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Schedule 



–  Chromatin modifications 

–  Transcriptional regulation (TF-mediated) 

–  Post-transcriptional (ncRNA-mediated) 

–  Translational (RNA decay; ribosome occupancy) 

Gene Expression Regulation 



–  Chromatin looping 

–  Transcription factor binding site alteration  

–  DNase I hypersensitivity (DHS) region modification  

–  Histone modifications  

–  DNA methylation  

–  ncRNA sequence or binding site alteration  

–  RNA splicing 

 

Ultimately  >>>  eQTL effect   

Gene Expression Regulation 



Gene Expression Regulation 

http://www.ncbi.nlm.nih.gov/pubmed/27126046


Gene Expression Regulation 



Gene Expression Regulation 



Gene Expression Regulation 

http://www.sciencedirect.com/science/article/pii/S0168952516000172
http://www.sciencedirect.com/science/article/pii/S0168952516000172


Gene Expression Regulation 

http://www.genomemedicine.com/content/6/10/85
http://www.genomemedicine.com/content/6/10/85


Gene Expression Regulation 

http://www.sciencedirect.com/science/article/pii/S0925443914000714
http://www.sciencedirect.com/science/article/pii/S0925443914000714


Gene Expression Regulation: DHS 

https://www.ncbi.nlm.nih.gov/pubmed/22307276


https://www.ncbi.nlm.nih.gov/pubmed/22307276


https://www.ncbi.nlm.nih.gov/pubmed/22307276


https://www.ncbi.nlm.nih.gov/pubmed/22307276


https://www.ncbi.nlm.nih.gov/pubmed/22307276


Gene Expression Regulation 

https://www.ncbi.nlm.nih.gov/pubmed/24136358
https://www.ncbi.nlm.nih.gov/pubmed/24136358


Gene Expression Regulation: Super Enhancers 

http://www.cell.com/abstract/S0092-8674(13)01227-0


Gene Expression Regulation: Super Enhancers 



Gene Expression Regulation: Super Enhancers 



GeneHancer in GeneCards 

https://academic.oup.com/database/article/2017/1/bax028/3737828
http://www.genecards.org/cgi-bin/carddisp.pl?gene=HFE


Gene Expression Regulation: GARLIC 

http://bifacility.uni-koeln.de/GARLIC/viewer.php
https://academic.oup.com/hmg/article/26/4/742/2732785


Gene Expression Regulation: GARLIC 

https://academic.oup.com/hmg/article/26/4/742/2732785


3D Genome 

http://www.sciencedirect.com/science/article/pii/S0168952516000044
http://www.sciencedirect.com/science/article/pii/S0168952516000044


The eukaryotic nucleus is a complex 3D environment in which genome 

function depends not only on the linear arrangement of regulatory 

sequence elements, but also on their spatial organization for effective 

control of gene expression.  

 

Analysis of the role of chromatin 3D organization in gene expression 

is progressing rapidly, largely due to the development of chromosome 

conformation capture methods such as Hi-C.  

 

Sequences within these Topologically Associated Domains (TADs) 

interact more frequently with sites inside than outside the domain. 

TADs with a median size of 880 kb have been found in mammals.  

3D Genome 

http://www.sciencedirect.com/science/article/pii/S0168952516000044


3D Genome 

http://bib.oxfordjournals.org/content/17/6/980.full
http://bib.oxfordjournals.org/content/17/6/980.full


3D Genome: CCSI 

http://bib.oxfordjournals.org/content/17/6/980.full
http://bib.oxfordjournals.org/content/17/6/980.full


http://bib.oxfordjournals.org/content/17/6/980.full
http://bib.oxfordjournals.org/content/17/6/980.full
http://bib.oxfordjournals.org/content/17/6/980.full


3D Genome: CCSI 

https://database.oxfordjournals.org/content/2016/bav124.full.pdf
https://database.oxfordjournals.org/content/2016/bav124.full.pdf


3D Genome: CCSI  

http://songyanglab.sysu.edu.cn/ccsi/home.php


3D Genome: 3CDB  

http://database.oxfordjournals.org/content/2016/baw044.abstract
http://3cdb.big.ac.cn/


3D Genome: 3CDB  

http://database.oxfordjournals.org/content/2016/baw044.abstract
http://3cdb.big.ac.cn/
http://browse2.big.ac.cn/jbrowse/index.html?data=3cdb/json/human&loc=6:32000350..32992678&tracks=Gene,ARC&highlight=


3D Genome: rVarBase  

http://rv.psych.ac.cn/
https://academic.oup.com/nar/article/44/D1/D888/2502616


3D Genome: rVarBase  

http://rv.psych.ac.cn/
https://academic.oup.com/nar/article/44/D1/D888/2502616


3D Genome: CTCFBSDB  

http://insulatordb.uthsc.edu/help_new.php
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gks1165
http://bib.oxfordjournals.org/content/17/6/980.full


4D Genome 

https://4dgenome.research.chop.edu/


4D Genome 

https://4dgenome.research.chop.edu/
https://www.ncbi.nlm.nih.gov/pubmed/?term=19890323
https://4dgenome.research.chop.edu/Download.html
https://4dgenome.research.chop.edu/Download.html


Key Points 

 

- Genetic variation affects chromatin states and gene 

expression regulation much more than protein structure and 

function 
 

- DNAse I hypersensitivity regions are enriched for GWAS hits  
 

- There are many ways an eQTL correlates with gene 

expression levels, including effects on chromatin states, 

transcription factor / miRNA binding site alteration, RNA 

splicing and DNA methylation.   
 

- The effects are generally cell type-specific 
 

- Most of these correlations are already catalogued in open 

access databases. 
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 … Looking forward …..    
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