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Illustration of chromosome 16 showing the 14 fly counterparts of the 25 human
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genes located in a deletion on the chromosome that is associated with autism
risk. Researchers used RNA interference (RNAi) to the reduce the expression of
these genes individually and in tandem to test how the interactions of these genes
modulate neurodevelopmental symptoms associated with the deletion.
Interactions between genes that either enhance or suppress the affect of reduced
expression are shown by red or blue lines. Credit: Girirajan Laboratory, Penn
State

Genes located in a large chromosomal aberration associated with autism
interact with each other to modulate the variable symptoms of the
disease, according to new research. A collaborative team led by Penn
State researchers tested the role of these genes individually and in
tandem by reducing the amount of the genes expressed in a fruit fly
model. The research, which appears June 29, 2018 in the journal Nature
Communications, demonstrates the utility of the fly as an experimental
model for understanding the complex causation of human
neurodevelopmental disorders and identifies potential targets for
therapeutic treatment.

"As opposed to diseases that are caused by mutations in single genes,
autism and other neurodevelopmental disorders have a complex etiology
that can be the result of many interacting genes," said Santhosh
Girirajan, associate professor of biochemistry and molecular biology and
of anthropology at Penn State and the lead author of the paper. "The
tools available in flies for genetic manipulation allowed us to quickly test
many individual and pairs of genes, so that we can begin to piece
together the complexity of their interactions and how that can impact
disease symptoms."

Many neurodevelopmental disorders—including autism, schizophrenia,
and intellectual disability—are associated with deletions or duplications
of relatively large regions of chromosomes that contain many genes.
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These deletions and duplications result in individuals having a different
number of copies of the genes contained with them. This 'copy number
variation' can result in developmental defects and neurodevelopmental
disorders because an individual may have too much or too little of a
particular gene.

The researchers focused on a large deletion on chromosome 16 that
spans over 500,000 base pairs—pairs of As, Ts, Cs, and Gs that make up
double-stranded DNA—and was first discovered in individuals with
autism. This deletion encompasses 25 individual genes and has
subsequently been associated with epilepsy, intellectual disability, and
obesity.

"We can sometimes identify a single gene within a large deletion that
causes the disease associated with the deletion, but this is rare and
usually associated with a specific set of symptoms," said Girirajan. "The
deletion on chromosome 16 is associated with many different symptoms
that are present to varying degrees—or sometimes not at all—depending
on the individual. This led us to believe that there is not a single
causative gene, but many that interact in complex ways."
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Complex interactions responsible for a common cause of autism. Illustration of
the network of interactions among the fly counterparts of human genes located in
a deletion on chromosome 16 associated with autism risk. Also shown are
interactions of the fly genes mapped to a larger genetic interaction network in
the human brain. Credit: Girirajan Laboratory, Penn State
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To try to identify how the deletion on chromosome 16 was causing these
symptoms, the researchers turned to the fruit fly, Drosophila
melanogaster. Flies have been classically used to discover developmental
and cellular mechanisms relevant to human biology, and for studying
neurodegenerative diseases, sleep disorders and epilepsy. There are also
many established tools for genetic manipulation available in flies that
allow the researchers to perform experiments much more quickly than in
other model organisms, like the mouse.

"Although we only tested the 14 fly counterparts of the 25 human genes,
our results suggest a model that can be applied to the overall mechanism
of disease caused due to this deletion," said Janani Iyer, a postdoctoral
researcher in the Girirajan lab and an author of the paper.

Using a technique called RNA interference (RNAi) in which a short
piece of RNA can be designed to reduce the expression of a particular
gene in either the entire fly or in a particular tissue, the researchers first
tested each of the individual genes in the chromosome 16 deletion that
have counterparts in the fly.

"When we tested reducing the expression of individual genes in the fly
larva, seven were lethal and we also found other neurodevelopmental
effects," said Girirajan. "When we limited the reduction of gene
expression to the developing fly eye, we noticed defects connected to
cell proliferation."

The researchers then chose the four genes with the most severe effects in
the individual tests and tested them in combination with each of the
other 13 fly counterparts of the human genes in the chromosome 16
deletion. They also tested the interaction of these four genes with 50
other genes known to play a role in neurodevelopmental disorders from
elsewhere in the genome. In the pairwise experiments, the researchers
found that the symptoms that appeared in individual tests were
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sometimes made more severe, sometimes reduced, and sometimes
unaffected. This suggested that multiple genes within the deletion likely
interact with each other, potentially contributing to the variability in
symptoms seen in individuals with the deletion.

"Based on our results, we suggest a new model for the pathogenicity of
the chromosome 16 deletion, and other large regions of copy number
variation in the genome," said Girirajan. "We must consider the
interactions among many genes to understand the variable symptoms
associated with these large deletions, rather than looking for single
causative genes. Understanding this will help us identify appropriate
targets for possible treatment of these neurodevelopmental disorders."

  More information: Janani Iyer et al, Pervasive genetic interactions
modulate neurodevelopmental defects of the autism-associated 16p11.2
deletion in Drosophila melanogaster, Nature Communications (2018). 
DOI: 10.1038/s41467-018-04882-6
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