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Different diagnostic situations in current genetic testing

Additional omics data

® ¢ 0®
@
D:ta shla'rij‘g /PR 1. ldentification of P/LP variants with well-
eanalysls . . . . .
e functong T e ' Functional variants established association with disease
I . in unknown genes
. assessment : phenotype
Overall o *\ ;
16914 SR

Identification of new P/LP variants in genes
with known association with the phenotype

Post-QC
16683

VAF<0.01

3. Identification of variants of unknown
significance in genes with known association
with the phenotype

v" A fourth case should be considered, i.e., the
Population frequency identification of functional variants in genes with
gnomAD, TOPMed unknown association with the phenotype

Quality control
fastqc, read depth>20

- Adapted from Licata L, et al. Frontiers in Molecular Biosciences 2023
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NGS ortreaq) diagnostic yield

DVIVBMY  JGu

N\, DIPARTIMENTO DI MEDICINA MOLECOLARE E
=2 BIOTECNOLOGIE MEDICHE BTECHOLOGHE AVANIATE %

i FRANGCA SLLYATGRE

Outcome of
genetic analysis

Clinical genomic

sequencing
Positive
Pathogenic/Likely Pathogenic Candidate variant(s) of No variants
Variant(s) in Gene Consistent with uncertain significance (VUS) reported
Phenotype and Inheritance Mode
v WGS after WES
not solved

20 2/) Could have

151 been solved

cases with exome
reanalysis

744

cases +srTWGS

O,
Undiegroscd : 86216 e ]
after standard et Aot

genetic testing
solved 6 Also needed
=Sl RNA-seq

(mostly exome)

Mean Coverage

B Exome coverage
Genome coverage

Genomic Location of Exons

! Detectable by exome M Requires genome [ Requires RNA
sequencing sequencing sequencing

New Gene _ |

Known Gene, Promoted Variant

Structural Variant

[

Coding Variant with Poor
Coverage in Exome Sequencing

Deep Intronic

mtDNA Variant

||

Tandem Repeat Expansion

Noncoding RNA Variant I

T T T T 1

0 10 20 30 40 50
No. of Diagnoses Missed by Exome Sequencing

Wojcik MH, etal. N Engl J Med. 2024
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Beyond the exome/genome

@

5155 UNIVERSITA DEGLI STUDI DI NAPOL
J. DB w
(XDU’ ARTIME E TO DCI O CCJ\REE

%

[ Non-diagnostic WES/WGS ]

e ‘ \( ‘ 'q 4 N * N\ * \
Short-read GS RNA-seq Computational || Phenotype-driven || Complementary
assay omics
Structural variants | Expression outliers || Periodic re-analysis Metabolomics / Methyl profiling
Deletion Lipidomics
== ) I
v n n X " 6 T
Tandem duplication nllHHNTHH A @ o, ‘£. I iRe ¥
S (]t
= .- - Bl % @ Vethylated
Insertion el ] Updatﬁgtg;g;etaﬂon ' 748 ft - O Unmethylated
S s 0
—(ar O= X S oA
““““ -, ) log2(FC) Proteomics
Translocation Allele-specific Case matching
:ﬁ\x/—: expression Control
= o @ 2
:m-: M Allele 1 g A
Tandem repeats IO Alle2 £ Patient
—EEEE— Transcriptomic o
(CAG)n structural variants || Match with other patients
Gene A Gene B and databases
- -
. ~
Long-regd L Fusion transcript 4 J
sequencing
- H v
Resolve and confirm 3
structural variants L Intlegrate:i anaIVISIS ]
\ 2 v
[ Diagnosis ]4—»( Functional studies ]

Molecular diagnosis

and clinical interpretation

ln wtro

In wvo

©¢ >0,

Cellular models
and assays

Animal models
and phenotype validation

(ﬁ HCQ '0‘!(

v There are several technologies and methods to improve the
diagnosis of hereditary diseases when WES/WGS are

unrevealing

1. Computational approaches - periodic re-analysis, CNV
detection

2. Long-read sequencing = complex or structural variants

3. RNA-seq

4. Methyl profiling

5. Proteomics

6. Metabolomics

Adapted from Marwaha et al., Genome Medicine, 2022.
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Main unmet need: assigning clinical significance to VUS

S

Computational
Periodic re-analysis

iElle

Updated interpretation
over time

Case matching

ii-#

Match with other patients
and databases

0 A VUS represents uncertainty, not a diagnosis

Genetic test
finds a variant

A>G

Panels, WES, or WGS
may detect a DNA
change.

©

What is a VUS?

-»?-»

AVUS is a genetic
variant that cannot
currently be classified
as benign or pathogenic
because evidence
is insufficient.

Why does it happen?

Limited knowledge

of gene-disease links

& Incomplete or
= evolving databases

Few similar cases
in the literature

Lack of functional

é studies

o ® ¢ Insufficient family

1 YIRS

F/gure created with ChatGPT (OpenAl) from author- prowded scientific content; final content reviewed by the author

What does it mean
for the patient?

-0

\
i
13

It is not a definitive
diagnosis.

It does not confirm
disease.

It does not exclude
a genetic cause.

A VUS should not be
used alone for
medical decisions.

5

How should it be
interpreted?

Always integrate the VUS

* with:

. Symptoms /

n phenotype

m Medical history

(Y Family history

Other laboratory
findings

23 UNIVERSITA' DEGLI STUDI DI NAPOL FEDERICO I

N, DIPARTIMENTO DI MEDICINA MOLECOLARE E
(/ b BIOTECNOLOGIE MEDICHE

6

BIOTECHOLODEE AVANIATE

FRANGD SLLVATERE

reclassified as:

What happens next?
® 09, .
& @y
Genetic Possible  Follow-up
counseling  testingof  and periodic
relatives  reanalysis
Over time, a VUS may be

f Likely pathogenic / pathogenic

or

‘ Likely benign / benign

New evidence may come from
literature, databases, functional
studies, and segregation analysis.
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Why reanalysis matters in variant interpretation

S

Computational
Periodic re-analysis

iElle

Updated interpretation
over time

Case matching

®e e°
19-9P
\.' '[‘

Match with other patients
and databases

U Data reanalysis is important because
» Variant classification is dynamic
* The phenotype may change over time
* Hot-VUS deserve closer attention

o Phenotype evolves

= ® : &
E B

c Classification is dynamic

N
R

@ Eiidence changesiover tine + New clinical features may emerge
v Variants may be reclassified Py Can S ptsct
o L v Reanalysis can improve
+ Periodic review is useful interpretation
'i Reanalysis / Re-evaluation
OVER TIME

F/gure created with ChatGPT (OpenAl) from author- prowded scientific content; final content reviewed by the author

"
>

9 Not all VUS are equal

Benign VuUs Pathogenic

VUS cover a broad range of evidence

Some are more suggestive: “hot-VUS”

Some hot-VUS may be considered
candidate variants for diagnosis.

/"3“
4

A
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Systematic reanalysis of NGS data SNV -
(: T oTenoosE - g

O Clinical exome sequencing (CES) cohort - to establish a standardized reanalysis workflow for partially diagnosed patients

/ \ PHASE Il — REVEAL
PHASE |

/ )
COHORT CHARACTERIZATION ( \

PRIMARY TARGET ‘
‘ FOR REANALYSIS h

Partially Diagnosed (PD) cohort

Targeted CNV

Variant Segregation analysis
\ / reinterpretation analysis  lectod PD
2,284 index cases \_ V2N % %
2020-2025 l
@nographics * Phenotypic categoy
Molecular outcome IMPROVED DIAGNOSTIC

RESOLUTION

Manno M, et al. In preparation (2026)
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Systematic reanalysis of NGS data (clinical exome seq)

= C
J BB -
@mp RTIENTO Ol DA HoLECoLGE B g

8
B ERANED SALVATORE ci»’un Ge“\?

Case-level analysis

34

cases reclassified

34/1,084 PD cases (3.1%)

Variantreassessment

16

cases reclassified

16/104 analyzed (15.4%)

Segregation analysis

ACMG evidence from segregation

PS2: 9 - de novo occurrence

PMa3: 7 —variants confirmed in trans

2/16 cases also required variant reassessment

51 additional molecular diaghoses

34 variant reassessment ¢ 16 segregation 1 targeted CNV

1} 2,3%
diagnostic rate

1

positive case =

1/145 analyzed (0.7%)

Targeted CNV analysis

Manno M, et al. In preparation (2026)
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Next-generation sequencing in congenital hemolytic anemia

O Systematic review and meta-analysis

 NGS resolves nearly half of suspected CHA cases, with the

highest yield in familial and red cell membrane disorder
cohorts

60 -

10 885 44.3%

H
o
L

. . Pooled positive detection rate
Included studies Patients 95% Cl 32.4-56.3

Diagnostic yield (%)
w
=)

n
o
1

10 A

NGS Diagnostic Yield in Congenital Haemolytic Anaemia
Overall, by family history, and by disease subtype

Overall

)

51

Family history

10

Sporadic Membrane disorders  Enzymatic disorders Haemoglobinopathies

Xie & Zhong, Clinical and Experimental Medicine 2025
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Next-generation sequencing in congenital hemolytic anemia

O Clinical implications: prioritize NGS around core genes

GPI 0.94%

PKLR 17.10%

_ SPTB 25.06%

@ e
76 82% of positive variants mapped . 4 b
. - KLF1 7‘\\.,\
to five genes R -
@ c£rs41/EPBA2
® SPTB 25.06% @ s
@ HBAIHEAZHES SEC23B 3.28% —
® PKLR 17.10% @ 1w ADAR 0.47%
@ e ALAS2 0.70% e
® ANK1 11.94% . piEZOY — ~___ ANK111.94%
® SLC4A1 11.48% E HFE 0.23%
° . @ stce HBA2 0.47% KLF1 0.47%
SPTA1 11.24% @ ceo HBA1/HBA2/HBB 3.28% /
@ Aoamsis SPTA1 11.24% 7/ SLC4A1 11.48%
@ Par EPB41/EPB42 1.41%
. GPI
Caveat
Suspected CHA — NGS panel/ WES ——  Moleculardiagnosis —— Care & counseling

Rare subtypes and WGS-vs-WES
comparisons remain underpowered

Xie & Zhong, Clinical and Experimental Medicine 2025
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Refined classification of PIEZO1 variants

.,'..V':':'Y\'.’)»MJM‘)RA STUDI DI NAROL i .i
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BIOTECHOLODEE AVANIATE

S

Computational
Periodic re-analysis

iElle

Updated interpretation
over time

Case matching

ii-#

Match with other patients
and databases

A

Variant source Variant effect prediction c Pathogenic/Likely Paﬂ“’gen': E:;'—ép
g
"""" — VUS-LP
0000000000 4
0000000 e0 VU
000000000 o
000000000 ® Uncertain 5|gn|ﬁc2agn§:; 780
Q000000000
Q000000000 UsLe
000000000 4 Yo
:::::::::: Benign/ Likely Benign ‘/?,-—;"/
128 = )
Total = 2565 000000000 . ——_ e
GromAD B inframe insertion (1.1%) N;’ﬁ - . 622
u gFomAD & ClinVar M inframe deletion (1.9%) Auvtormated » |
invar p utoma anua
MW Private = missense (97%) classification classification

Variant curation was carried out on 2565 gnomAD- and ClinVar-annotated
variants, as well as on private variants observed in our internal cohort of patients

Among VUS, 1005 were reclassified as follows:
« 487 as PLP
- 518 as BLB

Phenotype-based reclassification of 39 variants from 56 patients. Among
them, 13 VUS were classified as diagnostic pathogenic variants (10 P/LP and 3
possibly pathogenic)

FRANGD SLLVATERE

- TECNOLOGIE MEDICHS
e

B Phenotype_based reclassification
|_ ———————————————— I. Pathogenic
P",ig |
|
| | Likely Pathogenic
1 43
VUS-LP : :
1 |m Possibly Pathogenic
Vus | 13
3 II Uncertain significance
|
VUS-LB
47
1 I Possibly Benign
1
g
Benign
B9

Phenotype_based evidences

PP1, 31

Rosato BE, et al. Blood 2026
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CNV analysis from NGS . rc,q) data

<555 UNIVERSITA DEGL STUDI DI NAPOL
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e
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BIOTECHOLODEE AVANIATE

|

[ Short-read GS |

Structural variants
Deletion

Translocation
)(\
= —
Tandem repeats

— . —
(CAG)n

Computational
Periodic re-analysis

Elic

Updated interpretation
over time

~

monogenic cases

WGS

Case matchin .
’ Whole-genome sequencing
o9 . 5] g-’{: @ PCR-free, low bias, uniform genome-wide coverage
?' '[ J @ Best for accurate CNV calling and breakpoint detection
; ; 0 Best overall choice
Match with other patients
and databases
HETW WES '
Whole-exome sequencing
@ Exon-focused, uneven coverage in intronic/non-coding regions
® WES-CNV can add ~6-18% diagnostic yield
S

0 Useful, but limited for single-exon CNVs

Targeted NGS panel

Targeted sequencing (gene panels)

Narrow capture and irregular coverage
Higher false-positive / false-negative risk

o Needs CNV-aware pipeline + orthogonal validation

Counts

Counts

Counts

FRANGD SLLVATERE

O Copy-number variations (CNVs) contribute to the pathogenesis of up to 15% of rare

U Coverage uniformity determines CNV confidence

WGS coverage distribution
600k

400k

200k

0 20 40 60 80
WGS coverage

WES coverage distribution

1000

1500
WES coverage

Targeted NGS coverage
60k

40k

20k

1000
Targeted NGS coverage

0 500 1500

Trudsg LC, et al. PLoS One. 2020; Rgyer-Bertrand B, et al. Genes (Basel). 2021; Louw N. Front Genet. 2023
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CNV analysis from NGS;.caq) data: an example

5135 UNIVERSITA DEGLI STUDI DI NAPOL FEDERCO I
T el ECOLARE E
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|

[ Short-read GS |

Structural variants
Deletion

__________

________

Translocation

Tandem repeats

— . —
(CAG)n

Computational
Periodic re-analysis

Elic

Updated interpretation
over time

Case matching

“".f“
it

Match with other patients
and databases

Proband

2017

N, DIPARTIMENTO DI MEDICINA MOLECOLA?
- i i
e

s+ Age 1: Microcytic anemia with spherocytes

s»Age 7: Splenectomy performed; anemia persisted despite the procedure

**Age 7: Bone marrow aspiration (clinical suspicion: CDAII)

s+ First access to the laboratory: 2017

2018

®

Identification of the heterozygous
pathogenic variant R14W in the

. ? 1

SEC23B gene
SEC23B direct WES
sequencing (SNV detection)
o Nosecond variant identified
'Caplure
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CNV analysis from NGS;.caq) data: an example

|

Structural variants
Deletion

__________

________

Translocation
)(\
s .—
Tandem repeats

— . —
(CAG)n

[ Short-read GS |

Computational
Periodic re-analysis

Elic

Updated interpretation
over time

Case matching

@ ®
°.22
L

Match with other patients
and databases

!’-_-‘\

SEC23B direct
sequencing

r—
‘,__.,: s+ Age 1: Microcytic anemia with spherocytes
s»Age 7: Splenectomy performed; anemia persisted despite the procedure
**Age 7: Bone marrow aspiration (clinical suspicion: CDAII)
s+ First access to the laboratory: 2017
Proband
2017 2018 / 2024 o Heterozygous R14W variant in SEC23B

CNV involving exons 8-11 of SEC23B

T

WES
(SNV detection)

D T ) i) © ——
T |

Custom panel for H-RBCDs ] e
SNV + CNV Analysis - - ,
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Long-read sequencing (LRS): same genes, longer answers DB
(j T oo o
l

 Detectable variant types

v'Structural variants (SVs)
» Large insertions/deletions
* Inversions
» Translocations
« Complex rearrangements

SNV/INDEL

v'Repeat expansions e A
« Tandem repeat disorders 29% | \ 9%

Undiagnosed
65%

v Copy number variants (CNVs)

vus

5% l o

v'Variants in highly repetitive or GC-rich regions

i
Resolve and confirm
structural variants

v'Phasing of variants
» Haplotype reconstruction
 Allele-specific effects

—
v Epigenetic modifications
« DNA methylation profiling
F/gure created with ChatGPT (OpenAl) from author- prowded scientific content; final content reviewed by the author z - Ek et al. Genome Medicine 2026
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Long-read sequencing (LRS): same genes, longer answers BB

N, DIPARTIMENT EDICINA MOLECOLARE E
(/ b BIOTECNOLOGIE MEDICHE B

v" Main indications for LRS in the diagnosis of hereditary red blood cell disorders
« Genome-wide LRS enables the detection of sequence variants as well as
* DNA methylation status

@ srrar 60%
® cpp 20%
() SEC23B  20%

patients AL

U Pilot study of 10 selected cases

Y | Phasing: SPTA1 + alpha LELY )C Skewed X-inactivation Phasing: SNV + CNV
LINK VARIANTS ACROSS
RESOLVE COMPLEX ALLELES EXPLAIN VARIABLE PHENOTYPE STRUCTURAL CHANGE
a0 pw = DUPLICATION
) (chr20:18507016-18513388)

SPTA1 , Y GePD F Q SEC23B

SPECTRIN \ : 4/ GLUCOSE-6-PHOSPHATE X SEC23'HOMOLOG™8.
ALPHA, ERYTHROCYTIC " \1\/ DEHYDROGENASE ‘ HETEROZYGOUS (COPII COMPONENT) -‘ “

FEMALES
Resolve and confirm
structural variants / Purpose /‘ Pu rpose , Purpose
@ Resolve phase between pathogenic SPTA1 variant and o Clarify phenotype in heterozygous females @ Determine phase of SEC23B p.Arg14Trp with
¢.6531-12C>T (alpha LELY modifier allele). with multiple G6PD variants. heterozygous duplication
chr20:18507016-18513388.
—
. = E 6Asp p.Asp181Val

7 Bample o A774*  pleulssd TrpS9T*  VUS/LP/P g Example  PAsni2 =

? variants £ i - AL B variants ? Exa.mple CNV VUsS
p.Arg365Cys p.Ala335Thr A variants
30 ;
a@mn Patients LRS_1, LRS_2, LRS_3, LRS_6, LRS_7, LRS_8 "zg Patients LRS_4,LRS_5 :"‘ Patients LRS_9, LRS_10
Figure created with ChatGPT (OpenAl) from author-provided scientific content; final content reviewed by the author ) o

i R -
MEETING DEL CLUB DEL GLOBULO ROSSO 202 NAPOLI, 28-29 SETTEMBRE 2026



Long-read sequencing (LRS): same genes, longer answers '\) VB ?ZE'-

DIPARTI IME\TO DI MEDICINA MOLES coJ\:aE E

[ TECNOLOGEE MEDICH BITECHOLOOME AVANIATE
% FRANCD SALVATERE

v" Main indications for LRS in the diagnosis of hereditary red blood cell disorders

° PubMed: “long-read

. T sequencing” and "thalassemia”
High sequence similarity

) ————
Conventional workflow Long-read advantages
E E H Multiple . .
: 2\ | EE
sequential tests
A © [ ] O O
—) 2020 2026
Rare / complex PR
& variants migsed meig“o One assay SNVs + indels Large deletions / SVs
TO A CLEARER
PICTURE
A
e i HBALIHBAZ i o ..
CEIRT riE homology challenge . PR
T Li cis & trans e
Resolve ar}d confirm g
itk S Cis/trans phase Fusion / - " Better genotype-
8 L2 2 often unclear recombination events Cis/trans phasing phenotype fit
CIs rans
H ' 16 = - . Long reads span complexity
T Ay e . RN
HEAD' HBA1 HBQ1 HBQ2 AL
2 +17.7% Resolved rare ? Single-test
l'l clinically significant rare cases a-globin rearrangements ° comprehensive profiling

Jiang F et al. Gene, 2022

Zhou X et al. Human Mutation, 2026

Shi Q et al. Reproductive Biology and Endocrinology, 2026
AGTC Genomics, 2026
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Integration of DNA-seq and RNA-seq

@

0 UNIVERSITA DEGLI STUD! DI NAPOL c
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| S

.

RNA-seq

Expression outliers

il il
Aberrant splicing

L e L
NN

Allele-specific
expression
SANAN Alele
IANAN Alele2

Transcriptomic
structural variants
Gene A GeneB

/
Fusion transcript

8
ERANC SALVATORE cﬁ""srz Ge“\?

v" Main indications for RNA-seq in the diagnosis of hereditary red blood cell disorders
» Functional assessment of variants affecting RNA splicing

» Detection and quantification of aberrant transcripts

« |dentification of alterations in transcript structure or expression associated with regulatory variants

c Clinical case and pedigree

1.1

® 7-year-old child with suspected
Fanconi anemia

® Family history consistent with
autosomal recessive inheritance

e DNA-seq findings

Pathogenic nonsense
Targeted NGS variant in FANCA
(FANCA and related =
genes) ¢.3064C>T
(p.Gln1022Ter)

Deep intronic
WGS A
E (aeniinewidé] - FANCA variant

€.2982-411G>A

® WGS was then used to investigate
the missing second allele and identified
a deep intronic FANCA variant.

1.1

FANCA: ¢.2982-411G>A

1.2

FANCA: ¢.3064C>T

(Het) p.GIn1022Ter
(Het)
.1
Compound heterozygous

FANCA: ¢.3064C>T, p.GIn1022Ter

FANCA: ¢.2982-411G>A

Integrated

DNAseq/RNAseq analysis

e RNA-seq support

FANCA (chr16) ——1 + # B i

Mother (1.2) —
AF:0,5 T = =
=
Proband (I1.1) = —
AF:083 | -il =
Father (1.1) i
Reference C T CA A G T i€
FANCA
5 -
®
4 o _E_
o ®
2 ;
w27
1{ %° % °
0

H(l:s Probanlcl n.1) Moth'er (1.1) Fathelr (1.2)
(n=6) (n=3) (n=3) (n=3)
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- @ ce
Integration of DNA-seq and RNA-seq \}DMEM Lin
(i T oTeLeE o s

RNA-seq 9 RNA-seq analysis workflow e Integrated diagnostic workflow

From sequencing data to candidate genes and variants Stepwise and complementary approach for molecular diagnosis

Multiple sequence alignment
Full diagnosis

RNA-sequencing ] Seql TAIT 6 €A TIGIEI A CIT
()
z

Expression outliers

o000
o000
> »r»
o ogo
o ool

> »
“~ ===

a ol Seq2 - /ﬁl
‘ DNAseq by Causative P/LP

B=-=8 l
- AT T c (
11 ﬂ”lﬂn” hL Seq3 NI clgcAcm |  Single gene analysis
b : : : z" Lby Sanger sequencing |
icil heatma| 7
] g i) ! m t:NGS for H-RBCDs yarnts
o - W AAAAARNAS | J
N A Differential expression analysis Variant calling analysis \ w
= ATGCTAGCT

Allele-specific ; Ref. transcriptome generation
expression B Quity check (Fastac) B ey
SAA
SASAN Al
£='  Mapping (HISAT2) £ Mapping (BWA-MEM2) Full Rare VUSSs /
A — — dogoss | fetemous
Transcriptomic 9 Variant calling and filtering
aamcrplome M Sample variance (CummeRbund) Q (GATK HaplotypeCallen .
Coo A GerolB = | Complementary genomic approaches
— — ifferential expression = =
Q (Cufflinks suite) & Annotation l l l
e T
Fusion transcript o DNAseq by WES DNAseq by WGS & RNA sequencin
D S l Filter A: { g eq by § eqhy b 9
Filtering out NOTEST e * Population frequency i
v Variant prioritization €--  (gnomAD exome_AF < 0.01 or NA) ‘ o Evaluates gene expression
* CADD score 2 20 G = « Confirms variant effects
FC sample vs HCs o Genotype quality & total depth (>20) Causative P/LP variants Causative P/LP variants « Identifies aberrant splicing
v o SIFT/PolyPhen in known genes in non codmg / regulatory  Helps resolve inconclusive DNA findings
S 3 regions
FC212 - ]
v [ a Variant list j «--- Insilico p :
E DEGs list 1 RedPanel Supports, but |
v . -—Pp inconclusive
7:10% P X . - &4 Inheritance analysis : ! v
~7- ultiple comparison vs relatives : - :
0 an P f v : Full Full Partial Negative
di agn ostic o’ﬁ G0 analysie a ACMG classification ' diagnosis diagnosis diagnosis diagnosis
rate 1 :
(selected E )
X Candidate causative Candidate causative Known : 4 3
S : a
phenotypes) § el Vaflot(e) O GeneE) : Integrated interpretation of DNA and RNA data @

for accurate molecular diagnosis of hereditary RBC disorders

N eras e S E e e e e L e s e » RNA-seq evidence supports «-=+
diagnostic interpretation

MEETING DEL CLUB DEL ‘GLOBULO ROSS 202 NAPOLI, 28-29 SETTEMBRE 2026



DNA methylation episignature for DBA diagnosis

S S

Complementary
omics

Methyl profiling

BoH000

@ Methylated
O Unmethylated |

Cohort and workflow

86 patients EPIC v2 DNAm arrays

80 molecularly confirmed
6 gene-orphan cases

Controls matched by age, sex, and array type

Peripheral blood DNAm profiling can act as a
biomarker for DBA diagnosis and variant

resolution
08 ® P ) e
05 ® ®
o‘ o:‘ Y
@
® o 0% oo ® o
04 @
e o o o0 @ ® ®e
PENY, 0 &2 [T 2 00 J‘.o. ° se
T 0} ° o ® DBA g 5 @
T 0.0 ® e .. @ Control (training) 2 ®e
S ® & 3 *
“{ 7 °e . - e® oo
@ ® ’
04 o "® ®
eQ e o e ®
e ° oo . f 4
[ ] e @
40 05 00 05 10 40 05 00 05 10 15
Coordinate 1

Coofdinate '1

206 CpG probes

differentially methylated
probes define the pan-DBA
signature

@® DBA

@ FANC
@ Control (training)

SVM/MVP classifier
DBA10(RPS26) Unsolved
1 00 / 9% 7%

reported sensitivity in
confirmed molecular DBA cases

Small subunit DBAG (RPL5)
~
1.00 e
reported specificity .agalnst e
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» A single pan-DBA DNAm signature with high
specificity

» DNAm profiles clearly distinguish DBA cases from
controls

» The pan-DBA DNAm signature remains distinct from

the Fanconi anemia signature despite overlapping
bone marrow failure phenotypes

o Quarello et al. Am J Hematol, 2026
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DNA methylation episignature for DBA diagnosis
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» In six clinically suspected but genetically unresolved cases, three showed the DBA methylation

pattern

» In two of these three cases, WGS identified intronic/deep-intronic variants in RPL5 and RPL26, which
were subsequently validated by functional assays, leading to a conclusive molecular diagnosis

DNAm profiling is proposed as a practical, stable, and
specific diagnostic biomarker for suspected DBA
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DNA methylation episignature for hereditary anemias < DB
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Diagnostic value

Complementary
omics

Methyl profiling

BoH000

@ Methylated
O Unmethylated

» Can support VUS interpretation and molecular diagnosis when standard testing is incomplete

Episignature classifier framework
Projection cohorts evaluated using a uniform classification threshold of 0.50

% Disease-specific methylation signatures in 100
molecularly confirmed patients
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o
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Rosato BE et al. in preparation
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Proteomics analysis

S S

Complenéhiary v" Main indications for proteomics in the diagnosis of hereditary disorders
omics
Functional assessment of variants predicted to alter protein synthesis or stability
Detection and quantification of reduced or absent protein expression
« Confirmation of loss-of-function effects, even when transcript levels are preserved
gDNA_WT
Proteomics S:«:::::e !‘ISI‘I:!‘I:(IHI“I:Illgl{l}ié!éélé!éééé EPAS1
Control .7_{ 46,574,000 0:0 020 070 o“a OTO 060 0 4
o 1 12 Reference I W’\[\M 5 .
:,E’ Patient ;;(PYTbCY;CYCCACYYAGGAGTAGC7CGGAGAGGAGGAAGGAGAAGYC(CliGGATG(TG(GCGGYGC(GG(GG gDNA mutated % c 03_
.3 Proban IJllll ,,,,,,,,, e . e =S
B T e [ 77 ) Sa 0% [
‘ I(.z(F(aYﬂ:eCrYTCTC(ACTYAGGAGYAG(V(GGAGAGGAGGAAGGAGAAGYC((GGGAYG(YG(G(GGTGC(GG(GG \/JWU\AAAM/V\AMA/\A‘ % 01_
CCCTTCTTCTCCACTTAGGAGTAGCTCGGAGAGGAGGAAGGAGAAGTCCCIGGATGCTGCGCGGTGCCGGCGG CDNA"mu‘a(ed =
oL 2 11.2 Sister FEEL W R W Ry 0.0-
CCCTTCTTCTCCACTTAGGAGTAGCTCGGAGAGGAGGAAGGAGAAGTCCCGGGATGCTGCGCGGTGCCGGCG /\[\/@AAW HC 1 12 1.3
CCCT'r(TT(Y(CACYYAGGAGYAGCYCGGAGAGGAGGAAGGAGAAGYC(C!GGAYG(YG(G(GGTGC(GG(GG MMM@

« 8-year-old boy with chronic hereditary anemia

* Autosomal dominant family history

« Targeted NGS identified a novel heterozygous EPAS1 frameshift variant
« Variant segregated with the anemic phenotype

«  EPAST mRNA expression was preserved ...

Rosato BE et al. Haematologica, 2022
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Proteomics analysis
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omics

Proteomics

Control

Intensity

Patient

m/z

v" Main indications for proteomics in the diagnosis of hereditary disorders
Functional assessment of variants predicted to alter protein synthesis or stability
Detection and quantification of reduced or absent protein expression
Confirmation of loss-of-function effects, even when transcript levels are preserved

Protein reference sequence

MTADKEKKRSSSERRKEKSRDAARCRRSKETEVFYELAHELPLPHSVSSHLDKASIMRLAISFLRTHKLLSSVCSENESEAEADQQMDNLY
LKALEGFIAVVTQDGDMIFLSENISKFMGLTQVELTGHSIFDF THPCDHEEIRENLSLK KSKDMSTERD CTVTNRGRT
VNLKSATWKVLHCTGQVKVYNNCPPHNSLCGYKEPLLSCLIIMCEPIQHPSHMDIPLDSKTFLSRHSMDMKFTYCDDRITELIGYHPEELL
GRSAYEFYHALDSENMTKSHONLCTKGQVVSGQYRMLAKHGGYVWLETQGTVIYNPRNLQPQCIMCVNYVLSEIEKNDVVFSMDQTESLFK
PHLMAMNSIFDSSGKGAVSEKSNFLFTKLKEEPEELAQLAPTPGDATISLDFGNQNFEESSAYGKAILPPSQPWATELRSHSTQSEAGSLP
AFTVPQAAAPGSTTPSATSSSSSCSTPNSPEDYYTSLDNDLKIEVIEKLFAMDTEAKDQCSTQTDFNELDLETLAPYIPMDGEDFQLSPIC
PEERLLAENPQSTPQHCFSAMTNIFQPLAPVAPHSPFLLDKFQQQLESKKTEPEHRPMSSIFFDAGSKASLPPCCGQASTPLSSMGGRSNT
QWPPDPPLHFGPTKWAVGDQRTEFLGAAPLGPPVSPPHVSTFKTRSAKGFGARGPDVLSPAMVALSNKLKLKRQLEYEEQAFQDLSGGDPP
GGSTSHLMWKRMKNLRGGSCPLMPDKPLSANVPNDKFTQNPMRGLGHPLRHLPLPQPPSAISPGENSKSRFPPQCYATQYQDYSLSSAHKV
SGMASRLLGPSFESYLLPELTRYDCEVNVPVLGSSTLLQGGDLLRALDQAT*

Protein mutated sequence

MTADKEKKRSSSERRKEKSRMLRGAGGARRRRCSMSWPMSCLCPTV*

DNA binding Heterodimerization

domain domain
bHLH PASa PASB
p.Asp21Metfs*27
[ )
,,,,, 46
AA
bHLH

* ... but EPAS1 protein levels were markedly reduced
* Functional data support EPAS1 haploinsufficiency as the disease mechanism

870

Transactivating region modulated
by oxygen tension

DB a4 ?gg'-
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BATECHOLOGHE AVANIATE
FRANCD SALVATERE

E EPAS1 WT
o .

< 0.15

O

5

e 0.104

o

(]

T 0.05-

N

©

£ 0.00 . .
S HC Patients

» Key message: variant-specific effects can produce phenotypes opposite to the classical gene-associated disorder

Rosato BE et al. Haematologica, 2022
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Challenges in routine NGS genetic testing )DMEM in
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= Phenotyping Sensitivity of mutation detection
= Variant interpretation High sequence similarity
=  Complex inheritance Chromosome imbalance and rearrangements

Challenges

\/ v

[ Interpretation J [ Detection ]
I
v v v v v v v
VUS in Novel Non-coding Missing 2nd Repetitive / No candidate Variants masked
disease-gene disease-gene variant variant in GC-rich / variants due to biases
recessive tandem
% disorders repeat r_Jj
Methyl regions
profiling (VUS Reference  Ancestry bias
in a known f bias (read (genomic
methylation Short read GS RNA-seq alignment) datasets)
gene) Phgnotype ‘ o ) v 3
Driven Assay ructural Methyl Profiling Sequence ‘
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[ Case matching J y under |
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