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Our genome encodes everything that makes us who we are
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Gene regulation is the basis of development & cell function
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Enhancers are key regulators of mammalian gene expression

transcription fac;t_ors
chromatin modifiers
Mediator complex




Case study: Enhancer mis-regulation has disease consequences
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How does the cell make sure that the right enhancer
contacts & activates the right gene?
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We need to go from thinking in 1D to 3D




Gene regulation happens on the intermediate scale of organization

- small scale intermediate scale large scale
10 bp - few kb ~10 kb - few Mb ~100 Mb - ~3000 Mb
double chromatin loops and epigenomic compartments chromosome territories

helix gooprgggg?_l_lx S:)somatlng ("active” vs. “inactive”)

nuclear
envelope

Mechanism: loop extrusion A/B compartmentalization Hansen et al., Nucleus (2017) 7



Chromosome conformation capture (3C) techniques map 3D

genome organization, and Hi-C has been the gold standard
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However, Hi-C is limited by its technique resolution and a
heavy reliance on deep sequencing
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Ongoing projects applying RCMC to study disease biology

Linking structure to function in metabolic disease Linking structure to function in blood disorders
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gRNA target sequence Break Site

TGCAAGCTAACAGTTGCTTTTAT:CACAGGCT
ACGTTCGATTGTCAACGAAAATAGTGTCCGA
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Limitations, future directions, & concluding remarks

RCMC is a pairwise method Epigenetic & single gene perturbations The 3D genome is intricately
organized across scales
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1. Background & motivation 2. Development of Region Capture Micro-C

transcrlptlon factors
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1. Background & motivation 2. Development of Region Capture Micro-C

Enhancers control Oh RCMC,
gene expression in mammals. High-res new method you are.
How tho? It's 3D You map gene contacts.
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New mechanism? Chromatin compacts!




RCMC identifies novel “microcompartment” structures in gene-dense loci
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Goel et al,, Nature
Genetics (2023)

bin size = 500 bp KIf1 Locus (chr8) bin size = 250 bp
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3D DNA organization in the nucleus is highly regulated
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Hi-C-based
methods &
genome-wide
methods

Micro-C-based
methods &
Capture
methods

Micro-C + Capture =
Region
Capture
Micro-C

high-resolution
architectural insights from
relatively little sequencing
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