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A Fruit ‘Flyful’ Line of Research Looks at Genetic 
Causes of Intellectual Disabilities
by Joel Schwarz

The next time you see fruit flies swarming 
around a bowl of ripe bananas or peaches give 
them a little more respect than you ordinarily might. 
A species of the tiny insects, Drosophila melano-
gaster, is one of the most commonly used animals 
in biological research, particularly in genetics and 
developmental biology. And some day Jay Parrish, 
an assistant professor of biology, believes the fruit 
fly may help unlock the genetic causes of a number 
of diseases that contribute to human intellectual and 
developmental disabilities including autism spectrum 
disorders (ASD) and Down, Rett, Fragile-X and 
Angelman syndromes.

Parrish, a Center on Human Development and 
Disability (CHDD) Research Affiliate, focuses on 
the basic properties of neurons in the larvae of fruit 
flies. Much of this work centers on the morphology, or the form and structure, of dendrites, the structures 
that extend from a neuron cell body in distinctive branch-like patterns. He is interested in how den-
drites cover their receptive field, the area from which a neuron receives sensory input, particularly how 
dendrites maintain coverage of their receptive field even as the organism grows. “Form is one defining 
characteristic of a neuron,” said Parrish. “However, there is a strong correlation between form and func-
tion and if we just use shape as a defining characteristic we can define well over 1,000 types of neurons 
in mammals.”

D. melanogaster offers a useful and relatively simple model. Research has shown that 75 percent of 
known human diseases have a recognizable match in the genome of fruit flies. In addition, the peripheral 
nervous system of the fruit fly has a much smaller repertoire of neurons compared to the more complex 
systems in vertebrate animals. Each neuronal type in the fruit fly has its own individual architectural pat-
tern of dendrites and Parrish’s lab studies four different types of these neurons. These four types grow 
at different rates and receive the same environmental signals from the larval wall body, or skin, of the 
larva, according to Parrish. “The different types of neurons grow intermingled with each other and there 
is no evidence of communication between the classes. But we think there may be communication early 
in development,” he said.

Parrish likens some of the work in his laboratory to reverse engineering. “We are taking apart the 
nervous system of the Drosophila in hopes of understanding how it’s put together. In part, we are looking 
for mutations in genes that might be linked to human disease. Then, by knocking things out in a neuron 
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Jay Parrish uses sophisticated imaging equipment to 
study the form and function of dendrites.
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or by disturbing things outside the neuron we can see how the neuron responds,” he said. Parrish noted that 
there are correlations between morphological defects in neuronal dendrites and human intellectual disabilities, 
and there are reports of some dendrite pathologies associated with diseases of cognition. In Down syndrome, 
for example, it has been found that cortical neurons retract after a short period of normal development in 
infants. However, these morphological defects have not been extensively studied. “Many heritable intellectual 
disabilities likely have associative dendrite pathology. We just don’t know if this pathology is causative. We 
should find more dendrite pathologies associated with these kinds of diseases as we get better at studying 
neurons,” he said.

Parrish and other researchers do not yet know how neurons establish and maintain their receptive fields. 
However, recent new laboratory tools including the ability to perturb gene function in single cells and, advanc-
es in cell biological analysis have given scientists the ability to visualize a neuron as it is developing as well 
as perturbing a cell. “Now we can explore how a neuron is developing and manipulate it,” he said. “An inver-
tebrate such as the fruit fly has an advantage on two fronts, visualizing and perturbing. We can label neurons 
and systematically analyze them using time-lapse photography. Another plus is that the generation time of a 
fly is faster than vertebrates such as mice or fish that previously have been used.”

How the growth of the dendrites and the cells that comprise the body 
wall of the larva coordinated is another puzzle that has to be solved. 
Through these studies, Parrish and his lab hope to gain insight into the 
way in which environmental signals regulate dendrite growth. As a fruit fly 
grows, dendrites of sensory neurons grow at precisely the same rate as 
the body wall so that the body wall is completely covered by sensory neu-
rons at all times, see figure to the left. “We are interested in understanding 
the nature of the signals coming from the larval wall to regulate dendrite 
growth. In a period of one week a Drosophila larva grows to be 20 times 
the size it started out, yet the dendrites of sensory neurons cover precisely 
the same proportion of the body wall throughout this period,” said Parrish. 

“We hope to identify substrate-derived signals that regulate dendrite growth. Eventually, we may be able to 
apply this knowledge to stimulate new dendrite growth or to help mitigate human disease.”

A portion of Parrish’s research is funded 
by the March of Dimes and this work is 
designed to identify basic mechanisms that 
regulate maintenance of branching dendrite 
arbors. The research uses microarray-based 
gene expression to identify and evaluate 
genes for their role in maintaining dendrites. 
Preliminary work in this area has identi-
fied two novel regulators that play a part in 
dendrite maintenance. Parrish believes such 
genes could play an important role in the 
maturation of neurons and provide insights 
into molecular mechanisms that underlie the 
neuronal pathology of human intellectual 
disabilities.

Different functional classes of sensory neurons have different dendrite 
arborization patterns. The Parrish lab has developed markers that allow 
them to uniquely and specifically label different types of sensory neurons, 
which then allow investigation of the basis of their structural differences.

Dendrites of sensory neurons, which respond 
to light and touch, completely and non-
redundantly cover the body wall of drosophila 
larvae like tiles on the floor. The “fibers” are 
visualized emanating from two cell bodies 
in each segment, the out-of-focus signal is 
autofluorescence from the intestine.


