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Abstract:

Healthy cognitive function relies on the balanced interaction of tens to hundreds of
excitatory and inhibitory neuronal cell types as well as glial cells. The distinct
physiology of each cortical cell type emerges during pre- and post-natal brain
development through epigenetic, transcriptional and morphological processes that
define cells’ mature state. Brain cells make use of unique mechanisms of
epigenetic regulation, including abundant non-CG methylation, yet the distribution
of these marks across cell types is unknown. Existing methods for isolating cell
populations from mammalian tissues are difficult to use for analyses of DNA and
RNA in brain tissue. We therefore developed a strategy to purify fluorescently
labeled nuclei of specific cell types from fresh mouse tissue by using the cre-lox
system to induce expression of an epitope-tagged nuclear membrane protein in
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defined cell types. Our purification procedure isolates both rare and abundant
target cells with high yield and purity. We used this system to purify neocortical
pyramidal neurons, parvalbumin (PV)-expressing fast-spiking interneurons, and
vasoactive intestinal peptide (VIP)-expressing interneurons, followed by
transcriptome and whole-genome methylome profiling (RNA-Seq and
MethylC-seq). Genome-wide, base-resolution DNA methylation profiles reveal
global and local cell specific patterns of methylation in both the CG and non-CG
contexts. We identify thousands of differentially methylated regions (DMRs)
across the three cell types, and integrate these data with published methylomes
from fetal and developing brain as well as astrocytes. Regions that lose CG
methylation during development of a specific neuron type (CG-DMRs) are
enriched in active histone marks and cell type-specific transcription factor motifs.
We also identify cell type-specific patterns of non-CG methylation that co-vary
with gene transcription across cortical neuron types. Overall, our analysis of cell
type-specific gene expression and DNA methylation gives insight into the genes
and regulatory elements that may play a role in the maturation and maintenance of
distinct neuronal identities.
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