
DNA sequencing

FROM SANGER TO NGS: our 
experience in a molecular pathology lab
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Tumour heterogeneity

Stochastic and hierarchical models are reasonable systems that have 
been hypothesised to describe tumour heterogeneity.

Each model alone inadequately explains tumour diversity.  
The two models can be integrated to provide a more comprehensive 
explanation.



Tumoral mutational burden

High TMB means high number of neoantigens

Induction of immunoresponse by the host
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Method gene Sensitivity

Sanger Sequencing Single gene/complete sequence of the exon 20-30%

Pyrosequencing Single gene/complete sequence of the fragment 10%

Sequenom Multigene/mutation specific 5-10%

NGS Multigene/complete sequence 1%-0,1%

DNA Analysis: SENSITIVITY AND THROUGHPUT



Sanger Sequencing



Sanger Sequencing

Missense mutation Frameshift mutation



PYROSEQUENCING:

“… One late afternoon in the beginning of January 1986, ……………  the idea for an alternative DNA 
sequencing technique came to my mind. The basic concept was to  follow the activity of 
DNA polymerase during nucleotide incorporation into a DNA strand by 

analyzing the pyrophosphate released during the process. 

THE ORIGINS



PYROSEQUENCING: THE CHEMISTRY
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THE PYROSEQUENCING OUTPUT: 

THE PYROGRAM



MASS SPECTROMETRY
Detection Method: MASS SPECROMETRY MALDI-TOF

Mass spectrometry 
(MS) is an analytical 
technique that ionizes 
chemical species and 
sorts the ions based 
on their mass-to-
charge ratio.

• Matrix 

• Assisted 

• Laser 

• Desorption 

• Ionization 

• Time Of Flight
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Dephosphorylation SAP

Cycled MassEXTEND™ Reaction

PCR

Sample Conditioning, Nanodispensing

MS Analysis and Automatic Calling

(N)ddX
extended Primer

Thermalcycler

Nanodispenser

MALDI-TOF

Amplification of target LOCI  by PCR

POST-PCR SAP Reaction CleanUp

Mass Spectrometry: The WorkFlow



Detection

TimeOfFlight 
Separation

acceleration

desorption

Solid Phase Molecules pass into a 
Gaseous  State
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Mass Spectrometry: the chemistry



Mass Spectrometry: The OutPut



NGS: The Most Diffuse NGS Platforms



NGS: The WorkFlow
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A NGS library is a set of nucleic acid fragment with the same 
termination sequences (ADAPTORs)

NGS: Library Preparation
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The NGS TEMPLATE is a single strand DNA originating by PCR from 
the molecules of the library, that will be subjected to the sequencing

NGS: Template Preparation

Cluster bridge amplification on flow cells

Clonal Emulsion PCR, beads filling and chip 
preparation  



NGS: Sequencing
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Illumina Dye Sequencing By Synthesis Ion Semiconductor Sequencing
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NGS: Analyses
Gb of data were aligned to the hg19 human reference genome. 
After qualities control, data were analysed by bioinformatics  



NGS: Example of IonTorrent results
Sequencing Run Summary 
Report



NGS: Example of IonTorrent results
Sequencing Run Summary 
Report



NGS: Example of IonTorrent results
Sequencing Run Summary 
Report Hg19 ref genome ( Genome 

Reference Consortium 
Human Build 37)



NGS: Example of IonTorrent results
Sequencing Run Summary 
Report



NGS: Example of IonTorrent results
Sample Analyses: Software



NGS: Example of IonTorrent results
Sample Analyses: Sample 
Variants



NGS: Example of IonTorrent results
Sample Analyses: Sample Variants on 
IGV



«Viviamo in una Hiroshima culturale dove la scienza è 
spesso confusa con la tecnologia. C'è bisogno di creare un 
legame tra le esigenze delle istituzioni impegnate nel 
campo tecnologico industriale e le attività per la ricerca 
scientifica. Oggi questo legame è molto debole. Quasi 
inesistente».  
Prof. Antonino Zichichi


