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The human genome project
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Enabling technologies: high throughput sequencing

first human Next Generation lllumina HiSeq
genome Sequencing, NGS X

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts
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Cyclic array sequencing

(>1 06 reads/array)
Cycle 1 Cycle 2 Cycle 3

What is base 1? What is base 2? What is base 3?

Shendure et al., Nat Biotech (2008)

High throughput sequencing
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High throughput sequencing: applications

— SNV and indels detection
frequentistic, probabilistic,
split read
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-omics and precision cancer medicine: TCGA initiative

12 tumor types
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Bioinformatics in cancer research

* Development of computational/statistical methods for the
analysis of specific omics data

* eQ., aligner of sequences, identification of differentially
expressed genes, etc.

Mutation

Copy number
* Development/set-up/application of data analysis pipelines

Gene expression
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* Development/application of methods for the integrative analysis DNA methylation

of multiple omics layers MicroRNA

RPPA

 Modeling of cancer initiation, evolution and progression

Clinical data

* |dentification of prognostic/predictive biomarkers (outcome,
response/resistance to drugs)

TCGA Res Network, Nat Genet (2013) 7



Data scientist Big data
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a personal (non-exhaustive) selection of notable works
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Cell-of-origin patterns across multiple tumour types by different molecular layers

Hoadley et al.,

Cell (2018)
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TCGAi

ACC
BLCA

M BRCA |

CESC
M CHOL

COAD
Il DLBC
M ESCA
M GBM

HNSC

10,170 tumors

Isease abbreviation

B KICH [ PAAD
KIRC PCPG
" KIRP | PRAD
B LAML READ
LGG M SARC
LIHC SKCM
LUAD [ STAD
B LUSC M TGCT
B VESO THCA
Bl OV THYM

UCEC
UCS
B UM




Chemoresistance evolution in breast cancer by single-cell sequencing

genomic coordinates
tx sub = 1 3 5 7 9 11 EEE 13 15 0 7B X
E .. ) e—
@ |
3 o,
. : =
’ ‘- - - ) - = L . I: ' = . 1 (g
, r ; | . ®
- O
A 4 | : : ®
. + - : --.'.n | - , - - a
% : i
J e !
é ! - i B I : Vo .
Qo a . I A -
! , :
B - — ‘ - .
A o
¥ W S
B | @
o
1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19202122 X Y
T TIIE 1 @ I™ [ TBCESST |
m ' ' ! ' ' ] ' ' ' ' ' ' ' "
& i : | | : | - K l 4 E B 55 i k-
= ' il : | : ' rf'\ i ol ¢ ¢ IR B LA 32
=il ot | .i l.l i B ' - | oL . - I B 1 1 @
c 10T U UL | m N il 1 ||| LTI | S
> : | : ¥ B | R L 7
8-” : | I : . | :. . | =
&) I . ' : )
MTOR " FGFR3 PIK3R1 APC FGFR1OP  TET1 PTEN HRAS CCNB1IP1  SMAD4 RPGR
7.
P9 S
=
amp del =
MYC PIK3R1 =
BCAS3 HRAS 2
PTEN <
FGFR10P ®
RPGR >
<

del FGFR3 | CCNB1IP1

pre-tx

mid-tx

[ |:| pre-treatment Dmid-treatment l post-treatment ]

Adapted from Kim et al., Cell (2018)

tx sub

Resistance (clonal expansion)

genomic coordinates

1 3 N - A : KN © BN > REN < RO okt D2off RS

- ™ —
- - - —- = -
- — '
s — ¥
- — R— ~zt B @
= == - ! o
- - : Q
- E > — @
— O
— F - | & 8
l — o i n
= — o i -t
q A [l o
o)
B S
&
C
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 1920 X Y
. frsieg T"PIK3CA T J CCND3 MYSI3 MYC | KLF6 I FOXAT T T 1T T ERG | ARAF
: : (N H ‘ " : T A I o
m L ] | ] ] 0
Lo - : | \ : =
= ! | B
: " m
| | |
" : : | &
o ' | | @
& B _‘ ' "
IL5RA RARB
P14 o
o)
=
QO
amp —
CKS1B o
PIK3CA KLF6 o
LIFR FOXA1 =
CCND3 ERG ®
MYST3 ARA S
3]
<
pre mid post

12



Liquid biopsy analysis for non-invasive detection and monitoring of cancer

Central nervous system
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Nature Reviews | Clinical Oncology

Siravegna et al., Nat Rev Clin Oncol (2017)
Tie et al., Sci Trans! Med (2016)
Chen et al., Nat Commun (2020) 13



Liquid biopsy analysis for non-invasive detection and monitoring of cancer

Central nervous system

Respiratory tract

Urinary ract

Siravegna et al., Nat Rev Clin Oncol (2017)
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Nature Reviews | Clinical Oncology

Tie et al., Sci Trans! Med (2016)
Chen et al., Nat Commun (2020)
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Radiomics

* Quantitative analysis of diagnostic images from CT, M

SRl and

) CT imaging Il) Feature extraction

u

Tumour intensity

Primary analysis

15

PET technigues

lIl) Analysis

Radiomic features Gene expression

Clinical data

Secondary (statistical) analysis

Modified from Aerts et al., Nat Commun (2014)



RadAR: Radiomics Analysis with R

Import

- 3DSlicer manually curated
- PyRadiomics }‘ dictionary of

* RadAR is a package for R to perform secondary X e
analysis of radiomic features

Pre-processing

- Scaling
. F\/Ia.n.uallylcurated dictionary of radiomic features to oormalzation
facilitate interpretation - Filtering by image type

- Filtering by feature type

 Detalled step-by-step tutorial

- Feature selection by different strategies
- Unsupervised analysis by hierarchical clustering
- Differential radiomics

» freely available under MIT license at https://github.com/ - Signature development and validation
Cgplab/?adA? Visualization

- heat map / correlation plot of correlation matrix
- heat map + clustering
- radiomic feature distribution across conditions

Output

- Top features

Benelli et al., Cancer Res (2020) = Flots |
https://github.com/cgplab/RadAR 16 - RadAR R objects



RadAR: Radiomics Analysis with R

A B
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« RadAR was able to recapitulate expected e 58 i S
results based on original findings |
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