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• Rare neurological and neuromuscular diseases (NNMD): 
concepts

• Genetic diagnosis: brief summary

• New techniques for genetic testing

• Prevention

• Why genetic diagnosis is necessary

TOPICS



NEUROLOGICAL AND NEUROMUSCULAR DISEASES (NNMD)

Neurodegenerative (ND) and neuromuscular (NM) diseases are amongst the most frequent 
classes of rare diseases, affecting life and mobility of 500.000 patients in Europe and millions of 

their caregivers, family members and employers

*Patients numbers are estimated from numbers of single countries and extrapolated to the EU, or are calculated from 

heterozygote frequencies



NEUROLOGICAL AND NEUROMUSCULAR DISEASES

NDDs/NMDs are characterized by: 

 High genetically heterogeneity:  for 
NMDs more than 500 genes are 
implicated on disease’s pathogenesis

 Mutations occurring in largest genes: 
these genes sometimes are not fully 
tested in diagnostic but have been 
analyzed firstly for mutation in hot 
spot regions

 Clinical heterogeneity: overlap of 
symptoms in different NDDs/NMDs 
diseases

 Unidentified genes

As a result, between 30-80% of patients with NDDs/NMDs remain undiagnosed 



NDDs/NMDs: GENETIC VIEW

• Inheritance:  all types
 Autosomal Dominant 
 Autosomal Recessive
 X-linked
 Matrilinear

• Functional/anatomic compartments:

 All CNS, cerebellum, compartments

 Spinal cord

 Peripheral nerves

 Skeletal muscle 

 Motoneurons

 Neuromuscular junctions 

• Mutations: all types
 Large rearrangements (deletions, 
duplications)
 Small mutations (nonsense, missense, 
frameshifting, splicing)
 (-100% mutations detected, method 
dependent)
 (all possible mutations identified, 
multiple methods often needed)
 Specific disease diagnosed



• Prenatal

 foetal tissues/fluids

• Couple testing

 Preconceptional and preimplantation or 
PGD

• Perinatal (screening) 

 Newborn screening

• Postnatal

 Diagnostic (disease phenotype)

 Presymptomatic (risk of diseased
phenotype)

 Predictive (susceptibility for a diseased
phenotpe)

GENETIC DIAGNOSIS: THE DIAGNOSIS ON GENOTYPE 
Types and  Timing

• Definition
The analysis of human DNA, RNA,

chromosomes in order to detect

heritable disease- related genotypes/

mutation for clinical purposes

• Genome testing
karyotype, CGH, Whole genome, 
RNAseq

• Gene (single-multi) testing
PCR, Sanger sequencing, MLPA, panels, WES, etc

GENETIC TESTING MUST HAVE CLINICAL 
VALIDITY TO BE TRANSLATED INTO CLINICAL 

PRACTICE

https://www.google.it/url?q=http://lezionidigenetica.blogspot.com/2013/08/consulenza-genetica.html&sa=U&ei=X4JrU7msOoWgyQP52IHwBA&ved=0CFAQ9QEwEQ&usg=AFQjCNFESaXOpxzJLBrtJX-cWo8xHIpYpw
https://www.google.it/url?q=http://lezionidigenetica.blogspot.com/2013/08/consulenza-genetica.html&sa=U&ei=X4JrU7msOoWgyQP52IHwBA&ved=0CFAQ9QEwEQ&usg=AFQjCNFESaXOpxzJLBrtJX-cWo8xHIpYpw


NEXT GENERATION SEQUENCING 
The NGS revolution



 Gene panel analysis: selected genes
known to be associated to a specific
disease

 Whole Exome Sequencing (WES): entire
set of exons sequencing (~200,000 exons
coding for ~20,000 genes and 1.5% of
the genome)

 Whole Genome Sequencing (WGS):
entire genome (~3 billion base pairs)

NEXT GENERATION SEQUENCING 
The NGS revolution

HUMAN GENOME: 3,2 Gb



David Niven, actor,  affected
with ALS

ADVANTAGES :

 Parallel sequencing of millions of 
nucleotides

 High throughput and many samples
contemporary analysed

 High test accuracy ensured by high 
coverage

NEXT GENERATION 
SEQUENCING

The NGS revolution



LOTS OF DRY LAB  WORKLOAD:

 Quality filters
 Variant prioritization
 Segregation models
 Variants technical validation (Sanger)

Target Bases in the 
target

Median
coverage

Bases to be 
sequenced

Expected
variants

Filtering prioritization segregation validatio
n

GS 3.100.000.0
00

30x >120Gb 3.000.000 Very high Very high yes yes

ES 50.000.000 100x 10Gb 30.000 high high yes yes

Large 
panel 1.500.000 200x 1Gb 1.000 medium none yes IVD

Small
panel 50.000 300x 0.05Gb 30 none none Yes/no IVD

INCIDENTAL FINDINGS
(BRCA1 and BRCA2, others)

NGS CHALLENGING ISSUE 1:  output dimension



Novel tools to functionally validate
the genome variants

Efficient derivation and inducible differentiation
of expandable skeletal myogenic cells from 
human ES and patient-specific iPS cells
Sara M Maffioletti, Mattia F M Gerli, Martina 
Ragazzi, Sumitava Dastidar, Sara Benedetti, 
Mariana Loperfido, Thierry VandenDriessche, 
Marinee K Chuah & Francesco Saverio Tedesco
Nature Protocols 10, 941–958 (2015)

NGS CHALLENGING ISSUE 2: variant interpretations

https://www.nature.com/articles/nprot.2015.057#auth-1
https://www.nature.com/articles/nprot.2015.057#auth-2
https://www.nature.com/articles/nprot.2015.057#auth-3
https://www.nature.com/articles/nprot.2015.057#auth-4
https://www.nature.com/articles/nprot.2015.057#auth-5
https://www.nature.com/articles/nprot.2015.057#auth-6
https://www.nature.com/articles/nprot.2015.057#auth-7
https://www.nature.com/articles/nprot.2015.057#auth-8
https://www.nature.com/articles/nprot.2015.057#auth-9


Phased sequencing
From genotype to haplotype sequencing

ADVANTAGES:

 Analyze compound heterozygotes
 Measure allele-specific expression
 Identify variant linkage
 Long-reads based sequencing
 CNV detection and epigenetic changes

Repeat counting by RepeatHMM in WGS

NGS CHALLENGING ISSUE 3: improving
CNVs and dynamic mutations detection



Single gene testing

Copy Number Variations

Dynamic mutations

Epigenetic changes

Small mutations

Mosaicisms

Digenic inheritance or 
mutation load

HIGH THROUGHPUT
Pharrel William, composer. 

Affected with hereditary
paraplegia

NGS

Copy Number Variations

Dynamic mutations

Epigenetic changes

Small mutations

Mosaicisms

Digenic inheritance or 
mutation load

LOW THROUGHPUT

THE CHANGING SCENARIO OF NMD GENETIC TESTING:
mutation detection



AR Spastic paraplegia (SPG)
Digenic inheritance

AR Ulrich Congenital Muscular Dystrophy, 
COL6A1 Mosaicism

FACING NEW GENETIC PROFILES: digenic inheritance and 
mosaicism



MULTIPLE GENE VARIATIONS:

 Major gene (susceptibility)

 Polygenic model (multifactorial)

 Mutation load (mendelian)

FACING NEW GENETIC PROFILES: the mutation load



NEW TECHNIQUES FOR GENETIC TESTING: 
RNA-based genetic diagnosis

RNAseq ANALYSIS:

 High throughput (transcriptome)
 RNA molecule might be used to identify

all mutation types



Muscle biopsy Skin biopsy Urine sample

RNA extraction

Myogenic cells Myogenic cells

Myoblast
cultures

RNA extraction

RNA extraction RNA extraction

Fibroblast
cultures

RNA extraction

RNA extraction

Urine-derived stem 
cells cultures

NEW TECHNIQUES FOR GENETIC TESTING: 
RNA-based genetic diagnosis

Bottleneck: reliable RNA sources (tissues, cells)



Native 
USCs

USCs-MyoD

FluiDMD RNA 
analysis

RNA
analysis

ICC

FluiDMD

Human Gene Therapy (2016) 772-83

DNA:
MLPA exon 45 
DELETION

RNA:
FluiDMD cards
Exon 45 omission

Single gene analysis
DMD GENE : FluiDMD card



NMD Disease groups % of NMD
expressed
genes

Muscular dystrophies 65

Congenital muscular dystrophies 79

Congenital myopathies 38

Distal myopathies 50

Hereditary ataxias 53

Hereditary paraplegias 75

Hereditary neuropathies 74

Hereditary cardiomyopathies 44

Motor neuron diseases 79

Myotonic syndromes 33

Other myopathies 54

Other neurological disorders 74

Congenital myasthenic
syndromes

50

Metabolic myopathies 89

Native USCs

RNAseq in wild type, native UCSs

472 NNMD transcripts interrogated

308 expressed genes (FPKM>3)

164 genes not expressed

USCs

Falzarano et  al., submitted

What about other NNMD genes? 
Testing USCs  for expression of NNMD causing 

genes: RNA seq



Diagnostic yields

Single gene disorders
low genetic heterogeneity, 

etiological therapies available

DMD, SMA

Targeted
sequencing

Clinical
EXOME

GENOME

PANEL
Multiple gene disorders,
high allelic –high genetic
heterogeneity
high detection rate (>50%) LGMD, 

neuropathy,

Ultra-rare NMDs
low detection rate (<50%)rate
Undiagnosed cases Metabolic

diseases
RNAseq

Diagnostic yields

SCENARIOS



 Non invasive prenatal diagnosis (NIPD) 

 Early prenatal low invasive procedure on fetal
DNA in maternal blood

PREVENTION: NNMDs prenatal diagnosis



PREVENTION: preconception carrier screening (PCS)

 Increasingly recognized critical medical component to prevent diseases in offspring to reduce 
suffering, health care disparity and therapeutic extra cost in future generation

 Allows couples to consider the most complete range of reproductive options (PGD, PND, etc)

 PCS for multiple disorders associated to high 
knowledge, no major psychological
outcomes, no stigmatization

All identified carrier couples made 
reproductive decisions based on their test 

results



PREVENTION: PCS in Australia

3 AUSTRALIAN PILOT STUDIES:

 Victoria implement screening for ≈ 100 diseases
 preconception carrier offered for 3 years on a user pays basis
 >12,000 individuals have been screened

 NSW investigate PCS in consanguineous communities

 Western Australia investigate PCS panel for >400 genes 

Courtesy of Nigel Lang
Australia 

 Twenty years after the introduction of TSD 
carrier testing in Australia, there have been
fewer than expected Jewish TSD-affected
births

No genetic carrier identified through the 
screening has had a TSD-affected child



Potentially all NMDs
Low rate of «de novo» 
mutation

Preconception
testing

NMDs with approved
Personalized or gene specific
therapies

NIPD

Clinical Exome/genome
450 known disease genes

PGD

Newborn
screening

Gene specific assay
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INTEGRATING PREVENTION AND THERAPY



FOR THE PATIENT 

1. Genetic diagnosis

2. Clinical diagnosis confirmation 
(disease-specific clinical follow up, 
natural history, phenotype-genotype 
correlation)

3. Differential diagnosis (phenocopies)

4. Genetic prognosis (mild to severe 
disease course)

5. Gold standard therapies 

6. Clinical trials (personalized)

FOR THE FAMILY

1. recurrent or de novo mutations, mosaicisms
(high-low  risk of recurrence)

2. Carrier detections

3. Family prevention and screening

4. Prenatal testing

GENETIC DIAGNOSIS: WHY IS IMPORTANT

Cooperation Neurology and 
Genetics!!!!



Counselling
Informed 

consent and 
Ethical 
issues

Genetic 
testing ESHG 

guidelines

Genetic 
testing 
quality 

assessment 
schemes

GENETIC DIAGNOSIS: NOT TO FORGET

http://www.emqn.org/
http://www.emqn.org/
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