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Abstract

Neuronal connectivity patterns determine brain function. 
The distinct morphologies of neurons in the brain help 
facilitate neuronal connectivity. To evaluate the molecular 
mechanisms that control distinct neuronal architecture, 
we analyzed the neuronal type specific expression patterns 
of genes that may impact neuronal architecture in the 
developing cerebral cortex.



Introduction
u Patterns of neuronal connectivity constrain and predispose brain function. 

Elaboration of distinct morphologies in the developing brain by appropriately
positioned neurons establishes the foundation for functional neuronal 
connectivity. This essential relationship is most robust in the cerebral cortex, the 
brain region that generates the most complex behaviors. 

u Cortical neurons in general can be categorized into two major classes: spiny 
excitatory (glutamatergic) projection neurons and non-spiny inhibitory 
(GABAergic) interneurons. The emergence of distinct projection neuron and 
inhibitory neuron architecture is fundamental to the formation of neuronal 
connectome (Figure 1). 

Figure 1. Distinct architecture and
connectivity of projection neurons and
interneurons. Cortical neurons (shown here for
primates) are categorized into two major classes:
spiny excitatory (glutamatergic) projection
neurons (left panel) and non-spiny inhibitory
(GABAergic) interneurons (right panel). Adjacent
projection neurons and interneurons display
marked differences in the morphology of their
dendrites (black) and in the targets of their axonal
projections (red). The diversity in morphology and
the resultant patterns of connectivity leads to
differences in cortical circuitry.



u We want to discern how these neurons that are positioned adjacent to each 
other within the developing cerebral cortex elaborate distinctly different 
morphologies. For example, a cortical projection neuron in primates can 
extend several feet of axons to connect with neurons in the spinal cord, 
whereas an adjacent interneuron synapsing with it restricts its axonal 
extension to a range of hundreds of micrometers. Neuronal architecture in 
essence determines patterns of neuronal connectome. But the molecular 
logic of neuronal architecture and how it impacts circuit formation are 
undeciphered.



Methods
u To explore if such mechanisms underlie the differences in the emergence of 

interneuron and projection neuron morphologies in an unbiased manner, we 
did the following: (1) analyze publicly available data from RNAseq studies of 
different classes of CNS neurons for gene expression in Interneurons (INs) and 
Projector Neurons (PNs) during late embryonic/ early neonatal stages when 
neuronal architecture is elaborated (Rosenberg et al., 2018,  
doi:10.1126/science.aam8999; Heavner et al., 2020, 
https://doi.org/10.1073/pnas.2008013117; Mayer et al., 2018, 
doi:10.1038/nature25999; Fecher et al., 2019; 
https://doi.org/10.1038/s41593-019-0479-z)

u Through this screen we created a list of genes that are preferentially expressed 
in INs and PNs (Fig 1).

u As control, we also identified genes that are selectively expressed in non neural 
cells (all different types of glia), widely expressed in all different cell types of the 
brain, and barely expressed in any cell’s types of the brain. 

u We then analysed Allen scRNASeq, Mousebrain.org databases for the expression of 
these genes in cortical INs or PNs.

https://doi.org/10.1073/pnas.2008013117
https://doi.org/10.1038/s41593-019-0479-z


Fig 1. Neuron genes (partial list of 75 genes of a total of 1612 genes)



Results

u Using the single cell RNA-sequencing data in Allen Brain Atlas, we were able 
to generate the gene expression maps for various projector neuron and 
interneuron genes. Attached below are some of the Human brain gene 
expression maps.



u Here in this 
gene 
expression 
map, we can 
see that the 
genes such as 
SLC17A7, SV2B, 
NPTX1, and 
others are 
preferentially 
expressed in 
projection 
neurons.



This is a gene expression map of some of the interneuron genes.



This is a gene expression map of some of the non neural genes.



Discussion

u Distinct neuronal morphologies in the brain enable its functionality. The 
neuronal architecture and connectivity patterns ultimately enable the 
function and fate of neuronal circuits in the brain. By studying the genes 
that influence projector neurons and interneurons, I was able to analyze 
the expression patterns of genes that may influence the neuronal 
architecture during brain formation.

u In this data, Single cell RNA-Sequencing data from developing human 
cerebral cortex was used to analyze gene expression of interneurons and 
the projector neurons in the brain.



u The distinct cell type specific expression patterns of the genes in the 
gene expression maps may indicate if they can affect neuronal 
architecture and connectivity. 

u The impact of these candidate genes in neuronal architecture and 
neuronal connectivity in the brain could be analyzed in functional 
studies.

u Knowing these genes and their neuronal expression patterns will help us 
examine how mutations in these genes expression may ultimately affect 
the neuronal architecture in humans and mice.

u In the future, we will perform biological pathway analysis (GO term) 
based on this gene list to identify biological pathways that are 
selectively active in the developing INs and PNs as a way to identify 
metabolic or membrane growth/addition pathways that may underlie 
the elaboration of distinct IN/PN architecture.  
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