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The Idea Of Our  Consider a linear array of cells

having t hemical morphogens A
Problem G 0 o chemical morphogens

* Both A & B can give the cells
distinct fates of patterning

 Breaking the symmetry

« Can we get a network motif to do
the same?



Patterns 1n Nature
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Turing diffusion Patterns

Stripe patterns on the tail of Lemur and cats(of course)



Toggle Switch

Interactions are captured by simple hill's
function

Strength of repression of A and B is equal
Every cell starts with the same concentration
of A and B with some noise

Noise breaks the symmetry for cell fate ?!
Cell fate(color of cell) is decided at the steady
state

Fate of a cell is independent of its neighbor
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Concentration
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Simulation Study
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Concentration at Steady State
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Concentration of A
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Spatiotemporal variation of cell fate for 20 cell array

Fate of Cells indicated by color

Cell no/Distance from end of array
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Frequency of Fates for cells at steady state

Fate of Cells indicated by color over 1000 iterations
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Magnitude of Error

Errors for Value of A and B at Steady State

Errors associated with discretisation of time steps
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Array of cells



Delta -Notch Signalling Pathway

L e Means of interaction between nearest neighbours
Ry, « Ligand(Delta) and Receptor(Notch) both are proteins
£ Noteh ; § Ligand /'/NB peptide with extracellular domains
%;é : secretase
%; ADQ:;A : %T L7 gﬂ(ss/34 _ _
% _(s2Geaase) £ s * Notch also has transmembrane and intracellular domain
% i ;
Receptor [ﬁ [hNEXT "? i
.  Delta binds with Notch, which eventually results in a
Fringe glycosylation , protease cleaving the transmembrane domain of Notch
f% NICD NICD*
Golgi N ': Proteasomal -
\ ezt | o NoOtch Intracellular Domain released into the cell
O-fucosylation “‘\ /
O-glucosylation NUCLEUS o
End I\ GGTR i
Pl . Transcht’lon‘:I :
SIGNAL-RECEIVING CELL switch

Moves to the Nucleus where it acts as a co-activator
and increases transcription of genes



Toggle switch with Delta-Notch Signalling
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Behaviour
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Simulation Study
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Cell fate with Delta Notch Coupling

11 I

Cell fate without Delta Notch Coupling

110 1 BN

——Cells In the aArray ——

Investigating with and without cell-cell communication



concentration of A,B and Nb

concentration of A,B and Nb
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Nb activates A by a small amount_1
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Nb activates A by a small amount_2
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concentration of A,B and Nb

600 4

500 4

4001

300

2004

1004

* Nb preferentially activates
one of them
 Not useful for patterning

Nb activates A by a small amount_3
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Future Directions

Comprehensively comparing the patterns between coupling(Neighbour interaction) and no
Interaction cases with same parameter values. Defining relevant metrics for comparisons.

Making varying connections and seeing which motifs give rise to patterns.

Incorporate other kinds of signalling pathways which allow communication over farther
distances.

Moving from a 1D array of cells to 2D array.
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2D patch of cells without any neighbor interaction
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L ce,“s
I Moke k size clusterswhere k is any Factor of L
>}

Do it Por all k.Clusters are non—over-[apptnﬂ and cover the entire L cells.
K=

l

[ R I R J ( B I B J—HﬁighEOU$Dist&nce between the clusters

1+1=2
Fix"mﬁ« distonce between R and B as 1
ond either of R and B with U as -k

Ideal cluster where k is the cluster size
compc\rism

v

ASSUM:”S’ our ?ote,&[ clus'te_r‘s are all of some Fate R and B
We do comparison with Tdeal cluster of either all R or all B.

IR the distance between ideal cluster and given cluster is either 0 or k we know
that out cells are of same Fate.If the distonce is k we change it to be O.

Aﬁﬁumingf our ideaI P&‘t’te;r‘n s e.qua\”L‘r sized a[‘te_r‘m‘tinﬁr clus‘tej‘s we would wont
cmmplg‘te M]S&lis«ﬁmﬁﬂt between ne;‘.s,hlaor‘s and either comp|e_'te; &l‘.?nme;n‘t or mimhgnmeﬂt with the ideal eluster.

This would be with o sum of 0 of distance between clusters and ideal cluster and moximum of summation of
Jis.‘to«.nc:e_ between ne;]sfhbours.Summa‘tion olcme_ over all c;|u*5‘te_r‘5.
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Code Avalilability

« All code for our project can be found in the below link:
https://github.com/sidd1729/IMSc-FLS-Workshop-Group-5



https://github.com/sidd1729/IMSc-FLS-Workshop-Group-5
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