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Basics



Structure of a gene
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Recherche de nouvelles étiologies : nouvelles technologiesNext-Generation Sequencing (NGS)

Targeted gene panels

Whole Exome Sequencing
(WES)

Whole Genome Sequencing
(WGS)

Exons (~ coding regions)
of selected genes 
implicated in a disease

Exons of all the 
known genes

Exons, introns, 
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Main techniques and their applications

Point variations
and small
insertions/deletions
in coding regions

Large
heterozygous
del/dup
(≥ 1 exon) 

Large
homozygous
del/dup
(≥ 1 exon) 

Deep-intronic
or 
intergenic
mutations

Sanger
+ - ≈ -

Targeted NGS 
(gene panel) + ≈ ≈ -

Whole Exome
Sequencing (WES) + ≈ ≈ -

Whole Genome
Sequencing (WGS) + ≈ ≈ +

+ detected ≈ variable detection - no detection



Heterozygote

Heterozygote Non-carrier

Dominant disease

V1
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Homozygote

Heterozygote Heterozygote

Recessive disease

V1

V1 V1

V1



Compound heterozygote

Heterozygote Heterozygote

Recessive disease
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V1
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Heterozygote Non-carrier
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Detailed phenotype / pedigree



Legal issues

• Consentement éclairé :
- adultes, mineurs
- RGPD
- Données incidentes / actionnables
- Prescripteur(s): en charge du conseil génétique ou de son exécution

• Compte-rendu de moléculaire :
- Labo  prescripteur seulement
- Orbis

• Mineurs asymptomatiques :
pas d’étude sauf si bénéfice pour elle/lui ou un apparenté



Legal issues

• DPN : contact avec le labo expert et CPDPN 

• DPI : contact avec le labo de DPI régional

• Patient décédé / ne pouvant exprimer sa volonté : étude possible si 
- suspicion d’une cause génétique à une maladie grave (risque décès 

prématuré, handicap sévère),
- intérêt pour les apparentés,
- demande d’un apparenté,
- le patient ne s’y est pas opposé précédemment.

Arrêté du 11 septembre 2023 fixant les critères déterminant les situations médicales justifiant, chez une 
personne hors d'état d'exprimer sa volonté ou décédée, la réalisation d'un examen de ses caractéristiques 
génétiques à des fins médicales dans l'intérêt des membres de sa famille potentiellement concernés, en 
application de l'article L. 1130-6 du code de la santé publique 



Our genomes are diverse



Homozygote / Hémizygote

Benign

Pathogenic

No genetic counseling

Genetic counseling

Variation classification

Probably benign

Uncertain Significance (VUS)

Probably pathogenic

Class 1

Class 2

Class 3

Class 4

Class 5

See Richards et al. Genet Med 2015



gDNA

Rappel sur la structure d’un gène

mRNA

Protein

1 2 3 4 5 65’UTR 3’UTR

1 2 3 4 5 6Cap AAAAAAAA

Exon Intron

Transcription / Splicing

Translation

ATG Stop

ATG Stop

From gene to protein

5’UTR 3’UTR



Protein with an 
amino-acid change

1 2 3 4

1 2 3 4

ATG Stop

ATG

Types of pathogenic variations

No protein

Nonsense

Frameshift

Splice

Missense

Stop

Stop

Nonsense-mediated
mRNA decay

1 3 4

ATG Stop
Stop

1 2 3 4

ATG Stop
Stop

1 2 3 4

ATG Stop
Arg>Cys

Cysteine



Splicing?

Frequency in ‘control subjects’ databases? 

Location?

Conservation?

Type?

Segregation?

Evaluation du caractère délétère d’une variation

Functional studies (research)

Homo_sapiens ITILVALRRLHCPRNYVHTQLF

Canis_lupus IAILVALRRLHCPRNYIHTQLF

Mus_musculus IAILVALRRLHCPRNYIHTQLF

Rattus_norvegicus IAILVALRRLHCPRNYIHTQLF

Gallus_gallus VTVLMAFRRLRCPRNYIHIQLF

Danio_rerio VLILLLFRRLHCTRNYIHMQLF

: :*: :***:*.***:* ***

Merveille et al. Nat Genet 2011

To assess the pathogenicity of a missense variation



With exome sequencing, how many variations are detected in a single subject?

1. 30

2. 300

3. 30,000

4. 3 million

5. I am not quite sure

Vote



1. 30

2. 300

3. 30,000

4. 3 million

5. I am not quite sure

With exome sequencing, how many variations are detected in a single subject?



Exome sequencing = all the exons from a subject

300 potentially pathogenic

30,000  variations / reference genome

10-100  = pathogenic variations

100 synonymous
300 missense
7 nonsense
5 splice
1 frameshift

1 subject

Exome 
analysis

3,000 rare or not reported
in general population databases



Finding the relevant pathogenic mutation(s) among hundreds of variations 

Pathogenic
variation(s)
in a relevant gene

One heterozygous probably
pathogenic variation in a 
relevant gene

One heterozygous
pathogenic variation
in another relevant gene

2 VUS in a good 
candidate gene

One heterozygous VUS 
in a relevant gene

One heterozygous
pathogenic variation in 
a gene of unknown
function

One heterozygous
potentially pathogenic
variation
in a good candidate gene

2 VUS in another
airway disease gene

One heterozygous
pathogenic mutation 
in a disputed gene



Variable pathogenicity



Phenotype/genotype correlation: gene level

Dynein arm genes Central complex / radial spokes / DRC genes

Situs inversus: 50% No situs anomaly

Primary ciliary dyskinesia

Airway cilia Nodal cilia Airway cilia Nodal cilia



Phenotype/genotype correlation: variation level

No protein No protein ↓ phospholipid
transport

Valine

No protein

Neonatal respiratory failure
Death at 1 month

Pediatric ILD
Survival > 16 year of age

p.(Trp165*)
Nonsense

p.(Leu1414Cysfs*16)
Frameshift

From Wambach et al. AJRCCM 2014

p.(Glu292Val)
Missense

From Bullard et al. AJRCCM 2005

c.3704-1G>T
Splice

Surfactant diseases:    ABCA3 (phospholipid transport) 



Tips for genetic reports



Met Ala Asn Leu Ala Ser Pro Arg Phe Gln

1   2   3   4   5   6   7   8   9   10

GCCACC ATG GCC AAT CTT GCT AGC CCT AGA TTT CAG gtaagt

123   6   9  12  15  18  21  24  27  30

Amino acids p.

Nucleotides c.

c.10C>T
p.Leu4Phe

c.16_17del
p.Ser6Profs*2

c.22A>T
p.Arg8*

c.30+1G>T
p.?

Missense

Frameshift

Nonsense Splice

Exon 1  cDNA Intron 15’UTR

Naming a variation

Modified from Ogino et al. 2007



Gene (isoform) Inheritance Mutation Zygosity Classification

DNAH11 (NM_001277115) Autosomal recessive c.9313A>T 
p.Lys3105*

Heterozygous Likely pathogenic

DNAH11 (NM_001277115) Autosomal recessive c.5461G>A 
p. Val1821Ile

Heterozygous VUS (uncertain significance)

Genetic testing report of a proband

• DNAH11 implication is not certain as p.Val1281Ile is a VUS

• Parental DNAs should be analysed to confirm compound heterozygosity

Reason for testing: primary ciliary dyskinesia



Diagnostic tests and their limitations



Recherche de nouvelles étiologies : nouvelles 
technologies

Next-Generation Sequencing (NGS)

Targeted gene panels

Whole Exome Sequencing
(WES)

Whole Genome Sequencing
(WGS)
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Number of variations
per subject:

Several 100s

30,000

5,000,000

Limitations:

Only coding regions
of selected genes

Constant updating

Poor coverage
of GC-rich regions

Lower sequencing depth
 artefacts

Interpretation…



• 30,000 variations in an exome

• We all carry pathogenic variations (~10-100)

• Phenotype and prognosis depend
on the gene and on the variation(s)

Take home messages
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