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Abstract Here, we present a simple and fast screening
method to preselect candidate Dickeya solani TnS mu-
tants which carry transposon insertions in plant tissue-
induced genes for the follow-up studies. The described
method is faster and cost-effective in comparison to stan-
dard IVET, expression microarrays and RNAseq, and it
does not require any specialized laboratory equipment
and/or technical assistance. The Tn5 mutants are generat-
ed using mini-Tn5 transposon carrying inducible reporter
gene (promoterless gusA coding for 3-glucuronidase) and
are screened for the (3-glucuronidase positive phenotypes
under non-inductive conditions with X-gluc as a glucu-
ronidase substrate. The bacterial mutants negative in the
first screen are then screened for 3-glucuronidase pheno-
types in the presence of plant tissues, viz. roots, stems and
leaves, suspended in liquid bacterial growth medium sup-
plemented with X-gluc in a 48-well microtiter plate assay.
The mutants that are positive in the screen with plant
tissues are selected for sequencing of the TnS insertion
sites directly from bacterial genome. This method allows
generation of a number of ready-to-use TnS mutants
showing up-regulation by plant tissue which can be later
selected for further studies. We used this method to eval-
uate interaction of D. solani TPO2222 (type strain) with
bittersweet nightshade (Solanum dulcamara L.) and
potato (Solanum tuberosum L.) tissues.
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The ability to cause infection in plants is a complex
characteristic that occurs only in limited number of
known bacterial species (Vidaver and Lambrecht
2004). Understanding the molecular background of
pathogen adaptations which allows bacteria to invade
and colonize plant tissues and/or subvert host metabo-
lism remains therefore a substantial challenge (Guttman
et al. 2014). A considerable number of genetic tech-
niques have been developed for bacteria, leading to
identification and further analyses of genes essential
for bacteria-plant interactions in vivo (Handfield and
Levesque 1999). These techniques, such as IVET
(In Vitro Expression Technology), RIVET (Reverse
IVET) and their modifications and adaptations,
signature-tagged mutagenesis (STM) and difference
fluorescent induction (DFI) as well as expression mi-
croarrays and RNAseq, are used with success to deter-
mine new bacterial virulence factors, genes involved in
adaptation to the plant (micro-)environment and in bac-
terial fitness in specific host tissues during infection.
Despite the great potential of all the mentioned tech-
niques, they are often expensive and/or require special-
ized laboratory equipment and skillful technical
assistance.

We propose here an inexpensive, high-throughput
system to preselect Dickeya solani genes involved in
bacteria-plant interaction with the employment of ran-
dom mutagenesis using a TnS transposon containing
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inducible promoterless gusA gene (reporter gene) and
screening for glucuronidase positive phenotypes in the
presence of plant tissues (Fig. 1).

Pectinolytic Dickeya spp. are important necrotrophic
plant pathogenic bacteria infecting a number of plant
species including economically important crops such as
potato (Solanum tuberosum L.) (Pérombelon 2002; Toth
and Birch 2005). They are recognized among the top-ten
most important plant pathogenic bacteria in agriculture
(Mansfield et al. 2012). The relative importance of
Dickeya spp. in the epidemiology of potato blackleg
and soft rot diseases in Europe has increased since
2009 when the new virulent Dickeya species named
D. solani was described in potato for the first time
(Slawiak et al. 2009; van der Wolf et al. 2014). Since
then the pathogen has been found in association with

Fig. 1 A schematic presentation 1.
of the screening procedure.

D. solani TPO2222 Tn5 mutants

are generated using conjugation

potato plants and tubers in many European countries
and in Israel and Georgia (for review see: Toth et al.
2011). It is now generally accepted that D. solani causes
severe rotting symptoms in potato in a range of envi-
ronmental temperatures (Czajkowski et al. 2016;
Golanowska et al. 2016), may survive in surface water
for a relatively long time (Laurila et al. 2008) and is
capable of spreading and systemically infect the host
under a wide range of natural conditions (Czajkowski
etal. 2012). Despite the extensive studies on the ecology
of D. solani, still little is known about the regulation of
gene expression governing the infection process
(Potrykus et al. 2014), particularly during the early
stages of bacteria-plant interaction leading to efficient
colonization of plant tissues. The aim of this study was
to develop a fast and reliable screening technique to
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preselect candidate D. solani genes up-regulated in early
stages of bacterial interaction with plant tissues.

To achieve this objective we selected S. tuberosum
(primary host) and S. dulcamara (secondary host) plants,
as they sustain the natural habitats for pectinolytic bacteria
(Fikowicz-Krosko et al. 2017; Pérombelon 2002). Unless
otherwise stated, standard molecular biological and

Solanum tuberosum

microbiology methods were used for all experiments
(Sambrook et al. 1989). The methodology was based on
random transposon mutagenesis of D. solani strain
[PO2222 genome with a mini-Tn5 containing
promoterless gusA gene (Wilson et al. 1995). To mutate
D. solani genome, conjugation of D. solani IPO2222 and
Escherichia coli S17 A-pir carrying pFAJ1819 suicide

48-well microtiter plate
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Fig. 2 Example results of the fast screening system to preselect
plant tissue-induced D. solani TnS mutants. Solanum dulcamara
and Solanum tuberosum leaf, stem and root tissue cuts of 2—-5 mm
in length and ca. 1 cm in width were individually and aseptically
placed in the wells of the microtiter plate containing 500 pl of
bacterial growth medium (M9 containing 50 ug ml~' neomycine
and 100 pug ml™' X-gluc) per well. Such prepared wells were
subsequently inoculated with 15 pl of individual D. solani Tn5
mutant cultures (M1, M2, M3, M5, M5) containing ca. 10° colony
forming units (cfu) ml™" in M9. For control, per mutant, wells
containing growth medium and inoculated with respective Tn5
mutant but without plant tissue were used. The Tn5 D. solani
mutant with constitutive (3-glucuronidase expression (WN2) was
used as a positive control. The microtiter plates were incubated for
48 h at 28 °C with shaking (120 rpm) for development of the blue

leaf tissue
o :7 stem tissue
root tissue
~ negative
control

color (X-gluc degradation by 3-glucuronidase), which indicated
the positive reaction (up-regulation of Tn5-disrupted gene of in-
terest in bacterial genome) (a). Magnification of the wells of the
48-well microtiter plate containing Tn5 mutant cultures induced
by the presence of plant tissues (b). Mutants M2 and M4 expressed
{3-glucuronidase phenotype in the presence of S. tuberosum
stem tissue, whereas mutant M3 expressed (3-glucuronidase
phenotype in the presence of leaf tissue, the same mutants
expressed [3-glucuronidase negative phenotype in the presence of
S. dulcamara tested tissues. Magnification of the wells of the 48-
well microtiter plate containing D. solani Tn5 WN2 mutant cul-
ture expressing constitutive 3-glucuronidase phenotype indepen-
dent from presence of plant tissues (¢). The [3-glucuronidase
positive phenotype was found both if wells with plant tissue cuts
and in plant tissue-less control well
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vector with mini-TnS5-promoterless gusA gene (Xi et al.
1999) was performed as previously described
(Czajkowski et al. 2011). After conjugation, the resulting
D. solani Tn5 mutants were selected as previously de-
scribed (Czajkowski et al. 2016), using M9 agar plates
supplemented with 50 ug ml™' neomycine (Sigma) and
20 ug ml™" X-gluc (substrate for glucuronidase: 5-bromo-
4-chloro-3-indolyl-b-D-glucuronide) (GeneON). The Tn5
mutants showing lack of (3-glucuronidase activity under
non-inductive conditions were selected for screening with
plant tissues, viz. roots, stems and leaves of S. tuberosum
and S. dulcamara plants. For this, 400 pl of M9 containing
50 pug ml™' neomycine and 100 pg ml™' X-gluc was
pipetted into each well of a 48-well microtiter plate
(Falcon). In vitro cultures of S. tuberosum and
S. dulcamara cultivated and propagated on Murashige
and Skoog (MS) medium (Murashige and Skoog
1962), as previously described (Rietman et al. 2014;
Jones 1994; Czajkowski et al. 2015), were used as a
source of plant tissue material. In vitro 2-week-old plants
were aseptically removed from culture tubes following
preparation of leaf, stem and root cuts of ca. 2-5 mm in
length and ca. 1 cm in width. For each of the Tn5
D. solani mutant to be screened, in duplicates, leaf, stem
and root cuts were analyzed. The plant cuts were indi-
vidually and aseptically placed in the wells of the mi-
crotiter plate containing 500 pl of bacterial growth me-
dium (M9 containing 50 ug ml™' neomycine and 100 g
ml™" X-gluc) per well. Such prepared wells were subse-
quently inoculated with 15 pl of individual D. solani
Tn5 mutant cultures containing ca. 10° colony forming
units (cfu) mlI™' in M9. For control, per mutant, wells
containing growth medium and inoculated with respec-
tive TnS mutant but without plant tissue were used.
Three Tn5 D. solani mutants (named WN1, WN2 and
WN3) with constitutive glucuronidase expression were
used as a positive control for glucuronidase activity as
previously described (Goyer and Ullrich 2006). The
microtiter plates were incubated for 48 h at 28 °C with
shaking (120 rpm) for development of blue color (X-
gluc degradation by [3-glucuronidase) which indicated
the positive reaction (up-regulation of TnS-disrupted
gene of interest in bacterial genome) (Fig. 2). The ex-
periment was repeated independently one time with the
same setup. Tn5 mutants in genes up-regulated in con-
tact with plant tissues were selected for sequencing the
transposon insertion sites as previously described
(Czajkowski et al. 2016). In the preliminary screening,
we selected the first five hundred D. solani 1PO2222 (3-
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glucuronidase negative Tn5 mutants for testing the plant-
induced gene expression. From these, 12 (2.4%), 52
(10.4%) and 22 (4.4%) of the tested mutants showed
[3-glucuronidase positive phenotype in contact with
roots, stem and leaves of S. tuberosum, respectively.
Example results are shown in Fig. 2.

The proposed fast screening selection of plant tissue-
induced D. solani transposon mutants, in contrast to
other methods, allows direct preselection of candidate
mutants for further studies including the analyses of
interactions with host and non-host plants and with
various biotic and abiotic stressors.

It has to be noted here that the proposed fast screen-
ing system gives only the first preliminary selection of
the plant tissue-induced candidate genes. It is therefore
still needed to assess the gene expression in a quantita-
tive manner. Likewise, it has to be stressed that this is an
in vitro set-up performed with injured plant tissues not
with the unbroken and real-size plants in vivo.

The main advantage is however, that this approach
does not require the recovery of bacterial cells after
host infection, and therefore can be considered as a
genuinely fast screen for the identification of up-
regulated genes in plant—bacteria interactions. What
is more, such Tn5 mutants may be subsequently tested
against several factors, which is not the case of mi-
croarrays and RNAseq. The procedure does not re-
quire the use of expensive laboratory equipment and
consumables as well as any bioinformatic or statisti-
cal tools and therefore it may be performed in
virtually every microbiological laboratory.
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