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Conventional sequencing vs NGS
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Next generation seguencing
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pH variation when incorporating
nucleotides in the growing strand
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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 :

eand SsSoO o0n
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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

A Phred score
A GC content distribution over all sequences
A Distribution of undetermined bases (N)
A Distribution of nucleotides
v A Length of the reads

v A Coverage

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

Reads mapped on a reference genome

File view Tracks Help
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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
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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

FastgSi ze

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
-

a

1982

1986

1989

1981

1983

1988

1994

1989

GenomeSi
At least 0.5 GB per genome

Partially assembled genome (contigs)

Z e

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

X FaSlabwzesfor &.ga@i contigs?
~5.5 MB
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Data Analysis: Software stand-alone

A de novo assembly

A Alignment of sequences, production of VCF files, production of
dendrograms
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BioNumerics A MLST =2
A Search for interesting genes Private company

USER-FRIENDLY INTERFACE, Slow processing, RAM needed

geneiousg J
A de novo assembly é\
A Mapping and variant calling \\)
A Alignment and tree building Private company

A 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

=

Torrent Suite
Software

ion torrent

bkxkAOXO+x

by ,&{E technologies”

Private company

A de novo assembly
A Search for interesting genes

A Alignment of sequences, production of VCF files

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
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Data Analysis: Outsourcing

» GENOMIC SERVICES » COMPANY  » CONTACT  » SAMPLE SUBMISSION > FAQ

[ Next Generation
Sequencing

Saniger DA Seruncing Bioinformatics
| Sequencing Technologies

Bloinformatics A team of bioinformatics scientists oversee data analysis and ensure that clients are able to

take full advantage of the large amount of data generated by the next generation

+ Dynamic Reporting technologies.

+ Understanding
Sequencing Data File Analyses of next generation sequencing data are typically performed with proprietary tools
Formats

provided by the vendor of the respective technology. Resulting file types, data formats and

Regulatory Compliance associated read quality metrics may be platform specific.

Cutting Edge Bioinformatics Support

« Extensive standard analysis offerings

o Follow-up videoconference to support data interpretation
Qualified Bioinformaticians

« Strong background of bioinformatics and science

« Extensive industry experience
Secure Databases

o In-house copies of common sequence databases
o No analysis performed on public servers

e Results delivered via secure FTP site or shipped on portable hard drive
Proprietary Pipelines

o Variant calling

« ANA-Seq and differential gene expression
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