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Genetic Discoveries Timeline







$ 3 billion

13 years

$ 120 million

2 years





Pace of discovery of novel rare-disease-causing genes 
using whole-exome sequencing



The (r)evolution
of genetic testing

2009…



Bergamo Experience 2001-2015
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SINGLE GENE DISORDERS WITH 
HIGH DIAGNOSTIC YIELD

HOMOGENEOUS DISORDERS 
WHERE >1 OF A LARGE N° OF 
GENES MAY BE IMPLICATED

GENETIC DISORDERS WHERE AN 
APPROPRIATE SET OF GENES TO 

TEST CANNOT BE CLINICALLY 
DEFINED or VERY RARE 

DISORDERS

CYSTIC FIBROSIS

CARDIOMYOPATHIES
EPILEPSIES
XLMR
…

AUTISM
CHD
MALFORMATIONS
…

Targeted NGS

Whole Exome NGS

Genetic Testing & Diagnostic Yield

Targeted NGS





Total number of NGS: 2,301

NGS Bergamo Experience
2011-2015



NGS Bergamo Experience
2011-2015





O.A., female,  6 months

• Arterial tortuosity

• Aortic aneurism

• Joint laxity

• Arachnodactyly

• Pectus excavatum

• Diaphragmatic hernia

• Fractures

• Parents’ consanguinity

2011: 1st WES in clinic...

P. Bianchi



Filtering Types...
driven by

• Biology

• Genetics

• Phenotype



Biology & Genetics

• Effect on 
protein/transcript

• Minor Allele Frequency
• …
• Recessive, X-linked, 

dominant , “de novo” 
model

• …



Clinical-driven Filtering strategies...

• Inheritance model 
(family history, etc)

• Clinical suspicion

• Phenotype-driven 
classification (HPO
terms)

• Clinical Follow-up



HGMD/OMIM genes

Coding with effects

MAF<1%

Autosomal Recessive

Consistent with phenotype

Total Variants

Results



Whole-exome sequencing

p.Glu57Lys

EGF containing fibulin-like extracellular matrix protein 2

Am J Hum Genet 2006



O.A, 6 months

Autosomal recessive cutis laxa 1B (#614437)

Only 6 cases reported  in literature

Iascone et al Circulation 2012







G. Locatelli









G. Locatelli



but technology 

progresses more 

& more becoming 

always more & 

more cheaper…



…expanding the 

number of analyzed 

genes





Rarity

Disease 
Mechanism

Gene
Type of 

Mutation

Disease 
Prevalence

Family 
HistoryAge of 

onset

Clinical 
Manifestations

…





NM_017946.2(FKBP14):c.573_575del

p.Glu191del (maternal)

The protein encoded by this gene is a member of the FK506-binding protein family of 

peptidyl-prolyl cis-trans isomerases. The encoded protein is found in the lumen of the 

endoplasmic reticulum, where it is thought to accelerate protein folding



NM_017946.2(FKBP14):c.362dup

p.Glu122Argfs*7 (paternal)



FKBP14 wild-type FKBP14 Glu122Argfs*7



FKBP14 wild-type FKBP14 Glu191del





Biallelic mutations in 

FKBP14 cause a recessive 

form of Ehlers-Danlos

syndrome characterized by 

progressive kyphoscoliosis, 

myopathy, and hearing 

loss.





Bergamo Experience 2011-2015



Bergamo Experience 2011-2015



Patients
(n)

Clinical signs (n)

1 2 3 4 5 6 7 8 9

Spectrum of Clinical Manifestations

Usually Underdiagnosed

Diagnosed by NGS
(very rare conditions)

Diagnosed by NGSDiagnosed by NGS
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Analytic Validity

Clinical Validity

Clinical Utility

Turn Around 

Time

Cost







Homozygous
NM_152743.3:c.857dup

p.Leu287fs in BRAT1 gene

Father

Index

Mother



• Recessive loss of function mutations in 
BRAT1 are recently described causes of a 
very severe neonatal encephalopathy





6/10 days

PRELIMINARY RESULTS

Worsening clinical 

conditions 

18 NICU cases





20 days-3 months

FINAL REPORT



Limits

1. Technical

2. Bioinformatics

3. Knowledge
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Limits

1. Technical

2. Bioinformatics

3. Knowledge

– Gene not yet identified

– Lack of recognition of the causal variant in 
genome sequence data by those reporting the 
results

– Suggestive nature of the majority of findings



S.A, female 2 yrs

• Several congenital anomalies

• Negative family history

• 1st child, healthy non-consanguineous parents 



Rarity

Disease 
Mechanism

Gene
Type of 

Mutation

Disease 
Prevalence

Family 
HistoryAge of onset

Clinical 
Manifestations

…



A de novo “novel” EZH2 mutation 

• de novo

• MAF=0

• computational 3D 

modeling

– significative change in 

protein structure

• In silico prediction

tools

– disease causing



a rare congenital disorder 

associated with rapid growth 

beginning in the prenatal period 

and continuing through the 

toddler and youth years. It is 

characterized by advanced bone 

maturation, and distinctive 

craniofacial, skeletal, and 

neurological abnormalities

The American Journal of Human Genetics, 2012



S.A, female 2 yrs

 Muscular hypotonia

 psychomotor impairment

 cranio facial features

 Weight 2,055gr/length 43cm (<<3°cent)

 cc 33 cm (10°cent)

 Cutis marmorata

 Cloverleaf skull

 Nystagmus

 Dysphagia

 Brachydactyly

 Hypotrichosis



TECHNICAL 
ACCURACY

THROUGHPUT

INTERPRETATION 
COMPLEXITY



The challenge is finding a needle in a 

haystack of needles…



Human Variability





POTASSIUM CHANNEL, VOLTAGE-GATED, KQT-LIKE SUBFAMILY, MEMBER 1; KCNQ1

Likely benign Reported as pathogenicRe-classification



Result of DNA sequencing:

a gradient of possible “dynamic” report

Negative Uncertain Causative

Not mean REALLY NEGATIVE 20-60%
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miascone@asst-pg23.it


