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The challenge of modeling human brain biology
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single-nucleus RNA-seq libraries

neocortex

striatum

hippocampus

Brain structuresSpecies

Drop-seq,

10X 3’ v3
180k

interneurons

(GAD1+,GAD2+)

Comparative insights from single cell RNA sequencing

Krienen et al. (2020) Nature



How might brain cell types evolve?



How might brain cell types evolve?
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How might brain cell types vary across species?

SST+PVALB+ LAMP5+ VIP+

snRNA-seq, 186,000 interneurons

Krienen et al. (2020) Nature

mouse marmoset macaque human



How might brain cell types vary across species?

gene: NTNG1

http://interneuron.mccarrolllab.org/
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SST+PVALB+ LAMP5+ VIP+

mouse marmoset macaque human

http://interneuron.mccarrolllab.org/
http://interneuron.mccarrolllab.org/


How might brain cell types vary across species?

SST+PVALB+ LAMP5+ VIP+



primate – primate 

pairs

mouse – primate 

pairs

Evolution constrains 

quantitative expression levels 

of loss-of-function intolerant 

genes, especially at the shorter 

evolutionary distances among 

primates

How might brain cell types vary across species?



How might brain cell types vary across species?

ASD/ID genes: Satterstrom et al. (2020) Cell



How might brain cell types vary across species?

A novel type



Grillner & Robertson (2016) Current Biology
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Conservation of the basal ganglia over 500 million years

A novel type
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How might brain cell types vary across species?

A novel type

TAC3 PVALB

Krienen et al. (2020) Nature



Abundances Molecular composition

Novel type Regional Allocation
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Enhancer GFP BarcodeCMV2
snRNA-seq

snATAC-seq

chromatin accessibility unique 
to novel TAC3 interneuron type

Pooled AAV injection

snRNA-
seq

collaboration between McCarroll (Harvard), 

Feng (MIT) & Mitra (CSHL) labs

Addressing a need: tools to enable precise cell type access in primates
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