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Nucleosomes
Octamer protein complexes in 
which an octamer is comprised 
of two copies each of H3, H4, 
H2A and H2B histone proteins.

Non-coding RNAs
Functional RNA molecules that 
are not translated into proteins.

In fact, there is intimate crosstalk between transcription 
factors and the chromatin state, and the genomic loca-
tions of one are a significant predictor of the other17. At 
larger scales (FIG. 1d), regions of chromatin on the same 
or different chromosomes can interact with each other 
and with subnuclear structures, thus sharing regulatory 
factors that can influence and coordinate gene expres-
sion18. Much of our understanding of chromatin comes 
from decades of work in molecular cell biology and 
biophysics, and it has recently accelerated through the 
generation of many genome-wide maps of chromatin 
components and structure19,20. This work has revealed 
a rich realm of spatiotemporal and combinatorial regu-
latory potential19,21. Synthetic approaches are providing 
functional complements to these high-resolution maps 
and revealing the roles of different chromatin features in 
generating complex regulatory behaviours. Moreover, by 
expanding our understanding of chromatin and ability 
to functionally manipulate it, synthetic systems could 
soon be engineered for a wide variety of human health 
and industrial applications.

This Review discusses recent progress at the inter-
section of chromatin biology and synthetic biology, 
highlighting synthetic approaches to study and control 
three major features of chromatin structure: biochemical 
chromatin modifications, including their contribution 
to heritable and stable gene silencing through hetero-
chromatin; nucleosome positioning; and spatial and 
topological conformations. We also consider the regu-
latory potential of non-coding RNAs in BOX 1. We focus on 
how fundamental regulatory motifs are revealed by the 
synthetic manipulation of chromatin. Native chromatin 
biology has been reviewed in greater depth and detail 
elsewhere21,22. We conclude by discussing potential appli-
cations in medicine and biotechnology, as well as new 
technologies that may accelerate future work in synthetic 
chromatin biology.

Editing chromatin biochemistry
In 1964, Vincent Allfrey and colleagues radio-
actively labelled histones in vitro with 14C-acetyl and 
14C-methyl groups, which provided evidence for the 

Figure 1 | Regulatory features of chromatin at multiple length scales. a | The amino termini of histone proteins 

have numerous amino acid residues that can be biochemically modified, such as by the addition of methyl (Me),  

acetyl (Ac), ubiquitin (Ub) and phosphate (P) groups. These modifications influence the binding of DNA and regulatory 

proteins26. b | Genomic DNA, which itself can be methylated on cytosine residues, is wound around 4 pairs of  

histone proteins, which collectively comprise a nucleosome15. c | The positioning of nucleosomes on DNA influences 

the accessibility of transcription factors to regions such as the promoter. Regulatory proteins (orange, blue, red and 

purple) bind to nucleosomes, DNA and transcribed non-coding RNA (ncRNA). Histone marks (red circles) often appear 

in large spatial domains; their occupancy as a function of genomic position (red histogram) can be quantified using 

chromatin immunoprecipitation followed by DNA sequencing (ChIP–seq)19,21. d | Chromosomes exist in spatial 

territories in the nucleus. There are interactions within and between chromosomes, as well as between chromosomes 

and nuclear structures such as the nuclear pore, inner nuclear membrane and nuclear lamina18.
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