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Development Genetics 
and Birth defects

Framework

• Rationale in medical genetics

• Tool I: Registry - Epidemiology - Database

• Tool II: Definitions and Nosology

• Tool III: Distinct approaches
• Dysmorphology

• Syndromology

Refer to Thompson / Thompson Chapter 14 7th Ed.
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Rationale in medical genetic

Aims diagnostic assessment

more precise delineation on natural history

follow-up and prognosis

open to precise genetic counselling

- Evidence derived from 

Embryology: chronologic and stepwise mechanisms leading 
to ab-/normal development

Epidemiology/Population Genetics

Animal models

Bioinformatics prediction 

Registries and Databases 

Clinical geneticist seeks a consistent approach 

to lead to the diagnosis in a patient with birth defect
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Tool I  - Congenital Anomalies Registry

Specific public health problem indicators EUROCAT

European network for the surveillance of congenital 

anomalies tribute to Professor Yves Gillerot

Central Registry – Project Management Committee

Reliable, Available and Comparable on quantitative 

or qualitative parameters - Dataset Registries
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Tool I  - Congenital Anomalies (CA) Registry

The Objectives of EUROCAT

- provide essential epidemiologic information on CA in Europe
- facilitate the early warning of new teratogenic exposures
- evaluate the effectiveness of primary prevention
- assess the impact of developments in prenatal screening
-act as an information and resource center for the population health
professionals and managers regarding clusters or exposures or risk
factors of concern
-provide a ready collaborative network and infrastructure for research
related to the causes and prevention of congenital anomalies and the 
treatment and care of affected children
- act as a catalyst for the setting up of registries throughout

Europe collecting comparable and standardised data

11 02 2022



http://ec.europa.eu/health/indicators/echu/index_eu.html 
Frontpage
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European Commision link 



http://www.eurocat-network.eu
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LB = Live Births
FD = Fetal Deaths / Still Births from 20 weeks gestation
TOPFA = Termination of pregnancy for fetal anomaly following prenatal 
diagnosis - - = Data not available
§ = Incomplete or missing specification of ICD 9 codes
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https://eu-rd-platform.jrc.ec.europa.eu/eurocat/eurocat-data/prevalence



Selected categories
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Example of extractable data
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Another example – Selected categories
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Tool I  - Congenital Anomalies Registry(ct’d)

- have been supported under the Program for Community Action on 
Rare Diseases in 1999-2003; the EU Public Health Program 2003-2007 and the 
second EU Health Program 2008-2013

* Rare diseases define conditions with a prevalence <1/2.000 livebirths

The aims

- improve exchange of information via existing European networks 

- promote better classification, develop strategies and mechanisms

for exchanging information between people affected by a rare 

disease volunteers and professionals

- define relevant health indicators

- develop comparable epidemiologic data at EU level

- support and exchange of best practice - develop measures for patient 

groups

- network and infrastructure for research into the causes and prevention of 

congenital anomalies and treatment/ care of affected children

- survey policies and practices with regard to periconceptional folic 

acid supplementation

Networks of action for ‘Rare diseases’*
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Rare diseases - definition

13



Rare diseases - basics
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Rare diseases – not limited to a concept
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Belgisch plan voor 
zeldzame ziekten



Plan belge 
Maladies rares /
Zeldzame
ziekten
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TABLE DES MATIERES 

 

Introduction 

 

Domaine 1: Diagnostic et information au patient 

Action 1: Remboursement des tests nécessaires au diagnostic et au suivi des maladies 

rares, effectués en Belgique ou à l’étranger 

Action 2: Système de qualité au sein des centres de génétique humaine 

Action 3: Introduction d’une consultation de conseil génétique dans les centres 

d’expertise pour maladies rares  

Action 4: Consultation multidisciplinaire  

Action 5: Communication centrée sur le patient 

Action 6: Europlan  

 

Domaine 2: Optimalisation des soins 

Action 7: Concentration de l’expertise et renforcement des centres de référence pour 

pathologies rares spécifiques existants : introduction d’un coordinateur de soins 

Action 8: Création de centres d’expertise pour l’hémophilie  

Action 9: Fonction maladies rares 

Action 10: Réseaux maladies rares 

Action 11: Nouveaux centres d’expertise 

Action 12 : Alimentation médicale pour maladies rares  

Action 13: Communication rapide des besoins médicaux : utilisation du dossier patient 

multidisciplinaire informatisé 

Action 14: Unmet medical need  

Action 15: Inventaire des besoins non couverts 

 

Domaine 3: Connaissances et information 

Action 16: Registre central des maladies rares   

Action 17: Orphanet Belgium 

Action 18: Formation des prestataires de soins 

Action 19: Codification et terminologie   

 

Domaine 4: Gouvernance et durabilité 

Action 20: Evaluation et monitoring du Plan  

 

 

 

 

 



Fin du premier cours
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Rare diseases : information sources 
https://www.orpha.net/consor/cgi-bin/index.php



Fin du premier cours

19

…informations



Patient support
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Portail - http://www.institutdesmaladiesrares.be
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 20.000 
patients

http://www.institutdesmaladiesrares.be/


Rare diseases:  european umbrella
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ERN – Cliniques Saint-Luc



Tool I  - Congenital Anomalies Registry (ct’d)

Networks of action for Rare diseases

- The EU EUROCAT project - surveillance of congenital anomalies in 
Europe is coordinated by the University of Ulster Northern Ireland

- European network of 51 registries in 28 countries

- > 1 million births/year in Europe are surveyed

07 02 2020



Birth defect - congenital anomaly

• Prevalence – 3%



Birth defect – ‘main categories’
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Tool II - Birth defect - Nosology

•Deformation consequence of extrinsic factors that
modify/alter physical devlpt (histology nl)

•Disruption destruction of irreplaceable fetal tissue 
(vascular, trauma, teratogen)

•Dysplasia abnormal shape, structure, composition 
and/ or histology during devlpt ectoderm

structure and derivates leading to a wide range 
of phenotype bone/skelettal

•Malformation result from intrinsic abnormalities in one 
or more genetic program operating during
development (e.a polydactyly)



Reproduced from: New Clinical Genetics, 3rd edition
Andrew Read and Dian Donnai ISBN 9781907904677  © Scion Publishing Ltd, 2015 28

Congenital malformation , sequence, syndrome, deformation, 
‘disruption’



Nosology (ct’d) 

•Association: similar birth defects in different embryologic
fields and inability so far to identify a 
genetic cause ‘V.A.T.E.R’, ‘VACTER’, 
‘VACTERL’,  cervico auriculo vertebral
(coined ‘Goldenhar’ association)

• Sequence: phenotype description of alteration of 
structures inside an embryonic field during
development - pleiotropic: effect on a single 
organ/system - precise moment 

NOT a diagnosis ! ‘Pierre Robin’, Potter’,



Nosology (ct’d) 

•Syndrome: combination of birth defects that occur
secondarily to cytogenetic and/or a gene anomaly

• Spectrum: monogenic or cytogenetic anomaly leading to

a modification in a signaling pathway during
devlpt - possibly responsible for a wide range of 
signs that may be overlooked as distinct

Holoprosencephaly Sonic Hedgehoc pathway - SHH; ZIC2; PATCH genes



Nosologie (ct’d) 

- Association: malformation congénitale analogue similaire touchant 
différents  territoires embryologiques sans cause 
identifiée/connue à ce jour

• exemples: V.A.T.E.R, VACTER, VACTERL

- Syndrome: combinaison d’anomalie(s congénitale(s 
secondaire(s à l’effet pléiotropique : une 
anomalie chromosomique et/ou génique



Tool III  Clinical approach Dysmorphology

David Smith’s contribution in 1966

- defines the clinical approach to look for distinct and/or minor signs in a 
patient to possibly obtain a diagnosis and orientate strategy to complete 
genotype definition – cytogenetic and/or molecular

- ‘dysmorphologist’ diagnoses a child with a birth defect,

suggests appropriate work-up, guarantees follow-up and

integrates pedigree and family history to published clinical

reports to basic science literature
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Path for reasoning

33

Clinical feature
of

congenital/birth defect

Clue for 

syndrome identification

Orientate

Confirmatory diagnosis

Cytogenetic - molecular

Cell biology - pathway



International group of clinicians working in dysmorphology

Aims: 
- initiate standardization of terms used to describe human 
morphology
- reach consensus regarding their definitions
- increase the utility of descriptions of the human phenotype
- facilitate reliable comparisons of findings among patients 
- improve discussions with other related workers 

(pathologists, devlpt biology, molecular genetics) which 
will become more precise

Dysmorphologist’s ‘textbook’



« These six articles provide recommendations for the 
description and definition of human phenotypic variations
… in the same way that the International Standing 

Committee on Human Cytogenetic Nomenclature 
accomplished this for human cytogenetics [ISCN, 2005] 
the Nomenclature Working Group proposed the
description of human sequence variations [den Dunnen and 
Antonarakis, 2001

Dysmorphology ‘textbook’



• For Head and Face: pg 1- 23

2009;149A(1):1-127

Standard Terminology



• For Head and Face

2009;149A(1):1-23

Standard Terminology



• For Peri orbital Region – pg 29-39

2009;149A(1):1-127

Standard Terminology



Eyebrows
 Orientation

 high
 horizontal

 Shape

 arched
 Heavy,

 Distinctive
 Synophris, absence,…



External ears 
sometimes pathognomonic of a syndrome 



From

‘Face’

To 

Gene’…
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From Face to Gene ?…
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http://www.face2gene.com

Enhanced patient evaluation with

Next-Generation Phenotyping

The Genetics Resource

Search for Syndromes

Review Photos & Features

Up-to-date Content through Genetics Community Curation

http://www.face2gene.com


Ct’d
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Ct’d
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- detect phenotypes
- reveal relevant facial and non-facial features
- review relevant syndrome matches
- access Best-in-class Resources
- give and Receive Clinical Feedback



A second database tool
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Human Phenomizer 

48



Catalog – Features on keywords
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Insert/select keywords based on features 

Select if ‘keyword’ ‘observed’ vs 
‘mandatory’



‘Syndromology’
derived from syndrome: clinical approach to occurrence

multiple congenital anomalies 

Noonan JA. and Lexington K. Am J Dis Child 1968;116:373-380 

11 02 2022

Noonan J and Ehmke D. J Pediatr 1963;63:468-470

Ped Cardiology clinic 

First description

9 patients with pulmonary valve 
stenosis, short stature
Hypertelorism, mild intellectual 

disability and ptosis cryptorchidism, 

‘skelettal malformations’



Variability in phenotype

11 02 2022

Large front,  hypertelorism; down slanting palpebral fissures,
low set posteriorly rotated ears

pectus carinatum 

Remnant of prenatal nuchal translucency and hygroma



Distinct patient…similar dysmorphic features
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Large front,  Hypertelorism; down slanting palpebral 
fissures,low set posteriorly rotated ears

pectus carinatum 

and variable degree of lymphedema (unconstant)

11 02 2022



…similar phenotypes

11 02 2022



Same syndrome…

4 years
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8 months

Congenital heart defect « pulm atresia»
IUGR
Hypertelorism
Macrocephaly (relative)
Curly hair

Failure to thrive



…
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Evolving phenotype with age

…Knowledge on natural history



…to adulthood



- Sporadic

- Pulmonary valve stenosis

- Post natal growth retardation

- GH deficiency - therapy

…to adult



RASopathies

1.
Noonan-

like

2.
NF1-
like

3.
Mosaic

RASopa-
thies

4.
Non-

systemic5. 
Non-

activa-
ting

6.
CNVs



Heterogeneity in genotype RASopathy 

Conditions from MAP KINASE pathway

22 genes early 2022 

Detection mutation rate : 85%



Gene	

Highest	

RASopathy	

Association	

Achieved	

Specific	Conditions		

Noonan	 CFC	 Costello	 NSML	 NS/LAH	

BRAF	 Definitive	 Moderate	(10.5)	 Definitive	(13.5)	 Disputed	 Limited	(5.5)	 -	

HRAS	 Definitive	 -	 -	 Definitive	(14.5)	 -	 -	

KRAS	 Definitive	 Definitive	(14)	 Strong	(12.5)	 Disputed	 -	 -	

MAP2K1	 Definitive	 Limited	(3.5)	 Definitive	(12.5)	 Disputed	 Limited	(2.5)	 -	

MAP2K2	 Definitive	 Limited	(1)	 Definitive	(12.5)	 -	 -	 -	

NRAS	 Definitive	 Definitive	(13.5)	 Limited	(0.5)	 Limited	(1)	 Limited	(3.5)	 -	

PTPN11	 Definitive	 Definitive	(13.5)	 Disputed		 Disputed	 Definitive	(15)	 -	

RAF1	 Definitive	 Definitive	(13.5)	 Disputed		 Disputed		 Limited	(4.5)	 -	

RIT1	 Definitive	 Definitive	(13.5)	 -	 -	 -	 -	

SHOC2	 Definitive	 Disputed		 Disputed	 Disputed	 -	 Definitive	(12.75)	

SOS1	 Definitive		 Definitive	(12.5)	 Limited	(1.5)	 Disputed	 -	 -	

LZTR1†	 Strong	 Strong	(12)	 -	 -	 -	 -	

PPP1CB	 Strong	 Strong	(12.5)	 -	 -	 -	 Strong	(12)	

SOS2†	 Moderate	 Moderate	(9.5)	 -	 -	 -	 -	

LZTR1	(AR)	 Limited		 Limited	(8.75)	 -	 -	 -	 -	

MRAS	 Limited	 Limited	(4.5)	 -	 -	 -	 -	

RRAS	 Limited	 Limited	(3.25)	 -	 -	 -	 -	

RASA2	 Limited	 Limited	(1.5)	 -	 -	 -	 -	

A2ML1	 Disputed		 Disputed	 -	 -	 -	 -	

RASA1	 Disputed	 Disputed	 -	 -	 -	 -	

	

Table	2.	Classifications	of	each	gene-disease	association	as	curated	by	the	ClinGen	gene	curation	

framework.	Scored	points	for	each	association	are	shown	in	parentheses.	“-”-No	evidence,	†-denotes	a	

gene	where	publicly	available	data	was	used	to	supplement	the	published	literature.	AR	-	autosomal	

recessive	inheritance.	

	

From
M. Zenker
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Baseline investigations 
 

 

• Full cardiac evaluation at diagnosis. 
 
 
 
 
• Monitor and plot growth on appropriate NS and age-based growth 

chart. 
 
 
• Refer patient in second half of first year or at diagnosis for formal 

developmental assessment. 

• Baseline neuropsychological assessment at primary school entry. 
 
• Refer for renal ultrasound at diagnosis. 
 
• Carry out baseline coagulation screening in patients aged 5+, or  
 earlier if major procedure to be undertaken. (Prothrombin Time (PT) 
 Activated Partial Thromboplastin Time (aPPT) and FXI assay.) 
 

• Refer for specialist ophthalmology assessment at the point of  
 diagnosis. 

Clinical Features of Noonan Syndrome 
 

 

• Congenital heart defects (e.g. pulmonary 
stenosis, hypertrophic cardiomyopathy, 
atrial septal defect) 

 
• Failure to thrive/slow growth rate/ feeding 

problems 

 
• Short stature 
 
• Developmental delay and  
 neuropsychological/behavioural issues 
 
 
• Minor renal anomalies 

 

• Bleeding disorders 
 
 
 

• Visual problems (e.g.posterior segment 
ocular changes and anterior segment  

 ocular abnormalities) 

(where an investigation is not indicated for a specific clinical feature, please refer to the relevant age group-specific page for  
management recommendations) 

Recommended baseline  
investigations in Noonan Syndrome 



Génotype et phénotype
Remaining questions…

on bench side: 
caveats: level of evidence from whole exome sequencing 

for variants in ‘Rasopathy’ 

at bedside – genetic counselling  Index patient and family
How to explain penetrance ?
How to explain intra familial variable expressivity ?

c.922A>G (p.N308D) PTPN11

Prevalent gene inside RASopathies- 40%

Prevalent mutation – heart defect 60%



Genetic counselling…

in patients with very mild phenotype 

‘de novo’ autosomal dominant condition 

50% transmission 

Variable expressivity

…

access to  PGD



Birth defect to genetic counselling

Building evidence since 2020 

Clinical Geneticists are far less pertinent then thought 
Human Hardware/brain memory on 4.000 mendelian disorders and 
phenotypes ?

Integrate targeted/non selective NGS gene panel approach / WES

Filtering on variants of unknown significance

When genetics approach become reverse (‘unusual phenotype’), 
genotype identification …« From Gene to Face » and vice-versa
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Suggested Readings
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Thank you for your attention

Open to your question

yves.sznajer@uclouvain.be


