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and shape, the simplicity of Maire and
Youks’ mechanism could make it of gen-
eral importance in natural systems.

Establishing spatial collectives may be
of importance in the structural formation
of tissues, bacterial communities, and
ecosystems. The presented framework
shows how individuals can tune their
role in those processes and thus the pro-
cesses themselves and therefore pro-
vides a path toward understanding those
complex systems.
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Studying autism genes in the context of the protein complexes to which they belong illustrates the potential of

network-centric approaches for understanding complex genetic disease.

Autism spectrum disorders (ASD) are a
set of related neurodevelopmental dis-
eases with shared phenotypes such as
impaired language skills and social cogni-
tion. Although ASD is quite prevalent,
having been reported to affect ~1% of
the population (Miles, 2011), its causes
remain poorly understood. This can be
largely attributed to the complexity of
the disease, which so far has been linked
to a diverse set of associated genes. In
this issue of Cell Systems, Li et al. (2015)
examine ASD-associated genes in the
context of protein complexes to explore
underlying mechanisms of the disease
and to suggest shared etiologies between
forms of ASD associated with other
conditions (syndromic ASD) and those
forms for which the cause is unknown
(idiopathic ASD).

The genetic basis of autism is highly
complex and heterogeneous. In an
attempt to identify risk genes, recent ef-
forts have used increasingly large cohort
sizes (De Rubeis et al., 2014; lossifov
et al., 2014) and sophisticated statistical
techniques to integrate transmitted, de

novo, and case-control genetic variation
(De Rubeis et al., 2014). While this has
led to the discovery of key ASD genes,
including voltage-gated ion channels, his-
tone modifiers, and chromatin remodelers
(De Rubeis et al., 2014), the physical orga-
nization of these genes, especially in rele-
vant cell types, remains  un-
known. Furthermore, since the observed
number of mutations in individual genes
is only slightly higher than expected, poly-
genic models are needed to accurately
identify ASD risk genes (Neale et al.,
2012). Because it has been shown that
ASD genes form highly interconnected
protein networks (Neale et al., 2012;
O’Roak et al., 2012), Li et al. take the
next step and carefully elucidate these
networks in neuron-like cells used as
models in autism research.

The authors characterize protein
complexes involving previously identified
ASD genes. Using a published resource
of human protein complexes, they find
that histone deactylases HDAC1 and
HDAC2 in the NuRD chromatin-remodel-
ing complex interact with orthologs of
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ASD genes in the embryonic mouse
brain and positively regulate down-
stream ASD genes during early brain
development.

Next, Li et al. extend this result by using
HDACT as well as five idiopathic ASD risk
genes (ANK2, CHDS8, CUL3, DYRKI1A,
POGZ) and a syndromic ASD risk gene
(FMR1) as “baits” to pull down protein
complexes, which were then identified
using mass spectrometry. This is the first
systematic study to identify protein com-
plexes involving autism-related genes in
a cultured neuronal cell line, yielding 119
high-confidence interactions. Compari-
sons to two independent gene expression
datasets confirmed that the interacting
proteins are in fact co-expressed in hu-
man brain tissue, supporting the idea
that this cell-type-specific network may
be highly valuable in understanding the
physical basis of how ASD genes work.

As an example, the authors find that
the 18304N mutation on the FMR7-en-
coded RNA-binding protein FMRP signif-
icantly perturbs the underlying interac-
tome network. Since FMRP-regulated
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genes are known to be very
important in ASD (lossifov
et al.,, 2014), the observed
interaction-specific  disrup-
tions could be used to
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link between these two forms
of ASD helps to explain why
they share many symptoms
and suggests common un-
derlying mechanisms. Since
syndromic forms of autism
are linked to related genetic
disorders such as Rett syn-
drome and Fragile X syn-
drome, future studies may be able to
extrapolate mechanistic insights from
these diseases with better-understood
etiologies to the idiopathic form of ASD.
Overall, the study of Li et al. reaffirms
the value of transitioning from gene-
centric approaches to network-centric
approaches to understand ASD and other
complex genetic diseases (Figure 1).
Since these diseases are multifactorial,
their etiology may be better understood
by taking a holistic account of the impact
of mutations in the complex cellular inter-
actome. For example, it has been found
that germline disease mutations are en-
riched at protein-protein interaction inter-
faces (Wang et al., 2012). There also have
been recent large-scale experimental
efforts to characterize how specific pro-
tein interactions are disrupted by muta-

Context

Functional Organization

Effects of Mutations on Protein
Complexes and Interactions

Figure 1. Disease-Gene Associations Are Analyzed in a Functional

tions implicated in Mendelian disorders
(Sahni et al., 2015; Wei et al., 2014), and
a similar network rewiring approach has
been used to understand how kinase
signaling is altered in cancer (Creixell
et al., 2015).

Thus, although gene-centric ap-
proaches for studying complex disease
supply the basic building blocks,
network-centric approaches similar to
the one adopted by Li et al. are critical
for putting together the pieces to produce
a more complete mechanistic under-
standing of how cellular functions are
altered in disease.
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