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Objectives:

* FFLs confer to one of the most robust systems.

* Associating them to pattern formation (symmetry breaking)
would lead to spatiotemporally stable patterns(crucial to
development).

* Examining a hypothesis: In a three-node motif (FFL with some
alteration), enabling the output(Z) to diffuse spatially, may lead
to pattern formation

* Expected observation: some systematic heterogeneity to be
observed at some scaling w.r.t. time and space(2D).



Feed-Forward Loops:
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5.
- Visualizations
- Selection and eliminations

Methodology:

1.Considering all possible 3-node

networks. /4 \

(Flzgl;dlng the scope of NAR and - Assigning sets of random initial

conditions
G—Iill’s function to model the

- periodic boundary condition

( Tuning parameters /
differential equations(rate
equations) for the Factors at the 3.An ODE model with:
three nodes. input: 2 D lattice of initial concentrations
output: Pattern formation (expected)

parameters:
- Degradation rates (b,, b, , b, )

- Scaling factor in Hills’ function (k,, k, , k,)
- Maximum rate of production (v, , v, , v,)
- Hill’s Coefficient (h, , h,, h,)

/




Mathematization of the Sample Networks:

Model system-1 (AND gate to Z)

Fig.(a)




Model system-2 (AND gate to 7))

dx
1. dt

2. dt

dz
3. at

h
Z
k Z—I—th) - b;EZC
:ch“f
§$+$h$) - byy
he hy
i
hg +$h$) (k!hf—l—yhy) T sz +Dz V2Z
Y

CK

Fig.(b)




Model system-3 (OR gate to 7))
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Concentration of Z
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Concentration

In the absence of diffusion
when initial conditions are
different for each cell. (x in
red, y in blue, z based on
the gradient)
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Result for the network in Fig.(c)
(At 10000 time steps)
le-40 s
. . 20 . . . .
X concentration in 2D space Y concentration in 2D space 2.15 Z concentration in 2D space
= 2.10
40 40
10 § 2.05 5
30 ® 30 ®
s - 2.00 €
20 05 ¥ 20 g
S S
- 195 Y
10 0.0 10
1.90
0 -0.5 0
0 10 20 30 40 0 10 20 30 40 185
i i i
-1.0 1.80

Result for the networks in Fig.(a) and Fig(b)
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Future Aspecits:

- Scan parameter space for stable pattern formation.
- Scan parameter space more thoroughly for other networks.

- Primarily ask the question “what network topologies are amenable
to single morphogen patterning?”.
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