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Endless forms most beautiful

 |Infroduction
« Whatis EvoDevo@¢

« How are cell fate decisions controlled?
« Gene regulation at single-cell resolution

« Two "vignettes” from the lab
« The gene regulatory logic of skeletal progenitor
specification
« Patterning-relevant cell fate decisions in digit
development



Endless forms most beautiful

“...from so simple a
beginning endless forms
most beautiful and most

wonderful have been,

Charles Darwin

Alfred Russel Wallace

and are being, evolved.”
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Animals are not fixed entities

artificial selection natural selection

pigeon breeds Darwin finches



Change is heritable
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Diversity on two fimescales

Evolution
9
Population/ qé
Species L

Time ’ Phenotype

. “translate” genetic diversity
c c c c c c Individual » into phenotypic diversity

Development



Diversity on two fimescales

«EvoDevoy or
comparative DevBiol

genetic and epigenetic factorse

[incl. gene expression, chromatin states, environmental
variables, cell and tissue mechanics, etc...]

developmental constraint
versus plasticitye
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Development at cellular resolution

Morphological diversification

ACROSS species
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Embryonic Stem Cell
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Development at cellular resolution

What controls cell fate decisions?e
How can new cell types evolvee

How can these two processes
Impact morphological patternse
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The vertebrate skeleton
at cellular resolution
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The vertebrate skeleton
at cellular resolution
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Development at cellular resolution

What controls cell fate decisions?¢
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Control of cell fate decisions
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Control of cell fate decisions

~same genome
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Conrad Waddington [1957]
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Control of cell fate decisions

-type specific [RNA]

transcriptome == cell
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Control of cell fate decisions

Gene Regulatory Network [GRN]
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Control of cell fate decisions
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“open” DNA transcription factors
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Control of cell fate decisions
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Measuring RNA...
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Measuring RNA and DNA accessibility...

after
NYU GenCore
Nat Rev Genetics
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Measuring RNA and DNA accessibility...
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Measuring RNA and DNA accessibility
with single cell resolution

cellular DNA barcode
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Studying the conftrol of cell fate decisions
with single cell resolution

CELL TYPE-SPECIFIC

Gene Regulatory Networks [GRNs]
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The gene regulatory logic
of skeletal progenitor specification

developmental
specification
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Patterning-relevant cell fate decisions
in digit development
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Tetrapod digit patterning
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How are digit patterns specified and diversified ?

phalanges
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Tetrapod digit patterning
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Tetrapod digit patterning

Phalanx
Forming
Region
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Molecular dynamics at the Phalanx Forming Region

INHBA COL9A1
~ PFR ~ phalanges

GDF5
~ joints
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Molecular dynamics at the Phalanx Forming Region
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Molecular dynamics at the Phalanx Forming Region
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Molecular dynamics at the Phalanx Forming Region
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Molecular dynamics at the Phalanx Forming Region

BMPRIB
« BMP receptor
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Molecular dynamics at the Phalanx Forming Region
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A Turing system to approximate digit patterning in silico
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A Turing system to approximate digit patterning in silico
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A Turing system to approximate digit patterning in silico
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A Turing system to approximate digit patterning in silico
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Tetrapod digit patterning diversity
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Tetrapod digit patterning diversity
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Tetrapod digit patterning diversity
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Vertebrate skeletogenesis
in development and evolution

« Why EvoDevo¢

 Mutation and selection vs. ‘tfranslation of diversity’

« Whatis possible in development, what note

« Development at cellular resolution
« cell proliferation and fate specification ~ patterns

« epigenetic factors control cell fate decisions
[single cell genomics > TFs + enhancers > GRNs, cell signaling > modeling]

« evolution of novel cell behaviors [and types]
‘ novel morphologies
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