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Figure 1: Blackleg disease on potato plant
(left) vs. healthy plant (right).

Abstract

Understanding bacterial gene expression regulation poses a major challenge. We are interested in the phytopathogen Pectobacterium atrosepticum (Pba) which causes disease in potatoes (Fig.1). Using a training set of known transcription factor (TF) binding
site sequences, we aim to predict the genome locations of previously unknown binding sites. Modelling the training set pattern is
nontrivial, due to the heterogeneity of sequences to which a typical TF binds. Here we model hrp (hypersensitive response and
pathogenicity) box sites which bind to the HrpL TF. In order to predict the locations of hrp boxes in the Pba genome, we use a simple
modelling method based on regular expressions and a statistical method based on hidden Markov models (HMMs). These hrp box
models are then used to search intergenic regions of Pba. Predicted binding sites exhibit a biased distribution towards the horizontally acquired islands (HAIs) of the genome and are shown to lie upstream of genes downregulated in a HrpL- mutant.

Modelling methods
• Building of multiple sequence alignment (MSA) using ClustalW (fig.2).
• Generation of models with regular expressions (right) and HMM (using HMMER package [2]). The models are derived from the MSA (fig.2).
• Model validation with 10-fold cross-validation method using test sets made up of 2000 random sequences, which were generated
using either single nucleotide composition, or di-nucleotide composition of known promoter regions. A diagram of the
architecture of the hrp box HMM profile is illustrated in figure 3.
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Figure 3: Diagram of hrp box HMM model, drawn using SAM package[3].

Predicted HrpL-regulated genes

Table 1: Selection of predicted HrpL-regulated genes (IDs, names, products)
with HMM model. The selected putative hrp boxes exhibit the highest scores
(column ‘HMM score’) amongst the predictions. The ‘distance’ refers to the
distance between the binding site and the downstream gene.

Figure 2: hrp box MSA
built using ClustalW [1].

Predicted HrpL-regulated genes are depicted in table 1 for HMM based results and table 2 for regular expression
predictions. All predictions are found in intergenic regions in the same orientation as their downstream genes. The
HMM predictions all have scores above zero. The hits with the highest scores correspond to the wellcharacterized hrp genes (red rows in table 1). These hits are also retrieved with regular expressions. hrp box
predictions also
highlight new
candidate genes
of interest, some
of which have
been experimentally validated to
be HrpLregulated genes.
Table 2: Predicted HrpL-regulated genes with four regular expressions (RE1-4). A cross indicates that a hrp box has been

Visualisation of predictions on Pba
The hrp boxes predicted are
represented on Pba genome
(fig.4) using GenomeDiagram [3].
Each circle represents the Pba
genome labeled with predictions
from distinct methods (labels are
in violet for RE2, in green for RE3,
in red for HMM). The outer circle
indicates the horizontally acquired
islands (HAIs) known so far on
Pba.
Comparisons between hits found
in HAI regions versus non-HAI
regions with regular expressions
show a bias towards HAI regions
(Table 3). This bias is statistically
significant (P<0.05) with both
regular expressions
tested, but not
with the HMM.

identified by the regular expression in the corresponding column, e.g. RE1, RE2, RE3, RE4. The distance refers to the
distance between the last nucleotide of the hrp box and the first of the downstream gene.

Experimental validation
A selection of the predicted
hits is shown on figure 5 and
6. Figure 5 shows the QRTPCR experiments in a HrpLmutant. All specified genes
are downregulated except the
control (R16S). These genes
of interest are located
downstream of predicted hrp
boxes with either or both of
the methods (cf. figure 6).

Figure 5: QRT-PCR expression level of some selected genes in a
HrpL- mutant. The genes which expression levels are highlighted in
rectangles are depicted on figure 6.

Figure 4.

Figure 6: Illustration of HrpL- downregulated genes and their associated
hrp boxes in Pba genome (using Artemis). Pink arrows indicate the putative
hrp boxes. Arrows from figure 5 point to specific downregulated genes.

Table3: Chi-square results between number of hits in HAI versus non-HAI regions.

Conclusion
The predicted hrp boxes include all expected hrp boxes upstream of well-characterized hrp genes, which gives confidence in the existing models to represent members of the
hrp box family. Some candidate genes downstream of the putative hrp boxes are found to be downregulated in a HrpL- mutant . Future work will investigate the combination of
biological features into the models and generalize the predictor for all promoter binding sites on enterobacterial species.
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