Introduction to Scientific Computation 113E

®% Variables - datal

corr_coef_y allmeansdata p_value_o datal
HBH 2713034 table
1 2 3 4 5 6 T 8 9 10 11
Gene ARMA TRMA ARMAA1 TRMNA1 ARMNAZ TRMNAZ ARMNA3Z TRMNA3 TRNA4 TRMNAS

1 0 1.0045 4.0185 0.9162 2.9799 3.3377 1.3212 21511 1.0805

2 "ZBTB42" 27.8394 37.1676 55.2547 30.2348 427112 32.2643 541705 483991 35.6578 50.26!
3 "FCAMR" 1.1136 0 1.0046 0 0.9933 0 0 0 0

4 "ZNFA03-.. 41.2024 35.1586 401853 16.4917 35.7582 32.2643 60.7767 23.6618 47.5438 40.84-
5 "NFU1" 111.3578 123.5573 118.5465 133.7663 91.3821 86.7800 76.6315 120.4600 100.4903 68.07:
6 "ELSPBP1" 0 0 0 0 0 0 0 0 0

T "ZRANB3" 190.4218 183.8291 141.6531 169.4954 155.9455 92.3428 118.9109 121.5355 152.3563 102.63.
8 "MECR" 2594637  291.3139 188.8708 237.2977 289.0455 189.1358 257.6403  253.8264 3479341 271.24
9 "LOC1057... 0 0 0 0 0 0 0 0 0

10 "LINCO03. .. 22272 20091 3.0139 45810 69530 0 0 0 1.0805 418!
11 "AARSD1” 1.1136 0 0 0 0 22251 0 0 0

12 "DEXI" 485.5200 4359663  492.2695 308.7619 511.5410  493.9782 478.2860 357.0779 A67.8742 569.72
13 "DCHS1" 1.1559e+03 1.0035e+03 1.2116e+03 1.3138e+03 1.3479e+03) 1.4652e+03 1.8788e+03 1.4842e+03 1.7224e+03 1.2724e+
14 "PSMD2" 1.2550e+03 1.8232e+03 1.3914e+03 1.4861e+03 1.5545e+03) 1.3206e+03 1.5630e+03 1.1282e+03 1.4382e+03 1.5730e+
15 "GABRR1" 3.3407 4.0181 2.0093 1.8324 59597 8.9005 6.6062 21511 21611 4.18!
16 "PKMNOX2Z" 780.6181 676.0491 640.9550 244 6274 5224672  406.0857  486.2134  287.1680 504.6126 799.07
17 "TIPARP" 309.5747 294 3275 3727184 721.0553 238.3881 354.9078 395.0484 379.6641 29682293 273341
18 "ADAMZ20" 113.5849 91.4123 74.3427 89.7883 100.3216 160.2091 104.3773 73.1364 63.7519 97.3%
19 "LOC2847... 0 0 0 0 0 0 0 0 0

20 "MIR4715" 0 0 0 0 0 1.1126 0 0 0
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The relational operators in MATLAB are:
> greater than

< less than
>= greater than or equals

<= |less than or equals
== equality

~= Inequality
The logical operators are:

| or for scalars
& and for scalars

~ not (tilde symbol)



For loop

« Used to repeat the com

% for loops
¥=1:1:100
y=reshape(x,10,10)

fori1=1:10
y(i,1)=1+5

end

Y% repeating with for loops

for1=1:100;
disp(l)
fprintf("%f, 1)
disp('matlab’)
X(1,1)=i
X(1,.2)=sqrt(i)

end
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%%

fori=1:5
x=0:1:20

y=x"*(1/i)

y1=x(1)

figure(1)

plot(x.y)

hold on

plot(x,y1)

axis([0 20 0 20])

hold on

end



geneA="attgta’ == egual
geneB="attcta ~= not equal
resl=geneA==geneB

resl = ]
11 1x1 double

Ix& logical array

| | | 1 | ]

N I T % QR

F.'I.' e

[r,c,u]=find(geneA~=geneB)
geneD=[geneA,geneB,geneA,'ccc’]

save('geneD’','geneD")



geneD=[geneA geneB geneA 'ccc]

save( generesults’,'geneD’)
Y% %

% do not work
geneD=geneA+geneb

%%
nucleotide="atcg’
%%

chri="

for1=1:10000
x=randi([1,4],1,1)
chri=[chr1,nucleotide(x)]
|

end

%%

%o[r,c,ul=find(geneA=="aff")
k = strfind(chr,ttatfft’)
disp(chr1(2549:2560))

oS OFf



Example : Search a region of nucleotides

3
4 - X='acgc’
3 - y="aigg
e — E:}{::\A
o= [r.c.ll=find(z==0)
2= disp(c)
S %%
10 - ¥x='"atcg'
11 - chr1="
12 - arrChr={}
13 - for j=1:10;
14 - for 1=1:10000;
15 - num=randi{[1,4],1,1);
16 — chri=[chr1 x{(num)];
17
18 — end
19 - arrChr{), 1}=chr1
20 - chri="
21 - end
i |= disp(chr1)
23 %%
24 |- targetsequence='ggcgg’
S = k=striind(arrChr{6,1} targetsequence )
26 - disp(k)
27 %%
iE = targetregion={_}
29 - targetsequence="cigg’
30 - fori=1:10
31 - k=striind(arrChr{i,1} targetsequence )
3z - disp(k)
33 - targetregion{i,1}=k
34
35 - end

36
27



Applications of relational operators: Find an information

In an array
returns the row and column indices of non-zero entries in a matrix.
1 2 2 a=find(x>7) [row,col,v]=find(x>7)

4 6 9 row =
1 109 ans = 3
2

6 3

8 col =

9 2

3

3

V =

3x1 logical array
1
1

1



And, or and not operator

And, &
Or, |
Not equal, ~=

R L L Ny e )

%%

x=randi([1,100],100.1)
y=randi([1,100],100.2)

%%
[r.c.[]=find(}=20 & x<40)
[r.c.lI=fnd(y(:,1)=3 | y(5,2)<3)

%%

r.cll=find(x~=123)
jr‘1,::,I]:ﬂﬂd{x=:[‘13,2[1,89]j{
r1,c.l]l=find(x~=13 & x~=20)




Exampe 2: Compare genes and find unmatched nucleotides

geneA="AAAATAGTAGATGATGATGATGTCCATATAT

geneB="AAAATATGTAATTGTATGGATGTCCATATAT

[row,col,v]=find(geneA~=geneB)



Compare data with logic operators

cancerous cells healthy cells

E2175299R783
E2175299R784
E2178300R787
E2175300R786
E217S300R785
E2176299R782
E1115150R567

reverse

transcriptase Exsiumie

labeling Enietaones

- E£1995255R449
E1995255R448

E1995255R450

« ” “ " Eouastaonass
red fluorescent” probes  “green fluorescent” probes 11151508580

E1445184R737
E2025186R548
E2025186R549

combine targets ezuasasnas

geneA:rand | (100, 1000, 1) itz ==
geneB=randi(100,1000,1)
geneC=randi(100,1000,1)

E2025190R555
E2025194R581
E2025194R559
E1895232R190
E1895232R388

mmmmmmmmm

1S estLEy
96!
168,
© o2
B 8l
'S 266
508!
1e's ggg

18 e gesier

B $2852r

o only expressed in healthy cells
e only expressed in cancerous cells
» expressed in both cancerous and healthy cells

% Prepare 'CONARIone prepareicroarray

x=find(geneA>90 & geneB>90
& geneC<90)
geneA(x,1)
geneB(x,1)
geneC(x,1)




A genome seqguence with for loop

We need 4 letters
Yoo

letters=['a’,'g’,'c’,1]

genex="

for 1=1:100
a=randi([1,4].1,1)
genex(l)=letters(a)

end
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How can we imagine Arrays in 2D? Can we print Love with
many colors? Can we print mant of them?

To'¥o

% love with colors
k=zeros(9,20)

k(6,)=4
K(7,)=5
k(8,)=6
k(9,)=0
%L
k(1:5,2)=4

k(5,3:4)=4
%0
k(1:5,7)=2
k(1:5,0)=2
k(1,8)=2
k(5,8)=2
YoV
k(1:2,11)=3
=W = LU k(3:4,12)=3
LU R O E R D E L D E R D el [ ERl [ E Rl k| K(5,13)=3
| | k{12,15}:3
k(3:4,14)=3
%E
L ERC TR T ERT I ERL T ERT T ERL T E L TTE i
k(3,18)=4
figure{1)
L O ER T e T E Rl T E L [T "E T 11"l (1" 1 E subplof(12)
— —— imshow(k,[], initialmagnification’, 1200)
subplot(1,2,2)
imshow(k,[],'initialmagnification’,1200)
colormap jet
L O ERL D' ERl OB OBl U ERL O ERl O E L 5 %%
] ] ] ] ] ] ] I —
L O ER T e T E Rl T E L [T "E T 11"l (1" 1 E or it 64
e e - ]
figure(1)
subplot{5,8,1)
LR E R e O R O B O BN 1" E L % 'E menowtk[l, infiamagniication’, 1200)
] ] ] ] ] ] ] I — 0 on
colormap jet
end
LU Em L D E Rl ' E R DR DR DRl [ E R E
e e

L (S E Rl [ E Rl U E ] (1 E ] [ Eml [ ERl [ E



Can we organize arrays with different ways?

L ERL O ERL O ERL O ERL O ERRL - ERRL " E R L O'E |

fori=1:64;
figure(1)
subplot(8,8,1)

imshow(k [],'initialmagnification’,1200)
hold on
colormap jet

end

arr=zeros(100,100)

fori=1:10:100
arr(i;1+8,1:20)=k
Yoarr(ili+4,30:32)=k(1:2,7:9)

end

figure(4)

%% |

imshow(arr [],'initialmaagnification’, 1200)
hold on

colormap jet




Lets do fun with circshift, rolling the writings:
Design an animation for film credits

Jennifer Aniston Paget Brewstor
Courtengy Cox Machal Whithedd
Usa Kuckow Dobra Jo Rupp
Malt LoBianc . Stave ketand
Matthew Perry SN AT
Devict Schwimmes Tate Donoven
James Michael Tykr & File  Edit
Exiott Gould

View Insert Tools Desktop Window Help

crisespises ) - o (2 DE| & E
%%
figure(4)
imshow(k,[], initialmagnification’,1200)
colormap jet L

—— |gIETY ™LA ICECRCE Y S

v e fETET OVE OYa (OR
fori=1:20

k2=circshift(k2.-1)

figure(4)

imsh::lw{I{E,l],'initialmagnificatimn',1EDD}

colormap jet

pause(0.2)

end WA W (Wd Mty e



Circle data in rows and columns
EEJEE -;iew@:llnsgt |£:|'|:u:u|s.[:E ;shup Window  Help *_ Figure4 - I:I ::{

File Edit View Insert Tools Desktop Window Help

IR ™R 1CETRAETY —
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Sorting rows

examscores =  Ssortrows(examscores) sortrows(examscores,?2)
ans = ans =

94 60
65 88 60 65 94 60
80 82 62 97 60 65
100 77 65 88 95 70
65 88 6 74
67 &l 67 81 100 77
95 70 76 74 67 81
62 97 80 82 80 82
65 88 94 60 65 88
76 74 95 70 65 88
100 77 62 97

60 65



Data sorting

sort the elements of each column In a particular order.
examscores =

98 76 /1 83 /70 85 89 83 71 63

sort(x,'ascend’) ans =

63 /0 /1 /71 /6 83 83 85 389 98

sort(x,'descend’) ans =

98 89 85 83 83 /6 71 71 70 63



Reshaping a Matrix

The number of rows and columns in a matrix can be changed provided the total number of

elements remains the same.

a=randi([1,10],3,3) b=reshape(a,1,9)
b=reshape(a,9,1) g 5 7

> 2§ 108 10

7 3 2 9 9 10

1 8 3

8 109 5 8 9 7 1010

WNDOCOOWOWMNENDN



Finding anomaly in the data. This Is an harder problem for
teaching the computer to find the outliers.

a=[5,8,3,6,7,200, 10, 12, 295, 34, 250]

b=3 5 6 7 8 10 12 34 200 250 295

You should take the first derivative of the function. How can'you take the first
derivative with matlab (circshift)?

Protocol: 1. sort the data

2. take the first derivative

3. Find the max and its index number

4. Use the index number and find the subdata?

% finding the outliers numbers in the data sets

Maxima and minima & the derivative :

Maximum Minimum | #T0SLT

b=sort(a)
fi(x) positive on the left f'(x) negative on the left c=circshift(b,-1)
f'(x) negative on the right f'(x) positive on the right ;":gi;"watwe

f(x)=0 f(x)>0 £(x)> 0 k=max(d)

%%

k1=find{d==k)

asub=b(1,1:k1)
f(x)>0 f(x) >0

fi(x)=0




hist vs gene exp

100
-4:gen exp
«—data1
75 i /;J/___;a
pac £]
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/
yE
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0

saveas(gcf,firstfigure.png’)
saveas(figure(1),firstfigure.jpg’)
saveas(figure(1),firstfigure.tif’)
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Bar plots

4
GPA =[2.5,3.1,3.2,3.42]
year1={'Freshman’,'Sophomore’,'Junior’,'Senior'}

3| figure(1)
bar(GPA.Ir')

< xticklabels(year1)

a2 xtickangle(45)

@) ylabel('GPA')
set(gca, Fontsize',24)
box off

1 L
xticklabels(year1)
0 ylabel('GFA')

saveas(figure(1),'studentsgradesaverage.pdf’)




Stacking or grouping bars
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mRNA = [18]30 30; 29 50 60; 21 80 90; 25 110 120];

%%

figure(6)

subplot(1,3,1)

bar(mRNA, 'stacked'’)

set(gca, Fontsize',24)

% adding a legend
legend('293T",'Hela’,'RPE','Location’,'Northwest')
trialname={"Tr1","Tr2',"Tr3", Tr4"}
xticklabels(trialname)

xtickangle(45)

ylabel('mRNA (\muM)’)

D.r’ru

subplot(1,3,2)

h=bar(mRNA,'stacked’)
trialname={'Tr1','Tr2",'Tr3','Tr4’}
xticklabels(trialname)

Yoxtickangle(45)

legend('Location’,'Northwest');

set(h(1), DisplayName','’293T",'Facecolor',[0 0.1 1])
set(h(2),'DisplayName','Hela’,'Facecolor',[1 0 1])
set(h(3), DisplayName','RPE','Facecolor,[1 0.7 0.6])
set(gca, Fontsize',22)

%

WM R BPWNA T W T ) ]

%

subplot(1,3,3)

bar(mRNA ,'grouped’)

set(gca, Fontsize' 22)

labels = {"293T",'Hela’,'RPE'};
legend(labels, Location’,'NorthWest'),



Student count

150

100

50

Histogram plot

40 60 80 100
Examscore

CAQINZLWUES] .LUU, L 1= lﬂII'li..lllll'.-;.i\'l..l'1 I Ul AL ]
%%

[counts, edges]=histcoupts(examscores,6)
%%

figure(6)

h=histogram(examscores(:,1:2),6)

set(gca, Fontsize',30)

xlabel('Examscore')

ylabel('Student count’)

set(h,'Facecolor,[1 0 0])



Other graphics: draw a circle with matlab

n B (o r - o - N w . 4]
1 ' ' 1 1 1 1 4 '

(o)
A
& F
N
il
o




Drawing a sphere

Spherical
z

/?$\
"

s
\ | B __‘| /

A —— g
X = r sin@ cos0

(r,0,) —> y = rsinQ sinf
Z =rcos

AT
<

%%

N = 20;

thetavec = linspace(0,pi,N);

phivec = linspace(0,2*pi,2*N);

[th, ph] = meshgrid(thetavec,phivec);
R = ones(size(th));

x = R.*sin(th).*cos(ph);

y = R.*sin(th).*sin(ph);

z = R/1.*cos(th);

figure(3)
surf(x,y,z);
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Scatter plot
Shows the relation between two variables

50 - i : i 100

N
o

Protein Expression
5
Protein Expression
@

mRNA level 0 0.5 1 1.5 2
Histamine level

Can we quantitatively measure the strength of relationship
between variables?



Covariance

Does Y get larges (smalleR) as Y increase?

100

mean of x= 2.0525
mean of y = 55.4125

Sx =0.7916
0 Sy= 13.6537
0 2 4 6
Higtamine level Nn=80

Covariance > 0 If X and Y variables gets larger

—

Covariance <0 If X and Y variables moves opposite direction




Correlation (r)

. measures the direction and strength of relationship between two guantitative variable.

. The correlation r measures the direction and strength of the linear (straight line)
association between two quantitative variables x and y.

. Although you can calculate a correlation for any scatterplot, r measures only linear

relationships.
_ _ B Yoo lm - Bl — )
= E[I'_I}[J“'"-"} SO (s FE (- 510
—1 = L\ F ! YoocaT — T)E - F
=1 CI

close to n-1 if x and y have

X~ = the sample mean of x,...,X ,
y = the sample mean of y,,...,y,,

s, = the standard deviation of x,, . . ., X,

s, =thestandarddeviationoty,...,y,,.



Correlation sets
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Remember that correlation coefficient is an indicator of the
strength of a linear relationship between two variables, but
Its value generally does not completely characterize their

relationship



Summary of Correlation between two variables

« =1 <r<1always

* r = 1 when all the points (xj, y;) lie on a line with

positive slope

« r = =1 when all the points (xi, yi) lie on a line with

negative slope

* When r =0, then there Is no positive or negative linear
association between the two variables (though the two

variables may have a non-linear relationship).



Fitlm and polyfit functions

b = fitim(hist',genetrial’)

Mew to MATLAB? See resources for Getting Started.
vy o~ 1 + x1

Estimated Coefficients:

Estimate SE tstat pValue
(Intercept) 42 _.4933 2.1767 16.724 4 . 544e-08
xl 3.2303 D,.35081 y.2082 1.565%e-03

Humber of observations: 10, Error degrees of freedom: 8
Root Mean Squared Error: 3.19

R-sguared: 0.914, Adjusted R-Squared: 0.9%03

F-statistic vs. constant model: 84.8, p-value = 1.57e-05

fx >>

[co,S]=polyfit(hist,genetrial,1)

struct with fields:

B: [2x2 double]
df: 8

normr: 9.0124



