
Editorial

Multiscale Genome Organization: Dazzling Subject
and Inventive Methods

As I write this editorial for our special issue, Multiscale
Modeling of Chromatin, we are surrounded in a world
of concern and social distancing related to the coronavirus
pandemic. I recall, as if in a dream, the seemingly care-
free world of just one year ago, when we enjoyed an in-
ternational gathering and breathtaking scenery in the
French Alps during our wonderful BPS Thematic Meeting
in Les Houches (see group photos in Figs. 1 and 2), which
inspired this collection of articles. The meeting was co-
organized by Thomas Bishop, Lars Nordenskiold, Andrzej
Stasiak, and I. As I wrote in a summary of that meeting
for the BPS Bulletin:

With Mont Blanc in the background reminding partici-

pants of the lofty meeting goals, the meeting brought

together !70 biologists, chemists, physicists, and mathe-

maticians to discuss and launch collaborations and

advance the field of chromatin structure, dynamics, func-

tion, and applications through new conceptual approaches

and perspectives. Notably, the meeting merged experimen-

talists with theoreticians and modelers in the program

seamlessly, emphasizing the interplay between techniques

and ideas ... [The] themes underscored the complex multi-

scale features and properties of chromatin, from DNA to

nuclear organization and interactions, inspiring scientists

to discuss the development of models and experimental

strategies on many spatial and temporal scales needed to

address all relevant components of the chromatin folding

problem and the epigenomic regulation of gene expres-

sion. Such multiscale approaches, combining experimental

data and modeling and informatics, are necessary to

extract and identify structure and function relationships

on various scales, from individual base pairs to whole ge-

nomes, and to pursue important applications in medicine

and genomics. ... While we enjoyed warm sunny spring

weather for the first couple days, the third day brought

a heavy winter snow storm, burying us in over a foot of

snow and encouraging cozy indoor discussions

The enthusiastic reception of this meeting and its
venerable subject, DNA, is reflected by this excellent
collection of articles contributed to this issue of the Bio-
physical Journal. The articles range from theoretical
modeling of knots in the human genome (1), and pack-
aging of viral genomes in their protein capsids (2), to
live-cell microscopy imaging of DNA damage (3), and
human cells undergoing reprogramming (4).

The articles in this issue describe inventive algorithms
and important applications where modeling and simula-
tion are essential for generating biophysical insights.
The works give us a glimpse into the supercoiling of
the DNA in the nucleotide (5), differential staining pat-
terns in antibody and chromatin interactions observed
experimentally for monovalent versus divalent antibody
systems (6), overlapping dinucleosome structures (7),
architectural aspects of the self-organization of the cell
nucleus (8), nuclear dynamic crowding related to tran-
scriptional efficiency (9), large-scale rearrangements of
chromatin during cell growth and death (10), and Oct4
and nucleosome binding that regulates gene expression
(11).

A perspective by Moller and de Pablo describes various
approaches to multiscale chromatin modeling (12). In
addition, many novel algorithms are described for
modeling the biophysical properties of nucleosomes asso-
ciated with cancer cells (13), tracking beads in single-
molecule biophysical experiments (14), computing inter-
action strengths among chromatin units compatible with
measured values in chromosome conformation experi-
ments (15), analyzing the spatial arrangement of tRNA
genes in budding yeast to help interpret experimental dis-
crepancies (16), simulating and visualizing genome ele-
ments from their constituent DNA components (17),
analyzing dynamic 3D genome organization inferred
from Hi-C data (18), simulating sequence-dependent
DNA mechanics involved in nucleosome unspooling
(19), and capturing the diffusion of DNA binding species
(20).

Submitted April 10, 2020, and accepted for publication April 10, 2020.

*Correspondence: schlick@nyu.edu

Editor: Jane Dyson.

https://doi.org/10.1016/j.bpj.2020.04.007

! 2020 Biophysical Society.

Biophysical Journal 118, E01–E03, May 5, 2020 E01



As Anthony Fauci, Director of the National Institute of
Allergy and Infectious Diseases, said recently while dis-
cussing various model predictions regarding COVID-19
infection and death numbers in the United States, ‘‘All
models are as good as the assumptions that you put into
the model.’’ Fortunately, in our field, the increasing abun-

dance of experimental data helps ground the models.
Further, the great variety and ingenuity of the models
and applications described in this collection highlight
the numerous areas of genomic organization that await
exploration. The community is hoping to move forward
with a proposal for a new BPS Subgroup devoted to the

FIGURE 2 Group Photo Three Days Later. To see
this photo in color, go online.

FIGURE 1 Group Photo of Meeting Participants.
To see this photo in color, go online.
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subject and more meetings to follow. Stay tuned and be
well.

ACKNOWLEDGMENTS

The author thanks Catie Curry, Jesse Seese, Beth Staehle, and their col-
leagues for the dedicated work on this volume. Support for the National
Institute of General Medical Sciences, NIH, Award R35 GM122562 to
T.S., is gratefully acknowledged.

Tamar Schlick1,*
1Department of Chemistry, Courant Institute of
Mathematical Sciences, New York University, New York,
New York

REFERENCES

1. Goundaroulis, D., E. L. Aiden, and A. Stasiak. 2020. Chromatin Is
Frequently Unknotted at the Megabase Scale. Biophys. J. 118:2268–
2279.

2. Cruz, B., Z. Zhu,., M. Vazquez. 2020. Quantitative study of the chiral
organization of the phage genome induced by the packaging motor.
Biophys. J. 118:2103–2116.

3. Eaton, J. A., and A. Zidovska. 2020. Structural and Dynamical Signa-
tures of Local DNA Damage in Live Cells. Biophys. J. 118:2168–2180.

4. Molugu, K., T. Harkness, ., K. Saha. 2020. Tracking and Predicting
Human Somatic Cell Reprogramming Using Nuclear Characteristics.
Biophys. J. 118:2086–2102.

5. Joyeux, M. 2020. Bacterial Nucleoid: Interplay of DNA Demixing and
Supercoiling. Biophys. J. 118:2141–2150.

6. Myers, C. G., D. E. Olins,., T. Schlick. 2020. Mesoscale Modeling of
Nucleosome-Binding Antibody PL2–6: Mono- versus Bivalent Chro-
matin Complexes. Biophys. J. 118:2066–2076.

7. Matsumoto, A., M. Sugiyama,., H. Kono. 2020. Structural Studies of
Overlapping Dinucleosomes in Solution. Biophys. J. 118:2209–2219.

8. Agrawal, A., N. Ganai, ., G. I. Menon. 2020. Nonequilibrium Bio-
physical Processes Influence the Large-Scale Architecture of the Cell
Nucleus. Biophys. J. 118:2229–2244.

9. Shim, A. R., R. J. Nap, ., I. Szleifer. 2020. Dynamic Crowding
Regulates Transcription. Biophys. J. 118:2117–2129.

10. Laghmach, R., M. Di Pierro, and D. A. Potoyan. 2020. Mesoscale
Liquid Model of Chromatin Recapitulates Nuclear Order of Eukary-
otes. Biophys. J. 118:2130–2140.

11. Huertas, J., C. M. MacCarthy, ., V. Cojocaru. 2020. Nucleosomal
DNA Dynamics Mediate Oct4 Pioneer Factor Binding. Biophys. J.
118:2280–2296.

12. de Pablo, J. J., and J. Moller. 2020. Bottom-Up Meets Top-Down: The
Crossroads of Multiscale Chromatin Modeling. Biophys. J. 118:2057–
2065.

13. Pitman, M., Y. Dalal, and G. A. Papoian. 2020. Minimal Cylinder Anal-
ysis Reveals the Mechanical Properties of Oncogenic Nucleosomes.
Biophys. J. 118:2309–2318.

14. Brouwer, T. B., N. Hermans, and J. van Noort. 2020. Multiplexed
Nanometric 3D Tracking of Microbeads Using an FFT-Phasor Algo-
rithm. Biophys. J. 118:2245–2257.

15. Kumari, K., B. Duenweg, ., J. Ravi Prakash. 2020. Computing 3D
chromatin configurations from contact probability maps by Inverse
Brownian Dynamics. Biophys. J. 118:2193–2208.

16. Tokuda, N. 2020. Quantitative Analysis of Spatial Distributions of All
tRNA Genes in Budding Yeast. Biophys. J. 118:2181–2192.

17. Li, Z., R. Sun, and T. C. Bishop. 2020. Genome Dashboards: Frame-
work and Examples. Biophys. J. 118:2077–2085.

18. Shinkai, S., T. Sugawara, ., S. Onami. 2020. Microrheology for Hi-C
Data Reveals the Spectrum of the Dynamic 3D Genome Organization.
Biophys. J. 118:2220–2228.

19. van Deelen, K., H. Schiessel, and L. de Bruin. 2020. Ensembles of
Breathing Nucleosomes: A Computational Study. Biophys. J.
118:2297–2308.

20. Saxton, M. J. 2020. Diffusion of DNA-Binding Species in the Nucleus:
A Transient Anomalous Subdiffusion Model. Biophys. J. 118:2151–
2167.

Editorial

Biophysical Journal 118, E01–E03, May 5, 2020 E03


