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Figure 1: Blackleg disase o potato plant
(left) vs. healthy plant (right).
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Understanding bacterial gene expression regulation poses a major challenge. We are interested in the phytopathogen Pectobacte-
rium 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 horizon-
tally acquired islands (HAIs) of the genome and are shown to lie upstream of genes downregulated in a HrpL- mutant.
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« 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.

Figure 3: Diagram of hrp box HMM model, drawn using SAM package[3].
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7 3 H Figure 2: hrp box MSA
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GENE ID igela] DisTaNcE | OEME PRODUCT Predicted HrpL-regulated genes are depicted in table 1 for HMM based results and table 2 for regular expression
SCORE NAME
ECA2086 223 a2 hrpd type il secretion protein predictions. All predictions are found in intergenic regions in the same orientation as their downstream genes. The
o) .y - L. -d s B Sooreiin gostein HMM predictions all have scores above zero. The hits with the highest scores correspond to the well-
ECA2113 19.23 33 ﬂ%pE putative avirulenee protein . . . . . .
ECA2112 16.19 rm hroW e K $TiooRr pretain characterized hrp genes (red rows in table 1). These hits are also retrieved with regular expressions. hrp box
ECA2083 14.79 73 hrpA type lll secretion protein icti — — — — — —r— — m—
ECAZ103 1487 78 ,,,';N N o i p_redl_ctlons also GENEID | SYNONYM PRODUCT RE1 REZ RE3 RE4 DISTANCE
ECAte41 1164 148 - conserved hypothetical protein highlight new Eggg:g - probable shc_nr:h:;n e:hydm_g_enase i - ;
5-methyltetrahydrofolate- i = putative phosphatase
ECAssT e e M | homocysteine methyliransterase ca_ndldate genes ECA2086 hrpd type 11l secretion protein X X X X 85
ECA3599 9.04 89 B conserved hypothetical protein of interest, some ECA2093 hrpA. type Il secretion protein X X 78
ECA3043 9.03 185 * putative phosphoesterase of which have ECA2088 hrpF type Ill secretion protein X X X X 63
ECAD804 8.07 73 ThiE rhamnogalacturonale lyase . ECA2103 hrpN harpin X X X X 83
ECAZ40T 762 118 kdgM_| oligogalacturonate-specific porin been experimen- ECA2104 : VgrG protein X X 255
Eg:iz;&; iiz :.:gs z Lysﬂvf:um;v“!;inwlp“wal feguiator tally validated to ECA2112 hrpW type IIl effector protein X X X X 61
4 = ECA21 dspE putative avirulence protein X X X X 38
Table 1: Selection of predicted HrpL-regulated genes (IDs, names, products) be HrpL_ ECA2150 - putative membrane protein X X 167
ith HMM model. Th? selected putative hrp boxes ei(h_'b" theyhlghest scored| ~ regulated genes. Table 2: Predicted HrpL-regulated genes with four regular expressions (RE1-4). A cross indicates that a hrp box has been
column 'HMM score’) amongst the predictions. The 'distance’ refers to the identified by the regular expression in the corresponding column, e.g. RE1, RE2, RE3, RE4. The distance refers to the
distance between the binding site and the downstream gene. distance between the last nucleotide of the hrp box and the first of the downstream gene.
¥R Visualisation of predictions on Pba ¥R Experimental validation

. . Figure 5: QRT-PCR expression level of some selected genes in a
A selection of the predicted HrpL- mutant. The genes which expression levels are highlighted in
hits is shown on figure 5 and rectangles are depicted on figure 6.

6. Figure 5 shows the QRT- rpL. dependont gens expression in Pa1043 grown in MM for § b
PCR experiments in a HrpL
mutant. 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).

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
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show a bias towards HAI regions
(Table 3). This bias is statistically ) R - - R R R
nifi ; Figure 4. ) n Jo o " . i A p——- e
significant  (P<0.05) with both bl o0 11— e
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tested, but not R i B e e Fyep Lo i Figure 6: lllustration of HrpL- downregulated genes and their associated = s oo
with the HMM. RET 7(34) 15 (18.6) 451 3.84 (0.085) Yes hrp boxes in Pba genome (using Artemis). Pink arrows indicate the putative == = po [ s
RE2 133.5) 182768} L1 1053 19.901) h ] hrp boxes. Arrows from figure 5 point to specific downregulated genes. T T .
Table3: Chi-square results between number of hits in HAI versus non-HAI regions. PSSO e S AN T
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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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