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Welcomand Introduction

ANONCODING GENOME AND HUMAN DISEASE

ARecent developments in genomic technologies have enabled the gencdee
identification of regulatory elements and chromatin interactions, controlling the
spatiotemporal gene expression. In this webinar, we will explore the significant
Involvement of norcoding genome in various human diseases, a rapidly evolving fie
of human genomics.

AChaired by Prof. Florence PETIT (ERN ITHACA, HCP Lille, France)
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AWelcome and Introduction
A Prof. Florence PETITille University Hospital, Lille, France

A1l. Non-coding genome in limb malformations
A Prof. Florence PETITille University Hospital, Lille, France

A2. Enhancer hijacking: A key driver of congenital disorders
A Prof. Malte SPIELMANNhstitut fir Humangenetik Lilbeck, Germany

AS” Int(ejrpreting the impact of noncoding structural variants in neurodevelopmenta
Isorders-

A Prof. Sarah VERGUGRentUniversity,Ghent Belgium

A4. Finding causes of missing heritability in neurogenetic disorders: exploring the
dark matter of the genome

A Dr Stefan BARAKAT: Erasmus MC, Rotterdam, Netherlands
ADiscussion time
AConclusion with speakers and moderator

.:‘.'.."?\\
[ ] 'Y



Noncodlng genome In limb malformat

Florence PETIT

Lille University Hospital, Lille, France
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Helping patients with rare or
low-prevalence complex diseases




Enhancerdissuespecifipromotersf thegopromoter
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Enhanceropathies

- Sequence variations

- Copy Number Variations

- Structural Variations

Enhancer
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- Loss of enhancer activity
- Gain of enhancer activity

- Modification of enhancer-promoterinteraction -l

- Loss of gene expression
(tissue-specific)
- Ectopic gene expression
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Thelimb:a modalrganndevelopmentablogy

Complexanatomy
Varioussignalingpathways
Easilyobservable

Non lethal malformations Variations inregulatory elements
Bt Hooicaoior W | Morphologicalevolution Malformations

Human Horse Cat Bat




Cisreqgulationflimbpolarization
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CopyNumbeYariationsmvolvingnhancers

Enhanceduplication Enhancemdeletion
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Sequence variations: enhanceofganction
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WitB Sequence: TATTACAGAAAATGAAGTCATATC
AC A/G mutation: TATTACAGGAAATIGAAGTCATATC
AUS T/G mutation:TATTACAGAAANGGAAGTICATATC

Modified from: Lettice et al., DeCel| 2012 ; Lettice et alCellReports, 2017
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Seqguenceariation&nhancdpssoffunction
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Structural Variatiolessofenhancepromotanteraction

SVdisruptingthe LARMLMX1Bnteraction

Dorsallimb defects
Nokidney/ eyedefects

t - NailPatella syndrome,

v
“  limb-only phenotype
Chromosomal
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Structural Variatiolessofenhancepromotanteraction
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Structural Variatioestopi@nhancepromotanteraction

« Enhancehijacking»

Liebenbergsyndrome

Spielmann et al., AJHG, 2012



SummansHHregulation and limb malformations

Acheiropodia WT Preaxial polydactylies Polysyndactylies Type 4 syndactyly

+/- tibial/radial defects
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Summary.-MX1Begulatioandlimbmalformations

Typical (limb-kidney-eye)
Dominant autosomal

Limb-only phenotype
Dominant or recessive autosomal

Limb-only phenotype
Chromosomal

Brunelle etal., inprep



Noncodinggenoma@ndhumartisease

Thousandsf syndromes todismember
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Nonrcodinggenomandhumaitisease

Importance of the clinicabiological expertise and cooperation for data
Interpretation, particularly for norcoding genome alterations

Need for highthroughput functional testing of enhancers variations

Importance of genomic diagnosis for precision medicine and genetic
counselling in rare diseases

Cisreqgulation therapy perspectives
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2.Enhancer hijacking: A key d
of congenital disorders

Prof. Malte SPIELMANMhstitut fur

Humangenetik Lubeck, Germany
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Helping patients with rare or
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Enhancer hijacking in the 3D genome
as driver of disease

Malte Spielmann Institute for Human Genetics,

UniversitatsklinikkumSchleswigHolstein, Kiel & Lubeck




One Test For All
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Whole Genome Sequencing
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GAT AAATCTGGTCTTATTTCC



Whole Genome Sequencing
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Array CGH
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What are we missing ?
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The noncoding genome: gene

| I B

There are only 20,887 protein-coding
genes In the human genome

2% Genes

98% “Junk”

Human Genome - 3 billion DNA sequences



Structural Variants in the 3D

Sreenivasanet al, Nat. Rev. Genet 2025
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Topological Associating Domains
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Enhancer hijacking
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TAD B

Enhancer B regulates Gene B

Sreenivasanet al, Nat. Rev. Genet 2025



Enhancer hijacking

Reorganizec

e Boundary-disrupting
N structural variant

Enhancer A regulates Gene A

o mg-
N

Enhancer-hijacking:
Enhancer A also regulates Gene B

Enhancer B regulates Gene B

Sreenivasanet al, Nat. Rev. Genet 2025



Structural Variants in the 3D
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REVIEWS

www.nature.com/reviews

GENETICS

Spielmann et al,Nat. Rev. Genet 2018



Structural Variants in the 3D
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www.nature.com/reviews

GENETICS

The effects of structural variation

The present-day consequences of
on the 3D genome human evolutionary history

Spielmann et al,Nat. Rev. Genet 2018

Paul A. Northeott!*, Catherine Lee®**, Thomas Zichner**, Adrian M. Stiitz*, Serap Erkek*, Daisuke K{awmchi', David]. H. Shihs,

Enhancer hijacking activates GFI1 family ©"°*®
cdinbesyratadve oncogenes in medulloblastoma

Activation of proto-oncogenes
by disruption of
chromosome neighborhoods

Denes Hnisz,'* Abraham S. Weintraub,“?* Daniel S. Day,' Anne-Laure Valton,

Enhancer —I—EI- P = R
hijacking  gppancer Proto-oncogene Enhancer Active
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- New Mutational mechanism in Cancer
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What about Insertions ?

TAD
TAD '
‘ .
&
> 3 0, PR o
Chromosome A o i, #os  Wfan
S .g!o’o’o’gt‘mtooo’o"‘o’ %' 4

Gene A v Gene B TAD

@ Chromosome B

€ >



gressiva

Pro

Ossificans

CT-scan - 3 years old

MRI - 10 months old

CT-scan - 5 years old

Uira Melo Elisa Giorgio



Insertion

lllumina Genome Sequencing

chr2

chr2:69,342,699-69,343,679

cheX chrX:130,258,372-130,259,352

Melo et al, Nat. Commun. 2023



Insertion

lllumina Genome Sequencing

chr2 chr2:69,342,699-69,343,679 chrX chrX:130,258,372-130,259,352

Proband

IgE1P1)-(388C11(2p13.3) Melo et al’ Nat Commun 2023



Changesin TAD structure
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Changesin TAD structure

130 Mb chrX 130,5 Mb
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Schematic representation

Cis-map

Control Insertion breakpoint

Cis-map

Proband Insertion breakpoint
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Neo-TAD formation

Control . Insertion breakpoint




Enhancer Hijacking

Control . Insertion breakpoint
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Enhancer Hijacking
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Enhancer Hijacking
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3D position effects In neurological disorders:

more than just bones ?
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LMNB1 Duplicationscause ADLD
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Upstream Deletionscause Atypical ADLD
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Enhancer hijacking:
A mechanism ofLMNB1 over-expression inDeletions
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Unbiased and multiplexed approach
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Capture HFC of WT
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Capture H-C of Deletion
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Deletion + Boundary knockin
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Cell types In the singlecell dataset
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