DNA sequencing

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



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
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Analysis of 100,000 human cancer ®
genomes reveals the landscape of tumor
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DNA Analysis: SENSITIVITY AND THROUGHPUT

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%
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GGAGCTGGTGGCGTA
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GGAGCTGGTGGCGTA

Missense mutation

Sanger Sequencing

Frameshift mutation



PYROSEQUENCING:

THE ORIGINS
Analytical Biochemistry s
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\blume 167, Issue 2, December 1987, Pages 235-238

Enzymatic method for continuous monitoring of DNA
polymerase activity *

Pal Nyrén

“... 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.



PYROSEQUENCING: THE CHEMISTRY
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THE PYROSEQUENCING OUTPUT:
THE PYROGRAM

5 & 1T A T ¢ A v ¢ rai <t 1 $ J ¢ 3 T 1 [ NN S S S S S S SRS S SR SIS S S S S S S S S



MASS SPECTROMETRY

Detection Method: MASS SPECROMETRY MALDI-TOF

* Matrix
Mass spectrometry * Assisted
(MS) is an analytical . Laser

technique that ionizes
chemical species and
sorts the ions based
on their mass-to-
charge ratio.

* Desorption
* Ionization
* Time Of Flight
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Mass Spectrometry: the chemistry
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Mass Spectrometry: The OutPut
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NGS: The Most Diffuse NGS Platforms
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NGS: The WorkFlow
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NGS: Library Preparation

A NGS library is a set of nucleic acid fragment with the same PREMRATION

termination sequences (ADAPTORS)
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NGS: Template Preparation m(

The NGS TEMPLATE is a single strand DNA originating by PCR from — rmwur

PREPARATION

the molecules of the library, that will be subjected to the sequencing 5
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NGS: Analyses -

Gb of data were aligned to the hgl9 human reference genome. R
After qualities control, data were analysed by biocinformatics
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NGS: Example of IonTorrent results

Sequencing Run Summary
Report

9.73 G 112 86,932,446 112 bp 113 bp 127 bp
Total Bases Key Signal Total Reads Mean Median Mode
95% 61% Read Length
ISP Loading Usable Reads - s
ISP Density ISP Summary
o 42 ACC Wwanama o} .'.:'a\. e - $% 3 j )
" ) 100% 0% v -
{ .e . Crwabemnre Mo Te oupbone -
. ~ 71% 29%
Consensus Key 1-Mer - Library Ave. Peak « 112 Addressable Wells 151,539,288
120§
1ol With ISPs 143.784.926 94.9%
100} Live 143,767,098 100.0%
90
~ | Test Fragment 1,194,582 00.8%
1 Library 142572516  99.2%
60}
3 30}
ol Library ISPs 142,572,516
ol Filtered: Polyclonal 41,357,525  29.0%
Ok Filtered: Low Quality 6,802,194 (4.83%
. Filtered: Adapter Dimer 7,390,351 05.2%
Flows Final Library ISPs 86,932,446 61.0%




NGS: Example of IonTorrent results

Sequencing Run Summary

Re Of"" Barcode Name Sample Bases > Q20 Reads Mean Read Read Length
I
iy Length Histogram

No barcode none 150,597,632 123,668,029 1523,181 98 bp T e T

lonXpress_009 MELAO9TBJ7-436,010,239 398,691,755 4,394.004 99 bp N W
2NaD105

lonXpress_010 MELAO9TBJ7-4,054,167.593 3,612,662,425 33,480,332 121 bp D
1TaD105

IonXpress_011 MELAO50H5C-790,614,315 719,638,955 7.876,767 100 bp W
2NaD105

TonXpress_012 MELAO50H5C- 538,554,727 493,465,612 5301414 101 bp CL
1TaD105

lonXpress.013 MELA0SIMYO579,175.357 520,181,222 5804877 98 bp C LA T
2NaD105

IonXpress_014 MELA051MYO1,439,508,511 1,312,517,841 13,217,274 108 bp S
1TaD105

IonXpress_015 MELAOSHOPHY938,456,015 837,347.685 7.887.306 118 bp C Lk T
2NaD105

IonXpress_016 MELAOSHOPHS02,784,942 727,022,909 7,352,709 109 bp | ol T -

1TaD105



NGS: Example of IonTorrent results

Sequencing Run Summary Hg19 ref genome ( Genome
Reference Consortium

Report
Alignment Summary (aligned to Homo sapiens)
Human Build 37)
8.83 G 2.9X 99.2%
Mean Raw Accuracy 1x

Average Coverage

Depth of Reference

85,404,773 92% 100
Aligned Bases (-——-/
98

8%

Total Alignment Bases

Unaligned

-
3 g 96
g )
& s
v
< g4
92
0 50 100 150 200 250 300 350
Position in Read 90 3
0 50 100 150 200 250 300 350
Count Y% Position
Total Reads 85.404.773

Aligned Reads 81,819,466  95.8%
Unaligned Reads 3.585.307 4.2%



NGS: Example of IonTorrent results

Sequencing Run Summary

ReporyerageAnalysis
Barcode Name Sample Mapped Reads On Target Mean Depth Uniformity
lonXpress 009 MELAOSTBJ7-2NaD105 3,888,193 93.11% 4432 94.33%
lonXpress_010 MELAO9TBJ7-1TaD105 32,964,520 97.45% 4,064 95.21%
lonXpress_011 MELAOS0HS5C-2NaD105 7,254 657 94.37% 832.8 76.99%
lonXpress_012 MELAO50H5C-1TaD105 4,789 604 94.31% 559 93.46%
lonXpress_013 MELAOSIMYO-2NaD105 5,261,010 90.19% 5735 71.03%
lonXpress_014 MELAOSIMYQ-1TaD105 12,599,325 96.16% 1,927 94.00%
lonXpress 015 MELAOSHOPH-2NaD105 73785 96.96% 821 57.16%

lonXpress_016 MELAOSHOPH-1TaD105 7,016472 96.79% 836.6 89.17%



NGS: Example of IonTorrent results

Sample Analyses: Software

lOn Reporter @ Hi,EnncoBerrino  7844GBMTE & Help  SignOut Q-

@ AnalySIS RGSU“S C MyVariants ~ Download « SendtoReportRole  SwitchTow

Analysis Name: MELAOSVIV4-1TaD105 v1 1544004658644 MAPD: 0326 To Jearn more about reviewing your results, visit the help guide



NGS: Example of IonTorrent results

Sample Analyses: Sample
vari| |On Reporter @ HiEnicoBemino  7844GBMTE &  Help  SignOut &b

@ Ana|V5|S Results C MyVariants  Download « SendtoReportRole  SwitchTo »

.....

Candiolo IRCC « lon Reporter 5.10.3.0

Analysis Name: MELAOSV1V4-1TaD105_v1_1544004858644 MAPD: 0328 To learn more about reviewing your results, visit the help guide
m Functional Population Ontologies Pharmacogenomics Somatic QC Preferences » Filter thions x
' Go
Variants
n Genes Location Length Copy Number CytoBand Info « Filtered In Variants (255)
o Hidden Variants (0
ACOT? (120 9193 5120 2 1p36.33p36.22(1982033-1117554502 + Flleved Oul Variants (0
- Non-
PRKCZ PRKCZ exonic.NM_002744 5 1
ConfidentLow.  gamoles
PIK3CD PIK3CD:intronic NM_005026.4 1 « Normal: MELADOY1V4-3NaD105_v1
o Gender : Unknown
PIK3CD PIK3ICD intronic NM_005026.4 1 o Sample Type : ONA
. - ) o Tumor: MELADSV1V4-1TaD105_v1
MTOR 5184k 3 1p36.22(1177010-11182194)3 o Gender : Unknown
MTOR (2 21140 2 1936.22(11184539-11210313)2 o Spi TYpe - DA
ANGPTLT 2 84.433%0 3 1p36,.22(11217202-1130163813 Chromosome
AADACLI . (97 51571920 2 1p36.22p36.13(11301635-16458828)2 Al v

Non-



NGS: Example of IonTorrent results

Sample Analyses: Sample Variants on
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«Viviamo in una Hiroshima culturale dove la scienza e
spesso confusa con la tecnologia. C'e bisogno di creare un
legame tra le esigenze delle istituzioni impegnate nel
campo tecnologico industriale e le attivita per la ricerca
scientifica. Oggi questo legame ¢ molto debole. Quasi

Inesistente».
. c y ey HYPOTHESIS
Prof. Antonino Zichichi FORMULATION

MATERIAL
PUBLISHING

ui erything accs

RESEARCH
WORKFLOW

and the relevant psychopy ext modules

MANUSCRIPT

wvi: HTML reports (dev)

DATA ANALYSIS

stats & plot: general
fari: uni- and multivariate TMRI analyses (bela)
models: stimulus control analyses

DESIGN & CODING

exp. axpenment lamplates, unit te

DATA COLLECTION

exp. inoegralx



