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Table 1- Geographical areas from where samples of gummy spike blight disease on wheat
and barley were collected and the numbers assigned to the strains isolated from.

Isolate number oo o Lo Host oL 5. Location ¢ — ol
1,2 Wheat ("“g Isfahan, Sahrebabak L e Olgas!
3,45 Wheat ("“g Isfahana, Mobarakeh 45 )Ls (Olgaws!
6,7,8 Wheat r,uf Isfahan, Lenjan ol (Olgis!
9,10,11,12 Wheat .8 At P Ol
East Azarbaijan, Shabestar
13,14 Wheat ("“g Ham (5|
15,16,17,18 Barley ;- Ham (3Ll
19,20,21 Wheat .5 Golestan ol JS
22,23 Wheat o5 45 OLnl Ol o
Khuzestan, Iranshahr
28,29,30,31,32,Z; Wheat r,uf Fars, Zarghan oG 3 « .,
33,34,35,36,37 Wheat ("“g Fars, Ramjerd > sl ¢,
38 Wheat (.. Fars, Firouzabad LT 33 .3 ¢ b
K Wheat r,uf Kerman oL S

SLOsSIS 5l Glamslie Gla)ls el (6l
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! International Collection of Microorganisms from
Plants (ICMP)

2 Biological Institute Culture Collection of
Phytopathogenic Bacteria (IBSBF)

kA

Rathayibacter toxicus s> o slaslir

(R. iranicus IBSBF 636 JCMP 9525

R.tritici IBSBF 632 , R.rathayi IBSBF 635


http://www.landcareresearch.co.nz/resources/collections/icmp
http://www.landcareresearch.co.nz/resources/collections/icmp
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Table 2- Morphological, biochemical and physiological characteristics of the Rathayibacter
species.

3l edel s 4y laaslas

R. rathayi*  R. tritici* R. iranicus’ ISolate from — o
s pkS Characteristic
Barley Wheat
205 205 200 @5 057 @S (Color) s &,
Yellow Yellow Yellow Crem Crem-Yellow
+ + + + + (Gram reaction) <=J§ S|y
2 4 2 <2 2-4 (NaCL tolerance) <:l;;lg Sas o ds 53

(Growth on TTC medium)

- - - - - Methyl red (MR) reaction >, |z =Sl

- - - - - (Production of acetoin) .5 sl AJ &5

oo O 55 5T HRS W5

- - - - 40
(H2S from sodium thiosulfate)
- - - _ 30 o )‘ H.S J‘.‘.'S}:
(H;S from cysteine)
+ + _ _ 45 d}:"ﬁ'i )" HZS J':-S}S
(H;S from peptone)
) . . ) 60 Tween 80 ;J 5,4
(Hydrolysis of Tween 80)
. . . . . Tween 60 ;J 5,4
(Hydrolysis of Tween 60)
+ + + + + (Hydrolysis of arbutin) -5 5,1 5J5 s
Acid production from 3 a0 &
+ + + + + (D-Glucose) ;S 48 -
+ + + + + (Cellobiose) s slus
+ + + + 85 (D- lactose) ;SN -
- - + + 90 (Sucrose) 35S s
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R.rathayi*  R.tritici* R.iranicus” ISolate from — e
P pkS Characteristic

Barley Wheat

+ + + + + (Maltose) ;sdbe
- - - - - (Raffinose) ; sl
+ - + - + (Fructose) ;553
- - + + + (D-Ribose) 540, ->
+ - - + 25 (Melezitose) ; 5z 3
(Utilization of) 3! oslazel
+ + + + + (Sodium acetate) b Sol!
- - - - - (Pectate) LS
+ - + - + (Sebacic acid) dl Sewolews
. . . . - (Amygdalin) - J1u&si
+ + + + 60 (Inulin) -, J s
+ + + + + (L-Asparagine) -3l — JI

- - - - - (L- Ornithine) ., = JI

- - - - - (Propionate) =L .
- - - - - (D-Tartrate) =,b,6— »

(L-Glutamic  tl Sl S = I
acid)

S e gllg pre Loy e Sl bl a1 - ladls O e olls b cate 2815 (6l )l baglds aen 1 + @ sbalas F

s Lalde Ole Cute A3S15 Ao js (godins LIS slael L alazdls

“ Standard isolates, +: Positive reaction or growth, -: negative reaction or no growth. Numbers are positive
percent.
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Figure 1- Comparison of electrophoretic pattern of cell proteins of the isolates of
Rathayibacter species from wheat and barley spikes with symptoms of gummy spike blight
in several provinces of Iran and reference strains of Rathayibacter spp., codes of the isolates
have been given in Table 1.
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Figure 2- Electrophoresis gel of PCR fingerprinting with the primer (GTG)s and M13 for
the isolates of Rathayibacter species from wheat and barley spikes with symptoms of gummy
spike blight in several provinces of Iran and reference strains of Rathayibacter spp., codes of
the isolates have been given in Table 1.
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Figure 3- Dendrogram showing the relationship among Rathayibacter spp. isolated from
gummy spike infected wheat and barley based on PCR tests employing primers M13 and
(GTG)s. Cluster analysis was performed by using UPGMA algoritm.

7 50bp

500bp

250bp

K] (A)gyrB‘,ITS ‘5\Adj g';mbbgr.‘—:-j g,.:’iJS McPCRbaMﬂ:ﬁ'Qw C.',.fjj.o —¢ JS.J»
30895 51 e 9> 9 f.\:f o ad g Jole 6 SL slaalas (B) 16S rDNA 5 recA sl
e UDNA SLEM Gg dibogp sl b d5 simel ) 5 SIg A 3 Aoy VY 5,81 J5 55

<l (Fermentas,Lithuania) ke b <S4 50 oSV JS 00

Figure 4- Fragments from ITS, gyrB, recA and 16S rDNA genes of the gummy spike blight
isolates in 1.2% Agarose gel stained with etidium bromide. M: 1 Kb DNA ladder.
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R ¢ Cladbacter michiganensis subsp. insidiosus clone K0031_HAIB1751.1(TS)

W 22 (165:DNA)
T2f Clavibacter michiganensis subsp. insidiosus strain KACC20T66_1ING13834.1(TS)

Rathayibacter iranicus strain VICM_KC188341.1 (16srDNA)

7| Rathayibacter iranicus_USE184.1 (165rONA) 1 [avibacter michiganensis subsp. inSiﬁiUSUS_DQﬂ“SM[ﬁS]
A S R e B 2 Claibactr michiganensis subsp. sepedonicus sran LWGS01_JNGH3837TS)
B Z1_KF922383 (163rDNA) I

I FP——— Clawbacter michiganensis subsp. sepedonicus strain Ac-1405_HQ3%204.1(TS)

Rathayibacter titiel_ RTUSEIBS (165iDNA) L Clavibacter michiganensis subsp. nebraskensis strain ABBJ13_KIT92867 1(TS)
1} " "
! AR C Clavibacter michiganensis subsp. nebraskensi strain NCPPB578 JX216839 1(TS)

Rathayibacter tritici partiel type strain DSM T486_AMS10685 1

Rathayibacter i stin FH5_ FISO5102 (TS)

Ratheyibacter festucee strain JAG-D009_HC4E952.1 (165rDNA)

s Rethayibecter festucae strain UCH Ac-615_NR_0MRST41 (165rDNA)

caricis_AF158364.1

Rthayibactes oxicus D847 1 {165/ DNA)

ﬂn«ww oxicus strain CS14. NR 037130.1 (105/DNA) A 16 KFA4ITBAA(ITS)

b §1L Rathayibacter iranicus strain FH6_FU595101 1(TS)
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Figure 5- NJ dendrograms of comprising the 16S rDNA (A), ITS (B), gyrB (C) and recA (D) nucleotid

sequence data of isolated from gummy spike infected wheat (#) and barley () and some strains available in
GenBank with Vibrio cholerae as the out group.
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Table 3- GenBank Accession numbers of the sequences of the gummy spike blight agents on wheat and barley.

(Isolate number) afi> 48 (Accession number)  ow zws o lad
ITS 16S rDNA gyrB recA ITS
16 KF922382.1 KF922386.1 KP768445.1 KF443784.1
22 KP768446.1 KF922387.1 KP768444.1 KF443785.1
Z1 KF922383.1 KF922388.1 KF922384.1 KF443786.1
485 b gy, s LSU L Rathayibacter sl KK 5 oglold o golgin oisd b Shy -t Jod>
.R.iranicus
Table 4- Differentiating characters of the Rathayibacter species.
Dye &  Zgurskaya,  Dorofeeva  Babaeizad &  Soltani etal., Sl Yl L S
Kemp, 1993 etal, 2002  Rahimian, 2010 TET e O3k S
1977 2002 (Our study) (Characteristic)
i " I " I " I " i1 o i I
2 5 <5 5 <5 34 2 34 2 2 4 V <2 b Sl Jod s
(NaCL tolerance)
Sy g 3 HS Wy
- - - \4 -V - -V - (HS from o
sodium thiosulfate)
Tween 80 ;J 5,4
d - + + + + + + + V

(Hydrolysis of Tween
80)

(Acid production from) 3! awl o &

+ - + + + + + - VvV o+ (Sucrose) ;5,5 s
+ + -+ -V o+ (Melezitose) ;s 5le
- - - + o+ -+ o+ (D-Ribose) 540, ->

- + + + V o+ (D-lactose) ;¢S -
(Utilization of) 3! oslazel
(Sebacic sl Sl

acid)
+ - + + + \V; - + + + V VvV (Inulin) -, J ¢!

R.tritici :I1l < R.iranicus :l > slaalas I
3 alde S calise @l:s:d Llesls A c.ab_ P9 ke c«\i Ll 51 &5V e baglis STy - (ke bl 28150+
S Lo g3

Table 4. I: Barley strains, Il :R.iranicus, I11: R.tritici

+: positive reaction, -:Negative reaction, V: Some strains positive, d: Different results either between culture
or when repeated
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Abstract

Gummy spike blight is a disease of wheat (Triticum aestivum) in several cereal growing
areas of Iran. Rathayibacter iranicus, as the causative agent of the disease of wheat and barley
,appears to be confined to Iran. To evaluate possible phenotypic and genotypic diversity of strains
infecting wheat and barley, infected spikes were collected from East Azarbaijan , llam, Isfahan,
Fars and Khuzestan provinces and the associated bacteria were isolated from the spikelets and
characterized. Fifteen strains were selected as representatives of groups displaying one or a few
differences in phenotypic features or total protein electrophoretic patterns and were used in
genotypic comprisons. DNA was extracted from these isolates and from the type strains of
Rathayibacter spp. To evaluate the genetic diversity of the studied strains, minisatellite marker,
with primers M13 and (GTG)s, was used. Fragments of the genes for 16S rDNA, ITS, gyrase
(gyrB) and recombinase (recA) were amplified and sequenced. Combined PCR fingerprints
obtained with the minisatellite primers indicated identity of the strains isolated from wheat with
R. iranicus. Strains isolated from barley formed a distinct branch closer to that of R. iranicus and
furthest from those of the other Rathayibacter species including R. tritici and R. rathayi. R.
toxicus and other Rathayibacter species formed a distinctly different branch. Comparison of the
sequences of the ITS, 16S rDNA, gyrB and recA genes with those deposited in GenBank,
verified, further, the identity of the strains isolated from wheat and barley as R. iranicus.
Key words: Gummy spike blight, Rathayibacter, minisatellite, housekeeping gene
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