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Short communication

Erwinia carotovora infection enhances the expression of two novel
abiotic stress-inducible genes in potato

Anita Sós-Heged�us, Donatas Žvingila∗, Zsófia Bánfalvi and Géza Dallmann∗∗
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Abstract

In this study, cDNAs of two Erwinia carotovora-induced potato genes, designated Solanum tuberosum–Erwinia-
induced-1 and 2 (Stei1 and Stei2) were isolated by differential display technique. Stei1 and Stei2 were detected in
low copy number in the potato genome and found to encode putative proteins with no significant homology to any
genes with known function. Treatment of the leaves with salicylic acid, methyl jasmonate and ethylene elevated
neither Stei1 nor Stei2 mRNA levels. However, Stei1 and Stei2 expression were induced not only by E. carotovora
but also by infiltration of water in leaves, albeit to a lesser extent. In addition, Stei2 was up-regulated by NaCl,
wounding, dehydration and abscisic acid. Thus Stei1 and Stei2 define novel genes belonging to the family of those
pathogenesis-related genes whose expression can be induced both by biotic and abiotic stresses.

Erwinia carotovora is a gram-negative soil bac-
terium. It causes potato soft rot and infects a wide
variety of crops (Pérombelon and Kelman, 1980).
Genetically defined resistance to E. carotovora has
not been described and the pathogen does not con-
tain typical avirulence genes. The main virulence
factors of E. carotovora are plant cell-wall-degrading
enzymes including pectinases and cellulases. These
enzymes function not only as pathogen virulence fac-
tors (Collmer and Keen, 1986; Kotoujansky, 1987) but
they also trigger plant defence responses probably by
releasing cell wall fragments (Norman et al., 1999;
Palva et al., 1993; Vidal et al., 1998; Weber et al.,
1996).

In the case of the E. carotovora–Arabidopsis inter-
action, the plant possesses two types of defence
pathway against Erwinia. One of them is jasmonic
acid (JA) dependent and is inhibited by salicylic acid
(SA) and ethylene. In the other one, ethylene and
JA act synergistically and SA enhances the process
(Norman-Setterblad et al., 2000). In tobacco, SA is

not the signal molecule leading to the early response
to Erwinia, but an antagonist of the induction of
pathogenesis-related (PR) genes elicited by Erwinia
(Vidal et al., 1997).

Up-regulation of genes encoding enzymes involved
in protection against environmental stresses, such as
phenylalanine–ammonia–lyase (PAL), an isogene of
the 3-hydroxy-methyl-3-methylglutaryl coenzyme A
reductase (HMGR) family and a catalase gene
(Cat2St), have been detected in potato (Niebel et al.,
1995; Rumeau et al., 1990; Yang et al., 1991). Genes
induced early upon infection with E. carotovora
have been isolated recently by suppression subtractive
hybridisation. These genes include a WRKY-like tran-
scription factor (Dellagi et al., 2000a) and erg-1, a gene
with strong similarity to phi-1 induced in phosphate-
starved tobacco cells (Dellagi et al., 2000b). Potato
genes responsive to cell-wall-degrading enzymes after
1 h of treatment with E. carotovora culture filtrate or
short oligogalacturonides have also been isolated and
identified as putative serine–threonine protein kinases
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(PRK 1–4) constituting a family of related receptors
(Montesano et al., 2001).

Here we report the isolation of two novel potato
genes whose expression is also characteristic for the
early stages of E. carotovora infection.

For each experiment, potato plants were grown in
pots in a greenhouse. Erwinia carotovora SCC3193
strain (Pirhonen et al., 1988) was cultured overnight
at 28 ◦C in LB medium. Bacteria were harvested
by centrifugation (15 min, 4000g). Following the
method of Brader et al. (2001) and Montesano et al.
(2001), the cells were re-suspended in 0.9% NaCl at
1.5 × 108 CFU/ml (10× dilution) and used for leaf
infiltration. Differences between Erwinia-treated and
untreated leaf mRNA populations isolated at 2 and 4 h
after infection were detected by differential display
(Liang and Pardee, 1992) using the Differential Display
Kit of Display Systems Biotech (Vista, CA, USA).
cDNAs of 69 genes showing different expression at
both time points were isolated and 43 of them were
cloned into the pBluescript SK vector (Stratagene).
The clones were sequenced and tested by northern
hybridisation. This experiment resulted in detection
of six cDNA fragments whose expressions were
induced by Erwinia treatment. Full-length cDNAs of
two of them, designated Solanum tuberosum–Erwinia-
induced-1 and 2 (Stei1 and Stei2), were isolated from a
cDNA library established from Erwinia-treated leaves.
Based on DNA sequence analysis Stei1 consists of
1266 bps with an open reading frame extending from
nucleotide 61 to 1125 that encodes a polypeptide of
354 amino acids (accession no.: AY187625). Stei2 is
735 bps, its open reading frame starts at nucleotide 59
and extends to nucleotide 453 coding for a puta-
tive polypeptide of 131 amino acids (accession no.:
AY187626). Stei1 and Stei2 show 47% and 76% iden-
tities with Arabidopsis proteins of accession numbers
NP565406 and NP197221, respectively. The function
of the proteins is unknown.

Southern blot analysis was used to identify the copy
number of Stei1 and Stei2 genes in Solanum tuberosum
cv. Désirée. Genomic DNAs were digested with EcoRI,
HindIII and XbaI, and hybridised with the full-length
Stei1 and Stei2 cDNAs. Two to three hybridising bands
were detected in all cases. These findings suggest
that the copy number of Stei1 and Stei2 is low in
S. tuberosum cv. Désirée (Figure 1).

Expression of Stei1 and Stei2 was analysed by
northern hybridisation in potato leaves infiltrated with
E. carotovora in 0.9% NaCl solution, and with water
and 0.9% NaCl as controls. Figure 2 shows that

Figure 1. Detection of Stei1 and Stei2 genes in S. tuberosum cv.
Désirée. Genomic DNA was digested with EcoRI (E), HindIII
(H) and XbaI (Xb), and hybridised with Stei1 (a) and Stei2 (b)
probes. C1 marks Stei1 cDNA digested with EcoRI and XhoI.
C2 labels Stei2 cDNA also digested with EcoRI and XhoI. The
full-length coding regions of the Stei1 and Stei2 cDNAs were
used for labelling reactions. The same conditions described for
northern analysis (Lovas et al., 2003) were applied for southern
hybridisations.

expression of both genes is weakly induced by infiltra-
tion of water. Stei2 but not Stei1 mRNA level is slightly
higher by infiltration of NaCl solution than by infiltra-
tion of water. In the presence of E. carotovora, elevated
expression of both genes was detected after 2–4 h incu-
bations. Since E. carotovora mostly infects the potato
tubers, expression of Stei1 and Stei2 were also analysed
in this organ. Microtubers were induced from axil-
lary buds of potato stem segments, in vitro (Bánfalvi
et al., 1996). Bacteria suspended in 0.9% NaCl were
dropped on microtuber slices and incubated at room
temperature. After 4 h incubation both Stei1 and Stei2
showed enhanced expression in Erwinia-treated micro-
tuber slices compared to NaCl-treated ones (Figure 2).
However, the expression of Stei1 was much weaker
than that of the Stei2. Northern blots probed with Stei1
were exposed twice as much longer time than those
hybridised with Stei2.

Some pathogen-induced genes are induced by abi-
otic stresses (Timmusk and Wagner, 1999; Borsics
and Lados, 2002). The effect of drought and that
of the mediator abscisic acid (ABA) (Shinozaki
and Yamaguchi-Shinozaki, 2000) on Stei1 and Stei2
expression was analysed by northern hybridisation.
Water-loss of leaves was achieved in two ways.
Detached leaves were dried until they lost 30% of their
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Figure 2. Expression of potato genes Stei1 and Stei2 in leaves
and microtubers in response to E. carotovora (E.c.) infection.
Leaves of intact plants grown in pots were infiltrated while micro-
tuber slices were treated with drops of Erwinias suspended in
0.9% NaCl. As a control, plants were infiltrated with water (W)
and 0.9% NaCl. Samples were collected at time points indicated.
Ethidium-bromide-stained 25S rRNA bands are shown in the
lower panels as loading controls. Hybridisations were carried out
to 20 µg of RNA in each lane using the full-length Stei1 and Stei2
cDNAs as probes. RNA isolation and hybridisation conditions
were the same described by Lovas et al. (2003).

weight, or were treated for 24 h with 20% of polyethy-
lene glycol (PEG), a compound that mimics the drought
stress conditions. No expression of Stei1 was detectable
when the leaves were dried, treated with PEG or ABA
(200 µM, 24 h). In contrast, Stei2 was up-regulated
in desiccated, PEG-treated and also in ABA-treated
leaves (Figure 3a).

There are pathogen response genes that are inducible
by wounding (Norman et al., 1999; Sturm and
Chrispeels, 1990). Figure 3b shows that Stei2 belongs
to this category since it was strongly up-regulated
by wounding while Stei1 was not, or very weakly
expressed in wounded leaves as compared to the
known wound-inducible gene, win1, used as a control.
The mediator of win1 expression is methyl jasmonate
(MeJa) (Cleveland et al., 1987). Induction of Stei2
expression, however, could not be elicited by MeJa. In
addition, neither SA nor ethylene appeared to have a
role in activation of Stei1 and Stei2. The lack of induc-
tion by these compounds was also described in the
case of the Erwinia-induced WRKY-like potato gene,

Figure 3. Effect of abiotic stresses and plant hormones on Stei1
and Stei2 expression. (a) PEG (20%) and ABA (200 µM, in
darkness) treatments were carried out by placing leaves into the
appropriate solutions for 24 h. As a control, detached leaves were
supplied with water (W). Leaves were dried (D) until they lost
30% of their weight. (b) Leaves were wounded as described by
Stanford et al. (1989) or treated with water (W), MeJa (50 µM)
and SA (5 mM) for the times indicated. For ethylene treatment (E)
intact plants were sprayed (∼15 ml/plant) by 0.4% etefon solu-
tion and kept in the greenhouse for 24 h. Win1 (Cleveland et al.,
1987) was used as a treatment control of wounding and MeJa.
Acidic chitinase (ChtA) (Büchter et al., 1997) and PAL (Rickey
and Belknap, 1991) were the controls of SA and ethylene treat-
ment, respectively. The controls were hybridised to the same filter
as Stei1 and Stei2. Ethidium-bromide-stained 25S rRNA bands
are shown in the lower panels as loading controls. Hybridisations
were carried out to 20 µg of RNA in each lane using the full-length
Stei1, Stei2 cDNAs as probes. RNA isolation and hybridisation
conditions were the same described by Lovas et al. (2003).

St-WRKY (Dellagi et al., 2000a) and the Phytophtora-
induced Arabidopsis gene, PAD2 (Roetschi et al.,
2001).

To summarise our results, two E. carotovora-
induced potato genes, Stei1 and Stei2, were isolated
and characterised. These genes have no homology
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with known genes. Stei1 and Stei2 are low copy num-
ber genes in S. tuberosum cv. Désirée. Expression of
both genes was induced moderately by water. Stei2
expression was triggered also by NaCl, dehydration,
wounding and ABA. Thus Stei1 and especially Stei2
resemble some PR genes that are induced both by
biotic and abiotic stresses, as for example ERD15 of
Arabidopsis (Timmusk and Wagner, 1999) and PPRG2
of alfalfa (Borsics and Lados, 2002). Our data illustrate
the complexity of signalling in plant–pathogen inter-
actions and existence of common factors in biotic and
abiotic stress responses.
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