
Genetics of socialization revealed through study of rare Williams Syndrome

ne of the things that makes us human is how we socialize with one another. What drives our
social behavior is a complex mix of genes, epigenetics, and external factors such as how or
where a person is raised. 

Williams syndrome is a genetic disorder that results in a particularly striking departure from what is
considered normal behavior: people with it are hypersocial, extremely empathetic, and indiscernibly
friendly towards strangers, especially as children – sometimes to the detriment of their own safety.
Scientists have been able to pinpoint that the disorder, which affects 1 in 20,000 to 1 in 7,500 people,
results from a deletion of 26 to 28 genes. In recent years, they’ve begun using Williams syndrome to study
the influence of this select group of genes on our social behaviors.

Genetic manipulations in mice are frequently used as a tool in neuroscience to uncover the function of
genes and their alterations. But single-gene ‘knock-out’ mice, in which a specific gene is lost, haven’t
really been able to show the role individual genes play in Williams syndrome. This is largely because the
mutations in these genes don’t actually mirror the gene networks responsible for the characteristics that
present in people with the disorder. Imagine the Royal Philharmonic Orchestra performing Tchaikovsky’s “
Symphony No. 4? with just the string players missing – it might sound a bit off, but you’d probably still be
able to make out the tune. If the woodwinds and the piano – two classes of instruments that also play a
central role in the symphony – were missing too, the tune would be completely lost.

Unlike the diseases I study, for which a single gene is responsible, working out how a collection of 26 to
28 genes interact with external factors to shape social behavior is a lot more challenging.
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In 2009, years after the first 25 Williams syndrome-causing genes were identified, a group of scientists
decided to functionally pick apart the gene deletions that cause Williams syndrome by creating three
different types of mouse models – two missing one copy of a different portion of the 25 implicated genes
and a third mouse model lacking all 25 genes like in the human disease.

All three mice were able to replicate crucial aspects of the human Williams disorder, including increased
sociability, to varying degrees.

To explore the involvement of the two groups of genes in social disinhibition, a variety of social interaction
tests were carried out in these mice. For example, in the partition test where a clear plastic wall is placed
between cages that contain holes and the behavior and level of interest towards either a novel or familiar
mouse on the other side is scored, all three deletion mice spent significantly more time close to the new
mouse compared to normal mice.

This suggested that multiple genes within the whole deletion region give rise to this behavior. However, for
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the tube test, where two mice meet in a narrow tube and the dominant one makes the other reverse, the
full-deletion mice and only the mice that were missing the first portion of the 25 genes frequently lost to
the normal mouse.

Although mouse studies are clearly very helpful, providing a powerful way to study the effects of individual
and combinatorial gene disruption, mice are genetically different from us and therefore do not perfectly
represent our genetic landscape. To make things more complicated, this landscape is highly diverse
between individuals.

Stem cells derived from real patients with complex neurodevelopmental disorders such as schizophrenia
can be turned into 2D and 3D cell structures and studied in a dish. Unlike mouse models, patient-derived
stem cell models allow us to investigate the true, rather than similar, cellular effects of our genes.

In the last few years, this strategy has been used by a number of research groups working on Williams
syndrome to create brain cells that essentially have the human disorder, with their findings being
published in Nature.

The gene GTF2I  has been studied in numerous patient-derived cellular models, revealing multiple
functions. GTF2I is a transcription factor – a protein that controls how genetic information is expressed
from DNA – and has been shown to play a key regulatory role by directly controlling other genes in the
deletion region. Different cell lineages have been created, including the precursors of the telencephalon
(telencephalic neural progenitor cells), the seat of all higher brain functions, and neural crest stem cells
from which our facial structures derive. By studying these different brain cell types, scientists discovered
that GTF2I is particularly bad at carrying out its job of controlling other genes in cells like the ones just
described. As might be expected, these pathways are relevant to some of the characteristics associated
with Williams syndrome.
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disorder, but the physical characteristics associated with it as well. People with Williams syndrome have a
striking set of facial features, traditionally described as “elfin,” with an upturned nose, high cheekbones,

https://massivesci.com/articles/mini-brain-disease-study-grow-lab/
https://geneticliteracyproject.org/wp-content/uploads/2018/02/massive-logo.png


big smiles, and pointy chins.  Taken together, it is not so surprising that some folklorists speculate that
real people with Williams syndrome may have inspired many fictional works throughout history, such as
William Shakespeare’s Puck in A Midsummer Night’s Dream.

So what has studying Williams syndrome taught us about normal social behavior? Disease-causing genes
that have been linked to particular traits of those with the disorder can offer clues for us to better
understand variations in behavior within the general population. Differences in our DNA don’t always
cause disease. In fact, they are quite normal. These DNA “polymorphisms” can be single changes,
deletions, or insertions or changes in the number of nucleotides, the building blocks that make up our
DNA. Such polymorphisms can give rise to differences in certain human behaviors, and this is where
Williams syndrome comes in.

‘Social’ genes

Through studying its multigenetic basis, Williams syndrome has helped us to identify which genes have an
impact on our social behavior. For example, common polymorphisms in the gene GTF2I, found in the
Williams syndrome deletion area, are associated with reduced anxiety in the general population and
warmth, a facet of extraversion, in women. Offering a functional basis for variations in this gene, these
polymorphisms have been specifically linked to reduced amygdala reactivity, a brain region involved in
fear responses.

Williams syndrome hasn’t only helped us to understand our own social behavior, but also that of other
species. Have you ever wondered why a dog is more likely to lick your face and wolf more likely to bite it
off? Giving new meaning to the phrase “man’s best friend,” a study into the genetic basis of the various
characteristics associated with domestication of dogs has found that our friendly canine pals have a
genetic deletion in the equivalent genomic region linked to Williams syndrome in humans. They found that
hypersociability, a key characteristic of the disorder, is a fundamental element of domestication that
distinguishes dogs from wolves. Remarkably, they have also been able to identify structural variants in
GTF2I and GTF2IRD1 that they propose contribute to extreme sociability in dogs, highlighting the
conservation of these genes and their associated behavior between man and his best friend.

There are many rare diseases that go unnoticed. While often devastating for the people who live with
them, they can seem irrelevant to everyone else because what leads to them is so hard to relate to.
Hopefully though, what Williams syndrome can reveal about the way we interact with each other will
encourages us to look a little closer at other rare and mysterious diseases and ask what they might teach
us.
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This article originally appeared at Massive as A rare disease offers clues to how genes affect 
social behavior and has been republished here with permission.
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