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Genomes exhibit a multiscale spatial organization
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Genomes exhibit a multiscale spatial organization
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SARS-CoV-2

SARS-CoV-2 alters genome organization of the host cell

Harabula & Pombo 2022

HiC data in infected condition

R. Wang et al. Nature Microbiology 2023



SARS-CoV-2

?
What mechanisms alter genome organization of the 
SARS-CoV-2 infected cell?

Harabula & Pombo 2022



Polymer models of chromatin structure & Phase-separation



Polymer models of chromatin structure & Phase-separation
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Strings & Binders Switch 
(SBS) Model: 

nonrandom DNA 
conformations are established 

through attachment of 
diffusible factors (binders) to 

binding sites.
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1 color (Red) polymer model Multi-color polymer model (e.g. block co-polymers, heteropolymers)

Interaction bead-binder:
Micro phase-separation

(microPS)
Binder types can include e.g.:

Cohesin, PolII, p300, …

Chiariello et al. SciRep 2016, Bianco et al. Nature Gen. 2018, Chiariello, Corberi & Salerno Biophys J. 2020, Winick Ng et al. Nature 2021, Tafuri & Chiariello 2023 EPJP,…



Pc Model
HiC Mock
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Does the polymer model explain SARS-CoV-2 contact probability decay? 
YES!

AMC et al. biorXiv 2023

The model suggests that
SARS-CoV-2 alters 

interaction term Hinteraction
(approx 20% smaller)
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Structural implications of contact probability 
weakening

AMC et al. In preparation
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Single molecule analysis reveal structural differences

Mock single molecule 3D structure
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Dynamics in SARS-CoV-2 affected genome makes 
less stable contacts
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The model suggests 
that chromatin 
restructuring in SARS-
CoV-2 affect the stability 
in time of the gene-
enhancer contacts



Conclusions

• Genomes are very complex systems whose three-
dimensional structure is non-random and linked to its 
functions;

• SARS-CoV-2 re-structures the host genome at multiple 
levels;

• Theoretical (Polymer) Physics suggests that SARS-CoV-2 
restructures the host genome by altering physical phase-
separation mechanisms;

• Consequently, SARS-CoV-2 alters the regulation of IFN 
genes, such as DDX58.
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Computational strategy to simulate real loci

Start from contact 
Hi-C data

*

Derive an ensemble 
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Ringel et al. Cell 2022
Winick-Ng et al. Nature 
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Conte et al. Nature Comm. 2020, 2022
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*PRISMR+MOLECULAR DYNAMICS
AMC et al., Scientific Reports, 2016
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A/B Compartment, TADs, loops: a hierarchical 
organization
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Domains (TADs, scale 0.5-1Mb)

• A/B correlate with eu- and hetero-chromatin respectively;
• TADs are highly self-interacting chromatin and are typically conserved across tissues and species;
• Represents regulatory as they limit of gene-enhancer interaction;
• Boundaries correlates with several features (epigenetic enrichment).

Chr21 Chr21

Dixon et al. Nature 2012, Nora et al. Nature 2012

A/B Compartments (scale 5-10Mb)
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TADs interact in a non-random 
hierarchy of interactions up to 

chromosomal scales

Fraser, Chiariello et al. Mol. Syst. Biol. 2015, Chiariello et al. EPL 2017

Hierarchical Domain organization

A/B Compartment, TADs, loops: a hierarchical 
organization



Molecular Dynamics details



Order-Disorder transition


