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Reminders

i f statements while loops for loops
expl = 400; aa = 10; % for loop execution
exp2 = 500; % while loop execution for (bb = 10:19)
% conditional testing while (aa < 20) disp (bb)
if (expl > exp2) disp (aa) end

max = expl aa = aa + 1;
elself (expl == exp2) end

max = 'both are equal * Declare your variables
else : :

* Set up the incremenation

max = exp-2
end
Functions

function infoSeq = describeSeqg(seq)
segqlLength = length (seq);
infoSeq = sprintf ('The sequence %s has %d nucleotides', seq, seqglLength);

describeSeqg ('TATCCGCG")

e Start the script with the function definition
 Name the file with the function name



Reminders

data = importdata (inputFile, delimiter,

headerlLines) ;

data = importdata ('inputFile.txt', '"\t',

1);

fid = fopen('outputFile.txt', 'w');

fprintf (fid, 'Value I want to save %d\n'

fclose (fid) ;

, explGenes{ii},

explResults (i1));

fid = fopen (outputFile, 'w’);

fprintf (fid, 'Value I want to save %d\n'

fclose (fid) ;

, explGenes{ii},

explResults (11));




explGenes = {'1LI1IA', 'NFKBIA', 'BCL2'};
explResults = [120, 446, 653];
threshold = 200;
for (11 = 1l:length (explResults))
1f (explResults(i1ii1i) > threshold)
fprintf ('Genes %s expression %d\n', explGenes{ii}, explResults(ii))

end

end

Files you need Import file
« Mitchell_gene_ data.txt dataset Extract data of interest

Models Compare each gene expression level to the
* printGenesAboveThreshold.m script threshold

 F _printGeneExpression function

, , | . If it is above, save its name and expression
 F _printGeneExpressionFromFile function

level on a file



Practice

function out = F printGenesAboveThreshold (explGenes, explResults, threshold,
outputFile)
% Function returns the expression value from a gene of interest
fid = fopen (outputFile, 'w');
out = 'No gene found';
for (11 = 1l:length (explResults))
1f (explResults(ii) > threshold)
fprintf (fid, '%s, %d\n', explGenes{ii}, explResults(ii));
out = explResults(i1);
end
end
fclose (fid);




Practice

function out = F printGenesAboveThresholdFromFile (inputFile, outputFile,
% Function returns the expression value from a gene of interest
delimiter = "\t'; % tab delimited

e}

headerlLines = 1; % column headers are on line 1

\

A = importdata (inputFile, delimiter, headerlLines);
explGenes = A.textdata(2:end, 1);
explResults = A.data;

fprintf ('% s loaded. %d genes\n', inputFile, length(A.data));
% call function to print gene information

out = F printGenesAboveThreshold (explGenes, explResults, threshold,
outputFile);

threshold)

F printGenesAboveThresholdFromFile('Mitchell gene data.txt',
'output GenesAboveThreshold.txt', 30);




Plots



Create a plot with the function plot

And others...

x = [0:5:100];
Yy = %X;
plOt (x, Y) ’

x = [0:5:1007;
Yy = Xy

plot(x, vy);
scatter (x, vy);

x = [0:5:1007];
Yy = Xy
hold on;

plot (x, V)7
scatter(x, Vv);
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Our first plots

T‘: Figure 2
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figure;

x = [-100:5:100];
y = xX.72;

hold on;

plot (x, y);
scatter(x, Vy);
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Our first plots

* Customization

figure;
x = [0:0.01:107;
y = sin(x);

plot (x, V)

xlabel ('x"');

ylabel ('Sin (x)'");
title('Sin (x) graph');
grid on, axis equal;

7\-_ Figure 1
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Our first plots

* Customization

figure;

x = [0:0.01:10];

vyl = sin(x);

y2 = COS(X);

hold on;

plot (x, yl);

plot (x, y2);

grid on, axis equal;
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Our first plots

* Customization

figure;

x = [0:0.01:107;

vyl = sin(x);

y2 = Ccos (x);

hold on;

plot(x, yl, '--b'");
plot (x, v2, '—-.9');
legend ({'sin', 'cos’});
ylim([-3, 31);

grid on, axis equal;

T Figure 4
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Our first plots
* Subplots

figure;

vl = sin(x);
y2 = COS(X)
legend ({'Sin (

plot(x, vy2, '-.
legend ({'Cos (x

subplot (1, 2, 1
plot(x, y1, '—-

X
subplot (1, 2, 2

x = [0:0.01:107;

>> close all
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TF_,:' — O
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Bar plots DEWds|a/ 0B~ E

function out = F printGenesAboveThresholdFromFil 50 |

% Function returns the expression value frorn a5l

delimiter = '"\t'; % tab delimited w0l
headerLines = 1; % column headers are on 1lir

35

A = importdata (inputFile, delimiter, headerl 07

explGenes = A.textdata(Z2:end, 1); 25 f

explResults = A.data; 20

15 1
fprintf ('% s loaded. %d genes\n', inputFile, ol

o Sr

% call function to print gene information
out = F printGenesAboveThreshold (explGenes, 0
outputFile);

0 10 20 30 40 50 60

$ plot data
bar (explResults) ;
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function out = F printGenesAboveThresholdFromF
% Function returns the expression value fr
delimiter = '"\t'; % tab delimited

headerLines = 1; % column headers are on 1

50

40

A = importdata (inputFile, delimiter, heade 30T

explGenes = A.textdata(Z2:end, 1);

explResults = A.data; 20 |
fprintf ('% s loaded. %d genes\n', inputFil 10}
% call function to print gene information :

out = F printGenesAboveThreshold (explGenes e

outputFile) ;

$ plot data

[explResultsSorted, kk] = sort (explResults);

namesSorted = explGenes (kk);

bar (explResultsSorted) ;

set (gca, 'XTick', 1l:7:1length(explGenes), 'XTickLabel', namesSorted);




Bar plots

% plot data
[explResultsSorted, kk] = sort(explResults);
namesSorted = explGenes (kk);
subplot(1,2,1);
bar (explResultsSorted) ;
set (gca, 'XTick', 1l:7:length(explGenes), 'XTickLabel', namesSorted);

ylabel ('"Expression level'); @ Fioure 1 _ O o«

Subplot (1 ’ 2 , 2) ; File Edit View Insert Tools Desktop Window Help N
: Ddde @ 08 K E

histogram (explResults) ; s|a |

xlabel ('Expression level'); 50 -
ylabel ("Count') ;

Expression level

0 10 20 30 40 50
Expression level




3D plots

% generate x and y coordinates
[x, y] = meshgrid(-2:.2:2);

% set z as a function of x and y
Z = X.*exp(-x."2 - y."2);

% plot

surf(x, vy, 2);
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Plot editor

* Costumize your plot
* Generate a function to

recreate It
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Introduction to dynamical systems:
ODEs



Modeling biological processes with equations

Ordinary differential equations for temporal dynamics
Test or generate hypotheses
Mechanistic explanation of the results
Visualization

22



Modeling dynamical systems
* Case study: 2 metabolites (A & B) forming an (hetero)polymer (AB)

How do the concentrations [A], [B],
and [AB] vary over time?

d[A] . d[4] _
7 < [41[B] = klAllB]
d[A] ., d[B] _
7 % [AllB] a7 = klAllB]
d[AB] d[AB]

7r < [4l[B] > —gp = klAlLB]

23



Modeling dynamical systems

* Case study: 2 metabolites (A & B) forming an (hetero)polymer (AB)

ODE function, defining the rates of changes

function delta = F odeFile(t, x)

% ODE function for a system of differential equations
% t = vector of time points

% x = vector of metabolites

% parameters
k =7;

$ rate = k[A] [B]
bindingRate = k * x (1) * x(2);

% store the rate of change for each metabolite
delta = zeros(length(x), 1);

% d[A]/dt = - rate
delta(l) = -bindingRate;
% d[B]/dt = - rate
delta (2) = -bindingRate;
% d[AB]/dt = - rate
delta (3) = bindingRate;

end

System of differential

equations

—
A kB
< 8 e
% = k[A][B]
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Modeling dynamical systems

* Case study: 2 metabolites (A & B) forming an (hetero)polymer (AB)

ODE solver

% ODE solver:
conditions)

[t, y] = odelbs(QF odeFile,

plOt (t, Y) ’

odel5s (ODE function,

[0:0.1:2],

time span, 1initial

[1,0.5,01]);

Metabolite concentration

[N

o
©

S
©
T

~
T

(o2}
T

© o o o o o
N W B~ O
1 T

o
—

o

0.5 1
Time

o

1.5 2

System of differential
equations
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Modeling dynamical systems

* Case study: fancier version
ODE function, defining the rates of changes

function delta = F odeFile2(t, x)

% ODE function for a system of differential equations
% t = vector of time points

% x = vector of metabolites

% parameters
k =7;
k2 = 0.7;

$ rate = kI[A][B]
bindingRate = k * x(1) * x(2);
conversionRate = k2 * x(3);

% store the rate of change for each metabolite
delta = zeros(length(x), 1);

% d[A]/dt = - rate

delta(l) = -bindingRate;

% d[B]/dt = - rate

delta(2) = -bindingRate;

% d[AB]/dt = - rate

delta(3) = bindingRate - conversionRate;
% d[C]/dt = - rate

delta(4) = conversionRate;

end

o8-o

System of differential

equations

/aﬂ—kAB
Tl |A][B]

d[B]— k[A][B

o [A][B]
d[AB]

BT k[A][B] — k,[AB]
d[C]

ar k2 [AB]
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Modeling dynamical systems %-3#0
* Case study: fancier version

ODE solver
% ODE solver: odelb5s (ODE function, time span, initial System of differential
CODditiOﬂS) equations

[t, y] = odelbs(QF odeFile2, [0:0.1:2], [1,0.5,0,0]);
plOt(tl Y);

/M = —k[A][B]
! ' ' ' dt

o8| - d[B]
%0.7— i < 7_ _k[A][B]
8 | | d[AB] _
| —— = K[A][B] - ky[4B]
S o3t - M _ ]

02F . \dt 2

1 1
0 0.5 1 1.5 2
Time



Modeling dynamical systems

* Exploring the parameter space

matrixOfTimeCourses = zeros(length([0:0.1:2]),
length ([0:0.05:17));
currentIndex = 1;
for (11 = [0:0.05:1])
[t, y] = odel5s(@F odeFile2, [0:0.1:2], [1,11i,0,0]);

matrixOfTimeCourses (:,currentIndex) = y(:,3);
currentIndex = currentIndex + 1;

sfigure;
splot (t, vy);
end

figure;

surf (matrixOfTimeCourses) ;
xlabel ("Initial [B]")
ylabel ("Time'") ; 10
zlabel (' [AB] ") ; Time 0 o0 Initial [B]
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Take home, questions?
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Interface

Command lines and basic syntax
Variables and operations

Scripts

1f statements

for and while loops
More matrices
Functions

Files

Plotting

Introduction to dynamical
systems: ODEs
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