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Figure 1. A. Electrophoresis gel exhibiting amplification patterns of PiCds 3 and 8. B. Graphic representation of
primer annealing. PiCd 3 an PiCd 8 were amplified using 1 and 4 sets of primers, respectively.

Short Communication

Plasticity of Corynebacterium diphtheriae
pathogenicity islands revealed by PCR
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Length: 2,273,983 bp = :RNA
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PiCps de C pseudotuberculosis 1002
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Accession: unknown Il cps
B (RNA
Length: 2,320,602 bp B RNA
PiCps

Ml GC content
B GC skew+
B GC skew-

PiCps de C pseudotuberculosis C231

« Tamanho médio de 2,3 Mb.
*~2150 CDSs
e 598 genes envolvidos na viruléncia.
eMédia de conteudo G+C de ~52.2%
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Evidence for Reductive Genome Evolution and Lateral
Acquisition of Virulence Functions in Two
Corynebacterium pseudotuberculosis Strains

Jerénimo C. Ruiz'®, Vivian D’Afonseca®”, Artur Silva®, Amjad Ali%, Anne C. Pinto?, Anderson R. Santos?,
Aryanne A. M. C. Rocha®, Débora O. Lopes®, Fernanda A. Dorella?, Luis G. C. Pacheco™?®°, Marcilia P.
Costa®, Meritxell Z. Turk? Nibia Seyﬁertz, Pablo M. R. O. Moraes?, Siomar C. Soares?, Sintia 5. Almeida?,
Thiago L. P. Castro?, Vinicius A. C. Abreu?, Eva Trost®, Jan Baumbach’, Andreas Tauch®, Maria Paula C.
Schneider®, John McCulloch?, Louise T. Cerdeira®, R IT.J.R Zerlotini', Anderson
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PIPS: Pathogenicity Island Prediction Software

Siomar C. Soares', Vinicius A. C. Abreu?, Rommel T. J. Ramos?, Louise Cerdeira®, Artur Silva®, Jan
Baumbach®, Eva Trost®, Andreas Tauch®, Raphael Hirata Jr.%, Ana L. Mattos-Guaraldi®, Anderson
Miyoshi', Vasco Azeveda™?*

1 Department of General Sislogy. Federal University of Minas Gerais, Belo Horizonte, Minas Gerals, Brazil 2 Depamtment of Biochemistry and Immunology, Federal
Univarsity of Minas Gerals, Belo Horizonte. Minas Gerais, Brazil, 3 Department of Genetics, Federal University of Pard, Belém, Pard, Brazil, 4 Department of Computer
Science, Max-Flanck-institut filr Informatik, Saarbrdcken, Saarland, Germany, 5 Center for Biotechnology, Bielefeld University, Bielefeld, Nordrhein-Westfalen, Germany,
& Microbiglogy and Immunclogy Discipline, Medical Sciencas Faculty, State University of Rio de Janeire, Rio de Janeiro, Brazil

Abstract

The adaptability of pathogenic bacteria to hosts is influenced by the gencmic plasticity of the bacteria, which can be
increased by such mechanisms as horizontal gene transfer. Pathogenicity islands play a major role in this type of gene
transfer because they are large, horizontally acquired regions that harber clusters of virulence genes that mediate the
adhesion, colonization, invasion, immune system evasion, and toxigenic properties of the acceptor organism. Currently,
pathogenicity islands are mainly identified in sifico based on various characteristic features: {1) deviations in codon usage,
G+C content or dinucleotide frequency and (2) insertion sequences and/or tRMA genetic flanking regions together with
transposase coding genes. Several computational techniques for identifying pathogenicity islands exist. However, most of
these technigues are only directed at the detection of horizontally transferred genes and/or the absence of certain gencmic
regions of the pathogenic bacterium in closely related non-pathogenic species. Here, we present a novel scftware suite
designed for the prediction of pathogenicity islands (pathogenicity island prediction software, or PIPS). In contrast to other
existing tools, our approach is capable of utilizing multiple features for pathogenicity island detection in an integrative
manner. We show that PIPS provides better accuracy than other available software packages. As an example, we used PIPS
to study the veterinary pathogen Corynebacterium pseudotuberculosis, in which we identified seven putative pathogenicity
islands.
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i 0-10%

1 10-20%
2 20-30%
3 30-40%
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B8 80-90%
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Pan-genOmica é uma area recente da gen6mica que tem como objetivo principal a
comparacao genomica entre diferentes linhagens ou espécies bacterianas
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
II\ Corynebacteriurn_aurimucosurn_ATCC_700975

Corynebacterium_kroppenstedti DSM_44385

orynebacteriurn_pseudotuberculosis_Cplé 96 96 95 97

Corynebacteriurn_pseudotuberculosis_31 - 98 98 98

Corynebacteriurn_pseudotuberculosis_CIP_52_97 98 - 97 99

Corynebacteriurn_pseudotuberculosis_1_08_A 99 - 99

Corynebacteriurn_pseudotuberculosis_258 98 99 97

Corynebacteriurn_pseudotuberculosis_316 98 98 98

Corynebacteriurn_pseudotuberculosis_3 99 5 94 94 93

Corynebacteriurn_pseudotuberculosis_FRC41 94 94 93 .
Corynebacteriurn_pseudotuberculosis_1002 94 94 93 C. pseUdOtUbel'CUIOSIS
Corynebacteriurn_pseudotuberculosis_267 93 93 93

Corynebacteriurn_pseudotuberculosis_PS4B36 94 94 93

Corynebacteriurn_pseudotuberculosis_I19 94 94 93
Corynebacteriurn_pseudotuberculosis_PAT10 93 93 93

Corynebacterlum pseudotuberculosns 42_02_A 94 94 93

1 94 094 03
orynebacteriurn_ulcerans C. Ulcel‘ans
Corynebacteriurn ulcerans BR_AD22
Corynebacteriurn_diphtheriae_241 91 90 89 89 86
Corynebacteriurn_diphtheriae_HC01 91 90 89 89 86
Corynebacteriurn_diphtheriae_NCTC_13129 89 - 88 88 88 84 86
Corynebacteriurn_diphtheriae_HC03 88 89 100 93 o1 85
Corynebacterium_diphtheriae_HC04 88 90 94 - 93 87
Corynebacteriurn_diphtheriae_vAOL 90 91 94 88
—— Corynebacteriurn_diphtheriae_HC02 C. diphtheriae 87 89 88 88 85
Corynebacteriurn_diphtheriae_BHS 86 85 85 85 85
Corynebacteriurn_diphtheriae_314 84 85 85 85 87
Corynebacteriurn_diphtheriae_INCA_402 86 85 86 85 89
Corynebacteriurn_diphtheriae_C7__beta 84 84 83 83 88 88 - 87
Corynebacterium_diphtheriae_CDCE_2332 86 88 87 87 90 89 90 - 88
Corynebacteriurn_diphtherize_Pwe 81 84 83 83 85 85 87 87

orynebacteriur_etficiens_Y s_d514
4& Corynebacteriurn_glutaricurn_R
Corynebacteriurn_glutarnicurn_ATCC_13032

Corynebacteriurn_jeikeiurn_K411
Corynebacteriurn_urealyticurn_DSM_7103
Hzo0 Corynebacterium_resistens_DSM_45100
Corynebacteriurn_variabile_DSM_44702

Phylogenomic tree and heatmap analyses of the genus Corynebacterium.
Heatmap and phylogenomic tree generated with Gegenees and SplitsTree (using data from Gegenees).
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Corynebacteriurn_aurimucosurn_ATCC_700975
Corynebacteriurn_kroppenstedti_DSM_44385

orynebacteriurn_pseudotuberculosis_Cplé 96 96 95

9 100 98 98 98
95 98-97
-

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

Corynebacteriurn_pseudotuberculosis_31

Corynebacteriurn_pseudotuberculosis_CIP_52_97 . .
Corynebacteriurn_pseudotuberculosis_1_08_A B iovar equ'
Corynebacteriurn_pseudotuberculosis_258 98 99

Corynebacteriurn_pseudotuberculosis_316 98 98

Corynebacteriurn_pseudotuberculosis_3 99 5
Corynebacteriurn_pseudotuberculosis_FRC41
Corynebacteriurn_pseudotuberculosis_1002

Corynebacteriurn_pseudotuberculosis_267 o .
Corynebacteriurn_pseudotuberculosis_PS4B36 B iovar ovis
Corynebacteriurn_pseudotuberculosis_I19

Corynebacteriurn_pseudotuberculosis_PAT10

Corynebacteriurn_pseudotuberculosis_42_02_A

Corynebacterium_pseudotuberculosis_C 231

orynebacteriurn_ulcerans_so3
Corynebacteriurn_ulcerans_BR_AD22

Corynebacteriurn_diphtheriae_241
Corynebacteriurn_diphtheriae_HC01
Corynebacteriurn_diphtheriae_NCTC_13129

—
Corynebacteriurn_diphtheriae_HC03
Corynebacterium_diphtheriae_HC04
Corynebacteriurn_diphtheriae_vAOL

————— Corynebacteriurn_diphtheriae_HC02

—— Corynebacteriurn_diphtheriae_BHS
Corynebacteriurn_diphtheriae_314
Corynebacteriurn_diphtheriae_INCA_402
Corynebacteriurn_diphtheriae_C7__beta
Corynebacteriurn_diphtheriae_CDCE_8332
Corynebacteriurn_diphtherize_Pwe

91 90 89 89 87 86 86
91 90 89 89 87 86 86
89 89 - 88 88 88 88 85 85 84 84 86
88 88 89 - 93 01 88 86 86 85 84 85
88 88 90 94 - 93 89 86 87 85 84 87 85
90 90 91 95 - 91 87 88 87 87 88 87
87 89 88 88 85 85 85
86 85 85 85 86 87 85
84 8 85 85 88 87
86 86 85 86 B85 85 85 87 89 - 90 89 88
84 84 84 83 83 B3 83 86 88 88 - 87

8 86 88 87 87 8 86 8 90 89 90 - 88
81 84 83 83 85 85 87 87

Biovar equi Biovar ovis

Corynebacteriurn_efficiens_YS_314
Corynebacteriurn_glutaricurn_R
Corynebacteriurn_glutarnicurn_ATCC_13032
Corynebacteriurn_jeikeiurn_K411
Corynebacteriurn_urealyticurn_DSM_7103
Hzo0 Corynebacterium_resistens_DSM_45100
Corynebacteriurn_variabile_DSM_44702

Phylogenomic tree and heatmap analyses of the genus Corynebacterium.
Heatmap and phylogenomic tree generated with Gegenees and SplitsTree (using data from Gegenees).
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Comparative genomic maps of C. pseudotuberculosis biovar equi and ovis strains.
Figure generated with CCT: CGView Comparison Tool
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Cp1002
{ CpCpl19
CpPAT10

CpP54B96 “m Biovar ovis

CpC231

Cp267

Cpa2/02-A

Cp3/99-5

CpFRCA1

Cpl62

Cp258

Cp316

Cp1/06A

Biovar ovis Biovar equi

Phylogenomic tree and heatmap analyses of Corynebacterium pseudotuberculosis strains created based on plasticity of pathogenicity
islands.

Identification of putative PAIs was performed with PIPS: Pathogenicity Island Prediction Tool. Plasticity was assessed from data generated by Edgar.
Phylogenomic tree was created by SplitsTree with data from plasticity analyses.
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Cpl1002_1884 (Pseudogene).
Cpl002 1883
Cp1002_1882
Cp1002_1880.
gitT. v,
Cpl002_1878
Cpl1002_1877. \ 2

Cp1002_1876.
clpB /
8
cp1002_18%%
SD-)A
Cp1002_1871
STTA
spaB
spax
spaC
glpD.

2050 kbp
€p1002_1885°
PyrE,

Cp1002_1889
Cp1002_1888 ¥ 4
hlyD.

Cp1002_1886.
macB

B cos
B tRNA
rRNA
PAI
B BLAST hit = 100 % identical
Il BLAST hit >= 98 % identical
I BLAST hit >= 96 % identical
B BLAST hit >= 94 % identical

ure!
Cpl002_1914
Cpl002_1913 /

phuc,
Cp1002_1911
Cp1002_1910

fagF.— \g
Cp1002_1908 ’/
Cp1002_1907a
pits.

oppBS.
oppCDl

D3
CDXOOZ 1902 ,

B BLAST hit >= 92 % identical

uuy[;cA BLAST hit >= 90 % identical
€274 M BLAST hit >= 88 % identical
ureG BLAST hit >= 86 % identical

BLAST hit >= 84 % identical
BLAST hit >= 82 % identical
BLAST hit >= 0 % identical

W GC content

B GC skew+

B GC skew-

500 bp

Figure . Plasticity of pili clusters of genes, spaA
and spaD, in C. pseudotuberculosis.

spaC

spaX  spaB  srA

spaA

srtB

H
/\

LPKTG LPLTG LPMTG
*Contato celular
*Proliferacao
*Disseminacao dentro do
hospedeiro

spaF ) spakE spaY spaD srtC
§
T /\ T
LPLTG LGNFP LARTG

Gene regions encoding adhesive pili of
C. pseudotuberculosis FRC41.
Figure from Trost et al. (2012).
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*Pili tem um papel importante na adesao e internalizagao;
*Em C. diphtheriae, somente linhagens invasivas apresentam
um conjunto completo de genes de pili;

Acometimento visceral pelo biovar equi é raro;

*As linhagens do Biovar equi sao altamente variaveis no
cluster de genes de pili.

Poderia a formacao de pili
estar relacionada aos
padroes especificos da
doenca, ie, acometimentos
visceral e superficial?
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| &) GIPSy: Genomic Island Prediction Software

File Dependencies

Step1 | Step2 | Step3 | Stepd | Step5 [ Step6 | Step7 | Steps |

*Atualiza a metodologia do PIPS para

Prepare files from selected organisms

a predicao de todas as classes de

Virulence Factors (Pathogenicity Islands)
Antibiotic Resistance (Resistance Islands)
Metabolism (Metabolic Islands)

Symbiosis (Symbiotic Islands)

Please provide the file for the genome to be analysed ‘ Open query | ‘ Create files |
Ll n L3
Please provide the file for the reference genome ‘ Open Subject | ‘ Create files | I I h a s ge n o m I ca s
GIPSy: Genomic Island Prediction Software = =
File Dependencies
Step1 | Step2 | Step3 | Stepd | Step5 | Steps | Step7| = B
[BLASTP 2.2.26 [Sep-21-2011]
Search for spedific factors
@ y x =

Reference: Altschul, Stephen F,, Thomas L. Madden, Alejandro A Schaffer,

inghui Zhang, Zheng Zhang, Webb Willer, and David J. Lipman (1997),
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
lprograms”, Nucleic Acids Res. 25:3383-3402

Reference for compositional score matrix adjustment: Altschul, Stephen F.,
john C. Woolton, E. Michael Gertz, Richa Agarwala, Aleksandr Morgulis,
IAlejandra A Schaffer, and Yi-Kuo Yu (2005) "Protein database searches

Interface grafica baseada em Java
*Compativel com Windows e Linux

using y adjusted substitution matrices”, FEBS J. 272:5101-5109.
[ cueyio Subject ID
5 Mo Hits Found lQuery= c0011 R 7147:8577 Putative transporter yaaJ
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O No Hits Found
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Pathogenicity Islands

Resistance Islands

Metabolic Islands

Symbiotic Islands
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Information about: codon usage and G+C deviation; transposase genes; specific factors
(i.e., virulence-, metabolism-, resistance- or symbiosis-related genes); conserved genes
between the query and the subject genomes; and, tRNA genes.

8. Merger }-’[ 8. Plasticity finder }'( 8. GEl finder }_> Putativ‘e
Genomic

Islands

Legend:
1-8 GIPSy steps

== Query file
== Subject file
== Query and Subject file

mp- \Vierged files

D Internal GIPSy module
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Pan-gendmica é uma area recente da genomica que tem como
principal objetivo a comparagao genomica entre diferentes

linhagens de uma mesma espécie.
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Inversion

Rearrangement

Loss

Mutation — pseudogenes

Deletion

S

AR

Local rearrangement

Identificar a por¢dao conservada do genoma e os eventos de plasticidade gendmica.

Tettelin et al (2005)
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Secreted protein

Extracellular spjie

- Proteinas do exoproteoma, '

membrana celular (*vacinologia
reversa)

Extracellular space
Secreted protein

‘\ Periplasmic
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e protein

. Periplasm
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” Cytoplasm

&7 Q_’»— Cytoplasm»c
protein

Copyright © 2006 Nature Publishing Group
Nature Reviews | Microbiology
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Vaxign Home
Statistics
My Analysis

General Methods
Vaxign Query
Dynamic Analysis

Specific Methods
Vaxitop
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Documentation
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E Vaxign

VACCINE DHI(:N

Search: Vaxquery v for | 60 || Clear Help

Welcome to Vaxign: Vaccine Design!

Vaxign (Vaccine Design) is a vaccine target prediction and analysis system based on the
principle of reverse vaccinology. Two programs exist in Vaxign: (1) Vaxign Query: provide
precomputed Vaxign results for users to explore, and (2) Dynamic Vaxign Analysis: allow
sequence input and dynamic Vaxign execution and result visualization.

NOTE: Vaxign is freely available for academic uses. The Vaxign vaccine design pipeline runs
some open-access third-party software programs/algorithms in the background. For
commercial users, you may want to check all licenses for these third-party programs used in
Vaxign.
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Molegro Virtual Docker - FAQ
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programs for automated protein structure prediction and function Yy MHOLLine: 7 Does MVD support Sexible bgands and'or receptor fiexibity? s ot
- R structural about protein sequences 20 0 How do ) automate several dockings (batch jobs)?
SN MR ICYIR RIS Inactation proec: 9 How do | instadl a MVD license?
NHOUne was developed by the collaboration between the ‘Grupo de :“ Which OS/platforms are supporied?
Nodelagerm locular de S Biolbgicos™ (GMMSS) frem 11 How do | setup virtual screening runs of large data sets?
NCC/MET and the “Laboratono de Fisica Biologica”™ (FISBIO) from 12 How should ligands be prepared?
1BCCF-UFRI/ME

13 How should proteins be prepared?
14 Which file formats are supported?
15 Can i modify the scoring function?

Molecular Docking

- Indicio de inibicao da atividade
via docking (*Desenvolvimento
de drogas)
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Reverse vaccinology and
subtractive genomics reveal
new therapeutic targets
against Mycoplasma
pneumoniae: a causative
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F. prausnitzii: a bacterium involved in several diseases

Bacteroides
Peptostreptococci
Coprococci
Clostridium
Escherichia coli

In Crohn's disease:

Fecal flora

Bifidobacterium
Lactobacillus
Faecalibacterium prausnitzii

Swidsinski et al., 2002, Manichanh et al., 2006;

. . . Seksik et al., 2006, Sokol et al., 2009
In other intestinal diseases

Irritable bowel syndrome
Rajilic-Stojanovic M. etal., 2011

F. prausnitzii
Colorectal cancer

BalamuruganR. et al., 2008

Ulcerative colitis
McLaughlinSD. et al., 2010




Table 2. Average Nucleotide Identity

Doutorado em Bioinformatica

Strains

CNCM 1 4546
CNCM 1 4573
CNCM I 4644

A2-165 PacBio

A2- [ cNem [ oNem [ HMIE- [ oNem | oNe | oNe [KLE | AH [ oNom | onc | 126

165 P | 14543 14574 | 19 | 14540 | MI | M T 4| 1255 | MP- | 14541 | M 14

acBio 4542 | 54 21 575

8623 | 86.76 | 86.85 | 86.02 | 8647 | 87.6 | 86.88 | 8744|8548 | 8657 | 8681 | 8572

8679 | 862 | 8599 | 86.66 | S7.11 | 86,86 | 86.88 | 8721 | 86,01 | 8624 | 8342 | 84,64

8628 | 8588 | 8581 | 856 | 8581 | 8644 | 8634 | 8657|856 -
5 7 2 [ 8735] 85, .

8675 | 8603 | 859 | 8578 | 8648 | 868 | 8692 | 8735|855 g‘frontlers

86,16 | 8647 | 8644 | 8621 | 86,03 | 8667 | 8685 |87.05| 856

CNCMLI 4543 | 86.76 | 86.2 85.88 | 86.03 | 86.47
CNCM I 4574 | 86.85 | 8599 | 8581 | 859 | 86.44
HMI-19 86.02 | 86.66 85.6 |85.78 | 86.21
CNCM_I 4540 | 8647 | 87.11 85.81 |86.48 | 86.03
CNCM I 4542 | 87.6 | 8686 | 8644 | 86,6 | 86.67
CNCM I 4544 | 86.88 | 86,88 | 86.34 |86.92 | 86.85
KLE1255 8744 | 8721 86.57 | 87.35| 87.05
AHMP-21 8548 | 86,01 | 85.61 |85.58| 85.6 86.1 85.85 86 85.96 | 85.03 | 85.62 | 85.64 | 8573 | 100
CNCML_I 4541 | 86.57 | 86.24 | 8591 |86.52| 863 | 85.25 85.2 8502 | 8547 | 87.65 | 88.09 | 88.05 | 87.94 | 85.1:
CNCM I 4575 | 86.81 | 8842 | 8648 |86.79 | 86.33 | 86.32 85.9 85.85 86.1 85.7 85.97 | 85.87 | 86.52 | 88.3!
L2-6 85,72 | 84,64 | 84.87 |8543| 8534 | 86.09 | 8571 8599 | 8593 | 85.61 86.13 | 86.03 | 86.47 | 86.2.

in Microbiology

ORIGINAL RESEARCH

®

ety

New Insights into the Diversity of the
Genus Faecalibacterium

Leandro Benevides -, Sriti Burman®, Rebeca Martin?, Véronique Robert?,

Muriel Thomas?, Sylvie Miqueil**, Florian Chain®, Harry Sokol**°,

Luis G. Bermudez-Humaran®, Mark Morrison®, Philippe Langella®, Vasco A. Azevedo',
Jean-Marc Chatel*' and Siomar Soares ™"




Doutorado em Bioinformatica

Flavor components Probiotics @
\ / kombucha sauerkraut ;jc;nry produc't.s
Biopreservation K &
° miso soup soy tempe sourdough bread
Bacteria

Lactic Acid v’
Exopolysaccharides




> o Doutorado em Bioinformatica

RESEARCH Open Access

Anti-inflammatory effects of Lactococcus lactis
NCDO 2118 during the remission period of
chemlcally induced colitis
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Locus tag

NCD02118_0139*

NCDO2118_0140*
NCDO2118 0212*

NCD0O2118_0683*

NCDO2118_1420*

&5 PLOS | one
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Gene

epsK

epsL

Inicio
144762

145677

214606

697697

1537567

Fim

145652

146600

215988

698158

1538422

Produto

Exopolysaccharide biosynthesis protein

LytR family transcriptional regulator

Hypothetical protein

Hypothetical protein

Hypothetical protein

Exclusive/ Secreted/
Expressed

Exclusive/ Secreted/
Expressed

Exclusive/ Secreted/
Expressed

Exclusive/ Secreted/
Expressed

Exclusive/ Secreted/
Expressed

5 proteinas exclusivas, secretadas e expressas
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Analyses of the probiotic property and stress
resistance-related genes of Lactococcus lactis
subsp. lactis NCDO 2118 through comparative

genomics and in vitro assays

Leticia C. Oliveira', Tessalia D. L. Saraiva', Wanderson M. Silva'®?, Ulisses P. Pereira®,
Bruno C. Campos’', Leandro J. Benevides'"?, Flavia S. Rocha’, Henrique C.

P. Figueiredo®, Vasco Azevedo’, Siomar C. Soares'**
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Putative vaccine candidates and drug
targets identified by reverse vaccinology
and subtractive genomics approaches to
control Haemophilus ducreyi, the causative
agent of chancroid
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