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Big Question 
Do gene expressions across cells correlate when genes are close to each other 
along DNA? 

gene2 

gene1 
gene3 

cell1 cell2 cell3 cell4 cell5 cell6 cell7 

gene1 59 62 86 70 14 37 93 

gene2 60 55 91 67 11 44 94 

gene3 26 95 84 78 12 46 89 

DNA 



RNA-seq 

Measure counts of 
RNA transcripts of a 
certain gene in a cell to 
determine number of 
times that gene is 
expressed in that cell 

https://en.wikipedia.org/wiki/Transcription_(biology)#/media/File:MRNA.svg 

https://en.wikipedia.org/wiki/Transcription_(biology)/media/File:MRNA.svg


Example of RNA-seq table 

cell1 cell2 

gene1 92 3 

gene2 76 66 

gene3 78 49 

gene4 27 41 

# of times gene1 has been expressed 
in cell1 



Pearson Correlation 

https://en.wikipedia.org/wiki/Pearson_correlation_coefficient#/media/File:Correlation_examples2.svg 

measuring the strength of the linear relationship between two variables 

https://en.wikipedia.org/wiki/Pearson_correlation_coefficient/media/File:Correlation_examples2.svg


The data 

https://www.nature.com/articles/sdata2018160 
https://figshare.com/articles/Description_of_each_single-cell_samples/6170075/1  

“Single-cell RNA sequencing of mouse brain and 
lung vascular and vessel-associated cell types” 
(GSE98816; Sci Data. 2018 Aug 21;5:180160 He 
et. al) 
 
scRNA-seq on 19937 genes of 3186 mouse brain 
cells, which was used to determine 15 cell types 
 

https://www.nature.com/articles/sdata2018160
https://figshare.com/articles/Description_of_each_single-cell_samples/6170075/1


What we did 
Plot each pair of genes as a point on the xy-
plane 
 
x=DNA base distance between pair of genes 
(distance between midpoints of both genes) 
 
y=Pearson correlation of expression between 
the pair of genes across all brain cells 
 
Only consider gene pairs within a single 
chromosome 
 
No significant pattern found 



Violin plot of chromosome 1 



Violin plot of chromosome 1 (closer range) 



What about TADs (Topologically Associated Domains)? 

https://advances.sciencemag.org/content/5/4/eaaw1668 
 

Regions of DNA where loci inside them contact each other frequently compared to loci outside of 
TADs 
Shown in Hi-C as small, bright squares along the diagonal 
Smaller than compartments, which are groups of regions of DNA whereby loci in the same 
compartment contact each other than loci in different compartments 

https://advances.sciencemag.org/content/5/4/eaaw1668


Gene pairs intra- and inter- TADs 
intraTAD: gene pairs 
within a single TAD 

TADs are of retinal neurons 
from Falk et. al. 



Gene pairs intra- and inter- TADs 
interTAD: gene pairs 
between two TADs 

TADs are of retinal neurons 
from Falk et. al. 



Gene pairs intra- and inter- TADs with violin plot 

gene pair dist (DNA bases) 

intra-TAD on left 
side of each violin 
(light blue) 
 
inter-TAD on right 
side of each violin 
(dark blue) 



Gene expression correlation within a single cell type 

gene pair dist (DNA bases) 

PC cell type from He et. 
al.; cell type containing 
the highest number of 
cells 



gene pair dist (DNA bases) 

capilEC cell type from 
He et. al.; cell type 
containing the 2nd 
highest number of cells 

Gene expression correlation within a single cell type 



What we found 

No significant relationship between distance and correlation 
of gene pairs 

 

Correlation is not enhanced with TADs or cell type filtering 



Other people’s work 
- For E. Coli there is a pattern, but it is highly dependent on gene coregulation 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5395161/ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5395161/


Future Work 
In the future we would like to investigate: 

- Coregulation (sharing molecules that activate them) 
- Enhancers (short regions of DNA that make a gene more likely to be 

transcribed)/insulators 
- Single Cell Assay for Transposase-Accessible Chromatin using sequencing 

(scATAC-seq) 
- compartments/more Hi-C data 
- different ways of calculating distance between genes (3D) 
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