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a  b  s  t  r  a  c  t

Bacteria  are  highly  diverse  organisms  that  are  able  to  adapt  to  a broad  range  of environments  and  hosts
due to  their  high  genomic  plasticity.  Horizontal  gene  transfer  plays  a  pivotal  role  in  this  genome  plastic-
ity  and  in  evolution  by  leaps  through  the  incorporation  of large  blocks  of  genome  sequences,  ordinarily
known  as genomic  islands  (GEIs).  GEIs  may  harbor  genes  encoding  virulence,  metabolism,  antibiotic
resistance  and  symbiosis-related  functions,  namely  pathogenicity  islands  (PAIs),  metabolic  islands  (MIs),
resistance  islands  (RIs)  and  symbiotic  islands  (SIs).  Although  many  software  for  the  prediction  of  GEIs
exist, they  only  focus  on PAI prediction  and  present  other  limitations,  such  as  complicated  installa-
tion  and inconvenient  user  interfaces.  Here,  we  present  GIPSy,  the genomic  island  prediction  software,
a  standalone  and user-friendly  software  for the  prediction  of  GEIs,  built  on  our  previously  developed
pathogenicity  island  prediction  software  (PIPS).  We  also  present  four  application  cases  in  which  we
crosslink  data  from  literature  to  PAIs,  MIs,  RIs  and  SIs  predicted  by GIPSy.  Briefly,  GIPSy  correctly  pre-
dicted  the  following  previously  described  GEIs:  13  PAIs  larger  than  30  kb in  Escherichia  coli  CFT073;  1  MI
for  Burkholderia  pseudomallei  K96243,  which  seems  to  be  a miscellaneous  island;  1 RI  of  Acinetobacter
baumannii  AYE,  named  AbaR1;  and,  1 SI  of  Mesorhizobium  loti MAFF303099  presenting  a  mosaic  structure.
GIPSy  is  the  first  life-style-specific  genomic  island  prediction  software  to perform  analyses  of PAIs,  MIs,
RIs and  SIs,  opening  a door  for a better  understanding  of bacterial  genome  plasticity  and  the  adaptation
to  new  traits.

© 2015  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Bacteria are highly diverse organisms broadly distributed over
the world (Oren, 2004). The adaptability of bacteria to different
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environments mainly results from their high genomic plastic-
ity upon which selection will finally act allowing evolution to
occur (Barbosa et al., 2014; Dobrindt and Hacker, 2001). Genome
plasticity is achieved through diverse mechanisms like point muta-
tions, rearrangements (inversions and translocations), deletions
and insertion of DNA from other organisms (including plasmids,
prophages, transposons and noncanonical classes of mobile genetic
elements) (Bellanger et al., 2014; Brüssow et al., 2004; Dobrindt and
Hacker, 2001; Schmidt and Hensel, 2004). In this context, genomic
islands (GEIs) play an important role. They are large regions in
the DNA sequence (∼6–200 kb) acquired from other organisms
through one of the above mentioned mechanisms. They promote
the bacterial evolution by providing blocks of genes involved in

http://dx.doi.org/10.1016/j.jbiotec.2015.09.008
0168-1656/© 2015 Elsevier B.V. All rights reserved.

dx.doi.org/10.1016/j.jbiotec.2015.09.008
http://www.sciencedirect.com/science/journal/01681656
http://www.elsevier.com/locate/jbiotec
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbiotec.2015.09.008&domain=pdf
mailto:siomars@gmail.com
mailto:siomar@icbn.uftm.edu.br
mailto:hakan.geyik@uni-bielefeld.de
mailto:rommelramos@ufpa.br
mailto:pablogomesdesa@gmail.com
mailto:eudesgvb@gmail.com
mailto:jan.baumbach@imada.sdu.dk
mailto:figueiredoh@yahoo.com
mailto:miyoshi@icb.ufmg.br
mailto:tauch@cebitec.uni-bielefeld.de
mailto:asilva@ufpa.br
mailto:vascoariston@gmail.com
dx.doi.org/10.1016/j.jbiotec.2015.09.008


S.C. Soares et al. / Journal of Biotechnology 232 (2016) 2–11 3

Fig. 1. Screenshots of GIPSy’s Java-based graphical user interface.
In  the top of the figure is step 1, where the GenBank or EMBL files for the query and subject genomes are provided for the software to create the additional files. In the middle
of  the figure is step 5, where the software searches the query genome for GEI specific factors (i.e., virulence, antibiotic resistance, metabolism-related or symbiosis-related
factors). In the bottom of the figure is step 8, where the software predicts the specific class of GEI (pathogenicity, resistance, metabolic or symbiotic island) based on the
resulting files from previous steps.
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