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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 yasde gl sy Sl
S ol slsesls o 35,005 155 SDS-PAGE 55, 3l eslil b Jslow Joun o055
NTSY'S-pc Version | ;-3 6 Shesteal Uy s 0 55580 5l 5 oliand g Olos snst
Jalrs ol do s bos S amw 3liad L5 S ey 3581 o 55 s UPGMA 5 5, 2/02e
53 AN Jslas Calis Ao ys Loy S T2 3 slberdm Glaesls Jeol>- f\ij).L}: BEWALY
Gloallr (o 55 S5 8 Bsb i Ao S asiie s sbeesls Sl fol- ol S50
3555 e Olanlydl 5 OledS laaslir s S5 ser o lbilinl €50 b Sl
SIS sl ol sty DL 1) e bl glaalir o s sline glacone

el S Olil 3 Kb a8 oL SL SO (goles 5425
sbSL S (Clavibacter  michiganensis  subsp.  michiganensis  :gdJS  glae}ly

DS (8 Sl 3T 0l (S e S

Ao die
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)
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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 Sl guas
+ Gram reaction ¢ S Sty
- Motility S
YV Pigment S5 K
- Oxidase Slast
o) Oxidative / Fermentative Silsr 2/ ol A
- Levan production Ol s
+ Hypersensitive reaction Copules 398 Sy
+ Catalase BuY
+ Phosphatase sblacs
+ Aesculin hydrolysis RAP SN PEN WY
- Casein hydrolysis 058 s
- Tween 80 hydrolysis A oS8 e
w Gelatin hydrolysis oS5 s
+ 5%NaCl tolerance Lo ys 0 rLda S Joms
+ 6%NaCl tolerance Aoy (:L-do Sad o
+ 7%NaCl tolerance AoV rLda S Joms
- Nitrate reduction Ol s sl
- Urease 3T eyl
+ Lecithinase Sl
- Tyrosinase BISER
+ Growth at 35°C NP WPETS L ISP
+ Growth on TTC TTC 5, A2,
+ Growth on CNS CNS s, LS,
+ H,S formation O SV H2S W5

Indole formation
3-Ketolactose

Methyl red

skl A5
S5SNsS Y A
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 ,u5 59, j

(42% ) +

(58% )+

Alkaline

Acidic

Reduction

oo el

di.'.s'_; -

Percentage of reaction(+)

Carbon Source

osliul 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
35Sa4 6

Sl s
BEERPS

BPUSRCE

el s
555Y
Sk g2
350
S5l
Jsal

Jsid
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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

U:JS", - SL)

Percentage of reaction(+) Carban Source ol 2500 05 b
25 Mannitol Jsuile
0 D-Sorbitol J 5o 2
14 Dextrin RS
4 Inolin o !
100 Citrate S
0 Fumarate ol b
0 Gluconate LS I8
0 Benzoate PP
0 Malonate bl
0 Oxalate YIS
0 Galactronate b SVE
0 Tartarate oLbLL
90 Acetate Sl
0 Propionate Sls g
100 Succinate OlenS g
87.7 Lactate obsy
7 a-methyl D- glucoside 2555508 5o Jure — T

Alesls Ol Cias oo 2STy baglas 7Y v e B4 w
90-100 % of isolates with weak positive reaction.
o 5 2000 3 .‘;J).o:‘}?'é)'lt};:»émﬁ‘) Vel e)5Y
Y: Yellow; O: Orange; V: Various colors such as pink, red, orange and white.

Llesls OLAS ke J‘:;S\j Laala= 7V v e B A o+

80-100 % of isolates with positive reaction.
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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

J—sle Clavibacter michiganensis subsp. michiganensis glaa|i> s o5 S - Jse
5 bodsn sla0sel Sy 05 e b ite el (S 8 L sL Sl
Ol Obul 31110101 e (slaaslie) UPGMA o5 S Sl eslial b (S35 505 508
(OkdS Oleal 311110 21108 glawli 5 OLaJT 51VVOY Wl ¢ o 8
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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Clavibacter michiganensis slaalh= Jol o la 5950 (635585, 5580 anslie ¥ S
ARAVAMRFANAREIARA S SRR ARARE-IARE Ly W YR ES R WS Y L;L J35 > subsp. michiganensis
VoY OleedS ol BIRRRASARY-LUART-}4 P Ql_q%l.uﬂ NV AR A PR R A SARRLSARER
(0lJT 51 (NCPPB382)
Fig. 3- Comparing cell protein electrophoresis of Clavibacter michiganensis subsp. michiganensis
isolates on polyacrylamid (Isolates 1129, 1105, 1121, 1142, 1145, 1144, 1148, 1100, 1119, 1122 and
1147 from west Azarbaijan province; 1154, 1159, 1162 from Golestan province and 1153"NCPPB382"

from Germany).
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[1154 I
1159
—_—
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|
0.86 0.89 091 093 0.95 0.98 1.00
Jaccard's Coefficient

11

Ji,k_..., J—le Clavibacter michiganensis subsp. michiganensis glaasld> gl ojjf - JSJ

s UPGMA ﬁ)}ﬁ‘ Sleslan ol Uy oy 5550 2S00 s laosls bl 5 S5 a8 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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ABSTRACT

Tomato Bacterial canker disease, firstly reported in Iran from Urmieh in West
Azarbaijan province in 1988. The disease causes lesion (canker), wilting and dryness of
plants, leaf and fruit spots and whole plant decline. In this study, about 160 samples of
infected plants were collected and sixty-four bacterial isolates were obtained from the infected
tomato plants in Golestan and West Azarbaijan during 2004-2005. All isolates identified as
Clavibacter michiganensis subsp. michiganensis based on morphological biochemical
characters and pathogenecity test. Isolate Cmm (NCPPB382, Germany) was used as standard.
Isolates showed considerable differences in using different sources of carbon and in their
electrophoretic (SDS-PAGE) profiles of soluble cell proteins. Cluster analysis dendrograms
obtained based on information derived from biochemical characters and protein
electrophoresis, using software NTSYS-pc version 2/02e, UPGMA method and Jaccard's
coefficient. Three groups (clusters) with %77 similarity based on biochemical data, 5 groups
with %86 similarity based on SDS-PAGE results were realized. The results indicated high
correlation and complementarirty. Resultes revealed I) heterogenesis between Iranian isolates
and standard Cmm (NCPPB382), II) homogenesis between Golestan and West Azarbaijan
isolates, and III) presence of different populations (strains) among the isolates selected from
different areas. This is the first report of tomato bacterial disease in Golestan provice of Iran.

Key words: Clavibacter michiganensis subsp. michiganensis; Bacterial canker of tomato;
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