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Epigenetic mechanisms regulate gene transcription

A nucleosome consists 
of a segment of DNA 
wound around eight 
histone proteins



An enhancer is a short (50-1500 bp) region of 

DNA that can be bound by proteins 

(activators) to increase the likelihood that 

transcription of a particular gene will occur. 

An enhancer may be located upstream or 

downstream of the genes it regulates

An insulator is a genetic boundary element 

that limits the interaction between enhancers 

and promoters. Insulators thus determine the 

set of genes an enhancer can influence. 

General Biology overview: Transcription factors, enhancers and 
insulator proteins regulate the transcriptional complex

DNA is not linear but organized in high level 3D structures

Insulators have also been found to cluster 

at the boundaries of topologically 

associating domains (TADs) and may have 

a role in partitioning the genome into 

"chromosome neighborhoods" 

Enhancers are bound by the histone acetyl-

transferase p300-CBP and transcription 

factors bind to the promoter and the enhancer 

associated proteins and enhancer RNAs 

increase the activity of the promoter. 

ABC (activity-

by-contact) 

model of 

enhancer 

regulation of 

promoters



STARR-seq: Self-transcribing active regulatory region sequencing



We report a novel high-throughput method to 

empirically quantify individual-specific regulatory 

element (i.e. enhancer) activity at the population scale. 

The approach combines targeted DNA capture with a high-

throughput reporter gene expression assay. As 

demonstration, we measured the activity of more than 100 

putative regulatory elements from 95 individuals in a single 

experiment. In agreement with previous reports, we found 

that most genetic variants have weak effects on distal 

regulatory element activity. Because haplotypes are 

typically maintained within but not between assayed 

regulatory elements, the approach can be used to identify 

causal regulatory haplotypes that likely contribute to human 

phenotypes. Finally, we demonstrate the utility of the 

method to functionally fine map causal regulatory variants 

in regions of high linkage disequilibrium identified by 

expression quantitative trait loci (eQTL) analyses.

Genome Research (2015) 25:1206–1214 Published by Cold 

Spring Harbor Laboratory Press; ISSN 1088-9051/15; www.genome.org

STARR-seq



VISTA predicted EOMES enhancer reporter (LacZ

staining) (https://enhancer.lbl.gov/) and RNA in situ 

hybridization for EOMES (http://developingmouse.brain-

map.org/) at E11.5. Reporter signal and EOMES RNA 

expression display a similar pattern with enrichment in 
the telencephalon.

Lawrence Berkeley National Laboratory

T-box transcription factor (TF) Eomes

http://www.lbl.gov/


General Biology overview: 

Current view of chromosome architecture revealed by 3D and Hi-C methods 

http://jonlieffmd.com/blog/vast-complexity-of-chromatin-3d-shapes

Chromatin loops in the β hemoglobin gene

The first chromatin found to have an unusual looping 3D structure is a particular group of 

five genes making the beta subunit of hemoglobin. The insulator protein CTCF holds 

together long-range interactions of different sections of the chromatin near the TADs. 

Enhancer RNAs: Insights Into Their Biological Role

Cortés-Fernández de Lara et a, Epigenetics insights 2019

http://jonlieffmd.com/blog/vast-complexity-of-chromatin-3d-shapes


https://en.wikipedia.org/wiki/Chromosome_conformation_capture
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The transcription factor NeuroD1 reprograms chromatin and 

transcription factor landscapes to induce the neuronal program

Abhijeet Pataskar et al EMBO J 2016

REST



Epigenetic mechanisms in synaptic activity and Ca2+-

dependent transcriptional regulation

Anna M. Hagenston, and Hilmar Bading Cold Spring Harb 

Perspect Biol 2011;3:a004564

©2011 by Cold Spring Harbor Laboratory Press

CREB



Chromatin IP method to determine which genes are bound to transcription factors 

Chromatin Immuno-Precipitation (ChIP) assay ChIP assays demonstrate reciprocal 
association of MeCP2 and CREB 
with the BDNF exon IV promoter



Cell 161, 1202–1214, May 21, 2015

https://www.sciencedirect.com/science/article/pii/S0092867415005498

https://www.sciencedirect.com/science/article/pii/S0092867415005498


Cell 161, 1202–1214, May 21, 2015

https://www.sciencedirect.com/science/article/pii/S0092867415005498 65536

https://www.sciencedirect.com/science/article/pii/S0092867415005498


Highlights

 Cells are captured and barcoded in nanolitre droplets with 

high capture efficiency

 Each drop hosts a hydrogel carrying photocleavable

combinatorially barcoded primers

 mRNA of thousands of mouse embryonic stem and 

differentiating cells are sequenced

 Single-cell heterogeneity reveals population structure and 

gene regulatory linkage (and differentiation trajectories)

Cell 161, 1187–1201, May 21, 2015

https://www.sciencedirect.com/science/article/pii/S0
092867415005000?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S0092867415005000?via%3Dihub


Validation of single cell capture and barcoding

Klein, et al, 2015

https://www.sciencedirect.com/science/article/pii/S0092867415005000?via%3Dihub#mmc7

https://www.sciencedirect.com/science/article/pii/S0092867415005000?via%3Dihub#mmc7


t-Distributed Stochastic 
Neighbor Embedding” 
or t-SNE – Laurens van 
der Maaten
lvdmaaten.github.io › 
tsne is a technique for 
dimensionality reduction 
that is particularly well 
suited for the 
visualization of high-
dimensional datasets. 

Velmeshev et al., Science 364, 685–689 
17 May 2019



Velmeshev et al., Science 364, 685–689 17 May 2019

Overall, they found that synaptic signaling of upper-layer excitatory neurons 
and the molecular state of microglia are preferentially affected in autism. 

Fig. 4. Correlation of cell type–
specific gene dysregulation in 
ASD patients with clinical 
severity. (B) Cell types ranked
by correlation of DEGs with 
combined clinical scores. Cell type 
DEGs in green were significantly (P < 
0.05) correlated with clinical 
severity. (E) Analysis of cell types 
most enriched for transcriptional 
changes in individual ASD patients.

Fig. 3. Gene expression changes across specific cell types in ASD. (A) Schematic of cortical neurons with known layer 

localization. (B) Hierarchical clustering based on log-transformed relative (fold) changes [versus control (CNTR)] of DEGs in each cell type. (C) 
Violin plots for top genes differentially expressed in L2/3 neurons in ASD. Genes dysregulated in sporadic epilepsy are indicated in orange. 







Chromium controller

https://www.10xgenomics.com/solutions/single-cell/

https://www.10xgenomics.com/solutions/single-cell/


Weaving New 

Insights for the 

Genetic 

Regulation

of Human 

Cognitive 
Phenotypes

Bernard Mulvey1 and 

Joseph D. Dougherty1,

Cell 172, 2018, p. 11-13



Highlights
1) They defined non-coding regions regulating gene expression in developing human cortex
2) Human-gained enhancers preferentially regulate genes expressed in outer radial glia
3) A distal human-gained enhancer regulates FGFR2 during neocortical development
4) Genetic variation influencing cognition and brain size act during neurogenesis



NATURE COMMUNICATIONS | (2020) 11:5581 
| https://doi.org/10.1038/s41467-020-19319-2 
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