Lycopersicon esculentum Mill.) u’<f° ax S
Clavibater michiganensis subsp. michiganensis (Cmm)
Xanthomonas campestris pv. vesicatoria (Xcv)
Ralstonia solanacearum (Rs)

Erwinia carotovora subsp. carotovora (Ecc)
Pseudomonas.syringae pv. tomato (Pst)

Cmm L S o=l e 31 (Jones et al., 1991; Bryan, 1933; Gleason et al., 1993) Ll e

(Bryan, 1933; Gleason ef al., 1993) dulel g o3de sl (S5 xS 6 g0 (55, Pst 5 Xev

C;U SlaodS js (eoMs VA0 Jlu s L sl ol - L5'<"J'9 xS oLt S
53 3 oolS Erwin F. Smith v 5 Lo Olaa 3 5 edalis LS el 0lie SILI s

Sl ol 5L sl s (Smith, 1910) Ay Sl w0 0f 3550 55 olg (5015 V4) s Jle
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fr o IS s 2l Ble sy gla S el el la ST 5l s, Cta U
b 555 3 G AS 0 bl Ks e S sla S sNBY 5 NA Lasws (g5, 51 ol 5 e
Keleman, 1954; Fatmi & Schaad, 1988; ) oS J_JSJ NA .la.”_>u TEIE) &_.Jl_>.;:..0| SCM
Ol a5 Syl o 5l (gda glaeslinad | lane 4 (Shirakawa & Sasaki, 1988
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S n S Jsene gl s bl el d i o 8L gl w0 dn 5 ol s
RO eS| (Schaad er al, 2001)
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Klement et al.. s Klement et al. (1963) sy 4z Sldaed 5 05 5 eLS 2 5 Gitaitis (1990)
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(Unweighted Pair-Group Method Using Arithmetic Average) UPGMA « S5, p JSJ  gaxe
b ooists OF Culis b alis b gie 0,5 5 i fd o (So85 DMl L 4l &
(Gerami, 1984) il s 05 5 )3 55 50 o 85 plo
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53 Al A5 ol (g3l 0o smte 5 LB 5l plerd s 5 o 5 Sl st
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U5 Sl 5050 S L 4l 1S st s o sedss oSS
UL s SV STl e (s SYE cols b5l eslieul pde 5 Ol e Sl eslinad
LS 4 (Fatmi & Schaad, 1988) Clavibacter oz olull 53 g 2o 4 Ol 2o oL pde
555553 Bh Aol W5 s S s do s gy Sl siRe LT (5 sllae 15y 23,
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Davis et al., 1984; Bradbury, 1986; Davis, 1986; Fatmi & Schaad, 1988; ) C. michiganensis

L% eslawul (Gitaitis, 1990; Van DenBulk et al., 1991
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Fig. 1- Symptoms of tomato bacterial canker observed in

Golestan and west Azarbaijan provinces
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Table 1- Phenotypic characteristics of Clavibacter michiganensis subsp. michiganensis isolates obtained

from different tomato growing areas of west Azarbaijan and Golestan provinces

(Reaction) .51, Characteristics Sles gas
+ Gram reaction ¢ S oSty
- Motility S
YV Pigment 8 K
- Oxidase Slas]
o) Oxidative / Fermentative Gl 2/ ol XS,
- Levan production Ol s
+ Hypersensitive reaction Copules 398 Sy
+ Catalase BuY
+ Phosphatase sblacs
+ Aesculin hydrolysis RAP SN PENWY
- Casein hydrolysis 058 s
- Tween 80 hydrolysis XA PPN WS
w Gelatin hydrolysis oS5 s
+ 5%NaCl tolerance Lo ys 0 rLda S Joms
+ 6%NaCl tolerance Aoy (:L-do Sad oo
+ 7%NaCl tolerance AoV rLda SaS Joms
N Nitrate reduction Ol s sl
- Urease 3T eyl
+ Lecithinase Sl
- Tyrosinase BISEI
+ Growth at 35°C NP WPESTS L ISP
+ Growth on TTC TTC 5, A2,
+ Growth on CNS CNS s, A,
+ H,S formation O SV H2S W5

Indole formation
3-Ketolactose

Methyl red

skl 5
BT PR NP
35 Jee M5
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Table 1 continued- Phenotypic characteristics of Clavibacter michiganensis subsp. michiganensis

isolates obtained from different tomato growing areas of west Azarbaijan and Golestan provinces

Action on Litmus milk : ;5 sexd ,n5 59, j

(42% ) +

(58% )+

Alkaline

Acidic

Reduction

Ll

Sl

oo el

di.'.s'_; -

Percentage of reaction(+)

Carbon Source

oslaiwl A)yw;c\ﬁd

87.4

70

47

100

34

80

10

35

66

64.6

90

28

D-Glucose

Sucrose

Raffinose

D- Cellobiose

Trehalose

D-Fructose

D-Ribose

Melibiose

D-Mannose

D-Arabinose

Lactose

D-Melezitose

Ramnose

Maltose

Adonitol

Dolcitol

SRS
3555w
Sl
BENTUNCE
BEIESY
35Ss4 6
Sl s
BERPS
BPUSRCE
el s
555Y
Sk g2
350
S5l
Jsal

Jstd 9
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Table 1 continued- Phenotypic characteristics of Clavibacter michiganensis subsp. michiganensis

isolates obtained from different tomato growing areas of west Azarbaijan and Golestan provinces

Sl Ao ss
Percen:; if re;ction(+) Carban Source olil 259 S gl
25 Mannitol Jsile
0 D-Sorbitol J s 3 82
14 Dextrin S
4 Inolin o)
100 Citrate e
0 Fumarate b b
0 Gluconate LS I8
0 Benzoate PP
0 Malonate byl
0 Oxalate YIS
0 Galactronate b, SVE
0 Tartarate oLbLL
90 Acetate ol
0 Propionate Sl
100 Succinate OlnS g
87.7 Lactate obsy
7 a-methyl D- glucoside 255558 s Jure — T

losls OLES Cigand e (28T aggld 7Y 0 v B A

90-100 % of isolates with weak positive reaction.

.J.:I'.w}ﬁ)Usﬁ}»é}ﬂiM}leﬁéh«.ﬁ)iV NSO REST R ¢

Y: Yellow; O: Orange; V: Various colors such as pink, red, orange and white.

80-100 % of isolates with positive reaction.

V¢o

fo Sty baaglae SN0 B AY



Cluster Analysis of Phenotypic Characteristics
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0.63 0.68 0.73 0.79 0.84 0.89 0.95 1.00
Jaccard's Coefficient

Jesle Clavibacter michiganensis subsp. michiganensis glaa|i> s o5 S -V Jse
5wl glaosel (RS1s Dag e b St lad (K5 a8 oL St Sl
Olomly3T Obul 31110101 0 (slaaslior) UPGMA o5 SISl eslial b (S35 505 508
(OkdS el 311110 21108 glaali 5 OLaJT 51VVOY Wl ¢ o8
Fig. 2- Cluster analysis of Clavibacter michiganensis subsp. michiganensis isolates,
causal agent of tomato bacterial canker based on the results of biochemical and physiological

test (+ & -) and using UPGMA method. (Isolates 1100-1151 from West Azarbaijan province,

isolates 1154-1165 from Golestan province and 1153 from Germany).
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(0LJT 51 (NCPPB382)
Comparing cell protein electrophoresis of Clavibacter michiganensis subsp. michiganensis
n polyacrylamid (Isolates 1129, 1105, 1121, 1142, 1145, 1144, 1148, 1100, 1119, 1122 and
m west Azarbaijan province; 1154, 1159, 1162 from Golestan province and 1153"NCPPB382"

from Germany).
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1129 —
[1154 I
1159
—_—
1138 ™
{1100
11137
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11537 TII
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121
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(1145 v
143

1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |

|
0.86 0.89 091 093 0.95 0.98 1.00
Jaccard's Coefficient

11

Sl J=sle Clavibacter michiganensis subsp. michiganensis glaasi> gy ojjf - JSJ

3 UPGMA VLJ)K” Sleslan ol Uy oy 5550 2SN s laosls bl 5 S5 a5 oL SL
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Fig. 4- Cluster analysis of Clavibacter michiganensis subsp. michiganensis isolates, the causal

agent of tomato bacterial canker based on data derived from protein profile, using UPGMA method and
different coefficient of genetic distance (Isolates 1129, 1105, 1121, 1132, 1145, 1143, 1138, 1100, 1119,
1122 and 1137 from West Azarbaijan province, 1154, 1159 and 1162 from Golestan province and 1153

from Germany).
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