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ABSTRACT 

In order to get cultures of the causal organisms, large number of potato plants and tuber samples showing 

symptoms of blackleg/soft rot disease were analyzed in the lab. using nutrient agar (NA) and/or the enrichment 

host (bell pepper). Successful isolations were made from 44 samples out of these 44 isolates 20 were found to be 

Erwinia carotovora ssp. atroseptica (Eca) and 24 were identified as either Erwinia carotovora ssp. carotovora 

(Ecc) or Erwinia chrysanthemi (Ech). The twenty candidate Eca isolates were confirmed by PCR using Eca-

specific primers. The key diagnostic tests (such as acid production from α-methyle glucoside, production of 

reducing substances from sucrose, sensitivity to erythromycin and growth at 36
o
C) which differentiate between 

Eca, Ecc and Ech gave inconclusive results in case of some isolates. This situation was successfully clarified by 

using sub-species-specific PCR primers. 

Keywords: Pathogen, bacterial blackleg/soft rot 

Citation:  Bibi, A., A. Rafi., M. Junaid and M. Ahamd. 2013. Studies on the characterization and pcr 

identification of the pathogen of the bacterial blackleg/soft rot of potato. Sarhad J. Agric. 29(2): 225-234 

INTRODUCTION 

Potato (Solanum tuberosum L.) is one of the most important vegetable crops of the world. Potato is a temperate 

or cool season crop and it needs low temperature, lower humidity, less windy and bright sunny days. The 

climate of Pakistan, especially of Khyber Pakhtunkhwa (KP), is very suitable for the production of potatoes. In 

Pakistan, potato is cultivated on an area of 143445 ha with a total production of 3141500 MT, while in KP it 

was grown on an area of about 10000 ha with a total production of 189529 MT, however, beside this much 

production Pakistan stands on number 20
th

 in the world (FAOSTAT 2010) china in this raking holds 1
st
 position 

with 74799084 MT total production which is followed by India and Russian Federation (36577300MT and 

21140500MT respectively). When compared to the per hectare average yield of potato crop in developed 

countries, yield in Pakistan, as well as in KP, is very low. There are different reasons for this low yield of potato 

crop. The prevalence of bacterial disease is one of them. 

Potato crop is affected by many bacterial diseases such as brown rot [Ralstonia solanacearum], ring rot 

[Clavibacter michiganensis], soft rot [Erwinia carotovora subsp carotovora (Ecc)] and blackleg [Erwinia 

carotovora subsp atroseptica (Eca)]. Black leg usually occurs in potato crop in the field while soft rot affects 

stored potatoes. Blackleg and soft rot are both one of the most important bacterial diseases of potatoes in KP. 

Blackleg causes 10-30% whereas soft rot causes 2-10% losses in KP (Turkensteen, 1986). Two subspecies of 

Erwinia carotovora, i.e. Eca and Ecc, attack potatoes. Pathogenicity of Eca strains (causing blackleg of 

potatoes) is usually restricted to potatoes grown in cool and temperate climates, it is an economically important 

disease and is characterized by the blackening of the stem base of potato plants, which originates from the 

rotting mother tuber (Pèrombelon, 2002; Czajkowski et al., 2011). Blackleg is unpredictable in the field due to 

the ability of the pathogen to remain latent in the seed tuber (Laurila et al., 2008), however, Ecc strains (causing 

potato soft rot and, in some cases blackleg too) have a wider distribution in both temperate and tropical zones, 

showing wider host ranges than those of the other subspecies (Wells and Moline, 1991). The pathogen is seed-

borne and frequently remains undetected by the common detection methods. Although infested crop residues 

and rotting tubers are among the important sources of inoculum, latent infections in seed tuber provide the 

major source of infection in potato production (Hannukkala and Segertedt, 2004). The pathogen is found in 

nearly all important potato growing areas of KP. 

The traditional identification and detection of these bacterial pathogens in seed tubers is quite laborious and not 

really fool-proof. Polymerase chain reaction (PCR) that rapidly detects, identifies and characterizes 

microorganisms in a shorter time is a good alternate for the identification purposes. 
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Almost no research work has been done on any aspects of the Blackleg/Soft rot of potato in KP, Pakistan. In 

current studies, efforts were made to identify and characterize this important pathogen. 

MATERIALS AND METHODS 

Isolation and preservation of the bacterial isolates  

Tubers and plant samples showing disease symptoms were cleaned, surface-sterilized with 0.5% sodium 

hypochlorite (for a 10 seconds), washed with sterile distilled water, placed in sterile 0.85% saline solution and 

crushed using sterile mortar and pestle under aseptic conditions. The resulting suspension was left undisturbed for 

a few minutes. A loopful of this suspension was streaked on the surface of plates containing nutrient agar (NA: 

Bactoagar; 10g, NaCl; 5.0g, K2PHO4; 5g, KH2PO4; 2g, Bactopeptone; 1.0 g), and incubated at 28 
o
C for 24 h. 

Individual colonies were picked up, resuspended in 0.85% saline and streaked on NA plates, and then incubated at 

28
0
 C for another 24 h. The procedure was repeated several times to obtain pure cultures.  

An indirect approach to weaken the growth of non-specific bacteria was also used. For this purpose, green pepper 

fruits were used as an enrichment host. First sterile toothpicks were stabbed in soft rotten tubers or black-legged 

potato stems and then inserted into healthy bell peppers. Which were then incubated overnight at 28
o
C and a small 

portion of soft rotten area was then removed and crushed (as described before) and streaked on NA and soft rot 

Erwinias were isolated on NA. 

The purified colonies were screened for pathogenicity tests and maceration of plant tissues. Colonies, which 

yielded positive results were preserved in 70% glycerol solution and stored at -80
0
C. Cultures were also preserved 

in 0.85% sterile saline solution and stored at 4
0
C. 

Identification and Characterization 

Identification was carried out by tests corresponding to the genus Erwinia according to Dye (1969); Schaad 

(1980); Lelliott and Dickey (1984) and Lelliott and Stead (1987). Bacterial isolates were tested for production of 

reducing substances from sucrose, acid production from α-methyl-glucoside, growth at 37
0
C, sensitivity to 

erythromycin, anaerobic growth, ability to cause soft rot in potato, presence of oxidase, production of yellow 

pigment on YDC, mucoid growth, casein hydrolysis, HR test, KOH test and tolerance to 5% NaCl. Pathogenicity 

of the isolates was also tested according to standard procedures (Klement et al., 1990; Seo et al., 2002). 

HR (Hypersensitive Response) Assay in Tobacco Plants 

Tobacco plants (Nicotiana tabacum L.) were grown under natural screen house conditions. Bacteria were prepared 

by pelleting overnight cultures grown in LB (Luria-Bertani, Bertani, 1951) and re-suspending the cells in 10 mM 

phosphate buffer at 5x10
8
 cells/ml (A540 = 0.52). Tobacco leaves were infiltrated with bacteria by pricking them 

with a dissecting needle and then pressing the open end of a 3 ml disposable plastic transfer pipette against the 

lower leaf surface and forcing the inoculum into the wound (Bauer et al., 1994). The margins of the water-soaked 

infiltrated areas were marked and the plants were rated for HR development at 24 h. Isolates producing HR with in 

24 hours were considered to be plant pathogenic and were used for further studies. 

KOH (3%) Test 

For this test, 3% fresh potassium hydroxide (KOH) was prepared and a drop of this solution was spread on a clean 

slide. A 24 hours old colony of the bacterium was placed in the drop with the help of a tooth-pick and stirred for 

10 seconds using a quick circular motion of the hand. Bacteria producing viscous suspension and a thread like 

structure when picked with the tooth-pick were rated as gram-negative (Ryu, 1940). This test was performed for 

each isolate. 

Catalase Test 

For this test, hydrogen peroxide (H2O2) and young cultures (18-24 hrs old) were used for all isolates. A loopfull of 

bacterial cells was mixed with a drop of H2O2 on a regular slide. Production of gas bubbles indicated a positive 

reaction. 

Ability to Cause Soft Rot in Potato 

Healthy potato tubers were selected for soft rot testing. Each tuber was surface disinfested with 70% alcohol for 

30 seconds and then with 1% sodium hypochlorite (NaOCl) for 30 seconds, then washed with sterile distilled 

water. In each tuber, a few small shallow cuts were made with a sterile needle and these cuts were inoculated by 
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inserting a little amount of inoculum with the help of a tooth pick. The potato tubers were then separately packed 

into plastic bags, along with a piece of wet tissue paper to provide humidity inside the bag. The open ends of the 

bags were stapled. All bags were then kept at room temperature for soft rot production for 48 h. 

Anaerobic Growth 

Nutrient agar (NA) medium was prepared, poured in test tubes (5 ml per test tube) the test tubes were covered and 

sterilized at 121
0
C and 15 lb/square inch pressure for 20 minutes. After sterilization, the test tubes containing the 

medium were left in laminar flow unit for some time to cool down and then inoculated with 24 hours-old cultures. 

For each isolate a separate test tube was used. Control was also included by inserting a sterile bacterial loop 

without inoculum in the medium in one of the test tubes for comparison and confirmation of the results. The 

surfaces of the medium were covered completely with the layer of the liquid paraffin to avoid the entrance of 

oxygen. All tube were covered and incubated at 27
0
C for 24-48 h. 

Growth at 36
 0
C 

To find out whether the test-isolates were Eca, Ecc or Ech (Ecc and Ech can grow at higher temperatures but Eca 

cannot), NA plates were streak-inoculated with the un-identified bacterial isolates. Plates were sealed with tape 

and incubated at 36
o
C for 24 hours. NA plates streaked with just sterilized loop (having no bacteria) served as 

control. Bacterial growth indicated a positive result. 

Yellow Pigment on YDC Medium 

YDC is a general purpose medium. Erwinia carotovora produces yellow pigmentation on this medium. The YDC 

( yeast extract dextrose CaCO3) medium was prepared (Yeast extract, 10.0 g; Calcium carbonate, 20.0 g; 

Dextrose, 20 g; Agar, 15 g; Distilled water, 1 liter), sterilized as stated above, poured in sterilized Petri dishes and 

left to cool down. Following solidification of the medium, it was spot-inoculated with tooth-picks dipped in 24 

hours old cultures of the isolates. The inoculated dishes were then labeled, sealed with tape and kept in an 

incubator at 27
0
C for 48 hours. Plates were observed for yellow bacterial colonies 

Sensitivity to Erythromycin 

One liter modified LB medium (Bactotrypton; 10.0 g, Bacto yeast extract, 5 g; NaCl, 10g; Agar, 15g) was 

prepared; of which 75 ml dispensed into 15 small test-tubes (5 ml per tube). The rest of the medium (in a flask) 

and the test tubes were covered with aluminum foil tightly and sterilized in an autoclave for 20 min. at 121
0
C. 

Following sterilization, the medium was poured into Petri dishes. This (solidified medium in the Petri dishes) is 

called basal layer while the small test tubes that also contained the same medium were still left into the autoclave 

to avoid the solidification of the medium. After solidification of the basal layer, liquid medium in test tubes (a 

little cooled but un-solidified) was inoculated with the suspension of bacterial cells. The 5 ml of the inoculated 

medium in the tubes were poured on the top of the basal layer in each Petri plate, gently spread and allowed to 

solidify. This top layer of medium plus inoculum is called the “seed layer”. Commercially prepared antibiotic 

disks containing erythromycin (15µg/disk) were aseptically placed on the surface to the seed layer (in the middle 

of the Petri dish). Plates were incubated at 27
0
C for 24 hours. A zone of inhibition around disc was recorded as 

positive response for sensitivity. 

Production of Reducing Substances from Sucrose 

For this test, a plate assay was used (Stanghellini and Stowell, 1983). The medium was prepared as follows: 

Two solutions were prepared: 

 Solution A = 10 g peptone and 17 g agar in 800 ml distilled water. 

 Solution B = 40 g sucrose in 200 ml distilled water. 

Solution A was autoclaved to which solution B was added, mixed thoroughly and poured into Petri dishes. The 

plates were stab-inoculated by inserting bacteria-containing tooth-picks into the medium. Plates were incubated 

(27
0
C) for 24-48 hrs. Next, each plate was flooded with 10ml of Benedict’s reagent and again incubated at 60

0
C 

for 30-45 minutes. Production of an orange zone on a blue background was considered as positive reaction. 

Benedict’s reagent was prepared by mixing 173 g sodium citrate, 100 g Na2CO3.H2O and 800 ml distilled water. 

The solution was then heated while stirring and then filtered. The volume was then increased up to 850 ml while 

stirring and 17.3 g CuSO4.5H2O was added. The final volume was then increased up to 1000 ml. The solution was 

stored in a brown bottle covered with Aluminum foil till used. 
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Acid Production from Α-Methyl Glucoside 

For this test, five stock solutions were prepared as follows: 

(A) KH2PO4, 2.0 g; K2HPO4, 7.0 g; NH4Cl, 1.0 g; Distilled water, 500 ml. 

(B) Bacto-Casamino acid, 1.0 g; agar, 15 g; Distilled water, 500ml. 

(C)  MgSo4.7H2O, 1.0 g; Distilled water, 100 ml. 

(D)  Methyl- α -d-glucoside, 20.0 g; Distilled water, 100 ml 

(E) Tetrazolium chloride, 5.0 g; Distilled water, 50 ml. 

All solutions were autoclaved; solutions A and B were mixed (final volume 1 liter). Then 1 ml of C, 50 ml of D 

and 2 ml of E were added, mixed well and poured into petri dishes. Colonies of the various isolates were spot 

inoculated (with tooth-picks) onto the solidified medium and incubated for 3 days at 24
0
C. Development of red 

colonies was considered a positive reaction. 

Tolerance to 5% NaCl 

Salt tolerance was determined by inoculating the bacterial isolates into NA medium containing 5% NaCl. The 

inoculated plates were incubated at 27
0
C for 24 hrs. Isolates showing growth on this medium were considered as 

salt-tolerant.  

Mucoid Growth 

LB medium was used for this test. Bacterial isolates were inoculated into the medium and incubated at 28
0
C for 24 

hrs. Production of excessive slime on this medium was considered as mucoid. Mucoid growth was obvious when 

colonies showed slimy threads after they were picked up with toothpicks.  

Indole Production Test 

For this test, first indole production liquid medium (Tryptone, 10.0g, L-Tryptophane, 1.0g, Distal water, 1litre) 

was prepared, dispensed into test tubes (5 ml/tube) and sterilized. Next, bacterial suspension (10
8
 cfu/ml, A540 = 

0.52) was prepared in 0.01M MgSO4 (0.246g/100ml) buffer. Then, 0.1ml of the bacterial suspension of each test-

isolate was added to the 5ml-indole-medium tubes. The tubes were incubated at 27
0
C for 48 hours. Finally, 0.5ml 

of commercially prepared Kovace’s reagent were added to each test tube containing 5ml of the culture medium 

and shaken gently. Production of dark red to purple ring was recorded as positive reaction (Lelliot and Stead, 

1987). 

Lecithenase Test 

McClung and Toabe’s (1947) medium was used for this test. The medium was prepared by mixing: Peptone, 40 g; 

Na2HPO4, 5 g; KH2PO4, 1 g; NaCl, 2 g; MgSO4.7H2O, 0.1 g; Dextrose 2 g; agar, 25 g; Distilled water, 1 lit. The 

pH was adjusted to 7.4. The medium was autoclaved for 15 min at 121
0
C, cooled to 50-55

0
C and 10 ml of 50% 

egg yolk saline suspension were added to each 90 ml to make 5% egg yolk saline suspension medium. The 

medium was plated, and plates were spot inoculated with bacterial isolates from 24 hrs old cultures and incubated 

at 27
0
C for 7 days. A positive result was indicated by formation of an opaque zone around growth. 

Screening for Tissue Maceration 

For tissue maceration studies, potato and carrot discs were cut (by using a sterile 0.8cm diameter cork borer) under 

aseptic conditions. Four discs were placed in sterile plates of which three were inoculated by placing a loopful of a 

small mass of bacterial strain under test (obtained from overnight NA plates) whereas one disc was left as control. 

To maintain proper humidity, 10 ml sterile distilled water was carefully added to each plate. Plates were incubated 

for 48 hours at 28
o
C and then the inoculated discs were examined for maceration (El. Hendawy et al., 2002). 

PCR Identification 

Traditional biochemical, physiological and pathological tests did identify our isolates but the results of some tests 

were overlapping which caused some confusion. Moreover, before doing detailed studies on some of these 

isolates, we wanted to make sure that we were dealing with Eca isolates. Therefore, we decided to use Eca-

specific primers in the polymerase chain reaction to accurately confirm the identity of our isolates.  
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To confirm the identity of Eca isolates at molecular level, polymerase chain reaction (PCR) was used, using the 

sub species-specific primers, Eca1F (5'-CGGCATCATAAAAACACG-3') and Eca2R (5'-

GCACACTTCATCCAGCGA-3') as described by De Boer and Ward, (1995).  For this purpose, Eca cells were 

grown in LB broth at 27
 0
C for 18 h, were lysed using DNAzol-lysis method the following methods and 3 µl of the 

lysate was directly used in PCR reaction. The PCR master mix included 2 mMol l
−1

MgCl2, 0.2 mMol l
−1

 dNTPs, 1 

µMol l
−1 

each primer, and Taq buffer (67mM l
−1

 Tris HCl pH 8.8). To prolong the working life of the enzyme, 5 U 

(1 µl) of Taq DNA polymerase were added to each PCR tube after the initial (one time) denaturation (95
0
C for 5 

minutes) step.  DNA amplification was performed in a MJ mini thermocycler (Bio-rad, USA) under the following 

conditions: 95
0
C for 5 minutes (once), 94

0
C for 30 sec. (denaturation), 47

0 
C for 30 sec. (primer annealing) and 

72
0
C for 50 sec. (extension) repeated for 39 cycles, and a final extension of 72

0
C for 8 min. (once). PCR reagents 

for a single reaction (final volume of 50 µl) were: Primer F = 1µl, Primer R = 1µl, dNTPs = 5µl, Taq polymerase= 

1µl, Taq buffer = 4.5µl, MgCl2 = 4µl, Templete = 3µl, Nuclease free H2O= 30.5 µl. Following PCR amplification, 

25 µl from each reaction were electrophoresed through a 2% (w/v) agarose gel as described by Sambrook et al. 

(1989). 

Target DNA Extraction 

In order to extract DNA (to be used as template) from the various candidate-Eca isolates, DNA Zol-direct method 

(Molecular Research Center Inc. Cincinnati, Ohio, USA) was used. The bacteria were grown overnight at 27
0
C in 

5ml LB broth in shaking incubator. Half ml of each isolate was poured in epondorf tubes, centrifuged at 7000 rpm 

at 4 
0
C for 10 minutes, and supernatants were discarded. Bacterial pellet obtained after centrifugation was mixed 

with/dissolved in 100 µl DNA Zol-direct solution as per manufacturer’s recommendations. The mixture was left 

un-disturbed at room temperature for 15 min (overnight in some cases) and then was saved and placed as such at 4 
0
C. When needed, 3 µl (in case of 50 µl PCR volume) of this mixture was directly added (as target/template DNA) 

to the PCR tube.  

Gel Electrophoresis 

PCR products were electrophoresed through 2% agarose (0.667 g agarose dissolved in 30 ml TBE buffer) gel. 

Agarose was dissolved in TBE buffer by heating in an oven for 2 min. and after cooling down to 45-50
0
C, it was 

poured into gel electrophoresis apparatus tray and allowed to solidify at room temperature. After the gel was 

completely solidified, enough TBE buffer was added to cover the top of the gel. The PCR product (25 µl; after 

mixing with the blue tracking dye) of each isolate was then loaded into the wells of the gel. 1 kb DNA ladder was 

also used for comparison. Electrophoresis was performed according to standard procedures (200 volts, 30 mints). 

The gel was stained in ethedium bromide (0.5µg/ml) solution for 15 minutes to visualize the amplified DNA. The 

ethidium bromide-stained bands were observed under UV light in UV tech machine (ESSENTIAL, D-55-20-M-

Auto., UK) and images were saved. 

RESULTS AND DISCUSSION 

Identification and Characterization of Soft-Rot Erwinia Spp 

A total of 62 isolates were obtained from soft rotted tubers or black-legged potato plants. Isolations could not be 

made from some of the symptomatic samples because of the non-availability of sodium poly pectate, an essential 

ingredient of the CVP (Erwinia selective medium) and as a result overgrowth of saprophytes on the common 

purpose medium i.e. nutrient agar (NA) that we used. Regarding the morphology of the bacterial colonies on 

nutrient agar or NA, the colonies appeared to be transparent, circular, raised, shiny and creamy white after 48 h 

incubation at 28
0
C. All the isolates were able to cause HR in tobacco (Table.2) indicating they were plant 

pathogenic. Likewise, 44 strains were found to be gram-negative G-
 
(3% KOH test), catalase-positive, were able 

to tolerate 5% NaCl, macerated potato and carrot tissue, and produced yellow pigment on YDC except for SRES 

6, 12, 28, 30, 34, 44 which did not produce any pigmentation. 

However, all these above-mentioned tests are general tests and do not differentiate Eca from Ecc or Ech. In order 

to know whether our isolates belong to Eca, Ecc or Ech, key diagnostic tests such as acid production from α-

methyle glucoside, production of reducing substances from sucrose, sensitivity to erythromycin and growth at 

36
o
C were performed and the results were compared with those of Lelliot and Dicky (1984) and Perombelon and 

Kelman (1980). Results showed (Table 2) that all isolates produced acid from α-methyle glucoside and reducing 

substances from sucrose except SRES 1, 5, 10, 19, 21, 29, 32, 34, and SRES 41 indicating that except for these 9 

negative isolates (which represent Ecc), all other isolates belong to Eca group. Unexpectedly, all our strains 
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except SRES 16, 23, 31 and 44, were able to grow at 36
o
C which is the characteristic of Ecc and Ech group 

according to Lelliot and Dicky (1984) and Perombelon and Kelman (1980) and not that of Eca group. Based upon 

their growth at 36
0
C, our Eca strains appear to be atypical. 

Sensitivity to erythromycin is also a variable character; majority of our strains were not sensitive to this antibiotic 

(Table.2), some were sensitive and some were weakly sensitive. Lecithinnase and indole production tests 

(negative results for Eca) gave similar results for all of the isolates except SRES 5, 13, 19, 24, 32, 34, and 43 

which might be Ecc or Ech (these two tests were performed for the confirmation of α-methyl-glucoside test and 

growth at 36
0
C). 

To control a plant disease effectively, accurate and timely diagnosis is a must. In case of plant bacterial diseases, a 

series of biochemical, physiological, pathogenicity and other tests are done to accurately diagnose the causal 

organism. In the present studies, a large number of such tests were conducted to identify the causal organism of 

blacklg/soft rot of potato and to characterize the various isolates obtained. Moreover, to know whether our isolates 

belonged to Eca, Ecc or Ech, key diagnostic tests such as acid production from α-methyle glucoside, production of 

reducing substances from sucrose, sensitivity to erythromycin and growth at 36
0
C were performed. It was found 

that all isolates produced acid from α-methyle glucoside and reducing substances from sucrose except SRES 1, 5, 

10, 19, 21, 29, 32, 34, and SRES 41 indicating that except for these 9 negative isolates (which represent Ecc), all 

other isolates belong to Eca group. These results are in line with those of Lelliot and Dicky (1984) and 

Perombelon and Kelman (1980). 

Unexpectedly, all our strains except SRES 16, 23, 31 and 44, were able to grow at 36
o
C which is the characteristic 

of Ecc and Ech group according to Lelliot and Dicky (1984) and Perombelon and Kelman (1980) and not that of 

Eca group. Based upon their growth at 36
0
C, our Eca strains appear to be atypical, similar to those reported by 

other researchers (Thomson et al., 1981; Helias et al., 1998). El-Hendawy et al. (2002) also reported that 21 of 

their Eca strains were able to grow at 36
0
C. Jabuonsky et al. (1986) reported that unexpectedly 44 of their Ecc 

strains were not able to grow at 37
0
C. Sensitivity to erythromycin is also a variable character; majority of our 

strains were not sensitive to this antibiotic, some were sensitive and some were weakly sensitive. El-Hendawy et 

al. (2002) and Lelliot and Dicky (1984) found their Eca and Ecc strains not to be sensitive to erythromycin but 

Perombelon and Kelman (1980) reported that their Eca and Ecc strains were sensitive to this antibiotic.  

According to biochemical tests, some of our strains slightly deviated from the standard description in some of 

their minor characteristics but they still remained the valid members of the Eca group as similar variations in 

minor characteristics have been found by Lelliot and Dicky (1984) and Perombelon and Kelman (1980). The 

occurrence of intermediate forms of Eca (sharing some of the characteristics with Ecc and Ech strains) indicates 

variability happening among these strains. This indicated that Erwinia (Eca) strains have a wider host range and 

therefore could pose threat to many vegetables. Typical Eca is considered to be specifically pathogenic to 

potatoes. However, our Eca strains do vary in some of their characteristics from the typical strains and this might 

explain why these strains are able to infect other vegetable too. Similar results were obtained by El-Hendawy et al. 

(2002) for their atypical Eca strains. They found 21 of their Eca strains to be able to cause soft rot to carrots, 

potatoes, tomatoes and pepper fruits. All pectolytic Erwinais have genes for pectolytic enzymes production. The 

differential expression of such genes in different hosts might make these Erwinia isolates to be more or less 

aggressive on those hosts. 

 

 
Fig. 1 Amplification of Eca-specific 690 bp band from different candidate-Eca isolates 

M= Marker, 1= Positive control, 2=SRES23, 3= SRES24, 4= SRES25, 5= SRES26, 6= SRES27, 7= Negative 

control 
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Molecular Study Results 

Because of an overlap between some of the test results of same isolates, Polymerase Chain Reaction (PCR) was 

performed (using Eca-specific primers) for all 44 isolates to confirm their identity. As clear from Fig.1, the Eca-

specific 690 bp band was amplified from 20 out of 44 isolates confirming that they were Eca. However, no such 

band was amplified from the remaining 24 isolates indicating they were not Eca (data shown in table 1). These 24 

isolates might be Ecc or Ech as is obvious from the results of biochemical tests (table 2)  

CONCLUSIONS AND RECOMMENDATIONS  

Finally, it can be concluded that the pathogen causing Soft rot/Blackleg in potato has a very diverse nature for 

which biochemical tests can be useful only of to the specie level identification/characterization. PCR and other 

new techniques can be trusted for further subspecies level studies because of their sensitivity and rapidity and 

reliability. 

 

 
Table 1. PCR results (presence or absence of 690 bp bands) for different isolates using Eca-specific primers. 

Isolate No. PCR Results Isolate No. PCR Results 

SRES 1 Ecc or Ech SRES 23 Eca 

SRES 2 Eca SRES 24 Ecc or Ech 

SRES 3 Eca SRES 25 Eca 
SRES 4 Eca SRES 26 Eca 

SRES 5 Ecc or Ech SRES 27 Eca 

SRES 6 Ecc or Ech SRES 28 Eca 
SRES 7 Ecc or Ech SRES 29 Ecc or Ech 

SRES 8 Ecc or Ech SRES 30 Eca 

SRES 9 Ecc or Ech SRES 31 Eca 
SRES 10 Ecc or Ech SRES 32 Ecc or Ech 

SRES 11 Eca SRES 33 Eca 

SRES 12 Eca SRES 34 Ecc or Ech 
SRES 13 Ecc or Ech SRES 35 Eca 

SRES 14 Ecc or Ech SRES 36 Ecc or Ech 

SRES 15 Eca SRES 37 Ecc or Ech 
SRES 16 Eca SRES 38 Ecc or Ech 

SRES 17 Eca SRES 39 Ecc or Ech 

SRES 18 Eca SRES 40 Ecc or Ech 
SRES 19 Ecc or Ech SRES 41 Ecc or Ech 

SRES 20 Eca SRES 42 Ecc or Ech 

SRES 21 Ecc or Ech SRES 43 Ecc or Ech 
SRES 22 Ecc or Ech SRES 44 Eca 

SRES= Soft Rot Erwinia Strain  

Eca= Erwinia carotovora subsp. atroseptica (690 bp band present) 
Ecc= Erwinia carotovora subsp. carotovora (690 bp band absent) 

Ech= Erwinia chrysanthemi (690 bp band absent) 
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Table 2. Characterization of soft rot Erwinia Species (SRES) 
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SRES 1 Abbottabad Tuber + + - + + + + - + - + - - + 

SRES 2 Abbottabad Tuber + + - + - + + - + - + + + + 

SRES 3 Abbottabad Stem + + - + - + + - + - + + + + 

SRES 4 Abbottabad Stem + + - + - + + - + - + + + + 

SRES 5 Abbottabad Tuber + + - + + + + + + + + - - + 

SRES 6 Bannu Tuber + - - + + + - - + - + + + - 

SRES 7 Charsadda Stem + - - + + + + - + - + + + + 

SRES 8 Charsadda Tuber0 + + - + + + + - + - + + ± - 

SRES 9 Charsadda Stem + + - + + + + - + - + + + - 

SRES 10 D.I. Khan Tuber + + - + - + + - + - + - - - 

SRES 11 Dir (upper) Tuber + + - + - + + - + - + + + + 

SRES 12  Dir (upper) Stem + + - + - + - - + - + + + + 

SRES 13 Dir (upper) Tuber + + - + - + + + + + + + + - 

SRES 14 Harripur Tuber + + - + - + + - + - + + + ± 

SRES 15 Kalam Tuber + + - + - + + - + - + + + + 

SRES 16 Kalam Tuber + + - + - + + - + - - + + + 

SRES 17 Kalam  Tuber + + - + - + + - + - + + + + 

SRES 18 Kalam Stem + + - + - + + - + - + + + + 

SRES 19 Kalam Stem + - - + + + ++ + + + + - - + 

SRES 20 Mansehra Tuber + + - + - + + - + - + + + ± 

SRES 21 Mansehra Tuber + + - + + + + - + - + - - - 

SRES 22 Mansehra Tuber + + - + + + + - + - + + + + 

SRES 23 Mardan Stem + + - + - + + - + - - + + - 

SRES 24 Mardan Stem + + - + + + + + + + + + + - 

SRES 25 Mardan Tuber ++ + - + - + + - + - + + + + 

SRES 26 Mardan Tuber + + - + - + + - + - + + + + 

SRES 27 Mardan Stem + + - + - + + - + - + + + + 

SRES 28 Mardan Tuber + + - + - + - - + - + + + + 

SRES 29 Nowshehra Stem + - - + + + + - + - + - - - 

SRES 30 Nowshehra Tuber ++ + - + - + - - + - + + + + 

SRES 31 Nowshehra Tuber + + - + - + + - + - - + + + 

SRES 32 Nowshehra Stem + - - + + + + + + + + - - - 

SRES 33 Peshawar  Tuber + + - + - + + - + - + + + - 

SRES 34 Peshawar  Tuber + - - + + + - + + + + - - - 

SRES 35 Peshawar  Tuber + + - + - + + - + - + + + + 

SRES 36 Peshawar  Tuber + + - + + + + - + - + + + + 

SRES 37 Parachinar Tuber + - - + + + + - + - + + + + 

SRES 38 Parachinar Stem + - - + + + + - + - + + + + 

SRES 39 Shangla Stem + - - + + + + - + - + + + + 

SRES 40 Shangla Tuber + + - + + + + - + - + + + - 

SRES 41 Shangla Tuber + + - + + + + - + - + - - - 

SRES 42 Swabi Tuber + + - + + + + - + - + + + - 

SRES 43 Swabi Stem + + - + + + + + + + + + + - 

SRES 44 Swabi Stem + - - + - + - - + - - + + + 

+ = Positive, ± = Weakly Positive, ++ = Strongly Positive, - = Negative
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