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DEFINIZIONI

Sequenziamento

Il termine, in biologia molecolare, indica il
processo per la determinazione esatta della
struttura primaria di un biopolimero

(basi nel caso di un acido nucleico,
aminoacidi nel caso di proteine)

Sequenziamento del DNA

Determinazione dell'ordine dei diversi nucleotidi
che costituiscono |'acido nucleico
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Brief history of sequencing

« First Generation: Sanger sequencing
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Third Generation: single molecule sequencing
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Sanger Sequencing Reactions
For given template DNA, it’s like PCR except:
Uses only a single primer and polymerase to make new ssDNA pieces.

Includes regular nucleotides (A, C, G, T) for extension, but also includes
dideoxy nucleotides.

Dideoxy Nucleotides

T C

Regular Nucleotides
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Sanger Sequencing

Primer
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Sanger Sequencing

5
TGCGCGGCCCAGTCTTGGGCTAGCG
3’ACGCGCCGGGTCAGAACCCGATCGC

5

TG H4€G .C GI'GEC C € A'G-T «C Ind -G GG C=F
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Sanger Sequenc

Primer

TGC
ACG

GCGGCCCAGTCTT
CGCCGGGTCAGAA

TG H4€G .C GI'GEC C € A'G-T «C Ind -G GG C=F

TGCGCGGCCCAGTCTTGGGCTAGCGC
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Sanger Sequencing

Primer

TGC
ACG

GCGGCCCA
CGCCGGGTCAGAACCCGATCGCAG

51

TG H4€G .C GI'GEC C € A'G-T «C Ind -G GG C=F

TGCGCGGCCCAGTCTTGGGCTAGCGC

TGCGCGGCCCAGTCTTGGGCT
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Sanger Sequenc

Primer

TGC
ACG

GCGGCCCAGTCTT
CGCCGGGTCAGAA

TG H4€G .C GI'GEC C € A'G-T «C Ind -G GG C=F

TG CGCGGCCCAGTCT-T'GGG:CT>AGC G C 220888

TGCGCGGCCCAGTCTTGGGCT

TGCGCGGCCCA
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Sanger Sequencing

Primer

GCGGCCCAGT
CGCCGGGTCA

Co T #E
GAACCCGATCGCG

5,

CCAGTCTTGGGCT 21 bp

C-CAGTCTTGGG:CTAGECG C 20888

CCAGTCTTGGGCT

CCA

CCAGTCTTGGGC
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Sanger Sequencing

GCCGGGTCAGAACCCGATCGCG

5,

CCAGTCTTGGGCT

CCAGTCTTGGGCTAGCGC

CCAGTCTTGGGCT

CCA

CCAGTCTTGGGC

CCA.GTCLAT
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Sanger Sequencing

2727?27?2727?77?

5,
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Sanger Sequencing

»l
TGCGCGGCCCAGTCTTGGEGCT M_N_
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—— T 1l IS RN TR RRRRTYR!
TTITTCTGCGCG G AGAGTAGTCGGCTGGCCAGGCCGGC

111
TTGCACGGCCCAGGCGACGT

50 100 150 250 300 350 400 450 500 550 600 650 700 750 200 250 900 950
IRl aREm RN RN RN RN RN ERRRRR RN RERE RN RO RORRRR RN RORR]
GTCGAATCGCATTGCCTGGTATGTCGGTTCGGTGATGAGCTCGACTGGCTTCAGTGGCATTGTGGTTGTCCCTCCTACGGTTT

85 20 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165

o humuMmdmhmhmmmmhmmm“uhhulu ARSI

1050 1100 1150 1200 1250 130D 1350 1400 1450 1500 1550 1600 1650 1700 1750 1600 1850 1900 1950
fannnnannineonnninnnnnniinnnnnnnnnnnEnnninennnnRnnoNnEnienneinnunnnENERRRLNNI
GGTTCGACCCAGATCTTGCGGTTATAGAACGCTGCGGTGCCGCTCCCATCTGTTCGGTACATCAGTTTGAAGGTCGTTGTGCC

I 170 175 180 185 180 196 200 205 210 215 220 225 230 235 240 245 250

_ MAMHAJM“L MMM hhhﬂﬂmul M naaindamaaaan A ian

2050 2100 2150 2200 2350 2300 2350 2400 2450

AR IR AR NN RN NN
GGGATTAAGCCCCTTGAGATGAATCACGTTCGACATGGTTC

255 260 265 270 275 280 285 290 295 300 305 310 315

an 2550 2600 2650 2700 2780 2300 2850 2900 2850

25
ERn RN Renn AN RN NERNNRNRRRNRRORRY
CCGACGTGTTGGCACTCGCGACGTAGTATTCGGCGTCCATCGT

320 325 320

AMNAMAAAAAANA hdumuum AAAN hlhu‘ AAAAAAAMAAAMAAA AAMAMAAAA

2050 2100 2150 3200 3250 3300 3350 2400 3450 500 3550 2600 2650

3700 3750 3800 3850 2000 2850
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Central Dogma of Molecular Biology

James Watson version - 1965

DNA [Emm) RNA ) Protein

So once we have the genomic DNA sequence of a
species we have all of the information there is?

Really?
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* No, not really.
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Epitranscriptome  Epiproteome (PTM)

s

> Protein
Pl.ns

translation

\(sn/sno/g)RNA (t/r/tm)RNA
RIb(!)S

(mi/piw;i/vi)RNA
-

IRNA iProtein

INHERITANCE or TRANSMISSION

from Saletore et al., Genome Biology, 2012
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Overview
e The Past: Sanger

e The Present: Next-Gen (454, lllumina, ...)

e The Future: ? (Nanopore, MinlON, Single-molecule
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« 454 Sequencing / Roche
- GS Junior System
- GS FLX+ System
* lllumina (Solexa)
- HiSeq System
- Genome analyzer |Ix
- MySeq
» Applied Biosystems - Life Technologies
- SOLID 5500 System
- SOLID 5500x| System
* lon Torrent - Life Technologies
- Personal Genome Machine (PGM)
- Proton
* Helicos
- Helicos Genetic Analysis System
+ Pacific Biosciences
- PacBio RS
+ Oxford Nanopore Technologies
- GridION System
- MinlON

Next Generation Sequencing
Amplified Single Molecule Sequencing

Third Generation Sequencing,
Next Next Generation Sequencing,
Single Molecule Sequencing
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NGS Platforms

Differ in design and chemistries

Clonal Reaction

Fundamentally related-sequencing Amplification _ Output
1l Pyrosequencing .
of thousands to millions of clonally e —+ ePCR —» Luminescence |
amplified molecules in a massively
Sequencing by Ligation ——» ePCR —, Fluorescence Signal/Noise
parallel manner Life Tech/SOLID Conversion

Orders of magnitude more H7 Ton Generation I I
. . . . 7 equence
information-will continue to evolve et/ onTorrent

Attractive for clinical applications — Reversible Dye Terminators | ¢\, ier —, Fluorescence 7
individual sequencing assays costly

and laborious- serial “gene by
gene” analysis




Next Generation Sequencing : Amplified Single Molecule Sequencing

Library preparation

Fragmentation of DNA
(aonication or enzymatic)

000000 COTOTOCOTOT Good fragments :

XBOD0D e

primer (or barcode) ’ ' | 1 |

T 1 1
Barcode Primer
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Shotgun sequencing by lon
Torrent Personal Genome

Machine and 454
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Shotgun sequencing by PGM/454

Genomic
Fragment




- e S - O
P .
2 ©o o .,‘. =l
A
>
¢ t e 4
. 3
.s; P 4 o
o

o =

6" Infectivo;,ogy Today™

Shotgun sequencing by PGM/454

Genomic
Fragment

T

Barcode
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Multiplex Identifier Basics

What is it?
— Two new kits, each with 6 different library adapters (total of 12 adapters)
— Each MID library adapter has an added, specially encoded 10-base region

— Used to “bar-code” up to 12 different genomic library samples to be run in the
same region of a single sequencing run

faandard S rimer Read
Library ...e.q...?.l...e...........»

| Primer A |Key| Library fragment Primer B

#bases: 40 4

MID Seq. primer Read

Library IIIIIIIIIIIIII”
[ PrimerA  [Key| MID1 | Library fragment Primer B
#bases: 15 4 10

| Primer A [Key| MmiD2 | Library fragment Primer B

v
Primer A [Key| miDn | Library fragment Primer B




NGS = Next Generation
Sequencing

After PCR,
THE new revolution

In Biology ?




NGS Synonym is : High-throughput Sequencing
(HTS)

Third Generation :
NGS = HTS, Single
Molecule Sequencing

Second Generation :
NGS = Massively
Parallel Sequencing

First Generation :
SANGER Sequencing
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Revolution in Throughput
One run, one sample ..

Capillary Q

Sequencer Lo _—

3'000'000x.

Illumina
Genome
Analyzer

A library i
A genome 12000 books
of 500 pages each



19068 1967 1908 1908 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008

Year
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Sequencing Cost

Date Cost per Mb Cost per Genome

Sep-01 $5,292.39 $95,263,072
Cout par Rew Megebese of DNA Sequence Sep-02 $3,413.80 $61,448,422
Oct-03 $2,230.98 $40,157,554
Oct-04 $1,028.85 $18,519,312
Oct-05 $766.73 $13,801,124
Oct-06 $581.92 $10,474,556
Oct-07 $397.09 $7,147,571
Oct-08 $3.81 $342,502
Oct-09 S0.78 $70,333
Oct-10 S0.32 $29,092
Oct-11 $0.09 $7,743
Oct-12 S0.07 $6,618
Jan-13 S0.06 S5,671

Source - NHGRI : http://www.genome.gov/sequencingcosts/

,_




What’s Next ?

<! BI0SCIENCES TR Riastecs

%gf,*’um i ion torrent {yNAnoPORE
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- Cheaper (or not)
- 1000€ Human genome ?

Illumlna GA2 Third Generation :
- Single
Molecule Sequencing (no bias)
- Faster

Applied BioSys, Solid v3

Second Generation
NGS = Massively

Parallel Sequencing
(polony sequencing)
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Applications of Next-Generation Sequencing

(

Whole-genome sequencing

* Genome re-sequencing
* de novo genome sequencing
L * Metagenomics applications

\

Targeted re-sequencing
» PCR-amplified regions
» Capture-enriched DNA

Transcriptome mining
* novel RNA classes
* novel splice variants

) Q
Sequencing DNA library

Sequencing of
- cDNAlibraies

Epigenetic profiling
» Methylation sequencing
* Nucleosome footprinting

Genomic footprinting
» ChIP sequencing
» DNase | libraries

Transcriptome expression profiling
* MRNA
» small RNA (miRNA etc.)

N

-
RNA footprinting

* ribosome footprinting

¢ RNA-IP sequencing
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Discovering hohcoeding RNAS

ncRNA presence in genome difficult to predict by
computational methods with high certainty because the
evolutionary diversity

Detecting expression level changes that correlate with
changes in environmental factors, with disease onset and
progression, complex disease set or severity

Enhance the annotation of sequenced genomes (impact of
mutations more interpretable)

<" RNA polymerase
. hllorll YV —

T nRNAgene |

Copyright @ 2006 Nature Publishing Group
Nature Reviews | Molecular Cell Biology
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microRNA is approx 21 bases long
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Protein-DNA interactions
*Genome Sequencing

» De novo sequencing

+ Resequencing
Targeted (re)sequencing
Mitochondrial sequencing
Mutation detection
Amplicon sequencing
Amplicon Cancer Panel

*Transcript Expression Profiling
* RNA sequencing
* miRNA sequencing (4
Deep-SAGE
Deep-CAGE o MDD
PAS : polyadenylation site \ \

LR SR LERRNEL \

*Transcription factor binding

» ChIP sequencing : Chromatin Immuno Precipitation
*Structural variation
*Metagenomics
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Mietagenomics

s Characterizing the biodiversity found on Earth

The growing number of sequenced genomes enables us to interpret partial
sequences obtained by direct sampling of specif environmental niches.

DETERMINE WHAT THE GENES ARE
(Sequence-based metagenomics)
Identify genes and metabolic pathways
Compare to other communities
and more...

Extract all DNA from
microbial community in

sampled environment
DETERMINE WHAT THE GENES DO

(Function-based metagenomics)
Screen to identify functions of interest, such as
vitamin or antibiotic production
Find the genes that code for functions of interest
and more...
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Common variants have not yet
completly explained complex disease
genetics =2 rare alleles also contribute

Also structural variants, large and oot (BN
small insertions and deletions

Insertion | A |

Accelerating biomedical research Ioversion (I WA NN

Copy-number
variant

ALATALA NS

Segmental g o TA XN XX I

duplication




o ©
.
o »

6" Infectiuofogy Today™

" Enable of genome-wide patterns of
~ methylation and how this patterns
. change through the course of an

- organism’s development.

. Enhanced potential to combine the
results of different experiments,
correlative analyses of genome-wide
methylation, histone binding patterns
and gene expression, for example.
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{} Biotn-uTP transcription
Bai I\,
Solution hybridization

[N
-i-&-#‘_—r—

LL Boad capture
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*Genome Sequencing
De novo sequencing
Resequencing SNP identification: Principle
Targeted (re)sequencing
Mitochondrial sequencing SNP assay primers
Mutation detection Reference sequence

Amplicon sequencing l

Amplicon Cancer Panel

- _ _ L
*Transcript Expression Profiling Reference ge‘nime sequence

* RNA sequencing available or not
miRNA sequencing

Deep-SAGE

[=1=Tel nanaaual_L_naplo 2 3 FSLELE 3
D p CAGE Individual_1_haplol AACGATTATCGCAATAACCAGGATTATCCCAGTTA
PAS - polyadenylation site Individual_1_haplo2 AACGATTATCGCAATGACGAGGATTATCTCAGTTA

. Individual 2 haplol  AACGACTATCGCAATAACGAGGATTATCCCAATTA
«Transcription factor binding Individual 2 haplo2  AACGATTATCGCAATAACGAGGATTATCCCAGTTA

* ChlP sequencing Individual_3_haplol ~ AACGACTATCGCAATAACGAGGATTATCCCAATTA
«Structural variation Individual_3_haplo2 ~ AACGATTATCGCAATGACGAGGATTATCTCAGTTA
*Metagenomics
. Individual_4_haplol ~ AACGATTATCGCAATAACGAGGATTATCCCAGTTA

Individual_4_haplo2 ~ AACGATTATCGCAATGACGAGGATTATCTCAGTTA

b bt
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Ancient Genomes Resurrectec)

Degraded state of the sample = mitDNA sequencing

Nuclear genomes of ancient remains: cave bear, mommoth, Neanderthal (106 bp

o ]
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By High Throughput

a _ all™ DNA Sequencing
b s - .

Cave Bear DNA Extraction
{tooth)

—
.
’

DNA
Comparisons

| 94% Microbe/Other DNA

6% Cave Bear DNA

e

s: contamination modern humans and coisolation bacterial DNA. .
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What should I do now?

Massive amount
of sequence data
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Data analyses Ghent University. June 2012 R

Sanger sequencing : e.g. : one gene sequenced with 6 primers

° Strategy of Contig 1

1E|IE|E| lEi'jEI 15||]EI lTISI] ZUIEIEI 22|5EI ZSIEIEI ZTIE-I] 3E|IE|E|

Coverage ]
il 1 Conflicts
Contig 1
A-11015 00Z.akl(1=200)
A-11020_002. abl (1=>500)
&-1101d 001.abl(1=87a})
A-11016 O0S.abl(l>E354)
A-11018 D0O7.abkl({1l-E31)
A-11022 011.abl(l>%00)

A1 il

3 Alipnment al Canfig 1

17EB0 1790 1800 1810 1820 148z0 1340 185C

} Translate w Tracs CAAT BACTATGECCEEEOCET GEACTGET GEEEGE- CT -GEETET GET CATGTACG-AGAT GATGT GCGGECCE
Majority

wa-11016_005.akl (1%664) —

E'.Fu".T EACTATGGEZIHJGGGECGHGGACTGGT GGGGGGCZ]‘INGGGTG-IGGT C.HTGTACGPJ;NAT GAT GT GCGGECG

g e | | MIWMN\M\;\WWNM

CanT 2T AT RO CEEELET Hat O GG HaE - O - GEETET CET CATGT A A AT AT G G000

Manually check the assembly and correct errors.
2000 bp takes 5-10 minutes.
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—— T 1l IS RN TR RRRRTYR!
TTITTCTGCGCG G AGAGTAGTCGGCTGGCCAGGCCGGC

111
TTGCACGGCCCAGGCGACGT

50 100 150 250 300 350 400 450 500 550 600 650 700 750 200 250 900 950
IRl aREm RN RN RN RN RN ERRRRR RN RERE RN RO RORRRR RN RORR]
GTCGAATCGCATTGCCTGGTATGTCGGTTCGGTGATGAGCTCGACTGGCTTCAGTGGCATTGTGGTTGTCCCTCCTACGGTTT

85 20 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165

o humuMmdmhmhmmmmhmmm“uhhulu ARSI

1050 1100 1150 1200 1250 130D 1350 1400 1450 1500 1550 1600 1650 1700 1750 1600 1850 1900 1950
fannnnannineonnninnnnnniinnnnnnnnnnnEnnninennnnRnnoNnEnienneinnunnnENERRRLNNI
GGTTCGACCCAGATCTTGCGGTTATAGAACGCTGCGGTGCCGCTCCCATCTGTTCGGTACATCAGTTTGAAGGTCGTTGTGCC

I 170 175 180 185 180 196 200 205 210 215 220 225 230 235 240 245 250

_ MAMHAJM“L MMM hhhﬂﬂmul M naaindamaaaan A ian

2050 2100 2150 2200 2350 2300 2350 2400 2450

AR IR AR NN RN NN
GGGATTAAGCCCCTTGAGATGAATCACGTTCGACATGGTTC

255 260 265 270 275 280 285 290 295 300 305 310 315

an 2550 2600 2650 2700 2780 2300 2850 2900 2850

25
ERn RN Renn AN RN NERNNRNRRRNRRORRY
CCGACGTGTTGGCACTCGCGACGTAGTATTCGGCGTCCATCGT

320 325 320

AMNAMAAAAAANA hdumuum AAAN hlhu‘ AAAAAAAMAAAMAAA AAMAMAAAA

2050 2100 2150 3200 3250 3300 3350 2400 3450 500 3550 2600 2650

3700 3750 3800 3850 2000 2850
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Data Analysis

TEMPLATE PREPARATION

 Raw sequence data
must undergo several

analysis steps
v\

— Preprocessing to T

remove adapter — . —’W

sequences and low- - —
quality reads ) J

SEQUENCING AND IMAGING

— Alignment to a e i

ATAGTCAGCTG ATAGTCAGCTG

reference sequence or TAT] A |
- ¥ Fluorescence
de novo alignment et :

N P

— Analysis of compiled OATA ANALYSIS
sequence




Alignment

ANALISI

—— Variant Calling
BIOINFORMATICA -

Filtering &

PP P

Annotafion
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Sanger sequencing : simplified :
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Sanger sequencing : simplified :




Impossible to assemble manually
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Next Generation sequencing : simplified :

Same dataset, different parameters
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L’infettivologia del 3° millennio:
AIDS ed altro

VI Convegno Nazionale
15- 16 -17 maggio 2014

Who's next

Centro Congressi Hotel Ariston
Paestum (SA)




