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• La rivoluzione dell’era Genomica

• L’effetto del progetto genoma umano a livello clinico: 
l’approccio allo studio delle malattie genetiche rare tramite 
esoma

• L’utilizzo del genoma nei casi ancora non diagnosticati dopo 
esoma
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Gregor Johann Mendel (Hynčice, 20 luglio 1822 – Brno, 6 gennaio 1884)

La Genetica Medica 200 anni dopo Mendel
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1956 description of the correct chromosome number in humans

1959 discovery of a chromosome change associated with a clinical disorder (Down s.)

 

1902 concept of inborn errors of metabolism (alkaptonuria)

 

1953 structure of DNA

 

1957 single amino acid difference identified in the “sickle” hemoglobin protein

 

1966 “cracking” of the genetic code

 

1977 first human genes to be cloned: chorionic somatomammotropin, α- and β-globin
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• 1985 – Proposto

• 1986 - 89 - Discusso, dibattuto e pianificato

• Oct. 1, 1990 – Data ufficiale di inizio progetto

• Sept. 30, 2005 – Data presunta di completamento del progetto

• ma……….

La rivoluzione del Progetto Genoma Umano
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1^ edizione 1966: 1500 voci – oggi: >26.000

Dal 1998 solo in formato elettronico: On-lineMIM

http://www.ncbi.nlm.nih.gov/omim

MENDELIAN INHERITANCE IN MAN ( MIM )
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Un incremento esponenziale di informazioni
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Geni e malattie: 
una nuova 
dimensione

normale

variazione 1:
mutazione

Variazione 2: polimorfismo

Sano

Malattia 
monofattorial
e

Sano, ma 
con una proteina
che funziona di più o 
di meno: suscettibilità
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• La rivoluzione dell’era Genomica

• L’effetto del progetto genoma umano a livello clinico: 
l’approccio allo studio delle malattie genetiche rare tramite 
esoma

• L’utilizzo del genoma nei casi ancora non diagnosticati dopo 
esoma
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Sequenziamento personalizzato
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Le prospettive cliniche del Progetto Genoma Umano
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• Malattie Rare
• Frequenza < 1:2.000
• Più di 7.000 descritte
• Nel loro complesso colpiscono il 6-8% della popolazione
• In Italia ne sono affette 2 milioni di persone, con 19.000 nuovi casi l’anno
• La maggior parte ha origine genetica

• ULTRARARE < 1:2.000.000
• Potrebbero esserne affette pochissime o una persona al mondo
• Conoscenze estremamente limitate
• Necessità di condivisione dei dati per la loro descrizione e definizione molecolare
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Whole Exome Sequencing (WES)

Tecnica NGS in grado di analizzare virtualmente tutte le porzioni codificanti (esoni) di un 
genoma umano

20.000-25.000 varianti

Modalità 

di 

trasmissio

ne

MAF<0,

01



19

• Resa complessiva del 21,1%

• In caso di analisi di più familiari 29,9%

• Se si escludono le coorti più numerose reclutate per progetti di ricerca 35,4%

40%

22%
5%

11%

4%

3%

3%

3%
1%

11%

Patologie analizzate

Epilessia
Disordini delle piastrine
Patologie neoplastiche
Disabilità intellettiva
Patologie cardiovascolari
Sordità congenita

0% 15% 30% 45% 60%

Miscellanea

Disordini della motilità…

Labiopalatoschisi

Paraparesi spastica

Sordità congenita

Patologie cardiovascolari

Disabilità intellettiva

Patologie neoplastiche

Disordini delle piastrine

Epilessia

Resa diagnostica per patologia
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• 91 probandi per un totale di 206 individui

• Tutti avevano eseguito almeno un’altra indagine molecolare ‘di primo 
livello’ (prevalentemente CGH-array, sequenziamento Sanger, pannelli
NGS…) 

• Resa diagnostica 41,8% (38/91 casi), in caso di analisi di più familiari la resa
raggiunge il 48,3% (29/60 famiglie)

0,0%

12,5%

25,0%

37,5%

50,0%

62,5%

Totale Singoli Più

familiari

Resa diagnostica

- 31 

singleton

- 18 duos

- 34 trios

- 7 quads

- 1 fam 

estesa

0

10

20

30

40

Singoli Duos Trios Famiglie

Ereditarietà

AR XL de novo AD negativi
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Novel disease-gene correlations
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ABBIAMO BISOGNO DI STUDI FUNZIONALI IN MODELLI CELLULARI O IN MODELLI ANIMALI
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LIG3

PROVE DI PATOGENICITA’

• LIG3 codifica per la ligasi III, attiva sia nel nucleo sia nel mitocondrio, dove rappresenta l’unica 
ligasi coinvolta nel riparo del mtDNA, in associazione con la polimerasi γ.

• Zebrafish knockout mostrano alterazione dell’encefalo e della peristalsi intestinale.

• Il fenotipo viene corretto dall’inserimento di LIG3 wt umano.

• La transfezione con LIG3 contenente le nostre mutazioni non era in grado di ricostituire il 
fenotipo normale: mutazioni LOF.

• Studi in vitro hanno dimostrato anomalie della catena respiratoria e un aumento delle specie 
reattive dell’ossigeno.

Utilizzo di Glutammina per la sua azione antiossidante

CIPO, problemi autonomici, leucoencefalopatia.

TYMP, ACTG2 neg. 

WES: due varianti in eterozigosi composta in tutti i fratelli
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• L’effetto del progetto genoma umano a livello clinico: 
l’approccio allo studio delle malattie genetiche rare tramite 
esoma

• L’utilizzo del genoma nei casi ancora non diagnosticati dopo 
esoma
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• Pazienti negativi all’analisi dell’esoma>>>> analisi del genoma (costi/analisi dei dati ancora 

complessa)
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GS increasingly suggested as first-tier clinical test to replace ES for diagnosis of genetic disorders

⮚ In recent years, studies and meta-analyses were published on the topic

- uniform coverage (including coding)

- comprehensive variant calling

- coding + non-coding

- higher computational and human workload

- more interpretation challenges

- more demanding infrastructure

Genome Sequencing 
in the clinic 
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Move toward 

non-coding DNA 

A large portion of non-coding DNA is functional and regulatory elements tightly control gene and protein expression.

▪ Key elements in the non-coding genome such as promoters, silencer  and enhancers ensure that genes are turned on or off at 

the right moment

▪ Cis-regulatory elements regulate gene transcription through the binding of transcription factors (TFs)

Enhancer 

/Silencer Promotor
Start  Exon Intron5’UTR 3’UTR Enhancer 

/Silencer

Regulatory sequence Protein Coding UTR UTR Regulatory sequence

Cis regulatory 

element
TAD boundary

TAD boundary

Mechanisms of which disrupt non-coding elements cause severe disease:

• Splicing, transcription and translation alteration

• RNA processing and stability

• chromatin interactions

However, interpretation of non-coding regions remains of uncertain significance and more efforts are required to enable a

consistent and precise interpretation.
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WGS can uncover all type of genetic variation in coding and non-coding DNA  in unbiased way.  

Single Nucleotide Variants 

Small Insertion or deletion 

Well-established

Short tandem repeats (STRs)/Repeat expansions (RE) 

Copy number Variants (Structural Variant unbalanced)

Balanced structural variants (SVs) – e.g. inversions 

Partially studied 
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Challenges with WGS data

Millions of variants are identified in a typical genome :

✓ ~ 4,000,000 of small variants per samples

✓ ~ 20,000 Structural Variants for sample

✓ ~ 300,000 Short tandem repeats for sample
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Challenges with WGS data

Millions of variants are identified in a typical genome :

Questions

1. How do we handle the huge amount of data?

2. How do we facilitate data prioritization for clinical

evaluation?
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Prioritization: useful steps
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Analysis of 55 families

completed

52  trios and 3 quartets 

All family members 

had GS at mean 

coverage 50x

GS data were 

processed through a 

DRAGEN/GATK 

pipeline

Collect of DNA from blood samples 

and HPO-standardized clinical 

information
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Diagnostic rate
The GS-exclusive variants are highlighted in bold (25%)

The overall diagnostic yield is consistent with studies reported in the 

literature on cohorts of patients with NDDs (PMID: 36114283, 

PMID:37541188, PMID37541188)

Case Gene Transcript Variant Inheritance
type od 

variant

Potentially 

detectable 

with WES

FID_1 CREBBP NM_004380.3 p.Arg1868Trp DN SNV Y

FID_2 MT-ATP8
ENST000003

61851.1
p.Lys57* MT SNV N

FID_3 RIF1 NM_018151.5
2-151426560-

6821_del
DN SV N

FID_4 MED12 NM_005120.3
c.4477_4527+

56dup
DN SV N

FID_7 HECW2
NM_0013487

68.2
p.Arg1330Trp DN SNV Y

FID_8 AFF4 NM_014423.4 p.Arg258Trp DN SNV Y

FID_22 CYFIP2
NM_0010373

33.3

p.Asp877Glufs

Ter57
DN SNV Y

FID_10 TRIT1 NR_132405.1
p.Trp228Arg, 

p.Arg150Ter
AR SNV Y

FID_38 SCAMP5 NM_138967.4 p.Gly180Trp AD SNV Y

FID_31 RAC1 NM_006908.5 p.Tyr64His DN SNV Y

FID_45 ZNF865
NM_0011956

05.2

p.(Ser800Phef

sTer163)
DN SNV Y

FID_47 DDX1 NM_004939.3 p.(Glu371Lys) DN SNV Y
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Case Gene Transcript Variant Inheritance type od variant genomic region

Potentially 

detectable with 

WES

FID_29 HDLBP NM_005336.5 p.Arg839His DN SNV new gene Coding Y

FID_18

CHRDL1 NM_001143981.2 p.Lys300Ter XLR

SNV

coding Y

FGF13 NM_004114.5 c.-25A>C XLR non-coding N

FID_19

MT-RNR2
ENST0000038734

7
M-3251-A-G MT SNV N

NLGN4X
ENST0000038109

5.8
X:5863700+300_ins XLR SV non-coding N

FID_11

inv(X)(p22.13q28) DN SV non-coding N

GCH1 NM_001024024.1 p.Thr94Met DN SNV Coding Y

FID_39

FGF14/TLX1NB t(10,13); DN SV Coding N

SYNJ1
ENST0000067435

1.1

p.Pro1255Leu 

c.*2436A>G
AR SNV Coding N

FID_50
PIK3R2 NM_005027.4 (Glu338Gly) M SNV Coding Y

GPC3 NM_004484.4 c.175+4751A> XLR SNV non-coding N

OGT NM_181672.3 c.218+56A>G XLR SNV non-coding N

FID_54 SRCAP NM_006662.3 p.(Arg945Leu) AD SNV Coding Y

FID_42 COL23A1 NM_173465.4 p.Arg495Cys AR

SNV/ROH gene 

nuovo ma paziale 

phen

Coding Y

FID_25 TENM2
ENST0000051865

9.6
AD

SNV gene nuovo 

in un CRE
non-coding N

Diagnostic rate
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AOU 

alla nascita: P -0.43 DS, L -0.9 DS, CC -0.7 DS

brevità assoluta del funicolo ombelicale

grave ritardo nelle tappe di sviluppo psicomotorio, severa I.D., deficit di 

coordinazione dinamica e deficit prassico-motori. 

cheilo-gnato-palatoschisi   

atresia dell’arteria polmonare e DIV 

coloboma irideo bilaterale con coinvolgimento del nervo ottico, OO D 

exotropia e lagoftalmo, nistagmo a più componenti, 

funzionalità visiva compromessa; ipoacusia trasmissiva;

fossa nasale sinistra substenotica per deviazione del setto nasale;

displasia congenita dell’anca sinistra; scoliosi

imene imperforato; amenorrea secondaria. 

deformità scapolare di Sprengel;

paresi del VII nervo cranico dx

TC encefalo: ipoplasia del verme cerebellare.

D. 29 anni
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Sospetto clinico di Sindrome di CHARGE

Coloboma dell’iride, della retina e/o del 
disco ottico
difetti cardiaci (Heart), Atresia delle coane, 
Ritardo di crescita e dello sviluppo, 
ipoplasia dei Genitali, 
anomalie dell’orecchio interno ed esterno 
(e ipoacusia) (Ear)

LE INDAGINI GENETICHE CONDOTTE 
NEL PERCORSO DIAGNOSTICO 

• cariotipo su sangue periferico
• array-CGH (risoluzione media 

120kb) 
• analisi del gene CHD7
• Whole Exome Sequencing in 

modalità trio.

c.5210+1235A>G de novo CHD7

chrom pos ref alt name strand change

chr8 61759203 A G ENST00000423902_exon_22_0_chr8_61757809_f + NM_017780.3:c.5210+1235A>G

DISEASE PROB TRUE POSITIVE RATE FALSE POSITIVE RATE SPLICING SITE

D 0.75 0.13 0 off
RegSNPs-intron:

WGS
c.5210+1235A>G 

de novo 
CHD7
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Family history

III.2
- Hemeralopia: onset at 20 yo
- Hypertension
- Mild renal failure

Eye examination (2021):
- Fundus: bone spicule pigment 

deposits and salt and pepper 
peripheral retinopathy

- OCT: extrafoveal photoreceptors 
atrophy

- Rod – cone dystrophy

III.1
- Hemeralopia: onset at 20 yo
- Nicturia and hypertension at 27 

yo: ESRD diagnosis 
- Kidney biopsy suggestive of 

Nephronophthisis
- Kidney transplantation at 29 yo

Eye examination (2021):
- Fundus: attenuated retinal 

vessels, waxy optic nerve pallor, 
salt and pepper peripheral 
retinopathy

- OCT: extrafoveal photoreceptors 
atrophy

- Rod – cone dystrophy

c.740+288G>C/ WT c.740+267C>T/ WT

c.740+288G>C/ c.740+267C>T c.740+288G>C/ c.740+267C>TSDCCAG8 
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In vitro validation of 
cryptic variants 

By RT-PCR experiments on
cDNA derived from
patients’ fibroblasts, we
characterized the splicing
anomalies associated with
the c.740+267C>T and
the c.740+288G>C deep
intronic variants in the
SDCCAG8 gene. Both
variants alter an ESE/ESS
motif, causing the creation
of a 112bp pseudoexon
(Ψ7a). Interestingly, two
wild-type splicing isoforms
have been detected (7-8
and 7- Ψ7b-8).
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RNA SOURCE: URINARY STEM CELLS

Testing the effect of our SDCCAG8 variants on splicing
RNA SOURCE: SKIN FIBROBLASTS

qRT-PCR experiments show significant reduction of the WT transcript in affected patients vs their parents and the healthy
control on t-test (* p < 0.05; ** p < 0.01), in skin fibroblast and urinary stem cells
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Our ASO strategy to target SDCCAG8 cryptic variants.

We designed and synthetized four splice-
switching ASO to restore normal SDCCAG8
splicing at the pre-mRNA level.

To the molecules we have added a 2’-O-methyl
RNA phosphorothioate (2OMePS) chemical
modification in order to increase stability and
improves the affinity for the target sequence.

PS 2’-O-Me
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In vitro evaluation of ASOs therapeutic potential

Patient fibroblasts were treated with 20, 35, 50 and 65 nM concentrations of ASOs for 48h. Total RNA 
was isolated and RT-PCR was performed to evaluate the therapeutic potential of our molecules. 

Our preliminary experiments show the efficacy of AC3 and AC4 ASOs in restoring the physiological
splicing pattern (arrows) at all concentration tested. The treatments dramatically improved SDCCAG8
splicing correction of pre-mRNA.

The relative quantification of MUT 1 and MUT 2 splicing isoforms vs the WT one clearly states the
therapeutic potential of our molecules, indeed mutant bands had almost disappeared, suggesting a
complete abrogation of the aberrant splicing.
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Processo di comunicazione

bidirezionale

Non-direttivo

Consulenza genetica
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