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Why is sequencing important?

['LL CLIMB UP THIS
STRAND OF DNA TO SEE
WHERE LIFE TAKES ME

“...Decoding of the DNA that constitutes the human is a
fundamental contribution toward understanding human
evolution, the causation of disease, and the interplay

between the environment and heredity in defining the
human condition...”

CHRIS mADPDEN

Venter, J. Craig, et al. "The sequence of the human genome.“ Science 291.5507 (2001): 1304-1351 4
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Introduction

The sequencing time line

llumina  iontorrent
1980-1990: First Generation 2000s: Next Generation
1977: Sanger-Coulson Sequencing Sequencing

sequencing techinque |

1953: DNA double helix 1977: Maxam-Gilbert 2001: First human genome 2008: Third Generation
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Introduction

The Next Generation Sequencing

- = T Next Generation Sequencing (NGS) technologies
B = | implement the concept of cyclic-array sequencing: Dense
,=,é= | arrays of DNA are sequenced by repetitive cycles of

enzymatic reaction and imaging-based data collection

llumina~ ientorrent

Library Clonal Sequencin Data Quality
Preparation Amplification q & Evaluation

| ATTCTTGGTTACCT ATTCTTGGTTACCT

! VIRVRIVNG ATTCTTGGTTACCT ATTCTTGGTTACCT

ST ROVOVIVOVD ATTCTTGGTTACCT ATFETFGGTNNNN
BIRTRTRTRE QORI ATTCTTGGTTACCT ATTCTTGGTTACCT
) QOVNRAIARXY ATTCTTGGTTACCT ATTCTTGGTTACCT
DRVORVOVORVG AIOAURIVURND ATTCTTGGTTACCT ATTCTTGGTTACCT
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Introduction

NGS data: A twofold problem

Cost per Raw Megabase of DNA sequence
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The huge amounts of NGS data
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How to deal with NGS data”?

protein 2 Cay, o data

K7
’0'0'0 methods =
Gy medicine

~
o, §
results @

The term Bioinformatics refers to the application of computational techniques to the
understanding and organisation of the information associated to biological macromolecules

on a large scale and comprises research fields at the interface between computer and
biological sciences

8
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Bioinformatics revolutionised genomics

de-novo
assembly
ariation
d Genome ’
Genome functional ;
> annotation ‘ \
prediction
Data analysis

support Personalised Medicine

Zhang, Jun, et al. "The.impact of next-generation sequencing on-.genomics." Journal of.genetics and genomics 38.33(201129:
95-109
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My contribution in this field

de-novo
assembly
Variation
Read alignment detection
_ Genome
Genome functional ]
annotation

prediction

Data analysis

support
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Which variations have | investigated”?

Variation

detection

B cell clonal populations miRNA/isomiR patterns

Herl12)(p11)

der(8)(q24)

Gene Fusions
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Objective

S
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How did | investigate these variations?

Variation

detection

VDJSeg-Solver tool

UNIVERSITA
di VERONA

STITUTO DI CANDIOLO-IRCC

Ser(12)(p11)

der(8)(q24)

FuGePrior tool
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Which features do these tools have Iin
common?

v" RNA-Seq data is used as input

v Propose novel in silico approaches for disease characterization
v’ Designed considering latest biological knowledge
v" Built-on-top of state-of-the-art bioinformatics methods and tools

v Results confirm previous studies or introduce novel genomic knowledge

13
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VDIJSeq-Solver

Biological Background

The B cells

v" One of the major effector molecules involved in Adaptive Immune Responses
v’ Originate in the bone marrow and undergo maturation in the lymphoid tissues
v Produce antibodies

v" More than 10 different types of B cells ensure protection against infectious diseases

15
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How do B cells work?
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VDJSeqg-Solver

‘How'can B cells recognize different
antigens?

Antigen-binding sit/é‘_/\

/\<nﬁgen—binding site |

‘Variable regions

Constant regions

B Cell Receptor (BCR
ell heceptor ( ) g Light chain

(IgL)

f
(81) unyngoj3ounwwij

Ilg Heavy chains (IgH)

B cell clonal population

Different B Cell Receptors bind different antigens

17
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VDJSeqg-Solver

V(D)J*Recombination accounts for BCR
aiversity—

Immunoglobulin
Protein Level X /
v v

(=g~

IgH Variable Region IgL Variable Region
v, Dy Jy G, v, 1 ¢
: : e ——— ——
DNA Level i I 3’
RNA Level

18
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VDIJSeq-Solver

‘Why is B cell clone identification
tmportant?

v’ Several B cell diseases are characterized by massive expansion of a single B cell clone

v B cell clonal expansion is generally interpreted by clinicians as evidence of cancer

v’ There are biases in IgH and IgL recombined genes in different pathologies and
correlations between the clinical course of the disease and Ig gene usage

IlgH Variable Region IgL Variable Region
Vi Dy W Gy | V, J | C,
f : y —— — {_A_\ — {_A_\
5 - OO0/ > s T /IO 3
5;_.]]_31 SI_ED_ 3;

Capello, D., et al. "Evidence of biased immunoglobulin variable gene usage in highly stable B-cell chronic lymphocytic

leukemia." Leukemia 18.12 (2004): 1941-1947 19
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Motivation

B cell clone identification approaches

Normal Sample Cancer Sample
AN, oy G, AN, Wy o8 3 XN, AL
THRY TN 7/7?&%5\? YRR %@Z@% ’i/i?mﬁ > Xiﬁ\ Ez %W ) ¢ \Q3
Clonel Clone2 Clone3 Clone4d Clonel Clone2 Clone3 Clone4d

o

PCR Clonality tests v Limited sensitivity associated to the normal polyclonal background

Vi Dy Iy
| ATTCCTAGGTTATGCTGATSTCGCCTAT |
v Rer on the usage of Ig ampliﬁed DNA/RNA Read ATTCCTAGGTTATGCTGATGTCGCCTAT
\

molecules j

Gazzola, Anna, et al. "The evolution of clonality testing in the diagnosis and monitoring of hematological malignancies."
Therapeutic advances in hematology 5.2 (2014): 35-47. 20

NGS analyses
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Motivation

VDJSeqg-Solver

RNA 55—

ATCTGGGTTCTATTTCATTTTAATACGCGTCTCGT

3’

G

Paired-end Read

ATCTGGGTTCT

Mate 1

CGCGTCTCGTG

Mate 2
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B cell clone identification
Vy, D, Jy
| ‘ Lo A |

o oo e —_—
=_ = _ |\ Encompassing reads allow to
— E:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_55/:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_E identify VJ clones in both IgHs and
— —_— IgLs
Mates 1 Mates 2
Vy, D, Jy
{ A ) — : \ VJ Encompassing reads having one
N = b= or both mates partially mapped onto
- = B A a D gene identify IgH V(D)J clones
- /f/ -------- —=— —=
- A/ =
Vy, D, Jy
{ A Vo A y VJ Encompassing reads having both
mates mapped onto a D gene allow
— e — to reconstruct IgH V(D)J clone
= B = sequences .
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VDIJSeq-Solver

Algorithm

B cell clone sequence reconstruction

== ACACAGCCACGTATTACTGTGCACGGATAC GTTATAGTGGGAGCTACTAG CTACTTTGACTACTGGGGCCAGGGAA(e
—TATTACTGTGCACGG------ TCTGC---------- GTGGGAGCTAC----
Matel - GGAGCTAC------ CCCGA------—--- TGACTACTGGGGCCAGG---
l Mate 2
Clone - ACACAGCCACGTATTACTGTGCACGGTCTGCGTGGGAGCTACCCCGATGACTACTGGGGCCAGGGAACC-----
== ACACAGCCACGTATTACTGTGCACGGATAC GTTATAGTGGGAGCTACTAG CTACTTTGACTACTGGGGCCAGGGAACE=
-—-—--TATTACTGTGCACGG------ TCTGC GTG
----- GCTAC-—-----CCCGA---—----TGACTACTGGGGCCAGG--
Mate 1
l Mate 2

23
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VDIJSeq-Solver

fgH main clone identification in MCL

)

%
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m r 4 1
X 270000 v, D, 1 C,
£ 240000 ‘ 1
€ 510000 IGHV1-IGHJ6 : | T
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'S 120000 Vi, V, Dy )y
B
é 90000
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Results

Methodologies&Tools

IgH main clone sequence in MCL samples

VDJSeqg-Solver IgH main clone sequences are highly similar to those obtained via wet-lab
experiments, maximum 1.56% error

The neglectable impact of the identified mismatches is confirmed by the analysis performed

adopting state-of-the-art tools for Ig gene assignment

Tool

IMGT/V-QUEST
JOINSOLVER
VDJsolver
SoDA

iHMMune-align

Sanger

IGHV1-8*01
IGHV1-8*01
IGHV1-8*01
IGHV1-8*01

IGHV1-8*01

Vi

VDIJSeqg-Solver

IGHV1-8*01
IGHV1-8*01
IGHV1-8*01
IGHV1-8*01

IGHV1-8*01

Sanger

IGHD1-26*01
IGHD1-26*01
IGHD1-26*01
IGHD1-26*01

IGHD1-26*01

Dy

VDIJSeq-Solver

IGHD1-26*01

IGHD1-26*01

IGHD1-26*01

IGHD1-26*01

IGHD1-26*01

I

Sanger

IGHJ6*03
IGHJ6*03
IGHJ6*03
IGHJ6*03

IGHJ6*03

VDIJSeq-Solver

IGHJ6*03

IGHJ6*03

IGHJ6*03

IGHJ6*03

IGHJ6*03

escom,, [POLITECNICO
©,/% DI TORINO
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VDIJSeq-Solver

Remarks and Perspectives

To summarise

330000

§ 300000 E

% 270000

£ 000 IGHV-IGHJ6 . o

g o000 VDJSeqg-Solver identified the IgH main clonal population in MCL
» 150000 . .

S and DLBCL samples and reconstructed its sequence in MCL
E oo samples

-4 30000

" VxJyRecombinations
\ L JL CL
—— ——

Preliminary results on IgLs in MCL samples are promising s 1T AT 3

T Cell Receptor (TCR) analysis
Future work: — Clone Collapsing

Parallelisation

26
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isomiR-SEA

Biological Background

The miIRNAs

v

-

\ -~ Dic
B

Nucleus Cytoplasm

RNA Polymerase I
@ Transcription
4 or-miRNA Drosha ##/DGCRS
¢ 4
I
pre-miRNA e flcavage
Vol .
e miRNAs are 19-23 long, non
Exportin-5 Cod | ng ,
Ingle strand RNAs
degraded stijl;dk'\ A \
0 Nuclear Export / ™ mature strand
miRNA duplex /—\g\"’ Z
pre-miRNA ~rren e

RISC

er
A Cleavage
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isomiR-SEA

Biological Background

How do miIRNAs work?
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Biological Background

MIRNA:MRNA interaction

central
[ |

seed offset supplementary
101

4 7 8 13 16

MIRNA 5'IIIIIIIIIIIIIIIIIIIIII3'
NNNNNNNNNNNNNNNNNNNNNN
RN

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

I|||I|I|III||I|I|||II|||I|I||III|II

Target mMRNA 3’

5’

miRNAs belonging to the same family have identical seed sequences

Bartel, David P. "MicroRNAs: target recognition and regulatory functions."” Cell 136.2 (2009): 215-233.
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isomiR-SEA

Biological Background

MIRNA variants: The iIsomiRs

central
[ |

seed offset supplementary
. Y

4 7 8 13 16

MIiRNA 5'||||||||||||||||||||||
NNNNNNNNNNNNNNNNNNNNNN

T R I Y O O
eni { NNNNNNNNNNXNNNXNNNNNNN
mMultiSNP isomiRs

U

w

L et e
NNNNNNNXNNNNNNXNNNNNNN

31



7. |POLITECNICO

i S
> Methodologies&Tools ;& o% DI TORINO

isomiR-SEA

"Why is miRNA/isomiR identification
tmportant?

Metastatic —
MIiRNAS miR-7, miR-22, miR-30

OnCOgenIC Examples:

miR-17, miR-21, miR-155

MIiRNAS

Tumor
Examples:

Suppressor miR-145, miR-200, miR-205
MIRNAS

32
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isomiR-SEA

POLITECNICO
DI TORINO

State-of-the-art miRNA detection tools

Sensitivity

100

©
o

()}
o

n
o

N
o

C.elegans

G.gallus
Dataset

[ mireap
miRDeep
mmmm miRanalyzer
3 miRExpress
3 miRTRAP
s DSAP
C— mirTools
s mirena

Li, Yue, et al. "Performance comparison and
evaluation of software tools for microRNA deep-
sequencing data analysis." Nucleic Acids
Research (2012): gks043

H.sapiens

C.elegans G.gallus H.sapiens

33
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isomiR-SEA

Motivation

ISOmMIR-SEA

v" Implements a miRNA-specific alignment procedure

v’ Identifies miRNA, isomiR and interaction site expression profiles
v Uses Seqan library

v’ Freely available = http://eda.polito.it/isomir-sea/

v’ Users can easily configure the run
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Algorithm
The alignment procedure
Central
\
f \

Seed Offset Supplementary
T —

[
Read UAGCAGCACAUAGUGGGUUUUG

Mismatch: pos 13

Mismatch: pos 20

v
Mismatch: pos 17

By evaluating the positions of the encountered mismatches, isomiR-SEA can distinguish
among miRNAs/isomiRs and assess the conservation of miRNA interaction sites

35
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isomiR-SEA

Results

MiRNA/isomiR profiles in Somel dataset

hsa-miR-29a-3p interaction site profiles

100
(7))
3 80
w
c
O 60
—
O
©
—
O 40
I=
. — Sl Sl el 220 D
s BB i S|=|S S BB EL
< EE S o B B I o e B
> L ] ] 1 e S 4ﬂ4°°
o B ES < <l=|l<c <|<= EIEJIE]E]E
Avg#Reads: 5M _ Conserved nt
Col. | Interaction site Type | nt 8 | nt 9-11 | nt 12-16
offset-suppl-central X X X
offset-suppl X X
offset-only X
suppl-only X

Somel, Mehmet, et al. "MicroRNA, mRNA, and protein expression link development and aging in human and macaque
brain." Genome Research 20.9 (2010): 1207-1218 36
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isomiR-SEA

Remarks and Perspectives

To summarise

isomiR-SEA identified miRNA/isomiR and conserved
interaction site expression levels in normal and
cancer samples

% of isomiR

isomiR-SEA results allow to explain miRNA/isomiR
targeting activity

% of interaction sites

pre-miRNA evaluation
Future work: — read quality value evaluation

long non-coding RNA identification

37
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FuGePrior
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FuGePrior

Biological Background

The gene fusions

Translocation Insertion Inversion Deletion

Av Av v v vy

Bv vy A B A B
I

l A-B B A A-B

] | [T T
as N

| Y
Balanced rearrangements

Unbalanced
rearrangements

39
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Methodologies&Tools

FuGePrior

Biological Background

Which is the effect of gene fusions?

Promoter* Coding sequence Promoter* Coding sequence
—— — f : | : \

) |

Gene fusion - Deregulated Gene B - Chimeric A-B gene

Gene B -T_ _T.

Gene A

*Promoter: a region of DNA that initiates transcription of a particular gene

40
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"Why is gene fusion identification

tmportant?

Adenoid cystic carcinoma Glioblastoma multiforme

MYB-NFIB
NFIB-HMGA2

Mucoepidermoid carcinoma

MECT1-MAML2

Follicular thyroid carcinoma

FGFR3-TACC3
FGFR1-TACC1

Pilocytic astrocytoma
KIAA1967-BRAF

PAXS-PPARG .. _ Lung cancer
EML4-ALK
FGFR3-TACC3
Breast carcinoma. FGFR3-KIAA1967
ETV6-NTRK3 BAG4-FGFR1
FGFR3-AFF3
FGER2-CASP7 _ Clear cell renal cell carcinoma
FGFR2-CCDC6 SFPQ-TFE3
ERLIN2-FGFR1 TFG-GPR128

Ewing sarcoma

. Bladder cancer

FGFR3-TACC3
FGFR3-BAIAP2L1

EWSR1-FLIT > Prostate cancer
Small round cell tumors TMPRSS2-ERG/ETVI/ETV4
of bone SLC45A3-FGFR2
BCOR-CCNB3 Ovarian cancer
Synovial sarcoma . ESRRA-C110rf20
S$518-SSX1 e Colorectal cancer
S518-SSX2_ PTPRK-RSPO3

\ EIF3E-RSPO?2

Gene fusions are cancer-specific and their identification is considered fundamental for the
diagnosis and prognosis of several cancers

41
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FuGePrior

‘State-of-the-art gene fusion detection
tools

State-of-the-art tool comparison

12 1] Sample 1
[ 1] Sample 2
#FalsePositives = 19-6=13 |:| Sample 3
10 - 4
o > ® ¥ [ 1] Sample 4
(%]
c
S .
é v
c
)
)
(5 )
(e
]
o+
©
©
= 4
> 2
qa |
= © 9 A <o > NV R°
| I I
27 el P\ a(\ <
Pk woN Q? (f\Q € 0 O
O 0P 0@ e o o°

Kumar, Shailesh, et al. "Comparative assessment of methods for the fusion transcripts detection from RNA-Seq
data." Scientific Reports 6 (2016) 42
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Motivation

FuGePrior

v' Prioritizes fusions from gene fusion discovery tools
v" Implements a set of filtering and processing stages
v’ Integrates the driver scores from 2 Machine Learning algorithms
v’ Freely available = https://philae.polito.it/paciello/FuGePrior/

v’ Users can easily configure the run
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Algorithm

FuGePrior
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How are fusions prlorltlzed’? (1)

deFuse out file S1

_u ‘ ChimeraScan out file S1

J_J General out file S1

Out file
Formatting

v

Pegasus Annotation

v

Sample/Tool B
Separation

v

deFuse out file S1

_u ChimeraScan out file S1

J_J General out file S1

l

e

44



Methodologies&Tools

FuGePrior

Algorithm

How are fusions prlorltlzed’? 2)

Recurrent fusion
Idenhﬁcanon

/\

Unannotated
fusion Removal

Reactive fusion
Removal

0- spllt fusion
Removal

Output
Formatting

AAA
VVVVV

Oncofuse Annotation H

v 45
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FuGePrior

Algorithm

How are fusions prioritized? (3)

Promoter Promoter Analysis

Promoter Coding Sequence
- < Fusion mechanisr

Promoter Coding Sequencs

Promoter Promoter < Fusion Selection > ) ‘
- p(C|A)=P(A|C)P(C)

P(A)

e

46
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Introduction Objective > Methodologies&Tools >
 FuGeprior

Results

Do we really need to prioritize fusions?

Breast Cancer cell lines

MCEF-7 KPL-4 SK-BR-4 BT-474
>100 gene fusions ~ 100 gene fusions ~ 400 gene fusions  >500 gene fusions
m Chimerascan m MapSplice m deFuse m Chim-deF-MapS
m Chim-deF m deF-MapS ®m Chim-MapS

Av. #Reads: 28M

Edgren, Henrik, et al. "Identification of fusion genes in breast cancer by paired-end RNA-sequencing." Genome Biology 12.1
(2011): R6 47
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Priority fusions in breast cancer cell

Methodologies&Tools

FuGePrior

POLITECNICO
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# of fusions

600

500

400~

:

200 -

100~

I

BT-474

SK-BR-3

MCF-7

Detected Fusions
Fusions after C
Fusions after D
Fusions after E
Fusions after F
Fusions after L

goooon

I

KPL-4

N{ e G |I M General outl

= :. Ou tﬂ Formattin| g

I Pegasus Annotatio '\
V

< SmpI/T ISp t|

deFuse outl I (e
< Recurr. fu

<:Z:::g>nann. Fusion Remov_g]:::> D

-:Z::E{.eactive Fusion Rem&\%él::-

-i’.’::rout fle Formatﬁng---::j:-

Oncofuse Annotation

< Fusion mech. Analysis

S, S L

—___Fusion Selecﬁon =

Lo Outﬁlel D e Outﬁlez [ omsien ]

v Reduction in the number of fusions ranging from 65% to 75%

v’ 25 out of 26 validated fusions reported in output

48
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Remarks and Perspectives

To summarise

B Detected Fusions
3 Fusions after C
500} [ Fusions afterD ||
=3 Fusions after E
[ Fusions after F
W [ Fusions after L ||

BT-474 SK-BR-3 MCF-7 KPL-4

Future work:

&7, |POLITECNICO
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FuGePrior prioritized fusions from state-of-the-art gene
fusion discovery tools in breast, prostate, AML and

Burkitt’s lymphoma cancer samples

FuGePrior priority fusions were confirmed by both
previous researches or by PCR experiments

additional gene fusion discovery tools

— additional filtering stages

extensive ALL sample analysis
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Conclusions

Conclusions

de-novo

assembly
Variation
Read alignment detection

_ Genome

Genome functional
o annotation
prediction
Data analysis
support
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Conclusions
Variation
detection
VDJSeg-Solver tool
UNIVERSITA
di VERONA

JJer(12)(p11)

der(8)(q24)

] P
der(12)(p11)
A

FuGePrior tool

EEEEEEEEEEEEEEEE QUENCING
7/ for Targeted Personalized
=l Therapy of Leukemia
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Central
Seed Offset Suppl
RNA 5'4[ ATCTGGGTTCTATTTCATTTTAATACGCGTCTCGTG li 3’ Va rI ah O n miRNA 5, I{ﬂ{ﬂ{ﬂ{ﬂ{ﬂ{ﬂ{ﬁ{ﬂ{]ﬂ}{]{ﬂ{ﬂ{ﬂ{ﬂ{ﬂ{ﬂ{]ﬂn{n{n{] 3
B e g, 5. N Y
ate ate ° 51
detection
v" No Ig-Seq experiments v" miRNA reads have a complete seed
v' Multiple analyses on the same v isomiR profiles
datasets v Evaluation of miRNA/isomiR
targeting activity

v" Reduction of false positive predictions
v FuGePrior fusions are highly reliable

52
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