This file Is used for initialization
of the two materials I.e.,
defining initial position of
actomyosin and actin nodes.
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After defining the node properties, it connects the nodes with neighors to create a connected net-
1T o PP

After defining the node properties, it connects
the nodes with neighors to create a connected
network.

This is the first file to be run followed by 'Simu-
late_ CombinedModel'

clc
% cl ear al
cl ose al

% Foll owing nodule is called to define different paraneters that are
used
%in this simulation

Par amet er Def i nati on

disp('initializing Nodes')




Thisfileisused for initiaiza

tion of the two materiasi.e.,

defining initial position of ac-
tomyosin and actin nodes.

cell CenTenp = cell Centers(1,:);
cel | Center_x 500; % cel | CenTenp( 1, 2); %% col
cell Center_y =-500;% - cell CenTenp(1,1); %Abrow

%fill whole area with passive nyosin
for x =cell Center_x-(bound/2-6) : cell Center_x+ (bound/2-6) %66 px
are deducted to prevent lattice boundary colision
for y = cell Center_y-(bound/2-6) : cell Center_y+ (bound/ 2-6)
row =round(-vy);

col = round(x);
rno=rand(1);
if rno< Den_m % Density of Myosin Nodes
Conbo(row, col )= Dm % Myosin in conbo
end
end
end

% Iln the desired area convert passive myosin to active
for x =cell Center_x-MoR : cell Center_x+ M/OR
yl= cell Center_y - sqrt((MoR) "2- (x-cell Center_x)"2);
y2= cell Center_y + sqgrt((MoR) "2- (x-cell Center_x)"2);
for y = yl:y2
row =round(-vy);
col = round(x);
% Density of Myosin Nodes
i f Conbo(row, col)== Dm
Conbo(row, col )= M;
end % Myosin in combo
end
end

---- Nucleation points and actin Initialization by
calling 'InitiateActin' module

InitiateActin

Clear myosin from actin area

for i=1:1ength(cell Centers)
cell CenTenp = cell Centers(i,:);
cell Center_x = cell CenTenp(1,2); %hbco
cell Center_y = - cellCenTenmp(1,1); %% row
for x =cell Center_x-CapR : cell Center_x+ CapR
yl= cell Center_y - sqrt((CapR) "2- (x-cell Center_x)"2);
y2= cell Center_y + sqgrt((CapR) "2- (x-cell Center_x)"2);
for y = yl:y2
row =round(-vy);
col = round(x);




Thisfileisused for initiaiza

tion of the two materiasi.e.,

defining initial position of ac-
tomyosin and actin nodes.

if Combo(round(row), round(col))== Ac

for r=row -5 : row +5
for c¢c= col-5: col +5

Conmbo(r, c)= 0; % Myosin in conbo
Conbo(row, col ) = Ac; % Actin in conbo
end
end
end
end
end
end
---Defining Myosin nodes properties -----

% % maki ng Node | Ds

% Mc_Node is an array that holds the information and flags for each
node of
% nmyosin, like its active or passive, its position etc.

Mc_NodeCount =1;
NodeCount Per Pi xel =zer os( bound, bound) ;
di sp(' Maki ng Nodel ds")
for col No=1: bound
for rowNo=1: bound
i f Conmbo(rowNo, col No) >0

NodeCount Per Pi xel (rowNo, col No) = NodeCount Per Pi xel (r owNo,
colNo) + 1 ; %update the #nodes on the picked pixel

Mc_NodeNo( r owNo, col No) =Mc_NodeCount; % Mc_NodeNo wi || hol d
the node I D of node at that position. right now Count=ID

Mc_Node( Mc_NodeCount , RON =r owNo; %Jpdate Myosin array wth
r owNo
Mc_Node( Mc_NodeCount, COL) =col No; %Jpdate Myosin array
wi th col No
Mc_Node( Mc_NodeCount , NO_OF_NEI GHBOR) =0; %Jpdate Myosin
array with NoO Nei ghbour
Mc_Node( Mc_NodeCount , COVBOVALUE) =Conbo(r owNo, col No) ; %%
Hel pful when testing active passive nodes
Mc_Node( Mc_NodeCount , MEAN LENOFCONNEC) =0; %% hel pful for
calculation of tn_rest dynamcally for each simulation
i f Conbo(rowNo, col No)==Mc
Mc_Node( Mc_NodeCount , MYO_CONC) =Myo_conc; %
el se
Mc_Node( Mc_NodeCount , MYO_CONC) =0;
end

i f rowNo> (bound-15) | rowNo<15 | col No>(bound-15) |
col No<15
Mc_Node( Mc_NodeCount , MOVEORNOT) =1; %\bveabl e NCOde




Thisfileisused for initiaiza
tion of the two materiasi.e.,
defining initial position of ac-
el se tomyosin and actin nodes.
Mc_Node( Mc_NodeCount , MOVEORNQOT) =0;

end

Mc_NodeCount =Mc_NodeCount +1;
end
end
end
Mc_NodeCount =Mc_NodeCount - 1;

nei ghbor hood = zer os(M_NodeCount, MaxNei ghAl | owed) ;
%

Avai | Nei ghRegi stry=zer os(M_NodeCount, 1);
RandNodes=r andper m{ Mc_NodeCount ) ;

for i = 1. Mc_NodeCount
Nodel D= RandNodes(i) ; % andomy slect a nyosin node
AN=0;

i f (Mc_Node( Nodel D, 4) <MaxNei ghAl | owed) % check if the #neighbors is
| ess than all owed

r owNo
col No

Mc_Node( Nodel D, ROW ;
Mc_Node( Nodel D, COL) ;

% % search a circular area for nei ghbors
for x= round(rowNo) -
Di s_Thres_Nei ghl: round(rowNo) +Di s_Thres_Nei ghl
y1l= col No - sqrt(Di s_Thres_Nei ghl”"2- (x-round(rowNo))”"2);
y2= col No + sqrt(Di s_Thres_Nei ghl”"2- (x-round(rowNo))”"2);
% [ Nodel D x y1 y2]
for y=yl:y2
i f Mc_NodeNo(round(x),round(y))>0 &&
Mc_NodeNo(round(x), round(y))~= NodelD %6 if you found a nei ghbor
Nei ghbor I D = Mc_NodeNo(round(x), round(y));

% % check if the neighbor you found is already
% listed as neighbor to avoid redundancy

al r eadyANei ghbor = 0;
for k= 1: Mc_Node(Nodel D, NO_OF_NEI GHBOR)
i f Nei ghbor1 D == nei ghbor hood( Nodel D, k)
al r eadyANei ghbor =1;
br eak;
end




Thisfileisused for initiaiza

tion of the two materiasi.e.,

defining initial position of ac-
endomyosin and actin nodes.

% % add the nei ghbor in the avail abl e nei ghor
%list to be used for selecting neighbors
i f ((alreadyANei ghbor==0) &&
Mc_Node( Nei ghbor | D, 4) <( MaxNei ghAl | owed))
ANEANTHT;
Avai | abl eNei ghbor s( Nodel D, AN) =Nei ghbor I D

end

end
end
end

% % check here if Avail able Nei ghbors array is fornmed

nei ghbor Al | owed = MaxNei ghAl | owed - M:_Node(Nodel D, 4); % get
to know how nany nei bhors can node form

if AN>O
if AN <= nei ghbor Al | owed
for i= 1: AN
Nei ghbor | D=Avai | abl eNei ghbor s(Nodel D, i ) ;

%rake connection

nei ghbor hood( Nodel D,
Mc_Node( Nodel D, NO_ OF_NEI GHBOR) +1) = Nei ghbor |1 D; %add nei ghborld to
nei ghbor hood array of sel ected node

nei ghbor hood( Nei ghbor I D,
Mc_Node( Nei ghbor I D, NO_ OF _NEI GHBOR) +1) = Nodel D; % add sel ect ed nodeld
t o nei ghborhood array of nei ghbor

%updat e nei ghborcount of both nei ghbor and node
Mc_Node( Nei ghbor I D, NO_OF _NEI GHBOR) =

Mc_Node( Nei ghbor | D, NO_OF _NEI GHBOR) +1;
Mc_Node( Nodel D, NO_OF NEI GHBOR) =

Mc_Node( Nodel D, NO_COF _NEI GHBOR) +1;

end
else %this is the case when there are nore avail abl e
nei ghbors than required and so you have to sel ect which nei ghbors you
wi || make connection with

R = randper m( AN, nei ghbor Al | owed) ;

% repeat nmki ng connections
for i= 1:nei ghborAl | owed

Nei ghbor | D=Avai | abl eNei ghbor s(Nodel D, R(i));




Thisfileisused for initiaiza

tion of the two materiasi.e.,

defining initial position of ac-
tomyosin and actin nodes.

%rake connection

nei ghbor hood( Nodel D,
Mc_Node( Nodel D, NO_ OF_NEI GHBOR) +1) = Nei ghbor 1 D;

nei ghbor hood( Nei ghbor I D,
Mc_Node( Nei ghbor | D, NO_OF_NEI GHBOR) +1) = Nodel D;

%updat e nei ghbor count

Mc_Node( Nei ghbor | D, NO_OF _NEI GHBOR) =
Mc_Node( Nei ghbor | D, NO_OF _NEI GHBOR) +1;

Mc_Node( Nodel D, NO_OF _NEI GHBOR) =
Mc_Node( Nodel D, NO_OF _NEI GHBOR) +1;

end
end
end
end

end
%

Following lines calculate the mean resting
length of connections

count =0
csvdat a=zer os( Mc_NodeCount *6, 7) ;

for NodelD = 1: M _NodeCount
Connecti on_| engt h=0;
t n_Nb=0;
for i = 1: M_Node(Nodel D, NO OF NEI GIBOR) % for all neighbors

Nbl D = nei ghbor hood(Nodel D,i); % get Nei ghbor iD

tn_c_Nb= M_Node(Nbl D, COL)- M _Node(Nodel D, COL); % OUTWARD
VECTOR since pulling fromnei ghbor will be directed out

tn_r_No= M _Node(Nol D, RON - M _Node( Nodel D, ROW ;
tn_Nb = 0.001+sgrt((tn_r_Nb)~2 + (tn_c_Nb)"2);

Connection_l engt h= Connecti on_| engt h+t n_Nb;
count = count +1

csvdat a(count, : ) =[ Nodel D, Nol D, Mc_Node( Nodel D, ROWN , Mc_Node( Nodel D, COL) , Mc_Node( Nol
(tn_No-3.5)7];

end
i f Mc_Node( Nodel D, NO_OF_NEI GHBOR) >0

Mc_Node( Nodel D, MEAN_LENOFCONNEC) =Connect i on_I| engt h/
Mc_Node( Nodel D, NO_OF_NEI GHBOR)
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Mc_Node( Nodel D, MEAN_LENOFCONNEC) =0;
end
end
tn_rest= nean( Mc_Node(:, MEAN_LENOFCONNEC) ) ;

cd (absol ut eFol der Pat h)
csvwite(' csvdata0.csv',csvdata(l:count,:));
cd ..

%

% %0 del eting actin nodes if sinmulations are to be done without actin
cap

% %

% | e= | engt h( Ac_Node) ;

% for NodelD= le:-1:1

% Ac_Node(Nodel D, :)=[];
% Ac_NodeCount =Ac_NodeCount - 1;
% end

% Ac_NodeNo=zer os( bound, bound) ;

print an image of initial setup

cd (absol ut eFol der Pat h)
filename=strcat('initiallnmage');
fig = figure;

i magesc( Conbo)

% i nshow( Cap)
print(fig,filename,'-dpng');

% filename=strcat('initial Mo');
%fig = figure;

%

% i nshow( Myo)
%print(fig,filenane,'-dpng');
cd ..
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This files stores all the
parameter values that are used
In the respective simulation.
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It also creates the folder in which the data of
the simulation will be stored at run time

cel I Centers= [500, 500; 300, 500; 700, 500; 400, 330; 600, 330; 400, 670;
600, 670; 200, 330; 200, 670; 500, 840; 800, 670; 800, 330; 500, 160];

Following are the variables for easily assigning
to array while initializing

TOTAL_NODES_AT_LOCATI ON = 3;
NODE_| D_AT_LOCATI ON=4;

ROWEL;

COoL=2;

MYO_CONC=3;
NO_OF_NEI GHBOR=4;
MOVEORNOT=5;
COVBOVALUE=6;
MEAN LENOFCONNEC=7;

BRANCHCRNOT=4;
ASSCNPF=3;
THETA=S,;

LEN=6;

MCSATBI RTH=7;
AGE=8;

Following are the parameters used

% Lattice defination




Thisfiles stores all the pa-
rameter values that are used
in the respective simulation.

bound=1000;
r ows=bound;
col s=bound;

Conbo = zeros(bound, bound); % Used for visualizing the lattice

npf Chart = zeros(bound, bound); % Specifies where the nucleation
pronmoters are present

Myo=zer os(bound, bound); % Used for visualizing the nmyosin activity

field

Mc_NodeNo = ones(rows, cols).*-1; % Main array holding nyosin material
features

Ac_NodeNo = ones(rows,cols).*-1; % Main array holding actin materi al
features

CapR1=20; % I nner radius of actin initialization
CapR=50; % Quter radius of actin initialization
MyoR=400; % Whol e myosin distribution area radius

Vnpf =50; %/al ue assigned to nucl eation point in npfChart, Used for
initialization

Ac= 150 ; % Actin value used for visualization

Mc= 350; % Active Myosin value for visualization

Dm=200; % Dead Myosin value for visualization

Den_c1=0.1; % initial npf density used for inner radius
Den_c=0.01; % initial npf density used for outer radius
Den_me0. 2; % nyosin density

Other actin material parameters

AgeBr=9; % age of branching

Knpf=0.5; % 'Kpoly' or Actin polynerization coefficient
Lt h=20; % Max | ength

AgeTh=20; % Age of Depol yneri zation

P _del =0.7; %probability of deletion

Other actomyosin material parameters

Myo_conc=0.1; %wosin activity per node/concnetration ('Min paper)

Di s_Thres_Nei ghl=5; %00nm di st ance Myosin Connection Search Di stance
('Dthres' in paper)

MaxNei ghAl | owed=6; % Maxi num number of nei ghbor all owed

Max_myosi n_nodes_per _pi xel s =20;

K=0.5; %Coefficient of nyosin pulling

KSp=0.05; % Actin filamet spring constant connecting nyosin nodes




Thisfiles stores all the pa-
rameter values that are used
in the respective simulation.

Intermaterial parameters

SR=5; %wyosin and actin search radius for each other or Inter-naterial
SR
Aura= 2; % Inter-material Volume Exclusion Threshold ('Vex' )

Defining folder and printing initial image

ver=0; %used to create a new nane for the file. Helpful in

iterations
fol der=strcat (' FxHYw t hCapDen_c1_', nun2str(Den_cl1),' Den_c_', nun2str(Den_c),"' Den_m_
is where file will save

f ol der nane=f ol der;
if exist(foldername, "dir")~=7
nkdi r (f ol der nane) ;
el se
while exist(foldername, "dir")==
ver = ver +1;
f ol der name= strcat (fol der, nun2str(ver));
end
nmkdi r (f ol der nane)
end
absol ut eFol der Pat h = f ol der nane;

% % Setting directions used to initialize actin fromnpf. Used to

di rect
%arp 2/3 actin in different directions
k=1;
for i=-1:1
for j=-1:1
if i==0 & j==
conti nue
el se
directions(k,1)=1i; %
directions(k,2)=j; %
di rections(k, 3)= rad2deg(cart2pol (j,-i));
k=k+1;
end
end
end
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This file is called by 'SetUp_Initiate' to initiate
Arp2/3 actin nodes and nucleation points

disp('initializing Npfs")

%6 ----Following lines of code will create a circular random area
%/ cont ai ni ng nucl eation points

for i=1:1ength(cell Centers)

% %6 for circul ar

cell CenTenp = cell Centers(i,:);

cell Center_x= cell CenTenp(1,2); %nbco

cell Center_y= - cell CenTenp(1,1); %brow

for x =cell Center_x-CapRl : cell Center_x+CapRl
yl= cell Center_y - sqrt(CapR1"2- (x-cell Center_x)"2);
y2= cell Center_y + sqgrt((CapRl)"2- (x-cell Center_x)"2);
for y = yl:y2

row =round(-vy);

col = round(x);
rno=rand(1);
if rno< Den_cl % Density of inner Actin Nodes in
cap
npf Chart (row, col ) = Vnpf; % Initializing Nucleation
poi nts
end
end
end
end

for i=1:1ength(cell Centers)

% %6 for circul ar

cell CenTenp = cell Centers(i,:);

cell Center_x= cell CenTenp(1,2); %nbco

cell Center_y= - cell CenTenp(1,1); %b6row

for x =cell Center_x-CapR : cell Center_x+CapR
yl= cell Center_y - sqrt(CapR*2- (x-cell Center_x)"2);
y2= cell Center_y + sqrt((CapR) "2- (x-cell Center_x)"2);
for y = yl:y2

row =round(-vy);

col = round(x);
rno=rand(1);
if rno< Den_c % Density of outer Actin Nodes in
cap
npf Chart (row, col ) = Vnpf; % Initializing Nucleation
poi nts
end
end
end
end

% Count and initialize Nucleation Points




% %
di sp(' Maki ng NFPI ds')
NPFCount =1,

for col No=1: bound
for rowNo=1: bound
i f npfChart (rowNo, col No) ==Vnpf
NPF( NPFCount , 1) =r owNo; %0NPF st ores nucl eation points
| ocation data
NPF( NPFCount , 2) =col No;
NPFCount =NPFCount +1;

end
end
end
NPFCount =NPFCount - 1;

initializing Npfs
Maki ng NFPI ds

i magesc(npf Chart)
pause(1)

%% --Following lines of code will initialize actin nodes using the
%mucl eati on points

Ac_NodeCount =1;

for i=1: NPFCount
row= NPF(i,1);
col = NPF(i, 2);
di r=randi (8);
theta = directions(dir, 3);
dir_c= cos(deg2rad(theta));
dir_r= -sin(deg2rad(theta));

| en=randi (8);
Fnpf _r= Knpf*dir_r*len; %ol yneri zati on force
Fnpf _c= Knpf*dir_c*l en;

r owNo=r ow+Fnpf _r; % actin position
col No=col +Fnpf_c; % actin position

Ac_Node( Ac_NodeCount , ROWN =r owNo; %Jpdate Actin array wi th rowNo

Ac_Node( Ac_NodeCount, COL) =col No;

Ac_Node( Ac_NodeCount , BRANCHORNOT) = 0; % A zero at this position
represents unbranched

Ac_Node( Ac_NodeCount, THETA) =t heta ; %li rection of actin fil amet

Ac_Node( Ac_NodeCount, LEN) = sqgrt ( (r owNo-row) *2+(col No-col )*2); %
will store length of filanent

Ac_Node( Ac_NodeCount, ASSCNPF) = i; % associ ated NPF

Ac_Node( Ac_NodeCount , MCSATBI RTH) = 0; % Si nul ati on step of
creation like a date of birth

Ac_Node( Ac_NodeCount, AGE)= Il en; % age of actin filanent is nade
different initially for variability




Ac_NodeNo(round(rowNo), round(col No))= Ac_NodeCount; % this stores
Actin node IDin an array
Conmbo(round(rowNo), round(col No))= Ac; % Update Conbo(visualization
l[attice) with Actin

Ac_NodeCount =Ac_NodeCount +1;
end
Ac_NodeCount =Ac_NodeCount - 1;
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SIMULATION STARTS HERE

Thisfileis used to run the simulation after theinitialization is completed. It calls module 'Force_Calcula
tion' to first calculate forces on inidividual nodes of both material and then moves actin nodes by calling
module 'MoveActin' and myosin nodes by calling module "MoveMysoin". These modules are called ran-
domly, so that both the materials have arandom chance to get the first move. Thereafter, the code deletes
filaments that have aged. It also removeswall to test affect of wall removal. Finally it generates output in
form of images to visualize and study material behavior in the given setup.

NodeDensity = zeros(4000, 2);
for nts=1: 2500

ntcs

Initializing the arrays that are used in simula-
tion

NewAct i n=0;

F_AcNet =zer os( Ac_NodeCount, 2);

Rho_myo=zer os( Ac_NodeCount, 2);

F_MyoNet =zer os(M:_NodeCount, 2); %total (spring + nyosin) force on
each node

F _amrzer os(Mc_NodeCount, 2); % net Actonyosin force

F r _Nb= zeros(M_NodeCount, MaxNei ghAl | owed); % Actonyosin force
in x direction by ith neighbor

F c_Nb= zeros(M_NodeCount, MaxNei ghAl | owed); % actomyosin force
iny direction by ith neighbor

F r _NbSp= zeros(M_NodeCount, MaxNei ghAl | owed); % Spring force in x
direction by ith neighbor

F c_NbSp= zeros(M_NodeCount, MaxNei ghAl | owed); % Spring force in
y direction by ith nei ghbor

F_Spring=zeros(M_NodeCount, 2); % Net PRing force by al
nbei ghbors

F _nyoT=zer os( Mc_NodeCount, 2);

% Forces calculation --- call associated module

For ce_Myosi nThenAct i nNEW




Conbo = zer os(bound, bound);
R=rand(1);

%% %Randonl y chose actin or nysoin material for noving nodes

if RO.5
MoveMyosi n;
MoveAct i n;
el se
MoveAct i n;
MoveMyosi n;
end

%8R8R808880880880%86 For Del eting aged Fil ammets
%0

kount =0;
for Nodel D= 1: Ac_NodeCount

i f Nodel D>Ac_NodeCount

br eak
end
i f Ac_Node(Nodel D, AGE) > (AgeTh) %t instead of |ength conpare
age of actin

Rno= rand(1);
i f Rno< P_del
% di sp(' count del eting nodes")

kount = kount +1;
NodeToDel ( kount) = Nodel D,

end
end
end

for del = kount:-1:1 %spdeleting in reverse order to avoid shifting
over head of nodel D
Nodel D= NodeToDel (del);
Conbo(round( Ac_Node( Nodel D, ROW ), r ound( Ac_Node( Nodel D, CCL) ) ) =0;
% di sp(' Del et ei ng Now )
Ac_Node(Nodel D, : ) =[1];
Ac_NodeCount =Ac_NodeCount - 1;

end

% % Reassi gni ng Ac_NodeNo
Ac_NodeNo=ones(rows, col s). *-1;
for Nodel D= 1: Ac_NodeCount

Ac_NodeNo(r ound( Ac_Node( Nodel D, ROW ), r ound( Ac_Node( Nodel D, CCL) ) ) =Nodel D;
end




VISUALIZATION and GENERATING IMAGES%
%% %%
if ncs==2

cl ose al

cd (absol ut eFol der Pat h)

Act i nf ol der nane=strcat (' Conbo');

nkdi r (Acti nf ol der nane) ;

cd (Acti nfol der nane)
filename=strcat (' Actin_', nun2str(nts));
fig = figure;

i mgesc( Comnbo)

axi s square

col ormap(' hot")

% % % i mshow(C, 'Colormap', jet(255))
print(fig,filenane,' -dpng");

cd ..

visualization of myosin concentration

MyoCON=zer os( bound, bound) ;

for i = 1: M_NodeCount
roNo= round(Mc_Node(i , ROW);
coNo= round(M_Node(i ,COL));
val u= Mc_Node(i , MYO_CONC);
MyoCON( r oNo, coNo) =val u;

end

Myof ol der name=strcat (' MyoCon');

nmkdi r ( Myof ol der nane) ;

cd (Myof ol der nane)

filenane=strcat (' MyoCON , nun2str(nts));
fig = figure;

i mgesc(MyoCON)

ormap(’ gray")
print(fig,filenane,'-dpng');

co

cd ..
cd ..
end

% i f nmod(nts, 100) ==
%
% t bl =t abul at e( Mc_Node(:, NO_OF NEI GHBCOR) ) ;
% cd (absol ut eFol der Pat h)
% filename=strcat (' FregN_', nun2str(nts));




% fig = figure;

% bar(tbl (:,1),tbl(:,2))

% print(fig,filenane,'-dpng');
% cd ..

% end

i f mod(nts, 50) ==
cl ose al
cd (absol ut eFol der Pat h)
Act i nf ol der nane=strcat (' Conbo');
nmkdi r (Act i nf ol der nane) ;
cd (Acti nfol der nane)
filenane=strcat (' Actin_
fig = figure;
i magesc( Conbo)
axi s square
col ormap(' hot")

, hun2str(ncs));

% i mshow(C, 'Colormap', jet(255))
print(fig,filename,'-dpng');

cd ..

MyoCON=zer os( bound, bound) ;

for i = 1. Mc_NodeCount
roNo= round(M_Node(i , ROW);
coNo= round(M:_Node(i ,CQL));
val u= Mc_Node(i , MYO_CONC) ;
MyoCON( r oNo, coNo) =val u;

end

cd (Myof ol der nane)

fil enane=strcat (' M\yoCON , nunstr(ncts));

fig = figure;

i magesc( MyoCON)

col ormap(' gray')

print(fig,filename,'-dpng');

cd ..
cd ..

%
end
%
M=Ac_NodeNo>0;
nnz(M;
Act i nLenCount er (nts) =l engt h(fi nd( Ac_Node(:, 6) <=AgeBr));
Act i nCount er ( nts) =Ac_NodeCount ;
NewBr anches( nts) =NewAct i n;
Del Acti n(nts) =kount ;

end
cd (absol ut eFol der Pat h)




filenane=strcat (' Actotal Plot_', nunRstr(nts));

fig = figure;

pl ot (Acti nCount er)
print(fig,filename,'-dpng');

filenane=strcat (' LenPl ot ', nunstr(nts));

fig = figure;

pl ot (Acti nLenCount er)
print(fig,filename,'-dpng');

fil enane=strcat (' NewActinPl ot ', nunm2str(nts));
fig = figure;
pl ot ( NewBr anches)
print(fig,filename,'-dpng');

filenane=strcat (' Del ActinPlot_ ', nunm2str(nts));
fig = figure;
pl ot ( Del Acti n)
print(fig,filename,'-dpng');
cd ..
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This file calculates forces first on
myosin nodes and then on actin nodes.
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Myosin node experience forces from neighbor-
Ing nodes and due to actin pushing.

Actin node experiences forces from actin poly-
merization directed outward from nucleation
point to enable actin growth and from myosin
pushing.

---- This section calculates myosin forces -----

count =0
csvdat a=zer os( Mc_NodeCount *6, 7) ;

RandNodes=r andper m{ Mc_NodeCount ) ;
for i = 1. M_NodeCount
Nodel D= RandNodes(i); % andomy pick up one nyosin node
% % Calculating forces
i f Mc_Node( Nodel D, MOVECORNOT) ==1 % check if it is a unnovabl e node
% di sp('found a fixed node, so net force is zero')
F_MyoNet (Nodel D, ROW = 0; % set all forces on this node to be
zero
F_MyoNet ( Nodel D, COL) = 0;
% di sp(' Nodel D=") Nodel D ;
el se
% Force cal culation of myosin starts here sicne these are
novabl e nodes

for i = 1: M_Node(Nodel D, NO OF NEI GHIBOR) % for all neighbors
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Nbl D = nei ghbor hood(Nodel D,i); % pick one nei ghbor and
get Nei ghbor iD
if NolD ~=0 %N\ei gbor 1D can not be zero,

tn_c_Nb= Mc_Node(Nbl D, COL) - Mc_Node(Nodel D, COL); %
OUTWARD VECTOR since pulling from nei ghbor will be directed out

tn_r _Nb= Mc_Node(Nbl D, ROW - M _Node( Nodel D, ROW ;
tn_Nb = 0.001+sgrt((tn_r_Nb)*2 + (tn_c_Nb)"2); %
di stance between node and nei ghbor (adding .001 to avoid nuneri cal

instaibility)

i f nmod(nts, 500) ==
count = count +1

csvdat a(count, : ) =[ Nodel D, Nol D, Mc_Node( Nodel D, ROWN , Mc_Node( Nodel D, COL) , Mc_Node( Nol
(tn_Nb-3.5)];

end

If there is tension in the spring

----lnplementing Equation-2 ---------

F_NbSp=0;
if tn_No>tn rest

% % Spring force cal cul ation

F NoSp = KSp*(tn_Nb- tn_rest); % force generated
due to spring = contstant tines stretch

F r _NbSp(Nodel D,i)= F_NbSp*(tn_r_Nb/tn_Nb); %
outward force felt by the node due to tension

F c_NbSp(NodelD,i)= F_NbSp*(tn_c_Nb/tn_Nb); % This
is equal to magnitude*unit vector

end

F_Spring(Nodel D, RON = F_Spring(Nodel D, RON +
F r_NbSp(Nodel D,i); %adding forces by all the neighbors

F_Spring(Nodel D, COL) = F_Spring(Nodel D, COL) +
F c_NbSp(Nodel D,i); % Net Spring force

% % I nter-nmyosin force cal cul ation

% ----lnmplenmenting Equation-1 ---------
% % cal cul ate pulling forces from nyosin nei ghbors
F_Nb=0;

AM Nei ghbor = Mc_Node( Nol D, MYO_CONC) ; % % et ch t he
myosin activity on node and nei ghbor
AM BaseNode= M:_Node( Nodel D, MYyO_CONC) ; %
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F_Nbo =(K*AM Nei ghbor* AM BaseNode); ; % force magnitude

F r _Nb(NodelD,i)=F_Nbo*(tn_r_No/tn_Nb); % Actonyosin
force on the node due to ith ni eghbor

F c_Nb(Nodel D,i)=F_No*(tn_c_Nb/tn_Nb); % nmagnitude *
unit vector

F_am Nodel D, RON = F_am( Nodel D, RON +

F r_Nb(NodelD,i); % %addi ng forces by all the neighbors
F_am(Nodel D, COL) = F_am( Nodel D, COL) +

F c_Nb(NodelD,i); % Net inter-nyosin pulling force

end
end
%6 ----Following lines of code will cal culate actin pushing
forces on nyosin due to the actin polynerization----%880808686
% ----lnplenmenting Equation-7 ---------
t ot al Poi nt s=0;
poi nt s=0;

col No= Mc_Node(Nodel D, COL); % the position of current node
r owNo= M:_Node( Nodel D, ROW ;
for R= rowmNo-SR : rowNo+SR %80 sear chi ng around the Myosin
node in search radius
for C= col No- SR col No+SR
i f Ac_NodeNo(round(R),round(C))> 0 %if there is an
actin node in vicinity (search radius)
t ot al Poi nt s= t ot al Poi nt s+1;
poi nts(total Points,1) = R %% Save the position
where actin node is present
poi nts(total Points,2) = C
end
end
end

%--Following lines will calculate forces fromactin nodes
found in the
% - - above determ ned positions

Fcap_R=0;
Fcap_C=0;

for i=1: total Points
R= points(i,1) ;
C= points(i,2);

Act 2Myo_r= rowNo - R
Act2Myo_c= col No - C % vector directed towards the
myosi n node
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tn_Act 2Myo= sqrt ((Act 2Myo_r ) "2+( Act 2Myo_c) 2) ;

% accessing the features of actin - its ID, nucleation
poi nt and

% direction

Act1 D= Ac_NodeNo(round(R), round(Q));

npf I D= Ac_Node( Act | D, ASSCNPF) ;

theta = Ac_Node(Act| D, THETA);

dir_C= cos(deg2rad(theta)); %box is the col
dir _R= -sin(deg2rad(theta));

Fpush_R=Knpf*dir_R;

Fpush_C=Knpf*dir_C; %oforces in x direction

Fpush = sqgrt ((Fpush_R) *"2+(Fpush_C)"*2); % magni tude of
actin pushing force

cosPhi = (Act 2Myo_r *Fpush_R+Act 2Myo_c* Fpush_C)/
(tn_Act 2Myo* Fpush); % cal cul ate cosPhi

if cosPhi>=0 % if cosPhi>0 --> apply forces el se dont

apply

Fcap_R(i)= Fpush_R*cosPhi;
Fcap_C(i)= Fpush_C*cosPhi;

el se
Fcap_R(i)= 0;
Fcap_C(i)= 0;

end

end

Fcappush( Nodel D, RON =sun{ Fcap_R); % sumup the different actin
node forces
Fcappush( Nodel D, COL) =sun{ Fcap_QC) ;

9BB888%6 - - -- Net FORCES APPLI ED TO MYCSI N NODE ------- 9RBALBB88N

F_nyoT(Nodel D, RON = F_an{ Nodel D, ROWN +F_Spri ng( Nodel D, ROW ; %
these are only through nyosin materi al

F_nyoT(Nodel D, COL) = F_an{ Nodel D, COL) +F_Spri ng( Nodel D, CQL) ;

F_MyoNet ( Nodel D, RON = F_an( Nodel D, RON +F_Spri ng( Nodel D, RON +
Fcappush(Nodel D, ROW ; % These are total forces fromboth materials

F_MyoNet (Nodel D, COL) = F_amn( Nodel D, COL) +F_Spri ng( Nodel D, COL) +
Fcappush( Nodel D, COL) ;

end

end
i f mod(nts, 500) ==
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cd (absol ut eFol der Pat h)
filename=strcat (' csvdata_',nunRstr(ncts),'.csv');

csvwite(fil enane, csvdata(l:count,:));

cd ..
end
--- This section calculates actin forces -----
% ---1nplenmenting Equation-5------
%% --Following lines calculate actin polynerization force directed
out war d

%% --from nucel ati on points.

RandNodes=r andper m{ Ac_NodeCount ) ;
for i= 1: Ac_NodeCount
Nodel D= RandNodes(i); % randomy pick up an actin node

npf1 D= Ac_Node( Nodel D, ASSCNPF); % correspondi ng nucl eation
poi nt

theta = Ac_Node(Nodel D, THETA); % angle of the filanment used to get
its direction

dir_C= cos(deg2rad(theta)); %box is the col
dir _R= -sin(deg2rad(theta)); %notaking -ve sign because the y axis
of the imge is pointed downwards

if Ac_Node(Nodel D,LEN) > Lth %cap the actin filanent after a
I ength threshold

Fpol y( Nodel D, RON =0 ; % I1f reached certain length growh
st ops.
Fpol y(Nodel D, COL) =0 ;
el se
Fpol y(Nodel D, RON = Knpf*dir R, % pol yneri zation force
Fpol y( Nodel D, COL) = Knpf*dir_C,
end

%6 ---Following |lines calculate forces fromthe nyosin node
directed towards actin node----%888080806

% ----lnplenmenting Supplenmentary Equation-1 ---------
t ot al Poi nt s=0;
poi nt s=0;

noOf NodesPosi ti on=0;

col No= Ac_Node( Nodel D, COL); %get the position of actin node
r owNo= Ac_Node( Nodel D, ROW ;
for R= rowNo-SR : rowNo+SR %86 searching around the actin node
in search radius
for C= col No- SR col No+SR
i f Mc_NodeNo(round(R),round(C))> 0 %b6if myosin node is
found in vicinity
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t ot al Poi nt s= total Poi nt s+1;

poi nts(total Points,1) = R %% Save the position of
myosi n

poi nts(total Points,2) = C

noOf NodesPosi tion(total Points) =
NodeCount Per Pi xel ((round(R)), (round(C))); % check how many nodes are
actually present at this |ocation

end
end
end
%--Following lines will calculate forces fromnyosin nodes found
in the

% - - above determ ned positions

RhoMyo_R=0;

RhoMyo_C=0;

noOf NodesPosi ti on;

for i= 1: total Points
R= points(i,1) ;
C=points(i, 2);

Myo2Act _r= rowNo - R

Myo2Act _c= colNo - C, % vector directed towards the actin
frommo

tn_Myo2Act = sqrt (( Myo2Act _c)"2+(Myo2Act _r)"2);

Myol D= Mc_NodeNo(round(R), round(Q));

F_nyoR=F_nyoT(Myol D,ROW; % % forces in -y direction

F _nyoC=F_nyoT(Myol D,COL); %Woforces in x direction

F _nyo= sqgrt ((F_nyoR)"2+(F_nyoC)"2); % bnet nagnitude of force
from myosi n based on actonyosin material forces

cosPhi = (Myo2Act _r*F_myoR+Myo2Act _c*F_nyoC)/
(tn_Myo2Act *F_nyo) ;

if cosPhi>=0 % force will be applied only if cosPhi>0

RhoMyo_R(i)= noOf NodesPosi tion(total Points)*
F_nyoR*cosPhi; % orce magnitude tines the # of nodes at the position
RhoMyo_C(i)= noOf NodesPosi tion(total Points)*
F_nyoCrcosPhi; % gives an assesnent of cunulative effect of all nodes
in that position
el se
RhoMyo_R(i)
RhoMyo_C(i)

0;

end

end
Rho_dynR(Nodel D, 1) =sum RhnoMyo_R); % sunming up all nyo node
forces
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Rho_dynC( Nodel D, 1) =sum RhoMyo_C) ;

Rho_nyo( Nodel D, ROW = Rho_dynR(Nodel D, 1) ; %
Rho_nyo( Nodel D, COL) = Rho_dynC(Nodel D, 1) ; %

99888086 - - - - Net FORCES APPLI ED TO ACTIN NODE ------- 9BBBB00
F_AcNet ( Nodel D, ROW = Fpol y( Nodel D, ROW +Rho_mnyo( Nodel D, ROW ;
F_AcNet ( Nodel D, COL) = Fpol y( Nodel D, COL) +Rho_nyo( Nodel D, COL) ;

end
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This file moves actin node to
a new position depending of
the force applied on the node.
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---When actin filament length reaches a threshold, it stopes further growth of the respective actin node. When actin
filament reaches a predefined length, it enables branching of that filament, by creating new actin nodes and nucleation

points.

----- Implementing equation-6 -------

RandNodes=r andper m( Ac_NodeCount ) ;
for i = 1: Ac_NodeCount

Nodel D= RandNodes(i);
npf I D= Ac_Node( Nodel D, ASSCNPF) ;
% % rounding to 2 digit to control spatial resolution

Newr owNo= r ound( Ac_Node( Nodel D, RON + F_AcNet (Nodel D, ROW, 2); %
New actin barbed end position
Newcol No= round(Ac_Node(Nodel D, COL) + F_AcNet (Nodel D, CQL), 2); %

New actin barbed end position

for R= New owNo- Aura : New owNo+Aur a % search all around the

node for nyosin
for C= Newcol No- Aur a: Newcol No+Aur a

%% % if there is a nyosin node in the vicinity of the new
% position, actin node is kept in the old position
i f Mc_NodeNo(round(R),round(C))>-1 % bcheck if node is a
myosi n node
Newr owNo=Ac_Node( Nodel D, ROW ;
Newcol No=Ac_Node( Nodel D, COL) ;
end

end
end

%% - - Updating actin node features----
Ac_NodeNo(r ound( Ac_Node( Nodel D, ROW ), r ound( Ac_Node( Nodel D, COL))) =
- 1'
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Ac_Node( Nodel D, RON =Newr owNo;

Ac_Node( Nodel D, COL) =Newcol No;

Ac_Node( Nodel D, LEN) = sgrt ( ( Newr omNo- NPF(npfl D, 1)) "2+( Newcol No-
NPF(npflI D, 2))"2); %ength of filanent

Ac_Node( Nodel D, AGE) = nts- Ac_Node( Nodel D, MCSATBI RTH) ; %% age of
actin updated

Ac_NodeNo(r ound( Ac_Node( Nodel D, ROW ), r ound( Ac_Node( Nodel D, CCL) ) ) =Nodel D;

Conbo(r ound( New owNo) , round( Newcol No) ) = Ac; % Add the barbed end
to the conbo lattice

%%%%%%%% Creating Actin Branches %%%
%%%0%% %% %% %% %% %
i f Ac_Node( Nodel D, AGE) > AgeBr

i f Ac_Node( Nodel D, BRANCHORNOT) ==0 %theck if no branch has
been generated out of this branch till now

t het a_Node= Ac_Node( Nodel D, THETA); % fetching angle of the
current node
Rfl'i p= rand(1);

if RflIip>0.5
flip = 1;
el se
flip=-1;
end

theta_NPF= theta_Node+ flip* 70 ;% degree allignnent of
the new branch FI XED 70

Br Poi nt _row
Br Poi nt _col
%

dir_C= cos(deg2rad(theta NPF)); %x is col

dir _R= -sin(deg2rad(theta_NPF)); %y is negavtive for

( NPF( npf I D, RON +Ac_Node( Nodel D, ROWN )/ 2;
(NPF( npf | D, COL) +Ac_Node( Nodel D, CQL) ) / 2;

i mge

Fnpf _c= Knpf*dir_C,

Fnpf _r= Knpf*dir_R

% % rounding to 2 didgit to control spatial resolution:

BRr owNo=r ound( ( Br Poi nt _row+Fnpf _r),2); % branched actin
position

BRcol No=r ound( ( Br Poi nt _col +Fnpf _c), 2); % branched actin
position
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i f Mc_NodeNo(round(BRrowNo), round(BRcol No))> -1 %% | ust
check for presence of nysoin on that point
di sp(' cant branch');
el se

Ac_Node( Nodel D, BRANCHORNOT) = 1; %emow br anched
% ---creating new nucl eation point for the branch----
NPFCount =NPFCount +1; %% new npf

NPF( NPFCount , RON = Br Poi nt _r ow;
NPF( NPFCount , COL) = Br Poi nt _col ;

Ac_NodeCount =Ac_NodeCount +1;

% Updati ng Node array for the newborn actin which just
% br anched
Ac_Node( Ac_NodeCount , ROW =BRr owNo;
Ac_Node( Ac_NodeCount , COL) =BRcol No;
Ac_Node( Ac_NodeCount , BRANCHORNOT) =0; %unbr anched
Ac_Node( Ac_NodeCount, THETA) =t het a_NPF ; %di recti on of
new actin fil amet
Ac_Node( Ac_NodeCount, LEN) = sqrt ( ( BRr owNo-
NPF( NPFCount , 1) ) *2+( BRcol No- NPF( NPFCount , 2) ) *2) ;
Ac_Node( Ac_NodeCount , ASSCNPF) = NPFCount; 9% associ at ed
NPF
Ac_Node( Ac_NodeCount , MCSATBI RTH) = nts; %tine of
creation
Ac_Node( Ac_NodeCount , AGE) = nts-
Ac_Node( Ac_NodeCount , MCSATBI RTH); % age of actin

Conbo(round( Ac_Node( Ac_NodeCount , ROW ), r ound( Ac_Node( Ac_NodeCount, COL))) =
Ac;

Ac_NodeNo( r ound( Ac_Node( Ac_NodeCount , ROW ), r ound( Ac_Node( Ac_NodeCount, COL))) =
Ac_NodeCount ;

NewAct i n=NewAct i n+1;

end
end

end

end
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This file moves actin node to a new position
depending of the force applied on the node.

% ---When nmoving a mysoin node, it checks for availability of
t he

% ---new position in tw checks. 1. Node/pixel saturation 2.
actin node

% - - - occupancy.

Lastly, this file applies the elevated myosin up-
on saturation. Thus testing the hypothesis.

RandNodes=r andper m( Mc_NodeCount ) ;
for i = 1. M_NodeCount

Nodel D= RandNodes(i);

col No= Mc_Node( Nodel D, CQL) ;
r owNo= M:_Node( Nodel D, ROW ;

% % rounding to 2 didgit to control spatial resolution
Newcol No = round(col No+ F_MyoNet ( Nodel D, CQL), 2);
Newr owNo = round(rowNo+ F_MyoNet ( Nodel D, ROWN , 2);

%% - - check-1: Node/ pi xel saturation

noCOf NodesAt NewPosi ti on = NodeCount Per Pi xel ((round( Newr owNo) ),
(round( Newcol No)));

i f noOr NodesAt NewPosi tion == Max_nyosi n_nodes_per _pi xel s
Newcol No= col No;
Newr owNo= r owNo;
end
%% - - Check-2: Actin node occupancy: checking if there is
actin in the way

for R= New owNo- Aur a: Newr owNo+Aur a
for C= Newcol No- Aur a: Newcol No+Aur a




if Ac_NodeNo ( round(R),round(C))> -1
Newcol No= col No;
Newr owNo= r owNo;
end
end
end

%% - - Updat i ng nyosin node features----

Mc_NodeNo( r ound( Mc_Node( Nodel D, ROW ), round( Mc_Node(Nodel D, COL) ) )= -1
%o reset the NodeNo in order to create it again afresh

Mc_Node( Nodel D, RON = Newr owNo;
Mc_Node( Nodel D, COL) = Newcol No;

Mc_NodeNo( r ound( Newr owNo) , r ound( Newcol No) ) =Nodel D; % new
pl ace has you

Conbo(r ound( New owNo) , round( Newcol No) ) =Mc; % refresh combo
NodeCount Per Pi xel ( (r ound( New owiNo) ), (round(Newcol No))) =
NodeCount Per Pi xel ( (r ound( New owNo) ), (round(Newcol No))) + 1

NodeCount Per Pi xel ((round(rowNo)), (round(colNo))) =
NodeCount Per Pi xel ((round(rowNo) ), (round(col No))) - 1 ;

If trying to reach a staurated point then In-
crease myosin

i f noOr NodesAt NewPosi tion>5 %% ncreasi ng nyosin when density
per pixel increases 5

Mc_Node( Nodel D, MYrO_CONC) =0. 6;
end

end
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