2. Handling with experimental data

2.1 Organization of work, type of data

Why is it important to process experimental data continuously?

Avoid this approach:
,| am experimenting this year. During the next one | am going to evaluate what | got”

Types od data:

- Numerical data - raw data or data converted to the numerical form, may be obtained with
simple tools (ruler etc.) or more complex instrumentation (spectrophotometer, etc.)

- Graphical data - very frequent type of data, their quantification is extremely important

- Structural data - analytical data, outputs from sequencing machines, mass spectrometers, etc.
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2. Handling with experimental data

2.1 Organization of work, type of data

Software used in modern laboratory:

- Software controlling machines - very often quite complex. For the user, the most
important is the form of the output (table, text)

- General, , office“-type software - text and spreadsheet editors, graphical software,
presentation software, typically products of Microsoft at the Charles University

- Specialized software - very important in the field of image analysis and processing of
sequence data

- Open source software - very good tools, often problems with the compatibility

- Online software - mainly in bioinformatics, structure analysis, but there are also a plenty
of software available for various office applications
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2. Handling with experimental data

2.1 Organization of work, type of data

Windows Explorer or similar software (Windows Commander)

Individual folders should be named according to their date, ideally as YYMMDD (211104).
The date must correspond well to the one in the laboratory book.

Never modify folder with raw data - copying to the folder with other files accompanying
the experiment.

Back up data - external HDD, shared laboratory HDD drives, or online cloud repositories.

Do not postpone backuping!!!

Experiment must be always finished with complete documentation, do not start the new
one without finishing the previous.
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2. Handling with experimental data

2.2 Data explorers, correct data handling and saving

Windows Explorer

= () Protakaly
) 2002
) 2003
1) 2004
= 1) 2005

1) kevasinky
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) PEA

= O

B130P16E: Practical basics of scientific work

() 050302
() 050308
) 050316
() 050317
() 050323
() 050406
() 050420
) 050614
() 050624

% 050420

¢ Soubor  Opeavy  Zobrazit  Obibené  Mastroje  Mapovdda

Qwe-Q ¥ J) Hedst | [ oy | [~
S
Mazey welikost | Twp ZmEnéna
QEDDE 04 20 PINZ _3HIA& vs NPA a3 BFA L INB 312kE  SigmaPlot 9.0 Mote,..  22.4.2005 13:54
EEDDE 04 20 PIMN7 _ 3H IAA vs MPA a BRS Lxls 135 kB  List aplikace Microso...  21.4.2005 18:14
IZIEIII-42EI.|:||:u: 30kE Dokument aplikace ... 20.4.2005 16:02

() AdrianakyanifikacecE

() materidly pro alignme

Department of Experimental Plant Biology, FS CU https://lhr.ueb.cas.cz/petrasek/B130P16E.htm



2. Handling with experimental data

2.2 Data explorers, correct data handling and saving
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2.2 Data explorers, correct data handling and saving

2. Handling with experimental data

Total Commander

% Total Commmander

BE<]

- shareware

- the biggest advantage is the
existence of two identical
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2. Handling with experimental data

2.3 Spreadsheets, statistical software, graph editors

Bulk data processing, their editing and graphical output

| Y N Microsoft Excel - suitable for all basic operations including
' - BN statistics and various graphical outputs
i

Specialised mathematical or statistical software - Statgraphics, NCSS, Matlab, or the open

source alternative R
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2. Handling with experimental data

2.3 Spreadsheets, statistical software, graph editors

Keeping a complete log of the experiment, automation of numerical operations
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2. Handling with experimental data

2.3 Spreadsheets, statistical software, graph editors

Keeping a complete log of the experiment, automation of numerical operations
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2. Handling with experimental data

2.3 Spreadsheets, statistical software, graph editors

Bar plot versus box plot - what is better?

a Uniform b
100, ---sd.  Bar plot 100y =—v— Box plot
—s.e.m, .
8 80‘ n-bg cae 80‘ : ——
= a0 : : 60 =P
0 20 40 60 80 100 g 607 : = ‘4 : 1 3= :
Unimodal .g 401 404 I —_ F l
D 20' 20. - T ————
& . 0 03 ke
I L] L) 1
0 20 40 60 80 100 Violin plot Bean plot
Unimodal 2 P A g
4
=
) ..umm s
I ] L 1 ©
0 20 40 60 80 100 1
Bimodal -
T '
,_‘ : . 1_‘ & g \ >
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Data values N 3 ®

Spitzer M, Wildenhain J, Rappsilber J, Tyers M (2014) BoxPIotR: a web tool for generation of box plots. Nat Methods 11:121-122.
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2. Handling with experimental data

2.3 Spreadsheets, statistical software, graph editors

Creating graphs - line/scatter plots, bar charts, box plots, histograms

P SIGMAPLOT

Exact Graphs for Exact Science

SigmaPlot 14
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https://www.analytica-world.com/en/products/54805/sigmaplot-14-data-analysis-software.html
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2. Handling with experimental data

2.3 Spreadsheets, statistical software, graph editors

Creating graphs - line/scatter plots, bar charts, box plots, histograms

In biology, it is good to plot all data together with their summaries and statistics

Shiny apps - R-based web tools for creating plots

PlotsOfData SuperPlotsOfData
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2. Handling with experimental data

2.4 Processing of structural and sequence data

Notepad - a digital notebook, which is still an invaluable helper
It is important not to use formatting to write nucleotide or amino acid sequences
The most commonly used is the so-called FASTA format

| *Untitled - Notepad — H X

File Edit Format View Help

>NP_177508.1 Auxin efflux carrier family protein [Arabidopsis thaliana]
MITAADEYHVMTAMVPLYVAMILAYGSVKWWKIFTPDQCSGINRFVALFAVPLLSFHFIAANNPYAMMLR
FLAADSLQKVIVLSLLFLWCKLSRNGSLDWTITLFSLSTLPNTLVMGIPLLKGMYGNFSGDLMVQIVVLQ
CITWYTLMLFLFEYRGAKLLISEQFPDTAGSIVSIHVDSDIMSLDGRQPLETEAEIKEDGKLHVTWVRRSN
ASRSDIYSRRSQGLSATPRPSMNLTNAEIYSLQSSRNPTPRGSSFNHTDRYSMMASGGGRNSHFGPGEAVE
GSKGPTPRPSNYEEDGGPAKPTAAGTAAGAGRFHYQSGGSGGGGGAHYPAPNPGMFSPNTGGGGGTAAKG
NAPVVGGKRQDGNGRDLHMFVWSSSASPVSDVEFGGGGGHNHHADY STATNDHQKDVK ISVPQGNSHNDNQYWV
EREEFSFGNKDDDSKVLATDGGNNISNKTTQAKVMPPTSVMTRLILIMVIWRKLIRNPNSYSSLFGITWSL
ISFKWNIEMPALTAKSISILSDAGLGMAMEFSLGLFMALNPRITACGNRRAAFAAAMRFVVGPAVMLVASY
AUGLRGULLHUAIIQAALPQGIUPFUFAKEYNUHPDILSTAUIFGMLIALPITLLYYILLGQ

Ln 10, Col 63 100%  Windows (CRLF) UTF-8
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2. Handling with experimental data

2.4 Processing of structural and sequence data
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2. Handling with experimental data

2.4 Processing of structural and sequence data

3D structures of macromolecules — Molstar viewer

Mol* (/'molstar/) is a modern web-based open-source toolkit for
visualisation and analysis of large-scale molecular data

Sehnal et al., Nucleic Acids Res 49:W431-W437, 2021
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2. Handling with experimental data

2.4 Processing of structural and sequence data

3D structures of macromolecules - Al-based solution for ,,in silico” translation

©) AlphaFold2.ipynb
File Edit View Insert Runtime Tools Help

~

AlphaFold
Protein Structure Database [
~ ColabFold: AlphaFold2 using MMseqs2

Developed by DeepMind and EMBL-EBI )

+ Code + Text # Copy to Drive

iii

Easy to use protein structure and complex prediction using AlphaFold2 and Alphafold2-multimer. Sequence
o alignments/templates are generated through MMseqs2 and HHsearch. For more details, see bottom of the
notebook, checkout the ColabFold GitHub and read our manuscript. Old versions: v1.0,v1.1,v1.2,v1.3

Mirdita M, Schiitze K, Moriwaki Y, Heo L, Ovchinnikov S, Steinegger M. ColabFold: Making protein folding
accessible to all. Nature Methods, 2022

Examples: Free fatty acid receptor 2 At1858602 Q5VSL9 E.coli Help: AlphaFold DB search help

Feedback on structure: Contact DeepMind

» Input protein sequence(s), then hit Runtime -> Run all

query_sequence: ' PIAQIHILEGRSDEQKETLIREVSEAISRSLDAPLTSVRVIITEMAKGHFGIGGELASK

¢ Use : to specify inter-protein chainbreaks for modeling complexes (supports homo- and hetro-oligomers). For example PI...SK:Pl...SK for a homodimer

jobname: ' test

use_amber: 7]

template_mode: none

* "none" = no template information is used, "pdb70" = detect templates in pdb70, “custom” - upload and search own templates (PDB or mmCIF format, see notes below)

Show code

NtPIN2T NtPIN3bT NtPIN11T
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

The task of image analysis is to evaluate features that are often not apparent at first

Image Segment
Features Labeling Propertie

]

glance
File Naming
Image A
Preprocessing
Table Row To
J List Folders Row Filter Variable Loop Start Image Processing
Raw Images l Pre-Processed Images a r > 2 b o ;
(] n p —D— - " - - - - -
. - - ~y s
Image Analysis ——> s
‘— -
l Image Features Image Reader Connected Component
) (Table) ImageJ Macro Global Thresholder ~ Analysis  Labeling Filter Label Transformer
4
s _B > p—p M -\>|L>—>"»—»|g'>—>»->—>|(g)>—>},>
Quantification —> 1 Area Perimeter 4
2 13542 466 .

Quantified Parameters

Wollmann T et al., J Biotechnol 261:70-75, 2017
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Artificial intelligence in image analysis

Cell Type
Differentiation
Cancerization
Cytopathy

Eecales Drug Screening

Application

Augmented
Microscopy

Basic Research

Migration
Division

High-content
Efficient
Real-time
Objective
Super-Resolution

Assistant Diagnosis

Acceleration

Liu et al., Comput Biol Med 134:104523, 2021
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Summary of image analysis tools for plant research

Quantitative Plant

A website presenting image analysis software tools and models for plants

X <

Plant & Crop models
software tools

Developed by W EMPHASIS

63

Image datasets
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Summary of image analysis tools for plant research

@ Quantitative Plant  Image software tools  Image datasets  Plant and Crop models APl Submit  About

‘ root-system V‘ l Measurements Vl l License Vl ‘ Automation leve V‘ ‘T 1%
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‘E‘ ‘E‘ root-system root-system root-system
Sem[oomm) | | B[ =] | | @]]e]o)m= abem
| © insertion | | © diameter | | © growth | © count |

‘ E

"> gravitropism ‘

Gl:O— !oq_‘gs
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Prececaing Imagel - open source image analysis

Workflow

.. i peopaad Rowrrar
ey P

arenien

\
Acquisition Image J Image J ecosystem
— & 0 0
3
= | https://cif.unil.ch/cif-wiki/several-image-processing-workflow-examples/
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2.

Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Image) (NIH)

Imaged

Image Processing and Analysis in Java

J
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Imaging tutorials
Scientific
Imaging
Tutorials
(imagej.net)
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

NIS Elements — good example of commercially available, comprehensive image anaIyS|s tool

o NIS-Elements AR [Current user: petrasek] - [ABP1_FM4-64cili membrany_jadrohoechstjpg]
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http://www.lim.cz/files/File/NIS-Elements/Docs/Prospekt_NIS-Elements.pdf

2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

NIS Elements — good example of commercially available, comprehensive image analysis tool
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Graphical software for grabbing
and processing of micro- and
macroscopical images

Leica teica

MICROSYSTEMS

Zeiss

Nikon

Nikon -
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http://www.nikoninstruments.com/en_CZ

2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Colour depth in biological imaging

8 bit - 256 levels of grey (28)
12 bit - 4096 levels of grey (21?)

16 bit - 65536 levels of grey (216)

24 bit - 16 777 216 levels of grey (224)

A suitable LUT, i.e. Look Up Table, is the key
to correct presentation of the image
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Analysis of colocalization
PINl GFP
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Analysis of intracellular protein dynamics

Before bleach After bleach FRAP 10 min

Control Control Control

Concave

\ Control

Convex

Vandenbussche et al., 2009, Development 137, 597-606
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Analysis of intracellular protein dynamics
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Vandenbussche et al., 2009, Development 137 597 606
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Interaction between two proteins - FRET analysis in vivo (PIN1-ADL1)

620 nm

RFP peak

s

Spectral detection using ZEISS
META 510 detector, laser 477 nm
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Interaction between two proteins - FRET analysis in vivo (PIN1-ADL1)

Average fluorescence intensity measured over the emission spectrum
in the following region of interests:

ROI1 - middle cell plate

ROI2, ROI3 - growing ends of the cell plate

ROI4, ROI5 - transversal and longitudinal plasma membranes

Intensity

500-520 nm unmixed

1585 - ROI1 - low FRET
1085 .
/ 600-620 nm unmixed ROI2, ROI3 - hlgh FRET
i
ROI4, ROI5 - no FRET

480 500 520 540 560 580 600 620 640 660 680 700
Emission wavelength (nm)

ROI1 — ROI2 — ROI3 — ROI4 — ROI5 —
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Raster graphics a its editing using software editors
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https://www.adobe.com/in/products/photoshop.html?mv=affiliate&mv2=red

2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Beware of too extensive modifications!!!!
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2. Handling with experimental data

2.5 Image analysis, graphical software, presentation software

Vector graphics combined with raster graphics - ideal for creating images for scientific publications
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https://www.adobe.com/in/products/illustrator.html?mv=affiliate&mv2=red

2. Handling with experimental data

2.6 Open source graphical software

Both vector and raster graphics can be edited using freely available programs, but for the
purpose of presenting scientific outputs these tools are rather not suitable
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