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Life in Scales



(Holzinger, 2014)



Building Life



Francis Crick
● British molecular biologist, 

biophysicist, and 
neuroscientist

● Co-discoverer of the 
structure of the DNA 
molecule in 1953

● Nobel Prize in Physiology 
or Medicine

(Wikipedia, 2018)

Photo: Marc Lieberman - Siegel RM, Callaway EM: Francis Crick's Legacy for Neuroscience: Between 
the α and the Ω. PLoS Biol 2/12/2004: e419. https://dx.doi.org/10.1371/journal.pbio.0020419



Central Dogma of Molecular Biology
(Crick, 1970)

"The central dogma of molecular biology deals with the detailed 
residue-by-residue transfer of sequential information. It states that such 
information cannot be transferred back from protein to either protein or nucleic 
acid."



Phenotype
● Sets of organism observable characteristics
● Expression of organism's genotype interacting with the environment
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Complexity: From Genes to Phenotypes

(Mungall, 2009)



Protein

By Opabinia regalis - Self created from PDB entry 1TIM using the 
freely available visualization and analysis package VMD, CC BY-SA 
3.0, https://commons.wikimedia.org/w/index.php?curid=1068554



TNF and its Receptor

(Wiltgen et al., 2007)



Protein–Protein Interactions in Virus–Host Systems
(Brito, A. F., & Pinney, 2017)

"To study virus-host protein interactions, knowledge about viral and host protein 
architectures and repertoires, their particular evolutionary mechanisms, and 
information on relevant sources of biological data is essential."

"From a biomedical perspective, blocking such interactions is the main mechanism 
underlying antiviral therapies."



Data Sources



Protein Data Base
http://www.rcsb.org/

(Wiltgen et al., 2007)

http://www.rcsb.org/


TNF - UniProt
https://www.uniprot.org/

https://www.uniprot.org/


Drugs
Pair Analysis





DrugBank
https://www.drugbank.ca/

https://www.drugbank.ca/


PDB & DrugBank
● Search by Drugs & Drug Targets

○ http://www.rcsb.org/pages/search_features#search_drugs

http://www.rcsb.org/pages/search_features#search_drugs


U.S. Food & Drug Administration
Adverse Event Reporting Systems (AERs)

● Drug Approvals and Databases
○ https://www.fda.gov/Drugs/Informat

ionOnDrugs/

https://www.fda.gov/Drugs/InformationOnDrugs/
https://www.fda.gov/Drugs/InformationOnDrugs/


U.S. Food & Drug Administration
Adverse Event Reporting Systems (AERs)

● FAERS - FDA Adverse Event 
Reporting Systems

○ https://www.fda.gov/Drugs/Informat
ionOnDrugs/ucm135151.htm

https://www.fda.gov/Drugs/InformationOnDrugs/ucm135151.htm
https://www.fda.gov/Drugs/InformationOnDrugs/ucm135151.htm


Online Mendelian Inheritance in Man (OMIM)
https://www.omim.org/

“[...] catalog of human genes and genetic disorders and traits, with a particular 
focus on the gene-phenotype relationship.” (Wikipedia, 2018)

https://www.omim.org/


Mendelian Trait
“Mendelian trait is one that is controlled by a single locus in an inheritance pattern. 
In such cases, a mutation in a single gene can cause a disease that is inherited 
according to Mendel's laws. Examples include sickle-cell anemia, Tay-Sachs 
disease, cystic fibrosis and xeroderma pigmentosa.” (Wikipedia, 2018)



HIV-1 Human Interaction Database
https://www.ncbi.nlm.nih.gov/genome/viruses/retroviruses/hiv-1/interactions/browse/

https://www.ncbi.nlm.nih.gov/genome/viruses/retroviruses/hiv-1/interactions/browse/


(Holzinger, 2014)



Estimates of Cells in Human Body
● Reference man

○ 70 kilograms
○ 20–30 years old
○ 1.7 metres tall

● 30 trillion human cells
● 39 trillion bacteria

(Sender et al., 2016)



NIH Human Microbiome Project
https://hmpdacc.org/

https://hmpdacc.org/


HMP1
https://hmpdacc.org/hmp/

● Initial Phase (2008)
● 300 healthy individuals
● Sites on the human body

○ nasal passages
○ oral cavity
○ Skin
○ gastrointestinal tract
○ urogenital tract

● 16S rRNA sequencing
● Metagenomic whole genome shotgun (wgs) sequencing
● Over 14.23 terabytes of data

https://hmpdacc.org/hmp/


Model Organisms



Model Organisms
● "Most of our knowledge about the basic properties of metabolism, growth, and 

division in living cells is a result of studies on species described as 'model 
organisms'". 

● These species include:
○ bacterium Escherichia coli
○ bakers’ yeast (Saccharomyces cerevisiae),
○ the fruit fly (Drosophila melanogaster)
○ the nematode worm (Caenorhabditis elegans)
○ the mouse (Mus musculus)
○ the thale cress (Arabidopsis thaliana)

(Oliver et al., 2016)



Model Organism Databases (MOD)
● "Model organism databases (MODs) host the genomic and functional 

information produced by organism-specific research projects and provide 
query and visualization tools to access these data"

(Oliver et al., 2016)



PortEco
http://www.porteco.org/

http://www.porteco.org/


EcoCyc
https://ecocyc.org/

https://ecocyc.org/


(Holzinger, 2014)



Extending Worms Life
https://www.npr.org/2015/05/22/408027400/how-do-you-make-an-elderly-worm-feel-young-again 

https://www.npr.org/2015/05/22/408027400/how-do-you-make-an-elderly-worm-feel-young-again


A C. elegans mutant that lives twice as long as wild 
type

● "WE have found that mutations in the gene daf-2 can cause fertile, active, 
adult Caenorhabditis elegans hermaphrodites to live more than twice as 
long as wild type." (Kenyon et al., 1993)



Caenorhabditis elegans



WormBase
https://www.wormbase.org

https://www.wormbase.org


Zebrafish - ZFIN
https://zfin.org/

https://zfin.org/


Mouse - MGI
http://www.informatics.jax.org/

http://www.informatics.jax.org/


Fly - FlyBase
http://flybase.org/

http://flybase.org/


Rat - Rat Genome Database (RGD)
https://rgd.mcw.edu/

https://rgd.mcw.edu/


Yeast - Saccharomyces Genome Database (SGD)
https://www.yeastgenome.org/

https://www.yeastgenome.org/


Alliance of Genome Resources
http://www.alliancegenome.org/

http://www.alliancegenome.org/


Intermine
http://intermine.org/

http://intermine.org/


WormMine
http://intermine.wormbase.org/tools/wormmine/ 

http://intermine.wormbase.org/tools/wormmine/


Digital Patient
● "a technological framework that, once fully developed, will make it possible to 

create a computer representation of the health status of each citizen that 
is descriptive and interpretive, integrative and predictive." Discipulus 
Consortium (2013)



eVip
Electronic Virtual Patients

https://virtualpatients.eu/

https://virtualpatients.eu/


Referatory
https://virtualpatients.eu/referatory/

https://virtualpatients.eu/referatory/


Semantic Web
“… the idea of having data on the web defined and linked in a way that it can be 
used by machines not just for display purposes, but for automation, 
integration and reuse of data across various applications.”

W3C Semantic Web Activity Group, 2011



Linked Data



Wikipedia

Infobox



DBPedia



DBPedia (URIs)



DBPedia – English

▪4.58 million things

▪4.22 million classified in a consistent ontology

▫ 1,445,000 persons

▫ 735,000 places (478,000 populated)

▫ 411,000 creative works
◦ 123,000 music albums; 87,000 films; 19,000 video games

▫ 241,000 organizations

▫ 251,000 species

▫ 6,000 diseases.



DBPedia – International

▪125 languages

▪38.3 million things

▪23.8 million interlinked with English



Datasets published following Linked Data ‘format’:  05/2007 

Source: http://lod-cloud.net/

Linked Data
05/2007



Datasets published following Linked Data ‘format’:  11/2007 

Source: http://lod-cloud.net/

Linked Data
11/2007



Datasets published following Linked Data ‘format’:  2008 

Source: http://lod-cloud.net/

Linked Data
2008



Datasets published following Linked Data ‘format’:  2009 

Source: http://lod-cloud.net/

Linked Data
2009



Datasets published following Linked Data ‘format’:  2010

Source: http://lod-cloud.net/

Linked Data
2010



Datasets published following Linked Data ‘format’:  2011

Linked Data
2011





Source: http://lod-cloud.net/

Linked Data
04/2014



Linked Data
03/2019

1,239 datasets

16,147 links

https://lod-cloud.net/

https://lod-cloud.net/


● “National Library of Medicine's controlled vocabulary thesaurus.”
● used by the MEDLINE/PubMed article database
● 28,000 descriptors
● 90,000 entry terms

Medical Subject Headings (MeSH)
https://www.nlm.nih.gov/mesh/meshhome.html



● MeSH Browser
○ https://meshb.nlm.nih.gov/search

● Myocardial Infarction
○ C14.280.647.500
○ C stands for Diseases

■ C14 Cardiovascular Diseases
■ C14.280 Heart Diseases
■ C14.2280.647 Myocardial 

Ischemia
● https://en.m.wikipedia.org/wiki/Medical_Subject_Headings

Hierarchical Tree
Myocardial Infarction

https://meshb.nlm.nih.gov/search
https://en.m.wikipedia.org/wiki/Medical_Subject_Headings


PubMed



PubMed MeSH Search



PubMed MeSH Search



Gene Ontology (GO)
http://www.geneontology.org/

http://www.geneontology.org/


Gene Ontology

The genome of woodland strawberry
Nature Genetics 43, 109–116 (2011) 
doi:10.1038/ng.740



Biomedical Ontology
https://www.bioontology.org/

https://www.bioontology.org/


BioPortal
http://bioportal.bioontology.org/

http://bioportal.bioontology.org/




Human Phenotype Ontology
http://human-phenotype-ontology.github.io/

http://human-phenotype-ontology.github.io/


Machine Learning



(Domingos, 2017)



https://archive.ics.uci.edu/ml/datasets/iris

https://archive.ics.uci.edu/ml/datasets/iris


Modeling Healthcare



https://www.nice.org.uk/

https://www.nice.org.uk/


NICE
https://pathways.nice.org.uk/pathways/bacterial-meningitis-and-meningococcal-septicaemia-in-under-16s

https://pathways.nice.org.uk/pathways/bacterial-meningitis-and-meningococcal-septicaemia-in-under-16s


NICE
https://pathways.nice.org.uk/pathways/heart-rhythm-conditions/heart-rhythm-conditions-overview#content=view-node:nodes-ventricular-arrhythmias

https://pathways.nice.org.uk/pathways/heart-rhythm-conditions/heart-rhythm-conditions-overview#content=view-node:nodes-ventricular-arrhythmias


https://www.guideline.gov/

https://www.guideline.gov/


AHRQ
Search



http://www.sign.ac.uk/sign-94-cardiac-arrhythmias-in-coronary-heart-disease.html

http://www.sign.ac.uk/sign-94-cardiac-arrhythmias-in-coronary-heart-disease.html


http://www.sign.ac.uk/sign-102-management-of-invasive-meningococcal-disease-in-children-and-young-people.html

http://www.sign.ac.uk/sign-102-management-of-invasive-meningococcal-disease-in-children-and-young-people.html


http://www.sign.ac.uk/assets/qrg102.pdf

http://www.sign.ac.uk/assets/qrg102.pdf
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