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Small set of genes may provide unique
barcode for different types of brain cells in

worms

August 19 2020
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When i1t comes to brain cells, one size does not fit all. Neurons come in a
wide variety of shapes, sizes, and contain different types of brain
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chemicals. But how did they get that way? A new study in Nature
suggests that the identities of all the neurons in a worm are linked to
unique members of a single gene family that control the process of
converting DNA instructions into proteins, known as gene expression.
The results of this study could provide a foundation for understanding
how nervous systems have evolved in many other animals, including
humans. The study was funded by the National Institute of Neurological
Disorders and Stroke (NINDS), part of the National Institutes of Health.

"The central nervous systems of all animals, from worms to humans, are
incredibly intricate and highly ordered. The generation and diversity of a
plethora of neuronal cell types is driven by gene expression," said Robert
Riddle, Ph.D., program director at NINDS. "So, it is surprising and
exciting to consider that the cell diversity we see in the entire nervous
system could come from a just a single group of genes."

Researchers led by Oliver Hobert, Ph.D., professor of biochemistry and
molecular biophysics at Columbia University in New York City and
graduate student Molly B. Reilly, wanted to know how brain cells in the
C. elegans worm got their various shapes and functions. For these
experiments, the researchers used a genetically engineered worm in
which individual neurons were color coded. In addition, coding
sequences for green fluorescence protein were inserted into homeobox
genes, a highly conserved set of genes known to play fundamental roles
in development. Homeobox gene expression patterns were determined
by examining the patterns of the glowing fluorescent marker.

Dr. Hobert's team discovered that across the entire worm nervous
system, each type of neuron contained a unique set of homeobox
proteins. In other words, the identity of every neuron could be traced to a
specific combination of homeobox genes that were switched on or off.

Homeobox genes were initially discovered for their role in ensuring that
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body parts end up in their proper places. These genes have since been
found across all animal species, as well as in plants and fungi. Homeobox
genes contain instructions for making transcription factors, which are
proteins that can control the activity of other genes.

The nervous system of an adult C. elegans contains 302 neurons, which
can be divided into 118 types. Dr. Hobert's team determined that 70
homeobox genes are involved in characterizing the neuronal types. In
addition, further analysis suggested that the homeobox codes could be
used to subdivide classes of neurons. For example, the additional
analysis identified not only that a cell was a motor neuron, but its
location in the ventral nerve cord, the worm's version of a spinal cord.

"The diversity in neurons may be driven by a gene family that
distinguishes individual cell types in the brain," said Dr. Hobert, "There
is a simplicity to this arrangement in the sense that just one gene family
may explain all brain cell types. The complexity that arose from this
simple 'barcode' gene family suggests a potential role for homeobox
genes in the evolution of the nervous system."

Future studies will investigate whether brain cells in other organisms can
also be identified by specific protein codes. In addition, researchers will
examine the effects of changing the codes on identity and function of
neurons.

More information: Reilly, M.B., Cros, C., Varol, E. et al. Unique
homeobox codes delineate all the neuron classes of C. elegans. Nature
(2020). doi.org/10.1038/s41586-020-2618-9
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