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Scripting: What? Why? How?

What is an Imagel script?

Why writing scripts/Macros?

Scripts make your life easier

A scriptis a recipe
= an algorithm that automates a series of (repetitive) ImageJ commands.
In essence: a text file with a sequence of commands.

Plugins Macros
- =programming - easier: automation of tasks... And documentation,
- Require java programming knowledge - notsoeasy to exchange because of missing libraries
- infinite possibilities - Much easier and lighter (scripting vs programming)
- Library compatible (once a class is written, it can be - Relatively slow (~40x slower than plugins)
exchanged/used anywhere) - Limited real-time interaction: a macrois a train that rolls, and rolls, and rolls...

- No extendability (no use in other software)
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Learning Imagej macro scripting

Advantages of ImageJ) macros over other languages/plugins:
- Easyto learn since commands are mirrors of the GUI functions
- No need to understand java, Python, C++, ...

How to write ImageJ macros
- Fijihas a IDE (integrated development environment): editor with syntax highlighter, command auto-completion, ...

- Imagel has not such features

Both Fiji and Imagel can record a macro = recording the sequence of clicks in Image)
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Recording a macro

EXERCISE

Use the macro recorder

Plugins > macro >record...

Openexample 1 (A, lena or B, Fabio)
Adjust brightness and contrast (use ‘set’ in Contrast & Brightness)
Inverttheimage (Edit > Invert)

In the Recorder: click «Create»

Close all images. In the created macro window: click «run»

File Edit Language Templates Run Tools Tabs

Record: Narme: [Macro.ijm Create| 7|

Ffrun("Brightness/Contrast...");
setMinandMax (10, 200);
run{"Invert"):

l/ *Macro.ijm.ijm |

1 open(" /home/dimitri/Desktop/Image] basics/Advanced/Example 6B.t1f");
2
3//run{"Brightness/Contrast...");
4 setMintndMax (10, 200);

5 run("Invert");

5|
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Recording a macro

'EXERCISE

See how the macro recorder works

f *Macro.ijm.ijm |

1 open("/home/sdimitry /Desktop/Image) basics/Advanced/Example EB.t1f");
2

3 //run{"Brightness/Contrast...");

4 setMinAndMax (10, 200);

Srun("Invert");

| ¥

Run Kill Show Errors Clear

Close all images. The recorder will:

Macro.ijm > click run - Turngraphical commands (GUI) to code
- Keep track of what you do to your image (=log)
Automatically opens example 1 (lena or Fabio)
Automatically adjusts brightness and contrast
Inverts the image
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The print command

1. Openanew script window
In Fiji: File > New > Script... A new window opens, named «New_»

2. Set the language
In the Editor: Language > 1)1 macro (note: in the recorder, the macro language was set as default)

Record: |Macro =

3. Write aline of code, e.g. : print("hello world");

I Do not ignore lowercase (printis not the same as Print or PRINT)
I watch the quotation marks “ “
I and the semicolon at the end (=end of command)... They are all important

4. Automatically, the syntax highlighter will:

- Put «print» in dark yellow: it is recognized as a valid command
(“hello world”’) in pink: it is recognized as text

- Ifthis does not happen, you forgot point 2, setting the language

Now click «run»
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The print command

EXERCISE

The “Hello world” script

Result:

Log
File Edit Font

hello waorld

v

=0

Script.ijm: Line 1-12

Note: you can also use other words than «Hello world» ©
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Running / debugging the script

Find the prepared script.ijm on the website

File Edit Language Templates Run Tools Tabs

*scripts.ijm

File Edit Language Templates Run Tools Tabs

*¥scripts.ijm |

1 valuel=17; 1 valuel=17;

2 value2=18,98; 2 value2=18.98;

3 print(sumThesevalues(valuel, valuez)); SprintisumTheseValues(valuel, wvalue2]);
4 4

S function sumTheseValues(one, two){ 5 function sumThesevValues(one, twol{

6 summed = one + two; 5 summed = one + two;

7 Jf now rerrun the summed wvalue: 7 // now rerrun the summed value:
a8 return summed; g return summed;

9} 9k

10 10

11 11

1z 12

13 13

To run the entire script (everything), click «run» (don’t do this now!!)
To run part of the script, select the lines you want to include and hit CTRL+SHIFT+R (or Run > Run selected code)
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Variables and strings

EXERCISE

Combining text variables

In the Editor:

wie (005 by _
e textl = "hello ":

text? = "wnrld"; File Edit Font
F'Fil"l't {tEItl + tE}l{tEj; IHEIIoworId

Variables are typeless (no need to declare integers, bytes, ...)
Variables can contain

- letters and text (=string)

- a number (integer, double, float)

- a boolean (true/false)

- an array (=a list of variables)
Case sensitive! (the variable AMI is not the same as Ami)

— NATIONAL CENTER OF COMPETENCE
IN RESEARCH

UNIVERSITE DE FRIBOURG
UNIVERSITAT FREIBURG

UNI ®¢" BIO-INSPIRED
£ @ =% MATERIALS




Using variables

The statements in the commands can be fitted with variables. In short, the options must be a text form that is understood by the command.
e.g.

scaling = 0.5;
run("Scale...", "x=" +scaling +" y="+scaling + " interpolation=Bilinear create title=Fabio-scaled");

{“ o

Note the difference between text (=string, between “ ) and variables
Text must always be between “ “

Variables not (try it)

Plus (+) strings numbers and text together

The sentence is read from left to right (you can perform calculation on the variables during concatenation)

Alternatively:

scaling = 0.5;
options = "x=" +scaling +" y="+scaling + " interpolation=Bilinear create title=Fabio-scaled";
run("Scale...", options);
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Arrays

An array is a list of variables. It can contain numbers, strings (text) or both.

Arrays have powerful methods:

- Find min, max, mean, mode, median, & maxima/minima (not just max/min!) in a numerical array
- Sorting (alphabetically)

- Find fourier amplitudes

- Rank positions

- Get Vertex positions (assuming the array describes positions on a closed contour)

arrayExample = newhrray(9,1,1,2,3,5,8,13,21);
Array.getStatisticslarrayExample, min, max, mean, stdDev) File  Edit  Font
print{"Min: " + min + " Max: " + max + " Mean: " + mean +" StDev: " + stdDev); Walue i
arrayExample2 = newhArray("Bern", "Fribourg", "Lausanne", "Geneva", "Zurich", "Basel"); |Basel
sortedArrayExample2 = Array.sort(arrayExampleZz); Bern
Array.show(sortedArrayExample2); Fribourg

GLenava

Lausanne

Zurich

Script.ijm: Line 27-37
Log

File Edit Fant

Min: O Max: 21 Mean: 6 StDev: 5.9821 i
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Build-in Functions:

There are many build-in functions: help > Macro functions ... http://rsb.info.nih.gov/ij/developer/macro/functions.html

[AIBICIDIEINFIGIHIINJIKILIM]I Print List
[NIONIPIQIRISIAITIUINVIWIXIYIZ]

A[Top]

abs(n)
BReturns the absolute value of n.

acos(n)
Returns the inverse cosine (in radians) of n.

Array Functions
These functions operate on arrays. Refer to the ArrayFunctions
macro for examples.

Array.concat(arrayl,array2) - Returns a new array

created by joining two or more arrays or values

(examples). Requires 1.46c.

Array.copy(array) - Returns a copy of array.

Array.fill(array, value) - Assigns the specified numeric

value to each element of array.

Array.findMaxima(array, tolerance) - Returns an array

holding the peak positions (sorted with descending

strength). Tolerance is the minimum amplitude difference ®o® BIO-INSPIRED
to needed to separate two peaks. There is an optional @ —\_':_'— MATERIALS
'excludeOnEdges' argument that defaults to 'true'. e e
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Functions

You can also make functions yourself:

valuel = 17;
valueZz = 18.98;
print(sumThesevalues(valuel, valuez));

function sumTheseValues(one, two){
summed = one + two;
return summed;

‘sumTheseValues’ is called

Within the function (defined by {}), some lines can be written
The result is returned to the main code

i

Script.ijm: Line 39-49

Log
File Edit Fant

35.980000000000004

The two variables Valuel and Value2 are send to the function (accepted as variable «one» and «two»).
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Comments

When you read your code again later (or much later), you want to understand what your code does, and why. For this, you can add comments, i.e. text which is

ignored by Imagel) when it executes the macro.

Use //in front of the line. ; at the end is not needed.
The entire line will be ignored by the interpreter.
e.g. Line 46

For multiline comments (eg line 43-90):
Use ‘/*. Close the section off by ‘*/’

valuel = 17;

valueZ? = 18.98;

J/ this will call a self-made function
print(sumThesevalues(valuel, value2));

function sumThesevaluesione, twolq
summed = one + two;
// now rerrun the summed value:
return summed;

/ *
The Adolphe Merkle Institute staff follow an ethical charter.

They respect ethical standards in their behavior at the workplace and act responsibly In planning and

executing their research and teaching
At AMI, we:

respect human rights, protect personal Information, prevent any kind of harassment and
discrimination based on nationality, gender, race, religion, sexual orientation, age
or any other reason, and act whenever needed to prevent such behavior;

comply with international rules, applicable laws and regulations, scheol rules, the spirit
of such rules, locally accepted societal standards and foster an environment of mutual
trust and respect;

teach with integrity, fairness, dignity and honesty and maintain a professional relationship
with students;

plan, conduct, document and communicate research and Interpret results according to the highest
international standards;

limit testing on animals, wherever possible and be committed to applying high standards of
animal welfare and to using animals responsibly;

not accept funding from sources that might lead to influencing of research results or their
interpretation or lead to a conflict of Interest;

not conduct research that has the goal of producing results that can be used to harm humans,
animals or the environment or can be anticipated of being misused for the latter;

use resources in a sustainable way and contribute with their research to the same,
wherever possible




Something useful...

EXERCISE

-1 0 +1 -1 -2 -1
Try to make a Sobel filter yourself. G=,/G2+G° G;,=|-2 0 42|*A and G,={0 0 0 [=xA
Use the recorder! ’ Y —1 0 +1 41 42 41
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Something useful...

EXERCISE

-1 0 +1 -1 -2 -1

Try to make a Sobel filter yourself. G = “’Gf—l—GyE G;,=|-2 0 42|*A and G,={0 0 0 [=xA
-1 0 +1 +1 +2 +1

pathtoImage = 1:{I:.."LI5Er"s..""urar1hEn::lm:l.."[ZI'Esl'c'tcu|:|..-'5l::r"i|:|1:5..-"E)|cam|:|1E 8.tif";
sobelFilter(pathtoImage);

function sobelFilter(path) {
open{path);
rename( "Original™);
run("Duplicate...”, “title=horizontal");
run{"Convolve...”, "textl=[-1 -2 -1%n@ @ @\nl 2 1\n] normalize™);
run("16-bit™);
run("Square™);
selectWindow("Original™);
run{"Duplicate...”, "title=vertical™};
run{"Convolve...", "textl=[-1 @ 1%n-2 @ 2%n-1 & 1%n] normalize"); Lines 93-120
run("16-bit™);
run("square™);
imageCalculator("Add create”, "horizontal","vertical™);
rename( “Sobel Filtered");
run("Square Root");
run("Enhance Contrast™, "saturated=6.35");
setMinAndMax(@, 255);
run("8-bit");
selectWindow("vertical™);

close();
selectWindow("horizontal™); UNI ©o% BIO-INSPIRED
close(); e S=% MATERIALS
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Conditional code

To execute a part of the code if and only if a certain condition is met: Note the ==, it is not = (that would be an assingment, whict
does not make sense
here). Operators:

valuel = 17; Lﬂg
value2 = 18.98; <, <= less than, less than or equal
printicheckIfsamevalues(valuel, value2)); , .
File  Edit  Font >, >= reater than, greater than or equal
function checkIfsamevalues(valuel,value2){ ! 8 '8 9
f/Check If both values are the same . — =
reply = "nope, they are different"; RO, thE}-" are different re equal, not equal
if(valuel==valuez){
reply = "yep, both are the same"; && boolean AND
T
return reply; | | boolean OR
¥
print("&\[lear;};
valuel = 19;
value2 = 19;
print(checkIfSameValues{valuel,value2));
function checkIfSameValues(valuel,value2){
AfCheck if both values are the same
if(valuel == wvalue2){ .
reply = "yep, both are the same"; Llnes 124'139
1 else {
reply = "nope, they are different";
h
return reply;
¥ UNI 3
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Loops

To repeat instructions several times, loops are used.

for - runs a block of code a specified number of times
while - repeatedly runs a block of code while (as long as) a condition is true
do...while - runs a block of code once then repeats while a condition is true

X<
defined
variable

Evaluate
condition

Evaluate

condition

Statements
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FOR Loops

for

This loop is a good choice when the number of repetitions is known, or can be supplied aforehand by the user.

for (initialization; condition; increment) {
statement(s);

}

print(x);

for(x = 0; x == 10; x++){

printix);
I

Output:

Log
File Edit Font

Lo o+ Bt s B ) R i K ) VT i

Lines 186-195

Output:

Log
File Edit Font

10
20
30
40
=0
&0
70
a0
g0
100
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WHILE Loops

the loop must repeat until a certain "condition" is met. Ifthe "condition" is FALSE at the beginning of the loop, the loop is never executed.

while (condition) {

statement(s);

}

X = 0]

while (x == 10){
print(x);
X = x + 1;

Log
File Edit Font

[ o+ Bt ') N ) I N W LW I i

Lines 198-204

X

11;

while (x == 10){

print(x);
X =x + 1;

File

Log
Edit Font
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DO Loops

Same concept as the while loop except that the do-while will always execute the body of the loop at least one time.
Do-whileis an exit-condition loop: the condition is checked at the end of the loop.

This looping process is a good choice when you are asking a question, whose answer will determine if the loop is repeated.

do {

statement(s);

} while (condition);

X = 0O;
do {
print(x);
X =x + 1;
I while (x == 10)

Log
File Edit Font

LB 4 Bt ' T 0 I oy T W I

o Lines 207-214

*x = 11;

do 1
print(x);
X =x + 1;

I while (x == 10);

. File  Edit Font

11
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Point operations

EXERCISE

Open an grayscale image and invert the image by a script (do not use the internal invert function).

You now know already enough to write a first simple script.

- lteratethrough all pixels in the image to invert the 8 bit image. Obviously, you are not allowed to
use the run(«invert») command.

- Suggestions:

- Usealoop

- getPixel, setPixel

- getDimensions
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Point operations

EXERCISE

Open an grayscale image and invert the image by a script (do not use the internal invert function).

You now know already enough to write a first simple script. Iterate through all pixels in the image to invert the 8 bit
image. Combine the following:

A4 assuming an 8-bit grayscale image

path = "C:/Users/vanheckd/Desktop/Scripts/Example B.tif";

open(path);

getDimensions (width, height, channels, slices, frames);

for (x=0;x <= width; x++){

for(y = 8; y <= height; y++){

AfsetPixel: x position, y position, new intensity for thot pixel
A4 getPixel: get the intensity of the pixel in position x, y
setPixel(x, y, 255 - getPixel(x,y));

Lines 216-228
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Result table functions

Taa, * | T . - . B g &t - A TE I . T, LT -y
" Vet st .;‘- et v . . et ‘35 ., -.-..’ : .
W a2 E T Carey 5 LAY PAF gl s getResult («Columnname», row number)
- LTI ‘_'.\" .'-.'.,- . _o!_"""- ".'..fu-'l bl . . .
S 2 ER L R wg T @ LAy BT gt e L Will get a value from the result table (assumed there is one).
e ek, LE . . ¥ R A L A T ', N T
3 b -y .g'. *» . e ™ H £ T et * Y
L. . L T . NI S > e R . " e 3t
R O T I Sl A A e IR LI, TN A T
D va g i"-:. i V%'-.-‘ ., 't ERL oW E-’;.":'.‘-' e .%. € g e H ; ; inA-
P r e, W e T e L ey T -+ _.'. E.g. Afterrunningthe «Measure particle« routine:
L B L T * PR AN WA P ) " ss""
$ ¢ - & fh. . . . .- o w8 e L & 2
. . Ty - s L, LA . . !: . o 'v‘. . % '.a * .
. . il . "“u W e ul"-"'i y & O. ﬁ PR s s ° * L
i" . JE e T et BT . e LR S 3'_.':.___..:
oy :-‘.. .t ..: LT ¥ - -3 ., "." ? e e o“..,::.‘f '._..,._-" ..-,,,.:E - . . . 3006 .
I I S P R IO TR print (getResult ( o ) ),
. .. [T .-t - - o . e Te « " - oeen - .
t:ﬁiéﬂ’"'.- '.0;- .??...w-' l: :. - .'d:,-;..l’.o'- . va .t. ? ‘.":" “ vt .
. .. . K I > ,'"‘,':_" ek
foa ,.’-. .; " .-.'." L X} ‘3 oo fet Aol s R .""' .
e e A L e T e T T T Wt 8P Result: 1716.88697
W T TSN W T s e :
- " a® L
3 M. "; el . 4 - e v, e L
. - . & L T ) Py - . ‘f.
Ve e e e F 4 “un -'5'"""- % n.,.'.
. LIS L L. A
- ., s ot e gf o “ "4 . e,
T R TR A T T AR
LT .- '."ﬁ:" e .0 ‘. RIS .
. .. b g s -..‘u wv" . .-,:';.- i .s .. ” ...;:.
L - LA L .. 2 e
. -.f. -q.- :‘: - at .:'g“r f. :..- ....- .: g.‘;;‘l":':-é‘('
,.-.o...:i Vh.e .-1- b I I I | 'h.-_
. . LA PP x, -
P Y T » e v "".‘“3.3 TN, ﬁ':‘
B, e LT - "ﬂ., _&"'!' . e,
K VAR Y T A Lo el AT TR
[Label [Area [Mean [StdDev [Mode [Min [Max [x i K i Perim. B BY [uictth [Height [Major Minor [angle Circ. Feret
3005 Example 11 - AUNPHF 150.25980 255 0 255 255 255 171588697 1833.058552 171988697 1833.06592 4458258 171264755 182558877 1411765 1411765 1416350 1350771 &84.04100 0.85000 15.07766
3007 Example 11 - AUNPHf 15259525 255 0 255 255 255 199331691 183258457 159331691 183258457 4531355 198528470 182558877 1500000 1411785 1525832 1273299 14853376 0593389 15.90585
3008 Example 11 - AUNPHf 217.99321 255 0 255 255 285 230319080 183402785 2303.19080 1834.02785 53562021 229500083 182558877 1676471 15768471 15598544 15633995 13895039 085279 17.86529
3009 Example 11 - AUNPHF 214.87902 255 0 255 255 285 111099777 183471921 111099777 1834.71921 53405811 110294150 182647113 1588236 1676471 17965937 1522549 12007982 054572 19.08822
3010 Example 11 - AUNPEF 24913509 255 0 255 285 255 121702701 183584513 121702701 1835.845613 5839746 120882385 182647113 1676471 1541177 1951385 1625555 10020070 0891803 20.65536
3011 Example 11 - AUNPHf  193.85825 255 0 255 255 285 195353175 183673513 1585353176 1835.73513 52.08560 194558881 182823583 1588236 1576471 1644054 1501328 4521653 0.89852 17.33549
3012 Example 11 - AUNPHF 150.25980 255 0 255 255 255 102478924 183707079 102478524 1837.0707% 4385162 101823559 183000054 1323530 1411765 1430825 1337293 10942858 058193 1507766
3013 Example 11 - AUNPHf 132.35302 255 0 255 255 255 135528241 183650919 1369228241 1835.5091% 4083507 135323570 183000054 1235294 1323530 1340305 1257305 10120545 099722 1425485
3014 Example 11 - AUNPLf 288.06245 255 0 255 255 255 138881440 1838459021 138881440 1835.45021 6338880 1377.35335 183000054 22058583 15768471 2186038 1677795 17610052 0.9003%9 2268523
3015 Example 11 - AUNP.GF 299740665 255 0 255 285 285 127503351 184027136 1275033561 184027135 6442254 125441214 183088289 21.17548 1852942 2203309 1732129 148.14138 0.890757  23.00895
3016 Example 11 - AunNPGf 15259525 255 0 255 285 285 192845495 183765711 152845495 1837.65711 4509545 1920882592 183088289 1500000 1323530 14657268 1324153 174830585 054278 15.63534
3017 Example 11 - aunNPGf 21410047 255 0 255 255 255 321.8B51%7 184035516 321.85157 1840.35616 53.52021 31411774 183176524 1588235 1754705 1817711 1499595 51.121545 0.83577 18.94453
3018 Example 11 - AuNPGf 147.92395 255 0 255 255 255 101021082 183910271 101021082 183910271 44.3584% 100323559 183264750 14117585 1323530 1439809 1308109 15265021 0594428 1518058
3019 Example 11 - AunNPGf 17361602 255 0 255 255 255 175518852 183965488 1756185852 1839.556488 4759512 1748.82404 183264750 1500000 1500000 1516042 1458104 2495785 0.86311 1590585
3020 Example 11 - AUNPLF 16427345 255 0 255 255 255 140735545 184049459 140735545 1840.4545% 4551532 140025453 183352595 1411785 1411765 1473250 1419715 157.35822 059205 1578401
3021 Example 11 - AUNP Gf 15648798 255 0 255 255 255 1515.9938% 184010809 1512.9938% 184010808 4551532 151205930 183352595 1500000 1323530 1478792 1347381 18977752 084504 1563534
3022 Example 11 - AUNPLF  189.18698 255 0 255 255 255 249836855 184165907 249836856 1841.66902 5060757 245088309 183352595 1500000 1578471 1586833 1427951 12539319 052826 17.86529



A propos: arrays

EXERCISE

Try to find the mean and the median value of the particle measurement of Figure 11

Median: use an array. Mean: sum all values and devide by the total number of values.
- Storeall values (Feret) in one array - Sumall values (Feret) in one variable
- Sortthe array - Divide by the length of the table: nResults

- Pick out the middle value (=median)
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A propos: arrays

EXERCISE

Try to find the mean and the median value of the particle measurement of Figure 11

Median: use an array. Mean: sum all values and devide by the total number of values.
- Storeall values (Feret) in one array - Sumall values (Feret) in one variable
- Sortthe array - Divide by the length of the table: nResults

- Pick out the middle value (=median)

open(" /home/dimitri /Desktop/Image] basics/Advanced/Example 11 - AuNP.t1if");
setiutoThreshold("Default");

Sirun{"Threshold...");

run("Convert to Mask");

run("Set Measurements...", "area fit feret's display redirect=None"); . :

. . . File Edit Font
run{"Analyze Particles...", " show=Nothing display exclude clear");
print("Area of first particle: " + getResult("Area", 0)); .| :
print("Mumber of particles: " + nResults); Area of first particle: 134.6887
values = newlrray; Mumber of particles: 2093

for (e=0:e<rFesults:e++)q

Mean Feret length: 21,9895
summed = summed + getResult("Feret", e);

Median Feret length: 16,7415

values = Array.concat(values, getResult("Feret", el);
1
Array.sortlivalues];
print("Mean Feret length: " +summed ; nResults);

print("Median Feret length: " + values[floor(nResults/2)+1]);
g °#> BIO-INSPIRED
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Remark

Python

Commands, variables, arrays, loops and conditionals are not exclusive to FlJI/ImageJ!!
- All programming languages have them
- The concept is usually the same, but the syntax may differ

Java

Imagel macro

< Thanks
fruits = ["apple", "banana", "cherry"] = for
for x in fruits: S  The
print(x) Programming
lesson
String[] fruits = {“apple", “banana", “cherry"}; S Merci
for (Stringi : fruits) { o pour
System.out.printin(i); s la
) lecon
de programmation
c Danke
fruits = newArray("apple", "banana", "cherry®“); g fur
for(x = @; x < fruits.length; x++){ o die
print(fruits[x]); © Programmier-
} stunde
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A very short intro into R/Rstudio

Why? And Why R... | am fine with Excel!

Natural science: Data > Information >Knowledge

There is increasingly more emphasis on the first step: from data to information. Aka Data analysis

- Isagreatresource for data analysis, data visualization, data science and machine learning

- provides many statistical techniques (such as statistical tests, classification, clustering and data reduction)
- is easytodraw graphsinR, like pie charts, histograms, box plot, scatter plot, etc++

- works on different platforms (Windows, Mac, Linux)

- Isopen-sourceand free

- hasalarge community support

- has many packages (libraries of functions) that can be used to solve different problems

GStudid
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A very short intro into R/Rstudio

I < B
#VALUE! error —g—
Genomics papers with spreadsheet errorsin supplementary files, 2005-15, % "4 |Country
By publishing journal 26
0 5 10 15 20 25 30 35 40 222 Minirmum
‘28 |Maximum
Nature ot
Genes & Development 30 |Us 1946-2009 na. 34 2.
31 (UK 1546-2009 n.u. 24 24
Genome Research 32 |Sweden 1946-2009 6 2.9 na.
. 33 | Spain 1946-2009 1.5 14 na
Genome Biology 34 |Portugal 1952-2009 48 25 na
. 35 New Zesland  1948-2009 25 29 39 -1.9
Nature Genetics 36 |Netherlands  1956-2009 41 27 11| na
Nucleic Acids Research 32 Norway 1947-2009 S Sil___na s A
38 |Jupan 1946-2009 7.0 40 10 07 7.0
BMC Genomics 39 |Iumly 1951-2009 54 2.1 L8 L 5.6
40 |ireland 1948-2009 44 45 40 24
Overall Average 41 | Greece 1970-2009 40 03 23 29
RNA 42 Germany | 1946-2009 39 0.9 na. ni. 32
. 43 |France 1946-2009 49 2.7 30 no, 52
EL s Compuationat 44 Finland 1946-2009 18 24 S5 n,
1009y ‘45 | Denmark 1950-2009 a5 17 24 na. 5.6
PLoS Biology . 46 |Cenada 1951-2009 1.9 36 4.1 na. 22
Supplementary files 200 47 |Belgium 1947-2009 na 42 31 26 .
PLoS One with gene-name errors 48 |Austria 1948-2009 52 33 38 na 5.7
Human Molecular 49 |Australin 1951-2009 32 49 40 no
Genetics 150 50
Science 51
BMC Bioinformatics 100 The Reinhart-Rogoff error
Bioinformatics (leading to wrong austerity conclusions)
Genome Biology 50
and Evolution
DNA Research
Molecular Biology 0
and Evolution 2005 07 09 11 13 15 FR' o #. BIO-INSPIRED
Source: “Gene name errors are now widespread in the scientific literature”, Ziemann, Eren and El-Osta, 2016 u wm Mﬁxiﬁlﬁkgﬁm
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A very short intro into R/Rstudio

Install
Install R: https://cran.rstudio.com (base package)

Install Rstudio: https://rstudio.com

@ Rstudio — o X
Flle Edit Code View Plots Session Build Debug Profile Tools Help
S -l%e-IH B ©[A cotofieunction ~ Adains ~ % project (None) ~
3 9] Untitied1 ~—[7  Envionment History ~Connections Tutorial =0
47| | CJSourceonsave | Q = +aun | 9| _# Source = &2 I | 5 import Dataset = | & -
1 R ~ | @k Global Environment ~ Q
Environment is empty
Files Plots Packages Help  Viewer =0
@ NewFolder | @ Delete =] Rename | g More -
) A Home
& Name sze Modified
(=] Bookl.csv 473 K8 Feb 23, 2021, 10:34 AM
[ Booklut 28KB Feb 23, 2021, 10:36 AM
() B Custom Office Templates
ERopES RScigts || [ Defaultrdp 08 Oct 23, 2020, 6:36 PM
Console  Terminal «  Jobs =01 () #] deskiopini 4028 Feb 15, 2021, 10:53 AM
- ) £ ifolor
R version 4.0.4 (2021-02-15) -- "Lost Library Book” “ 0 B MyMusic
copyright (C) 2021 The R Foundation for statistical computing 0 My Pictures
Platform: x86_64-w6d-mingw32/x64 (64-bit)
) ) My Videos
R is free software and comes with ABSOLUTELY NO WARRANTY. O &@r

You are welcome to redistribute it under certain conditions.
Type 'Ticense()' or 'licence()' for disiributien details.

Natural language suppora’bit renning Tn english locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
“citation()” on how to cite R or R packages in publications.

Type ‘demo() for some demos, 'help()’ for on-line help, or

;Cil"?ifif‘ii'qﬁ?i an WL browser {nterface to help. g=l .f BIO_'NSP'RED
- s ™ St MATERIALS

m
- B NATIONAL CENTER OF COMPETENCE
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https://cran.rstudio.com/
https://rstudio.com/

Assigning variables syntax

Vectors
Similar to arrays in FlJI: A 1-D list of
arguments

Matrices

A 2D list of arguments. All
columns in a matrix must
have the samelength &
mode (numeric, logic, ...)

Arrays

A nD list of arguments
Arrays can have more than
two dimensions.

Data Frames

A data frameis more general than a
matrix, in that different columns can have
different modes (numeric, character,
factor, etc.). Columns can also get headers

Vec<- vector(mode ="logical", length =3)

FALSE FALSE FALSE

Mat <- matrix(1:9, ncol=3)

Arr <- array(1:4, c(3,2,2))

[.1] [.2] [,3]
[1,] 1 4 7
[2,] 2 5 8
[3.] 3 6 @

Lists
An ordered collection of objects
(components). Alist allows you to gather a

variety of (possibly unrelated) objects
under one name.

List <- list(Vec, Mat)

[[11]
[1] FALSE FALSE FALSE

[[2]1]

[.1]1 (.21 [.3]
[1,] 1 4 7
[2,] 2 5 3
[3,] 3 5 9

[.11 [.2]
[1,] 1 4
[2,] 2 1
[3.] 3 2

H H '2

[.11 [.2]
[1,] 3 2
[2,] 4 3
[3.] 1 4

d <- data.frame(letters[1:3], 1:3)
colnames(d)<- c("letters", "numbers")

letters numbers

1 a 1

2 b 2

3 C 3
UNI
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Assigning variables syntax

Generic

”n u

VariableName <- c(“something”, “something else”)

\ariabla nama
V-3 Rae

<- (smaller then, hyphen)

c: combines arguments

Round bracktets open

Your arguments, number, texts, variables, ...
Round brackets closed

SANA ol S

Want to know? Want to convert/to be sure?
is.array(variable) Now_arr <- as.array(variable)
is.matrix(variable) Now_Mat <- as.matrix(variable)
is.vector(variable) Now_vect <- as.vector(variable)
is.data.frame(variable) Now_df <- as.data.frame(variable)
Is.list(variable) Now_list <- as.list(variable)

UNI o¢® BIO-INSPIRED
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Things to do

1. Importyourdata(CSV, XLS, ...)

2. Lookatthe data

3. Organizeyour data/extract parts of it

4. Dostatisticson it

5. Plot (parts of) the data + make the plots look good
6. Correlate your data, model it

7. Outputdata, plots, ect...

UNI ®¢" BIO-INSPIRED
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Importing csv, xls, ... in R

In the environment: Import dataset > text base

1. Use heading if available

2. Pressimport:the table will be shown

3. Inthe console, you see the commands you (graphically) used

meert fetese Also possible:
.
Name Input File H H
[ Resuled | : _ _ - XLSX, TXT, HTML, and other Common Files into R
E5U JArea,Mean, stddev,Mode, Min,Max ,X,¥, XM, M ,Perim. ,BX,BY,Widt ~

1.134.889,285,0,255,255,255,2343, 344, 8.387,2343. 344, 8. 387, .

2.287.284,255,0, 255,255,255 ,167. 820, 11. 496, 187. 820, 11. 4964 - JSON XML F|Ies
Encoding | Automatic v| |3i156.488,255,0,255,255 255, 1178. 497, 8. 931, 1178, 497 ,3. 931, ’

9 4.200.173,255,0,255 255 , 255 ,963. 698, 14,571,363, 698,14.571,: SAS SPSS Ot Dat tsintoR
: 5,168,545 ,255,0,255 255, 255,1645. 477,13.5 30, 1645.477,13. 530 - (j f]
Heading @ Yes U No 6,432.872,255,0,255,255 255 ,2472.720,15. 684, 2472.720,15 . 68 ’ ,an er Datasets Into
: 7.326.211,255,0,255,255 ,255,1554.584,15. 475, 1554, 584,15, 47¢ .
Row names | Automatic v 8.97.318,255,0,255, 255,255 ,1630.183,12. 279, 1630. 183, 12. 273 - Stata F||es
Separator | Comma v| |9:244.264,258,6,353, 255,255, 2017. 833, 15. 298, 2017. 832,15. 28
EpEioy 10,522.405,255,0,255,255,255 ,2257. 664,31, 084,2257. 664,31.01 .
; . 11,194.637,255,0, 255,255, 255 ,2497. 836,16, 413,2497. 836, 16. 4: _ |
Decimal | Period v 12,172,616, 255,0, 255,255, 255 ,1154. 126,15, 722 ,1154.136,15 .7 SVStat Files
- 13,203.201,255,0,255,255,255,1553.971,17. 054,1553. 971,17. 0 .. .

Quote | Double guote () v 12,433.651,255,0,255 255,255 , 1049, 662, 25. 702 , 1043, 662 , 25 . 7 _ Mlnltab Flles
Comment [None v| |15:164.273,255,0,255, 255, 255,1091. 966,18, 415, 1091, 966, 18. 4

16,200.087,255,0,255,255, 255,143, 681,20. 358,143, 681,20.258 7

RDA or RData Files

Strings as factors H H
Data Frame - Directly read Databases (mySQL, ...) from the internet
X.1 Area Mean Stdbev Mode Min Max X -

1 134.685 255 o 255 255 255 2343.342 H
P B¢ B oED e - Import through Webscraping
3 156.488 255 o 255 255 255 1178. 497
4 400.173 255 o 255 255 255 963. 698
5 16B8.945 255 o 255 255 255 1645, 477
& 432.872 255 o 255 255 255 2472.720
7 326.211 255 o 255 255 255 1594.584
8 97.318 255 o 255 255 255 1630.183
E] 244,484 255 o 255 255 255 2017. 832
10 S2Z.405 255 o 255 255 255 2257. 664
11 194.637 255 o 255 255 255 2497. 836
1z 173.616 255 a 255 255 255 1154.136
13 203.201 255 o 255 255 255 1553.971
14 433.651 255 o 255 255 255 1049. 662
15 164.273 255 o 255 255 255 1091. 966
1& 200.087 255 o 255 255 255 143. 681 e
4 3

Impaort Cancel

Results<- read.csv("C:/Users/vanheckd/Desktop/scripting/Results.csv") l|'='=l ’9‘. BIO-INSPIRED
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Look at your data (assuming number data)

Get a summary: Summary(Results) .
See all data: ResultsSFeret
= summary(rResults) RlEsHﬂtS$Feret
1] 5.335 5.076 5.076 5.698 7.446 5.624 6.288 5.327 7.649 5.327 5.498 5.827 5.335 6.176
. x':_l ,_ Area . Mean ) Std?ev . Moclie , X [15] 5.498 8.212 6.463 5.335 6.008 6.288 5.456 5.335 5.430 5.859 6.434 17.706 4.822 5.827
Min. : 1.0 M™in. ¢ 0.093  Min. 1255 Min (0 Min. 1255 Min. :o4.642 [29] 5.867 5.673 8.480 6.484 5.405 5.498 5.430 5.922 5.498 5.498 5.327 5.498 4.927 6.016
1st Qu.: 661.8 1st Qu.: 18,977 1S5t Qu. :2553 1st Qu.:0 1st Qu. :255 1st Qu.:211.731 [43] 6.717 6.598 6.176 5.430 6.288 5.408 5.922 6.434 5,498 5,891 5.755 5.076 6.854 4.822
Median :1322.5 Median : 21.582 Median :255 Median :0 Median :255 Median :442.208 F?% 5.456 6.077 10.653 6.527 6.176 5.859 5.607 5.040 4,822 6.347 10.933 5.673 6.820 6.138
. . . . . . 717 5.624 5.498 6.280 5.755 8.496 5.922 5.867 5.327 6.100 5.498 5.755 5.673 5.607 G.347
Mean :1322' 3 Mean : 24.230  Mean :255 Mean :0 Mean :255 Mean :443'423 [85] 4.890 5.755 6.854 5.185 5.698 5.787 5.827 5.698 5.335 6.054 6.962 5.212 6.016 5.405
3rd Qu.:1983.2  3rd qQu.: 25.210 3rd Qu.:255 3rd Qu.:0  3rd Qu.:255 3rd qQu.:666.869 [99] 6.881 5.755 5.755 13.910 6.016 5.498 5.498 6.288 5.891 5.524 6.077 B8.058 5.049 6.077
Max. :2644.0 Max. :147.724 Max. 1255 Max. -0 Max. 1255 Max. 902,484 [113] 5.002 6.100 6.100 5.922 7.041 6.834 6.527 5.673 5.327 6.016 5.498 5.867 6.176 5.891
[127] 6.077 5.755 6.369 6.772 7.022 6.138 5.076 6.280 6.288 6.176 6.008 6.176 6.288 6.054
. . : [141] 8.297 5.755 5.335 6.689 5.335 6.968 7.533 5.922 5.247 5.624 5.076 4.503 6.434 6.221
. Y . Perim. . BX . BY . Wwidth . Height [155] 8.325 5.408 6.434 5.673 5.787 8.803 5.850 5.408 5.787 5.405 12.280 5.498 5.247 5.624
Min. r 2,773 Min. : 0.863 Min. : 1.83  Min. 1 0.61  Min. 0.305 Min. 0.305 [169] 6.100 5.730 5.247 5.113 8.723 6.176 5.624 5.430 6.689 5.335 6.054 5.405 5.076 5.247
1st Qu.:164.053 1st Qu.:15.947  1st Qu.:208.93 1st Qu.:161.34 1st Qu.: 4.880 1st Qu.: 4.880 [183] 5.566 5.787 5.456 5.922 5.698 6.470 6.008 8.104 5.185 5.607 6.016 5.599 5.498 16.006
Median :325.842 Median :17.062 Median :439.81 Median :322.84 Median : 5.185 Median : 5.185 [97] 13317 13.196 5.498 6.288 S.527 3.073 3.623 3.203 3.498 3.839 3747 5436 0731 .673
Mean  :322.285 Mean :18.188  Mean  :440.64  Mean :319.49  Mean : 5.582 Mean 1 5.589 [225] 5.498 5.498 5.859 5.335 5.673 6.347 5.396 5.456 5.867 7.120 7.776 5.922 6.176 &.589
ird Qu.:479.729  3rd Qu.:18.335 3rd Qu.:663.83 3rd Qu.:477.02 3rd Qu.: 5.795  3rd Qu.: 5.793 [239] 5.608 5.076 5.456 5.673 5.498 5.922 7.383 5.247 5.498 6.470 5.247 6.570 5.827 5.498
Max. 1637.084 Max. 174,644  Max. ©899.75  Max. 1634.10  Max. :16.165  Max. 120.130 [253] 6.176 17.148 5.755 5.327 5.335 5.335 6.288 6.176 5.498 5.002 6.077 4.745 5.867 6.484
[267] 5.859 6.016 5.624 5.599 5.891 5.498 5.247 5.624 5.624 4,927 5.456 11.674 5.566 6.549
major M4 nor Angle Circ. Feret IntDen [281] 5.787 5.002 5.673 7.918 6.288 5.787 6.434 5.430 5.327 6.751 6.138 5.599 5.922 5.755
Min. : 0.344 Min. : 0.344 Min. : 0.00 Min. 0.278 Min. : 0.431 Min. H 23.72
1st Qu.: 5.136 1st Qu.: 4.687 1st qQu.: 40.37 1st Qu.:0.913 1st Qu.: 5.456 1st Qu.: 4839.16 d s “u ”
Median : 5.487 median : 5.017 median @ 83.69 median :0.931 Median : 5.8359 Median : 5503. 36 Or EnVIronment> Data >dOUbIeCIICk ReSUItS
Mean 1 5.879 Mean : 5.108 Mean » B7.32 Mean 0,916 Mean : 6.203 Mean : 6178.64
3rd Qu.: 5.970 3rd Qu.: 5.373 3rd Qu.:134.92 3rd Qu.:0.948 3rd Qu.: 6.288 3rd Qu.: 6428.50
Get one column: S Summary(ResultsSFeret)
summary(ResultsiFeret)
Min. 1st Qu. Median Mean 3rd Qu. Max.
0.431 5.456 3. 859 6. 203 6. 288 21.552
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Organize your data (assuming number data)

Select firstnvalues: newVar <- ResultsSFeret[firstValue:lastValue]

particles=1000

feret <- ResultsSFeret[0:particles]
minferet <- ResultsSMinFeret[0:particles]
NewResults <- data.frame(feret, minferet)

length(NewResultsSferet) 1000

Filter for values:

newVar <- Results[ResultsSFeret < 25,]

FilteredResults <- Results[ResultsSFeret < 25,]

Filteredferet <- FilteredResultsSFeret[0:particles]
Filteredminferet <- FilteredResultsSMinFeret[0:particles]
NewResultsFiltered <- data.frame(Filteredferet, Filteredminferet)
colnames(NewResultsFiltered) <- c¢("Feret", "MinFeret")

Plot a histogram:

1500

1000

Frequency

500
|

hist(NewResultsSFeret)

Histogram of Results$Feret

Results$Feret

20
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Do statistics

Many statistical testin the base package, with many more to download:

#Normality test
shapiro.test(feret)
shapiro.test(minferet)
length(minferet)

- Two-sample differences tests (e.g. t-test).
- Non-parametric tests (e.g. U-test).

- Matched pairs tests (e.g. Wilcoxon).

- Association tests (e.g. Chi squared).

Common R packages:
ggplot2 (Grammar of Graphics) popular data visualization library.

data.table fast handling a vast amount of data (up to 100GB)
dplyr data manipulation
tidyr helps to create tidy data (see also: Tidyverse)

Installing and loading packages:

packages.install(“ggplot2”)

UNI ¢¢® BIO-INSPIRED
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Plot data

Frequency

Frequency

Frequency

#particles

Histogram of NewResults$feret

linear regression between min and max feret

g
: Particles smaller than (Feret) 8 nm; First 1000 Particles o _
& 500 bins, with kernel density plot and legend
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