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Conventional sequencing vs NGS
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Next generation seguencing
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fastq files

Label
Sequence
@FORJUSPO2AJIWD1
CCGTCAATTCATTITAAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGT
+
AAAAAAAAAAAA:

:99@: : : : 22@@: : FFAAAAACCAA: : : : BB@@?A?
A

QO scores (as ASCII chars)

Each .fastq file covering
a5 Mb genome at 50X
weights about 500 MB

Phred quality scores are logarithmically linked to error probabilities

Phred Quality Score | Probability of incorrect base call Base call accuracy

10
20
30
40
50

B0

1in10 90%

1in 100 99%

1in 1000 99.9%
1in 10,000 99.99%
1in 100,000 99.009%
1in 1,000,000 99.0000%

Phred quality score

Q=-10log,,P

from O to 93 using ASCII
characters 33 to 126
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.fastq files

CTCTTTTTTTAATCCACAC CATATTGCCCGTTGCAGTC ATG GCT
CTAAGGCGTTTTTTATTTGGTGATATTTTTTTCAATATCATGCAGCARACGOTGCA HTTGCCGTGTCTCGTTGCTC
AGCCCCAGGOG

HCGCHTTHGCHCCHCCHTTHCCHCCHC HTCHCC TTA
GACCCGCCACTOACCAGTGOG

CCDADC;
< BEEED<BEE :

...and so on
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Quality check

Label
Sequence
@FORIUSPO2AIWD1
CCGTCAATTCATTTAAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGT
+
Output of NGS AAAAAAAAAAAA: :99@: : : : 22@@: : FFAAAAACCAA: : : : BBE@?A? Input for
sequencers $ guality check
Q scores (as ASCII chars)

Base=T,0=""'=25

fastq file

Sequencing errors would impact every following application

Unreliability of following results (and difficulty to detect the existence of problems!)
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Parameters to control

Phred score

GC content distribution over all sequences

Distribution of undetermined bases (N)

Distribution of nucleotides

Y + Length of the reads

Y& + Coverage

problems

Adoption of corrective actions is possible to minimize some of these
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Coverage (depth)

Reads mapped on a reference genome

File view Tracks Help
REL60G Escherichia ... '”H.I'.L(:Ub |- RELG0:910,274-910,358 ‘Gu L @ e =] B ®
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Coverage assessment:

Total length sequenced in Mb / expected genome size (5 Mb)
Count of reads mapping on housekeeping genes (e.g. MLST)
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Alignment (mapping)

Alignment of the sequencing reads on a reference sequence or on a database
of reference sequences

6V
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ONAME FLAG RNAME POS MAPQ CIGAR
MEZUT:01383:01267 0 gad:3:EF547388 1285 0 113M1B8I4M
ME2UT:02555:01592 16 gad:+:CPOO1925 1123 0 27M1IZ248M33I4M
MEZUT:02231:01820 0 gad:5:CPO01846 87 1 138M
MEZUT:01603:00255 16 gad:5:CPO01846 359 1 31M
MEZUT:01345:02021 16 gad:5:CPO01846 683 1 176M
MEZUT:03320:02136 16 gad:5:CPO01846 1050 1 e6M1IZ8M
MEZUT:01475:02165 0 gad:5:BADDCOOOT 1 0 IMB1I47M1D1320M
MEZUT:01488:00709 i6 gad:5:BA000007 | 0 4M3IZ2ISSM1T149M:
MEZUT:01943:01152 i6 gad:5:BA0OOO0O7 13 i 196M1IS0OMITI0M

Possibility to directly inspect the
presence/absence of atarget
sequence and the presence of
SNPs at interesting positions by
opening the bam file with a
graphic viewer (e.g. IGV)

Possibility to convert the
output in a sam file (tabular) to
extract interesting info and
sequences
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Assembly

Short sequencing reads

fastq file

@HWI-ST700693:238:B0224ACXX:1:1101:1218:

NACACTTGCTTTGGTGACAGCGGGGCATCCTCAAGC
+

#1=DDDDDBEAFF?GEFGIIIIIIIIIIIIIITIIIFI

@HWI-ST700693:238:B0224ACXX:1:1101:1161:

NGATTTTGACCTCTCCAGTTTCCTCTTAACACTTTG
+

#1:BDFFFGEEEGIJJJIIJBIJIIIIIIIIIIIIIT

@BWI-ST700693:238:B0224ACXX:1:1101:1193:

NTATCCAGCCTGCGGTGCTACTTGGTGGAAGAGGAT
+

#1=DDFFFEGHGGJJFGHJJIJJJIEGECHEDFHCC?

@HWI-ST700693:238:B0224ACXX:1:1101:1440:

NTCAAGAATCCAAGTGGGGCCAGCATAATGTACGCT
-

#1=DDFFFHEGEDFDAEGIIFGIICGGHEGBFGEFDEI

@HWI-ST700693:238:B0224ACXX:1:1101:1367:

NATTAGAACAGATCGCTACTTCGCCCGAAGATACAT
+
#4BDFFFFHEEEEJGIJIJIIIJIIIIIIIIIIILI

@HWI-ST700693:238:B0224ACXX:1:1101:1395:

NTGGAAACGTTTTTAAACGCGGAGACAGCGTGGAGT
+

#1=DDFFFECFFEJJJIJIIJIIJIIIGGIFEIGIT

@HWI-ST700693:238:B0224ACXX:1:1101:1285:

NCTTTGCTGTATTGACCGTTTGTAGATTTGAATCTT
+

#4=DDFFFEBHEEHIGIJFEIJFGGGIGIBIJIJII

@HWI-ST700693:238:B0224ACXX:1:1101:1632:

NTCTATGAATGTTCAAGCGGTAGCTGAGGAGAGTCC
-

1982

1986

1989

1981

1983

1988

1994

1989

FastqSize = GenomeSize x Coverage x 2
At least 0.5 GB per genome

Partially assembled genome (contigs)

fasta file

>NODE_1 length 449 cov_4.835189

ATCTTTCGCGE CAGCTCCAGCCATTCGGAACCGTTCGCCAGAAAACGGGCGTAATC
GGGTAAGACATAGCGCGGTTTGTACGGCGCATGACCTTCAAACATATCGCAGATTACACT
TTCATCCAGCGCGCGGLGGGCT TCGGCAGGAAGCTGTGOGT AAGGCAGATTG CTGC
TTCCAGTGCCAGAAAATGGCGCTTCTGCTCCGGGCT AAGCACTGGGOCTGGTGACAATTTG
CTGGCAACGTTGTTGCAGTGCA CATGAGAAGTGGGCATCTTC CC ATGC
CGAAGGT GATGCGCCATTGT AAGAAGT TTCGTGATGTTCACTTTGATCCTGATGCGTT TG
CCACCACTGACGCATTCATTTGAAAGT GAATTATTTGAACCAGATCGCATTACAGTGATG
CARACTTGTAAGTAGATTTCCTTAATTGTGATGTGTATCGAAGTGTGTTGCGG
=NODE_2 length 309 cov_4,585084

ACTGGTCAGTGLGGLTATCCT T GRACAATGGCCGATTGRACGTCTGGCOGATAAGTTTGG
TCGACTGCTGGTGT TGCGTGTTCAGGTCTTTGTCGTCATTCTCOGCAGT ATCGCGATGCT
TAGCCAGGCGGCOATGECCCCAGCGTTATTCATCCTCGOTGCCOCTGGCTTTACGCTATA
TCCGGETGGCGAT GGCATGGGCT TGCGAGAAAGTTGAACATCATCAACTGGT GGCGATGAA
CCAGGCCTTACTGTTGAGCT ATACTGTGGGAAGT CTGCTTGGCCCOTCATTTACCGCTAT
GCTAATGCAGAATTTCTCCGATAATTTATTGTT

=>NODE_3 length 101 cov_3.348535
AGCGCATGAGCGCGTAGCGCCGUCGTTACGT GGTGCATCAGCATGATGTTGGLCGGAGAG
TACAGAGACT CCCCTTCATCCATGATGCCCTCTTTCACCAGCAGTTCTTCAATCATCACT
AGACC

=NODE_4 length_311 cov_3.510933

CATCAKCGCTAAAAGCCAGAT GACGCAGACCGCAAGCTTCCGATCGGCTGGRTCGTTCCG
GCGOGAACGGAAATGAGAARAGCTCART CACATATTGCCCATTAAGCGCCAAATCCCCTT
TCCATGAGT CGCGCGCTTCGCGATAGACT TCGCTTTGCAGCGT GAAACCAAGAAT ATCGC
AGTAGAARGCTTTGCTCACCGCATAATCCOT COCAATAATCOCAAT ATGGT GAACCTGTT
TTAAACCCAGCATAACGTCTCCTTTATTTGT TAACAGCACGTTACTCGCCCGGAAGCCGE
TCTGGCAAGT TATCCCGCCA AGGACTCGTA

>NODE_5 length_186 cov_4.973118
CGAAGETATAAGAARGCGRACCAGAAAGAAT GCCGGAGAACTTCATCAATTCATCACCTG
CATTGAGCAGA GCAGGTTCTCAATAACCGGT AATCCAGCCCCAACGTTGGTGTCAT
AGAGGAATTTACGCCGLGA CCGCCGCATAACGCAACTGATGOTAGT AATCCATEG
ACGAGGTGTTGGCC GTTCGGCGTGA

FastaSize for E. coli contigs
~5.5 MB
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Data Analysis: Software stand-alone

« de novo assembly

« Alignment of sequences, production of VCF files, production of

dendrograms
BioNumerics *~ M.ST =2
- Search for interesting genes Private company

USER-FRIENDLY INTERFACE, Slow processing, RAM needed

geneiousg
- de novo assembly S
Mapping and variant calling \E)
Private company

Alignment and tree building

Tools for molecular cloning and chromatograms analysis
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Data Analysis: Software stand-alone
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Figure 2.1: The user interface.
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Data Analysis: Software stand-alone

« de novo assembly
@ Private company
« Search for interesting genes
T°§;‘:§,§§,‘j‘e « Alignment of sequences, production of VCF files
IoNn forrent

bKkxAOXO+%
+ fevnser BUILT IN THE ION TORRENT TECHNOLOGY PACKAGE
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Data Analysis: Cloud-based Software

llumina

BaseSpace’

Genomics Cloud Computing [ sionvp [NEPRR

Now Available on the BaseSpace AppStore

Filters

Ilog2(ratio)|

i
/i/\m\ 00 @430
\ \ Significant

\ Choose a value... ¥
o \
< Status

OK »

Covernge (Normaiized)
log2(comparison FPKM)
&

Gene

log2(control FPKM)

:'SE TopHat Alignment g é,;ﬁhnk? Al\sg(cmbiyl&
ArT ifferential Expression
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Data Analysis: Outsourcing

BECKMAN
BECKMAN COULTER
COULTER
» GENOMIC SERVICES ~ » COMPANY > CONTACT  » SAMPLE SUBMISSION  » FAQ » GENOMIC SERVICES » COMPANY » CONTACT » SAMPLE SUBMISSION » FAQ
Next Generation home » genomic services »
Sequencing w Gonlurlllnn home » genomic Services »
REs 5 uencing
SEIGecONA Senimaciog Bioinformatics
Sequencing Technologies Sanger DNA Sequencing i
Ateam of bicinformatics scientists oversee data analysis and ensure that client HEQUIatOW compllance
take full advantage of the large amount of data generated by the next generatic Sequencing Technologies
#: Dynamic Reporting technologies. Bioinformatics Beckman Coulter Genomics operates facilities capable of generating the highest quality
+ Understanding . P . . " " " . . P
Sequencing Data File Analyses of next generation sequencing data are typically performed with prop data in support of clinical trials and clinical diagnostics. CAP accreditation signifies that
F¢ < . % " H.g
ermee provided by the vendor of the respective technology. Resulting file types, data s i Beckman Coulter Genomics operates under rigorous quality standards to generate highly
associated read quality metrics may be platform specific. . eee .
Reguiatory Compliance - Y accurate and reliable data. These facilities also adhere to a Quality Assurance Program that
Cutting Edge Bioinformatics Support incorporates components of Good Clinical Practices (BCP), Good Laboratory Practices
rpol p ry
& Extensiie standand apalysis ofisrgs (GLP), and Good Manufacturing Practices (GMP). Beckman Coulter Genomics also
- . provides clinical diagnostic services that are compliant with the Clinical Laboratory
o Follow-up videoconference to support data interpretation .
Improvement Amendments (CLIA) regulations.
Qualified Bioinformaticians
« Strong background of bioinformatics and science The Beckman Coulter Genomics Quality Policy Statement
& ERnoNaNGIRT Spetonce Quality is the single most important function of every Beckman Coulter employee.
Secure Databases .
Quality means:
o In-house copies of common sequence databases
« No analysis performed on public servers « Always striving for excellence
Results delivered vi FTP site or shipped on portable hard dri ) ) '
oo e Tl ke et » Meeting or exceeding our customers' expectations
Proprietary Pipeli ) ) .
ORISR TR « Complying with regulatory requirements
Variant callin . . . .
E e » Maintaining an effective Quality Management System
« RNA-Seq and differential gene expression
» Continuously improving

Quality leadership is essential to industry leadership.

CAP and CLIA Certified, GLP/GMP Compliant
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Data Analysis: Public servers

. Species identification Center for Genomic Epidemiology

* denovo assemb Iy tools Home Organization Project Services Contact

* VirulenceFinder e

Phenotyping:

» SerotypeFinder

* |dentifcation of scquired
antibiotic resistance
genes.

« ResFinder sk

Identifcation of functional

metagenomic antibiotic
b M L ST resistance determinants.

ResFinderFG

Google maps like view
Reports

CLIENT SIDE

« SNPs tree and newly perislimea e i

genes using Kmers.

deleveloped NGS—drlven KmerResistance
phllogenetlc tOOIS Prediction of a bacteria’s

pathogenicity towards
human hosts.
PsthogenFinder

SERVER SIDE

.

Identifcation of acquired

FREE, USER-FRIENDLY WEB tinence genes
INTERFACE

* Determination of
Restriction-Modification

SRERIOR,,
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Data Analysis: Public servers

° d e n OVO asse m b |y to 0 I S COM:ION TOOLS — 0 Istituto Superiore di Sanita’

Send Dat:

Lift-Over ARIES - Advanced Research Infrastructure for Experimentation in
Text ipulatios

Eilter an Genomics - Galaxy Instance at ISS

« BLAST search of genes of interest

3564 @ #x
Tweet di @ARIES GENOMICS \\\1 l()@( tree tipAlleleCounts.ML.tre
5. @ &%

2:
tree AlleleCounts.ML.NodeLabe
Lire

« Alignment of sequences, typing
tools, production of dendrograms I

HReVAP

3562: ® & x
tree AlleleCounts.ML.tre

3561: tree.MLire ® & x

---NGS TOOLS-—

In Silico PCR B Please read our disclaimer before using ARIES.
E_coli typing
NGS: Assembly
NCBI Blast

3559: ® & x

Manipulation - FTP is now available for data upload at ariesftp.iss.it (explicit
Gene Annotati

FASTA/FASTO m: lati FTP over TLS)

NGS: Mapping - Take an interactive tour: |Galaxy ur | History | | scratchbook

NGS: SAM Tools
NGS: BED Tools

3555:a0MISTlod @ ¢ %
 METAGENOMICS TOOLS— Galaxy is an open platform for supporting data inten rch. Galaxy is developed by The Galaxy Team with | Elle
the support of many contributors. The Galax: e ct urporte d n part by NHGRI, BHGR s Th Huck Institutes of .
3554: agMLST N
LEFETIT the Litb Seiancas. Tha Institare for CvbarSeience 2t Penn Staté, and Jahns Hopidng Un et m AR
MetaPhlan2 =il

Commat = 3553 a0MI ST -l ol

Public Galaxy Servers
and still counting

OPEN SOURCE, USER-FRIENDLY WEB INTERFACE, OPEN FOR INTRODUCTION OF
CUSTUMIZED TOOLS, ELECTION PLATFORM FOR DEVELOPING AND SHARING OF
NEW TOOLS

Open Public server

;,\QﬂRI()/‘fé
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E. coli network and NGS: State of the Art

41 NRLs designated by I C
27 EU Member States \\

+ 7 other European Countries v -

In 2014 all the NRLs
expressed the need
for education in
genomics data
analysis by replying
to a questionnaire

d

2%

C__J

o

In 2015 we launched / .‘ ‘ <

ARIES
) =3
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ARIES: A Galaxy-based workspace for intensive data
analyses

= Galaxy / ARIES

(//Wg ©

Tools L History = &[0
1 @ :
-—- COMMON TOOLS - Istituto Superiore di Sanita 026comparison
1179 shown, 21 eleted, 378 hidden
Get Data 1179 shown, 2160 deleted hidder
Send Data 35 GB ¥ % a
Lifi-Over ARIES - Advanced Research Infrastructure for Experimentation in
Text Manipulation TG
Filter and Sort Genomics - Galaxy Instance at ISS =
- SNPs_all matrix.fasta
Join, Subtract and Group
Convert Formats 3564; @ & x
Extract Features = Tweet di @ARIES GENOMICS _\-.;\‘\".1\\]()/’."5 tree tipAlleleCounts.ML.tre
Fetch Sequences . /_{’, 3563: @ & x
Feich Alignments ;_" v tree AlleleCounts.ML.Nodel abe
Statistics v = Lire
- < S
Graph/Display Data Sy Nhd 3562- ®|f| %
GraPhlAn tree AlleleCounts.ML.tre
--~HREVAP TOOLS-—- 3561: tree.ML.tre @ F %
HReVAP
3560: @ & %
e T tree tipAlleleCounts.parsimony.
In Silico PCR Please read our disclaimer before using ARIES. tre
E coli typing TR ~rI
H y :
NGS: Assembl tree AlleleCounts.parsimony.No
NCBI Blast delabel.tre
Manipulation - FTP is now available for data upload at ariesftp.iss.it (explicit 2558
Gene Annotation A :MI leCounts @ 4 tx
FASTA/FASTO manipulation FTP over TLS) ree fleleloqnis.parsimony.tre
NGS: Mapping - Take an interactive tour: | alaxy u1 | | History | | Scratchbook 3557: @ &S %
NGS: SAM Tools tree.parsimony.tre
NGS: BED Tools 3556: @& F %
NGS: QC and manipulation 026 paper Acilia
Operate on Genomic Intervals 3555: agMLST Log @ & %
-—-METAGENOMICS TOOLS-—- Galaxy is an open platform for supporting data intensive research. Galaxy is developed by The Galaxy Team with File
. the support of many contributors. The Galaxy Project is supported in part by NHGRI, NSF, The Huck Institutes of .
MetaGenomics the Life Sciences, The Institute for CyberScience at Penn State, and Johns Hopkins University. 3554:a -“LST New @ & x
Alleles File
MetaPhlAn2
Coammat ~ 3553: aaMI ST -l s -
\\‘\W\ZR I ()/v "
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NGS data analysis vision: user - friendly Ul

::Long::Configure (gw: v no_ignore_case_always pass_through})

my
my
my
my
my
my Sadapter
GetOptions{ '

‘thread
'adapter=s

die $usage if (@ARGV = 2);

A5 pipeline A5 is a pipeline for assembling DNA sequence data generated on the lllumina sequencing platform. (Galaxy Version  Options
20150522)

First read file in fastg format
O O 379: Bowtie2 on data 135 and data 109: aligned reads (sorted BAM) (as FASTQ) -
Second read file in fastq format

[0 | 7 [ | |379: Bowtie2 on data 135 and data 109: aligned reads (sorted BAM) (as FASTQ) v

AS is a pipeline for assembling DNA sequence data generated on the |llumina sequencing platform. There are many situations where AS is not the right tool for the job. In order to produce accurate results, A5 requires
lllumina data with certain characteristics. AS will likely not work well with lllumina reads shorter than around 80nt, or reads where the base qualities are low in all or most reads before 60nt. A5 assumes it is assembling
homozygous haploid genomes. Use a different assembler for metagenomes and heterozygous diploid or polyploid organisms. Use a different assembler if a tool like FastQC reports your data quality is dubious. You've been
warned!

SOUTBASE = $ARGVIZI;
open(THPLIBFILE, “>$QUTBASE
print TMPLIBFILE “[LIB]\n

print pl=3ARGV[@]\n";
print pZ=$ARGV[1]1\n"
close
$1ibfi

} else {

$OUTBASE = $ARGV[1];
my sfile = $ARGV[R];
my $file_type = °
my §first_line
if ($file_type =~ Jfogzip/){

$first_line = “gunzip -c $file | head -n 1°

/bzip2/)

$first_line =
} else {
$first_line = “head -n 1 sfile’;

. -c §file | head -n 1°;

}

if (sfirst_line =~ /~@/){ # assume interleaved
open(TMPLIBFILE, "=$0UTE »
print TM

*[LIBIAA
F=5ARGV [B]\n";

Lline
= sARGV[8];

print STDERR "§file is neither a library file nor a fastg file.\n";
exit;

*(/IWS ¢
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