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« only expressed in healthy cells persistent
[ ] =
Zﬂlyyr?sxs"éﬁsiﬁefo'tﬂ i C;ILS healthy cells n=23 fretmoallim gss cell(1,1);
() (b)
| corr_coefy | allmeansdata | p_value o 3| datal | 1 - " "
[EH 27130x34 table 0.4 T T T T Tor fl“dxl 11' . . .
3 2 3 2 5 e 7 3 9 o 7 -Nocodazole fnamefrl = flistfrmoviel{findx1};
Gene ARNA TRNA  ARNA1T  TRNA1  ARNA2  TRNA2  ARNA3  TRNA3  TRNA4  TRNAS . . .
1 0 10045 40185 09162 29799  3.3377 13212 21511  1.0805 8 n=121 datA = zeros(ysize, xsize, nframes);
2  "ZBTB4Z" 27.8394 371676 562547  30.2348 427112 322643 541705 483991 356678  50.26 S i for k = 1:nframes;
3 "FCAMR" 1.1136 0 1.0046 0 09933 0 0 0 0 =
4 ZNFS03.. | 412024 351586  40.1853 164917 357582 322643  60.7767 236618  47.5438  40.84 3 if mod(k, 18) = @
§  "NFU1” 1113578 1236573 116.6465 133.7663 913821  B86.7800  76.6315 1204600 1004903  68.07 Q .
6 "ELSPBP1" 0 0 0 0 0 0 0 0 0 o k;
7 "ZRANB3" | 1904218 183.8291 1416531 1694984 1559455  92.3428 118.9109 1215355 1523563  102.63 0.4 . . . : end
8  "MECR" 2594637 2913139 188.6708 237.2977 289.0455 189.1358  257.6403 253.8264 347.9341 271.24 )
g "LOC1057.. 0 0 0 0 0 0 0 0 0 +Nocodazole datAl: " ,k} = J.[I'II'EEId{'FI'IEII'I'IE'Frl, "1
10 "LINCDO3._. 22272 20091 30139 45810 69530 0 0 0 10808 418 n=92
11 "AARSDT" 1.1136 0 0 0 0 22251 0 0 0
12 "DEXI 4855200 4359663 4922695 3087619 5115410 4939782 478.2860 357.0779 467.8742 66972 .
13 "DCHS1" | 1.1559e+03 1.0035e+03 1.2116e+03 1.3138e+03 1.3479e+03 1.4662e+03 1.8788e+03 1.4842e+03 1.7224e+03 1.2724e+
14 "PSMD2" | 1.2550e+03 1.8232e+03 1.3914e+03 14861e+03 1.55450+03 1.3206e+03 1.5630e+03 1.1282e+03 1.4382e+03 1.5730e+
15 "GABRRT" 33407 40181 20093 18324 59597 89005 66062 21511 21611 418
16 "PKNOX2" = 7806181 676.0491 640.9550 2446274 5224672 406.0857 4862134 287.1680 504.6126  799.07
17 TIPARP" 3096747 2943275 3727184 7210653 2383881 3549078 3950484 3796641 2982293 27334 0.2 0.4 0.6 0.8 1.C
18 "ADAM20" | 1135849 914123 743427  89.7883 1003216 160.2091 1043773 731364 637519  97.39 . .
19 "LOC2847... 0 0 0 0 0 0 0 0 0 Persistence ratio (D/T)
20 "MIR4T1E" 0 0 0 0 0 11126 0 0 0 v
€ >
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MATLAB USER INTERFACE

Workspace
to show all variables

HOME PLOTS

|{,':| - ﬁ L5 Find Files <&

Open Save
- > [=iPrint =

FILE

4 Find =

NAVIGATE

EDITOR

Insert [l fx

Ll compare * [ GoTo » Comment 9 g2 %1

Indent % |5 -

Menu and other options

PUBLISH

- Advance

Coding

MATLAB R2017b - home use

L@ L%IRUHSKtiDH é?
e Avance oo
Ti

‘ g % dﬂé @ 2 @ E @IQSQ:’!"C'] Documentation

ime
RUN

Current Folder

BE MName ¥ Size

& substack rl_v26_gray2.avi 231 KB
scale info.txt 1 KB
satgllite_tracking_v4.m~ 21 KB

s ellite_tracking_v4.m 21 KB

el gfp6b resonant scghner 250n... 19.4 MB

rpel gfp66 resonant sganner 250n...4.09 MB
rpel gfp66 resonant fcanner 250n... 18.48 MB

& latestdata_v2.avi 3.31 MB

o latestdata_vl.avi 5.75 MB
MetaData

Details

All files in a selected folder

Date Modified
1/12/18, 2:24 PM
1/11/18, 10:40 AM
1/17/18, 11:01 AM
1/17/18, 11:06 AM
1/11/18, 10:54 AM
1/11/18, 10:54 AM
1/11/18, 10:58 AM
1/12/18, 2:58 PM
1/12/18, 2:36 PM
1/11/18, 11:56 AM

Afr zeros(nf
208 - ArY = zeros(
209 - kf =1
218 - kl = 1;

211 Hklx size(Afr,2)

212 skly = size(ArY,2)

213

214 - klx=0;

215 - kly=0;

216

217 - for iparticle = 1:tracksSort(end,6);

218 - for iFrame = 1l:sizeltracksSort,1);

219

220

221 - if tracksSort{iFrame,b6) == iparticle:

222 - Afrikf,kl+klx) = tracksSort{iFrame,1);
223 - ArY(kf,kl+kly) = tracksSort(iFrame,2);
224 - kf = kT +1;

225 - ploti{tracksSort(iFrame,3));

226

227

228 - end

229 - end

230 - kl = kl+1;

AL = kf = 1;

232

233 - end

234 - close all

EETs

mes,tracksSorti(end,6));
ames,tracksSort{end,B));

I ==

Command Window ®

New to MATLAB? See resources for Getting Started. bt

Home License -- for personal use only. MNot for gowvernment,
academic, research, commercial, or other organizational use.

== load('alldata_@34.mat')

Warning: Could net find appropriate
fprivate Jfolders/xfT/vTgr n2eb
>> clear a

iction on path load
rgnwywLlgw@@adgn,

ing function hand]
itor/LiveEditorEvaluationHelpe

Ln 1 Col 1

Type commands here



.mat and .m flles

.m : Files that contain the computer code. There are two
kinds of .m files. Scripts and function. Script files do not
need any Input value to execute, however the function
requires one or more arguments to return the output

.mat files: files that contains the data and variable names



MATLAB

J MathWorks® R2015a

Where do we use custom programming to determine the properties/dynamics

. Image/video processing
. Genome analysis
Microarray analysis

. Proteomics analysis

. Advance graphics

Data analytics

* Biological data

* Finance data

« Computer engineering, image analysis
* Engineering, modelling

Machine learning

of biological systems

®% Variables - datal

|' corr_coef_y | allmeansdata | p_value_o | datal |
EH 27130x34 table
1 2 3 4 5 6 7 8 9 10 hh|

Gene ARMNA TRMA ARMNAY TRMNA ARNAZ TRMNAZ ARMNAZ TRMNA3Z TRMNAL TRMAS
1 1] 1.0045 4.0185 0.9162 2.9799 3.3377 1.3212 2151 1.0805 ~
2 "ZBTB42" 278394 37 1676 552547 302348 42 7112 32 2643 54 1705 48391 356578 50.26!
3 "FCAMR" 1.1136 0 1.0046 0 0.9933 0 0 0 0
4 "ZMF503- . 41.2024 351586 401853 164917 357582 32 2643 607767 236618 47 5438 40.84.
5 "MFUA" 111.3578 123 5573 1185465 133.7663 91.3821 86.7800 76.6315 1204600 1004903 65.07.
6 "ELSPBP1" 0 0 0 0 0 0 0 0 0
7 "ZRANB3I" 1904218 183.5291 1416531 169 4954 15659455 92 3423 118.9109 1215355 152 3563 102 63
8 "MECR" 2594637 291.3139 188.8708 2372977 289.0455 189.1358 257 6403 2538264 347 9341 27124
9 "LOC105T... 0 0 0 0 0 0 0 0 0
10 "LINCO003. .. 22272 2009 3.0139 4.5810 6.9530 0 0 0 1.0805 418!
11 "AARSDT" 1.1136 0 0 0 0 2.2251 0 0 0
12 "DEXI" 485.5200 435 9663 4592 2695 308.7619 511.5410 4593 9782 478 2860 357.0779 467.8742 569.72
13 "DCHS1" 1.155%e+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 5.9597 8.9005 6.6062 2151 2161 418!
16 "PKNOX2" 78061581 676.0491 640 9550, 244 6274 522 4672  406.0857  486.2134  2B7.1680 504 6126 79907
17 "TIPARP" 3095747 294 3275 IT2.7184 T721.0553 238 3881 354 9078 395.0484 379.6641 298.2293 27334
18 "ADAM20" 113.5849 91.4123 743427 89.7883 1003216 1602091 104 3773 73.1364 63.7519 97 3%
19 "LOC2847T . 0 0 0 0 0 0 0 0 0
20 "MIR4715" 0 0 0 0 0 1.1126 0 0 0 hd

<

The dataset related with Alzheimer’s disease was downloaded from Gene Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo/): GSE104704.




2d data
Microarray data cell type vs gene
expression

1 2 3 4 5 6 7 8 9
GenelDs subdatanormalized subdatanormalized2 subdatanormalized3 subdatanormalized4 subdatanormalized5 subdatanormalized6 subdatanormalized? subdatanormalizeds subdat
| ['LAPTM4B" 0.5499 05123 0.4750 06417 0.3751 0.2909 YRS 0.4148
! "CXorfag" 0.4806 0.5591 0.3765 05342 0.4437 04128 0.4202 07452
i "RTCA" 0.4826 0.6229 0.4979 0.8292 0.5208 04182 0.4049 04738
| "TSPANS" 0.5415 0.6838 0.4375 0.5692 06326 0.6206 05114 04138
3 "UTP11" 0.4749 0.6544 0.5462 05711 0.4935 0.3337 03777 04133
3 UATXNAOY 0.5995 0.7425 05714 0.5560 06368 0 4644 04894 0.6304
T "PRKACB" 05187 06406 0.3364 05173 0 4846 0.2804 025811 0.4022
3 "C11orf58" 04531 0.5953 04352 0.7056 04311 04252 0.3790 04614
) "MICALL2" 0.3795 04109 0.7202 0.6093 0.7226 0 6862 1 0.8564
|0"LAMTORS" 0.7566 0.7240 05773 0.6603 0.5077 0.5051 0.7173 05259
|1/"C5orf30" 0.7122 0.7768 0.7121 0.6834 0.5793 0.3692 0 G654 0.4401
|2 "UROD" 05457 0.6806 05123 0.5921 05728 04124 04954 0.3697
13"NUDT21" 0.4438 06518 0.4035 0.5406 04282 0.3858 0.3713 03627
|14 "EIF251" 0.4938 0.6331 04381 0.4600 0.5108 0.3533 0.3776 0 45384
|15 "ATPBAP2" 0.4356 0.6230 0.3129 04570 0.3792 0.2408 0.2591 0.3001
|6 "AREL1" 0.6366 0.8741 0.6360 06675 0.7324 0.6043 0.5871 06384
|7 "NDUFBE" 0.5893 0.6998 0.4105 06198 05323 0.3912 0.3628 0.4431
18 "EFL1" 0.5592 0.6251 0.5886 0.5635 0.6000 0.5142 0.6202 0.7045
19 "AASDHP... 0.3772 0.6394 0.3226 0.4832 0.4696 0.2831 0.2917 0.3238
0 KANKZ" 04338 04338 0.9057 0.5561 0.7931 07422 1 06548
M "PLIN4" 04174 0.3096 0.5866 0.3409 0.5844 0.8701 1 0.3954
12 "KLK14" 08725 02705 0.4919 02243 0.3161 05174 05823 05793
13"VPS535" 05232 0.6101 0.3973 0.5165 0.4300 0.3487 0.3195 0.3564
14 "LINCO01372" 0.7295 0.9006 0.7967 06634 0.8905 08823 08656 0.7046
5 "TUBA3D" 1 0.3061 0.5961 0.3232 0.5416 0.8920 06721 02414
5 "COL2BAT" 0.7196 0.7934 0.7935 0.7456 0.8083 0 8255 04954 0.9010
TIHDACAN" N RTRA n ATRR n 7474 n 34789 N RAR? 1 n 7118 n Aq97a

27140 genes and 30 people, how to analyze data?

The dataset related with Alzheimer’s disease was downloaded from Gene Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo/): GSE104704.



Data inference and statistical
methods: From big data to results

« Three genes were detected to have distinct RNA levels in AD patients.
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Finding genes that are associated with Alzheimer

* logistic regression models were used.
o Statistical P-values of logit coefficients were computed
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Arrays operations
Example 2: Image analysis

85
74
73
64
68
73
66
80
83
74

78
65
63
56
60
64
55
66
73
67

75
57
56
52
54
57
45
52
59
61

79
56
56
55
56
56
43
47
49
58

82
55
58
59
57
57
45
47
48
53

81
52
57
61
55
54
47
49
53
48

80
49
58
63
53
53
50
54
58
49

81
50
61
66
54
54
54
60
60
54

81
71
66
61
53
51
51
47
55
54

8¢
74
62
54
47
4¢
54
5E
52



Although we use high-end and super expensive microscopes, they are not perfect.
« Low signal to noise ratio

« Some issues: Blur images, pixel noise, focus loss, diffraction issues etc.

« Solution: Post-processing of image/videos

Technical term: Bandpass (low-pass) filter was used to remove noise.

0-4 T T T T
Si. -Nocodazole
T persistent
S Si.2 n=23
0.2+ D
0.4 .
-Nocodazole
8 n=121
GCJ ) m |
= 4 -
O
O .
O
04 . r . .
+Nocodazole
n=92

0 0.2 0.4 0.6 0.8 1.C
Persistence ratio (D/T)

Raw data:Pre-processing Post-processing

Conkar et al. scientific
reports 2019



Why Is the image processing intrinsically difficult?

) Ahrens et al 2013 Conkar et al 2019 " :
Intensity levels Cell splitting and apoptosis

Micro Obiject size Nano

Photodamage

Shape Uneven labeling Confluency



Printing Operators: disp, fprintf, sprintf

%%

X=2

disp(x)

disp('matlab’)

fprintf('matlab course %il’, X)
fprintf('matlab course %f, X)
fprintf('matlab course %0.10f, X)
y=sprintf{'matlab course %0.10f, X)



Operators

Sum
Division
Multiplication

a=[12;34,; 8 0]
b=[5 6,7 8;9 10]
c=a+b
d=a-b

e=atb
f=a.*5
g=a./5
h=a.*b
h=a/b



Array addressing: select a region from matrix (2D array)

& &
(}\\r (}\5
O QO
1 2 3 4 5
rowl 17 24 1 8 15
row 2 2 23 5 7 14 16
3 4 6 13 20 22
4 10 12 19 21 3
5 11 18 25 2 9
6
7

Row Column

b=a([3,4],[1,2,3]) b =

4 o6 13
10 12 19



An array having more than two dimensions is called a multidimensional array

Exam scores

calumn MD1 MD?2
- 2 columns
(1,13 1,20 (1,3)[(1,4) 71 61

20 86 88
2,1y (2,2)[(2,3)](2,4) FOWS 71 97

oW 72 70
(3,13 (3,2)](3,3)](3,4) 82 100
66 96
[4‘:1:| (4,2)[(4,3)|(4,4] 99 70
69 91
63 99
62 70
. 99 90

X=[1 2;3 4] 7 a3
69 100

92 75

67 71

65 74

65 80

2 84 96

3 4 70 62
94 65




Examples (Images)

L/ AN

10 by “iO pixél — upper corner of tﬁe image

85 78 75 79 82 81 80 81 81 8¢
74 65 57 56 55 52 49 50 (4l 74
73 63 56 56 58 57 58 61 66 62
64 56 52 55 59 61 63 66 61 54
68 60 54 56 57 55 53 54 53 47
73 64 57 56 57 54 53 54 51 4¢
66 55 45 43 45 47 50 54 51 54
80 RR R2 a7 a7 a0 R4 AN a7 5¢

52

52

0 1 0 0 1 0 0
0 1 0 0 1 0 1
0 1 0 0 1 0 1
0 1 1 0 1 1 1




3d Array
Video files

row

(1,1,3) i1,2,3) (1,3,3) i1,4,5]
(2,1,3) (2,2,3) (2,3,3r712,4,3)
(3,1,3) (3,2,3F13,3,3) (3,4,3)

[1 :1:'2:'
I:'E:‘I:E:l
(3,1,2)

(1,2,2) 11,3,2) (1,487 223 (4:3.3) (4,4,3)

(2,28,2) [E?S.?'ETT:E?"':'E? =
(3,2,2%753,3,2) (3,4,2) .
o

(1,1,1)
(2,1,1)
(3,1,11}
i4,1,1)

(1,2,1) (1,3,1)
(2,2,1) (2,3,1)
(3,2,1) (3,3,1)
i4,2,11 (4,3,1)

f[1,-1,‘| i
(2,4,1}
i3,4,1)
id,4,1)

?FTE:'E:I rd':l'E;E:l rd,‘i,E:l .

20

17:00 sec 30:00 sec

10:00 sec



Vector and Matrix operations _

[ x | examscore
-+ 100x2 double
1 2 3
length (examscore) 1 1 57 64
2 P 61 100
1_00 3 3 86 73
size(examscore) 4 4 7 72
5 b 82 62
1_00 3 6 6 88 72
size(examscore,2) 7 7 80 3
3 8 g 81 a0
9 9 78 9
Sum(examscore) 10 10 65 85
5050 8340 7964 1 " % >
12 12 94 63
13 13 95 91
14 14 [ 97
sum(examscore,2)/3 - . . o
16 16 83 64
P —_— 17 17 86 93
. “Wew to MATLAB? See resources for Getting Started. - 18 77 73
24.3333
80.3333
BT.3333
78.0000
81.3333
92.3333
T7.6667
83.0000
92 .0000
85.0000
85.0000
BE6.3333

L



Vector and matrix operations

m N b, [by s
b

A - B C

« *multiplication, scalar or matrix-matrix or scalar-
matrix

» _*element by element multiplication

« A power of a scalar

« . power element by element

* ‘transpose of an array
» . transpose of an array



37 o
x=[1,2,5:3,4,6] |= wx —
39 %% Ve_-:tnr and matrix operations
y=11,2;3,45,6] |- A
Z:X* 42 : zjft‘f
Y Rk
45
4¢

Mew to MATLAB? See resources for Getting Started.

1 2
3 o
1 2
3 4
_ * Lt o
t=X.*X
k=x."N\2 z =
32 40
45 58

&
W

L

L



Transpose of matrix

Xx=[1 2;3 4,5 6]}
Xl

or w K

ans =

N -
B~ W

o PA~DN

o Ol



Special matrices

Mew to MATLABT See resources for Getting Started.

Xx=ones(3,3)
y=zeros(5,5)
z=randi([1,10],3,3)

k=eye(4,4)



Creating arrays with other arrays

x=ones(3,3) T e i
y=zeros(3,3) N
m=[X,y]

Xx=ones(3,3)
y=zeros(3,3)
m=[x;y]



Ones and Zeros Matrix

3D array

A matrix having all its numbers as 1 or 0 make up a ones and zeros matrix, respectively:

a=ones(3,3) g = c=ones(3,3,3)
b=zeros(2,2) c(;,;,1) =
1 1 1 1
1 1 1 1
1 1 1 1

—

—

-
-

-
-

PR RPERr R, PR R
- =

O
[
HHH%HHHQHHH

—



Concatenation Along a Dimension (cat function)
Rearrange arrays as a row, column or 3d matrix

Mew to MATLABT See resources for Getting Started,

t1=cat(1,x,y) -
t2=cat(2,X,y)
t3=cat(3,x,y) .



Concatenation Along a Dimension

a=[1 2;3 4]
b=[5 6,7 8]

Method 1
c=cat(1,a,b)
c=cat(2,a,b)

Method 2
d=[a,b]
e=[a ; D]

f=[a a.*2]

—

DN

N

o K~

—

—

N OO wprRrDdDPrxrpM2LEAENOO O WE O

oo DN

~ O1

~ O1

oo DN

0 O

0 O



Build-in Functions

30
91
89
74
638
86
77
82

82
73
71
87
73
100
81
98

94 81

65
62
74
34
90
/6
/8
30
/6
97
63

100
89
60
99
/9
98
87
81
/6
67
99

What is the average of first and second midterm of each students?

mean(examscore,l)

What is the average of first and second midterm?

79.3000 84.0500

mean(examscore,?2)

ans =

381.0000
82.0000
80.0000
80.5000
70.5000
93.0000
79.0000
90.0000
87.5000
82.5000
75.5000
67.0000
91.5000
84.5000
87.0000
82.5000
80.5000
76.0000
82.0000
81.0000



What Is the average exam score of all exams?
mean(mean(examscore))

ans =

81.6750



30
91
89
74
638
36
7
82
94
65
62
74
34
90
/6
/8
30
/6
97
63

82
73
71
87
73
100
81
98
81
100
89
60
99
79
98
87
81
76
67
99

Other build-in functions

max(examscore)
min(examscore)
examsum=sum(examscore)

% how many students | have
size(examscore)
examsum/size(examscore,1)

length(examscore)

ans =
97 100
ans =
62 60

examsum =
1586 16381
ans =
20 2

ans =
20



Vector slicing

you can find a small section of array

b=examscore(1:10,1)

c=examscore(5:end,1)
c=examscore(5:20,1)
c=examscore(5:21,1), error

d=examscore(1,:)

h =

/8
/3
64
80
80
[4S!
60
89
86
76

30
76
60
89
86
76
99
70
61
87
100
82
83
100
82
96

/8 88



Finding and selecting elements in a matrix

Z=magic(4)

z([1,2],[3,4])

2(1,1) T

z(2)

‘- ans = ans = ans =

16 2 3 13 16 5
5 11 10 8 >
9 ¢ o6 12
4 14 15 1 , =

16 2 3 13

Index number2 5 11 10 8
9O Vv 6 12

4 14 15 1



Data sorting

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

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

sort(examscores,'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



Sorting rows

EXamsCores = sortrows(examscores,1)  sortrows(examscores,?2)
ans = ans =
94 60
65 88 60 65 94 60
S0 82 62 97 60 65
100 77 05 88 >
65 88 76 74
6/ 81 67 81 100 77
95 70 76 74 67 81
62 97 80 82 80 82
65 88 94 60 o5 88
76 74 95 70 0> 88
100 77 62 97

60 65



Sort for different rows or columns

y = sort(y,1)
2 10 9 ans =
1 5 O
6 -4 3 1 -4 O
2 5 3

6 10 9

sort(y,2)

ans =

N
Wk ©

o U O



Find an information in an array

returns the row and column indices of non-zero entries in a matrix.

1 2 2 find(x>7) [r,c,I]:find(x>7)
1 109 ans = 3
2
. 6 3
[ans]=find(x>7) 5 col =
find(x==10) 9 2
3
3
V =

3x1 logical array

1
1

1



Rounding the elements of an array to the nearest integer

x=15001 ans=  Xxrands)
cell(x)
floor(x) 1 -
ceil(x) X = ans =
1 1
ans = 0.4254 0.9915 0.1293 11
0.9842 0.7764 0.7471 11
5 0.9800 0.3136 0.6842
X = ans =
round(x)

3.3468 3.0285 1.0143 3 3
2.2344 3.6283 3.487/76 2 4
2.2025 1.8237 1.0050 2 2

R oW e

RN EEN N



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,9,2,1) b=reshape(a,1,9)

8 5 7
108 10
9 9 10

NN
0 W N
W N 00

8 109 5 8 9 7 1010

WNDOCOOWOWMNENDN



Data types (2)

Logical (H boxcar kel 1x51 double_double 408
a =
4 3 5 | 3x3 logical
10 9 4 1 p
6 10 9 0 o
0 = 2 1 1
8 5 7 30 )
1 8 7 4
9 6 1
C =
3x%3 logical array a=randi([1,10],3)
0 00 b=randi([1,10],3)
1 10 c=b<a
011



Practical Skills 1

If you write a code at large scale (moren than 50 lines), you should use meaningful names.

For codes having few lines you can user very short names.

X,Y,z usually used for double proteinexps
,],k usually used for integers drugdosage

Remember that some programs have millions of lines of code

If you do use useful names, noone including yourself
will understand what your code Is



Cell Arrays

Cell arrays are arrays of cells where each cell stores an array. Within a cell, elements

must be the same type (because cells store arrays), but two cells may have different types.

yid,1}=([1])

“leell 1,1,2

’ ' Hamez '

"

y{1,2}='sci computing’
y{1,3}='Is great’

cell 2,1,2

g
cell 1,2,1 |12 7]

L] legread ||

2-41

cell 1,1,1
1 2 ' Hame '
4 5

cell 2,1,1 |[cell 2,2,1

d -




Cell Arrays

Add 3D array into a cell
y{2,3}=randi(4,4) Y12,2}=0nes(3,3,3)

C ={1,rand(1,10,2),'sci computing’;
"matlab",[3,4],{11; 22; 33}}

cellplot(C)
. N
B ==

HEE




Table array

A = table([18;13;25],[38;43;45],...
'VariableNames' {'healthy' 'disease'},...
'RowNames',{'genex’ 'geney' 'genez'})

3=2 table

healthy dizease

genex 18 38
geney 13 43
genes 25 45

A =table({'chrl’;'chr2';'chr3}, [18;13;25],[38;43;45],...
'VariableNames',{'locus','healthy' 'disease'},...
'RowNames',{'genex' 'geney' 'genez'})

A:
=3 table
loons healthy disease
genex {'chrl'} 18 38
geney {'chr2'} 13 43
genes {'chr3'} 25 45
fr



Table slicing

>» h.locus
ans =
3x]1 gcell array

{'chrl'}
{'chr2'}
{'chr3'}

= B2, 1)

alls =

1=3 table

geney

loons

{'chr2'}

>» A.healthy(2)

dngs =

13

>» A.genex(2d)

Error using tabular/dotParenBeference (line 7&)
Unrecognized table wvariable name

healthy

13

disease

43

387
388
389
3390
391
352
353
354
355
3596
357
358
3395
400
401
402
403

'genex'.

A =table([18;13;25],[38;43;:45], ..
VariableNames' {'healthy' 'disease’},...
'RowNames' {'genex’ 'geney’ 'genez' })

A1 =table({'chr1"'chr2';'chr3', [18;13;25],[38;43,45],...
VariableNames' {locus’ 'healthy' 'disease’,...
'RowNames' {'genex’ 'geney' 'genez' })

A healthy(2)
A disease(1)
A1)

Al2))

A(3,))



-

Example datal

Most microarrays data are the table format
subdatal(1:100,:)=table2array(datal(1:100,2:34));

T 2713034 table

(&5 ) | (53] m 4= (N ) (L) —

w

10
11
12
13
14
15

1
Gene
"LOC1024. .

"ZBTB42"
"FCAMR"
"ZMF503-..
"MNFL1T"
"ELSPBP1"
"ZRANB3"
"MECR"
"LOC1057...
"LINCO03...
"AARSDT"
"DEXI"
"DCHST"
"PSMD2"
"GABRRT"

2

ARMA
0
27.8394
41.2024
111.3573
0
190.4213
259.4637
]
2.2272
1.1136
485.5200
1.1559e+03
1.2550e+03
3.3407

3

TRMA
1.0045
371676
0
35.1586
123.5573
0
183.8291
291.3139
0
2.0091
0
435.9663
1.0035e+03
1.8232e+03
4.0181

4
ARMNAA1

4 0185

552547

1.0046

40.1853

118.5465

0

141.6531

188.8708

0

3.0139

0

492 2695

1.2116e+03

1.3914e+03

2.0093

5
TRMA1

0.9162
30.2348
0
16.4917
133.7663
0
169.4984
2372977
0
45810
0
308.7619
1.3138e+03
1.4861e+03
1.8324

B
ARMNAZ

29799
42,7112
0.9933
35.7582
91.3821
0
15659455
289.0455
0
6.9530
0
511.5410
1.3473e+03
1.5545e+03
5.9597

7

TRNAZ
3.3377
32.2643
0
32.2643
86.7800
0
92 3428
1891358
0
0
2.2251
493.9782
1.4652e+03
1.3206e+03
8.9005

g
ARNA3

1.3212
541705
0
607767
76.6315
0
118.9109
257.6403
0
0
0
478.2860
1.8788e+03
1.5630e+03
6.6062

g 10
TRNAZ TRMA4
2151 1.0804
48.3991 35 6578
0 0
23 6618 47 5438
1204600  100.4903
0 0
12163556 152 3563
2R3.8264 3479341
0 0
0 1.0804
0 0
3570779 467.8742
148428403 1.7224e+03
1.1282e+03 1.4382e+03
2151 21611
HH 200x33 double
1 2 3 4 5 6 T 8 9 10
1[0 10045 40185 09162 29799 33377 13212 21511 1.0805 0
2 27.8394 371676 552547 30.2348 427112 32.2643 541705 483991 35.6578 50.2696
3 1.1136 0 1.0046 0 0.9933 0 0 0 0 0
4 41.2024 35.1586 40.1853 16.4917 35.7582 32.2643 607767 23.6618 47.5438 40.8440
5 111.3578 1235573 118.5465 133.7663 91.3821 86.7800 76.6315 1204600 1004903 68.0734
6 0 0 0 0 0 0 0 0 0 0
7 1904218 183.8291 141.65631 169.4984 155.9455 92.3428 118.9109 121.5355 1523563 1026337
8 2094637 291.3139 188.8708  237.2977  289.0455 1891358 257.6403  253.8264  347.9341  271.2462
9 0 0 0 0 0 0 0 0 0 0
10 22272 2.009 3.0139 4.5810 6.9530 0 0 0 1.0805 4189
11 1.1136 0 0 0 0 2.2251 0 0 0 0
12 4855200 4359663 4922695  308.7619) 511.5410  493.9782 4782860  357.0779  467.8742  569.7217 .
13 | 1.15589e+03 1.0035e+03 1.2116e+03 1.3138e+03 1.34792+03 1.4652e+03 1.8788e+03 1.4842e+03 1.7224e+03 1.2724e+03 1.1
14 | 1.25580e+03 1.8232e+03 1.3914e+03 1.4861e+03 1.5545e+03 1.3206e+03 1.5630e+03 1.12822+03 1.4382e+03 1.5730e+03 1.2
14 3.3407 4.0181 2.0093 1.8324 59597 8.9005 6.6062 2151 21611 4189

ar FTOn sAnA

<

FEO AR

~An RCEn A4 FATA Fa I Lo 03

Ane AncT

Ane A

ANT A00n A eAne

AN ATer




How to remove missing data?
subcleandatal= rmmissing(subdatal)

[ 20033 double

1
2
3
4
5
6
T
8

9
10
11
12
13
4
15

ar

-

1
27.8394
1.1136
41.2024
111.35738

0

190.4218
2594637

0

22272
1.1136
4855200
1.1559e+03
1.2550e+03
3.3407

FOon sAnA

<

2
1.0045
37.1676
0
35.1586
123.5573
0
183.8291
291.3139
0
2.0091
0
4359663

3
4.0185
552547
1.0046
40.1853
118.5465
0
141.6531
188.8708
0
3.0139
0
492 2695

1.0035e+03| 1.2116e+03
1.8232e+03| 1.3914e+03

4.0181

FEO AR

2.0093

~An RCEn

4
0.9162
30.2348

0

16.4917
133.7663

0

169.4984
2372977

0

4.5810

0

308.7619
1.3138e+03
1.4861e+03
1.8324

A4 FATA

b
2.9799
427112
0.9933
35.7582
91.3821
0
155.9455
289.0455
0
6.9530
0
511.5410
1.347%e+03
1.5545e+03
5.9597

Fa I Lo 03

B [
3.3377 1.3212
32.2643 541704
0 0
32.2643 60.7767
86.7800 76.6314
0 0
92.3428 118.9109
189.1358  257.6403

0 0
0 0
2.2251 0

493.9782  478.25860
1.4652e+03 1.8788e+03
1.3206e+03) 1.5630e+03

8.9005 6.6062

Ane AncT Ane A

g 9

2151 1.0805
48391 356578
0 0
23.6618 47.5438
1204600  100.4303
0 0
121.5355  152.3563
253.8264  347.9341

0 0
0 1.0805
0 0

357.0779)  467.8742
1.4842e+03 1.7224e+03
1.1282e+03) 1.4382e+03

2151 2.1611

ANT A00n A eAne

10
0
50.2696
0
40.8440
68.0734
0
102.6337
271.2462
0
4.18H1
0
869.7217
1.2724e+03
1.5730e+03
4.18H1

AN ATer

1.1
1.2

>

-

T 128x30 double

’
2
3
4
5
B
T
8

9
10
"

:
41.2024
111.3578
190.4218
259 4637
4855200
1.1559e+03
1.2550e+03
780.6181
309.5747
113.5849
1.3274e403
1.3285e+03
150.3330
66.8147

Ara cTan

<

2 3
37.1676 552547
35.1586 40.1853
123.58573 118.5485
183.8291  141.6531
291.3139  188.8708
435.9663 492 2695

1.0035e+03) 1.2116=+03
1.8232e+03) 1.3914e+03
676.0491 6409550
2943275 3727184
91.4123 74.3427
1.6374e+03) 1.3000e+03
114222403  977.5067
1456569  190.8800
36.1631 46.2131

ATA TTAT Ard TArT

4
30.2348
16.4917

133.7663
169 4984
237 2977
308.7619
1.3138e+03
1.4861e+03
244 6274
721.05853
89.7883
1.2341e+03
1.1333e+03
127 3528
39.3969

Ara omnd

5 &
427112 32.2643
35.7582 32.2643
91.3821 56.7800
155.9455 92.3428
289.0455  189.1358
511.5410 4939782

1.3479e+03 1.4652e+03
1.56545e+03 1.3206e+03
522 4672 406.0857
238.3881  354.9078
1003216 160.2091
1.2416e+03 1.4953e+03
1.3072e+03 1.1738e+03
1132343 140.1830
31.7851 52.2905

Ard nord Add Ance

7 8 9
541705 483991 356578
607767 236618 47.5438
76.6315 1204600 1004903
118.9109  121.5355  152.3563
2576403  253.8264) 347.9341
478.2860  357.0779  467.8742

1.8788e+03 1.4842e+03 1.72242+03
1.5630e+03 1.1282e+03 1.4352e+03
486.2134  287.1680  504.6126
395.0484 3796641 2982293
1043773 73.1364 63.7519
1.1904e+03 1.0508e+03 1.1216e+03
969.7844 7958965 1.1454e+03
142 6931 957227 79.9600
31.7096 54.8523 324162

ATA AT0N AR roed Are Annn

There are many different ways to remove missing data from an array
we will learn them after we learn for loops and decision control (if).
Rmmmissing is a build in function

10
50.2696
40.8440
68.0734

102.6337
271.2462
5B9.7217
1.2724e+03
1.5730e+03
799.0785
273.3407
97.3973
1.1685e+03
1.4641e+03
59.0190
34.5603

Ara oAarar

1.1
1.2

14

>



String arrays

%% Create a char variable
% char character
geneA="AGCTCTAGTG'
geneEI:'AGCTCTAGTA'|
geneC="AGTGTGGTGT
geneD="AGCTCTAGTG'

%%
geneA="AAAATAGTAGATGATGATGATGTCCATATAT
geneB="AAAATATGTAATTGTATGGATGTCCATATAT

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

%%

geneD=[geneA geneB]

x='Matlab is greatf’

%% size length and find fuction for char variable

size(geneA)

length{geneA)

% compare fwo genes

% simple sequenc alingment
[ro,cov]=find(geneB==geneD)



Array types

Matrix or Array Scalar
(full or sparse)

function
logical char nUMeric table cell struct handle (@)
]IIII[ |!!!I!| |EE]EE] EJEJEJ WIIIII{ IHHEEI II:::I

int8, wuint8, single double
intlé, uintls,
int3l, uintil,
int64, uintbd



Data Types

1.intl6, int32, and int64 type of data stores numbers as integers, 1,2,3,4, -1,-2 etc.

vanancedall.fig (higure) M 116
Workspace @ [ 117 ~
. 118 -

MName Class Value Size B -
HH ans double [1,4,25;9,16,36] 23 A <€
E datal table 2713034 table 2713034 Comman
st genelDs_subcl... string 128x34 string 128x34

i double 200 1x1 New to I
EE k double [1,4,25:9,16,36] 2x3
EE subdatal double 200x33 double 200m33
str subdatal_gen... string 200x34 string 200%34 _
EE subdataname double 20034 double 20034 k=
EE subdataname... double 128x34 double 128x34
EE| t double [1,4,25:9,16,360] 213
EE| X double [1,2,5:3,4.6] 2x3
EE ¥ double [1,2:3,4:5,6] Jud
= double [32.40:45.581 2 vi x>

> £

Char: stores alphabetical characters or strings

(|5l 1x10 char

1 X="AGCTCTAGTG'

1 AGCTCTAGTG




