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Summary:
Proper functioning of the mammalian cerebral cortex requires precise interconnection
of neurons. This precise interconnection arises through neural activity-dependent
refinement in the postnatal stages. The molecular mechanisms of activity-dependent
refinement are not well understood.
The layer 4 (L4) excitatory neuron in the mouse somatosensory cortex is a widely used
model to understand molecular mechanisms involved in activity-dependent circuit
refinement. In mice, the whiskers, which are hair-like tactile sensory organs, form a
topographic map in L4 of the somatosensory cortex, known as the barrel map. L4
excitatory neurons form a barrel-like structure and receive inputs from thalamocortical
axons (TCAs), which occupy the barrel hollow. The barrel structures arise during the
first postnatal week through an activity-dependent refinement process. Gene expression
profiling is a promising approach for identifying candidate genes for molecular
mechanisms of L4 neuron circuit refinement.
L4 neurons in the mouse somatosensory cortex comprise of two morphologically
distinct subtypes, namely spiny stellate (SS) neurons and star pyramid (SP) neurons. S§
neurons exhibit asymmetric basal dendritic orientation to confine their dendrites to one
barrel, while SP neurons do not necessarily confine their dendrites to one barrel. This
basal dendritic property of SS neurons arises during the first postnatal week through an

activity-dependent refinement process. However, these two cell types are distinguished



only by the absence and presence of an apical dendrite, respectively, and nothing is
known about the molecular differences between these two cell types. Even within S8
neurons, those located on the edge of barrels (eSS neurons) show higher dendritic
dynamics as compared to those located in the barrel center (¢SS neurons). Given that
different cell types exhibit varied response to activity, gene expression profiling at the
level of individual cell types would give better insight to molecules that regulate barrel
formation and development of dendritic orientation. To do this, in this study, I used
single-cell RNA sequencing (scRNA-seq) to identify cell types in L4 neurons and
examine transcriptomic variation across cell types and between early (P4) and late phase
(P7) of circuit refinement.

I labeled L4 neurons by in utero electroporation (JUE) at embi‘yonic day 14.5 (E14.5)
of red fluorescent protein (RFP). The embryos were let to develop, and single-cell
samples were prepared at postnatal day 4 (P4) and P7. I accurately punched and obtained
the barrel region, by using TCA-green fluorescent protein (GFP) mice, which express
GFP in TCAs and thus aid in visualizing the barrel map. The punched tissue was
dissociated, and RFP-labeled cells were obtained by fluorescence-assisted cell sorting
and single-cell libraries were pi‘epared. Following sequencing and alignment of reads,
gene expression matrix was obtained. I performed clustering and identified neuronal
clusters. There were 8§62 neurons out of 1,141 total cells at P4, and 263 neurons out of
a total of 710 cells at P7. All the neurons from both P4 and P7 samples were identified
as upper layer neurons (L4 or L2/3) based on Cux1 expression.

A second step of clustering was performed to identify subtypes within neurons. Four
clusters (P4A to P4D) were identified. Based on Rorb expression and data from previous
transcriptomic analysis (Fertuzinhos et al., 2014), I identified P4A and P4B as L4 and
P4C and P4D as L.2/3 neurons. Four clusters (P7E-P7H) were identified at P7. P7E was
identified as L4 and the other three were identified as L2/3 neurons. At P7, L4 neurons

were clustered to only one cluster (P7E), which may be implied by the low sample size



at P7. By trajectory analysis I found that P4A and P7E are along one lineage and P4B
belongs to a distinct lineage.

Gene expression analysis revealed that genes involved in ubiquitin proteasome system
(UPS), genes involved in ATP synthesis and genes involved in regulation of mRNA are
differentially expressed between subtypes of L4 neurons at P4. UPS plays important
role in plasticity-related mechanism. Upregulation of UPS in P4A suggests P4A could
be more plastic than P4B and would exhibit activity-dependent developmental changes.
On the other hand, analysis between clusters P4A vs P7E and P4B vs P7E has identified
genes that exhibit temporal dynamics during L4 neuron circuit maturation. I found that
several genes encoding ribosomal subunits are upregulated at P4, which may correlate
with higher demand for protein synthesis during neurite outgrowth. Genes related to
calcium signaling, axon transport and synaptic vesicle release showed higher expression
at P7.

Thus, in this study, I identified differentially expressed genes across cell types (P4A vs
P4B) and across developmental stage (P4A vs P7E) which could be important candidate
lcz'r,enes for molecular mechanism behind circuit refinement in barrel cortex. Moreover,
for the first time this study has identified molecularly defined subtypes within L4

excitatory neurons at P4.
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