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Expanding 3D Genome Engineering from Loops to Domains

Ji Hun Kim, Ph.D

Korea Advanced Institute of Science and Technology (KAIST)

Abstract

Mammalian genomes are folded into tens of thousands of long-range looping interactions.
The cause-and-effect relationship between genome structures and their functions is poorly
understood. We introduce light-activated-dynamic-looping (LADL), a new class of synthetic
architectural protein system for directed rearrangement of the three-dimensional genome using
blue light. LADL can induce the spatial colocalization of two genomic targets via light-induced
heterodimerization of cryptochrome 2 and a dCas9-CIBN fusion protein. We apply LADL to
redirect a stretch enhancer (SE) away from its endogenous KlIf4 target gene and to the Zfp462
promoter to form a loop in 3D nuclear space. Using single-molecule RNA-FISH, we demonstrate
that de novo formation of the Zfp462-SE loop correlates with a modest increase in Zfp462
expression. We continue developing technologies to extend our capabilities of 3D genome
engineering from loops to domains. The newly developed technology will unveil the mysterious
yet crucial mechanisms of the domain formations and their functions on gene transcription in live

cells without perturbation.



