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Sanger sequencing is a method of DNA seguencing based on
the selective incorporation of chain-terminating dideoxynucleotides
by DNA polymerase during in vitro DNA replication.

Developed in 1977, it was the most widely used sequencing
method for approximately 25 years thanks to its relative ease
and reliability.
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More recently, Sanger sequencing has been supplanted
by "Next Generation Sequencing” (NGS) methods,
especially for large-scale, automated genome analyses.

However, the Sanger method remains in wide use, for smaller-scale projects,
validation of NGS results and for obtaining especially long contiguous
DNA sequence reads (>500 nucleotides).


http://en.wikipedia.org/wiki/DNA_sequencing

Demand has never been greater for revolutionary technologies
that deliver fast, inexpensive and accurate genome information.
This challenge has catalysed the development of
next-generation sequencing (NGS) technologies.

: Reference Genome Sequence

The high demand for low-cost — = = = T =
sequencing has driven the _—— = — T
development of high-throughput —_ = == == -
sequencing r—
(or next-generation sequencing) —_——— = —
technologies that parallelize _—

the sequencing process, producing Prag N
thousands or millions -7 AN

of sequences concurrently. m PSR m



140

120

8

Base Pairs (Millions)
3 3

Human Genome
40 -
GenBank
at NCBI
20 1 Entrez
Genomes
0

National Library of Medicine

Twenty Four Years of Growth:
~ NCBI Data and User Services

e GenBank Base Pairs

e Jsers (Average)

Ge \ome Refe

R858828588888888¢4¢838

2010

2011

2012

2013

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

All NCBI Users/Weekday (Millions)




http://www.ebi.ac.uk/ena/about/statistics
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HiSeq 2000 Output:
= 300 Gb (fastq)
= 375 Million/lane PE reads

Increased size due to replicates and PE

This huge quantity of data requires computational clusters
= Support of Computational Centers (e.g. CINECA)




Raw and shortreads data
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GINECA %R]ECA offers for bioinformatics?

1. Computing resources

Bioinformatics software available through command line

2. Advanced services

Automated web workflows for Next Generation Sequencing

3. Bioinformatics Expertise

To customize solutions or implement new systems and tools
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ANNOVAR is an efficient
software tool to utilize
update-to-date information
to functionally annotate
genetic variants detected
from diverse genomes

ExAC Data Set:

exome sequencing data a free public archive
from a wide variety of for short genetic variation
|arge_sca|e Sequencing projects within and across different SQeCieS
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http://en.wikipedia.org/wiki/Genetic_variation
http://en.wikipedia.org/wiki/Species

GINECA %R]ECA offers for bioinformatics?
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1. Computing resources

Bioinformatics software available through command line

2. Advanced services

Automated web workflows for Next Generation Sequencing

3. Bioinformatics Expertise

To customize solutions or implement new systems and tools
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Automated workflows (pipelines) for Next Generation Sequencing

are available through a web interface and are able to perform

analyses for several NGS applications:

Deep targeted exome sequencing;

RNA sequencing (trascriptome analysis);

Whole exome sequencing;

|dentification of DNA protein interactions by ChIP-seq;

www.cineca.it
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xome Sequencing Pipeline

Online Deep Exome Sequecing
Software Analysis (ODESSA)

Handles genes targeted at high coverage

Specifically focused for clinical diagnostics

Identifies (SNPs) and (DIPs) classified by
different scores (e.g. depth, SIFT, MAV, MEQ).

Results are supported with genomic
information, functional annotations, cross-
linking databases and quality and relevance
scores, graphics, tables and browsing, filtering
and download.

Optimized for MiSeq lllumina platform
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NA Sequencing Pipeline

The RNA-Seq Analysis Pipeline (RAP)

Performs a complete and customizable RNA-seq pipeline, allowing users to

examine NGS data under many points of view:
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NA Sequencing Pipeline
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Gene and transcript expression summary

Click on the colored-box numbers to open the expression overview
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GINECA %R]ECA offers for bioinformatics?
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1. Computing resources

Bioinformatics software available through command line

2. Advanced services

Automated web workflows for Next Generation Sequencing

3. Bioinformatics Expertise

To customize solutions or implement new systems and tools
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ics specialistic support

Bioinformatics specialistic support to develop and
optimize

e configuration parameters
e command-line programs

e complex bash scripts

on thousands of computing cores

www.cineca.it



A centralized system for data storage,
metadata assighment,
data aggregation,
information sharing
and data analytics

@ with an eye on security and availability

www.cineca.it




tadata - sequences

Example of metadata from sequencing sample
= age
= phenotype
= state of health
= technical / biological replication
= disease information (OMIM, MeSH)

Example of metadata from sequencing platform
= name of platform
= read length

= |library preparation protocol (stranded,
unstranded)

= sequencing target (manifest?)

www.cineca.it



adata - sequences
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- adipose_female 73y _1 [~ ]
| ERR030880_1.fastq adipose f73c s ﬁﬂp J;Igg g:g
ERR030880_2 fasiq : : aa
adipose f73c
— dipose_female 73y 2 .
v adipose_ _T3y_ 75bp 20.4 GiB aa
ERR030888 fastq Common Name: Human
TaxonlD: 9606 3
- adrenal_male_60y_1 i e [~ ]
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ERR030881_2 fastq Cell: - P ’ aa
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= drenal_male_60y 2 | Strain: - i ¥
v a | | B0y ] Strain:
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4
B brain_female_77y_1 =
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ERRO030882_2.fastq P - e
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" Data Aggregation

/

Data aggregation is the real strenght of a repository

More the data, more the derived information, more the
Information significance

Data can generate more data
= statistics, frequencies
= identification of recurrent patterns

| found a SNP, it is common in related patients?
| found a SNP, it is uniquely related to a disease?

www.cineca.it



The Information Security Management System of Cineca
IS compliant with the international standard ISO 27001 (since 2005)

The Quality Management System of Cineca is compliant with the
International standard ISO 9001 (since November 2001) extended
to bioinformatics services (since September 2013)
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For further information

Official web site

Bio & Genomics

http://www.hpc.cineca.it

http://www.hpc.cineca.it/content/hpc-bioinformatics

= Bioinformatics user support hpc-biocinformatics@cineca.it

www.cineca.it
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