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The 3D organization of the genome plays a critical role in gene transcription. 
While sub-megabase single-cell datasets collected using high-throughput chro
mosome conformation capture (Hi-C) have identified on the order of thousands 
of differential topologically-associated domain (TAD) boundaries and genomic 
loops at the pseudo-bulk level across cell types, these datasets are limited by 
a sparsity problem where incomplete single-cell contact maps often need to 
be filled through imputation heuristics before further analysis, preventing thor
ough quantification of cell-to-cell variations. On the other hand, imaging-based 
combinatorial chromatin tracing methods such as multiplexed error-robust 
fluorescence in situ hybridization (MERFISH) applied to DNA has been shown 
to reach up to ~80% detection efficiency in single cells at ~1 Mbp resolution, 
a regime too large to identify most TADs and loops. We aim to extend DNA-
MERFISH towards targeting an order-of-magnitude larger number of genomic 
loci, thus reaching sub-megabase resolution. Using improved MERFISH single-
cell chromatin traces, we aim to both identify novel cell-type-specific features 
relevant to biological function as well as quantify the degree of variation of 
domains and loops across single cells.
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The 3D organization of the genome plays a critical role in gene transcription. While sub-megabase single-cell datasets 
collected using high-throughput chromosome conformation capture (Hi-C) have identified on the order of thousands of 
differential topologically-associated domain (TAD) boundaries and genomic loops at the pseudo-bulk level across cell 
types, these datasets are limited by a sparsity problem where incomplete single-cell contact maps often need to be filled 
through imputation heuristics before further analysis, preventing thorough quantification of cell-to-cell variations. On the 
other hand, imaging-based combinatorial chromatin tracing methods such as multiplexed error-robust fluorescence in situ 
hybridization (MERFISH) applied to DNA has been shown to reach up to ~80% detection efficiency in single cells at ~1 
Mbp resolution, a regime too large to identify most TADs and loops. We aim to extend DNA-MERFISH towards targeting 
an order-of-magnitude larger number of genomic loci, thus reaching sub-megabase resolution. Using improved MERFISH 
single-cell chromatin traces, we aim to both identify novel cell-type-specific features relevant to biological function as 
well as quantify the degree of variation of domains and loops across single cells. 
 

 


