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Talk Plot

Next Generation Sequencing — CV and future
Flavours of NGS
Applications in Medicine

1. Oncology
2. Reproductive Medicine
3. Pathogen Genomics
4. Hematology
5. Al and NGS
6. Rheumatology
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Sanger Sequencing

«Infer nt identity with dNTPs and
visualize with capillary electrophoresis

+500-1000 bp fragments

- Expensive, laborious, time consuming

Whole Genome Sequencing:

Whole Exome Sequencing:

History of Next Gen Sequencing

Next Generation

(2™ Generation)

3rd Generation

Single Molecule Real Time
Long Reads Sequencing

Massive Parallel Sequencing

«High throughput from the
parallelization of millions
of sequencing reactions

-Sequence native DNA and/or RNA
in real time with single-molecule
resolution

+~50-500 bp fragments +Tens of kb fragments
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eDuration: <48 hrs
*Cost: <2000 euros

*Cost: <300 euros
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STEP1:
Extraction

E—é%

STEP3:
Sequencing

x1x]

)
|
I

Next Generation Sequencing Pipeline
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Multi — omics towards personalized medicine
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Integration Analysis
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‘ Results & Implications ",

Molecular Underpinnings
Within Tumor Immunity

Subtyping Exploration

Biomarkers ldentification

Prognosis Prediction

Customized Therapies

E’recision Medice ParadignD
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Different layers of —omics describe the
pathophysiology in a multi-parametric
manner

Need for advanced integration!

Molecular Subtypes of the disease

Precision Medicine = Personalized
Medicine

Dream or Sisyphean Struggle?

Chen S et al. Front. Immunol., 2022



Flavours of genome sequencing

Whole Genome Sequencing: every single bit, depending on depth,
de novo assembly

Whole Exome Sequencing: focus on protein-important events,
cheaper, weak at regulatory events

Targeted Sequencing: Evolution towards translational research,
sequencing for less curious people

WGS

30X !

WES

200X

Targeted

Panel
5000X

-

+ 2% of genome
+ 85% of disease

causing variants

+ Only targets of interest
- Seek specific disease

causing variants



NGS in liquid biopsies
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* Non invasive technigue (vs tissue biopsy)
* Markers for early detection, efficacy, refractoriness, prognosis

Ma L. et al.Signal Transduction and Targeted Therapy (2024)



Cancer prognosis and detection
through Liquid Biopsy

“ DNA mutation 7
MNMINDIN

1 l 1 \/_ RT-gPCR
Necrosis Apoptosis Exosome W
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* ctDNA: secreted by tumor cells or released into the circulatory system during the
apoptosis or necrosis.

* Mutations and methylation of ctDNA used as detection indicators

Ma L. et al.Signal Transduction and Targeted Therapy (2024)



Multicancer early detection (MCED) from circulating cell-free DNA
(cfDNA) = PATHFINDER

* Prospective cohort study to adults aged > 50
years without signs or symptoms of cancer

Oropharyngeal cancer (n=2) -,

~ Lymphoma (n=12)
SQUBH'DQUS cell Gradnoma stage n\

Follicular lymphoma stage |

- MCED testing (methylation pattern with Lu"g<n=1>\:

Squamous cell @ranoma stage IV |
Acenocardnoma stage il |\ |

Breast (n=5) -, | |
Carcinoma consistent with breast primary RM |'. '.\
Cardnoma consistent with breast primary RM ‘.l \|
Carcinoma consistent with breast primary RM \. \

Follicular lymphoma stage |
Marginai-zone lymphoma stage |
Hodgkin lymphoma stage |

Follicular lymphoma stage i

Follicular lymphoma stage i

Follicular lymphoma stage i

Follicular lymphoma stage i

Diffuse large B-cell lymphoma stage Il

Carcnoma consistentwith breast primary ”RM |
Carcinoma consistent with breast primary RM \
Liver (n=1) —__ X
No pathology stage | ’
Intrahepatic bile ducts (n=1)

Mature B-cell neoplasm stage V
Diffuse large B-cell lymphoma stage MV
Recurrent locl ancer, no pathology

Primary outcome: time to, and extent of,
diagnostic testing required to confirm the
presence or absence of cancer

Agenocardnomastagell  f
Pancreas(n=1) / L L o
AdenoGrdnomastagell . . Waldenstrom macroglobulinaemia (n=2)

e A cancer signal was detected in 92 where 35
participants were diagnosed with cancer
(TPs) and 57 had no cancer diagnosis (FPs)

True pasitve False positive

Small Intestine (n=1) -/
Adenocarainoma stage |
Colon and rectum (n=2)
Adenocardnoma stage IV ,
No pathology stage v/ /

Waidenstrom macroglobulinaemia
Waldenstrom macroglobulinaemia

\ . Lymphold leukaemia (n=2)
| Chronic B-cell iymphocytic leukaemia
Chronic B-cell lymphocytic leukaemia

Uterus (n=1) - /
Endometrial adenocardnoma stage |
Any laboratory test | 26/33 79%) 50/57 (88%) | Ovary (n=1) -/
Serous agenocarcinoma stage I

\ Plasma-cell myeloma (n=1)
Plasma-cell neoplasm

Of the 29 participants with new cancers,

Any Imaging test | e DR | Prostate (n=2) 14 (48%) were stage | or |l

Adenocrdnoma stage IV

Blochemical recurrence, no pathology  /

Any procedure | 27/33(82%) | 17/57 (30%) /
Bone (n=1) -/ ® USPSTF screening
Spindle-cell neoplasm stage Il ® NOUSPSTF screening
Any non-surglcal procedure | 26/33(79%) | 16/57 (28%)
Any surglcal procedure 3733 (9%) I:] V57 (2%)
T T T
100 50 0 50 100

s 3 Schrag D. et al 2023 The Lancet




Precision Oncology

Government * Industry * Academia * Community Oncology

N/

Registered: 6,391 patients
5,954 with tumor specimen

Sequencing (93%) — ——)p

Treatment assignment
(17.8%)

BRAF V600E/V600K: Dabrafenib + Trametinib, BRAF + MEK

inhibitors (ORR: 38%)

dMMR: Nivolumab, checkpoint inhibitor (ORR: 36%)

AKT mutations: Capivasertib, AKT inhibitor (ORR: 23%)

FGFR pathway aberrations: AZD4547, FGFR TKI (ORR: 8%)

HER2 amplification: Ado-trastuzumab emtansine, HER2 directed

ADC (ORR: 5.6%)

BRCA 1/2: AZD1775, WEE1 kinase inhibitor (ORR: 3.2%)

BRAF fusions, BRAF non-V600E/K: Trametinib, MEK inhibitor (ORR:

3%)

ERBB2 mutations: Afatinib, pan-ERBB inhibitor (ORR: 2.7%)

PTEN loss, PTEN mutations/deletions with PTEN IHC expression:
GSK2636771, PI3K beta inhibitor (ORR: 1.8%)

PIK3CA mutations without RAS co-mutations or PTEN loss: Taselisib,

PI3K alpha inhibitor (ORR: 0%)

CCND1, 2, and 3 amplification; Rb protein expression: Palbociclib,

CDK4/6 inhibitor (ORR: 0%)

Trial arms with no data yet reported

NCI-MATCH (Molecular
Analysis for Therapy
Choice) trial

Genomically driven,
signal-seeking precision
medicine

Treatment-refractory
malignant solid tumors

6,000 screened with a
total of 1,593 patients
assigned to 38 substudies.

O’Dwyer, P.J et al. Nat Med (2023)



3" Generation Sequencing — Long Reads

Nanopore Sequencing Principle

DNA is unwound by the motor protein
and one strand is translocated
through the pore to the +ve side of

membrane i '
DNA " ' ' . .-'.
U Characteristic :: \ i r x..'
drop
Motor . lonic \ \\ __.-'
Protein ; Current ¥)
- MinlON GridION

Nanopore
P Base

Each base gives a characteristic
reduction in the ionic current,
allowing the DNA to be sequenced

PromethION

Membrane

+r—i

lon —o

Longer Reads — 50 bp to 4 MB
Structural abnormalities (indels) and CNVs

Prone to errors but real FULL GENOME coverage



Reproductive specimens

Placental or fetal tissue
(products of conception
after spontaneous

pregnancy loss)

y o 4 { Y ( 2 “
( L5 <,-.\\ N 7,
Chorionic villi

(CVS)

A

Amniotic fluid
(amniocentesis)

Trophectoderm biopsy
(IVF embryo
undergoing PGT-A)

Rapid gDNA
extraction

(15 min)

Rapid gDNA
extraction

(15 min)

gDNA
extraction
(30 min)

gDNA
extraction
and WGA

(2.5 hr)

Relative
Copy Number

Short-read Short-read nanopore | Real-time

irary preparation sequencing @aanyss | Short-read transpore rapid

(45 min) (10 min for 1 sample to (30 minto 1 hr)

G LSS karyotyping (STORK)

« Ligation to barcode and __
sequencing adapters

W\
gz‘._\

218 sequential, remnant, reproductive
specimens of conception after
spontaneous pregnancy loss

&

~3
o™
—he

 Reduced cost,

e Same-day turnaround time
* Perform on-site

e Test for aneuploidy across

« Significantly different from
avirtual normal reference

Same-day results of aneuploidy screening

i e
1 . R R all chromosomes
15 T e e e Rl e T St e Pt
0= . ‘ :
X Y 1 2 3 4 s 6 7 8 9 10 1N 2 B WUI516VBVIAR
Chromosomes

Predicted karyotype: 47,XX,+13

Wei S et al 2022 NEJM



Real — time molecular epidemiology

% GISAID sequences of total
SARS-CoV-2-positive cases

I 240
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Molecular Surveillance = Genomic Monitoring

Escapees of therapy — Transmitabillity
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Pathogen Genomics in
Public Health

* Bacterial enteric illness: improves Isolated and enriched DNA

detection of and response to d&' \}0 \)0\
outbreaks d&’\?"\)&\

Next-generation sequencing platform

* Tuberculosis: allows better
targeting of interventions to stop
transmission

* Legionella: provides a new tool to
understand the ecology of the
pathogen in water systems

Asseniﬂedsequamzs
actaateetgoaacata:cccago..
lutnnllntg!lnﬂltlt¢¢clg=.4
.actaaaaaggcaacatatcccaga

* Potential agents of bioterrorism: K mstesasairorscaliatocoarle:
. . Evduﬁonayn!uﬁonshps
allows for improved forensics

Culture-based system vs NGS from specimens Ji;
METAGENOMICS

Armstrong GL et al 2019 NEJM




NGS in Hematologic Malighancies

Table 1 Genetic variants detectable by next-generation sequencing assay and of clinical utility in hematologic malignancies

Diseases Mutated genes Fusions

Myeloid malignancies ~ ABL1, ANKRD26, ASXL1>®, BCOR®®, BCORL 12, BRCC3?, CALR", BCR:ABL1, CBFB:MYH11, DEK:NUP2 14, KMT2Ar, MECOML,
CBL? CEBPAS, CTCF., DDX41°, DNMT3A® ETNK1, ETVES, EZH2°,  NUP98r, PML:RARA, RBM15:MRTFA, RUNX1:RUNXITI,
FLT3%? GNAS®, GNBIZ, IDH12S, IDH2*<, JAKZ®<, KITE, KMT2A%,
KRAS? MPLS, NPM1<, NRAS2S, PPM1D?, PTPN113< RAD21S,
RUNXIC SETBP12 SF3B13P< SH2B3, SRSF22P< STAG2°S, TET2?,
TP532< U2AF12RC WTIS ZBTB33? ZRSR2°

Lymphoid malignancies® BRAF, CXCR4, CYLD, DIS3, EGR1, FAM46C, FGFR3, HISTIHIE, ID3, ~ ABLIF, ABL2r, BCR=ABL1, CRLF2r, CSFIRY', DGKHY', DUX4r,
IRF4, KRAS, LTB, MAX, MYD8S, NRAS, PAXS, RB1, STAT3, STATSB, EPORY, ETV6:RUNX1, IGH:IL3, other IGHr, IL2RBr, JAK2F", KMT2Ar,
TCF3, TP53, TRAF3 MEF2Dr, MYCr, NTRK3r', NUTM 11, PAXSr, PGDFRBY, PTK28r,
TCF3:PBX1, TCF3zHLE TSLPr, TYK2r, ZNF384r

Cho YU et al 2024 Blood Research



Clonal Hematopoiesis (CHIP) Variants during Routine
Solid Tumor Next-Generation Sequencing

10
2479 cases sequenced for A i
solid tumor malignancy i

2139 cases without
mutation detected in

~J

(=]

regions of interest

U

340 cases with variantin
gene associated with CH

Mutation count
b

w)

132 cases had high

TMB >16 I
l l

Y

O = N

208 cases assessed for

y 3
- \ ) %
variantallele frequency ‘F* 3.\\ \S\

Q

149 cases had variant &
— allele frequency >10% in e
variantof interest

e I LS Clonal hematopoiesis (CH) and clonal cytopenia of
heme malignancy or low tumor . . oo . .
undetermined significance (CCUS) show independent risk

)\ V N, R D Q '1«
@‘ /\C A\ L ‘ Q*% t\ p&‘ (&Q‘ vs’

49 A
S A ’ v @ S

percentage

7 cases with heme malignancy,

‘ — 21 cases with low tumor % factors for cardiovascular disease and myeloid malignancy

excluded, and 2 cases with
common variant excluded

29 cases included in study

Menon A et al 2024 J of Mol Diagn.



NGS for diagnosis of myeloid cancers

DNA Preparation

A Tumor Sample

Rapid Library

Construction and QC

Sequenceready fragment

8 hours

60x Sequencing
and Preprocessing

>CD<

B Diagnostic Yield in 68 Consecutive Patients with AML
20

Automated Analysis Genome Report

15+ New information

10

5 " New risk-defining information

Chromosomal gain or loss
Translocations
‘Gene mutations

No. of Patients

T_

0

 w

1l

Cytogenetlcs+ FISH
Cytogenetics

3 hours

>

t

A A

B Identification of New SVs

No SVs detected (N=183)
M New SV (N=13)

No. of SVs

13 new SVs

A WGS Sensitivity
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1(5q)/=5 = [ | |

Chromosome7 eletion - I |

| |
PML-RARA- | | [ | [ |
RUNX1-RUNXITI - |
CBFB-MYH11 - |
MLLT3-KMT2A ~
t(v;1123.3) - |
inv 53) (q21.3926.2) ~ |
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C Identification of New CNAs

100+ No CNAs detected (N=83)

90 I New CNAs (N=14)

80
70
60

504

No. of Patients

40

WGS Results

304

No. of CNAs
O =N WA VIO N ® O

20

104 21 new CNAs
identified
0-

CNA O @

NPM1lc
Biallelic CEBPA :l

Confirmation

FLT3.ITDhigh by PCR -

i

Method

68 Consecutive Patients with AML

Whole-genome sequencing = rapid and accurate genomic profiling in patients with AML or MDS
Greater diagnostic yield than conventional cytogenetic analysis and more efficient risk stratification

Duncavage EJ et al 2021 NEJM

17/68 (25%) with new findings

— 10/68 (15%) with redefined risk

ELN Risk Category
[ Adverse

B Intermediate

[ Favorable

[] Undetermined

WGS Result
M Concordant finding
M New information

[l New risk-defining information
vs. cytogenetics+FISH



Artificial Intelligence

Random forest models

Models that operate through
the application of decision trees
to iterative subsets of data

s Hyperplane
e ., Supportvector machines
. Models that separate subgroups
according to a
e X (separation) in n-dimensional
space

Feed-forward

neural network B 1

attention

Encoders

t )
Muiti-head ! [

Machine learning
( Traditional models Deep-learning models
e e - Logistic regression ) Input neuron [ Hidden neuron ] Output layer
Y m:’:ﬂ:;‘::ﬂ?mn has ® Output neuron n Ir?ut layer u Cwmimi layer
models in which the outcome © Neuron [ Hidden layer () Pooling
o X = variable is discrete
Bayesian networks 0\""-".\\. Artificial neural network
Probabilistic graphical models in o< "X® Learning models inspired by the organization of the
which a set of variables and their o I human brain and that comprise nodes called neurcas
conditional dependencies are e
modeled with the use of graphs L
that are directed and acydlic I Deep neural network
Neural network with multiple hidden
e g layers of alhemaﬁrg wghts ar{\d mginear
ata
Hlﬂuluyim models - into useful r:presermons (eg- for
= Probabi graphical prediction or dassification)
S\ modek that are undirected
"@ and may be gyclic
o] Coavolutional newral network
I [EX 7@ | Deep neural network that applies
Image E ﬁ Y U600 | sliding filters over the input data,
H ' A F7@ | often animage, 1o extract
ko) redevant features at different
spatial locations

Auto-encoder network
Deep neural network that
learns to encode and
reconstruct input data to
capture essential features

— Recurrent neural network

E Deep neural network that
processes saquential data by
using feedback connections
that allow information to

m persist over time during the
modeling process

Bidirectional recurrent
neural network with
LSTM units

Complex recurrent neural
network that effectively
models sequential data

Hidden Cell

state

Input _tvera by processing it in both
— forward and backward
directions, enabling it to
capture information from
distant elements in the
sequence through LSTM
units

Feed-forward
neural network Transformer models
Deep neural networks that use
self-attention mechanisms to
Tm relationships between
erent elements in a sequence

T
Multi-head
attention

)
Self-attention

)

Al in Molecular Medicine

* Multi-omics data are complex before the description of
pathophysiology

* Analyze down to abstract and low dimensity data
* Traditional and Deep Learning Methods

* Hidden motifs

e Accuracy in variant calling

* Prioritization of variants for rare diseases — Causal for
Mendelians

* Haplotype for clinical management

Drazen JM et al 2023 NEJM



The idea of the Digital Twin

A Healthy Individual
or Patient

DATA
COLLECTION

Data Collection
for Digital Twin

Multi-omics data

——

Wearabledata

Lifestyle information

Environmental data

Electronic Health
Records (EHR)

SIMULATION

Medical Digital Twin

(Virtual Replica
of Individual)

PREDICTION

Outcome Prediction
with Digital Twin

v,

Disease prediction
& early intervention

it

Phenotyping / endotyping

2

Virtual clinical trials

ad

Optimal treatment
strategy

Health trajectory
prediction

INTERVENTION

el G
A Healthy Individual
or Patient

e Al training datasets concluding with next

gen data

* Predictive models to twin every new
individual to a phenotype universe

* Paradigm = Musculo-skeletal complaints

POPULATION

Musculoskeletal
complaints

1.71 billion people
globally

100 million people in
EU

s L8
0
A
~
gs
oa

2 2
[\
25
c=a
¢ 2
=
=5 2
A
I
)

SPIDeRR study
DATA n=>7,000,000

A ) B (=)

GENETICS BLOOD TEST QUESTIONNAIRE
ANALYSES
Modular Patient-Patient

diagnostics similarity
wpP3 network wps

OuUTPUT

Rheumatic?
Disease risk assessment
for patients Wwe3

Modular-SPIDER
Diagnostic tool for

éprimary-care WP3

Rheumatic digital twin
Treatment and diagnostic
tool for rheumatologist
wPr4

Novel risk identification
we3

(Computational)
solutions for large scale
data analyses

Implementation plan
wpée

Tadao Ooka, JIMA J. 2025



Whole Blood Transcriptome Profile establishes
Molecular Endotypes of the Disease

The genomic landscape of
ANCA-associated vasculitis:
Distinct transcriptional
signatures, molecular endotypes
and comparison with systemic
lupus e%hematosus

- | .

v
v

G1 G2 G3 G4

Unsupervised molecular taxonomy analysis = 4 endotypes with neutrophil degranulation, aberrant
metabolism and B-cell responses as potential mechanistic drivers.

Therapeutic insights directed towards B-cells, complement cascade, type | IFN or drug repurposing

Banos et al. 2023 Front Immunol



TREX1 loss-of-function
Aicardi-Goutieres syndrome (AGS)
« Homozygous, autosomal-recessive

« Paediatric onset

« Autoinflammatory, CNS disease

« Chronic STING activation

« AGS can also be caused by
mutations in other genes

TREX1 C-terminal frameshift

Retinal vasculopathy with cerebral
leukoencephalopathy (RVCL)
« Heterozygous, autosomal-dominant l

» Adult onset

« Vasculopathic/ischaemic, multi-organ

disease

« Mislocalization of TREX1 from ER to @

cytosol and nucleus

« Unclear relationship with interferon

and STING

STING gain-of-function

STING-associated vasculopathy with

onset in infancy (SAVI)

« Heterozygous, autosomal-dominant
or de novo

« Autoinflammatory, lung, multi-organ
disease

« Spontaneous ER exit of STING

Rare inflammatory phenotypes

STING-TBK1-IRF3
signalling complex

Inflammation
—» Autophagy
Interferon response

COPA missense mutation

COPA syndrome

» Heterozygous, autosomal-dominant

» Paediatric or adult onset

« Autoinflammatory, lung, multi-organ
disease

» Associated with ANCAs

» Golgi trapping of STING, COPI vesicle

defect

Targeted Sequencing with Panels of autoiflammatory/autoimmune entities
Enrichement through WGS/WES

Genotype — Phenotype Crosstalk

Viral

Donglin LT et al 2019 Nat Rev Rheum



Genetic variations of TLR7 drives SLE phenotype

Article

TLR7 gain-of-function genetic variation . _
causes human ||.IDI.IS Whole exome sequencing -> De novo mutation
+ TLR7 - sensor of degraded genetic material TLR7 p.Tyr264His (Y264H) missense variant (GOF)

Case = Female from Spain with SLE diagnosis

since 7th year of age Physicians do not want to Insertion of mutated allele in

hear about mice " mouse model with CrispR/Cas9 Autoimmunity

Refractory ITP, high titer ANA/anti-dsDNA, low

TLR7+*+ 100 Anti-DNA Anti-RNA Anti-smRNP

H . ; 'o,0.0391 !
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Whole exome sequencing in rare pediatric cases

Increased interferon | signaling, DNA P
damage response and evidence of T-cell
exhaustion in a patient with combined
interferonopathy (Aicardi-Goutiéres Syndrome,
AGS) and cohesinopathy (Cornelia de Lange
Syndrome, CdLS)
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Take Home messages

NGS is rapidly showing the potential to subsitute convevntional laboratory diagnostis

Whole Genome Sequencing yields high accuracy information but still disconnected of
clinical practice due to cost/logistics

Precision Medicine is built on next generation sequencing — Milestone yet to come
Artificial Intelligence is connecting the missing parts for big —omics data

Therapeutic resolution for rare diseases
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