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Our research will shed light on deciphering how gene expression will change upon activation of
somatic sensory neurons. The results will also contribute to the knowledge of longer-lasting i
behavior effects in the whole animal caused by sensory neuron activation and related gene expression
changes.

Activation of somatic sensory neurons commonly leads to fast behavioral
responses are relatively well studied by far. However, what longer-lasting influences could be left
on the overall fitness of the animals is not yet clear. We are interested in investigating the gene
expression changes caused by chromatin organization upon neuronal activations, and also the
longer-term behavioral consequences caused by the gene expression changes.

To address this question, we utilize a sub-type of somatic sensory neurons (C4da) in the fly larvae.
Our current data suggested that while C4das are constantly activated through TrpAl, many other

signaling-related genes are down-regulated. Furthermore, one significantly up-regulated gene has

been found in one of the chromatin remodeling complexes, sug?esting that the gene expression

reductions could be controlled from the chromatin structure level. We are set to further confirm and
investigate those changes with ATAC-seq or ChlP-seq using C4da neurons.
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Animals respond to stimulations from the surrounding environment. Somatic
sensory neurons are the frontline sensor for the stimuli. Neuronal activations commonly
lead to fast behavioral responses, while whether there will be longer-lasting influences
on the overall fitness of the animals is not yet clear. We are interested in investigating
the gene expression and chromatin organization changes when neurons are activated.
Among the genes that show expression changes through chromatin organization control,
we intend to look for the ones that can influence the longer-term behavior. Thus, we could
identify the role sensory neurons play in conducting the stimuli sensed to effects on the
whole animal at both the molecular and behavioral levels.

Our initial data has shown that besides the fast behavioral responses caused
by the activity changes of a subtype of somatic sensory neurons, larvae also react to
nutrition differently while sensory neurons are silenced or activated. Therefore, firstly we
are interested in looking for the gene expression and chromatin organization changes
when sensory neurons are activated. For the genes showing expression changes, they
would be good candidates for linking sensory neuron activity changes to how larvae
change their responses to nutrition.

To investigate this question, we mainly utilize a sub-type of the somatic sensory
neurons in the fly larvae (C4da neurons), which can react to diverse stimuli such as short
wave-length light, heat, chemicals, and mechanical forces [1]. They are able to be
activated by overexpression of TrpAl channels and high-temperature treatment (30C).
They can also be silenced by overexpression of a temperature-sensitive form of vesicle
transportation protein (Shi*). Larvae are usually raised on a standard fly culture medium.
When they intake food differently on the regular medium, their sensitivity to higher
nutritious food might change at the same time [2]. We planned to either activate or silence
the C4da neurons for a certain period (from the late 2nd to early 3rd stage, aiming to not
affect their development), then test their preference for 20% glucose liquid food. If larvae
intake regular food differently, their hungry level would be different, thus, showing some
difference in preference for higher nutrition food. Similar experiments can be done with
other genotypes of larvae, in which their C4da neuron activity might be altered.

To further investigate the gene expression changes when C4da neuron activity
changes, we planned to perform RNA-seq on FACS-sorted C4da isolated from larvae.
Potential chromatin organization changes can be assessed by ATAC-seq, which could



map out the open region in the genome. They can also be detected by ChlP-seq using
antibodies specific to markers that label chromatin at a specific status (e.g. antibody for
acetylated histone). Genes that show expression changes and that can be found in
chromatin regions show different accessibilities upon C4da activation would be
candidates of our interest. We can further test whether they play any role in affecting the
sensitivity to food as described in the previous section.

When we tested how C4da activities affect the nutrition intake we found that
the larvae were less willing to uptake the higher-concentration-glucose liquid food when
the neurons were activated. At the same time, more larvae in the population will take
the higher-concentration-glucose liquid food when the neurons were silenced.
Moreover, knocking down and overexpression of a transcriptional factor, which is
critical for C4da development and its ability for sensing stimulation, also led to the
difference in preference for the higher-concentration-glucose liquid food. Having taken
all the data so far, alterations of C4da neuron activity seem to affect the feeding state
of the larvae.

After confirming the behavioral phenotype, we are interested in looking for the
genes downstream of activity change in C4da. One possibility is that those genes of
interest would be C4da specifically enriched since sensing the different types of stimuli
is one feature for C4da neurons. Therefore, before | finalized the protocol for isolating
C4da neurons and during the work-from-home time during COVID, | re-analyzed some
old microarray data from past members in the lab, in an attempt to narrow down to
some potential interesting candidates. A group of genes in charge of cell-cell
interactions and some GPCRs for nutrition-controlled peptides appeared from the
dataset. Knocking down many of them also showed some difference in the higher
concentration of glucose intake, which suggests that they could be linking the activity-
induced transcriptional changes and the long-term effect caused by C4da activation.

Our recently finished RNA-seq data showed similar and different candidate

genes from my previous analysis. For this set of experiments, C4da neurons are
activated by TrpAl and 30C treatment temporarily. Differential expression analysis
showed that many other ion channels and receptors (including some GPCRs found in
the previous analysis) were down-regulated upon C4da activation. This result may
indicate that a certain type of activation may lead to signal-receiving reductions in other
pathways. On the other hand, one gene that is significantly upregulated has been found
in the nucleosome remodeling and deacetylase (NURD) complex, suggesting that



neuronal activation could possibly cause gene expression regulation controlled from the
chromatin structure level.

To continue our investigation on not only individual genes that show expression
changes but also on whether those individual changes are organized at the chromatin
structure level, we have planned to perform ACTA-seq and/or ChlP-seq against
different chromatin state markers. It has been a technical challenge to perform ATAC-
seq or ChlP-seq for samples below 5000 cells. But a protocol adjusted for ~1000 FACS-
sorted da neurons for ChlP-seq and ~500 neurons for ATAC-seq have been developed.
We are looking forward to discovering more data regarding the chromatin level changes
in C4da under different activity states or even other conditions. Those experiments can
allow us to verify whether the targets showing expression changes are in the open
chromatin region pre- and post-activation.

For the candidate genes of interest (possibly one or more genes for GPCRS),
we are also willing to test their roles in affecting C4da neuron activity in return. With the
living imaging method | set up during this granted period, the activity of C4da can be
measured with GCamP upon treatment of peptides, chemicals, or some stimuli. This
data would be helpful to answer whether there is bi-directional regulation between gene
expression control and neuronal activity state.
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