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Research Center for the Mathematics on Chromatin Live Dynamics (RecMcD), directed by Prof.
Tate (Department of Mathematical and Life Sciences, School of Science, Hiroshima Univ.), aimed to
establish the theoretical approaches to quantitatively explore the structure and dynamics of the
chromatin inside cell nucleus under interdisciplinary collaborations by young researchers; which
approaches have not been usually exploited in the chromatin researches conducted in cell biology. In
parallel, ReMcD fostered the young investigators who will lead the interdisciplinary researches
based on mathematical and/or physical approaches during the research activities. ReMcD has made
the international relations with the leading-edge institutes in the world to expand the
interdisciplinary researches to encourage the researchers having mathematics and/or physics
backgrounds to work on the problems in life science.

Our genetic information encoded in DNA is stored as chromatin fiber inside nucleus. The
chromatin is tightly packed into a small nuclear space, but it can change its structure when gene
regulation is required. Chromatin conformation capturing approaches like Hi-C, in combination with
the advanced high-resolution fluorescence microscopies, have revealed in regarding the chromatin
structure and dynamics in a nucleus. Despite the data gained from the state-of-art technologies, the
full details in the physical properties of chromatin encoded into the data are not gained at present,
because of the lack of appropriate theoretical approaches established.

In considering the situation in the current biology on chromatin structure and dynamics, ReMcD
has focused on devising the theoretical approaches to get the physical details from the data in the
chromatin structure and dynamics to quantitatively describe how chromatin structure changes in
accordance with the cell functions. I will describe the representative achievements limited on the
theoretical works done in this project; the significant contributors’ names are in parentheses.

1. Chromatins transit among the distinctive structures in a nucleus (Dr. Sugawara and coworkers):

We analyzed the chromatin structure dynamics using seven different gene positions in fission

yeast cell. Each gene showed the structural transitions among 4 — 5 different states. The results
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clearly demonstrated that chromatins in a cell nucleus have significant structural dynamics that
travel distinct conformational states in the interphase nucleus. Hi-C data cannot define how
many distinct structural states are allowed in chromatins, but it rather assumes the chromatins
adopt single conformations. Our study rectifies the insights into the currently assumed insights
into the chromatin structures in a cell nucleus.

2. Chromatin dynamics of the entire genomic positions in fission yeast to model the chromatin
structure and dynamics (Dr. Namba, Dr. Sugawara and coworkers): We collected the
conformational dynamics data on the 133 genomic positions that cover the entire chromatins in
fission yeast. With the use of this comprehensive data set on the chromatin dynamics, we could
constitute the model structures to reproduce the experimental data. In the case of the shortest
chromatin 3 in fission yeast, for example, we found there are three different chromatin structures.
The collected data for the dynamics of the chromatin 3 could be reproduced by the combination of
the three distinct structures, implying the chromatin 3 travels among these three distinct
conformations. Intriguingly, the least populated conformation could be related to the active state
for transcription of the genes in this chromatin, which was suggested in comparing the Hi-C
deriving contact maps. The comprehensive collection of the gene dynamic data for the entire
positions in cell has never been done in other cells. The structural determination for the distinct
conformations of chromatins to be adopted in their dynamical process is also the first example.

3. Building the theory to estimate the size of the sphere for the genetic position can move in a cell
nucleus (Dr. Shinkai and Prof. Togashi): The physical theory was made up to quantify the size for
the space where the fluorescence-labeled gene locus can move around. Using the data of the
dynamics of the fluorescence-labeled nucleosomes in a nucleus, we estimated the sphere sizes for
allowing the gene migration; the diameters in the shapers for the genes located inner part of the
nucleus, and the ones near the nuclear membrane were 358 nm and 191 nm, respectively. The
type of quantification of the chromatin motion has never been attained.

4. Extracting the topological properties and local conformational dynamics from Hi-C data with
newly found physical theories using Rouse polymer model (Dr. Nakagawa and coworkers): Hi-C
data should contain both the topological and the structural dynamics information but they are
not readily discriminated. We established the theory to distinguish the topological parameters
and dynamical information from the Hi-C data. This theory is essentially applied to get the
precise structural information of the chromatin by discriminating the structural dynamics
contribution to the Hi-C contact maps, which therefore make the structure analyses using Hi-C

improved.

Regarding the fostering researchers, 12 researchers in ReMcD have got the other positions to
carry on their interdisciplinary researches, in which three of them become PIs and one got funds to
continue his own research independently, while five of them got research positions in academia. Two
PIs and one assistant professor from ReMeceD will have faculty positions in our department, Dept.
Mathematical and Life Sciences in Hiroshima Univ.,, who will carry on the interdisciplinary

researchers that emerged in this project.



4D nucleome consortium built during the project will continue to keep the international

relations and collaborations to the leading-edge researchers, including the people in NIH in US,

Cambridge in UK, and Basel in Swiss. We pledged to regularly hold an worldwide meeting to

exchange our activities and expand these particular research interests to attract the young

researchers, especially who have strong mathematics and physics backgrounds.
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