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|Developmental Regulation and Gene Switching

Gavaiopment: ; /
+ Saquential aotivation[ — a and  — v — 8/p genes
+ Coardinaied by the mtaga of human devslopmant and
attn ot agtheopolesis
* Promoles diffacantial synthasis of globin chains
+ a1 chain mtia malntaload thraugh all stages

Regulation coordinated by: Fomamn ‘
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INTRODUCTION

The Human Globin Gene Clusters

a-globlin gene cluster (16p13.3) S
T gene (HBZ), pseudogenes (431, a2, Yel) two ey
funcional o genss o2 and af (HBAZ and HBAT) and FR 5 l ¥
peaudogene 8 (HBQT) il
« Regulatory slemant HS-40 esssential for a-globin 5{"5
expression i
pin
Beiloltin gane chuetes (118158) b 5 i T O A e b} g
+ Functional genes « (HBE), Gy (HBGZ) and Ay (HBGY). & }{3 S L L L LSNPSR P~ T G . Y.
(HBO) and p (HBB), and pseudogana bp e
+ Reguiatory element locus control region (LCR), with five H&
DNase | hypersensitive sias (HS-1 to HS-5) €

Hemoglobinopathies: Molecular Defects and Clinical
Diversity

Abnormal structure &
(qualitative) or imbatanced b,
synthesis (quantitative) of

globin chains

Mutations. or deletions \ng!obln]

Ineflective o unstable
gones of thelr regulstory Remmogistin
element

Structural variants « >300 varients described— highly molecular
helerogenaily
Thalassemia « Clinical spectrum: asymplomalic carriers — severe
transfusion-dependant anemia
* Codinheritance of differont defecls — complex

Hemoglobinopathies in Portugal: Diagnostic Context and
Workflow e

+ Endamic in Maditarransan regions, > prevalencs In Porugal dus e
—
o migration from Affica, Asia, and the Middia East
+ PNGH, 1986: Improved diagnosis, counselling, and preventian wzizn e
i st 5 ST
Diagnostic challenges: ] e

! « Traditional workflow Is sequential, gene-specific
‘f and fime-consuming
| * May miss rare or complex genolypes j

[Ph!du P faster methods |
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Objectives

y of quencing (NGS) |
NGS kit, in identifying genetic variants associated with

| Assess the y and
l using the Devyser Th
| hasmoglobinopathies

1. Apply the NGS methodology 1o the analysis of complex ethislogy and rare hasmoglabinopathies cases

2, validate the performance of the Devyser Thalassemia NGS kit, comparing its results with those previously
ahbtained by traditional methods

3. Confirm the variants detected by NGS, when necessary

4. Analyse the pathogenicity of the variants identified
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Study Design and comparative approach

40 anonymised individuals with confirmed
or suspected hemoglobinopathies
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Traditional methods: } NGS Methodology:
+ Polymerase Chain Reaction (PCR) i + Devyser Thalassemia NGS kit ‘
+ GAP-PCR | + Analysis in the bicinformatic software
* Sanger sequencing (Devyser Amplicon Suite va, 5) workflow |
+ Muliplex Ligation Frabe Ampificaton | |« Re-evalustion of some complex cases |
| | through Devyser Thalassemia NG kit J

NET

Traditional Molecular Methods

All samples were previously characterized through |

and biochemical analyses

Provide a molecular starting point for genetictesting
Traditional methods provide targeted, high-accuracy results but require prior suspicion and multiple assays

PCR + Sanger Sequending Single nucleotide variations (SNVs) small indels
—_—
& &
MLPA Copy Number Variations (CNVs)-Large defetions! duplications
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Devyser Thalassemia NGS
Genaration of specific libraries for NGS analysis of SNVs and CNVs
Full coverage: HBA 1. HBAZ HERgenes, including upstream and downstream regions
HBGL HBGZ HAD *
Some commen deletions in a and B are detected by direct datection (DD) method
Sequencing: MiSeq llumina in paired-end (PE) mode (2 x 151 bp)
Alpha-globin gene clustes
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Beta-globin gene custer
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Devyser Thalassemia NGS v2

1) Mg ki grs ks
Devyser Thalassemia v2: the SO WA e DN WM M RSA MEAL HOT LOK AWM
Improved new version of the kit .jg;m.wmw.m.,
P
Davyser Thalassemia v1 Devyser Thalassamia v2
Giobin ganes fully saquanced HBA1HBAZ HEE R e
‘Reguiatory trans-faciors. Not included KLF1, HBSIL-MYB, BCLTIA
3,7 and 4.2 delstions Through read-depih normalizalion  Long Range-PCR is employed

Overview of Genetic Findings
The study population presented a total of 37 clinically relevant alterations

77 distinct 31 clinically refevant
alterations alterations were found

Tradiional Methods
45 distinct
alterations

35 clinically relevant
alterations were found

Methods and NGS

previausly found

Diagnostic Concordance Between Traditional

classification
Fully resolved 37 31
C?ses with 3 g
discrepancies
“Incomplete 4 o
characterization
Variants not 5 3

s o oscosoo SN

NGS v1 and uadtional methods
demonsirated substantial agreement
{x = 0.65) for SNVs detection

NGS v1 and tradiional methods
demonstrated near perfect
agreement (K = 0.95) for CNVs
detection

The 9 cases re-evaluated with Devyser
Thalassemia v2 were fully resolved
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A rare and complex case of triple hemoglobinopathy A rare and complex case of triple hemoglobinopathy

mimicking Hb C-Harlem

| mimicking Hb C-Harlem
fcg:rk:::: el microgytosis and hypochromia 0T e L N o
+ HPLC: no HbA peak + peaks Hb S (j'g %) and Hraa * Detected HBA2:c.237C>A (Hb Stanleyville II) in hemizygosity and HBB:c.20A>T [Hb 5) in homozygosity
o 8, i R :
| nearHb C (42 %) — presumptive Hb S/Hb C- * =a¥.7.deletionin humozygnsity.
| Harlem : - o " . g T — - e
: . : s ot g e —
Traditional methods el e “im 6 e i Stanieyville 1
+ HBB:c.2045T (Hb §) homozygous .

—= —a3.7 deletion In homozygasity

-
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A rare and complex case of triple hemoglobinopathy 3-globin variants: diagnostic relevance and NGS v2
mimicking Hb C-Harlem improvement

were co Clinical relevance of deita variants
+ Hb A, is composed of a and & chains — reutinaly used lo screen for B-thalassemia
+ B-thalassemia or 6-globin variants alter Hb A, may mask p-

Iriage for molecular testing

compromises initial

Several individuals carried HED alterations (Hb A,/Hb B, Hb Babinga, 6-thalassemia) — Frequently co-
inherited with B-thalassemia — complex phenotypic profiles

Traditional methods i

\dentified HBD:c.49G>C (Hb A,") and T E_

— HBD:c.410G>A (Hb Babinga) A
Explained atypical Hb A, levels and

Cases hv;lth complex aangltypes wuldw n:::l:lln Ehazlatypk: and cokfmed chypound Genctypes 4

&-globin variants: diagnostic relevance and NGS v2 From incomplete to resolved: NGS v2 defines a large
improvement 6p deletion

Clinical relevance of delta variants | Clinical indings ) Traditional mathods

Hb A, is composed of @ and & chains — routinely used 1o screen for B-thalassemia i* Microcytosis and hypochromia + Deletion on HBG1 exon 3 + HBD intron 2 to
&-thalassemia or §-globin varianis aiter Hb A, quantification — may mimic or mask f-thalassemia — compromises initial i+ Normal HbA HBB exon 3

triage for molecular lesling * High HbF with predominantly Gy chains

multiple cases G-variants,
Resulted in incomplete or discordant diagnoses

NGS v1 limitations NGS v2 Improvement
Partial HBD coverage — missad &-variants in Full #BD and HBG coverage — coract detection of all :
FititEdg
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9 re-analysed
traditional results
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From incomplete to resolved: NGS v2 defines a large
5B deletion

NGS v1 limitations NGS v2 improvement

* Partial coverage — missed HBD and HBG « Full HBD and HBG coverage — complele
dalstion characlerization of deletions

* Not compatible with Sicilian deletion + Allowed for comprehensive delefion delimitation
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Diagnostic Performance:
Traditional Methods vs Devyser Thalassemia NGS

Devyser ThalassemiaNGS | Tradiional Methods
Variant Typa SNVAndels Chvs SNViindels CNVs
ETRTTACEAS] 086 (0.72-0.95)  0.69(0.67-0.98)  0.98 (0.68-1.00) 0,84 (0.60-0.97)
IR 100 (0.54-1.00) 00 (OBS-T00) 00 (0BAT00) g 05 541 o)
r Both methods showed perfect specificity

| NGS presents higher sensitivity for CNV detection
| Tradiional methods presented higher sensitiviyfor SNV detoctions

RESULTS AND DF:

Understanding discrepancies between traditional
methods and NGS Performance

Nature of each method
* Traditional methods(PCR, Sanger, MLPA) are targated, high-accuracy, but limited to suspected
regions

* NGS performs broad parallel screening of multiple genesiregions, allowing detection beyond
presumptive diagnoses.

Reasons for NGS discordant results

+ NGS v1: partial coverage of HBD and HBG genes — undetected 5-variants.
* Some low-frequency CNVs near the detection threshold may need orthogonal confirmation

Issues addressed in Devyser Thalassemia v2

Advancements in Devyser Thalassemia NGS v2

Expanded Gene Co improved CNV Detection
+ Complete sequencing of HBD, HBGT, and * Added long-range PCR (LR-PCR) for direct
HBGZ2genes. detection of —a®7? and —a*- deletions.

*+ Inclusion of modifier genes (ALF7, BCL11A, | = Enhanced probe density in a- and B-clusters —
HBS1L-MYB) relevant to Hb F regulation. greater sensitivity for complex CNVs

Better detection of &- and y-globin variants previously missed in v1
Reduced false negatives and ambiguous CNV calls
Broader clinical interpretation including disease modifiers

| 9 re-analysed samples — 100% concordance with traditional methods

a priori suspicion
« Limited detection of variants outside
screened regions

- Requires bioinformatics expartise and
careful variant interpretation

+ Homologous genes — alignment

+ Sequential workflow = time-consuming ambiguity
and labor-intensive + May produce Variants of Uncertain
« Potential for delayed or incomplete Significance (VUS)
diagnosis in complex genotypes « High cost and need for specialized
infrastructure

—

Conclusions and Clinical Impact

Diagnostic validation
NGS proved highly reliable for SNV, and CNV' i
Devyser v2 reached 100 % concordance with raditional methods, resalving previaus biind spols

Reduces need for multiple targeted tests and shortens turnaround lime.
Detects rare, complax, and modifier variants missed by sequential assays,

Technical and analytical advantages
Incorporation of madifier genes (KLFT, BCLT1A, HBSTL-MYB) allows refined phenctype prediction.

(HBAT/HBAZ, HB! 18G2) still limits g level rasolution.
Interpretation of VUS and benign variants increases analytic complexity.
d cost may restrict i ion in smaller ic centres.

Challenges and future directions ‘
High

Traditional methods remain the gold standard for confirmation, but NGBS offers spead and breadth.

Combined workflow = most efficlent and balanced approach for routine diagnostics.
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