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INTRODUCTION: The cerebral cortex is involved
in complex cognitive functions such as lan-
guage. Although the diversity and organiza-
tion of cortical cell types has been extensively
studied in several mammalian species, human
cortical specializations that may underlie our
distinctive cognitive abilities remain poorly
understood.

RATIONALE: Single-nucleus RNA sequencing
(snRNA-seq) offers a relatively unbiased char-
acterization of cellular diversity of brain regions.

Comparative transcriptomic analysis enables
the identification of molecular and cellular
features that are conserved and specialized
but is often limited by the number of species
analyzed. We applied deep transcriptomic
profiling of the cerebral cortex of humans
and four nonhuman primate (NHP) species
to identify homologous cell types and human
specializations.

RESULTS:We generated snRNA-seq data from
humans, chimpanzees, gorillas, rhesusmacaques,

and marmosets (more than 570,000 nuclei in to-
tal) to build a cellular classification of a language-
associated region of the cortex, the middle
temporal gyrus (MTG), in each species and a
consensus primate taxonomy. Cell-type propor-
tions and distributions across cortical layers
are highly conserved among great apes, whereas
marmosets have higher proportions of L5/6 IT
CAR3 and L5 ET excitatory neurons and Chan-
delier inhibitory neurons. This strongly points to
the possibility that other cellular features drive
human-specific cortical evolution. Profiling go-
rillas enabled discrimination of which human
and chimpanzee expression differences are spe-
cialized in humans. We discovered that chim-
panzee neurons have gene expression profiles
that are more similar to those of gorilla neurons
than to those of human neurons, despite chim-
panzees and humans sharing a more-recent
common ancestor. By contrast, glial expression
changes were consistent with evolutionary dis-
tances and were more rapid than neuronal ex-
pression changes in all species. Thus, our data
support a faster divergence of neuronal, but not
glial, expression on the human lineage. For all
primate species, many differentially expressed
genes (DEGs) were specific to one or a few cell
types and were significantly enriched in molec-
ular pathways related to synaptic connectivity
and signaling. Hundreds of genes had human-
specific differences in transcript isoform
usage, and these genes were largely distinct
fromDEGs.We leveraged published datasets
to link human-specific DEGs to regions of
the genome with human-accelerated muta-
tions or deletions (HARs and hCONDELs).
This led to the surprising discovery that a
large fraction of human-specific DEGs (15 to
40%), and particularly those associated with
synaptic connections and signaling, were near
these genomic regions that are under adaptive
selection.

CONCLUSION: Our study found that MTG cell
types are largely conserved across approxi-
mately 40 million years of primate evolution,
and the composition and spatial positioning of
cell types are shared among great apes. In each
species, hundreds of genes exhibit cell type–
specific expression changes, particularly in
pathways related to neuronal and glial com-
munication. Human-specific DEGs are enriched
near likely adaptive genomic changes and are
poised to contribute to human-specialized cor-
tical function.▪
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Divergent gene expression in the primate neocortex. (A) Proportions of neuronal subclasses are conserved
across species, except for increased proportions of three subclasses (asterisks) in marmosets. Among great
apes, neuronal gene expression has evolved faster on the human lineage, and glial expression has diverged
faster than neuronal expression in all species. (B) Many human-specific DEGs are associated with circuit
function and are linked to potentially adaptive changes in gene regulation.
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