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ABSTRACT: Seven bacterial lsolates were isolated from infected potato
tuhers collected from different govemorates of Egypt. Pathogenicity fest of
isolafes on Sgunta potato eultivarwhich was known to be highly suscepfible
to the infection b1t R. solanacaarum showed that the isolafes fRs2, RsS ano'
Rs3) differed in their virulence (high, moderate and weak), respeetively. R.
solanacearum produces sevsral extracellulitr ptdnt cell walhdegrading
enzymes that are suspecfed to be virulence factors. Ihe Seven iso/afes were
used fo determine the activity of Polygalacturonase (PG) enzyme. RsJ Rs5
and Rs3 .isolafes showed high, moderate and low enzyme activity,
respectively. Tfiese rso/afes were txted on patato cultivars Spunta, Kara and
Nicola. Nicola cultivar was the most resistant; while Spunta was fhe mosf
susceptible. Kara proved to be moderately susceptible. Using of sx primers
in RAPD-PCR shorryed clear differenees among the seven so/afes on the
basr.s of amptrified product band pattems. All primers showed palymorphic
bands among all the isolafes. The dendrogram generated showed that the
examined isolafes urrere classified into two main clusters, the isolates Rsf,
Rs5, Rs6 and. RsZ in cluster A, while, tfe isolates Rs2, Rs3 and Rstl in
cluster B.
Key words: Pathogenicity, RAPD, R. solanaeeantm, potato cultivars.

INTRODUCTION
Ralstonia (Pseudomonas) solanacearum is soil borne, gram-negative

bacteria that can wilt more than 200 plant species in 50 families. lmportant
hosts of R. solanacearum include tomato, potato, tobacco, geranium, and
banana, and it routinely causes significant yield losses in commercial and
subsistence agriculture world-wide. R. solanacearum normalty invades plant
roob via wounds or where secondary roots emerge, penetrates the xylem,
and then, systemically colonizes the vascular system. Extensive colonization
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disrupts vascular function and the plants rapidly wilt and die. lt is only dr.rring
. ,"the later stages of the disease that nonwoody stem tissue is obvicusly

macerated (l'layward 2000 and Schell 2000). Numerous studies have
assessed the genetic divercity of R. solanacearum strains collected frcm

' ' diverse geographic areas and host species (Gook et al., 7989). There are also
studies on the phenotypic and genotypic variation of R. solanacearum
populations within localized geographic regions (Dookun et a!.,2001; Horita
and TEuchiya 2001; Smith ef aL,'1995)

, R so/anacearum virulence factors are quantitative characters, each one
. adding a degree of pathogen aggressiveness (Roberts et al.,1988). Many of
' the known virulence factors are secreted enzyrne including an extracellular
' : polysaccharide (EPS l), an endoglucanase, and three PGs (Denny and Baek

{99'l; Huang,and Alten 1997 and Schell et al., {988). A consortium of three
., , plant cell wall-degrading PGs apparently facilitates plant invasion by R

solanacearun*," Although all three PGs hydrolytically cleave the pectic
polymec, they have distinct reaction products. PehA (also known as FglA), an

' :: €ndo-Pc (E,C. 3.2.1.82), eleaves the pectic polymer internally at random,
releasing large oligomerc, mainly trirners of galacturonic acid (galUAl (Allen
,€f el., 1991 and Roherts et 81., 1988), PehB, an exo-poly-tJ-D-
galacturonosidase (E.C. 3.2.{. .15), and PehC, an exo-PG (E.C. 3.2.1.67),

: -cleave the pectic polymer at the nenreducing end of pectin, releasing dirners
,, ind monomeni of galUA, respectively (Huang and Allen 1997).The optirnurn

polygalacturonase activity was at pH 5.5 (Ofuya 1984i.

: '.Random ampllfication of polymorphisms (RAPD) is a DNA polyrmerase
, assay based on the amplifieation of random DNA segrnent$with single
. prirhers of arbitrary nucleotide $equence (Dobrou-rolski and O'Brien, '!993).

RAPD-PCR'produces DNA profiles of varying complexity depending on the
primer and template used. Each amplification products is expected to result
fsorn the existence of two annealing sites in inverted orientations, 3' ends

, facing eaeh other within the arnplified distance. Polymorphisms coulcl be
caused hy differences in nucleotide sequences at the prinning sites (e.9.
poirtt mutation), or by structural rearrangements wlthin the amplified
$equerrce (insertion, deletions and inverslons). Richard et al., (200S!

' solanacearum frcm soil and plant tissues based on the lntegration of the
rapid s6lf-replicating ability of bacteriophages with quantltative PCR (q-PCR).
Glain ef al., l20A4l confirmed that the homogeneity betvreen accessions
regarding high bacterial wilt tolerance by the genetic homogeneity (0%
polymorphism) was revealed using 168 RAPD-marker. Gover et al., (2006)
studied a total of 4{ field isolates in vitro generated clones of R.
solanacearum for genotypic diversity by RAPD technique. lt was done using
30 primers and the isolates were identlfied as distinct genotypes at 7lo/o
similarity level.
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The aim of this work is to the isolate, purify and identify some isolates of
bacterial potato brown rot disease. lsolates were collected from diverse
geographic regions (governorate) in Egypt, to determinate Polygalacturonase
enzyme activity in R. solanacearium isolates. Furthermore study the
susceptibility of the three potato cultivars (Spunta, Nicola and Kara) to the
isolated R. solanacearum by detecting the relationship between
polygalacturonse activity and infectivity

MATERIALS AND METHODS
l.Sample collection

Spunta, Nicola and Kara potato cultivars were obtained from the
lnternational Potato Center (lPG) Kafr El-Zayat, Egypt.

Five bacteria! isolates were obtained from four infected potato cultivars
(Kara, Diamont, Nicola and Spunta) Table ({). These potato tuberc were
collected from five governorates in Egypt; El-Monofiya (Rsi), El-Menia
(Rs2), Kafr El€heik (Rs3), Alexandria (Rs4), El-Behiera ( Abou-Homus (RsS),
Abou El-Matam'rf (Rs6) and kafr El-Dawar (Rs7).

Table (1): The infected potato tuberc collected from the different
E

2. lsolation and purification of the causal organmism:
Oozes and discoloured vascular tissues of infected potato tubers were

placed in sterile water, a loopful of bacterial suspension was streaked on
tetrazolium agar medium (TZG) (Abo-El-Dahab and El Goorani, 1969). Media
were composed of Peptone (5 g), beef extract (3 g), glycero! 20 ml, agar (15 g)
distilled water 1 litre and 0.05%TZC (pH 7.0 ). Plates were incubated for 48 hr
at 28 oC. The TZC medium was used in differentiating fluidal colonies of
virulent isolates (Kelman, 1954). Both virulent and avirulent strains of
Ralstonia solanacearum were routinely cultured on glycerol nutrient agar
(GNA) medium at room temperature

overnorates rn
Governorates Potato cultivans lsolates
El-Monofiya Nicola Rsl
El-Menia Spunta Rs2

Kafr El-Sheik Kara Rs3

Alexandria Diamont Rs4
El-Behiera

l,Abou-Homus
2.Abou El-Matamir
3.kafr E!-Dawar

Kara
Kara

Spunta

Rs5
Rs6
Rs7
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3.Pathogen icity test: -
R. solanacearum isolates were tested for pathogenicity on Spunta potato

cultivar which was known to be highly susceptible. Severity of wilting was
rated daily on the scale of He et al., (1983) as foltow: 1 = no symptoms, 2 =
one leaf wilted, 3 = two or three leaves wilted, 4 = four or more leaves wilted,
and 5 = plant dead, the last reading was taken 5 weeks after inoculation.

4. Determination of Polygalacturonase (PG) activity produced by
R. solanacearium isolates.
4.l.Polygalacturonase (PG) enzyme preparation.
The isolates were grown in Nutrient broth (NB) medium supplemented

with 0.2% polygalacturonic acid (PGA) as the sole carbon source for 48 h at
30oC t2. Bacteria were removed from cultures by centrifugation at 12000 rpm
for 20 min at 4 oC (Universal 32 R centrifuge, Hettich-Zentrifugen, Germany).
Ammonium sulfate crystals were added to supernatant to about 60 - 80%
saturation and the mixture was stirred overnight at 4oC. Precipitates were
collected by centrifugation redissolved in minimal volumes of 0.05 M citrate-
phosphate buffer pH 5.5 and dialyzed against the same buffer.

4.2.P oly gal actu ronase (PG) assays :

Polygalacturonase (PG) activitiy was determined using the thiobarbituric
acid (TBA) method (Lei ef aL, 1985a and Lei et aL, 1985b) with some
modifications. PG was assayed by adding the crude enzyme to tubes
containing 2.5 m|0.5% polygaiacturonic acidln O.O5 M sodium acetate buffer,
pH 5.5 and 0.{ M NaGl (Nasuno and Starr, 1966). The reaction mixture was
incubated for 2 hrs at 30 oG and the reaction was stopped by heating the
tubes at 100 oC for {0 min. After cooling at room temperature the reaction
mixture was centrifuged at 12000 rpm for {0 min, 2 ml of the supernatant
were mixed with an equal volume of TBA reagent (Ayers et al., 1966) and
heated at 100 oC for 30 min. The activity was determined by the increase in
the absorbance (optical density) at 515 nm (OD5151. Zero time reaction
mixture containing active enzyme was used as control.

5. Susceptibility and resistance of different potato cultivars to R.
solanacea ru m isolates under g reen house cond ition.
The pathogenicity test of three isolates of R. solanacearum lRs2, Rs3 and

Rs5) showed variation in pathogenicity ability, Rs2 (strong isolate), Rs5
(intermediate isolate) and Rs3 (weak isolate). Isolates were tested for
pathogenicity on potato cultivarc i.e. Spunta , kara and Nicola. Potato tubers
of the three cultivans were surface sterilized with (1% sodium hypochlorite
for five minutes, then washed with sterile water), and planted in plastic pots
15 cm diameter filled with sterile peat moss(one tuber per pot). When plant
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reached 15-20 cm tall, stems were inoculated by forcing a sterilized needle
0.25 ml of bacterialsuspension ({0'cfulml (A600, 0.5) injected into the stems
at height of 5 cm above the soil level (Prior and Steva, 1990). lnoculated
plants were placed in a green house at 25 + 2oG. Four replicates were used in
the experiment and plants injected with sterile distilled water served as
control.,Severity of wilting was rated daily on the scale of (He ef aL, 1983)

6.Random Amplified Polymorphic DNA (RAPD):
Six random primers each consist of 20 bases were used to differentiate

and finger print tested the R. solanacearum isolates. The DNA primers
sequences are illustrated in Table (2).

Table (21= List
the

of primers
RAPD-PCR

(numbeRs and their nucleotide sequences) used in
lvsi

For RAPD analysis, PGR amplification was carried out in tota! volume of
25pl containing 2.5p! 10 x buffer, 2.5 ltl50 mM MgCl2, 2.5 pl4 mM dNTPs,T pl
50 pmol primer,l pl 10 ng of bacterial genomic DNA and 0.2 p! (5 units/ pl)
Taq DNA polymerase (Promega Germany).

The f6llowing PCR programme was applied; initial denaturation at 95oC for
5 min, 40 cycles of 95oC for I min, annealing at 30oG for I min and extension
at 72oC for 1 min finally, an extra fina! extension step at 72oC for 10 min
(lstock et a1.,20011Two pl of loading dye were added prior to loading of 10 pl
per gel slot. Electrophoresis was performed at 100 volt with 0.5x TBE as
running buffer in {.5% agarose and then gel was stained in 0.5 pg/cm3 (w/v)

e analvsts.
Primer number Nucleotide sequence(S' to 3')

A9B1O
Yq

GGACTGGAGGTG GATCGC AG

BAQ GGTGTTGAAGTC GAGGGG AG

BAR GCAGGCAATTTC ATC AAG GG

Blcl cAG CCC CCT CCA GCA CCC AC

I ATGTGACCCGCG TAG GCC GG

A984 GGTGAC GCAGGGGTAACG CG
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ethidium bromide solution and destained in deionized water. Finally the gel
was visualized and photographed using gel documentation system. Presence
and absence of RAPD bands produced from the use of six primers were
scored visually from the resulting photographs.

6.l.Dendogram construction based on the RAPD-PCR band
patterns

Data obtained by RAPD-PCR band patterns were scored for computer
analysis on the basis of the presence and absence of the amplified products
for each primer. A product present in a bacterial isolate was designated (1)
and when absence it was designated (0) after excluding common bands. Pair-
wise comparison of bacterial isolates, based on the presence or absence of
unique bands was used to generate similarity coefficients according to
Jaccard (1980). The similarity coefficients were used to construct a
dendrogram by UPGMA (Un-weighted pair-Group Method with Arithmetical
Averages) program.

RESULTS
1. Pathogenecity test:

Pathogenicity test of the seven isolates of R. solanacearum was
performed on Spunta potato cultivar which was known to be highly
susceptible. Data presented in Fig (1) show that all isolates were virulent,
however the isolates No. Rs2 and Rs6 were highly virulent, while the isolates
No. RsZ Rsf and Rs5 were moderately virulent and the isolates No. R3 and
Rs4 were weakly virulent according to He ef aL, (1983). '-

Fig. (1): Response of Spunta potato cultivar to infection by R. solanacearum
isolates
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2. Determination of polygalacturonase (PG) enzyme activity in
Ralsto n i a sol an acearu m isolates.
The data illustrated in Fig (2) showed that the all isolates of R.

solanacearium produce (PG) enzyme, the maximum enzyme activity was
obserued with E!-Menia isolate Rs2 followed by Abou El Matameer isolate
Rs6 (virulent isolates), while the minimum enzyme activity was observed in
case of Kafr El-Sheik isolate Rs3 followed by Alexandria isolate Rs4 weakly
virulent isolates). But, Abou-Homus isolate RsS showed moderate activity
followed by El Monifyia isolate Rs/ (moderately virulent isolates). Results of
the production and activity of polygalacturonase enzyme showed a strong
relation to pathogenicity.

Fig. (2): Activity of Polygalcturonase (PG) enzyme produced by the seven
isc'lates of R. solanacearum.

3. Susceptibility and resistance of different potato cultivars to R.
solanacearum isolates under greenhouse condition
The isolates of R solanacearum (Rs2, Rs 5 and Rs3) which differed in

their virulence were chosen depending on data from Fig (2). These isolates
were tested on potato cultivarc Spunta, Kara and Nicola. Data shown in Fig
(3) revealed different susceptibility of potato cultivars. Nicola cultivar wds the
most resistant, wliile Spunta cultivar was the most susceptible to the
infection. On the other hand, Kara cultivar proved to be moderately
susceptible to the infection with three tested bacterial isolates according to
He ef aL, ({983).
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Fig. {3i: Artificially inoculated aerial stems of(A) Spunta (B)Kara (C) Nicola
with R. solanacearum {9 days after inoculation. Cont=control, Rs2,
Rs3, RsS three isolates of R. solanacearum

4. Fingerprinting of isolates of R. solanacearam using Random
Amplified Polymorphic DNA (RAPD)
Using of the RAPD-PCR analysis with six random primers the result

showed clear difference among the seven isolates on the basis of amplified
produced band patterns observed with each primer (Fig.4). Results indicated
that 256 amplicons were produced by all primers. The number of amplified
products produced by each primer varied from 36 with primer BAQ to 52 with
primer A984. The amplification profiles with the primers BAR, A9B10, BlCl
and I are shown in Fig (4) revealing that all of these primers succeeded to
give polymorphic patterns among a!! the isolates. AIso, high similarity was
observed between Rs3 and Rs4 isolates.

4. l.Cluster analysis of RAPD results
The RAPD band patterns were analyzed using UPGMA method to

construct a similarity matrix (Table 3 and Fig 5) and to generate a
denCrogram indicating the relationship between the seven examined
isolates. We could classify the tested isolates on analysis of RAPD to two
main clusters. Cluster A included two sub- clusters, sub-cluster Al was
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divided into two groups, groupl which include Rs7 and
which include Rs6 isolate. Sub-cluster A2 include RsZ
cluster B was divided into two sub-clusters, sub-cluster
sub- cluster 82 include Rs3 and Rs4 isolates.

Rs5 isolate, group2
isolate. Moreover

81 include Rs2 and

Fig.(4): RAPD-PCR using primer A (AgB10),
DNA marker. Lanes Rs7, Rs2, Rs3,
solanacearum isolates

(BAR) and D (!), M:
Rs6 and Rs7 are R.

B (BtCt), C
Rs4 Rs5,

16'! g
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RS1

RS5

RS6

RS7

RS2

RS3

RS4

2.6 2.4 3.O 3.2 3.4 3.6 3.8 4.O 4.2

Linkage Distance

Fig.(s): Dendrogram obtained by clustering (UPGMA method) based on the
band pattern obtained by the RAPD-PGR analysis for seven isolates
according to Jaccard index.

Table (3): A similarity matrix, ill percentage, among the examined bacteria!
isolates based on RAPD band pattern anal is and Jaccard ind

DISCUSSION
To lessen the huge losses R. solanacearum causes in subtropical and

tropical areas, the rapid identification of the pathogen is the most important
for disease management. To our knowtedge, there was no specific and
sensitive real-time PCR assay detecting directly the pathogen R.
solanacearum from samples of soils and plants without culture, although
many related methods and marker genes were reported Kang et a1.,2007;
Kutin et al., 2009; Poussier et a1.,2000 and Thammak'rjjawat et al., 2006.
lsolates of R. solanacearum were isolated from infected different potato
cultivars tuber from different locations in Egypt.

The results obtained from pathogencity test on aerial stems of Spunta
cultivar indicated that al! isolates of R. solanacearum were virulent, however

on n rn analvsls f nq JaGGarq tnqex.
Rsi Rs2 Rs3 Rs4 Rs5 Rs6 Rs7

Rs{ 100 L 60 58 60 72 68 61

Rs2 100 67 67 59 60 60

Rs3 100 72 60 60 58

Rs4 100 60 60 60

Rs5 100 68 61

Rs6 100 61

Rs7 100

1 620
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the isolates No. Rs2, Rs5 and Rs3 were highly, moderately and weakly
viru lent, respectively.

The isolates are able to produce polygalacturonase (PG) enzyme. These
findings are in agreement with several studies (Gonzilez & Allen, 2003,
Schell, 2000). The Optimum PG activity was observed at pH 5.5. These
findings were in agreement.with several studies where a pH optimum of 5.5
for PG from E carotovora suDsp. carotovora (Saarilahti et al., 1990) and P.
solanacearum (Ofuya,1984). The results obtained from inoculation tested
performed on aerial st6ms of three cultivars of potatos (Nicola, Spunta and
Kara) indicated that the infection by R. solanacearum caused various
degrees of wilting and that isolates differed in their virulence. Such results
were in conformity with those reported by EL-Ariqi (2008) and EL-Gayar
(2003) who showed that potato plants inoculated with R. solanacearum
isolates exhibited partialwilting 19 days after inoculation. lt was also noticed
that Spunta was more susceptible, while Nicola was more resistant to the
infection than other cultivars. Kara cultivar proved to be moderately
susceptible to the infection with the tested isolates. ln current study RAPD -
PCR using six primers was used to study the differentiation between the
seven isolates, Srich data, agreed with those obtained by Gover et al.,
(2006). All primers produced high polymorphism among the studied isolates.
The dendrogram generated indicated that the examined isolates were
classified into two main clusters, (Gluster A and Gluster B). !n General the
results showed that the isolates differed in their virulence on potato
cultivars, also differed in the PG enzymatic activity and the isolates different
in their genotype.
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