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I. Whatis GIPSy?

GIPSy is a software for accurate prediction of genomic islands into the classes:
pathogenicity islands (PAls), resistance Islands (RIs), metabolic Islands (Mls) and symbiotic
Islands (Sls).

II. Importance of genomic islands

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 plasticity and evolution by leaps through the incorporation of large blocks of
genome sequences, ordinarily known as genomic islands (GEls). GEls may harbor genes
encoding virulence, metabolism, antibiotic resistance and symbiosis-related functions, namely
pathogenicity islands (PAls), metabolic islands (Mls), resistance islands (RIs) and symbiotic
islands (Sls).

III. Method summary

GIPSy predicts GEls based on commonly shared features: genomic signature deviation (G+C
content and codon usage); presence of tranposase genes; virulence, metabolism, antibiotic
resistance, or symbiosis factors; flanking tRNA genes; and absence in other organisms of the
same genus or closely related species. Eight steps are necessary to evaluate the presence of
these genomic features in GIPSy.

IV. GIPSy input formats

GIPSy accepts complete genomes only of bacteria in embl or genbank formats.

IV.1 EMBL format (.embl)

The embl format has the following structure, where the regions highlighted with red boxes are
important for GIPSy analyses.

source 1..3309401
/organism="Corynebacrerium glutamicum ATCC 13032"
/strain="ATCC 13032"
/mol_type="genomic DNA"
/db xref="taxon:196627"

cDS 1..1575 |
/codon_start=1
/transl table=11
/locus tag="Cgl0001" |
/product="ATPase involved in DNA replication initiation" ]
/translation="MSQONSSSLLETWRQVVADLTTLSQQADSGFDPLTPTQRAYLNLTK
PIAIVDGYAVLSTPNAMAKNVIENDLGDALTRVLSLRMGRSFSLAVSVEPEQEIPETPA
QQEFKYQPDAPVISSNKAPKQYEVGGRGEASTSDGWERTHSAPAPEPHPAPIADPEPEL
ATPQRIPRETPAHNPNREVSLNPKYTFESFVIGPENRFANAAAVAVAESPAKAFNPLFI

o B B R e e e e ] (] ] e (e e IR e I

DILMVDDIQFLAGKEGTQEEFFHTFNALHQADKQIILSSDRPPKQLTTLEDRLRTRFEG
GLITDIQPPDLETRIAILMKKAQTDGTHVDREVLELIASRFESSIRELEGALIRVSAYS
SLINQPIDKEMAIVALRDILPEPEDMEITAPVIMEVIAEYFEISVDTLRGAGKTRAVAH
ARQLAMYLCRELTDMSLPKIGDVFGGKDHTTVMYADRKIRQEMTEKRDTYDEIQQLTQL

IKSRGRN"

Sequence 3309401 BP; 764350 A; 894542 C; 886255 G; 764254 T; 0 other;

grgagecaga actcatcrte TLLgekcgaa acctggcacs 2aghtgtlgc cgatctcaca 60
2cLiLgagec agcaagegga Caghggatlc gaccceattga cgccaactca acgrgcatat 120
LLgaaccrga cgaagecgat LgCcCcatcglce gatggetacyg CCgtgehgte cacacccaac 180
gcgatggcaa aaaatgtceat Lgaaaacgat LLgggcgatg SRLigacccy LORgrtigteg 240
CLECCatgy gecgatcatt CagCthggct gRCaghaltgq agCctgages ggaaattcea 300
g3233CCceag Sheagcagga ghikazatat CRgechgacy SaCChatgat ShCLLecass 360
22995gccas 2agcagtatga agktggkggt SUg9gagagy SIkcgacaay Sgacgstag 420
gaacgracee achetgcace ggcteccgag CCUcacecadd Saccratcge cgatcetgag 480
SCRGRGCRIY SCACCECUce GCUCALEECY SUCHRRRACCE SAGERERACAR SCChaateay 540
g22gLgtecs £Ca2CCCaaa akACACKELE g2220Chicy Lgakcggacs ghtcaaceat 600
LECUCCaaty SagCcgcagt Lgctatggcy ga3agccceag £gaaagettt £aaccegetyg 660




IV.2 Genbank format (.genbank, .gb, .gbk)

Although presenting similar information, the genbank file presents a different structure, as
shown below. Likewise the embl format example, the important features are highlighted by
red boxes in the figure.

FEATURES Location/Qualifiers
source 1..5231428
/organism="Escherichia ¢oli CFTO73"
/mol_type="genomic DNA"
/strain="CFT073"
/db_xref="gaxon:199310"
gene 190..255

/gene="thrL"
/locus tag="c5491"

| CDS 190..255 |
/gene="thrL"

| /locus tag="c5491" |
/function="leader; Amino acid higsvnthesis: Ihreonine"
/note="Thr operon attenuator; Escherichia goli K-12
Qxtholog: b0001; Escherichia ¢oli O157:H7 gorgholog: z0001"
/codon_start=1
/transl table=11

I /product="Thr gperon leader peptide” |
/protein id="AAN78501.1"
/protein id="E.goli:c5491"
/db_xref="GI:26106315"
/translation="MKRISTTITTTITITTIGNGAG"

ORIGIN

1 2gCRLERcat LEROAckgca 2CgUgcaata LUnchekatd kggakiasas 2aagagiatc
61 Tgatagcage LECLEaacty gRLacchgce ghgagrasat La22atiiia Ligactiagg
121 pgacraaata CLLTaaccaa Lataggcata gegcacagac agataszaszal tacagagtac
181 acaacatcca 5922acgcat LAgcaccace aktaccacca Seatcaccat kaccacagat
241 22C99NOCag GCRUACICAT 2520JRRaCa $2UAR22230 SECUSACENY 2CATLISIST
301 GRLLLLLLLG ROSACAgaaa 2GCCCCaget 299ckgdudy TRECUgasag CLLLCAgeLt
361 $gagccaght aLbaa’accc CRLLLIAtLL gLtaa’acac CLLUCIareh ggcaactgca
421 agrgrcasac 23g22aLcCaa 22399Uggtee £aaTggdgas £gasaagags Ltagcgcaca
481 gecgarggaa CLgnazatalt Cacatagtat LLgcgccaa:a ataccgaaga Caggrtgtict
541 acagagagaa gcgtagagca ataggcetgta Littgagaaa gohgtgtgag tggasaagtg




1. Installation process:

GIPSy may be used both in Windows- and Linux-based platforms. It only requires a Java
Virtual Machine 1.7.0_51-b13 or higher to work. However, we strongly advise the use of
openjdk instead of the Oracle version of java virtual machine when working in linux-based
machines as the Oracle version may result in some exceptions during the analyses. The
download of all databases and dependencies as well as the environment setup are
performed by GIPSy.Installer.jar.

GIPSy.Installer.jar may be run in Windows by simply double clicking, whereas in Linux it
only requires a simple command line, as follow:

java —jar GIPSy.Installer.jar

a) choose the appropriate folder for installation:

2 GIPSy Installer = =

Where would you like to install GIPSy?

C:\Users\Siomar\GIPSy Choose folder

Close

If you have any doubt, please contact the developer:
Siomar Soares siomars@gmail.com

b) click install:

(%] GIPSy Installer = B

Where would you like to install GIPSy?
C:\Users\Siomar\GIPSy

Close

If you have any doubt, please contact the developer:
Siomar Soares siomars@gmail.com



c) the installer will automatically download the databases, dependencies, GIPSy.jar and set
up all the environment:

B GIPSy Installer =

Where would you like to install GIPSy?

C:\Users\Siomar\GIPSy Choose folder
I e

Close

If you have any doubt, please contact the developer:
Siomar Soares siomars@gmail.com

(2] GIPSy Installer = =
Where would you like to install GIPSy?
C:\Users\Siomar\GIPSy

Downloading databases

4% Downloading dependencies

Close

If you have any doubt, please contact the developer:
Siomar Soares siomars@gmail.com

d) one shortcut will be created on Desktop.

OBS.: If it is not created, a prompt will appear warning that the Desktop folder was not found.
In this case, simply go to the installation folder defined on the beginning of the installation
process and execute GIPSy.jar from within this folder or create a Desktop shortcut.

(%] GIPSy Installer = B

Where would you like to install GIPSy?

C:\Users\Siomar\GIPSy Choose folder

Downloading databases
Downloading dependencies
Downloading GIPSy.jar
Uncompressing files

Setting configuration properties
Creating shortcut on Desktop

If you have any doubt, please contact the developer:
Siomar Soares siomars@gmail.com




2. Running GIPSy

Similarly to the GIPSy.Installer.jar, GIPSy.jar may be run in Windows by simply double clicking,
whereas in Linux-based environments, it requires a simple command line, as follow:

java —jar GIPSy.jar

2.1Step 1

After the software is open, click the button “Open Query” and choose the file for the
pathogenic organism “Escherichia_coli_CFT073.gbk” (downloadable as part of the dataset.zip
example files at http://www.bioinformatics.org/downloads/index.php?file id=587) and click
the buttom “Create files”.

A) Creating files for the query genome.

|/ GIPSy: Genomic Island Prediction Software = =

File Dependencies

[ Step1 | Step2 | Step3 | Step4 | Step5 | Step6 | Step7 | Step8

Prepare files from selected organisms

Please provide the file for the genome to be analysed
Please provide the file for the reference genome

If you have any doubt, please contact the developer:
Siomar Soares siomars@gmail.com

£ GIPSy: Genomic Island Prediction Software = B

File Dependencies

Step1 | step2 | Step3 | Step4 | Steps | Steps | Step7 [ Steps

Prepare files from selected organisms

C:\Users\Siomar \Desktop\dataset\Escherichia_coli_CFT073.gbk
h

C:\Users\Siomar\Desktop\dataset\Escherichia_coli-K-12_MG1655.gbk

If you have any doubt, please contact the developer:
Siomar Soares siomars@gmail.com



http://www.bioinformatics.org/downloads/index.php?file_id=587

b) Creating files for the subject genome

Click the button “Open Subject” and choose the file for the non-pathogenic closely-related
organism “Escherichia_coli-K-12_MG1655.gbk” (downloadable as part of the dataset.zip

example files at http://www.bioinformatics.org/downloads/index.php?file id=587) and click
the buttom “Create files”.

[£]

GIPSy: Genomic Island Prediction Software
File Dependencies

Step1 | Step2 | Step3 | Step4 | Step5 | Step6 | Step7 | Step8

Prepare files from selected organisms

C:\Users\Siomar\Desktop\dataset\Escherichia_coli_CFT073.gbk

Open query Create files

Please provide the file for the reference genome

If you have any doubt, please contact the developer:
Siomar Soares siomars@gmail.com

e GIPSy: Genomic Island Prediction Software
File Dependencies

) -

Step1 | Step2 | Step3 | Step4 | Step5 | Steps | Step7 | Step®

Prepare files from selected organisms

C:\Users\Siomar\Desktop\dataset\Escherichia_coli_CFT073.gbk

Open query Create files
Emn'n g! Please wait!

C:\Users\Siomar\Desktop\dataset\Escherichia_coli-K-12_MG1655.gbk

Open Subject Crealem
Running! PleJgayait! |

If you have any doubt, please contact the developer:
Siomar Soares siomars@gmail.com



http://www.bioinformatics.org/downloads/index.php?file_id=587

2.2 Going further from one Step to another.
After finishing Step 1, you may click Step 2 or next in order to go further.

Obs.: All steps are dependent on Step 1. After step 1 is finished, you may run Steps 2-

7 concomitantly. Step 8 is dependent on all previous Steps. Be sure to finish all of them
before going to Step 8.

£3) GIPSy: Genomic Island Prediction Software -
File Dependencies

step1 | step2 | step3 | step4 | steps5 | steps | step7 [ steps

Prepare files from selected organisms

C:\Users\Siomar \Desktop\dataset\Escherichia_coli_CFT073.gbk

Open query Create files
IR o s o

C:\Users\Siomar\Desktop\dataset\Escherichia_coli-K-12_MG1655.gbk

Open Subject Create files

If you have any doubt, please contact the developer:
Siomar Soares siomars@gmail.com

E5) GIPSy: Genomic Island Prediction Software

- o

File Dependencies

Step1 Step2 | Step3 | Step4 | Step5 | Step6 | Step7 | Step8

Prepare files from selected organisms

C:\Users\Siomar \Desktop\dataset\Escherichia_coli_CFT073.gbk

TR oo

C:\Users\Siomar\Desktop\dataset\Escherichia_col-K-12_MG1655.gbk

Open Subject [Create files

If you have any doubt, please contact the developer:

Siomar Soares siomars@gmail.com
_




2.3 Step 2

On Step 2, you may choose the cutoff value, in standard deviations (SD), for anomalous G+C
analyses. The standard value is 1.5 SDs from the mean. After choosing the cutoff for both
qguery and subject, run the analyses and click visualize in order to see the results.

(&)

GIPSy: Genomic Island Prediction Software = = “
File Dependencies

Step1 | Step2 | Step3 | Step4 | Step5 | Step6 | Step7 | Step8

Perform G+C content analyses

Calculate G+C deviation on query genome *m
Calculate G+C deviations on subject genome  [15 | Run_|

(&)

GIPSy: Genomic Island Prediction Software = =
File Dependencies

step1 [ Step2 | Step3 | Step4 | step5 | step6 | step7 | steps

Perform G+C content analyses

Calculate 6+C deviation on query genome 1.5 m

Calculate G+C deviations on subjectgenome |15 | Run

< Previous

(&)

GIPSy: Genomic Island Prediction Software = B
File Dependencies

Step1 [ Step2 | Step3 | Step4 | Step5 | steps | Step7 | Steps

Perform G+C content analyses

S ——— AR lR T o
Calculate G+C deviations on subject genome @ m Visualize m

#Total G+C content 2640743.0 |
#Genome Size: 5231428.0 =
#GC percent 50 479

#The reference values using 1.5 SD are - lower limit (42 133012514249174) and upper limit (58.824987485750825)

#

c5491 NORMAL 051515151515615151

c0002 NORMAL 0.4603174603174603

c0003 NORMAL 05253365003958829

c0004 NORMAL 05551982851018221

c0005 NORMAL 05275835275835276

c0008 Low 0.4066666666666667

c0007 NORMAL 05387205387205387

0008 NORMAL 05341365461847389

c0009 NORMAL 05227272727272727

c0010 NORMAL 0.4864864864864865

c0011 NORMAL 05345911940685535

c0012 NORMAL 05142576204523107

c0013 NORMAL 05414551607445008

c0014 NORMAL 04 174 =

=< Previous




2.4 Step 3

On Step 3, you may choose the sensitivity, from 0.5 to 0.95, for codon usage deviation analyses
in Colombo/SigiHMM. The standard value is 0.95. After choosing the cutoff for both query and
subject, run the analyses and click visualize in order to see the results.

(&)

GIPSy: Genomic Island Prediction Software = = “
File Dependencies

Step1 | Step2 | Step3 | Step4 | Step5 | Step6 | Step7 | Step®

Perform Codon Usage Analyses
- .

“olombo_3. igiHMM.cla:

Define sensitivity to calculate codon usage deviation on query genome: g5 | N m m
Define sensitivity to calculate codon usage deviation on subject genome: |0.95 m m

< Previous

(£

GIPSy: Genomic Island Prediction Software = = “
File Dependencies

Step1 | Step2 | Step3 | Step4 | Step5 | Step6 | Step7 | Step®

Perform Codon Usage Analyses
- .

“olombo_3. igiHMM.cla:

Define sensitiiy to alculate codon usage deviation on auery genome:  [oos | | mun || visuaize || Running: plefEgait: |
Define sensitivity to calculate codon usage deviation on subject genome: [0 05 m Running! Pleaggait! |

< Previous

£

GIPSy: Genomic Island Prediction Software = =
File Dependencies

Step1 | Step2 | Step3 | Stepd | Step5 | Step6 | Step7 | Step8

Perform Codon Usage Analyses
- .

y i lombo_3. igil cla

Define sensitivity to calculate codon usage deviation on query genome:  [5 g5 | m [ isuaiizel | | pone |
Define sensitivity to calculate codon usage deviation on subject genome: [5.05 m Visualize Ly m

#
# Core-specific parameters:

#

# Menu parameters
# PHXmasking “on”
# MaskOutiiers “off"
# Joining distance "1
# Advanced options
# Sensitivity: 0.95

#

5491 Colombo/SigiHMM NORMAL
0002 Colombo/SigiHMM DEVIATION
0003 Colombo/SigiHMM NORMAL
0004 Colombo/SigiHMM NORMAL
0005 Colombo/SigiHMM NORMAL
0006 Colombo/SigiHMM NORMAL
0007 Colombo/SigiHMM NORMAL
0008 Colombo/SigiHMM NORMAL

< Previous




2.5 Step 4

On Step 4, you may choose the e-value for transposase prediction using HMMer. The standard

value is 0.0001. After choosing the e-value, run the analyses and click visualize in order to see
the results.

(&)

GIPSy: Genomic Island Prediction Software = = “
File Dependencies

Step1 | Step2 | Step3 | Step4 | Step5 | Step6 | Step7 | Step8

Search for transposase genes
c _ B

Search for transposase genes on query genome 00001 |

< Previous

(£

GIPSy: Genomic Island Prediction Software = = “
File Dependencies

Step1 | Step2 | Step3 | Step4 | Step5 | Step6 | Step7 | Step®

Search for transposase genes
c y By

Search for transposase genes on query genome |0.0001
g™

X

Running! Please Vigrg |

< Previous

£

GIPSy: Genomic Island Prediction Software = =
File Dependencies

Step1 | Step2 | Step3 | Stepd | Step5 | Step6 | Step7 | Step8

Search for transposase genes

c :
Search for transposase genes on uery genome [0.0001 | | boner |
#ParsedFile

#hmmsearch :: search profile(s) against a sequence database
#HMMER 3.0 (March 2010); hito:fhmmer.org/

# Copyright (C) 2010 Howard Hughes Medical Institute.

## Freely distriputed under the GNU General Public License (GPLV3).

# query HMM file: C:lUsersiSiomar/GIPSy/DBitransposase.hmm
f#target sequence database: d temp_t _coli_CFT073faa
# output directed to file cn temp_f _coli_CFT073.faatrp.outta

# sequence reporting threshold:  E-value <=0.0001

5491 No Hits Found
0002 Transposase
0003 No Hits Found
0004 No Hits Found
0005 No Hits Found
0006 No Hits Found
0007 No Hits Found
0008 No Hits Found
0009 No Hits Found

< Previous




2.6 Step 5

On Step 5, you may choose the e-value for the prediction of specific factors using blastp. The
standard value is 0.000001. Moreover, if you are striving to predict Pathogenicity Islands, run
the prediction for virulence factors. If you are searching for Resistance Islands, run the
analyses for antibiotic resistance genes, and so on. After choosing the e-value, run the
analyses for “Virulence Factors” and click visualize in order to see the results.

B

GIPSy: Genomic Island Prediction Software

_—

File Dependencies

Step1 | Step2 | Step3

Stepd | Step5 | Step6 | Step7 | Steps

Search for specific factors

c y e-value

Virulence Factors (Pathogenicdty Islands) 0.000001 b
Antibiotic Resistance (Resistance Islands) 5000001
Metabolism (Metabolic Islands) [0.000001]
Symbiosis (Symbiotic Islands) 0.000001

Query ID Subject ID %ID_|Alignm..|Mismat.| Gap O..| Q.Start| Q.End | S.Start | S.End | E-~value it scord

=< Previous

P
File Dependencies

GIPSy: Genomic Island Prediction Software

step1 [ step2

step3 | Stepd | Step5 | Step6 | Step7 | Steps
Search for specific factors
& e-value
Virulence Factors (Pathogenicdty Islands) 0.000001
Antibiotic Resistance (Resistance Islands) 0.000001
Metabolism (Metabolic Islands) 0.000001)
Symbiosis (Symbiotic Islands) 0.000001)
Query ID Subject D %ID_|Alignm..|Misma.|GapO.| Q.Start| Q.End | S.Start| SEnd | E-value | bitscore
) GIPSy: Genomic Island Prediction Software = =
File Dependencies
step1 | step2 | Step3 | Step4 | Step5 | Step6 | Step7 | steps
Search for specific factors
Casersisi y e-value | oone |
Virulence Factors (Pathogenicdty Islands) 0.000001
Antibiotic Resistance (Resistance Islands) 0.000001 Visualize
Metabolism (Metabolic Islands) 0.000001 Visualize
Symblosis (Symbiotic Isiands) bo0ooor | visuaize |
Query ID Subject ID %ID_|Alignm. | misma..] Gap 0. a.stat| aena [ sstart| sEna [ Evaue[bitscord
91 INe Hits Found | -
02 [16516/vfid|37622|vsiid|S8459|ssid|hypothetical_protein_c1256_[Esche 100% 125 o 1 125 |45 169 |48-092 |263 =
03 o Hits Foun
04 o Hits Foun
5 o Hits Foun
5 o Hits Foun
7 o Hits Foun
o Hits Foun
o Hits Foun
o Hits Foun
|20539)viid|45666 vsiidI66503|ssid|putative_transcriptional_regulato 30% 1432 282 18 12 430 12 1438 |7e-044 |160
No Hits Found
[Ne Hits Found [ =

=< Previous

Next>




2.6.1 Visualizing the amino acid composition and blast result for each
gene (Step 5)

The first and second columns of the table in Step 5 are clickable. Choose some gene
and click in the first column in order to see its amino acid composition.

&) GIPSy: Genomic Island Prediction Software = B
File Dependencies

["Step1 | Step2 | Step3 | stepa | Step5 | Step6 | Step7 | Steps |

Search for specific factors) -
PO | e —
Virulence Factors (Pathog | [-c0002 F 524:914 Hypothetical protein 1=
/FYREKRRAIGCILRKLCEWKSVRILEAECCADHIHMLVEIPPKMSVSGFMGYLKGKSSL
Antibiotic Resistance (Res  |\IPYEQFGDLKFKYRNREFWCRGYYVDTVGKNTAKIQDYIKHOLEEDKMGEQLSIPYPGSP
FTGRK
Metabolism (Metabolic Isk
Symbiosis (Symbiotic Islal
Query ID S.End | E-~value | bit score
c5491 No Hits Found = -
0003, 16516/viid|376 169 |4e-092 [263  |=|
co00% ] Mo Hits Found
c0004 No Hits Found
c0005 No Hits Found
c0006 No Hits Found
c0007 No Hits Found
c0008 No Hits Found
c0009 No Hits Found
c0010 No Hits Found =
0011 20539)vid|456) 438 [7e-044 [180
o012 No Hits Found |
c0013 Mo Hits Found '

If you want to see the blast result of the given gene against the specific factor database, click
the second column and the alignment will appear.

GIPSy: Genomic Island Prediction Software = B
File Dependencies

[‘Step1 [ sStep2 | Step3 | Step4a | Step5 | Step6 | Step7 | Steps |

Search for specific factors 2

C:\Users\Siomar\GIP Sy\L i i exe

BLASTP 2.2.26 [Sep-21-2011]
Virulence Factors (Pathogenicity Islands)

Antibiotic Resistance (Resistance Islands) Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,
inghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997),
Metabolism (Metabolic Islands) "Gapped BLAST and PSI-BLAST: a new generation of protein database search

programs”, Nucleic Acids Res. 25:3389-3402
Symbiosis (Symbiotic Islands)

Reference for compositional score matrix adjustment: Altschul, Stephen F_,
ohn C. Woolton, E. Michael Gerlz, Richa Agaiwala, Aleksandr Morgulis,

Query 1D Subjedt ID Alejandro A, Schaffer, and Yi-Kuo Yu (2005) "Protein database searches
c5491 No Hits Found using ¢ itionally adjusted itution matrices”, FEBS J. 272:5101-5100.
c0002 16516|vid|37622|vsiid|58 4RI _pr
0003 Mo Hits Found Query= c0002 F 534:911 Hypothetical pratein
c0004 No Hits Found (125 letters)
c0005 No Hits Found
c0008 No Hits Found Database: mith/Virulence DBIBIastDBAirulenceDB. protein fasta
co007 No Hits Found 55,103 sequences; 10,514,445 total letters
c0008 No Hits Found
0009 No Hits Found Searching, done ~
c0010 No Hits Found
c0011 20539vfid|45666 vsiid|6650 I ra_rsguian ik ——— 7 T ' s w T [remus T T
0012 No Hits Found | | | | | | | | | | |:‘
0013 No Hits Found [ [ [ [ [ | | | | [ =




2.7 Step 6

On Step 6, you may choose the e-value for reciprocal blast analyses between the query and
subject genomes. The standard value is 0.000001. After choosing the e-value, run the analyses
and click visualize in order to see the results.

GIPSy: Genomic Island Prediction Software = B “

File Dependencies

Step1 | Step2 | Step3 | Step4 | Step5 | Step6 | Step7 | Step®

Perform rediprocal Blasts between genomes

c Y
Perform reciprocal BLASTp analyses between CDSs of query and subject genomes  (0.000001

Query ID SubjectID %ID [Alignm..|Mismat. | Gap Q.| QS8tart| QEnd | SStart | SEnd | E-value| bit score|

=< Previous

GIPSy: Genomic Island Prediction Software = B “

File Dependencies
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Perform reciprocal BLASTp analyses between CDSs of query and subject genomes  [0.000001
Query ID SubjectID %ID | Alignm_|Mismat_| Gap O..| Q.Start| QEnd | §.8tart | SEnd |Eva. h‘f‘hilscme
013! R 160235:161524 Hypothetical fimbrial-like protein yadC 422 51 11 4 |22 1429 e B
F 202030:202755 Uridylate kinase % 7 e 1430 =
F 246421:247161 Hypothetical protein yafs i e 492
F 945559:946281 Oxygen-insensitive NADPH nitroreductase 1 e 1491
3237471324568 CobB protein 9 e 1492
F 1841671.1842303 Hypothelical oxidoreduciase ydgB 55 e 491
F 2174662:2175447 Flagellar biosynthetic protein fliR e 1494
2524573:2525292 SanA protein e 1491
F 26264202627 142 3-demethylubiquinone-9 3-methyliransferase e 1492
F 3386299:3387009 Endonuclease | precursor 8 e 1430
R 3306763:3397462 Hypothelical protein yogN B e 492
F 3725892:3726659 Putative galactosamine-5-phosphate 1 e 1492
968 R 3782573:3783301 Monofunctional biosynthetic peptidoglycan B e 491
F 38860573887 772 Probable general secretion pathway protein [ e 494
R 4399800:4400522 Hypolhelical protein yieK e 491
R 4407078:4408721 Phosphate ransport syster protein phaU e 492
R 51578445158617 Hypoihefical protein yji_ 2 e 492
F 406102406821 Hypolheiical protein ykgE e
R 622276.622098 UDP-2,3-diacylglucosamine hydrolase 17
R 716589:717314 Glutamate/aspartate transport ATP-binding 3 e-17!
R 1480831-1481625 Hypolheical protein ycgR 14 17 |




2.8 Step 7

On Step 7, you may choose the e-value for tRNA prediction using HMMer. The standard value

is 0.0001. After choosing the e-value, run the analyses and click visualize in order to see the
results.
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)
fParsedFile [=]
1RNA 236817 236889 Forward
2 1RNA 236911 236976 Forward
5 1RNA 240229 240405 Forward =
4 1RNA 248554 248620 Forward
5 1RNA 370224 370299 Forward
6 1RNA 827071 527147 Forward
fr Broken-RNA 620476 530521 Forward
B 1RNA 803225 803300 Forward
o 1RNA 803336 803411 Forward
o 1RNA 803414 803489 Forward
1 1RNA 803541 803616 Forward
12 1RNA 803620 803695 Forward
3 1RNA 803744 803819 Forward
o 1RNA 803852 803928 Forward
15 1RNA 1211952 1211228 Foward
i 1RNA 1211222 1211304 Foward
7 1RNA 1342304 1342379 Foward
i 1RNA 1342388 142483 Foward
g 1RNA 1342477 142553 Foward
20 1RNA 1902572 1902649 Fomward ol
1 tRNA 1902654 190 0 Eorward v




2.9Step 8

Finally, on Step 8, all the data from the previous steps are used to predict the chosen genomic
islands of the given organism. Run the analyses for “Pathogenicity Islands” and click visualize in
order to see the results.
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["Step1 | Step2 | Step3 | stepa | Step5 | Step6 | Step7 | Steps |

Predict Genomic Islands based on previously identified features

Resistance Islands

Metabolic Islands
Symbiotic Islands

Putative Genomic Island G+C Devi..|Codon U...| Virulence.. [Hypotheti.. Gene Compasition Position Predictio..
Genome 10% 124% 44% 141% NA NA NA =
Putative Genomic Island 1 66% 100% 33% 66% c0133-c0139 126688..132406 NA
Putative P Island 1 21% 66% 64% [76% c0253-c0368 2483421348625 Strong
Putative P Island 2 37% 37% 75% 50% c0391-c0398 370109.378117 MNormal 5
Putative P Island 3 0% 66% 100% 33% c0409-c0414 388978385711 MNormal
Putative P Island 4 20% 37% 7% 141% c0932-c0979 908853942509 MNormal | |
Putative P Island 5 13% 68% 100% 59% c1165-c1293 1127423 1241384 Strong
Putative P Island 6 21% 172% 67% 57% c1400-c1475 1327847 1373052 Strong
Putative Genomic Island 2 14% 59% 14% [74% c1481-c1507 1377690.1389209 NA
Putative P Island 7 17% 58% 62% 39% c1515-c1602 1395726.1452493 MNormal
Putative Genomic Island 3 53% 100% 15% 100% c1881-c1893 1715525 1728047 NA
Putative P Island 8 0% 177% 7% 144% c1935-c1943 1777183.1787317 MNormal
Putative Genomic Island 4 33% 100% 16% 0% c1955-c1960 1796112.1802390 NA —
Butative P. Izland Q 5104 F106 Q104 R0 02399024 2197R4F 295NRAN tronn N




3. Saving results and exporting additional analyses

After all the analyses have been performed, the results may be saved by clicking “File = Save
Results > PAI Results”.
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Save Results ¥ PAIResults

step4 | step5 | Step6 | Step7 | Steps

Export } RiResults
Close MiResults | pased on previously identified features
SIResults

Pathogenicty Isiands | "un | | wssarze | [T R
Resistance Islands

Metabolic Islands
Symbiotic Islands

Putative Genomic Island G+C Devi..| Codon U...|Virulence..|Hypotheti... Gene Compaosition Position | Predictio.

Genome 0 4 [44 4 NA NA B
Putative Genomic Island 1 6 00% |3 6 0133 2 32406 A

Pulative slan: 1 6 64 7 0253 ¢! 4 48625 Strong
Futative slan 7 7 7 |50 c0391-c 7 378117 Normal _|=
Putative slan: % 6 1 |33 3395711 |Narmal
Pulative slan: |20 7 77 41 c0932-c! 853.042509 Mormal
Pulative slan: 2 B 100% |50 11650129 7423.1241384 Strong
Pulative slan: 1 2 67 57 14000147 7847.1373062 Strong
Putative Genomic Island 2 4 ’@ 14 7 c1481-c150 7600..1389209 A

Pulative Island 7 7 58 62 161501602 95726..1452493 ormal
Putative Genomic Island 3 53 100% |15 % |c1881c 16525..1728047 A

Pulative Island 8 0% 77 77 14 1936 777183.1787217 ormal
Putative Genomic Island 4 [32% 100% |16 1956 ¢ 796112..1802390 A |
P leland @ |51 A1 a1 0 o209 10264F 2250RRN latrona 1™

< Previous

Also, the results for each intermediary step may also be exported in “File = Export”.
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File| Dependencies
SaveResultsd |

Export S Sy Query Files ) [tep5 r Step 6. T Step 7 T Step 8
Close Step 2 | SubjectFiles ¥ Subject - faa File e
Step3» Subject - .fna File
pathogenic| 24" | Subject - ffn File
Step5 ¥ Subject - .embi File
Resistance | step 6 » Subject - .gbk File
Step7»

Metabolic Islands

Symbiotic Islands

Putative Genomic Island G+C Devi..| Codon U...|Virulence..|Hypotheti... Gene Compaosition Position | Predictio.
Genome 0 4 |42 4 NA A -
Putative Genomic Island 1 6 00% |3 6 c0133¢ 2 32408 A
Putative slan 1 B 64 7 c0263-c 4 148625 Strong
Futative slan 7 7 7 |50 c0391-c 7 378117 Normal|=
Putative slan: % 6 1 |33 3395711 |Narmal
Putative slan |20 7 7 ] c0932-¢ 853942509 Normal
Putative slan 3 8 100% |59 cT165-0129: 74231241384 Strong
Putative slan 1 2 67 57 C1400-c147" 78471373052 Strong
Putative Genomic Island 2 4 ’@ 14 iz c1481-c150 76901389209 A
Putative Island 7 7 58 62 c1516-c1602 957261452493 ormal
Putative Genomic Island 3 53 100% |15 % [c1881c 166251728047 A
Putative Island 8 0% 77 7 14 c1935¢ 777183.1787317 ormal
Putative Genomic Island 4 [33% 100% |16 c1955-c 796112.1802390 A o
P leland @ TS 1 01 20 o209 103RAR 29RNRRN Sirang =
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4. TroubleShooting

4.1 GIPSy breaks at step 5 on Linux

If GIPSy returns an error message at step 5 on Linux, there is probably a limitation on the
number of files submitted to blastp. In order to circumvent this problem, please try increasing
the ulimit. In Ubuntu, you must modify /etc/security/limits.conf. In a terminal, type:

sudo gedit /etc/security/limits.conf

Then, before the end of file, add the following lines:

* soft nofile 40000
* hard nofile 40000
# End of file

Also, you need to modify the following just before the end of file:

sudo gedit /etc/pam.d/common-session*

session required pam_limits.so

# end of pam-auth-update config

Finally, restart your machine and test your new ulimit typing on the terminal:

ulimit -n

4.2 GIPSy breaks at steps 4 and 7 on Linux

In this version of GIPSy, we used a 32 bits version of hmmer, which prevents it from working
properly on some Linux distributions. We are currently working to update the dependencies
package; however, this problem may also be circumvented by installing some 32 bits libraries.
On Ubuntu, open a terminal and type:

sudo apt-get install libgtk2.0-0:i386 libnss3-1d:i386 libnspr4-0d:i386 lib32nss-mdns libxml2:i386
libxslt1.1:i386 libstdc++6:i386

4.3 GIPSy breaks at steps 3 to 7 on Linux

Finally, when the files or their paths have spaces in their names, the third-party software may
not work properly. We tried to circumvent this the most as possible. However, the command
formatdb from blast is still not working fine. So, in order to circumvent this problem, avoid any
space in the names of files.

Wrong: Corynebacterium pseudotuberculosis 1002.gbk
Right: Corynebacterium_pseudotuberculosis_1002.gbk

Also, be sure that the complete path does not have any spaces in names.

Wrong: /home/siomar/gipsy folder/Corynebacterium.gbk

Right: /home/siomar/gipsy_folder/Corynebacterium.gbk



5. Acknowledgments

We would like to kindly thank Taryn Takebayashi for sharing her experience with the software
and also for providing a valuable feedback on the problems from sections 4.1 and 4.2.



