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NGS	 Non-Sanger-based	high-throughput	
DNA	sequencing	technology	

•  Increasing	the	throughput	
•  Minimizing	the	need	for	the	fragment-cloning	method	oAen	used	
in	Sanger	sequencing	

•  Enabling	the	sequencing	of	biological	codes	at	a	very	rapid	pace	
with	low	cost	per	opera4on	

II-genera+on	
sequencing	
technology	

III-genera+on	
sequencing	
technology	

Can	analyze	a	large	number	of	
samples	simultaneously	

Can	determine	the	base	composi4on	
of	single	DNA	molecules	



Sequenziamento	Chimico	

Dye-Terminator	

NGS	con	pre-amplificazione	

NGS	su	singola	molecola	













NGS	

NGS	technologies	are	a	combina4on	of	
strategies	for:	
• Template	prepara4on	
• Sequencing	and	imaging	
• Genome	alignment	
• Assembly	methods	

Library	prepara+on	

Major	plaMorms	for	NGS:	
1.   454	by	Roche	
2.   Solexa	by	Illumina	
3.   SOLiD	by	Applied	Biosystem	



•  Pyrosequencing-based	system	(2005)	

454	Genome	Sequencing	System	(Roche)	

•  200.000	reads	



In	sintesi:	

In	pra+ca	.	.	.	

454	Genome	Sequencing	System	(Roche)	



Emulsion	PCR	(emPCR)	
Ø Variazione	della	PCR	usata	nelle	tecnologie	NGS	per	replicare	le	
sequenze	di	DNA	

Ø Frammentazione	della	libreria	di	DNA:		

	

1.   SONICAZIONE	
2.   NEBULIZZAZIONE	

454	Genome	Sequencing	System	(Roche)	



Emulsion	PCR	(emPCR)	
Ø Variazione	della	PCR	usata	nelle	tecnologie	NGS	per	replicare	le	
sequenze	di	DNA	

Ø Frammentazione	della	libreria	di	DNA:		

	
Ø Ligazione	di	ADATTATORI	alle	estremità	dei	frammen4	di	DNA.	
Questo	permeVerà	a	sua	volta	il	legame	dei	frammen4	con	gli	
adaVatori	alle	beads	magne4che.	

1.   SONICAZIONE	
2.   NEBULIZZAZIONE	

Produzione	di	frammen+	di	DNA	di	dimensioni	tra	300	e	800	bp	

Ø Legame	dei	frammen4	con	gli	
adaVatori	alle	beads	

454	Genome	Sequencing	System	(Roche)	



Ø  Formazione	di	
beads	con	
popolazioni	
di	frammen+	
CLONALI	

Ø Denaturazione	della	doppia	elica,	amplificazione		

454	Genome	Sequencing	System	(Roche)	



454	Genome	Sequencing	System	(Roche)	



454	Genome	Sequencing	System	(Roche)	



454	Genome	Sequencing	System	(Roche)	



454	Genome	Sequencing	System	(Roche)	



In	Pico	trite	tube	reac4on	of	fluorescence	
occurs	with	the	addi4on	of	nucleo4des	

454	Genome	Sequencing	System	(Roche)	



454	Genome	Sequencing	System	(Roche)	

Principio	generale	alla	base	di	tuV	i	sistemi	di	pirosequenziamento:	

Ø Incorporazione	dei	nucleo4di	grazie	alla	DNA	Polimerasi	
Ø Conversione	del	Pirofosfato	(PPi)	in	ATP	grazie	alla	ATP	Sulfurilasi	
Ø Produzione	del	segnale	luminoso	grazie	all’ossidazione	operata	
dalla	Luciferasi	di	una	molecola	di	luciferina	



454	Genome	Sequencing	System	(Roche)	

Principio	generale	alla	base	di	tuV	i	sistemi	di	pirosequenziamento:	



454	Genome	Sequencing	System	(Roche)	

The	nucleo+des	are	con+nuously	degraded	by	nucleo4de-
degrading	enzyme	(Apyrase)	allowing	addi4on	of	subsequent	
nucleo4de.	

The	four	different	
nucleo+des	are	
added	STEPWISE	
and	incorpora4on	
is	followed	using	
the	enzyme	ATP	
sulfurylase	and	
luciferase,	

Possibile	interferenza	di	segnale	data	dal	
residuo	di	dNTP’s	ad	ogni	ciclo??	



454	Genome	Sequencing	System	(Roche)	

Principio	generale	alla	base	di	tuV	i	sistemi	di	pirosequenziamento:	



454	Genome	Sequencing	System	(Roche)	

Pyrogram	



.	.	.	AGGGGTGGCTTTGGGGTTGCAGTTG	.	.	.	

454	Genome	Sequencing	System	(Roche)	
Pyrogram	

Propor4onal	signals	are	obtained	for	one,	two,	three	and	four	
base	incorpora4ons.	

Ordine	di	aggiunta	dei	
nucleo4di	riportato	soVo	
il	pirogramma	

Sequenze	oVenuta	



454	Genome	Sequencing	System	(Roche)	

hVps://www.youtube.com/
watch?v=nFfgWGFe0aA	

SEE	VIDEO	



•  Sequencing	on-a-chip	

In	sintesi:	

Ø Breaking	up	DNA	
Ø Adding	ADAPTORS,	but	in	
this	case	aVach	not	to	a	
bead	but	to	a	slide	

Ø FOLD-BACK	PCR	is	then	
used	to	amplify	the	
fragmented	DNA	into	a	
cluster	

Solexa	(2007)	



In	pra+ca:	
1)  Frammentazione	

del	DNA	e	
ligazione	dei	
frammen4	oVenu4	
a	degli	adaVatori	

2)  ANNEALING	degli	
adaVatori	a	singolo	
filamento	alla	
superficie	sulla	
quale	avverrà	la	
reazione	di	
sequenziamento	

Solexa	



3-5)	Amplificazione	tramite	BRIDGE-PCR	Solexa	



6)	Formazione	di	
cluster	densi	e	
separa4.	Ogni	cluster	
con4ene	una	singlola	
sequenza	
7)	Aggiunta	di	
nucleo+di	fluorescen+	
grazie	ad	una	
polimerasi	

Solexa	



8)	LeVura	della	
fluorescenza	del	primo	
nucleo4de	
9)	U+lizzo	di	
terminatori	reversibili	
(il	fluoroforo	può	
essere	clivato)	

Solexa	



Lunghezza	dei	frammen+	raggiunta:	100	bp	(in	pair-end)	
Solexa	



SEE	VIDEO	

Solexa	

hVps://www.youtube.com/watch?v=77r5p8IBwJk	

hVps://www.youtube.com/watch?v=fCd6B5HRaZ8	



SOLiD	(2008)	

Ø Developed	by	George	M.	Church	at	Harvard	
University	

Ø Developed	by	Applied	Biosystems,	released	in	
2008	

Ø Very	cost	effec+ve	($0.13/million	bases)	
Ø Has	trouble	with	palindromic	sequencing	

No	DNA	polimerasi	
U+lizzo	dell’enzima	LIGASI		

(based	on	the	oligonucleo0de	liga0on	tecnique)	



Ø Reads	di	150	bp	massimo	(generalmente	
35	bp)	

Ø Massima	accuratezza	
Ø Vengono	u4lizzate	sonde	con	due	basi	
(two-based	encoding	system)	

Ø Ogni	base	della	sequenza	viene	leVa	2	
volte	

SOLiD	(2008)	



SOLiD	(2008)	

In	Sintesi:	

1.	LIBRARY	PREPARATION:	

Pre-amplificazione	con	emPCR	su	microsfere	

Ligazione	delle	microsfere	su	un	vetrino	

2.	LIGATION	AND	IMAGING	

Liga4on	of	the	probes	

Different	cycles	



SOLiD	(2008)	

1a)	

1)	LIBRARY	PREPARATION	



1b)	
1)	LIBRARY	PREPARATION	SOLiD	(2008)	



1c)	EmPCR/Bead	
Enrichment		

1)	LIBRARY	PREPARATION	SOLiD	(2008)	



emPCR	
Millions	of	copies	of	
template	strand	on	
each	bead	

1c)	EmPCR/Bead	
Enrichment		

1)	LIBRARY	PREPARATION	SOLiD	(2008)	



1)	LIBRARY	PREPARATION	SOLiD	(2008)	



1)	LIBRARY	PREPARATION	

1c)	EmPCR/Bead	
Enrichment		

SOLiD	(2008)	



1)	LIBRARY	PREPARATION	

1c)	EmPCR/Bead	
Enrichment		

SOLiD	(2008)	



1d)	
1)	LIBRARY	PREPARATION	

Deposit	3’	
modified	beads	
onto	a	glass	
slide	

SOLiD	(2008)	



2)	LIGATION	AND	IMAGING	

Reagents:	
§  Template	Strands	(from	PCR)	
§  Primers	(to	start	reac4on)	
§  8	nucleo+de	long	probes	with	dye	
§  Ligase	to	append	probes	to	primers	

SOLiD	(2008)	



Liga+on	Chemistry	Process	(Overview):	
1.  Primer	binds	to	template	strands	
2.  Probe	hybridiza4on	and	liga4on	
3.  Fluorescent	measured	
4.  Dye-end	nucleo4des	cleaved	
5.  Steps	1-4	repeated	6+	4mes	

2)	LIGATION	AND	IMAGING	

The	en+re	process	is	completed	5	+mes.	
Each	+me	the	primer	is	offset	by	1	base	

SOLiD	(2008)	



2)	LIGATION	AND	IMAGING	SOLiD	(2008)	



2)	LIGATION	AND	IMAGING	

Ligazione	del	
primer	
all’adaVatore	

Ligazione	della	
prima	sonda	per	
compa4bilità	
delle	prime	due	
basi	

SOLiD	(2008)	



2)	LIGATION	AND	IMAGING	

LeVura	della	
fluorescenza	

Taglio	della	
parte	
terminale	
della	sonda	

SOLiD	(2008)	



2)	LIGATION	AND	IMAGING	SOLiD	(2008)	



2)	LIGATION	AND	IMAGING	SOLiD	(2008)	



SOLiD	(2008)	



Adapter	

SOLiD	(2008)	



SEE	VIDEO	

hVps://www.youtube.com/watch?v=nlvyF8bFDwM	

hVps://www.youtube.com/watch?v=YLT-DUeaLms	

SOLiD	(2008)	



Issues	with	palindromic	sequences	SOLiD	(2008)	



Issues	with	palindromic	sequences	SOLiD	(2008)	



•  Generated	much	larger	number	of	reads	

than	the	454	system	(30	and		100	million	

reads,	respec+vely)	

•  But	they	were	too	short	(only	35	bp	long	in	
the	SOLiD	system)	

SOLiD	and	Solexa	



Ion	Semiconductor	– Ion	Torrent	(2011)	

•  Does	not	rely	on	fluorescence	
•  Maximum	read	length	of	up	to	400	bp	



Ion	Semiconductor	– Ion	Torrent	



Ion	Semiconductor	– Ion	Torrent	



Applica+on	of	NGS	



Advantages	of	NGS	
Ø  Do	not	require	bacterial	cloning	of	DNA	fragments	
Ø  Rely	on	the	prepara4on	of	NGS	libraries	in	a	cell-free	system	
Ø  They	can	parallelize	the	thousands-to-many-millions	of	

sequencing	reac4ons	
Ø  The	sequencing	output	is	directly	detected	with	no	need	for	

electhroforesis	

Disvantages	of	NGS	
Ø  Short	read	lengths	which	has	resulted	in	difficul4es	in	subsequent	sequence	

splicing,	assembly,	annota4on	and	bioinforma4c	analysis	
Ø  Efficiency	of	the	starter	PCR	can	be	affected	by	complex	structures	of	the	

genome	and	the	complete	genomic	sequencing	cannot	be	represented	in	the	
library	















hVps://www.youtube.com/
watch?v=3UHw22hBpAk	

SEE	VIDEO	



NGS	

NGS	technologies	are	a	combina4on	of	
strategies	for:	
• Template	prepara4on	
• Sequencing	and	imaging	
• Genome	alignment	
• Assembly	methods	



NGS	

NGS	technologies	are	a	combina4on	of	
strategies	for:	
• Template	prepara4on	
• Sequencing	and	imaging	
• Genome	alignment	
• Assembly	methods	



NGS	



NGS	


