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The ratio of de novo to inherited mutations
in autosomal dominant and X-linked
intellectual disability disorders. Here we
define a de novo mutation as one that is
not present in the parents. The
significance of de novo mutations in
isolated intellectual disability/autism cases
is a cause of debate among autism
experts. While the presence of de novo
mutations in isolated intellectual
disability/autism cases is consistent with
the contribution of de novo mutations to
autism, the precise contribution of de novo
mutations to the aetiology of autism is not
known, owing to lack of information about
the parental transmission in intellectually
disabled (ID) patients and their family
members. A recent study [ 189 ] estimated
that de novo mutation accounts for roughly
25% of the genetic aetiology of autism

                               2 / 9



 

spectrum disorders (ASD). Moreover, many
of the variants in ASD are of unknown
significance, thus the true proportion of
causative de novo mutations is likely
higher. In addition, in any sample studied,
de novo mutations may represent a large
proportion of mutations that are private,
i.e. they are not shared by additional
individuals with a similar phenotype, as a
result of incomplete sampling. Hence the
true proportion of de novo mutations
shared between individuals may be even
higher than the 25% estimated in the
study by [ 189 ]. Recent estimates of de
novo mutation rates per generation for the
whole human genome vary widely [ 9, 190
]. For instance, whereas Sharp et al. (2013)
[ 9 ] estimated a rate of 1.5 de novo
mutations per individual per generation,
Willer et al. (2013) [ 190 ] found a rate of
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2.44 de novo mutations per individual per
generation. The new Italian de novo
mutations database presented in this
analysis represents a significant
improvement over the previous studies, as
the rates of de novo mutations are quite
similar to those currently derived from
healthy controls [ 8, 170, 190 ], and
provides further insight in the mutational
process underlying intellectual
disability/autism. An accurate estimate of
the de novo mutation rate per generation
is essential for studies focusing on the
impact of inherited factors on the
incidence of complex traits, such as
inherited intellectual disability and autism.
The mutational rate has implications on
the application of genetic technologies,
including family-based genome-wide
association studies (GWAS) and copy
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number variation (CNV) detection. The
difficulty of obtaining de novo mutation
rate estimates is due to the fact that de
novo mutations are extremely rare, with
an allele frequency of less than 0.5%. In
this paper we provide the population
frequency of de novo mutations estimated
for the first time to our knowledge based
on healthy volunteers and individuals with
intellectual disability in Italy and
independently confirmed in the literature.
This information is of particular importance
for current studies on the aetiology and
genetic architecture of autism, as the
allele frequency of de novo mutations that
are shared among individuals and their
parents is currently unknown and is likely
to be different for different modes of
inheritance, populations, and samples (e.g.
whole genome vs exome sequencing).
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One of the major goals of the Human
Genome Project was the identification of
causative genes for Mendelian diseases [
118 ], and the mutation discovery rate in

this effort has been benchmarked to
approximately 1 in 5,000 genes [ 119 ]. In
case-control studies, no de novo mutations
have been identified in Mendelian diseases

[ 110 114 ]. This suggests that de novo
mutations in Mendelian disorders are not

sufficient to cause disease, as the majority
of Mendelian mutations identified in the

human genome to date are present at very
low rates. Interestingly, a significant

excess of de novo mutations has been
observed in children with autism spectrum

disorder [ 104 105 ]. Likewise, de novo
mutations have been identified at the
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highest rate in children with
developmental delay [ 125 129 ] and in

their unaffected mothers, suggesting the
contribution of de novo mutations to the

high heritability of developmental
disorders [ 126 ]. The majority of germline

CNVs arise at fertilization and early
embryogenesis [ 12 ] and during the two-
cell stage [ 14 15 ]. The exact timing of de
novo mutations has not been specifically

addressed. As shown in Figure 5, the
appearance of de novo mutations depends

on the tissue-specific abundance of de
novo mutations as well as the timing of

their accumulation during embryogenesis
and early postnatal life. This, together with

the observation that de novo mutations
are most often loss-of-function alleles, is

consistent with an early postzygotic origin
for most of the de novo mutations, with
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3p21.3 deletions serving as one of the best
known examples of early de novo events [

30 ]. 5ec8ef588b
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