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The mammalian brain contains enormous numbers of neurons that have distinct circuit specificities.
Protocadherin (Pcdh)-a., Pcdh-8 and Pcdh-y gene clusters encode diversified transmembrane proteins that are
expressed stochastically and combinatorially in individual neurons. Each Pcdh gene has its own promoter, the
methylation of which correlates with each gene’s expression in several cell lines. Here I studied the in vivo
mechanisms and found that the Pcdh promoters are differentially methylated by the de novo DNA
methyltransferase Dnmt3b, during early embryogenesis. To determine this methylation’s role in neurons, I
produced chimeric mice from Dnmt3b-knockout (KO) induced pluripotent stem cells (iPSCs), which survived
to adulthood. However, Dnmt3b-KO Purkinje cells showed impaired dendritic self-avoidance and arborization.
To evaluate expression of each Pcdh isoform in single cells, I developed a high-throughput expression analysis
by using a microfluidic real-time PCR system. Individual Dnmt3b-KO Purkinje cells expressed increased
numbers of the Pcdh isoforms at the single neuron level, although the total expression level within the cluster
was maintained. These results indicate that the Dnmt3b-mediated DNA methylation at early embryonic stages

regulates both the probability of expression for the stochastically expressed Pcdh isoforms in single

differentiated neurons and the self-avoidance of dendrites. They also suggest a potential mechanism for cell

lineage-based specification of neuronal identity.
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