This file initiates the nodes
of actomyosin material.
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It first defines the parameters and then gen-
erates both the passive and active nodes in a
random fashion.

Thereafter it connects the nodes with neighors
to create a connected network.

clc
clear all
cl ose all

cel | Cent er s=[ 250, 250] ; %

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;

MYQO_CONC=3;
NO_OF_NEI GHBOR=4;
MOVEORNOT=5;
COVBOVALUE=6;
MEAN LENOFCONNEC=7;
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Following are the parameters used

% Lattice defination
bound=500;

r ows=bound;

col s=bound;

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

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

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

Act M=40; % Myosi n activation region
MyoR=140; % Total area of mnyosin

Mc= 350 ; % Active nyosin
D= 50; % Passive nyosin

Den_n¥0.3; % nmyosin density

% Ot her actonyosin material paraneters

Myo_conc=0.9; %wosin activity per node/concnetration ('Min paper)

Di s_Thres_Nei ghl1=5; %00nm di st ance Myosin Connecti on Search Di stance
('Dthres' in paper)

MaxNei ghAl | owed=6; % Maxi num nunmber 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

% Defining folder and printing initial image
ver =0;
fol der=strcat (' Updat edCaseTest 2020_Tenpass');
f ol der nane=f ol der;
if exist(foldername, dir")~=7
nmkdi r (f ol der nane) ;
el se
while exist(foldername, "dir")==
ver= ver+1;
f ol dernanme= strcat (fol der, nunstr(ver));
end
nkdi r (f ol der nane)
end
absol ut eFol der Pat h = f ol der nane;

Myosin Initialization-------------

disp('initializing Nodes')
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% %% nmaki ng node | Ds and nyosin nodes
Mc_NodeCount =1;
% %986 for circul ar
cell CenTenp = cell Centers(1,:);
cell Center_x = cell CenTenp(1, 2); %% col
cell Center_y = - cellCenTenp(1,1); %Abrow
% %fill passive nodes in the allocated area
for x =cell Center_x-MoR : cell Center_x+ M/oOR
yl= cell Center_y - sqrt((MoR) "2- (x-cell Center_x)"2);
y2= cell Center_y + sqrt((MoR)"2- (x-cell Center_x)"2);
for y = yl:y2
row =round(-vy);

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

end
% %o for circular or SQUARE - clear the area for activating nodes

for x =cell Center_x-ActM: cell Center_x+ ActM
% yl= cell Center_y - sqgrt((ActM”"2- (x-cell Center_x)"2);
% y2= cell Center_y + sqgrt((ActM~2- (x-cell Center_x)"2);
% for y = yl:y2
for y= cellCenter_y-Act M35 : cell Center_y+ Act M35

row =round(-vy);

col = round(x);

Conbo(row, col )= 0; % Myosin in conbo
end
end
%

NoCF passi veMyosi n = sum{ sun( Conbo) ) / Dm
NoCOF Act i veMyosi n=0;

% %Wo----Fill the allocated area with active nodes
for x =cell Center_x-ActM: cell Center_ x+ActM
% yl= cell Center_y - sqgrt(ActM2- (x-cellCenter_x)"2);
% y2= cell Center_y + sqgrt((ActM~2- (x-cell Center_x)"2);
% for y = yl:y2
for y= cellCenter_y-Act M35 : cell Center_y+ Act M35

row =round(-vy);

col = round(x);

rno=rand(1);

if rno< Den_m % Density of Myosin Nodes
Conbo(row, col )= M; % Active Myosin in conbo

NoCOF Act i veMyosi n=NoOf Acti veMyosi n+1;
end
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end
end

fig = figure;
i magesc( Conbo)
Noof Myonodes=0;

NoOF Myosi nNodesa = Noof Myonodes;

initializing Nodes

% 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 ;
Mc_NodeNo( r owNo, col No) =Mc_NodeCount ;

Mc_Node( Mc_NodeCount , ROW =r owNo;

Mc_Node( Mc_NodeCount , COL) =col No;

Mc_Node( Mc_NodeCount , NO_OF _NEI GHBOR) =0; %NoOf 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; % and( 1) ;

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
el se
Mc_Node( Mc_NodeCount , MOVEORNOT) =0;
end
%

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

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

Avai | Nei ghRegi stry=zer os(Mc_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, CQL) ;

% % 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 nei ghbor you found is already
% |isted 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
end

% % 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,
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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) ;
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 | 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
%this is the case when there are nore avail abl e nei ghbors
than required and so you have to sel ect which neighbors you will rmake
connection with
el se

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

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

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

%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;
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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

for NodelD = 1: M_NodeCount
Connecti on_| engt h=0;
t n_Nb=0;
for i = 1. M_Node(Nodel D, NO OF NEIGHBOR) % for all
nei ghbors

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

tn_c_No= Mc_Node(Nbl D, COL) - Mc_Node(Nodel D, COL); %
OUTWARD VECTOR since pulling from neighbor 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;
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) ;
el se
Mc_Node( Nodel D, MEAN_LENOFCONNEC) =0;
end
end
tn_rest= nean( Mc_Node(:, MEAN_LENOFCONNEC) ) ;

print an image of initial setup

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

i magesc( Conbo)

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

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

% i nshow( Myo)

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

Thisfile is used to run the simulation after the initialization is completed. It first calculates force on in-
dividual nodes of actomyosin material and then moves moves nodes based on the force applied, thusim-
plementing Equation 1-4. Finaly it generates output in form of images to visualize and study material
behavior in the given setup.

NodeDensity = zero0s(4000, 2);
for ncs=1: 3500

ntcs

NewAct i n=0;

F_anrzer os(M_NodeCount, 2); % net Actonyosin force

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

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

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

F_c_NoSp= 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(M_NodeCount, 2);

RandNodes=r andper m{ Mc_NodeCount ) ;
for i = 1. M_NodeCount
Nodel D= RandNodes(i);
% % Calculating forces
i f Mc_Node( Nodel D, MOVEORNOT) ==1
% disp(' found a fixed node, so net force is
zero')
F_MyoT( Nodel D, RON = 0;
F_MyoT(Nodel D, COL) = 0;
% di sp(' Nodel D=") Nodel D
el se
% Force cal cul ation of myosin starts here....




for i = 1: M_Node(Nodel D, NO OF NEIGHBOR) % for all
nei ghbors

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

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 avaoid nuneri cal
instaibility.)

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 spring tension

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(Nodel D,i)= F_NbSp*(tn_c_No/tn_Nb); % Thi s
is equal to magnitude*unit vector

end

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

F_Spring(Nodel D, COL) = F_Spring(Nodel D, COL) +
F c_NbSp(Nodel D, i) ;

% % 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); % etch the
myosin activity on node and nei ghbor
AM BaseNode= M:_Node( Nodel D, MYyO_CONC) ;

F_Nbo =(K*AM Nei ghbor * AM BaseNode); % force magnitude

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

F c_Nb(Nodel D,i)=F_Nb*(tn_c_Nb/tn_Nb); % nagni tude *
unit vector




F_am Nodel D, RON = F_am( Nodel D, ROW +
F r_Nb(NodelD,i); 9%@dding forces by all the neighbors
F_am(Nodel D, COL) = F_am( Nodel D, COL) +
F_c_No(NodelD,i); %

end

F_nyoT(Nodel D, RON
F _nyoT(Nodel D, COL)

F_anm( Nodel D, ROW +F_Spri ng( Nodel D, ROW ;
F_am(Nodel D, COL) +F_Spri ng( Nodel D, COL) ;

end

end

----Following lines of code apply the forces cal-
culated above to move the nodes

%---- Inplenenting equation-4------

Conbo = zeros(bound, bound); %% Resetting the lattice

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_nyoT(Nodel D, CQL), 2);
Newr owNo round(r owNo+ F_nyoT(Nodel D, RON, 2);

%8MNext each node checks if the space is available or already

%sat urated by maxi mum no of nodes

noOf 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

%6 ---- Update the variables with new position to inplenent the
nove- - -

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




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

Mc_NodeNo( r ound( Newr owNo) , r ound( Newcol No) ) =Nodel D

Conbo( r ound( New owNo) , r ound( Newcol No) ) =

Mc_Node( Nodel D, COVBOVALUE) ; % refresh combo

NodeCount Per Pi xel ( (r ound( New owNo) ), (r ound( 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)))

Visualize the output ------

if (nts)==

end

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;

C=ui nt 8( Conbo) ;

i mshow( Q)

axi s square
print(fig,filename,'-dpng');

, hun2str(ncs));

cd ..
cd ..

%

i f mod(nts, 100) ==

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_

, hun2str(ncts));

fig = figure;

% i mgesc( Comnmbo)

% col ormap("' hot")

C=ui nt 8( Conbo) ;

i mshow( C)

% i mshow(C, ' Col ormap',

axi s square
print(fig,filename,'-dpng');

1 .

j et (255))




cd ..
cd ..

%
end

%

end
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