
Chromatin three-dimensional 
interactions mediate genetic effects 

on gene expression 
Journal Club  
21 May 2019 

Sasha Galitsyna



TADs and insulation are important for gene expression regulation

�2 Lupianez et al. 2015 Cell



�3 Rowley & Corces 2018 Nature Reviews



Are genes within the same TAD co-expressed?

● "Analyzing the relationship between CODs (coexpression domains) and 
chromatin 3D organization using Hi-C contact data, we find that CODs do 
not correspond to TADs. In fact, intra-TAD gene coexpression is the same as 
random for most chro- mosomes." - from "Analysis of the relationship 
between coexpression domains and chromatin 3D organization" Soler-Oliva 
et al. 2017 PLOS Comput. Biology 

● Based on bulk RNA-Seq expression of 20,502 genes from 100 normal breast 
tissue samples from The Cancer Genome Atlas (TCGA).
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Bulk RNA-Seq: no evidence?

�5 Soler-Oliva et al. 2017 PLOS Comput. Biology



Bulk RNA-Seq: no evidence?

�6 Soler-Oliva et al. 2017 PLOS Comput. Biology



Single-cell RNA-Seq: no evidence? 

● "There was no bias towards associating similar CV (coefficient of variation) 
value genes with same TADS. Also, tightly co-expressed High CV genes in 
each cluster were not specifically enriched for any biological process nor 
primed for specific lineage."  

● Based on 63 mouse ES and 32 human ES.

�7 Manksoki et al. 2016, Comput.Biology and Chemistry 



Single-cell epigenomics evidence

�8 Buenrostro et al. 2015, Nature



● Available on github since 2017:

�9 Delaneau et al., Science 2019 



Experimental setup:

● Based on: 
○ ChIP-Seq for 271 LCLs (lymphoblastoid cell line, GM12878) and 78 

primary fibroblast lines: H3K27ac, H3K4me1 and H3K4me3 
○ RNA-Seq for the same lines 

1. Identify ChIP-Seq peaks and correlation of activity: 
2. Identify cis-regulatory domains (CRDs): 
3. Associate genes with CRDs:  
 
 
 
 
 
 

4. Compare with Hi-C:
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Accounting for technical and biological variability:
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Map of ChIP-Seq peaks correlations:
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Identification of cis-regulatory domains (CRDs):
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Comparison of CRDs with Hi-C

● ChIP-Seq correlations are 
associated with Hi-C 
contacts 

● CRDs are generally smaller 
than TADs 

● Regulatory elements (REs) 
tend to be located at the 
CRD and TAD boundaries
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Interchromosomal coordination
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Genes-CRD association
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Genes associated with the same CRD are co-expressed:
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Association of genes with Hi-C:
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TFs that can explain trans-hubs
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Conclusion:

● Coexpressed genes are associated with TADs only if mediated by the same 
regulatory unit? 
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Other papers: 

● 2018:
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Transcriptional decomposition:
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● Association of XADs (expression-associated domains) with Hi-C:
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