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Description

Decoding gene & genome-regulatory functions of the RNA 
gene CISTR-ACT

Proper three-dimensional genome organization is required for
gene regulation and development. Chromosomal aberrations
rewire gene & genome-regulatory mechanisms and can cause
disease. Recently, high-throughput genomics and computation
have revealed that contacts between different chromosomes
(inter-chromosomal interactions) can directly have gene &
genome-regulatory functions. These discoveries fundamentally re-
shape our understanding of normal development and
pathogenesis. The central question is how functional parts of the
non-coding genome, such as long non-coding RNAs (lncRNAs), are
involved in inter-chromosomal interactions and how they
contribute to disease? My previous work provided the first
example of a lncRNA, termed CISTR-ACT, that mediates interaction
between different chromosomes. Specifically, CISTR-ACT facilitates
three-dimensional proximity with the chondrogenic
morphogenesis gene PTHLH on the same chromosome and with
SOX9, a critical transcription factor for cartilage development on
chromosome 17. I established live cell imaging of genomic loci to
show that CISTR-ACT and SOX9 are stably associated. We also
revealed that these two chromosomal territories frequently
intermingle in different cell types by visualizing the entire
chromosomes 12 and 17. However, in familial translocations the
regulatory landscape of CISTR-ACT - PTHLH - SOX9 gets disrupted
and cause autosomal-dominant brachydactyly, a rare disease with
chondrogenic malformation of hands and feet.
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Our results suggest that CISTR-ACT shapes nuclear organization
and regulates gene expression by bringing genes and their
genomic loci into three-dimensional proximity. Our central
hypothesis suggests that CISTR-ACT facilitates developmental
programs controlled by genes located on other chromosomes; any
physical disruption of this spatial transcription hub leads to
cartilage malformation. CISTR-ACT represents a novel epigenomic
mechanism in the context of chromatin and lncRNA biology. It
incorporates spatial positioning of genes and their regulation on
multiple chromosomes. The main gaps in knowledge are how
CISTR-ACT controls gene & genome-regulation, and which
functional chromatin modifiers interact with its RNA transcript.
Here, I propose examining CISTR-ACT to determine its role in gene
regulation and genome organization to understand novel
epigenomic mechanisms critical to biology and disease. In an
interdisciplinary approach leveraging molecular genetics,
functional genomics and live-cell imaging, we will address 1)
genomic loci in physical proximity to CISTR-ACT by using
chromosome conformation capture Hi-C, 2) CISTR-ACT's gene-
regulatory functions by modifying the locus and its expression
using different CRISPR-related techniques, 3) DNA sequences and
protein targets of CISTR-ACT's lncRNA binding 4) the
spatiotemporal properties of CISTR-ACT by live-cell imaging. Our
main goal is to determine how genes are regulated across space
and time through the inter-chromosomal contacts of CISTR-ACT.
Our data will deepen our understanding of the chromatin & RNA
biology of the non-coding genome and how CISTR-ACT contributes
to the pathogenesis of brachydactyly. By determining the
fundamental properties of this defective inter-chromosomal
communication, 3D epigenomics will translate into a new field to
improve human health.
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