
PROPEDEUTICS Seminar

 Scientific Software and Databases 

Johannes A. Schmid

Tel.: 01-40160-31155

Email: Johannes.Schmid@meduniwien.ac.at

5Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



Bookmark slide

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research 6 of 370



Software for Commercial Software Freeware

Writing 

Calculating

Presenting

MS-Word

MS-Excel

MS-Powerpoint

OpenOffice

LibreOffice

Office-Online (Word, Excel,…)

Google Docs

Literature

Citation managing

Endnote

(Reference Manager)

Myendnoteweb

Sciwheel (https://sciwheel.com) 

Zotero

Bibus

Mendeley

Pdf-editing Adobe Acrobat Prof. Pdf-XChange Editor

Image Processing Adobe-Photoshop

Adobe Illustrator

both: (Vers. CS2:free)

Gimp, Irfanview, Paint.net

InkScape

Image Analysis ImageJ, Fiji, CellProfiler

Curve fitting

Data analysis

GraphPad-Prism

Sigmaplot, MS-Excel 

CurveExpert

Cytometry CellQuest, DIVA, … CytExpert

Cytoflow

X-ray structure analysis Chimera, Rasmol, RasTop

CN3D (iCN3D)

Sequence analysis Snapgene, VectorNTI

CloneManager

CLC Sequence Viewer

UGENE, SnapGene Viewer, SerialCloner, ApE

Network visualization Cytoscape
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https://sciwheel.com/
http://www.mendeley.com/


Download-links for software

• Online Office packages: 

- OnlineWord, Excel, Powerpoint..: https://www.office.com (You need a free MS-account: hotmail or outlook) - 

GoogleDocs, Google sheets etc: https://docs.google.com …

- OnlyOffice: similar to Word.. https://www.onlyoffice.com 

• LibreOffice: https://de.libreoffice.org 

• OpenOffice: https://www.openoffice.org/de/

• Mendeley: https://www.mendeley.com/ .. If you don‘t have Endnote

• MyEndnoteWeb: https://www.myendnoteweb.com/ - free alternative to Endnote

• Sciwheel: https://sciwheel.com 

• pdf-xchange editor: https://www.tracker-software.com/products   

• free (older) versions of Adobe Photoshop and Adobe Illustrator: 

https://www.computerbild.de/download/Adobe-Photoshop-CS2-Vollversion-8040793.html

https://www.computerbild.de/download/Adobe-Illustrator-CS2-Vollversion-8043129.html 

• Gimp: https://www.gimp.org , Inkscape: https://inkscape.org/ 

• Fiji-version of ImageJ: https://fiji.sc 

• CellProfiler: http://cellprofiler.org 

• Graphpad Prism (trial version): http://www.graphpad.com/scientific-software/prism/ 
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Offline alternatives to MS-Office

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

https://www.office.com/
https://docs.google.com/
https://www.onlyoffice.com/
https://de.libreoffice.org/
https://www.openoffice.org/de/
https://www.mendeley.com/
https://www.myendnoteweb.com/
https://sciwheel.com/
https://www.tracker-software.com/products
https://www.computerbild.de/download/Adobe-Photoshop-CS2-Vollversion-8040793.html
https://www.computerbild.de/download/Adobe-Illustrator-CS2-Vollversion-8043129.html
https://www.gimp.org/
https://inkscape.org/
https://fiji.sc/
http://cellprofiler.org/
http://www.graphpad.com/scientific-software/prism/


Download-links for software II

• Cytometry: Flowing Software: http://www.uskonaskel.fi/flowingsoftware/

Cytexpert: https://www.beckman.com/coulter-flow-cytometers/cytoflex/cytexpert 

Cytoflow: https://cytoflow.github.io 

• 3D-molecular structure viewer ChimeraX: https://www.cgl.ucsf.edu/chimerax/  

CN3D (from NCBI): https://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3d.shtml

• Sequence analysis (DNA, RNA, protein, plasmids):

SnapGene Viewer: http://www.snapgene.com/products/snapgene_viewer/

UGENE: http://ugene.net

Serial Cloner: http://serialbasics.free.fr/Serial_Cloner.html

• Network visualization: Cytoscape: http://www.cytoscape.org

• LinRegPCR for realtime PCR (qPCR) analysis: 

http://www.hartfaalcentrum.nl/index.php?main=files&sub=LinRegPCR

•  Plagiarism check: VIPER: http://scanmyessay.com/ 
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Content of the 1st session

• MS-Word

• Endnote (citation manager software)

• Mendeley (free citation manager software)

• SciWheel Workspace 

• PubMed database: professional search and link to citation 

manager
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Microsoft-Word 
From 2003 to 2007-2010-2013-2016… Microsoft 365
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Clicking the arrow at the 

lower right end of an entry 

opens a detailed submenu



Some Hints for MS-Word 

• There are three different ENTER commands:

- ENTER alone: new paragraph

- SHIFT / ENTER: new line (e.g. in bulleted lists)

- CTRL (Strg) / ENTER: new page

• Use rather tables instead of tabulators (e.g. when you write a CV; you 

can make the lines invisible)

• You can copy all different kinds of files into a Word-file and maintain 

the original file in the background (e.g. Excel graphs…) by OLE (Object 

Linked Embedding)

• You can generate hyperlinks to other files or websites

• Use „Insert symbol“ for Greek letters instead switching to Symbol font

(this maintains the symbols if you are switching the font later)

• You can apply the auto-correction feature for frequently used text 

(including formats such as symbols: e.g. „NF“ is replaced by „NF-κB“ or 

TNF is replaced by TNFα)
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Finding a command

• using the search window in the 

toolbar, you can find most 

commands quickly: 
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Using the auto-correction feature

14

File Menu > Options > 

Proofing > Autocorrection

- you can delete 

unwanted entries (e.g. 

DNA> DANN)

- you can specify that it 

shouldn‘t capitalize letters 

after a period (e.g. 

abbreviation p53)

- you can define your own 

abbreviation-autotext 

entries (even in a 

formated manner 

including Greek symbols 

e.g. NF > NF-kB)

- you can define auto-text 

entries, e.g. that „phos“ is 

always extended to 

„phosphorylation“
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Customizing Word

15

There is a fast access toolbar that can be 

customized
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Customizing Word

16

There is a fast access toolbar that can be 

customized
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Customizing Word

17

Right-clicking on the menu, 

allows customizing each tab.
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Language and spell checking settings
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Language is usually automatically set. 

You might consider to set it specifically to US-English 

(e.g. if you are submitting a manuscript to a US-journal)
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Spell-Checking in MS-Word

19

mistakes are underlined in 

red; right-clicking on the 

wrong word opens a 

context menu: 

suggestions for the right 

word – or: option to add 

the unknown word to the 

dictionary

(the latter makes sense to 

add scientific terms to the 

dictionary). It‘s 

recommendable to use 

this feature for correct 

scientific writing.
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You find your custom 

dictionary at: 

C:\Users\username\AppData\Ro

aming\Microsoft\UProof:

CUSTOM.DIC

(can be transferred to other PC)

Grammar check 

can be helpful, too



The Thesaurus: Shift-F7 (or right-click in a word)
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• gives you suggestions for synonyms

(quite convenient, when you write a longer text, where you 

don‘t want to use the same words again and again)



Other useful 
features: Count 
words, characters
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Compare and merge documents 
(if several people work on the same document)



The Reviewing Mode of MS-Word: As Reviewer
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1. Click on the 

reviewing tab

2. Activate the „track 

changes mode“ 

(Änderungen 

nachverfolgen)

3. Type your changes 

into the document

(deleted text will 

appear struck-

through) , changes 

are marked in a 

different colour 

(according to the 

reviewer-computer 

settings)

4. If necessary: add 

comments

5. You should de-

activate the track-

changes mode again 

at the end
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The Reviewing Mode of MS-Word II: 
accept or reject changes done by the reviewer

24

right-click onto a 

change and either 

accept or reject a 

modification 
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- or use the 

Accept button



Insert a Table of Contents

25

When you define headings in your 

document, these can be used for 

inserting a table of contents

Headings: usually:

Ctrl +1 (Heading 1)

Ctrl +2 (Heading 2)..
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Insert a Table 
of Contents
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Insert a Table of Contents

27Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

„Ctrl + click“ on an 

entry lets you jump 

to the respective 

page of the 

document

Table of content 

can be updated by 

clicking on the top 

(or right-clicking 

into it)



Copying Excel Graphs into Word (as Excel file)
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In Excel: click on the graph and copy it (Ctrl-C)

> in Word (Home tab): click: Paste special: and paste as Excel object

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



Opening Excel Graphs in Word (as Excel file)
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Double clicking on the 

graph in the Word file 

opens a small Excel 

Window (the frame 

changes):

> you can change the 

appearance of the graph 

(as in Excel)

> you can also go into the 

data and change the data 

that is shown etc.

This procedure can be done with every file that allows OLE (Object Linked embedding)



The different tabs and toolbars
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The different tabs and toolbars

31

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



Developments since MS-Office 2013

• Usability on tablets and convertibles

• Strong connection to Onedrive the cloud-solution of Microsoft (with 

hotmail or outlook account)

• New licensing strategy: Microsoft365: always newest Office : (Word, 

Excel, Powerpoint, Outlook, OneNote, Access, Publisher): rental for 

students and academics possible – but not supported by our 

University for employees (due to data safety issues).

• Microsoft365 is free for most students  with some restrictions at the 

Med.Univ Vienna (does not include the 1TB Onedrive space)

• pdf‘s can be converted in Word documents (format maintained, 

editable)

• Integration of online videos or pictures, recording of the screen…
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Add-ins within Word 2013 and later
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Apps in Word 2013
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Mendeley Add-In for citations

Adding of figure legends
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You can open the same document twice 

(e.g. to work on 2 different positions 

simultaneously)

(Dragging the window to the left margin of 

the monitor will scale it exactly to the left 

half of the monitor >> and vice versa on the 

right side)

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



37

The Navigation Window
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Some features since Word 2016
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• Better sharing options

• Authors can work simultaneously on the same document on the cloud (Onedrive)  
→ You can work with others on a manuscript or grant proposal simultaneously and see 

changes in real time: BUT: frequent error messages with large or complex documents

Changes done by co-authors 

can be checked and previous 

versions can be restored

Chat function for co-authors 
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„Search“ Button

> Help function that initiates the command immediately

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



40

Smart Look up function within a document (by right-clicking a word)

Hand-written equations can be automatically converted:

Insert > Equation > Ink Equation

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



41

Hand-written equations can be automatically converted:

Insert > Equation > Ink Equation
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Inserting of 3D models
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Some features of Office 365 users:
Opening of Word-files, which had been received as 
email attachment:
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Translations within a document
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Working with images in Office files
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Double click on an image and 

perform brightness/contrast 

adjustments, changes of 

colors or removal of 

background…
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Working with images in Office files
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The “Researcher” function
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Speech recognition (Dictating text)
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Included into the Start-tab of the latest version without the need of an Add-in
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Newest functions in Office 365

• Transparency of images

• Integration of animated 3D 

models
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Google Docs for text documents 
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Good MS-Word-alternative 

for shared documents 

(joint publications, grant 

applications etc.)

version history



Google Docs features
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upper right corner:



Google Docs features
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Google Docs features
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Google Docs Add-ons
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Many useful extensions:

- Sciwheel

- Paperpile

- Thesaurus



OnlyOffice: www.onlyoffice.com
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Online Office 

Package, which 

seems to combine 

advantages of 

GoogleDocs and 

WordOnline

https://www.onlyoffice.com/


OnlyOffice: www.onlyoffice.com
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OnlyOffice: www.onlyoffice.com
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OnlyOffice: www.onlyoffice.com

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research 58 of 370

https://www.onlyoffice.com/


PubMed Literature Search
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Keywords can be combined with logical operands (AND, OR, NOT – in capital letters), including brackets, and 

the search can be narrowed to certain fields such as title, author name, publication type (e.g. review) using 

squared brackets ... (AND can be omitted – at is set as default)

Registering for a free account (MyNCBI) allows saving searches – and performing searches with a 

collection of keywords automatically every day 

(with results sent by email)



PubMed search tags

60

Affiliation [AD] 

All Fields [ALL] 

Author [AU] 

Comment Corrections 

Corporate Author [CN] 

EC/RN Number [RN] 

Entrez Date [EDAT] 

Filter [FILTER] 

First Author Name [1AU] 

Full Author Name [FAU] 

Grant Number [GR] 

Investigator [IR] 

Issue [IP] 

Journal Title [TA] 

Language [LA] 

Last Author [LASTAU] 

MeSH Date [MHDA] 

MeSH Major Topic [MAJR] 

MeSH Subheadings [SH] 

MeSH Terms [MH] 

NLM Unique ID [JID] 

Other Term [OT] 

Owner  Pagination [PG] 

Personal Name as Subject [PS] 

Pharmacol. Action MSH Terms [PA] 

Place of Publication [PL] 

Publication Date [DP] 

Publication Type [PT] 

Publisher Identifier [AID] 

Secondary Source ID [SI] 

Subset [SB] 

Substance Name [NM] 

Text Words [TW] 

Title [TI] 

Title/Abstract [TIAB] 

Transliterated Title [TT] 

UID [PMID] 

Volume [VI]
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• when you are signed in, search results are highlighted.

• Phrases or exact word combinations can be searched with quotation marks 

(e.g. „prostate cancer“)

• Filters can be applied (left side)
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PubMed Literature Search
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Browser extension: Pubmed Impact factor: for filtering according to Impact factor



Using [ti] to search for title words
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when you are signed in, search results are highlighted.

Phrases or exact word combinations can be searched with 

quotation marks 

(e.g. „prostate cancer“)
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Advanced search: 

additional options, 

search history 

(search #1, #2 ...), 

the single searches 

can be combined 

(e.g. #1 AND #2) – 

and the resulting 

search (#3) can be 

set as automatic 

search („create 

alert“). In this way, a 

collection of 

keywords can be 

searched 

automatically every 

day – and the results 

sent by email
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Advanced search: 

additional options, 

search history 

(search #1, #2 ...), 

the single searches 

can be combined 

(e.g. #1 AND #2) – 

and the resulting 

search (#3) can be 

set as automatic 

search („create 

alert“). In this way, a 

collection of 

keywords can be 

searched 

automatically every 

day – and the results 

sent by email
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Email of the search results
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The downloaded file can be directly opened with Endnote (or other citation software)

In this way many search results can be imported at once into the reference software.
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Display settings can be changed:

Abstract display: contains „Link-Outs“ to the article on the journal 

website
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Sciwheel – web-based citation manager 
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• Browser and Word add-on available (as well as Google-Docs add-on)

• Projects: can be shared

• Makes suggestions of new literature based on the existing projects 

• License available for our university

https://sciwheel.com/

https://sciwheel.com/


Sciwheel – web-based citation manager 

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research 70 of 370



Import references to Sciwheel
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Import references to Sciwheel from 
Pubmed with Browser extension

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research 72 of 370



Search data base with Sciwheel
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Working with references in Sciwheel
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You can open attached pdf-files and highlight text, make comments etc. 



Word Plug-in for Sciwheel
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Google Docs Plug-in for Sciwheel
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Google Docs Plug-in for Sciwheel
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Writing a research paper with co-authors

• Make sure you are using the same text software – ideally 

one which allows working simultaneously on a shared 

document

• Make sure you are using the same citation management 

software: Sciwheel allows to share projects with your co-

authors

• Agree on a common software for generating figures 

(recommendation: use freeware such as Gimp for bitmap 

images – and Inkscape to create scalable vector graphics – 

so that all co-authors, students etc. can use that software) 
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AI tools for scientific literature

• https://sciwheel.com > create projects for specific topics > AI will find 

suggestions for further literature fitting to the topics in the project

• https://www.semanticscholar.org/

• https://www.chatpdf.com/

• https://typeset.io/resources/introducing-copilot-ai-assistant-explains-research-

papers/

https://typeset.io

• https://elicit.org

https://sciwheel.com/
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https://typeset.io/resources/introducing-copilot-ai-assistant-explains-research-papers/
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https://typeset.io/
https://elicit.org/


Writing scientific manuscripts

• Professional translation of German phrases to English: 

• https://www.deepl.com/translator

Apps for Windows, Mac, Android and iOS available

(e.g., mark text in any application > press Ctrl + CC > marked text is 

copied to a DeepL window and translated – and you can then insert the 

translated text in your document)

• Improved writing: https://www.deepl.com/write#en/

https://www.deepl.com/translator
https://www.deepl.com/write#en/


Endnote 

• There are Plug-Ins for MS-Word and Open Office – so that you do 

not have to type the citations – and it also takes over the 

formating and the numbering of the citations

• You can search PubMed directly from Endnote or Ref.Manager 

• From most of the Journals there are export links available for these 

programs

• You can use these programs to generate your own specific 

literature database

• URLs (weblinks) and pdf-Links can be added to the references

81

Software for scientific reference handling (citation manager)
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Endnote 

82

sortable list references can 

be opened by 

double clicking
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Connections to Databases (Pubmed)

83

you can either search the 

internet database (PubMed) 

– or your local database for 

references.

Search tags are „Author“ 

(e.g. Muster-T), Title, Year…

local database view

remote database view

local + remote database view (default)
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Endnote- Journal Styles

84

Formatting as requested by 

the editors of the Journals

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

„Output styles“ – in the Edit Tab



Endnote- Journal Styles

85

Formatting as requested by 

the FWF in grant application
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Styles can be edited (e.g. to add doi-hyperlinks)



Link to MS-Word

86

This Add-In is automatically added to 

MS-Word after installing Endnote

• The reference is inserted with the Journal style – 

and a reference list is added at the end of the 

document (in the Journal style as well); this can be 

done immediately („instant formatting“ on) or after 

clicking: „Update Citations and Bibliography“ 

• When you add citations later (e.g. in between other 

citations), the program automatically updates the 

numbering of the references in the text („Cite while 

you write“ feature)
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Link to MS-Word

87

• From a Word-file containing Endnote references an 

Endnote library can be extracted, which can then 

be extended (e.g. if 2 authors work on a 

manuscript) → you don‘t need to send Endnote 

libraries via email to co-authors, as they are 

already „embedded“ into the Word file. 
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Groups and Smart Groups of references
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Smart Groups

(are automatically 

updated, when 

new references 

are imported)

Groups

within references
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A search command (e.g. using * as 

wildcard) can be converted to a 

Smart Group using „Options“

Right-click on „My Groups“ can be 

used to create groups or smart 

groups
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Other Endnote features

• direct import of pdf-files (even of whole folders): the Journal information is 

detected in the pdf-file and imported into the respective fields (>useful to import 

old literature folders and generating Endnote files directly from them) 

• MyEndnoteWeb – a web version of the Endnote (to access endnote library files 

from other computers and to share citations) 

• Auto-hyperlink between in-text citations and the bibliography in EndNote X4 and 

Microsoft Word 

• Creating new groups by comparing, combining and suppressing existing groups. 

• Wildcards (word stem plus “*”)can be added within search terms for better search 

results (e.g. NF* for all versions of NF-kappa B) 

• pdf-preview window (editable)
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Importing of pdf-files into Endnote
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Pdf-file‘s or folders 

containing pdf-files 

of articles can be 

dragged directly to 

the Endnote window 

frame to be imported
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The preview panel 

92

References can be 

quicky edited in this 

tab

3 tabs: 

Reference, Preview, pdf

The „Preview“ tab shows the 

style of the citation, when the 

reference is inserted into a 

Word document
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The pdf-preview and editing tab
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highlighting

commenting

open in a new window

email the pdf-file
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Endnote Full-Text Search feature
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Open URL Path: currently not active for MedUni Wien

Pdf-file is automatically 

downloaded to the library (if the 

university has access to the full 

text)
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Further features

• library sharing with up to 14 colleagues

• research community in EndNote online

• Mac
®

and Windows
®

compatibility – install on up to 3 computers of 

either type

• Background synchronization 

• More than 6,000 reference styles

• Reference types such as interview, podcast, conference paper and 

press release

• Plug-in for adding citations to Microsoft
®

PowerPoint
®

slides 

(Windows only)

• Online storage of pdf-files: unlimited 

(X5 and X6: 5 GB, X4: 2GB)
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Free online Endnote: MyEndnoteWeb
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http://www.myendnoteweb.com

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

Limitation: 

Rather simple search

(not for: Title, author…)

http://www.myendnoteweb.com/


Free online Endnote: MyEndnoteWeb
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http://www.myendnoteweb.com

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

Plug-in available for inserting references into Word

http://www.myendnoteweb.com/


Find appropriate journals for your manuscript
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http://www.myendnoteweb.com
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Mendeley-Freeware alternative to Endnote
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http://www.mendeley.com/
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http://www.mendeley.com/


Mendeley Web Importer and 
Plugins for Word and OpenOffice
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pdf‘s can be dragged to the program window and are recognized; they can 

also be edited in the software (highlighting, adding notes…)
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Other Citation Managers
• Zotero: https://www.zotero.org/

• Papers (Mac and Windows): http://www.papersapp.com/

Recommendation: When co-authoring a manuscript find an agreement on the citation software before 

starting to write. 
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Task1: Citing literature in text documents 

(Pubmed / GoogleDoc / Sciwheel)

• Register for a gmail account (to use Google Docs)

• Register for an account on the Sciwheel literature database platform: 

https://sciwheel.com – and get the Browser extension of Sciwheel and the Google Add-

on (under Tools)

• Register for a Pubmed account and search for papers that contain the word roots 

“inflammat*” and “thrombo*” as well as the word “cancer” in the title and save it to 

your Sciwheel account. 

• Start a new Google document – and write any text. 

• Insert the citation of Franco et al. 2015

• Format citations and bibliography with the style of “The Lancet”

• How many words does the bibliography have including the preceding number of the 

citation? (Highlight the text and use the tool: Word count)

Put this number into the results field and upload a screenshot of your Google Doc. 
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https://sciwheel.com/


Microsoft Excel 

104

You can use auto-fill in functions:

• e.g. type in „0“ and „0.2“

• click on lower right corner

• drag down up to the desired value

• the increment will always be as the first one

• this also works for dates, weekdays etc. 

Some hints:
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Microsoft Excel 

105

By default text is left-aligned 

and 

numbers are right-aligned

If you have troubles that 

numbers (with commas) are 

recognized as text: 

You can change that in the 

Excel options:

- specify whether „.“ or „,“ is 

used as decimal point

Some hints:
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Working with Excel: Calculations

106

By typing the equation 

sign [Shift =] in a cell, 

you enter the 

equation mode

➢you can perform all 

different kinds of 

calculations:

➢simple ones: with 

the mathematical 

operands (by clicking 

into the respective 

fields)

➢more complex ones 

by activating the fx 

button (or the field 

showing the functions 

used lately)
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Working with Excel: Calculations
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By typing the equation 

sign [Shift =] in a cell, 

you enter the 

equation mode

➢you can perform all 

different kinds of 

calculations:

➢simple ones: with 

the mathematical 

operands (by clicking 

into the respective 

fields)

➢more complex ones 

by activating the fx 

button (or the field 

showing the functions 

used lately)



Executing a calculation on a whole column

• Grabbing a calculation cell at the bottom 

right corner and dragging it down, 

executes the calculation based on the 

cells next to that column

• double clicking onto the bottom right 

corner of the cell with the equation, 

performs the calculation for the whole 

column (even if it‘s very long!)

(the cursor changes its shape to a thin 

cross, when it is at that corner)
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If you want to calculate a long column double click onto the 

lower right corner of the cell with the equation 
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Tricks: If you want to keep a field constant in an equation: type a 

„$“ in between column-letter and row-number 
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• clicking into an 

equation shows 

the cells that 

are used for it

• Formulas > Trace 

precedents: shows 

equation traces



Tricks: If you want to keep a field constant in an equation: 
You can also mark the cell (or the range) and press F4
It will automatically add the $-signs correctly
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Checking whether a cell is contained in 
another column (somewhere)
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=ZÄHLENWENN($F$11:$F$1000;E11)

ENGLISH: „COUNTIF ($F$11:$F$1000;E11)

                                     range to compare; specific cell
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Removing of duplicate rows

• Select the range (or the whole sheet)

• In the data tools tab: click on „Remove duplicates“

113Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



Filtering of sheets
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Filtering functions
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You can perform frequently used calculations by 
using predefined Excel sheets (as templates)

116

Excel-templates on my website (under „For Scientists“):

http://www.meduniwien.ac.at/user/johannes.schmid/tools.html 

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

http://www.meduniwien.ac.at/user/johannes.schmid/tools.html
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Working with Excel-Graphs
• Highlight a certain cell area 

- press „Strg“ or „Ctrl“ if you want to activate separate areas

- include the title row (if you want an appropriate legend)

• click the Insert tab and the desired graph type 

- note: don‘t use the „Line“ type if you want to generate a normal x/y-graph, but the „scatter“ 

type with connecting line („Line“  type generates equal x-axis distances regardless of the data)
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Working with Excel-Graphs
• Highlight a certain cell area 

- press „Strg“ or „Ctrl“ if you want to activate separate areas

- include the title row (if you want an appropriate legend)

• click the Insert tab and the desired graph type 

- note: don‘t use the „Line“ type if you want to generate a normal x/y-graph, but the „scatter“ 

type with connecting line („Line“  type generates equal x-axis distances regardless of the data)
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Working with Excel-Graphs
• Highlight a certain cell area 

- press „Strg“ or „Ctrl“ if you want to activate separate areas

- include the title row (if you want an appropriate legend)

• click the Insert tab and the desired graph type 

- note: don‘t use the „Line“ type if you want to generate a normal x/y-graph, but the „scatter“ 

type with connecting line („Line“  type generates equal x-axis distances regardless of the data)

120Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

y = -53,34ln(x) + 191,87
R² = 0,9988
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Changes can be made 

by right-clicking

or double clicking

graph elements 



Working with Excel-Graphs

• Clicking on the graphs 

activates additional 

tabs

(Chart Design, Format)

• Predesigned styles
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Working with Excel-Graphs

• Quick Layout options. 

legends, titles… etc.
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Working with Excel-Graphs

• Adding chart elements such as trendlines
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Working with Excel-Graphs

• Right-clicking on data points or clicking on the „+“ sign next to graphs  

allows adding a trendline, as well
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Adding error bars • Chart elements: Error bars

• Choose the last option (more options)
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Adding error bars
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• Chart elements: Error bars

• Choose the last option (more options)

• Specify the column containing the error bars



Graph elements can be filtered
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Generating graphs with two y-axes
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• Right-click on a dataset > format data series



Generating graphs with two y-axes
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• Right-click on a dataset > format data series

• Secondary Axis



Tabs
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Tabs
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Excel Pivot Tables

• To summarize results… 

• Mark table > insert PivotTable > define values to be included
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Conditional formating of cells

133

Start-Tab > 
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Add-ins
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Importing of data from text or csv sources…
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Development tools: Macros, Add-Ins…
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Since Excel 2016
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6 new graph types
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Forecasting functions
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Forecasting functions
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3D maps                    Tell me… function

140

… suggest available functions, 

which can be executed quickly 

Smart Look-up
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3-dimensional scattergramm (bubble charts)
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Limitations of Excel graphs (>R ggplot2)

• Colors of graph elements cannot be controlled by a numerical value 

(> R ggplot2 graphs)
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Limitations of Excel graphs (>R ggplot2)

• Excel does not have sophisticated graphs like violin plots or parallel 

coordinate plots
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Limitations of Excel graphs (>R ggplot2)

• Excel has limitations for multi-dimensional graphs
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Limitations of Excel graphs (>R ggplot2)

• Excel has limitations for automated multiple graphs 

(like scatterplot matrices)
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Data analysis and Solver functions
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Have to be activated: File > options > Add-ins



Data Analysis Functions

147

Tab: Data >

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

Link to website

https://support.microsoft.com/en-us/office/use-the-analysis-toolpak-to-perform-complex-data-analysis-6c67ccf0-f4a9-487c-8dec-bdb5a2cefab6?ns=excel&version=90&syslcid=1033&uilcid=1033&appver=zxl900&helpid=xladdin.chm1780&ui=en-us&rs=en-us&ad=us


Defining variables for equations

148

1. Parameters for equations can be defined in the Formula tab („Define name“) 

e.g. k and d of a linear equation

2. These parameters can then be used in the function mode in combination with cells

3. Changing the parameters (k and d) also changes the results in y-column
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Defining variables for equations

149

1. Parameters for equations can be defined in the Formula tab („Define name“) 

e.g. k and d of a linear equation

2. These parameters can then be used in the function mode in combination with cells

3. Changing the parameters (k and d) also changes the results in y-column

4. An equation can be used to calculate expected y-values (dependent values) for given 

x-values using any starting values defined for the variables.
(in this case k and d as defined in the green cells; the x-value is taken from column B)
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Defining more complex 
equations

150

Variables
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Curve fitting with the Solver function

151

1. An equation is defined, which 

should be used for curve 

fitting

2. The parameters for this 

equation are defined as 

names and some initial 

values are given

3. This equation is used to 

calculate expected y-values 

(dependent values) for given 

x-values using any starting 

values defined for the 

parameters.

4. The difference between 

calculated values and 

measured vales is calculated 

and squared 

5. The best curve fit for a given 

equation is obtained, when 

the sum of the squared 

differences is minimal – this 

can be optimized using the 

solver function.

parameters

1

2

3
4measured

5
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Curve fitting with the Solver function II

152

6. Clicking the „Solver“ button in the Data tab 

opens a window, where you can define that the 

objective (sum of differences squared, red mark) 

is processed to a minimum (Min) by changing the 

variable cells (blue). Clicking the „Solve“ button 

then iteratively changes the variables until the 

minimal difference between fitting curve and the 

data is achieved

 of diff-squared (column Z)
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Example of a single and double curve fit with Excel 

(from my website at: http://www.meduniwien.ac.at/user/johannes.schmid/protocols.htm - Excel templates:

FRAP template for single values + curve fitting)

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

http://www.meduniwien.ac.at/user/johannes.schmid/protocols.htm


Curve fitting incl. R2 calculation
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Example: dose-response curve fit (Link on my website)

R2 = 1.0 - (SSres/SStot)

SSres: Sum of squared residuals (sum of squared differences (measured – fitted))

SStot: Sum of squares total: sum of squared differences (measured – mean of measured)

http://www.meduniwien.ac.at/user/johannes.schmid/dose_response_fit_withR2.xlsx


Curve Fitting Software: CurveExpert: 
Fitting many equations in a batch mode
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• https://www.curveexpert.net/ - free trial version with quite low 

restrictions available, commercial: not that expensive (79$)

• Data can be copied/pasted from Excel

• Data points are fitted against about 60 built-in equations, which 

are then scored according to the goodness of fit 

https://www.curveexpert.net/


Curve Fitting Software: CurveExpert
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• Double clicking on a model opens a detailed graph-result 

Data: COVID infections, Austria, 1st wave



QTiPlot – a powerful Excel alternative

• Small (20MB) and powerful spreadsheet program available in 

many languages: https://www.qtiplot.com 

• Rich graph features beyond Excel graphs

• Sophistical curve fitting is possible

• Statistical analyses beyond Excel

• Available as professional software for 10€ from our IT-dept.
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https://www.qtiplot.com/


QTiPlot – graphs

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research 158 of 370

stacked curves

contour plots and heatmaps

violin plots

surface plots



QTiPlot – data analysis

• Correlation, interpolation smoothing

• Curve fitting: Logistic, Boltzmann, 

Gauss, Lorentz, Multi-peak fit;

custom equations
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QTiPlot – statistics and data handling

• Non-parametric tests like Mann-Whitney, 

• Different types of ANOVA + posthoc tests (Bonferroni, Tukey, 

Sidak..) 

• data exchange with Excel (including graphs with OLE), Origin, 

LabView

• Import from SQL-databases, MS-Access and Matlab

• direct data import via serial port

• Python scripts and automated data analysis

• Plots can have 2 or more layers
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Curve Fitting Software: GraphPad Prism

• www.graphpad.com 

• Rental license 

available at the 

MedUni (84€/year)

• Data can be copied 

from Excel

• Structured 

according to 

scientists‘ needs

• 1st step: Definition 

of the data 

structure
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here: version 5

http://www.graphpad.com/


GraphPad user 
interface

162

Data tables

(data can be 

excluded with 

„Ctrl-E“)

Results tables

Graphs: 
automatically 

generated 

(including error 

bars, if replicates or 

SD are specified)

Complete toolbar (Tab-structure)

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



GraphPad 
Graphs

163

• error bars 

are drawn 

automatically

• graphs and 

results 

belonging to 

the same 

data sheet 

are shown in 

bold in the 

navigation 

pane
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Analyzing data (curve fitting)
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Analysis options

165

- One can choose a 

fitting algorithm from a 

large set of equations

- If you are not sure 

about the correct option 

you can click on “Learn 

about this equation”
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Fitting parameters I
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Fitting parameters II
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Fitting parameters III
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Diagnostics of curve fitting
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The fitted curve is shown in 

the graph; if the same data set 

is fitted with different equations, 

all fitted curves can be plotted

Plot of Residuals
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Results Window

172

- gives the fitted values for equation 

variables, their standard error, 95% 

confidence intervals, the goodness 

of fit (R2) and diagnostic parameters
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Changing of graph elements

173

< the appearance of 

individual datasets can be 

changed (or all at once)

< plotting of SEM or SD 

error bars can be set

< symbols, borders, lines, 

error bars and legends 

can be defined
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Exporting of high resolution graphs

174

You can either copy/paste the graph 

(e.g. into Word as GraphPad object)

or export it with defined 

specifications (e.g. at high resolution 

for publication: monochrome, TIF, 

1200 dpi)
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Hint: Exporting as pdf-file allows loss-

less import into software that uses 

scalable vector graphics (*.svg-files) 

like Inkscape



Creating layouts of several graphs
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Erg1 nuclear FRAP
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graphs will be 

nicely aligned 



Calculating values from a standard curve (after 
non-linear regression). Example: dose-response
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Calculating values from a standard curve (after 
non-linear regression). Example: dose-response
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interpolated 

unknowns
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Statistics with GraphPad-Prism

http://cdn.graphpad.com/docs/prism/6/Prism-6-Statistics-Guide.pdf

Excellent Statistics Guide! (402 pages).
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http://cdn.graphpad.com/docs/prism/6/Prism-6-Statistics-Guide.pdf


ANOVA (Analysis of Variances)
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ANOVA

ANOVA alone just tells you, 

whether the columns (groups) are 

the same or not; it does not tell 

you, which groups differ 

significantly from each other. The 

latter question can be answered 

with a „Post test“ such as 

Bonferroni
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ANOVA Results

Table Analyzed

One-way ANOVA 

data

One-way analysis of variance

P value < 0.0001

P value summary ***

Are means signif. different? (P < 

0.05) Yes

Number of groups 3

F 22.57

R squared 0.7633

Bartlett's test for equal variances

Bartlett's statistic (corrected) 2.986

P value 0.2247

P value summary ns

Do the variances differ signif. (P < 

0.05) No

ANOVA Table SS df MS

Treatment (between columns) 4760 2 2380

Residual (within columns) 1476 14 105.4

Total 6236 16

One-way ANOVA data

Control Treated Treated+Antagonist
0

50

100

150

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research 182



Results of the Post-test (Bonferroni) to detect, 
which groups differ from each other

Bonferroni's Multiple 

Comparison Test Mean Diff. t

Significant? 

P < 0.05? Summary 95% CI of diff

Control vs Treated -38.33 6.165 Yes *** -55.23 to -21.43

Control vs 

Treated+Antagonist -3.500 0.5904 No ns -19.61 to 12.61

Treated vs 

Treated+Antagonist 34.83 5.602 Yes *** 17.93 to 51.73
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ROC curves in GraphPad Prism

(Receiver Operator Characteristics – to choose a cut-off value that separates 

for instance normal from disease
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Analyze > column analysis > ROC

ROC curve data

Controls Patients
0
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100
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200
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ROC curve concept

186
http://www.medcalc.be/manual/roc.php 

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

http://www.medcalc.be/manual/roc.php


ROC curve
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Area under the ROC curve

Area 0.9467

Std. Error 0.02403

95% confidence interval 0.8996 to 0.9938

P value < 0.0001

Data

Control 45

Patient 55

Missing Controls 0

Missing Patients 0
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Kaplan Meier analysis (survival curves) 
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The data table structure of Kaplan Meier 
analysis

Data is automatically analyzed; you don‘t need to press the „Analyze“ button !
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Kaplan-Meier curve

Survival of Two groups:Survival proportions
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Results tables: Survival Proportions
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Results tables: Nr. of subjects at risk
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Results tables: 
Curve 
comparison

Comparison of Survival Curves

Log-rank (Mantel-Cox) Test

Chi square 1.682

df 1

P value 0.1947

P value summary ns

Are the survival curves sig different? No

Gehan-Breslow-Wilcoxon Test

Chi square 1.392

df 1

P value 0.2380

P value summary ns

Are the survival curves sig different? No

Median survival

Standard 1037

Experimental 1307

Ratio 0.7934

95% CI of ratio 0.4460 to 1.141

Hazard Ratio

Ratio 1.927

95% CI of ratio 0.7151 to 5.191
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Results tables: Data summary
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GraphPad Prism 6: New features

• Sharing concept: LabArchives

• Improved sample data sets

• More statistical analyses (e.g. adjusted P-values for multiple 

comparisons; new post tests…)

• More graph types (Pie charts, superimposing of individual 

points and columns or box/whiskers…)

• New curve fitting modes (implicit and differential)
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Examples for customized graphs
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Newest version: GraphPad 9.0
(annual rental license at our Univ. 84€/year)
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Newest version: GraphPad 9.0
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Newest version: GraphPad 9.0
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Curve Fitting Software: SigmaPlot 

202

Creating Exact Graphs

Data Visualization

More than 100 2-D and 3-D Graph Types

Customizing Details of Charts and Graphs

Plotting Data from Existing Graph Templates

Publishing Charts and Graphs

Sharing Graphs on the Web

Data analysis tools

Integration into Microsoft Excel

Regression Wizard to fit data easily

Plotting Mathematical Functions

Macros: Automation

Features:

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

Rental license: 21€/year at our university
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Start Window (older version)
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Generating graphs
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Generating graphs II
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Statistics and non-linear Regression
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Non-linear Regression
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Curve fitting by right-clicking on the curve
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Graph Export Functions

209Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



Statistics Features
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Statistics Features II

211

Experimental 

power and 

necessary sample 

size computations
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Other Features
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Further Menus
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Additional functions

214
http://www.medcalc.be/manual/roc.php 
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Pharmacology functions
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Toolbars
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Integration of Sigmaplot into Excel
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Sigmaplot 12.0 –Features

219

Office 2007-like ribbon user interface including a quick access toolbar

New Tabbed Window Views

Create pdf-button added

• New curve fitting features (including: implicit function 

curve fitting, when the equation is not known)

• New statistics functions (e.g. normal distribution 

comparison)

• New analysis features (e.g. enzyme kinetics)

• New graphing features (including transparent graph 

objects such as symbols)
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Current version: Sigmaplot 14

• https://systatsoftware.com/sigmaplot/
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GNU R - Bioconductor

221 of 370

• Introduction by Alexander Tolios
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Research



Bioconductor R additional slides

• R is a language and environment for statistical computing and 

graphics: Programming environment for many different 

applications in life sciences including biostatistics, data analysis, 

sophisticated plotting, etc. (https://cran.r-project.org/manuals.html) 

• https://bioconductor.org – searching something: https://rseek.org

• Many packages available for tailored tasks: 

https://bioconductor.org/packages/release/BiocViews.html#___Software
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RStudio – now: Posit (https://posit.co) 

• Graphical user interface for Windows:

• https://posit.co/download/rstudio-desktop/ - requires R install.

• https://rstudio-conf-2020.github.io/r-for-excel/
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GGPLOT2 – a professional graph package 
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GGPLOT2 – a professional graph package 

• https://exts.ggplot2.tidyverse.org/gallery/
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GGPLOT2 – a professional graph package 

• https://exts.ggplot2.tidyverse.org/gallery/
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GGPLOT2 – a professional graph package 

• http://r-statistics.co/Top50-Ggplot2-Visualizations-

MasterList-R-Code.html

• https://r-graph-gallery.com
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GGPLOT2 – some own examples
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Scattergram in ggplot2:

Data: COVIDexample (Tag, Infizierte)

Code for scatter with smoothing: 

ggplot(COVIDexample,aes(x=Tag, y=Infizierte))+geom_point(size=3,colour="red")+geom_smooth(method="gam") 



Bar graphs with colors depending on values
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Pathway activ p_value Ratio

Integrin Signaling -1.225 5.01E-20 1.09E-01

Actin Cytoskeleton Signaling -1.213 3.98E-13 8.12E-02

Phospholipase C Signaling -1.414 2.51E-12 7.39E-02

IL-8 Signaling -1.807 1.20E-10 7.44E-02

Calcium Signaling -1.89 6.31E-10 7.28E-02

forR: Excel table

ggplot (forR,aes(x=Pathway,y=activ,fill=p_value)) +

geom_bar(stat="identity") +

coord_flip() +

scale_fill_distiller(palette = "Blues")



Column + line-graph + gradient
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ggplot(data=data) +

#erste Dimension: column + 2. 

Dimension: Fuellung nach Parameter2

geom_col(aes(x=Pathway,y=activ,fill=R

atio),colour="black")+

scale_fill_gradient2(low="blue",mid="gr

een",high="red",midpoint=0.09)+

#dritte Dimension: log-pvalue als Linie

geom_line(aes(x=Pathway,y=-

minuslogp/10),color="red", 

size=2,group=1)+

scale_y_continuous(name="activ",sec.a

xis = sec_axis(~.*10, name = 

"log(pvalue)"))+

#rechte y-Achse + Beschriftung in Rot, 

alles in Bold

theme(axis.title=element_text(face="bol

d"),axis.line.y = element_line(color = 

"red"),axis.text.y.right = 

element_text(color = "red"), 

axis.title.y.right = element_text(color = 

"red"))

ggsave(file="Columngraph.svg")
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Define global parameter first

>p=ggplot(forR, aes(x=Function,y=zscore,fill=Ratio))
#Defines that “p” is the variable for a ggplot with “forR” as data and x, y, and fill-values defined as global aesthetics
# x=Function,y=zscore,fill=Ratio > afterwards, x and y and fill don’t have to be defined again. 

>p+geom_col(color="black") 

#is all what is needed then to plot that: 



Violin plots with box plot inset
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ggplot(pivot,aes(name,value)) + geom_violin(aes(fill=name)) + scale_x_discrete(limits=c("C3", "C14", "C14T3")) + theme(text = 
element_text(size = 14,face="bold")) + geom_boxplot(width=0.1)

… if you want to plot several datasets on the same x-axis you have to use the pivot function



Parallel coordinate plots
• Different possibilities: a) ggplot2 and ggally or b) plotly (interactive)

a) ggplot2/ggally:

• ggparcoord function - RDocumentation

• # loading of the necessary packages

• library(GGally)

• library(ggplot2)

• library(svglite)

ggparcoord(data, columns=1:21,groupColumn = "sex")
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In contrast to parcoord from plotly; ggparcoord can 
plot more than 21 axes (but it is not interactive)

https://www.rdocumentation.org/packages/GGally/versions/1.4.0/topics/ggparcoord


Interactive parallel coordinate plots

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research 235 of 370

packages = c('GGally', 'plotly', 'parcoords', 'tidyverse')

for(p in packages){

if(!require(p, character.only = T)){

install.packages(p)

}

}

parcoords(

 data[,1:20],

 reorderable = T,

 brushMode = '1D-axes')

# data[,1:20] means: all rows, columns 1 – 20

# data[1:10,1:20] would mean rows 1-10 and columns 1- 20 are plotted

# reorderable = T (True), means that the axes can be dragged for re-ordering

# the parcoords package can handle only a maximum of 21 columns



Interactive parallel coordinate plots: gating
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Gates for several parameters can be defined to select the corresponding lines

(by hovering with the mouse over a range on an axis). 

Gates are by default combined with AND operand

# using an alphaOnBrushed command, the non-chosen lines have and alpha-density reduction

# while the chosen lines are shown with full density (alpha=1)

parcoords(data[,1:20], reorderable = T, brushMode = '1D-axes', alphaOnBrushed = 0.3)



Bubble chart + Color + reordered
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ggplot(data = forR,

mapping = aes(x = neglogp,

y = reorder(Pathway, neglogp),

size = generatio,

colour = hitsexpected)) +

geom_point() + scale_size(range = c(5, 15), name = "Gene Ratio") + 

xlim(2.5,6) + 

theme(text = element_text(size = 12,face="bold"))



Bar graph colored
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library(ggplot2) 

ggplot(IPA,aes(y=reorder(Functions,neglogp),x=neglogp,fill=zscore)) + 
geom_col(colour="black")+ scale_fill_gradient2(low="blue",high ="red") 



SVG-graphs with ggplot
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Svg-Export > to Inkscape: to consider:

Font in Inkscape do not work, if svg-file was exported from ggplot2. 

Workaround: install.packages("svglite") 

• Save Plot extra : 

> plot=ggplot(Rcourse,aes(x=Tag, y=Infizierte))+geom_point(size=3,colour="red")

> ggsave(file="Scatter.svg", plot=plot, width=10, height=10)

The svg-file will be in the standard folder (Documents); in Inkscape it is possible to change the font and type.

Work around 2: export as pdf file and open the pdf file with Inkscape 



Customizing ggplot2 Visualizations With ggThemeAssist

install.packages("ggThemeAssist")

library(ggThemeAssist)

library(ggplot2)

#Example: 

plot=ggplot(IPA,aes(y=reorder(Functions,neglogp),x=neglogp,fill=zscore)) + 

geom_col(colour="black")+ scale_fill_gradient2(low="blue",high ="red")

ggThemeAssistGadget(plot)
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Scatterplot matrix 
• Command: 

• pairs(forR[1:10]) 
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Scatterplot matrix with ggally
install.packages("plotly")
library(plotly)
library(devtools)
install_github("ggobi/ggally")
install.packages("GGally")
library(GGally)
p <- ggpairs(forR[1:10])
ggplotly(p)
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Master view: 

to change 

general 

settings 

- Font type and 

size can be 

adjusted

- Footnotes or 

icons can be 

customized

- Background 

and Layout

- at the end the 

Master view has 

to be closed 

again

MS-Powerpoint
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MS-Powerpoint
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Some Powerpoint Hints

• Exact positioning of objects and exact 

drawing: when you press the „Alt“ Key, 

while you are dragging or drawing

• Pixel-wise shifting of objects: „Strg“ 

(Ctrl) + arrow keys

• Drawing: „Start“ tab > Drawing 

• Arrange button (Anordnen): contains 

buttons for grouping of objects, 

flipping and mirroring of, positioning 

forward or backward….

• usefull short cuts: Ctrl-D: Duplicate

Ctrl-C, Ctrl-V for copy/paste
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Some Powerpoint Hints

246Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

• insertion of more sophisticated objects: 

movies (*.avi-files, later versions: mp4-files); 

pictures, equations…

• Screen recording if you want to record part 

of a screen (e.g. a movie running on the 

2nd screen – or recording your own 

presentation)

• objects that can be activated: select an 

object > add a user-defined animation 

(object action > activate content): You can 

use this to activate „foreign“ programs (e.g. 

crystal structure program, when you want 

to show a molecule at a presentation)



Hints for using Animations

• You can use animated bulleted lists 

to guide the auditory through list 

text parts

• Use animations just when it is suited 

to improve the presentation (not 

just for fun, and not too much)

• you can use animations for instance 

to build up a complicated slide step 

by step

• you can use animations to 

emphasize important data

• You can use animations in drawings 

to illustrate „reactions“ or 

movements.

247

IKK-complex

CSN complex SCF complex
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Example for an animated drawing

p53

Estrogen

Receptor

4-OH-Tamoxifen

- select the objects

- add a user-defined animation path
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Hints from the San Francisco Edit Company

249

Many communication experts agree that there is a right and a wrong way to use 

presentation software like PowerPoint or Keynote.  If used correctly, the software can 

greatly enhance your presentation.  Here are some technical tips to assist you in 

developing an appropriate presentation. 

1. Learn to use the software. Use the software’s  defaults for font size, margins, 

and placement.

2. Keep the layout and style as consistent as possible.

3. Choose colors with care.  The text and background colors should contrast, dark 

letters on a light background for small rooms, light letters on a dark background 

for large rooms.  The background should be a solid color, no fading, photos, 

etc. Avoid red-green combinations because a significant fraction of the human 

population is red-green colorblind.

4. Use animated features in moderation. Overuse of these effects, such as slide 

transitions and custom animations, can be distracting.  Focus should be on the 

content.

5. Strive for simplicity and visibility. Eliminate any words, lines, and diagrams that 

do not add essential information to the slide.

http://www.sfedit.net 
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6. Display data using diagrams and figures instead of tables; they are easier for the 

audience to comprehend.

7. Keep tables simple.  There should only be one table per slide.  The font size for the data 

should not be smaller than 22 point.  If you need to decrease the font size to have the 

table fit on the slide, eliminate some of the data or do not use the table.

8. Use fonts at least 36 point in size for titles, 28 point for main bullets, and 24 point for 

sub-bullets. If it can’t be, read it’s a waste.

9. Limit text blocks to no more than two lines each.  Do not have large text blocks 

containing paragraphs; the audience will spend time reading the text and ignore what 

you are saying.

10. Use a heading on every slide.

11. Limit the number of items on each slide. Each slide should make just one or two points 

using 7-9 lines maximum.

12. Avoid using too many words in bold, italics, or capital letters.

13. Use the same font throughout to avoid distraction.  Sans serif fonts (e.g., Arial) are 

easier to read and more attractive than fonts with serifs (e.g., Times New Roman).

14. Using “builds” in diagrams and text slides can be very useful. Text builds can be made 

even more effective if you darken previous text as new material is added.

15. Control the number of slides. Budget 2-3 minutes per slide (e.g. 30 minute talk = 10-15 

slides).

16. Practice with feedback and then practice some more.
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Some other features
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… various design options

… SmartArts:
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3D Options

252

Right click on the form:
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MS-Powerpoint 2013 and later…

• Better speaker mode

• also suited for 16:9 

screens

• Improved video- and 

audio features 

(also plays mp4- or 

flash-videos)

• new designs

• etc. etc.
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Speaker Mode
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Notes that you added will 

be shown here (while 

they are not visible to the 

audience) 

The speaker sees the speaker mode screen, the 

audience only the presentation. Laser point can be 

activated, a zoom function can be used, etc. 



255Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



Powerpoint 2016

256

• Tell me… function (to access functions quickly)

• Smart Look-up (Wikipedia…)

• Ink Equations (Hand-written equations are 

converted to proper math)

• Sharing with others, including „conflict resolution“)

• Insert Screen recording function
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New recording functions
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If you want to record your presentation (e.g. for online talks)

Settings: +/- microphone and camera (to record the video of the speaker)



Microsoft Access 2016

258

• Relational database management system

• You can generate tables, queries, forms, reports …

to access data in a professional manner – so that the relations 

between data features are maintained 
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Microsoft Onenote

• Notebook platform

• works best with a Microsoft 

account (Hotmail or Outlook)

• There is a desktop version, a 

free Windows10-version, an 

online version – and also 

versions for Android and iPad

• You can have several notebooks

• you can create sections and 

pages
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Microsoft Onenote
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sections
pages



Microsoft Onenote
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rich formatting options similar to Word: 

specific categories and task options

search function

(searches in all 

notebooks)



Microsoft Onenote
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rich formatting options similar to Word: 

you can send a 

section as task to 

Outlook

you can send the page via mail

You can add a calendar event to the page



Microsoft Onenote
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You can insert many elements: 

• attachments

• Excel spreadsheets

• images or screenshots

• videos

• Hyperlinks to websites

• you can record audio or video

• you can insert time stamps

• equations

• symbols



Microsoft Onenote
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Many drawing features

(particularly useful with graphics tablets)

version history of changes

reviewing: spell check, 

search, thesaurus, 

translation…



Microsoft Onenote for Windows 10
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Has the same basic features (but less), slightly different appearance

search

notebooks

pages

sections

history



Microsoft Onenote Browser-Version
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search

notebooks

pages

sections



Microsoft Onenote

Cell phone version (Android)
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OpenOffice and LibreOffice: 
Alternatives to MS-Office

271

http://www.openoffice.org/

driven by Apache

https://www.libreoffice.org/ 
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OpenOffice Features

• Look a bit like MS-Office 2003 (Button appearance)

• OpenOffice applications can read MS-Office files (and also 

save in MS-Office format- although the later with some 

restrictions: some formatings might be lost)

• OpenOffice is available for many languages and platforms 

(including Macintosh and Linux)

• Bibliography support (similar to Endnote Plug-In) possible via 

www.zotero.org (free extension for Firefox) – and more 

recently also with Mendeley and Endnote

272Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

http://www.zotero.org/


OpenOffice-Writer
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very elegant feature: auto-complete function for 

words while you type:
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Pdf-Viewers / Editors and generating of 
pdf‘s

• PDF-Xchange Viewer:

small (about 40 MB), very fast, files 

can be edited (highlighting, 

comments, stamps…)

• Follow-up: PDF-xchange editor 

(340 MB)

• pdf24: extract pages or combine 

files to a joint pdf…

• (Acrobat Professional

Commercial): huge file, slow

- but can extract and delete pages

• Office 2007 and later

• OpenOffice

• DoPDF: installs a pdf-printer driver 

(printer command in any software 

> choose DoPDF as printer > pdf-

file is generated instead of a print-

out)

• Foxit pdf-viewer also installs a pdf-

printer driver
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Viewing and editing Generating pdf-files
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Translation of Text
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•    LEO: http://dict.leo.org/

•    Google: http://translate.google.at
Online Services

Translation of phrases: DeepL https://www.deepl.com/ 

(when desktop program is installed: Ctrl+CC translates selected text in all programs

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

http://dict.leo.org/
http://translate.google.at/
https://www.deepl.com/


Improving English text with DeepL Write
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Translation of Text offline
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Offline program: LingoPad: http://www.ego4u.de/de/lingopad

Installs a dictionary locally 
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ImageJ

• Freeware: download at: 

http://rsb.info.nih.gov/ij/ 

• Update-Link in the Help-Menu entry
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ImageJ Plugins and Macros – 
and new ImageJ: Fiji

• Many plugins and macros available:

Acquisition 

Analysis

Collections

Color

Filters

Graphics

Input/Output 

Programming Examples 

Stacks 

Utilities 

• Improved version with additional 

built-in plugins and automated updates:

- Fiji: https://fiji.sc 

With an integrated search field

List of extensions:

https://imagej.net/list-of-extensions 
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Main Menu
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selction tools    line tools   crosshair   wand   text tool zoom scrolling colour picker

painting, drawing

additional toolsets
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The File Menu

• New images (e.g. pasting 

from the Clipboard)

• Opening of images

• Importing of images:

Many different file formats

• Saving

• Reverting: opening the 

last saved version of an 

image

• Page setup and printing
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The Edit Menu

• Copy/Paste, Undo comand

(also: Copy to System)

• Paste control: allows pasting 

with additional operations: 

blending, transparent (white 

pixels copied as transparent), 

logical operations (AND, OR..)

difference..

• Draw (a line along the

selection)

• Invert the image 

(also inverts the grey scale)
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„Blending“of fluorescence and phase contrast
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Selection tools

• Restore selection: places a 

selection at exactly the same 

position in a different image 

(Strg+Shift E)

• Fitting of selections: modifies a 

freehand or polygonal selection 

with different criteria
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Editing of 
selections
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example: make band around 

nucleus to measure perinuclear 

area
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General Options of ImageJ
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The Image Menu > Brightness/Contrast
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The Image Menu > Threshold
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Splitting of colour of an RGB image
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Working with image stacks
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Image stack montage
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Z-stacks: maximum projections
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Average Intensity

Max Intensity

Standard Deviation
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3D projections of z-stacks
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Reslicing of image stacks
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Additional Image Menu Options

• Cropping: Cut out relevant part of 

the image

• Duplicate image

• Rename image

• Scaling: enlarge or reduce (changes 

the resolution)

• Rotate: flipping, 90° or arbitrary

• Zoom: enlarge or reduce without 

changing the resolution

• Lookup-Tables: Gray-Values, 

Pseudo-Colours
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The Process Menu

• Smooting, Sharpening

• Find edges: areas of 

significant contrast change

• Enhance contrast

• Add noise or shadows

• Binary: Thresholded images 

can be adjusted and 

modified 
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Options with Binary images (after thresholding)
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Segmentation of thresholded binarized image

• EDM: Euklidian Distance Map: Each foreground pixel in the 

binary image is replaced with a gray value equal to that 

pixel's distance from the nearest background pixel.

• Ultimate Points: Generates the ultimate eroded points 

(UEPs) of the EDM. Requires a binary image as input. The 

UEPs represent the centers of particles that would be 

separated by segmentation.

• Watershed: automatically separating or cutting apart 

particles that touch. It first calculates the Euclidian distance 

map (EDM) and finds the ultimate eroded points (UEPs). It 

then dilates each of the UEPs (the peaks or local maxima of 

the EDM) as far as possible - either until the edge of the 

particle is reached, or the edge of the region of another 

(growing) UEP. 
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Image Mathematics 
(with Constants)

• Add... Adds a constant to the image. With 8-bit images, results greater than 255 are set to 

255. With 16-bit signed images, results greater than 65,535 are set to 65,535.

• Subtract...Subtracts a constant from the image. With 8-bit and 16-bit images, results less 

than 0 are set to 0.

• Multiply.. Multiplies the image by the specified real constant. With 8-bit images, results 

greater than 255 are set to 255. With 16-bit signed images, results greater than 65,535 are 

set to 65,535.

• Divide...Divides the image by the specified real constant. Attempts to divide by zero will be 

ignored.

• AND...Does a bitwise AND of the image and the specified binary constant.

•

Min..Pixels in the image with a value less than the specified constant are replaced by the 

constant.

• Max...Pixels in the image with a value greater than the specified constant are replaced by the 

constant.

• Gamma...Applies the function f(p) = (p/255)^gamma*255 to each pixel (p) in the image or 

selection, where 0.1 <= gamma <= 5.0. For RGB images, this function is applied to all three 

color channels. For 16-bit images, the image min and max are used for scaling instead of 

255.

• Log..For 8-bit images, applies the function f(p) = log(p) * 255/log(255) to each pixel (p) in the 

image or selection. For RGB images, this function is applied to all three color channels. For 

16-bit images, the image min and max are used for scaling instead of 255. For float images, 

no scaling is done. To calculate log10 of the image, multiply the result of this operation by 

0.4343 (1/log(10).

• Reciprocal: Generates the reciprocal of the active image or selection. Only works with 32-bit 

float images.

• NaN Background: Sets non-thresholded pixels in 32-bit float images to the NaN (Not a 

Number) value. For float images, the "Apply" option in Image/Adjust Threshold runs this 

command. Pixels with a value of Float.NaN (0f/0f), Float.POSITIVE_INFINITY (1f/0f) or 

Float.NEGATIVE_INFINITY (-1f/0f) are ignored when making measurements on 32-bit float 

images

• Abs:  Generates the absolute value of the active image or selection. Only works with 32-bit 

float images. 
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Fourier Transformation

- can be applied to 

reduce noise and other 

more specific 

applications
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Process > Filters
• Gaussian Blur...Smooths the current image by doing a 

convolution using a square, Gaussian (bell-shaped) kernel. The 

width of the kernel, in pixels, is 2*radius+1, where radius is 

entered into a dialog box. 

• Median...Reduces noise in the active image by replacing each 

pixel with the median of the neighboring pixel values. 

• Mean...Smooths the current image by replacing each pixel with 

the neighborhood mean. The size of the neighborhood is 

specified by entering its radius in a dialog box. 

• Minimum...This filter does grayscale erosion by replacing each 

pixel in the image with the smallest pixel value in that pixel's 

neighborhood. 

• Maximum...This filter does grayscale dilation by replacing each 

pixel in the image with the largest pixel value in that pixel's 

neighborhood. 

• Unsharp Mask...Sharpens and enhances edges by subtracting a 

blurred version of the image (the unsharp mask) from the 

original. The unsharp mask is created by Gaussian blurring the 

original image and then multiplying by the "Mask Weight" 

parameter. Increase the Guassian blur radius to increase 

contrast and increase the "Mask Weight" value for additional 

edge enhancement. 

• Variance...Highlights edges in the image by replacing each 

pixel with the neighborhood variance. 

• Show Circular Masks: Generates a stack containing examples 

of the circular masks used by the Median, Mean, Minimum, 

Maximum and Variance filters for various neighborhood sizes. 

300Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



Image Mathematics (with 2 Images)
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Subtract Background...(dark objects on bright background)

Removes smooth continuous backgrounds from gels and other 

images. Uses a rolling ball algorithm inspired by Stanley Sternberg's 

article, "Biomedical Image Processing", IEEE Computer, January 

1983. The Rolling Ball Radius should be at least as large as the 

radius of the largest object in the image that is not part of the 

background
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The Analyze Menu: Measuring
• Based on the options checked 

in the „Set Measurement“ 

menu, different values of the 

selected regions can be 

measured (by clicking 

„Measure“ or Strg-M)

• > a Results window is opened, 

showing the data – these can 

be copied into MS-Excel or 

other programs (or saved as 

.xls file)

302Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



Measurement Options I
• Area - Area of selection in square pixels. Area is in calibrated units, such as square millimeters, if 

Analyze/Set Scale was used to spatially calibrate the image.

• Mean Gray Value - Average gray value within the selection. This is the sum of the gray values of all the 

pixels in the selection divided by the number of pixels. Reported in calibrated units (e.g., optical density) 

if Analyze/Calibrate was used to calibrate the image. For RGB images, the mean is calulated by converting 

each pixel to grayscale using the formula gray=0.299red+0.587green+0.114blue or the formula 

gray=(red+green+blue)/3 if "Unweighted RGB to Grayscale Conversion" is checked in 

Edit/Options/Conversions.

• Standard Deviation- Standard deviation of the gray values used to generate the mean gray value.

• Modal Gray Value - Most frequently occurring gray value within the selection. Corresponds to the highest 

peak in the histogram.

• Min & Max Gray Level - Minimum and maximum gray values within the selection.

• Centroid - The center point of the selection. This is the average of the x and y coordinates of all of the 

pixels in the image or selection. Uses the X and Y Results table headings.

• Center of Mass - This is the brightness-weighted average of the x and y coordinates all pixels in the image 

or selection. Uses the XM and YM headings. These coordinates are the first order spatial moments.

• Perimeter - The length of the outside boundary of the selection.

• Bounding Rectangle - The smallest rectangle enclosing the selection. Uses the headings BX, BY, Width and 

Height, where BX and BY are the coordinates of the upper left corner of the rectangle
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Measurement Options II
• Fit Ellipse - Fit an ellipse to the selection. Uses the headings Major, Minor and Angle. Major and Minor are the primary and seconday

axis of the best fitting ellipse. Angle is the angle between the primary axis and a line parallel to the x-axis of the image. Note that 

ImageJ cannot calculate the major and minor axis lengths if Pixel Aspect Ratio in the Set Scale dialog is not 1.0.

• Circularity - 4pi(area/perimeter^2). A value of 1.0 indicates a perfect circle. As the value approaches 0.0, it indicates an increasingly 

elongated polygon. Values may not be valid for very small particles.

• Feret's Diameter - The longest distance between any two points along the selection boundary. Also known as the caliper length. The 

Feret's Diameter macro will draw the Feret's Diameter of the current selection on the image.

• Integrated Density - The sum of the values of the pixels in the image or selection. This is equavalent to the product of Area and Mean 

Gray Value. 

• Median- The median value of the pixels in the image or selection.

• Skewness- The third order moment about the mean. 

• Kurtosis- The fourth order moment about the mean.

• Area Fraction- The percentage of pixels in the image or selection that have been highlighted in red using Image/Adjust/Threshold. For 

non-thresholded images, the percentage of non-zero pixels.

• Limit to Threshold - If checked, only thresholded pixels are included in measurement calculations. Use Image/Adjust/Threshold to set 

the threshold limits.

• Display Label - If checked, the image name and slice number (for stacks) are recoded in the first column of the results table.

• Invert Y Coordinates - If checked, the XY origin is assumed to be the lower left corner of the image window instead of the upper left 

corner.

• Redirect To - The image selected from this popup menu will be used as the target for statistical calculations done by the Measure and 

Analyze Particles commands. The Redirect To feature allows you to outline a structure on one image and measure the intensity of the 

corresponding region in another image. With ImageJ 1.35d or later this feature also works with stacks.

• Decimal Places - This is the number of digits to the right of the decimal point in real numbers displayed in the results table and in 

histogram windows

304Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



Analyze Particles (or objects of interest)
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Thresholding: Strg- Shift „T“
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Additional Analyze Options

• Summarize: For each 

column in the results 

table, calculates and 

displays the mean, 

standard deviation, 

minimum and maximum of 

the values in that column

• Distribution: Calculates a 

binary distribution 

(histogram) for a list of 

results

• Label: labels the analyzed 

objects in the image 

(“Centroid” option has to 

be checked in “Set 

Measurements” options)
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• Set Scale: Can be used 

to convert a distance in 

pixel (specified with the 

line tool) into a known 

distance in mm or similar

• Calibrate: Can be used to 

calibrate an image to a 

set of density standards, 

for example radioactive 

isotope standards 

• Histogram: Calculates 

and displays a histogram 

of the distribution of gray 

values in the active image 

or selection
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Plot Profiles

• Plot Profile: For each 

column in the results 

table, calculates and 

displays the mean, 

standard deviation, 

minimum and maximum 

of the values in that 

column
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Surface Plots
• Surface Plot: Displays 

a three-dimensional 

graph of the 

intensities of pixels 

in a grayscale or 

pseudo color image
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Analyzing Gels

309

2. Press Strg+1 (or menu: 

analyze > Gels > select 

first lane) 

3. Move the rectangle over 

the second lane and press 

Strg.+2; Repeat that for all 

lanes 

1. Define lane with the 

rectangular selection tool 

4. Press Strg.+3 to plot the profiles
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Analyzing Gels
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5. Use the line tool to define the background line
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The average intensity is calculated over the 

lane width and that value is plotted over the 

lane length > usually a Gauss-like curve with 

the peak in the center of the band. 



Analyzing Gels

311

6. Click the magic stick tool and click on the 

different peaks > this generates a result 

window with the peak areas = quantification. 
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Method 1
(line background 

connecting “valleys”)

Method 2
(rectangle + draw Ctrl+D

better quantification)

(correct averaging of the intensities over the lane width > peaks) 

Method 3
(rectangle over the half of the 

peak, which goes down to the 

correct background + draw 

Ctrl+D > measure area with the 

magic stick > multiply by 2:

best quantification of the band)
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Method 4
(horizontal measurement lane,

fast method, but not completely correct, 

quantification still quite good)

(averaging perpendicular to the lane 

> not showing proper peaks, but the 

lateral heterogeneity of the bands) 



The Plugins Menu

• Many freely available plugins can be loaded into 

ImageJ, which appear in this menu

for a list see: 

http://rsb.info.nih.gov/ij/plugins/index.html
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• Macros can be recorded to 

automatize frequently used 

commands 
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Plugin Example: FRAP Analysis by Intensity vs. 
Time Plot or Plugin: Stacks > measure stack

• Images recorded with LSM510: 

time stack of bleached area

• circle selected for quantification

• click Strg.1 (Intensity vs. Time 

Plot) in the Plugin menu > graph 

appears

• Click „List“ in the graph > List of 

results appears

• The results can be copied into 

MS-Excel > into curve fitting 

software (e.g. Graphpad Prism)
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Plugin: Example 2: Nucleus Counter 
for measuring multiple cells
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Example 3: FRET analysis with PixFRET
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More Analysis Functions and pre-built plug-ins

Fiji: „Fiji Is Just ImageJ“
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Task 3a (curve fitting)
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1. Download CurveExpert Pro from https://www.curveexpert.net/

2. Download data from here:  

https://www.meduniwien.ac.at/user/johannes.schmid/2023Task3a.xlsx

and copy days (as x) and accumulated cases (as y) into CurveExpert

3. Search for the best equations using the Curve finder tool (checking only 

the built-in non-linear regressions)

4. Choose the result with the highest score and check the equation by 

double clicking on this result.

5. In the original Excel file: Define the variables of this equation (with name 

manager); type in the correct equation and perform a curve fit in Excel 

using the Solver function and minimizing the sum of residuals squared

6. Type the expected number of accumulated cases at day 100 into the 

online text field of the task – and upload your Excel file 

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis 

Research
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Task 3b Professional graphs with R-ggplot2
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• Download and install R

• Download and install R-Studio

• Download the Excel file pathwaysR.xlsx

• Create a ggplot2 bubble graph with pathway names on y-

axis, neglogp on x-axis, color gradient of bubbles defined by 

zscore (with positive in red, zero=white and negative in blue) 

and size of bubble=Ratio)
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Example Macro for ImageJ

• Record macro to define nuclei via the DAPI channel and measure 

fluorescence of the nuclei in another channel for a composite image
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rename("test.tif");

run("Split Channels");

selectWindow("C1-test.tif");

setAutoThreshold("Default dark no-reset");

//run("Threshold...");

setOption("BlackBackground", false);

run("Convert to Mask");

run("Watershed");

setAutoThreshold("Default no-reset");

run("Analyze Particles...", "size=10 pixel show=Outlines 

display exclude clear include summarize add");

selectWindow("C2-test.tif");

selectWindow("ROI Manager");

roiManager("Measure");

selectWindow("Results");



CellProfiler
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www.cellprofiler.org 
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CellProfiler - Basics
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Establish a „Pipeline“ of a predefined workflow:

• Load images: based on parts of the file name…

• Improve images if necessary (brightness, contrast, background subtraction…)

• Identify objects (primary, secondary, tertiary objects)

• Measure object features (mean intensity, shape factors: diameter, perimeter…)

• Visualize data (e.g. density plots…)

• Export data (database format, Excel-csv-format)
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CellProfiler-Interface
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Module: Loading of Images
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Other modules
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Other modules
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Object separation

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research 329



Primary, secondary and tertiary objects
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CellProfiler- Data visualization

Data from thousands of cells can be stored in Spreadsheet (Excel) of 

Database formats and visualized in different ways:

Data in csv-format can also be converted to 

fcs-file format, which can be read and 

analyzed by any flow cytometry software

(TextToFCS: http://www.flowjo.com/utilities/ )
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GIMP (GNU Image Manipulation Program) 
(free alternative to Adobe Photoshop)

• https://www.gimp.org/: for generating publication quality figures

• to create professional images of research results (microscopy 

images, Western Blots…)

• Can be set to different languages (default: system language)

• Theme and icons can be set to different modes: system, light, gray, 

dark (under: Edit > preferences)

If you prefer Photoshop: an older version (CS2) is available at:

https://www.computerbild.de/download/Adobe-Photoshop-CS2-Vollversion-8040793.html
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GIMP (GNU Image Manipulation Program) 
(free alternative to Adobe Photoshop)
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Some Features

• GIMP works with layers, that means that you can change, 

move… just one layer (e.g. text) while leaving the others un-

altered. This also includes changing of contrast and 

brightness.

• Colour pictures usually work in RGB mode (Red-Green-Blue) – 

called channels (Kanäle). You can select one channel (by 

highlighting it) and modify it. You can watch all channels 

(clicking on the eye-symbol left of RGB), while changing just 

one. 

• You can copy/paste image data in one channel alone (> you 

can generate a merged colour image from monochrome 

microscopy images generated with different filters)
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Example of an image in GIMP
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Tools window
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tools options

layers, channels and paths →



Image Modes: Gray, RGB, 8 bit, 16 bit…
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Channels (Red, Green, Blue)

Layers)
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Selection tools (including magic stick selection of area of similar colour)

Colour picker

Moving tool

Text tool

Foreground/

Background colour
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Level Adjustment under 

Colors 

> define upper and 

lower thresholds
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Image Adjustments: intensity levels II
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Image Adjustments: intensity levels II
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Image information (light gray 

pixels) is discarded !

No background – but faint 

bands might be lost !

Not correct !



Image Adjustments: intensity levels of colour channels
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Image Adjustments: intensity levels of colour channels
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The image resolution (pixels per inch, dpi)
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Ctrl (STRG) and scroll > enlargens or shrinks the canvas



The Scale Image window

345

resolution        >
300 dpi is minimum 

for publications

(for decent text 

quality you need at 

least 150 dpi) 

width and height in pixels
this defines the file size

Scaling = re-calculation of 

images (intra- or extrapolation)

- you can specify whether the 

proportions are maintained
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< output width and 

height (e.g. in cm) can 

be set 
usually 8 cm (1 column), 12 cm 

or 16 cm (2 columns) for 

publications (depends on the 

resolution)



Resizing the canvas
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Adding text to images
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Text button

< Text Layer:

can be moved…



• Layers can be modified 

separately

• Saving the image in GIMP or 

Photoshop format (*.psd) also 

saves the layer information (> 

you can later on change them 

again, e.g. the text of figures !)

• You can merge layers (for 

saving in JPG- or TIF-format)
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Image Layers (e.g. with text)



Image processing: Rules for correct usage of features

• Changes (levels, brightness, contrast) should always be 

made on the whole image (and not parts of it; changing 

parts of the image, e.g. single bands is of course not 

allowed)

• You should not discard any image information (e.g. the 

background by making it completely white) 

• Computer experts can prove that something was changed – 

so be carefull when changing anything
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Gimp Menu: File
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< open from clipboard



Gimp Menu: Edit
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preferences >

Undo history



Gimp Menus: Select and View
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Gimp Menus: Image and Layer
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Gimp Menus: Colors, Tools and Filters
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Opening of Photoshop-files and 

saving in Photoshop-format is 

possible 
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IrfanView

356

http://www.irfanview.com/  
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http://www.irfanview.com/


Inkscape 
(free alternative for Adobe Illustrator) 

• https://inkscape.org 

• for generating publication quality figures

• Creates scalable vector graphics files (svg-files) – and also other file 

formats, where images can be expanded without losing the resolution

(e.g. perfectly suited for posters and figures to prevent pixelated images)

• Good tutorials and documentation at: https://inkscape.org/learn/ 

• If you prefer Adobe Illustrator: an older version (CS2) is available at:

https://www.computerbild.de/download/Adobe-Illustrator-CS2-Vollversion-

8043129.html 
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Difference between bitmap and vector graphics
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Inkscape:

Gimp, jpg-file (enlarged):
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Bitmap
Vector images



The start screen
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press Strg (Ctrl) to force an exact horizontal/vertical line or 15° angles
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Example for a Figure template in Inkscape
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Cytometry Software: 
FlowExplorer - freeware
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Scattergrams (Dot plots): each event is a dot



Contour plots and density plots

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research 378

auto-previewcopy graph

Dot plots are 2D-graphs they show values of two parameters

Density plots show a pseudocolor visualization of dot density



379

markers and quadrants can be 

generated by clicking on the border and 

dragging into the graph

Pressing the „Stats On“ Button shows 

statistics

next file
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Histograms 
(frequency of events for a parameter)
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choosing Frequency (Histogram) 

for the Y-axis generates a 

histogram



Overview of cytometry plots

381

Histogram

Dot Plot Contour Plot

Density Plot

colour coding of the 

frequency

colour coded 

contours of the 

frequency (similar to 

the height lines in a 

map)
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Time course of fluorescence in flow analysis

382

Some processes can be measured by analyzing the time course of 

fluorescence (e.g. calcium influx with Fluo-4 calcium sensitive fluorophores). 

The time parameter can be recorded at the data acquisition – and also 

visualized with WinMDI
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Mathematical operations (e.g. ratios)
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Cytometry software: Flowing Software 2

384

http://www.flowingsoftware.com 

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

http://www.flowingsoftware.com/


Gating can be done in different graphs than the one 
used for defining the region

385

Regions can be used as locigal „Gates“ to accept or 

reject data (e.g. to exclude cell debris)

ungated

gated
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Flowing Software 2 – Regions and statistics

386

Regions in histograms

Quadrants
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Cell cycle analysis with Flowing Software

388

• Define 3 histogram regions (H1, H2, H3: 

G0/G1, S and G2/M-phase, respectively)

• Activate the region control tool: Cell Cycle

• Define the G2 peak multiplier and peak width 

(right click in the cell cycle window)

• Choose active control (after right clicking)

• Create statistics (by right clicking into the 

histogram window)

• Create a Stat.List by right-clicking into the 

Statistics window

• Ctrl-N loads the next file, adjusts the H1-H3 

regions automatically and calculates the cell 

cycle phases (H1-H3)
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Multi-parallel coordinate plots for visualization 
of several parameters in parallel

389

Can be done with Freeware (Mondrian: 

http://www.theusrus.de/Mondrian/index.html) 

One event (e.g. one cell) is represented by a line 
linking several y-axis (for the different parameters e.g. 
fluorescence signals); a „population“ can be selected 
and is highlighted also for the other parameters. The 
data density can be reduced (using a so called alpha-
factor) to obtain better visibility of numerous data 
points. 

MatLab-Visualization of a parallel coordinate plot
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http://www.theusrus.de/Mondrian/index.html


Parallel coordinates with gating
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https://bl.ocks.org/jasondavies/1341281 

https://bl.ocks.org/jasondavies/1341281


Molecular Structure Analysis Software
(Visualization and analysis of crystallographic data)

• Chimera (UCSF): http://www.cgl.ucsf.edu/chimera/

• Rasmol: http://www.openrasmol.org/

• RasTop: http://www.geneinfinity.org/rastop/

• Protein Explorer: http://www.umass.edu/microbio/rasmol/

• Cn3D: 

http://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3d.shtml

• Jmol: http://jmol.sourceforge.net/
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Rasmol

• simple small tool (400 kB) to visualize 

molecular structures from *.pdb files 

(protein data bank)

• Molecules can be moved back and forth

• Molecules can be rendered in different 

ways (wire, cartoon, space fill..)

• Molecules can be colored in different 

ways

• Distances can be measured in 

Angstroem

• You can also incorporate a Rasmol 

application into Powerpoint
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Display modes in RasMol: Rendering and colour
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Measure Distances with RasMol

394Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



RasTop
(modern Rasmol)

395

http://www.geneinfinity.org/rastop/ 
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Cn3D Molecule Viewer (NCBI)

• structure window for visualization of the 3D structure of the 

molecule: you can turn the molecule, render it in different 

ways and colour it in different ways

• sequence window: shows the amino acid sequences of 

proteins: residues can be selected (Mouse Mode: rectangle, 

column or row): sequence homologies can be aligned 

• Import window: activated from the sequence window: can be 

used to import additional molecules from NCBI 
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Cn3D
structure and 
sequence 
window
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Cn3D Rendering and Colouring

• Molecules can be 

rendered in different 

ways (worms, tubes, 

wire, balls+sticks, 

space fill). The 

appearance can be 

customized („Edit 

Global Style)

• Colours can be 

adjusted to 

distinguish domains, 

molecules, secondary 

structures, charges 

and even alignements.
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Selection of 
molecules or 
domains

399

sequences selected in the 

sequence window are 

highlighted in the structure 

window
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Identification of 
interaction domains 
with the help of Cn3D

400

Select first the molecule for which 

you want to define the potentially 

interacting amino acids (Mouse 

mode: rows). From the Show/Hide 

menu of the structure window 

chose „Select by Distance“ and 

„Other Molecule“ > define the cut-

off in Angstroem.

➢the amino acids in the vicinity of 

the selected molecule will be 

highlighted.

➢press the Ctrl (Strg) button and 

click at the previously selected 

molecule to de-select it > only the 

nearby residues of the other 

molecules are highlighted > 

interaction domains can be 

identified.
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Customized appearance of selected residues

401

Selected residues can be 

rendered and coloured 

differently:

Menu „Style“ > Annotate

➢New > Edit Style

➢the appearance can be 

adjusted for the selected 

residues (e.g. space fill, 

colouring by charge)
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Style options: adding amino acid numbers
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Importing sequences and aligning them

403

From the sequence window: click 

„Imports“ and „Show Imports“

-then the Import window comes up > in 

the menu „Edit“ select „Import 

Sequences“ > define with which 

molecule the imported sequence will be 

aligned > define the molecule to be 

imported (either by accession number or 

the sequence in FASTA format)

> The two sequences will be shown 

aligned in the Import window

➢Alignments > „Merge all“ aligns the two 

chains in the sequence window > aligned 

residues can be visualized…

➢When you use a structure file for 

import you will also see the two 

structures superimposed after saving the 

alignment.
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Example of two aligned structures
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VAST (Vector Alignement Search Tool) for 
defining structural neighbours

405

http://www.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml
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Chimera

• http://www.cgl.ucsf.edu/chimera/

• capable of showing surfaces (also in 

transparency mode)

• very good 3D rendering and 

visualization tools

• fancy preset visualization options

• several molecules can be loaded into 

the same window

• many tools (e.g. side view, cutting 

through molecules, rotation, movie 

recorder…)

406Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

http://www.cgl.ucsf.edu/chimera/


Examples

407

Preset hydrophobicity surface view
Preset: Publication1 + 60% 

transparent surface
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New Chimera X
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New Chimera X
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… allows virtual reality view of molecules with a VR headset:



Free Molecular Biology Software

• website showing an overview of available freeware 

(a bit outdated): http://molbiol-

tools.ca/molecular_biology_freeware.htm 

• UGENE - http://ugene.unipro.ru/   

• GenomeProfiler: obsolet: Flash-based

https://designer.genomecompiler.com/app online or standalone

• Gene Designer: https://www.atum.bio/resources/tools/gene-

designer - obsolet - (Adobe Air-based)

• SnapGene Viewer: https://www.snapgene.com/snapgene-viewer 

• SerialCloner: http://serialbasics.free.fr/Serial_Cloner.html 

• ApE: https://jorgensen.biology.utah.edu/wayned/ape/ 
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UGENE

427

http://ugene.unipro.ru/ 

Powerful freeware, quite fast, also contains smart web-based analyses
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430

Workflows (scripts) 

can be generated 

to facilitate 

repeated actions 

NGS 

(Next generation 

sequencing) data is 

supported

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

Ugene-Workflows



Some key UGENE features

• Alignments: ClustalW, ClustalO, MUSCLE, Kalign, MAFFT, T-Coffee, optimized Smith-

Waterman algorithm 

• PCR in silico; Integrated Primer3 package for PCR primer design 

• Search through online databases: NCBI, PDB, UniProtKB/Swiss-Prot, UniProtKB/TrEMBL, DAS servers 

• Local and NCBI Genbank BLAST search 

• Restriction enzyme finder with integrated REBASE restriction enzymes list; Open reading frames finder 

• Plasmid construction and annotation; Cloning in silico by designing of cloning vectors 

• Genome mapping short reads with Bowtie, BWA and UGENE Genome Aligner 

• Raw NGS data processing 

• Visualization of next generation sequencing data (BAM files) using UGENE Assembly Browser 

• RNA-seq data analysis with Tuxedo pipeline (TopHat, Cufflinks, etc.) 

• ChIP-seq data analysis with Cistrome pipeline (MACS, CEAS, etc.) 

• HMMER2 and HMMER3 packages integration 

• Chromatogram viewer 

• Search for transcription factor binding sites (TFBS) with weight matrix and SITECON algorithms 

• Search for direct, inverted and tandem repeats in DNA sequences 

• Building (using integrated PHYLIP Neighbor Joining, MrBayes or PhyML Maximum Likelyhood) and 

editing phylogenetic trees 

• Combining various algorithms into custom workflows with UGENE Workflow Designer 

• Contigs assembly with CAP3 

• 3D Structure viewer for files in PDB and MMDB formats, anaglyph view support 

• Protein secondary structure prediction with GOR IV and PSIPRED algorithms 

• Constructing dotplots for nucleic acid sequences 

• Creating and using a shared storage (e.g. for a lab) 

• Search for complex signals with ExpertDiscovery 

• Search for a pattern of various algorithms' results in a nucleic acid sequence with UGENE Query 

Designer 
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CloneManager

• commercial software from 

Scientfic Education: 

http://www.scied.com

• very well suited for „in silico 

cloning“ and handling of 

DNA constructs, primer 

design, alignments….

• Supports Genbank format

• Import from Entrez, NCBI

• basic license: 575$

• professional license: 1.100 $
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SNAPGene-Viewer
(freeware: with restrictions)
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LinRegPCR Software for realtime PCR

437

http://www.hartfaalcentrum.nl/index.php?main=files&sub=LinRegPCR

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

classical methods (like the ∆∆Ct-method) 

require correct baseline settings for

correct quantification

http://www.hartfaalcentrum.nl/index.php?main=files&sub=LinRegPCR
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LinRegPCR uses the logarithmic part of 

the amplification curve to calculate a 

starting point N0

N0
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New Web-based LinRegPCR tools

• https://www.gear-genomics.com/rdml-tools/
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New Web-based LinRegPCR tools

• https://www.gear-genomics.com/rdml-tools/
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Radioactivity software: RadPro Calculator

443

Online: http://www.radprocalculator.com/ 

Download link: http://www.radprocalculator.com/RadProDownloads.aspx 

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

http://www.radprocalculator.com/
http://www.radprocalculator.com/RadProDownloads.aspx


VIPER – anti-plagiarism software

444

http://scanmyessay.com/ 
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Plagiarism check by SimTexter 
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https://people.f4.htw-berlin.de/~weberwu/simtexter/app.html
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Plagiarism check by using Google Scholar 
for table values or similar text. 
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It took a Google Scholar search for table values to 
detect that all eight papers are connected.

Example: Detection of an „octapaper“ (the same figures or data sets 

published in 8(!) different articles, with different authors and institutions in 

China:

https://scienceintegritydigest.com/2020/06/03/the-octopaper/

(apparently sold as service for students, who need a paper for promotion) 

https://scienceintegritydigest.com/2020/06/03/the-octopaper/


Cytoflow
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https://cytoflow.github.io

https://cytoflow.github.io/


Cytoflow
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https://cytoflow.readthedocs.io/en/stable/user_manual/user_manual.html

User manual link:

https://cytoflow.readthedocs.io/en/stable/user_manual/user_manual.html
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2D Kernel density



Violin Plots
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CytExpert (for Cytoflex Beckman Coulter)
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https://www.beckman.com/flow-cytometry/research-flow-cytometers/cytoflex/software

https://www.beckman.com/flow-cytometry/research-flow-cytometers/cytoflex/software


Floreada –
web-based flow cytometry analysis
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https://floreada.io/

https://floreada.io/


Floreada features • Histogram overlays

• Compensation matrices

• Exporting of images

• Gating

• Saving analyses on 

workspaces

• Cell cycle analysis

• t-SNE plots
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Databases

• https://imagescience.org/images/

• https://histologyguide.com

• mouse histology: 

https://www.emouseatlas.org/emap/home.html
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Image databases

https://imagescience.org/images/
https://histologyguide.com/
https://www.emouseatlas.org/emap/home.html
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Mouse Databases
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• Jackson Mouse database: http://www.informatics.jax.org

• https://www.mousephenotype.org

• Mouse repository MMHC 

https://frederick.cancer.gov/resources/repositories/nci-mouse-repository

http://www.informatics.jax.org/
https://www.mousephenotype.org/
https://frederick.cancer.gov/resources/repositories/nci-mouse-repository


Nucleotide Databases

459

• Addgene Plasmid Repository 

plasmid collection: very comprehensive 

non-profit collection (appr. 

65$/plasmid)

• Ensembl Genome Browser 

• Gene Expression Omnibus GEO 

microarray data

• GeneCards: gene overview with many 

links comprehensive information of 

genes

• Human Gene and protein database 

www.addgene.org 

 

www.ensembl.org 

www.ncbi.nlm.nih.gov/geo 

 

www.genecards.org 

http://hgpd.lifesciencedb.jp/

cgi/   

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

http://www.addgene.org/
http://www.ensembl.org/
http://www.ncbi.nlm.nih.gov/geo
http://www.genecards.org/
http://hgpd.lifesciencedb.jp/cgi/
http://hgpd.lifesciencedb.jp/cgi/


GeneCards Screenshot
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Uniprot database
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Uniprot database
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Uniprot database
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Uniprot database
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GEO microarray analysis
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BioGPS: Customizable collection of websites:

467

http://biogps.org 

One search entry looks for results in many different databases

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

http://biogps.org/


468

The subsites can be extended to full window
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469

The subsites, which are opened can be customized to different layouts or an 

own collection layout can be saved (after free registration)
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Pathway databases

470

Biocarta

Nature Signaling 

Gateway 

Pathway Interaction 

database 

Pathways - Biolegend

Reactome

http://www.biocarta.com/  

http://www.signaling-gateway.org/  

http://pid.nci.nih.gov/  

http://www.biolegend.com/index.php?page=pa

thways  

http://www.reactome.org/ 

STRING database for functional interactions and signaling networks: 

http://string-db.org

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

http://string-db.org/


STRING 
Database

471

Various 

views

Network expansion 

or shrinkage

Saving
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Protein Databases and other tools
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Human Protein references http://www.hprd.org/   

Lipidomics http://www.lipidmaps.org/   

Macromol. Movements http://www.molmovdb.org/   

Phosphorylation sites http://www.phosida.com/   

Protein Database https://www.rcsb.org 

ScanProsite https://www.expasy.org/resources/scanprosite

Transcription factor database https://jaspar.genereg.net

Uniport Protein database https://www.uniprot.org/

Centrifugation 

DNA /protein calculator 

Fermentas Double digest 

Molarity Calculator 

Molarity Calculator 

Primer3 primer design 

http://www.sciencegateway.org/tools/rotor.htm   

https://at.promega.com/resources/tools/biomath/ 

http://www.fermentas.com/en/tools/doubledigest   

http://www.graphpad.com/quickcalcs/Molarityform.cfm   

http://www.meduniwien.ac.at/user/johannes.schmid/MolarityJava.htm   

http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi    

http://www.hprd.org/
http://www.lipidmaps.org/
http://www.molmovdb.org/
http://www.phosida.com/
https://www.rcsb.org/
https://www.expasy.org/resources/scanprosite
https://jaspar.genereg.net/
https://www.uniprot.org/uniprotkb/?query=*
http://www.sciencegateway.org/tools/rotor.htm
https://at.promega.com/resources/tools/biomath/
http://www.fermentas.com/en/tools/doubledigest
http://www.graphpad.com/quickcalcs/Molarityform.cfm
http://www.meduniwien.ac.at/user/johannes.schmid/MolarityJava.htm
http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi


Other webtools

• Medical images: 

https://en.wikiversity.org/wiki/WikiJournal_of_Medicine/Medical_gallery_of_Blausen_Medical_2014

• Biodigital images: https://human.biodigital.com/login?returnUrl=/explore

• Interactive presentations: https://www.mentimeter.com

• Protocols, methods: https://experiments.springernature.com

• biological drawing (svg-files): https://bioicons.com

• Signaling pathways: https://apps.pathwaycommons.org

• Interactive fluorescent protein database: https://www.fpbase.org/chart/

• Gene set enrichment analysis: https://www.gsea-msigdb.org/gsea/msigdb/

• Medical biochemistry: https://themedicalbiochemistrypage.org

• NF-κB target genes: https://www.bu.edu/nf-kb/gene-resources/target-genes/

• Microvesicle database: http://microvesicles.org/index.html

• Austrian data portal: https://www.data.gv.at
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https://themedicalbiochemistrypage.org/
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Other webtools

• Open Cell – protein localization/images: https://opencell.czbiohub.org 

• Cancer guidelines: https://www.onkopedia-guidelines.info/en/onkopedia/guidelines 

• Online curve fitting: https://www.mycurvefit.com 

• Cell line collection: https://www.dsmz.de/collection/ 

• Cell lines: https://www.cellosaurus.org 

• Primer database: https://pga.mgh.harvard.edu/primerbank/ 

• Transcriptional start sites: https://dbtss.hgc.jp 

• European Bioinformatics Institute: https://www.ebi.ac.uk 

• Addgene plasmid repository: https://www.addgene.org 
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Updated Links

• Nucleotide databases

• Ensembl Genome Browser

• Gene Expression Omnibus (GEO)

• FuncAssociate 2.0: The Gene Set Functionator

• ENCODE Project at UCSC

• EPD The Eukaryotic Promoter Database

• Pathways

• BioGRID | Database of Protein and Genetic Interactions

• KEGG PATHWAY Database

• Reactome pathways
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http://www.ensembl.org/index.html
http://www.ncbi.nlm.nih.gov/geo/
http://llama.mshri.on.ca/funcassociate/
http://genome.ucsc.edu/ENCODE/
http://epd.vital-it.ch/
http://thebiogrid.org/
http://www.genome.jp/kegg/pathway.html
http://www.reactome.org/


Updated Links

• STRING: functional protein association networks

• PhosphoSitePlus: a resource for protein phosphorylation and 

other post-translational modifications

• neXtProt - exploring the universe of human proteins
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http://string-db.org/
http://www.phosphosite.org/homeAction.do
http://www.phosphosite.org/homeAction.do
http://www.nextprot.org/


Updated Links – Tools and Methods

• Primer3Plus

• Addgene: CRISPR/Cas Plasmids for Genome Editing

• Animal Experimentation Design Assistant: https://eda.nc3rs.org.uk

• ArrayExpress < EMBL-EBI

• BCCM/LMBP plasmids catalogue: https://bccm.belspo.be

• Broad-Novartis Cancer Cell Line Encyclopedia

• cBioPortal for Cancer Genomics

• Clinical Trials Register
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http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi
https://www.addgene.org/crispr/
https://eda.nc3rs.org.uk/
https://eda.nc3rs.org.uk/
https://www.ebi.ac.uk/arrayexpress/
https://bccm.belspo.be/
http://www.broadinstitute.org/ccle/home
http://www.cbioportal.org/public-portal/
https://www.clinicaltrialsregister.eu/ctr-search/search


Updated Links – Tools and Methods

• Complex Portal < EMBL-EBI

• COXPRES co-regulated gene database

• CRISPR design

• CRISPR Design 2

• CRISPR DESKGEN

• Datasearch Elsevier

• EBI

• eClinPath | A Resource for Veterinary 

Clinical Pathology

• EMBL-EBI Train online |

• ENCODE at UCSC
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• Enrichr

• European Data Portal

• Expression Atlas < EMBL-EBI

• Fluorescence SpectraViewer | Life 

Technologies

• fluorophores.org

• Garland Science - Instructor Resource 

Center

• GeneCopoiea cDNA and shRNA Clones

• GeneInfinity

• GENEVESTIGATOR

• Genevisible

• ImageJ

• InterPro protein sequence analysis & 

classification < InterPro < EMBL-EBI

https://www.ebi.ac.uk/intact/complex/
http://coxpresdb.jp/
http://www.e-crisp.org/E-CRISP/designcrispr.html
http://crispr.mit.edu/
https://www.deskgen.com/landing/
https://datasearch.elsevier.com/#/
http://www.ebi.ac.uk/
http://www.eclinpath.com/
http://www.eclinpath.com/
https://www.ebi.ac.uk/training/online/?utm_source=EMBL+courses+and+conferences&utm_campaign=b945e59eeb-July_overall+mail&utm_medium=email&utm_term=0_b9f46bb4da-b945e59eeb-71632373
https://genome.ucsc.edu/ENCODE/
http://amp.pharm.mssm.edu/Enrichr/index.html#stats
http://www.europeandataportal.eu/
https://www.ebi.ac.uk/gxa/home
http://www.lifetechnologies.com/at/en/home/life-science/cell-analysis/labeling-chemistry/fluorescence-spectraviewer.html
http://www.lifetechnologies.com/at/en/home/life-science/cell-analysis/labeling-chemistry/fluorescence-spectraviewer.html
http://www.fluorophores.tugraz.at/
https://www.garlandscience.com/ecommerce_user/instructor_signin.jsf?landing=instructor
https://www.garlandscience.com/ecommerce_user/instructor_signin.jsf?landing=instructor
http://www.genecopoeia.com/
http://www.geneinfinity.org/
https://www.genevestigator.com/gv/
http://genevisible.com/search
http://rsbweb.nih.gov/ij/
http://www.ebi.ac.uk/interpro/
http://www.ebi.ac.uk/interpro/


Updated Links – Tools and Methods

• IPA Ingenuity Pathway Analysis

• IPA Login

• iPathwayGuide

• iPathwayGuide

• MIRUMIR miRNA survival data

• Molecular Movies - Home

• Mouse Phenotyping Consortium

• Mouse Strain Resource

• nebiocalculator.neb.com/#!/

• NEBuilder

• Open Microscopy Environment —

OME
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• Platelet Web - Systems Biology

• PolyGene Customized Transgenic 

Mouse and Rat Models |

• PRIMEGENS isoform specific PCR

• Primer - Plasmids - Enzymes | Tools 

for Genomics Scientists

• Prostate Cancer Cell Lines Database

• Proteins and Proteomics Opening 

Page

• Proteomics PRIDE Archive

• Rad Pro Calculator: Online Nuclear 

Calculations and Free Health Physics 

Software

• real-time PCR primer and probe 

database

http://www.ingenuity.com/
https://apps.ingenuity.com/ingsso/login?service=https://analysis.ingenuity.com/pa/j_spring_cas_security_check&originalUrl=https://analysis.ingenuity.com/pa
https://apps.advaitabio.com/oauth-provider/login
https://apps.advaitabio.com/ipg/dashboard
http://www.bioprofiling.de/GEO/MIRUMIR/mirumir.html
http://www.molecularmovies.com/
http://www.mousephenotype.org/
http://www.findmice.org/index.jsp
http://nebiocalculator.neb.com/#!/
http://nebuilder.neb.com/
http://openmicroscopy.org/site
http://openmicroscopy.org/site
http://plateletweb.bioapps.biozentrum.uni-wuerzburg.de/plateletweb.php
http://www.polygene.ch/
http://www.polygene.ch/
http://primegens.org/
http://www.genomics-online.com/
http://www.genomics-online.com/
http://www.capcelllines.com/
http://www.proteinsandproteomics.org/
http://www.proteinsandproteomics.org/
https://www.ebi.ac.uk/pride/archive/
http://www.radprocalculator.com/
http://www.radprocalculator.com/
http://www.radprocalculator.com/
http://www.rtprimerdb.org/
http://www.rtprimerdb.org/


Updated Links – Tools and Methods

• RNAi library Screeninc .

• RNAseq Exiqon XploreRNA

• ScanProsite

• Science Events: Scientific 

conferences, courses, 

meetings and more at 

Natureevents Directory

• SignalPeptide 4.1 Predictor

• TargetScanHuman 5.1

• The Medical Biochemistry Page

• transcriptomics ExAtlas

• Tronolab Lentiviral Systems

• Tsien lab Website

• UniProtKB
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• WikiPathways

• super-enhancers in mouse and 

human genome dbSUPER

• GUILDify: Web server for 

phenotypic characterization of 

genes

• Phosphatome - phosphatase 

database

• Fluorescent protein properties

• BBMRI.at - Biobanks

• Human Cell Atlas

• miRNA expression atlas

• CIBERSORT Immune cell profiling

• Phospho.ELM

http://screeninc.nki.nl/
https://xplorerna.exiqon.com/user/myprojects
http://prosite.expasy.org/scanprosite/
http://www.nature.com/natureevents/science/
http://www.nature.com/natureevents/science/
http://www.nature.com/natureevents/science/
http://www.cbs.dtu.dk/services/SignalP/
http://www.targetscan.org/
http://themedicalbiochemistrypage.org/
http://lgsun.grc.nia.nih.gov/exatlas/index.html
http://www.tronolab.com/index.php
http://www.tsienlab.ucsd.edu/
http://www.uniprot.org/uniprot/
http://www.wikipathways.org/index.php/WikiPathways
http://bioinfo.au.tsinghua.edu.cn/dbsuper/
http://bioinfo.au.tsinghua.edu.cn/dbsuper/
http://sbi.imim.es/web/GUILDify.php
http://sbi.imim.es/web/GUILDify.php
http://sbi.imim.es/web/GUILDify.php
http://phosphatome.net/3.0/
http://phosphatome.net/3.0/
http://www.fpvis.org/FP.html
http://bbmri.at/
https://www.humancellatlas.org/
http://fantom.gsc.riken.jp/5/suppl/De_Rie_et_al_2017/
https://cibersort.stanford.edu/
http://phospho.elm.eu.org/


Cytoscape

481

www.cytoscape.org: an open source platform for network visualization and analysis

http://apps.cytoscape.org 

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research

http://www.cytoscape.org/
http://apps.cytoscape.org/


Cytoscape for any network data
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Example:

• Correlation between clinical data from a routine health check 

and lifestyle factors, as well as psychic traumas in childhood 

Correlation matrix with GraphPad Prism

correlation matrix can be imported into Cytoscape with the App: aMatReader
(take care to use “.” and not “,” for the decimal point!)
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Mind-
Mapping 
software:

484

• XMind

•

Edraw MindMap

• Freemind

• Mindmanager

• CMapTools

Johannes A. Schmid, Inst. of Vascular Biology and Thrombosis Research



Edraw Mind Map
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Network analyst: www.networkanalyst.ca  

• Tutorials: http://www.networkanalyst.ca/faces/docs/Tutorial.xhtml

• Nature Protocols article:

https://www.nature.com/articles/nprot.2015.052  

http://www.networkanalyst.ca/
http://www.networkanalyst.ca/faces/docs/Tutorial.xhtml
https://www.nature.com/articles/nprot.2015.052


Features of Network Analyst

• Web application for meta-analysis and visualization of genes and proteins

• Statistics: summary-level data from multiple datasets; differential analysis: 

nested comparisons, time series, pair-wise comparisons… 2-factor analysis 

(e.g. donor/gender effects when comparing different treatments)

• Visualizations

- Networks

- Heatmaps

- Chord diagrams 



Data input I: List of predefined differentially expressed genes

(choosing human might sometimes provide a richer network, even 

in case the experiment was done in mice!)

logFC

Example: Genes of 

endothelial-mesenchymal 

transition – extracted from a 

GEO dataset and analyzed 

with Geo2R



Visual analytics options



Chose a protein interactome database 



Chose a network

By default the 1st oder network is calculated, if this is too dense (>2000 nodes), it is advisable to switch to 

zero-order network or to minimum network (the lowest number of nodes required to link all the seeds of the 

differentially expressed genes). 

If it is too sparse, you may switch to 2nd order network)



Adjustable network view



Adjustable network view

Network parameters

Download optionsExpression up (red) or down (green) regulated



Calculation of significantly altered functions
(functional enrichment analysis > Function Explorer)

Extract highlighted 

subnetworks here

Choose color here



Zero order network of the same data set
235 nodes (instead of 5325), 409 edges, 238 seeds (from 988 diff. regulated genes)

Mostly the same pathways are enriched



Different databases can be searched for the network
KEGG, Reactome, Gene Ontologies: 

GO:BP (biological process), GO:MF (molecular function), GO:CC (cell. compartments), 

motif (transcription factor binding motifs)



Different databases can be searched for the network



Module explorer Modules are tightly clustered subnetworks with more internal connections than 

expected randomly in the network (module members are likely to cooperate in 

biological functions)

You can make all module node names visible by using „More Options“ > highlighted nodes > increase 

Different colors for 

distinct modules

modules can be 

extracted to build 

new subnetworks



Data input II: A single gene expression data 
(raw data)



Input II: A single gene expression data (raw data)

#NAME Column2 Column3 Column4 Column5 Column6

#CLASS:EXP C4-4BO D4-4IL E4-4PD F4-4CON C6-3BO

#CLASS:TREATMENT IL-1a_PDGF IL-1a PDGF control IL-1a_PDGF

DDX11L1 0.424898092812381 0.700476587867491 0.314804949796422 0.964096737476719 0.395740854386969

CICP27 0.48738310646126 0.794771513157345 0.839479866123791 0.471569056374482 0.949778050528727

RP4-669L17.10 5.06128610555924 4.66086345004138 4.00064623699619 6.26662879359867 5.87015600674005

MTND1P23 78.6061471702905 74.1427526850513 52.9396990574316 74.4974315948043 271.623331089403

MTND2P28 643.233227504296 423.451568069511 365.016339288951 494.110057269182 229.358207840875

hsa-mir-6723 986.863311564944 869.466564690523 852.268817209271 1014.82708863025 1062.90716943615

The data has to be in the following format (adding: #NAME and #CLASS):

Example data: Transition of smooth muscle cells from a contractile to a synthetic phenotype by IL-1 and PDGF 



Input of all the relevant parameter

Clicking on question marks provides very good support for chosing the correct options





Results of  differential gene expression 
analysis



Diagnostics of the analysis



Principal component analysis (PCA)





Protein interaction network



Path Explorer …defines the shortest path between two nodes



New visual mode:



Gene-miRNA network
Function explorer often leads to very similar 

results as the protein interaction network 

analysis



Transcription factor – gene interaction network



Transcription factor – gene interaction network



Protein – drug interaction network



Protein – drug interaction network



Protein – chemical interaction network



Reduction of complexity by using filters



Protein – chemical interaction network



Heatmap clustering



Heatmaps

Overview Focus View> selection of region >
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