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B From Basic Developmental Neuroscience to Therapies

« Fundamentals of gene expression: from DNA to microRNAs
* microRNAs helped the emergence of complex brains

« Leveraging basic knowledge of microRNA function to correct neurodevelopmental disorders
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B From Basic Developmental Neuroscience to Therapies

« Fundamentals of gene expression: from DNA to microRNAs



BB On Protein Synthesis — Society for Experimental Biology Symposium

* The Sequence Hypothesis: the order of bases in a nucleic acid (DNA or RNA)
encodes the sequence of amino acids in a protein

. . ) . . Crick, Watson, Wilkins
« The Central Dogma: once information has passed into a protein structure, it 1962 Nobel Prize in

cannot get back out to nucleic acids Physiology or Medicine

Francis Crick, University College London, 1957
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Crick FHC. On protein synthesis. Symp Soc Exp Biol. 1958;12:138-163



Mo — > RNA - —_, protetn (70 years later)
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& / DNA is the blueprint of all cellular structures




Transcription

B "m - —_, Protetn (70 years later)
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I Proteins are the Building Blocks of the Cell
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¥ Ribosom

lllustration by David S. Goodsell
RCSB Protein Data Bank. doi: 10.2210/rcsb_pdb/goodsell-gallery-028



B How does Gene Expression Instruct the Emergence of Biological Complexity?
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I Non-Coding Genes Drove Greater Biological Complexity

More genes?
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More proteins?
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More cell types
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High complexity
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I I
3 25 170
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Adapted from Liu et al. Cell Cycle (2013)



I Non-Coding RNAs Regulate Gene Expression

O

Negative regulators of gene
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I The Discovery of microRNAs — a New Level of Gene Regulation

C.Elegans

Antisense sequence complementarity Ambros, Ruvkun
2024 Nobel Prize in
lin-4 Physiology or Medicine
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Levels

Time

Lee...Ambros Cell (1993); Wightman...Ruvkun Cell (1993); Pasquinelli...Ruvkun (2000)
Work from Bartel, Kim, MacRae, Filipowicz, Zamore, Hannon, Carthew, Tuschl, |zaurralde, Burge, Green, Mendel labs



B Sculpting Gene Expression to Achieve Cellular Diversification
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B Sculpting Gene Expression to Achieve Cellular Diversification
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B From Basic Developmental Neuroscience to Therapies

« Fundamentals of gene expression: from DNA to microRNAs

* microRNAs helped the emergence of complex brains



BB Neurons face Unique Gene Expression Challenges in Space

Mouse Brain

Pyramidal Neuron
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BB Neurons face Unique Gene Expression Challenges in Time
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~20,000 Neuronal precursors
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~35M cells

5,300 cell types (34 broad classes)
100B-1T synapses
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Thompson et al. Neuron (2014)



BB Expansion of the Neuronal microRNA Repertoire
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Hypothesis: microRNAs helped the emergence of complex brains

Zolotarov... Rajewsky Sci Adv (2022)



I Hypothesis: microRNAs helped the emergence of complex brains

« Are microRNAs driving neuronal diversification?

Pyramidal Neuron
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B Mapping Cell Type-Specific microRNA-Target Interactions

L%
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Are microRNAs important for these
structural difference?

~1% of cells

Pyramidal Neuron Purkinje Cell

Which microRNAs are expressed?
Which genes are repressed?



Are microRNAs important for these
structural difference?

B Mapping Cell Type-Specific microRNA-Target Interactions
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Zolboot*, Xiao* et al. Neuron (2025)



I A Purkinje Cell-Specific microRNA Controls Dendritic Arborization

miR-206

Pyramidal neuron

microRNAs
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Zolboot*, Xiao* et al. Neuron (2025)



I Purkinje Cell-Specific Targeting Controls Dendritic Arborization
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I Hypothesis: microRNAs helped the emergence of complex brains

« Are microRNAs driving neuronal diversification?

« Are microRNAs instructing developmental processes that are increasingly more

complex in larger brains? - Precise synaptic connections

Pyramidal Neuron
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Finding the right partner:
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{ 1000 in Visual Cortex

The MICrONS Consortium, Nature (2025)



BB microRNAs Instruct Contralateral Axon Innervation

Layer 2/3 Pyramidal Neurons

Control
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Zampa*, Sievert® et al. in preparation



I Convergent Repression of ltgb1 Instructs Contralateral Axon Innervation
Control

Map microRNA-target interactions
from Pyramidal Neurons at Day 5
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I Convergent Repression of ltgb1 Instructs Contralateral Axon Innervation
Control

Map microRNA-target interactions
from Pyramidal Neurons at Day 5
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B From Basic Developmental Neuroscience to Therapies

« Fundamentals of gene expression: from DNA to microRNAs
* microRNAs helped the emergence of complex brains

« Leveraging basic knowledge of microRNA function to correct neurodevelopmental disorders



B Gene Augmentation for Therapy — Haploinsufficiency-related Disorders
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B Gene Augmentation for Therapy — Haploinsufficiency-related Disorders
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BB Neurodevelopmental Disease (NDD) Genes are microRNA Targets

NDD Genes targeted by microRNAs
703 genes mmnervous system

= cancer disposition Pyramidal
w = cardiovascular 25 Neurons (PN)
SRS others
) m neurodevelopmental 35 23
neurodegenerative Purkinje 25
ol neurological Cells (PC) 10
neuropsychiatric 29 GABAergic
m malformations \ “Interneurons
289 genes ()

Arid1a Gria2 Pura
Auts2 Myt1l ScnZ2a
Gabra1 Nf1 Setdb

« Affect 200,000 births per year
« Majority have no disease-modifying treatments

Zolboot*, Ghanem* et al. in preparation



BB Functional Validation of microRNA-Target Interactions

microRNA

Ribosome
Increase

protein levels

Zolboot*, Ghanem* et al. in preparation



I The Scale of Gene Expression Regulation in Mammalian Neurons
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B A CRISPR/dCas System Blocks microRNA-Target Interactions

RNAL " microRNA
-targeting

CRISPR / dCas @

guide RNA

(QRL\JA) :>

Increase
protein levels

« High affinity for RNA

Programmable and highly specific

» Paired with high-throughput protein measurements can be
used to scan the entire 3’'UTR

Zolboot*, Ghanem* et al. in preparation



B SPTBN1 haploinsufficiency causes a Neurodevelopmental Syndrome

* Developmental delay

* Intellectual disability

« Autistic features

« Seizures

« Dysmorphic facial features
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Cousin et al. Nat Gen (2021), Teliska et al. Curr Bio (2021)



BB CRISPR/dCas Up-Regulates Sptbn1 and Rescues Axonal Defects
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B ASOs Targeting the Same MRE Induce Up-regulation

icroRNA
@mICFO
N

Antisense
Oligonucleotide
(ASO)
@ ................ :l/'\ Increase protein
""" A
— MRE levels
BllI-Spectrin

Control ASO

Zolboot*, Ghanem* et al. in preparation



BB ASO Rescues BlI-Spectrin Levels and Axonal Defects in vivo
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Zolboot*, Ghanem* et al. in preparation



BB mRNA Isoforms Change the Translation Potential

Alternative
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< with Gene Yeo (UCSD) Sison*, Zampa*, Kofman* et al. Nature (2026)



I A Flexible Platform for Gene Augmentation — Unbiased Discovery
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Zolboot*, Ghanem* et al. in preparation



B From Basic Developmental Neuroscience to Therapies

microRNAs drive development

Block microRNA-target interactions
to rescue haploinsufficiency
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