Decode NGS data: search for
genetic features

Valeria Michelacci NGS course, June 2015

* X . . s - . N . SSUERe
Xeur® Istituto Superiore di Sanita, Dip. Sanita Pubblica Veterinaria e Sicurezza Alimentare, ¢ ’]\: <
*;‘T“i* Laboratorio Europeo e Nazionale di Riferimento per E. coli 2 N §

*



Blast searches

What we are used to:
online querying NCBI database for the presence of a sequence of interest

ONE SEQUENCE VS A DATABASE OF SEQUENCES
ONLINE (NCBI database)

(on NCBI webservers)

What we need now:
Inspect the contigs for the presence of interesting genes

ONE GENE VS A DATABASE OF SEQUENCES
(OUR CONTIGS)

A DATABASE OF VS A DATABASE OF SEQUENCES
INTERESTING GENES (OUR CONTIGS)
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BLAST+ standalone suite

Possibility to install the blast+ suite locally to perform searches on custom databases

Command line operated tool

blastn -query text query.txt -db refseq rna.00 -out output.txt
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BLASTn output

Possibility to analyse the sequences for the
presence of sequences of interest, compiled in
custom databases .fasta

To search for a database of genes:
database query VS database of contigs

Downloadable output .tab

gsegid sseqgid pident length  mismaich gapopen gstart  gend sstat send eyalue Ditsoore sallsegid soore nident positive gaps ppos gframe  sframe  gseq SSEg glen slen

ics8_gi| 18462582 contig00002 38.38 1485 4 ¢ 1 1435 11764 1324800 2571 contighdd 2330 1451 1451 0358.33 1 1 CTATATATCTATATAT 1485 33481
ipaA_gi|18462581  oontigD0002 99.74 1303 < 1 1 2 4378 6230 0.0 3405 contigh0d 7% 1858 18%8 139.74 1 1 TTAATCCTTTAATCCT 1902 33481
ipaB £i| 18460580  contigd0002 99.43 1743 3 1 1 1743 3443 1013900 3095 contighdo 3432 1733 1733 19543 1 1 TCAAGCAI TCAAGCA 1743 33481
ipaC_gi[18462579  oontigD0002 99.39 1143 7 0 1 11 7337 8455 0.0 2049 contigh0l 262 142 1142 039.33 1 1 TTAAGCTCTTAAGLCTC 1143 33481
ipaC _gi|1846579  contigh0021 89.25 28 1 1 557 5384 14539 14514 300504 356 contigO0d B 5 5 1898 1 1 ATCCCTGEATCCCTGE 1143 13528
ipaC gi|18462579  o0ontigD0209 100.00 19 0 ] m p 385¢ 3345 80004356 contighid 8 19 19 0 100.00 1 1 TTACCAG(TTACCAG( 1143 7232
ipaD gi|18462578  contigd0002 36.00 939 33 1 1 999 6289 7286 0.0 1618 contig00d 74 959 959 156.00 1 1 TCAGAAATCAGAAA 933 33431
ipaki7.8_gi| 18462574 oontigd0600 70.00 140 0 2 206 741 603 4,008-1057.2 contighls 62 S8 8 270,00 1 1 GTAATGA, GTAATGA, 1698 2487
ipaH7.8_gi| 18462574 contig00663 99.85 690 1 ¢ 1 630 1382 207300 1240 contigl0a 1374 639 683 035.35 1 1 ATGTTCTCATGITCTC 1638 ATE]
inaH7R 0il 1847578 mntisN1N15 99.85 ms 1 n R1a 1520 1 ms a0 1247 contigiiT ant m ™ N 9934 1 1 COCOCTG COCOCTRE 198 mh
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Databases for E. coli

Need for reference databases!
Some are available, some still need curation

Serotype-associated
genes

MLST alleles

Virulence genes

E. coli O- and H- antigens databases available from
SSI database (Joensen et al., JCM 2015)

Database of the alleles from the 7 housekeeping
genes available from the University of Warwick
website

VTEC virulence genes available from SSI database
(Joensen et al, JCM 2014); work in progress @ISS
for other pathogenic E. coli

Blastn-based tools available on DTU-CGE webservers and on
ARIES Galaxy@ISS

Istituto Superiore di Sanita, Dip. Sanita Pubblica Veterinaria e Sicurezza Alimentare, o 2= =
Laboratorio Europeo e Nazionale di Riferimento per E. coli 2%, 'l\’ S
[



Inspect for genetic features on ARIES

By selecting parameters and thresholds, the result can directly point
at the genetic features searched most probably encoded on the

strain sequenced

Easy to use pre-compiled pipelines available on ARIES:

E. coli Virulotyper

E. coli Serotyper

E. coli MLST Warwick

Moreover ARIES as any Galaxy is open and easy to use for
analysing the presence of other genes of interest

Customizable — implementable
Useful for surveillance AND research
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Automatic annotation
from fasta (.fa) to genbank files (.gb)

= - - Locus PSEAVEE 2271 bp DHA linear BCT 26-APR-1993
Automatlcal |y fl n d I n g the DEFINITION P.syringae avirulence protein {avrB) gene, complete cds. \
ACCESSION  MZl9eS
VERSION MZz1965.1 GI: 151050

genetic features possibly KETWOIDS  avivalascs procaia,

SOURCE Pseudonomas syringae

enCOded On the Contlgs through M %eria; Cammaprotecbacteria; Pseudomonadales;

. . Pseudononadaceas; Pseudomonas.
alignment with a database of oy 3 fed 8y Header
AUTHORS Tamaki ,S., Dahlbeck,D., Staskawicz,B. and Keen N.T.
TITLE Characterization and expression of two avirulence genes cloned from
orthologous genes Peadononas syringas p. glyeines
JOURMAL J. Bacteriol. 170 (10), 4846-4854 (1988)
PUBMED 3048552
COMMENT Original sowrce text: Pseudomomas syringae (pv. glycinea, strain
race 4) DNA, clone pPSGO00Z.
Draft entry and computer-readable secquence for [l] kindly provided )
by N.Keen, 12-JAN-1989.
FEATURES Location/Qualifiers \

Annotating the predicted i

Jorgami sm="Pseudomonas syringas"

1 f /mol_type="genomic DHA"
genetlc eatu reS fdb_xref="taxon:317"
CcDs 477. .1442
/Mmote="avirulence protein avrB"
focodon_start=1
/cransl table=1l Features
fprotein id="AJAZS5726.1"
fdb xref="GI:151051"
foranslation="MGCVSSRSTTVLEPQTSFNEASRTS FRALPGPSQROLEVYDQCL

I n Se ri eS fo r eaC h C O n t i g IGALRIPDD SSKENTPENRAYC QSMYNSI RSAGD EISRGGITSF EELWGRATEWRL 8K

LQRGEPLYSAFASERTSDTDAVTP LVKPYKSV LA RVVDHEDAHD ETMQDNL FGD LNVE
d b / / VYRQTAY LHGHV TP LNT FRVATDT EYL RD BVAHL RTE LGAKA LK QHL QRYNPDRIDHT
(S e p ar ate y ) NASYLPITKDHLND LYRQATISSDL SQAEL ISL IARTHWWAAS AMPDQ RGSARKAEF AL
PATASIHCGIELPPFRNGNVSDI EAMLS GEEEFVEKYRSLLDSDCF"
ORIGIN 5 bp upstream of PstI site.
1 ctgcagctgt tgcacaggta tttgacgtyge gygragotct ggttgocgoa gogtgtagtgt
6l ttgaccgooe aggatcgayy tgocgoagge cagoatttty gtgacggact ccacttogat Sequence
1Z1 gtcgogtaay cogooctoct caagyctacy cgatcgtaay sacggyogat ttgcagooge (complete
181 agyctgcoct gttoatgacc aacatcgyta tggoggbgat googtacagy coggotttat
241 ggycoctagtt aacaacagot tgtogoacyy aagyytttct tgaggogoay ttatcgatgt
301 aaccccgyoy goatagtcaa ttgccaattt ttogyycactc acgtgyaacc taattcagyy
361 taaatgccac acagctcaay casactacac agoacasacst attagogttt atgtggtggt
4Z1 ttaacatact taagtgtgtt ggoatttasat gtacagocaa aacgaggtaa ttattcoatoy >

e not sh )

“

481 gctgogtotc gtcaassayc accacagtgo tttctocaca gacatctttt astgaagoct
541 ccogtacgtc tttoagagoa ctoccogyoe catcgcasay acaattoguad gtotatgatc
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Automatic annotation

Web-server based tools

NCBI Prokaryotic Genomes Automatic

Annotation Pipeline service via emall some days

RAST 1 day
Local tools

PROKKA 10 minutes

Prokka is a command line based tool; possible to install it
on Galaxy; running on ARIES
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Multiple genome comparison

Possibility to visually inspect the obtained contigs for the presence of

Interesting genomic regions such as bacteriophages and pathogenicity

Ref

Contigs strain 1

Contigs strain 2

Islands (LEE, OI-122 and OI-57)
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Perform multiple progressive alignments of the draft genomes of
several test strains (as ordered contigs) on the reference sequence

Istituto Superiore di Sanita, Dip. Sanita Pubblica Veterinaria e Sicurezza Alimentare,
Laboratorio Europeo e Nazionale di Riferimento per E. coli



Multiple genome comparison

Ref

Test

| 1 0403
n:e't\u 3-‘)u

When using an annotated reference sequence (.gb file),

possibility to zoom in to inspect the genes
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White regions: absent
in the contigs in
analysis

MAUVE is currently a local running tool, but it is in implementation
for galaxy; easy to use graphical interface
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