
In the history of mathematical study in pattern formation, the e�ect of domain has been considered as an important factor 
that can regulate spatial patterning. However, it is still unknown in biology how the geometry of the domain such as nuclear 
or cellular shapes can directly regulate the cell fate. In this talk, I will introduce two studies of spatial reorganization in chro-
matin and cellular dynamics and show that the domain is likely to play a critical role in determining the cell function.
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where γ is a constant that determines the intensity of the affinity. Note that γ > 0 reflects the

preference of heterochromatin to remain in the nuclear periphery, which is interpreted as the

expression of LBR and lamin A/C in the nuclear envelope and their tethering of heterochromatin

to the nuclear periphery. In contrast, γ = 0 represents the absence of LBR and lamin A/C

expression and that heterochromatin and the nuclear envelope do not interact with detectable

affinity.

The total energy of chromatin dynamics is given as

E = E0 + E1 + E2 + E3. (1) Etot

Then, we take the functional derivatives of Eq.(1) with respect to φm (1 ≤ m ≤ N) and ψ,

which drives the time for the system to evolve, satisfying

∂φm

∂t
= −µ

δE

δφm
(1 ≤ m ≤ N),

∂ψ

∂t
= −µ

δE

δψ

where µ is a positive constant that represents the mobility of each phase-field. Calculating the

equations above generates the reaction-diffusion model as follows:mo0

µ−1∂φm

∂t
= ε2φ∇2φm + φm(1− φm)

[
φm − 1

2
−Amφm(1− φm)

]
, (1 ≤ m ≤ N) (2a)

µ−1∂ψ

∂t
= ε2ψ∇2ψ + ψ(1− ψ)

[
ψ − 1

2
−Bψ(1− ψ)

]
(2b)

µ−1∂ψ0

∂t
= ε2ψ0

∇2ψ0 + ψ0(1− ψ0)

[
ψ0 −

1

2
−B0ψ0(1− ψ0)

]
(2c)

where Am and B are given to the functions of Vm(t), V̄m(t), vm(t), v̄m(t), h(φ0(x, t)), h(φm(x, t))

and h(ψ(x, t)). The reaction-diffusion system (2) describes that the interface of chromosome

territories and heterochromatin domains changes their dynamics, depending on Am and B,

respectively.

Now, we non-dimensionlize model (2) for time scale, T , and spatial scale, L, incorporating

t = T t̃ and x = Lx̃ into the model (2). Let us define the mobility constant, µ, by

µ = T−1
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where Am and B are given to the functions of Vm(t), V̄m(t), vm(t), v̄m(t), h(φ0(x, t)), h(φm(x, t))

and h(ψ(x, t)). The reaction-diffusion system (2) describes that the interface of chromosome

territories and heterochromatin domains changes their dynamics, depending on Am and B,

respectively.

µ−1∂φ0

∂t
= ε20∇2φ0 + φ0(1− φ0)

[
φ0 −

1

2
−D(x, t)φ0(1− φ0)

]

Now, we non-dimensionlize model (2) for time scale, T , and spatial scale, L, incorporating
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