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Neural stem cells (NSCs) reside in specialized niches in the adult mammalian brain. The ventricular-
subventricular zone (V-SVZ), adjacent to the lateral ventricles, gives rise to olfactory bulb (OB) neurons,
and some astrocytes and oligodendrocytes throughout life. In vitro assays have been widely used to
retrospectively identify NSCs. However, cells that behave as stem cells in vitro do not reflect the iden-
tity, diversity, and behavior of NSCs in vivo. Novel tools including fluorescence activated cell sorting,
lineage-tracing, and clonal analysis have uncovered multiple layers of adult V-SVZ NSC heterogeneity,
including proliferation state and regional identity. In light of these findings, we reexamine the concept of
adult NSCs, considering heterogeneity as a key parameter for analyzing their dynamics in vivo. V-SVZ
NSCs form a mosaic of quiescent (qNSCs) and activated cells (aNSCs) that reside in regionally distinct
microdomains, reflecting their regional embryonic origins, and give rise to specific subtypes of OB in-
terneurons. Prospective purification and transcriptome analysis of qNSCs and aNSCs has illuminated
their molecular and functional properties. qNSCs are slowly dividing, have slow kinetics of neurogenesis
in vivo, can be recruited to regenerate the V-SVZ, and only rarely give rise to in vitro colonies. aNSCs are
highly proliferative, undergo rapid clonal expansion of the neurogenic lineage in vivo, and readily form in
vitro colonies. Key open questions remain about stem cell dynamics in vivo and the lineage relationship
between qNSCs and aNSCs under homeostasis and regeneration, as well as context-dependent plas-
ticity of regionally distinct adult NSCs under different external stimuli. WIREs Dev Biol 2016, 5:640-658.
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