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Raziskave na Oddelku za biotehnologijo in sistemsko
biologijo 

GENOMIKA, 
TRANSKRIPTOMIKA, 

PROTEOMIKA, 
METABOLOMIKA, …

ANALIZA PODATKOV 
IN MODELIRANJE

POSTAVLJANJE 
HIPOTEZ

POTRJEVANJE HIPOTEZ S 
FUNKCIJSKIMI ŠTUDIJAMI

Delovni sklop: OMIKE
Vodja: prof. dr. Kristina Gruden

Presenter
Presentation Notes
First I’ll quickly explain what we are researching at our department. I’m part of the OMICS group lead by prof. Gruden. We study mainly responses of plants to biotic and abiotic stressors and use OMICS technologies – transcriptomics, proteomics, metabolomics to follow responses on global gene, protein, metabolites in the sampled tissue. With these, we generate big quantities of data – up to several hundred GB per biological sample.
As you can see on the systems biology cycle on the slide, the data is then bioinformatically and statistically analyzed (also used for modelling in some cases). Then we generate hypotheses and test them in new experimental setups, using functional and OMICS methodologies, generating new data.



Kakšne raziskovane podatke generiramo?

• Surovi podatki
• Metapodatki
• Vmesni in končni rezultati obdelave podatkov in modeliranja
• Publikacije (članki, poročila, predstavitve, posterji etc)

Presenter
Presentation Notes
We generate raw data (microscopy images, sequence reads,…). These are useless without the associated metadata such as: description on how the biological material were sampled, analyzed in the wet lab (protocols) …



Načrt ravnanja s projektnimi podatki (“data management plan”)

Column1

Sy
nt

he
tic

 
bi

ol
og

y 
co

ns
tr

uc
ts

 / 
Ph

yt
ob

ric
ks

Tr
an

sc
rip

to
m

ics

M
et

ab
ol

om
ics

El
ec

tro
an

te
nn

o 
gr

ap
hy

Pl
an

t 
ph

en
ot

yp
in

g

Pr
om

ot
er

 
tr

an
sc

rip
tio

na
l 

ac
tiv

ity

Generated by CSIC, EI, TUDA NIB, EI TUDA, CSIC TUDA CSIC, EI CSIC

Format of generated 
data

GenBank fastq, hdf5

DATA.MS, 
NMReDATA, 
Bruker data 

format, Shimadzu 
data format (qgd)

txt(ASCII), jpeg, 
eag

jpeg, txt(ASCII) txt(ASCII), jpeg

Raw data storage at
CSIC, EI, TUDA, 

GeneBank

NIB, EI, 
SRA/ArrayExpress/

GEO

TUDA, CSIC, 
MetaboLights, 

MolCheck

TUDA, 
FAIRDOMHub

CSIC, EI, 
FAIRDOMHub

CSIC, FAIRDOMHub

Expected data size < 1 GB < 1800 GB < 30 GB < 5 GB < 10 GB < 1 GB
Analysed by CSIC, EI, TUDA NIB, EI TUDA, CSIC TUDA CSIC, EI CSIC

Analysed data       
storage at

FAIRDOMHub FAIRDOMHub FAIRDOMHub FAIRDOMHub FAIRDOMHub
GB Elements 

Database, 
FAIRDOMHub

Minimal information 
requirements

MIRIAM MIAME CIMR MINI MIAPPE /

Standards, formats
Genebank, SBOL 
data and visual

MAGE-ML
mzML, 

mzQuantML, 
nmrML

NWB / /

Ontolologies and 
vocabularies used

SBOL
GO, KEGG, 

InterPro, MapMan
CHEBI, KEGG, 

MapMan
OEN PO, TO, CO SBOL

SOPs stored at FAIRDOMHub FAIRDOMHub FAIRDOMHub FAIRDOMHub FAIRDOMHub FAIRDOMHub
Scripts stored at FAIRDOMHub FAIRDOMHub FAIRDOMHub FAIRDOMHub FAIRDOMHub FAIRDOMHub

Presenter
Presentation Notes
Before you start a project you should think about data you will generate. More and more funding agencies in their project calls now require a data management plan as part of the proposal. From our experience, it is very useful to make an overview table that shows what kind of data will be generated, where it will be stored, in what format, what standards and ontologies will be used and where and how the data will be publicly available.
This is an example of such table in an international European project where our group was leading the data management.



Javni podatkovni repozitoriji

SPECIALIZIRANI REPOZITORIJI ZA SUROVE 
BIOLOŠKE PODATKE

SPLOŠNI REPOZITORIJI ZA PODATKE

Presenter
Presentation Notes
Raw data can be deposited to public data repositories. In biology & biotechnology we use mostly technology-specific databases listed on the left; however for some data (also computer code) we use general repositories listed on the right.



Rast količine podatkov visokozmogljivostnega sekvenciranja DNA (in RNA):

slika: NCBI Insights
(https://ncbiinsights.ncbi.nlm.nih.gov/2021/08/09/espsss-workshop/#more-6180)

slika: EBI ENA
(https://www.ebi.ac.uk/ena/browser/about/statistics)

Javni podatkovni repozitoriji

ENA

Presenter
Presentation Notes
On these two graphs you can see the rapid rise of data deposited to sequence repositories SRA na ENA (these databases are synchronized!)

The database stores more than 160 trillion sequences taking up 16 Pbyte of disk space.
1 PB = 1000 TB



Deponiranje surovih podatkov v javne repozitorije

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA400633

Presenter
Presentation Notes
We upload high-throughput data to SRA database. Here you can see an example of our RNA sequencing dataset. Notice that there is quite some metadata associated to it!



Deponiranje surovih podatkov v javne repozitorije

https://doi.org/10.5281/zenodo.5810526

Presenter
Presentation Notes
This is an example of metabolomics raw data uploaded to ZENODO which is less demanding on the metadata site.



Kaj pomenijo FAIR podatki za nas?

slika: The Open Science Training Handbook
https://book.fosteropenscience.eu/
(CC0 1.0 Universal)

• enoznačni in 
perzistentni ID-ji

• strojno berljivi
metapodatki

• takojšen dostop
• ali jasna pravila za 

dostop

• datotečni formati
• ontologije
• genski

identifikatorji

• metapodatki z ustreznimi
attributi za reanalizo

• licence
• standardi različnih ved

Presenter
Presentation Notes
Findable – in public database you have to be able to find it by searching relevant keywords
Accessible – do I have immediate access or need to request it
Interoperable – is it in appropriate format for my analysis tools, will some researcher in 5 or 10 years be able to read it? 
Reusable – Am I allowed to use it ? Under which license?



Kako ravnamo s podatki preden
jih deponiramo v javnih
repozitorijih?

Presenter
Presentation Notes
However, we upload raw data usually months or even years after they are collected. So how do we organize it locally so the data does not get lost or messy?



Kako (na NIB) ravnamo s podatki preden jih
deponiramo v javnih repozitorijih?

• Surovi podatki
• Metapodatki
• Vmesni in končni rezultati obdelave

podatkov in modeliranja
• Publikacije (članki, poročila, 

predstavitve, posterji etc)

mrežni strežnik z 
varnostno kopijo in 
omejenim dostopom

Presenter
Presentation Notes
We save raw data with some minimal metadata on the network storage server STORK. It has limited writing privileges (2 administrators)



Kako (na NIB) ravnamo s podatki preden jih
deponiramo v javnih repozitorijih?

• Surovi podatki
• Metapodatki
• Vmesni in končni rezultati obdelave

podatkov in modeliranja
• Publikacije (članki, poročila, 

predstavitve, posterji etc)

linux strežniki za 
obdelavo podatkov

mrežni strežnik z 
varnostno kopijo in 
omejenim dostopom

Presenter
Presentation Notes
More demanding data analysis is done on linux servers and we expect to start using also the ELIXIR-SI computational infrastructure soon.



Kako (na NIB) ravnamo s podatki preden jih
deponiramo v javnih repozitorijih?

• Surovi podatki
• Metapodatki
• Vmesni in končni rezultati obdelave

podatkov in modeliranja
• Publikacije (članki, poročila, 

predstavitve, posterji etc)
drugi mrežni
strežnik z 
varnostno kopijo

mrežni strežnik z 
varnostno kopijo in 
omejenim dostopom

linux strežniki za 
obdelavo podatkov

Presenter
Presentation Notes
Results among with rich metadata is stored on another backuped network drive using pISA-tree system developed at out lab. Links to raw data not stored there are given in the metadata.




project

Investigation
(raziskava)

Study
(študija)

Assay
(test)

pISA-tree

• Sistem za organizacijo projektnih
podatkov (*.bat skripte)

• Datotečna drevesna struktura po
ISA specifikacijah

• metapodatkovne *.txt datoteke v 
ISA-Tab format (sprotno
beleženje metapodatkov)

https://github.com/NIB-SI/pISA-tree

Prednatis članka:
https://www.biorxiv.org/content/10.1101/2021.11.18.468977v1

Image: https://isa-tools.org/format/specification.html

metadata

metadata

metadata

N
IV

O
JI

Presenter
Presentation Notes
pISA-tree was developed at our department for our own need to organize projects because we work as a team and everyone had his own way of organizing data.

It is a system that uses Windows directory structure and batch scripts to automate creation of 4 levels of directories and metadata files as shown on the image on the right – pISA stands for project/Investigation/Study/Assay. The metadata are stored at all levels in TXT tab-delimited format. 

https://github.com/NIB-SI/pISA-tree
https://www.biorxiv.org/content/10.1101/2021.11.18.468977v1


pISA-tree: ustvarjanje nivojev

https://github.com/NIB-SI/pISA-tree

Presenter
Presentation Notes
Here is an example of running a batch file for creation of an Assay level.

https://github.com/NIB-SI/pISA-tree


pISA-tree: primer lokalne strukture

I
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https://github.com/NIB-SI/pISA-tree

Presenter
Presentation Notes
The structure looks like this in Windows Explorer. I highlighted the levels with circles but you can see from directory names that they start with level designation.
The most data rich level is the Assay – the script generates directories to organize data e.g. “input” for files needed to do the analysis, “output” for results, “reports” for report files etc


https://github.com/NIB-SI/pISA-tree


pISA-tree: primer lokalne strukture

Presenter
Presentation Notes
Metadata on each level are stored in _<LEVEL>_METADATA.TXT files. They are generated using the batch script shown before and can be edited using a text editor and read by computers (TAB delimited).



pISA-tree: interoperabilnost

pisar
paket

seekr
paket

analitski
delotoki

API

ISA-Tab 
metapodatki

https://github.com/NIB-SI/pISA-tree https://github.com/NIB-SI/seekr https://github.com/NIB-SI/pisar

stisnjeni
podatki

splošni
podatkovni
repozitoriji

Presenter
Presentation Notes
We developed also two R packages that complement pISA-tree. Package pisar simplifies reading metadata from pISA-tree and enables export of metadata into ISA-Tab format that along with zipped directory structure can be deposited to general data repositories. 

seekr is used to upload the whole structure to FAIRDOMHub repository.

https://github.com/NIB-SI/pISA-tree
https://github.com/NIB-SI/seekr
https://github.com/NIB-SI/pisar


pISA-tree --> FAIRDOMHub.org

• FAIRDOMHub
• uporablja ISA format

• na voljo večina licenc za odprto kodo in 
podatke (Creative Commons, Open Data 
Commons, …)

• omogoča pridobitev DOI za podatke

• Prenos v programskem okolju R s 
paketom seekr(https://github.com/NIB-
SI/seekr) 

https://github.com/NIB-SI/pISA-tree https://fairdomhub.org/

Presenter
Presentation Notes
pISA-tree upload of whole structure (directory tree) to FAIRDOMHub repository. FAIRDOM also uses ISA structure and offers minting of DOIs. 


https://github.com/NIB-SI/seekr
https://github.com/NIB-SI/pISA-tree
https://fairdomhub.org/


pISA-tree -------------------------------------------------------> FAIRDOMHub.org
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https://github.com/NIB-SI/pISA-tree https://fairdomhub.org/

Presenter
Presentation Notes
This is how the structure looks on FAIRDOMHub – this means we can share all files and metadata produced during research and make THE RESEARCH REALLY OPEN and transparent.

https://github.com/NIB-SI/pISA-tree
https://fairdomhub.org/


ELIXIR Research Data Management Kit

• Spletni vodnik o dobrih praksah
ravnanja s podatki za celoten
življenjski cikel podatkov (know-how, 
orodja, primeri najboljše prakse)

• Namenjen raziskovalcem, upravljavcem
podatkov in oblikovalcem politik

https://rdmkit.elixir-europe.org/

Presenter
Presentation Notes
At the end I would like to point you to an online resource that is trying to collect best practices in DM for Life Sciences covering the entire data life cycle.

You can see in the screenshot of the menu on right which domains are currently covered.

https://rdmkit.elixir-europe.org/


ELIXIR Research Data Management Kit

https://rdmkit.elixir-europe.org/data_management_plan

Presenter
Presentation Notes
Even more interesting for you might be the tasks that are not specific to domains such this page that gives advice on preparation of data management plan.

https://rdmkit.elixir-europe.org/data_management_plan


Skupina razvijalcev pISA-tree

prof. dr. Andrej Blejec

prof. dr. Kristina Gruden

dr. Maja Zagorščak

dr. Živa Ramšak

doc. dr. Špela Baebler

dr. Anna Coll Rius

Katja Stare

dr. Tjaša Lukan

Valentina Levak

marko.petek@nib.si

dr. Marko Petek

Presenter
Presentation Notes
At the end I want to acknowledge my coworkers involved in pISA-tree development and I thank you for your attention!
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