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EREDITA’ AUTOSOMICA RECESSIVA
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Se  la incidenza  fosse 1/40.000, allora la frequenza 

degli eterozigoti diventerebbe  1 su 100

Infatti

1/100  X  1/100  >> 1/10.000

X 1/ 4 >> 1/40.000

Quindi, chiunque a  caso nella popolazione ha 

una probabilità 1/100 di essere portatore di una 

mutazione.
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Lancet. 2012 Jan 28;379(9813):335-41. 

Neonatal screening for lysosomal storage disorders: feasibility
and incidence from a nationwide study in Austria.
Mechtler TP et al

BACKGROUND:
..... We tested for Gaucher's disease, Pompe's disease, Fabry's disease, and 
Niemann-Pick disease types A and B in an anonymous 
prospective nationwide screening study that included genetic mutation analysis to 
assess the practicality and appropriateness of including 
these disorders in neonatal screening panels.
METHODS:
Specimens from dried blood spots of 34,736 newborn babies were collected ...... 
Anonymised samples were analysed for enzyme activities ...... Genetic mutation 
analyses were done in samples with suspected enzyme deficiency.
INTERPRETATION:
The combined overall proportion of infants carrying a mutation 
for lysosomal storage disorders was higher than expected......

http://www.ncbi.nlm.nih.gov/pubmed/?term=Neonatal+screening+for+lysosomal+storage+disorders%3A+feasibility+and+incidence+from+a+nationwide+study+in+Austria%C3%B9
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mechtler%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=22133539


Convegno AIG 2015, Rimini 20-22 Novembre

Prof. Cesare Danesino, Dipartimento di Medicina Molecolare, Università di Pavia

J Pediatr. 2015 Jan;166(1):172-7. 

Lysosomal storage disorder screening implementation: findings
From the first six months of fullpopulation pilot testing in Missouri.
Hopkins PV et al

.....
STUDY DESIGN:
A full-population pilot study using a multiplexed fluorometric enzymatic assay to 
detect Pompe disease, Fabry disease, Gaucher disease, and mucopolysaccharidosis 
type I (MPS I) in the Missouri newborn population is ongoing.... 
.......

RESULTS:
Our incidence rate of 1:5463 for Pompe disease is similar to the rate of 
1:8684 reported in an Austrian pilot study, but significantly higher than 
the rate of 1:34 348 in a study from Taiwan

.

http://www.ncbi.nlm.nih.gov/pubmed/?term=Lysosomal+Storage+Disorder+Screening+Implementation%3A+Findings+from+the+First+Six+Months+of+Full+Population+Pilot+Testing+in+Missouri
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hopkins%20PV%5BAuthor%5D&cauthor=true&cauthor_uid=25444528


Convegno AIG 2015, Rimini 20-22 Novembre

Prof. Cesare Danesino, Dipartimento di Medicina Molecolare, Università di Pavia

Se in effetti la incidenza osservata in Austria,

1/8000 circa, fosse rappresentativa di quella

europea ed italiana, allora la frequenza degli

eterozigoti diventerebbe 1 su 45.

Infatti

1/45  X  1/45  X 1/ 4 >> 1/8100

Quindi, chiunque a  caso nella popolazione avrebbe una 

probabilità 1/45 di essere portatore di una mutazione.
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Pompe's 
disease

3 0·4 896T→C
896T→C

Leu299Pro
Leu299Pro

Missense
Missense

Potentially less 
severe
Potentially less 
severe

4 0·7 –32–13T→G
1551+1G→A

··
V480_I517del

Splicing
Splicing

Potentially mild
Very severe

5 1·3 896T→C
896T→C

Leu299Pro
Leu299Pro

Missense
Missense

Potentially less 
severe
Potentially less 
severe

6 1·3 –32–13T→G
–32–13T→G

··
··

Splicing
Splicing

Potentially mild
Potentially mild

Mechtler TP et al Lancet. 2012 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Mechtler TP[Author]&cauthor=true&cauthor_uid=22133539
http://www.ncbi.nlm.nih.gov/pubmed/?term=Neonatal+screening+for+lysosomal+storage+disorders:+feasibility+and+incidence+from+a+nationwide+study+in+Austria%C3%B9
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Fam C.

I,1:      IVS1 // 2237G>A

II,1/II,2:  risk to be affected 
with GSDII >  about 1/200

No clinical evidence of the disease 

Enzyme activity (dried blood spot):  
low normal

Mutation analysis : IVS1+

no furhter mutation analysis

II,1/II,2:  risk to have affected children:  

1 x 1/100 x 1/4 >>  1/400

II,3/III,2: are not carrier of the 4 more 
common Italian mutation, about  60% of 
disease causing alleles.

1 x  0,4/100 (1/250) x1/4    >>1/1000
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Fam C.

I,1:      IVS1 // 2237G>A

II,1/II,2:  risk to be affected 
with GSDII >  about 1/90

No clinical evidence of the disease 

Enzyme activity (dried blood spot):  
low normal

Mutation analysis : IVS1+

no furhter mutation analysis

II,1/II,2:  risk to have affected children:  

1 x 1/45 x 1/4 >>  1/180

II,3/III,2: are not carrier of the 4 more 
common Italian mutation, about  60% of 
disease causing alleles.

1 x  0,4/45 (1/112) x1/4 >> 1/448
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N° casi con info fratelli / sorelle (ma non albero 
genealogico preciso): 

18 (per un totale di 30 soggetti di cui 18 malati)

Attesi 7-8 fratelli affetti; probabile selezione dei 
soggetti da testare solo tra quelli sintomatici
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n

Montalvo et al.

2006 / late onset

Pittis et al.

2008 / infants

c.1927G>A 5 1,3% 6,8%

c.2237G>A 13 10,3% 3,4%

525delT 21 3,8% 13,8%

DelEx18 5 2,6% 6,8%

Number of Patients for different mutations:
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N° casi per i quali NON ci sono  informazioni molecolari 

complete sulla struttura della famiglia: 102

Se solo la metà di questi avessero 1 solo fratello, avremmo 

51 persone con rischio 1/ 4 di avere due mutazioni e 

rischio di sviluppare la malattia, e quindi attesi 11-13 casi

con due mutazioni

Inoltre avremmo circa 25 persone che sono eterozigoti 

con rischio di figli con due mutazioni nettamente 

maggiore rispetto alla popolazione in generale.
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Test genetici:

-- Se non diagnostico, su base 

volontaria

-- consulenza genetica prima del 

test

[motivi per NON fare il test]

[motivi per fare il test]

-- consulenza genetica (lettera) 

dopo il test, con dettagliata 

spiegazione dei risultati
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Clinical Case 4, 1 st slide

1991

II:1  > diagnosis of Pompe disease,
Biochemical methods

After the diagnosis in II:1, 
prenatal diagnosis was done 
when I:2 was pregnant  again, with 
biochemical methods, and  II:2 was 
diagnosed as unaffected

No mutation tested

2014,
II:2  phones: I’m pregnant in the 9 th week, I would 

like a prenatal   
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Clinical Case 4, 1 st slide

Risk  for III:I to have …….

Two mutations >>

2/3 x 1/100 x 1 /4 >>1/600
2/3 x 1/45  x 1 /4 >>1/270

To be affected ?

Which form of the disease??
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Structural model of GAA. 

Right: magnification of the catalytic site.

Grey sticks: catalytic residues.

Grey spheres: G643R mutation (c.1927G>A).
Courtesy of dr. C. Scotti
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EREDITA’ AUTOSOMICA RECESSIVA

Var1/Nor Var2/nor

Var1/Var2  

affetto

(25%)

Var1/Nor o Var2/Nor 

Soggetti sani ma portatori 

(50%)

Nor/Nor  

sano

(25%)
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If we know  that the child 

is affected with an AR 

disease, than we can 

deduct the genotypes:

Child  >> aa

Parents >> Aa 

Be aware of exceptions!
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1- parents both carriers, the rule

2- wild cat fatherhood

2- one mutation from a carrier parent, the second  

mutation is a new mutation

3- one mutation from a carrier parent, the second  

mutation,  the second  mutation is a deletion (as in 

CNV) 

3- digenic inheritance

4- uniparental disomy 

…………………………
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……and so you always need to confirm that 

parents are carrier (if test is available) to

- give appropriate counseling to families;

- know what to look for in sibs and relatives.  
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cctgtcccagggtcagtgtgctgcagggctggccaggccactccgccctcccagggcaccagggcccgggggtgctctctgg
gtgctctcaggctcgtgtggccccttgggtgtgagcaagcctggctggcctctgtcccgcaggctgaacacgacggtggcgcc
cctgttctttgcggaccagttccttcagctgtccacctcgctgccctcgcagtatatcacaggcctcgccgagcacctcagtccc
ctgatgctcagcaccagctggaccaggatcaccctgtggaaccgggaccttgcgcccacggtacagcggcgggcggcgggc

gggggcactgagctggggagcgcaggtgctgaagcgccgtctcctgcatgtcccagccCggtgcgaacctctac

gggtctcaccctttctacctggcgctggaggacggcgggtcggcacacggggtgttcctgctaaacagcaatgccatgggta
agctgcccgccgcccagcgcccgggccggggtctcctccgtgctgcctgccctggagactggaggtccgcatgaggggccct
gggcacggtgctgggccttgtgttttctgggaaatgagtcctatgggctgatgcctctcccaactctggccttctgtgctcctaa
ggagggttctggggccctgcctggaggtgggctggcaccacatatctttccgtcccatgccaggttcctcctgagtcaggctta
gcacggcttccccaggccactctgagctcctcgtggggagagagcctcaactctccgcctgtgattggcccatctgtggggtg
cagagccctccaagtgaagaatctgtcccccaaccccagagctgcttcccttccag
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WT

c.861C>T (CCC 287 CCT) 

Pro         Prohttp://www.introni.it/splicing.html
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Case 1 (car):

10 intronic polimorphisms : c.547-4C>T; c.858+5ins7; c.858+30T>C; 

c.955+12A>G; c.1327-18G>A; c.1438-

19C>G; c.1551+49A>C; c.2040+20G>A; 

c.2331+20A>G; intron19, not in DB.

3 polimorphisms in exons, with aa change: c.596G>A; c.668A>G; 

c.2338A>G.

4 polimorphisms in exons, not changing aa: c.324C>T; c.1203A>G; 

c.2133A>G;c.2553A>G.

Homozygous
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Caso 2 (bat):

6 intronic polimorphisms: c.547-4C>T; c.1438-19C>G; c.1551+49A>C;        

c.2040+20G>A; c.2331+20A>G; introne19 non in DB.

3 polimorphisms in exons, with aa change : c.596G>A; c.668A>G;      

c.2338A>G.

4 polimorphisms in exons, not changing aa : c.324C>T; c.642C>T; 

c.1203A>G; c.2133A>G.

homozygous
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Pz. ID Allele 1 Allele 2
c.596G>A

p.Arg199His
c.668A>G

p.His223Arg
c.2338A>G
p.Ile780Val

BAn IVS c.1551+1G>C AA GG GG

BDo IVS --- GA AG AG

Cma IVS c.2560C>T AA GG GG

CMa IVS c.2560C>T GG

GFr IVS c.1551+1G>C AA GG GG

Slo IVS c.2189+1G>T AA GG

Tlo IVS c.1655T>C GG

BAn IVS c.1927G>A GA AG AG

CGr IVS delexon18 GA AG

Fen c.1927G>A c.569G>A GG AA AA

Gel IVS c.1076-1G>C GA AG AG
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Yan B, Raben N, Plotz P: The human acid alpha-glucosidase gene is 

a novel target of the Notch-1/Hes-1 signaling pathway. J Biol Chem

2002, 277(33):29760–29764.

Kopan R, Nye JS, Weintraub H: The intracellular domain of mouse 

Notch: a constitutively activated repressor of myogenesis directed 

at the basic helix-loop-helix region of MyoD. Development 1992, 

120:2385–2396.

Yang J, Bücker S, Jungblut B, Böttger T, Cinnamon Y, Tchorz J, Müller 

M, Bettler B, Harvey R, Sun QY, Schneider A, Braun T: Inhibition of 

Notch2 by Numb/Numblike controls myocardial compaction in the 

heart. Cardiovasc Res 2012, 96(2):276–285.
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Schizophr Res. 2006 Dec;88(1-3):275-82. Epub 2006 Aug 8.

Analysis of coding-polymorphisms in NOTCH-related genes reveals NUMBL poly-

glutamine repeat to beassociated with schizophrenia in Brazilian and Danish subjects.

Passos Gregorio S, et al 

Abstract

Abnormality in neurodevelopment is one of the most robust hypotheses on the 

etiology of schizophrenia. Neurodevelopmental processes involve several 

signaling pathways, including the Notch, but little is known at present regarding 

their possible involvement in schizophrenia. In the present study we 

investigated the link of non-synonymous variants of five genes of the Notch 

pathway (NOTCH2, NOTCH3, JAGGED2, ASCL1 and NUMBL) 

to schizophrenia in a group of 200 Brazilian patients and 200-paired controls. 

Also, we replicated the association of the NUMBL variant, our most promising 

finding, in an unrelated set of 684 Danish patients and controls. The 

consistency of this finding in two independent and unrelated populations 

reinforces the veracity of this association.

http://www.ncbi.nlm.nih.gov/pubmed/?term=Analysis+of+coding-polymorphisms+in+NOTCH-related+genes+reveals+NUMBL+poly-glutamine+repeat+to+be+associated+with+schizophrenia+in+Brazilian+and+Danish+subjects
http://www.ncbi.nlm.nih.gov/pubmed/?term=Passos%20Gregorio%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16899352
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Cell Cycle 
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http://string-db.org/



Convegno AIG 2015, Rimini 20-22 Novembre

Prof. Cesare Danesino, Dipartimento di Medicina Molecolare, Università di Pavia

Examples of ‘identity by descent’ (IBD).

Kok H S et al. Hum. Reprod. Update 2005;11:483-493

© The Author 2005. Published by Oxford University Press on behalf of the European Society of 
Human Reproduction and Embryology. All rights reserved. For Permissions, please email: 
journals.permissions@oupjournals.org
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PATHWAY NAME CELL CYCLE

N° OF GENES IN THE PATHWAY 124

N° of genes involved 42 (33,8%)

PATIENT 1

N° OF ANALYZED EXONS 9821

N° OF MATCH 36

PATIENT 2

N° OF ANALYZED EXONS 10005

N° OF MATCH 23

PATIENT 3

N° OF ANALYZED EXONS 9975

N° OF MATCH 30

PATIENT 4

N° OF ANALYZED EXONS 10091

N° OF MATCH 27

PATIENT 5

N° OF ANALYZED EXONS 10111

N° OF MATCH 22

PATIENT 6

N° OF ANALYZED EXONS 10168

N° OF MATCH 25

PATIENT 7

N° OF ANALYZED EXONS 10189

N° OF MATCH 31

PATIENT 8

N° OF ANALYZED EXONS 10038

N° OF MATCH 26
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From: M Ausems, et al: “Frequency of glycogen storage isease type II in The
Netherlands: implications for Diagnosis and genetic counselling”.
Europ J Hum Genet 1999.
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1/100 x1/100 X1/ 4 >> 1/40000
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We were requested to test III,1: 

There is not a strong indication to do it

Risk to be affected 1/ 2 X 1/896 >> 
1/1792

Prenatal Diagnosis in future pregnancies: 
to be discussed. 

Mutation analysis  in sibs of I,1 and 
their children, reasonable, but problems 
about  costs, counseling, anxiety, 
management of defined risk ( e.g. 
1/1.000 versus 1/40.000).

Mutation analysis  should always  be 
done  with genetic counselling before 
testing and when results are given to 
the patient 
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III:1 

-- has the maternal mutation

-- its GAA activity is slightly over 30% of ctrls

-- chance of a second mutation < 1/100 (common 

mutations excluded in the father) (Dr. Filocamo, 

Gaslini, GE) 

Final counselling  >> not affected for infantile form, 

very low chance for an adult onset form
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GSD II: aa disease clinically overt at age 50  

aa x AA  

F1:          Aa x Aa >  aa  onset 35yr

Aa x Aa > aa  onset 25yr

F2:             aa x Aa > aa   infantile
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*

*

*
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 Peroxisome proliferator-activated 

receptor alpha (PPARα), regulates genes responsible for 

skeletal and heart muscle fatty acid oxidation. 

 The intron 7 G/C polymorphism has been associated with 

athletic performance. The rare C-allele was predominant 

in power athletes, whereas the G-allele was more 

frequent in endurance athletes.

 PPARα genotype is associated with muscle fiber type 

composition. GG homozygotes had significantly (P=0.003) 

higher percentages of slow-twitch fibers (type 1 fibers, 

and resistence to fatigue)than CC homozygotes.  

PPARa
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