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SHORT COMMUNICATION
PHENOTYPIC AND GENETIC VARIABILITY
OF PECTOBACTERIUM CAROTOVORUM ISOLATED FROM ARTICHOKE
IN THE SELE VALLEY
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SUMMARY

Phenotypic and genetic characteristics were investigated of 24 isolates of Pectobacterium carotovorum, recovered in summer 2001 from artichokes in the Sele valley (Campania, southern Italy). Based on biochemical
tests, all isolates were identified as P. carotovorum subsp.
carotovorum, except for four atypical ones. PCR-amplification of a 434 bp fragment of the pectate-lyase-encoding pel gene, gave the expected band from all isolates, whereas no amplicons were obtained using P.
atrosepticum-specific primers. PCR-RFLP on pel gene,
placed the four atypical isolates in the RFLP groups 8, 9
and 11 (ISPaVe 110A, ISPAVe 105A and ISPAVe 91B)
of the subspecies carotovorum and in the RFLP group 3
of the subspecies odoriferum (ISPaVe CA). DNA-polymorphism investigated by rep-PCR and M13-PCR
showed the isolates to be distributed in two main
groups, totalling 14 haplotypes. Eight different haplotypes were obtained from samples collected in the same
field and three different haplotypes were found in the
same plant. The rep-PCR fingerprinting of ISPaVe CA
was the same as P. carotovorum subsp. odoriferum
NCPPB 3839. The majority of the isolates did not show
a significative differential virulence response, with the
exception of ISPaVe 114B, the most-virulent, and ISPaVe 105B, the least-virulent.
Key words: rep-PCR, M13-PCR, virulence, hypersensitive reaction.
Erwinia carotovora subsp. carotovora, recently proposed as Pectobacterium carotovorum subsp. carotovorum (Hauben et al., 1998; Gardan et al., 2003) (Pcc) is
the causal agent of soft rot on a wide range of host
plants (Toth et al., 2003). In Italy, typical symptoms occur in artichoke mainly from July to September. Most of
the external leaves are chlorotic and slightly wilted,
show necrosis at the base of the petiole and soft rot of
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the pith. Severe wilt and collapse of the plants ensue. In
summer 2001, a serious attack of soft rot of artichoke
plants occurred in four production sites of the Sele valley (Campania, southern Italy). A preliminary molecular
characterization showed a very large variability of the
isolated bacterial population (Loreti et al., 2001, 2006).
Twenty-four pectinolytic bacterial isolates were obtained on crystal violet pectate (CVP) medium by incubation at 27°C for 3-4 days. These isolates were characterized based on Lelliot and Stead (1987) tests for acidification of lactose, sorbitol, melibiose and α-methylglucoside, production of reducing substances from sucrose
and growth at 36°C. Several Pectobacterium reference
and type strains were included in the tests (Tab. 1). Experimental infection assays were performed on potato
tubers of cvs Mona Lisa, Agria and Vivaldi, as described
by Vitale et al. (2004), and the data obtained from four
inoculation tests were analysed statistically using the
Statgraphics Plus 5.1 Program. Hypersensitive reaction
(HR) assay was performed on leaves of Nicotiana
tabacum L. cv. Samsung using a bacterial suspension of
108 CFU ml-1.
Total genomic DNA was extracted from 1.5 ml broth
cultures using the Puregene DNA isolation kit (Gentra
System-Flowgen, UK). Polymerase chain reaction
(PCR) was done with primers Y1 and Y2, specific for P.
carotovorum, and primers Y45 and Y46, specific for P.
atrosepticum (Pa) (Darrasse et al., 1994; Frenchon et al.,
1995). PCR-RFLP was as described by Helias et al.
(1998) using reference strains of Pcc (PD 1769 and CIP
009), Pa (NCPPB 549) and P. carotovorum subsp. odoriferum (Pco) (NCPPB 3839). All bacterial isolates were
characterized by rep-PCR analyses, performed with
REP and ERIC primers (Louws et al., 1994) and by
M13-PCR assay (Zaccardelli et al., 2000).
The amplification products (15 µl) were analysed on
1.6 % (w/v) agarose gel run in TAE buffer (0.04 M Tris,
0.001 M EDTA, 0.02 M acetic acid), stained with 0.5%
ethidium bromide and photographed under UV light.
Each experiment was repeated three times. Results of
REP, ERIC and M13-PCR genomic fingerprinting were
combined to obtain an single binary matrix. Cluster
analysis was made with the NTSYSpc software (version
2.11j; Exeter Software, USA) using simple matching
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Table 1. List of Pectobacterium carotovorum isolates, collected from artichoke, used in this study. Their biochemical and physiological characteristics were compared with P. carotovorum subsp. carotovorum (Pcc), P. atrosepticum (Pa), Pectobacterium wasabiae (Pw) and P. carotovorum subsp. odoriferum (Pco) reference strains.
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(SM) coefficient, according to the unweighed pairgroup method with average linkages (UPGMA).
The majority of the isolates showed the same biochemical properties as Pcc reference strains (Tab. 1).
Only four of them, ISPaVe 91B, ISPaVe 105A and ISPaVe 110A and ISPaVe CA, showed atypical features,
differing from Pcc and Pa for growth at 36°C, and a similarity with Pco (ISPaVe 110A and ISPaVe CA) or P.
wasabiae (ISPaVe 91B and ISPaVe 105A) which also attack potato (Pitman et al., 2008). However, ISPaVe 91B
and ISPaVe 105A differed from P. wasabiae for their
ability to produce acid from melibiose, and ISPaVe
110A from Pco, because it did not produce acid from
sorbitol. Isolates with similar atypical biochemical features had been previously reported (Thomson et al.,
1981; Priou, 1992). Further analyses by PCR-RFLP included these atypical isolates in the groups 8 and 9 of
the subsp. carotovorum (Priou, 1992; Darrasse et al.,
1994; Helias et al., 1998).
The four atypical isolates did not respond to PCR assays performed with Pa-specific primers Y45 and Y46
whereas, following PCR-RFLP, they were assigned to
group 8 (ISPaVe 110A), group 9 (ISPaVe 105A), group
11 (ISPaVe 91B) of Pcc and to group 3 of Pco (ISPaVe
CA). Atypical aspects of some phenotypic traits could
reflect the natural variability of this bacterial population. Such variability was also reported for Pcc isolates
from tomato (Fiori et al., 2005), potato (Yahiaoui-Zaidi
et al., 2003; Yap et al., 2004), mulberry (Seo et al., 2003)
and other host plants (Smith and Bartz, 1990; Helias et
al., 1998). An exception was the isolate ISPaVe CA, that
showed biochemical and nutritional properties similar
to those of Pco, and displayed the same genotypic fingerprint pattern of the Pco pathotype strain NCPPB
3839 using ERIC and BOX primers (data not shown).
These results suggest classification of isolates ISPaVe
110A, ISPaVe 105A and ISPaVe 91B as Pcc, and isolate
ISPaVe CA as Pco.
A total of 23 and 94 bands were obtained by M13
and rep-PCR respectively, with amplicons ranging from
300 to 2500 bp in size. A total of 14 Pcc haplotypes were
obtained by M13 and rep-PCR analyses; all isolates
were contained in two clusters (á and â) with a similarity
index of 0.7 (Fig. 1). The cluster á contained 18 Pcc isolates including 10 haplotypes, the majority (15 out of
16) collected in production site 1. The cluster â contained the remaining 5 Pcc isolates, divided in 4 different haplotypes, the majority (4 out of 5) coming from
production site 2. The reference strains and isolate ISPaVe CA grouped all in cluster â. Moreover, up to 8 different haplotypes were isolated in the same production
site and up to three different haplotypes were found in
the same infected plant.
M13 and rep-PCR confirmed the high genetic diversity of this bacterial population, already reported by others (Avrova et al., 2002; Yahiaoui-Zaidi et al., 2003; Yap
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et al., 2004). Previously, the extensive genetic variability
of Pcc was hypothesized as being consequent to a nonmonophyletic origin, in accordance with broad hostrange and geographical distribution of this subspecies
(Darrasse et al., 1994; Mäki-Valkama and Karjalainen,
1994; Helias et al., 1998). However, we now confirm this
diversity among isolates collected from a homogeneous
ecological ‘niche’. A similar situation was reported for
Pcc strains from potato by Yap et al. (2004) who showed
that two strains with unusual genomes were less virulent
than other strains collected in the same environmental
niche. One of the two strains was unable to induce HR
in tobacco and to oxidize cellobiose; moreover, eight
hrp-hrc genes were missing. The presumed loss of the
functional type three secretion system (TTSS) and of
cellobiose degradation ability, were thought to partially
account for the low virulence of the strain in question.
The potato tubers assay performed in our study
showed a variable response of different isolates. In particular, isolate ISPaVe 114B was significantly the most virulent and isolate ISPaVe 105B the least virulent (Tab. 2).
The hypersensitive response assay showed that another

Table 2. Results of experimental inoculation, on potato tubers, of Pectobacterium carotovorum isolates obtained from
artichoke. Reference strains were P. carotovorum subsp. carotovorum CIP 009 and P. atrosepticum NCPPB 549. The data
were subjected to analysis of variance and Duncan’s test
(p=0,01).
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Fig. 1. Dendrogram of genetic similarity of Pectobacterium carotovorum subsp. carotovorum isolates from artichoke
in comparison with references strains P. carotovorum subsp. carotovorum Ecc 009 (= CIP 009), PD 1769 and P.
atrosepticum NCPPB 549. The similarity is the result of combined data sets of ERIC, BOX and M13-primer sets
using UPGMA and simple matching (SM) coefficient. The scale at the bottom indicates the degree of genetic similarity among isolates.

isolate (ISPaVe 89L) was unable to induce the typical
necrosis on tobacco leaves.
In conclusion, quite a high variability emerged
among Pcc isolates recovered from artichoke in southern Italy by assessing genomic variability and testing
some phenotypic traits. However, no correlation was
observed among genotyping, virulence and atypical biochemical responses of some isolates. Finally, one isolate
of P. carotovorum subsp. odoriferum (the ISPaVe CA)
was isolated from a diseased artichoke plant. Pco is responsible for soft rot of witloof chicory (Cichorium intybus L.), celery (Apium graveolens), leek (Apium porrum)
and hyacinth (Gallois et al., 1992), but was never isolated from artichokes. Since only one isolate of this subspecies was isolated during this study, it is difficult to
define its role. Further study will investigate hrp and
housekeeping genes, for characterizing other important
genetic traits of this variable Pcc bacterial population.
As observed by Yap et al. (2004), the highly genomic
variability among strains obtained from this homogeneous ecological niche suggests that factors other than
host plant, geographic origin or year of isolation, drive
the evolution of this pathogen. This aspect may be important also for breeding programs, to avoid the overcoming of resistance by taking into consideration isolates with peculiar characteristics.
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