
"Cell lineage in the human cerebral cortex using somatic mutations and RNA analysis”

Abstract: The cerebral cortex undergoes massive expansion in the primate lineage, especially in humans, but very little
information is available on patterns of cell proliferation and lineage outside of rodents. Direct knowledge of cell lineage in
human brain is especially important because of the role of somatic mutations in brain cancer and in an increasingly wide
array of other neurological diseases including epilepsy and autism spectrum disorders. We have shown that newborn
neurons in human cerebral cortex already show hundreds of somatic single nucleotide variants (SNV) relative to the
germline, in addition to clonal retrotransposon insertions, microsatellite mutations, and copy number variants (CNV).
Somatic SNV occur frequently with each cell division, 2-3 SNV/genome/cell division, providing in principle enough
information to provide a permanent, systematic, forensic lineage map of the brain of any species. Recent work combines
single-cell DNA sequencing and bulk sequencing to identify clonal somatic mutations, and then adds RNA analysis to assess
neuronal and glial cell types.

Patterns of lineage in human cerebral cortex show some similarities to rodent, with early divergence of excitatory and
inhibitory lineages, and widespread dispersion of interneuron clones. Somatic SNV also allow the demonstration that
excitatory neurons in deep cortical layers become postmitotic before upper layer neurons. But human cell lineage shows
marked widespread dispersion and intermingling of clonally related neurons even in the excitatory lineage at low levels of
mosaicism. Each cortical unit is composed of neurons derived from multiple progenitors distinct from early stages, and
functionally cortical borders are only respected by clones that make up <3% of cells. These results have important
consequences for clonal patterns of distribution of disease-associated mutations that confer risk to neuropsychiatric
disease. Supported by the NIMH, NINDS, The Paul G. Allen Frontiers Group, and HHMI.
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