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Abstract

Neurons born in the embryo undergo an extended maturation
process in which they form circuits, refine synapses, and acquire
subtype-specific functions. How individual neuron types orchestrate
this progression remains unclear. Using single-nucleus multiome
sequencing, we tracked the transition from specification to functional
maturation in mouse skeletal motor neurons (SMNs). We find

that SMN transcriptional diversity is highly dynamic. At embryonic
day15.5, during target innervation, SMNs segregate into dozens

of subclusters corresponding to known motor columns and pools
defined by their target-specific gene programs. By postnatal day 3,
many of these embryonic signatures collapse, and SMNs converge
into a more molecularly homogeneous state. During the first two
postnatal weeks, SMNs diversify again, acquiring the gene expression
programs that define mature alpha, gamma, and type 3 motor neuron
subtypes. Integrating chromatin and transcriptional data, we identified
transcription factors that drive this second phase of diversification.
Loss of these factors disrupts acquisition of mature functional
subtypes. Our work reveals a unique developmental trajectory in
which diversity within a neuron type fluctuates dynamically over time
to meet evolving functional needs. Ongoing work aims to define the
molecular mechanisms governing sequential subtype specification and
to generate mature SMN subtypes from stem-cell-derived neurons.
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