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Leila Taher is head of and professor at the Institute  
of Biomedical Informatics 
Source: Baustädter – TU Graz

The Fields of Expertise of Graz Universi-

ty of Technology have new leading teams, 

and therefore I can introduce myself today 

as a new management board member in 

the FoE Human & Biotechnology. Bernd  

Nidetzky, Gernot Müller-Putz and I will 

manage and further expand the interdisci-

plinary and international focus of the FoE 

Human & Biotechnology. 

Our contribution to this issue of TU Graz 

research comes from the field of bioinfor-

matics – an area that especially connects 

and represents our FoE. Leila Taher is the 

new head of the Institute of Biomedical 

Informatics at TU Graz, and her research  

expertise is in genomics. She is unravel-

ling the mammalian genome not only to 

understand genome evolution but also to 

find answers for human health issues.

Bioinformatics is also one key to my own 

research field, which focuses on under-

standing and exploiting microbiomes.  

Diversity and balance within intercon-

nected microbiomes is crucial to avoid 

outbreaks of diseases. The networking 

and importance of microbiomes has led 

to the one health approach of the World 

Health Organization (WHO). 

Some words also on the novel corona- 

virus. In the Anthropocene, our cur-

rent epoch, pandemics are becoming 

more frequent. Globalisation, urbanisa-

tion, overpopulation and intensive agr- 

iculture – all these factors have drastically 

reduced global biodiversity including mi-

crobial diversity, which acts as a “health 

insurance” against outbreaks. Here, a re-

think is urgently needed to bring our plan-

et into balance again, and the only sus-

tainable solution for avoiding further pan-

demics. However, we also need novel 

solutions for the acute fight against path-

ogens because our old protection shield 

of antibiotics and hygiene is no longer ef-

ficient enough. Here, the Field of Exper-

tise Human & Biotechnology can contrib-

ute to new solutions, e.g. in the fields of 

microbiome biotechnology or drug dis-

covery. Again, both are strongly boosted 

by bioinformatics.

Stay healthy and stay interested!

Source: fotolia.com
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Cracking the Code within Us: Bioinformatics of 
the Human Genome

Leila Taher:

Improving our understanding of genome structure and function is central to biology and medicine. My research 
group uses computational models to study the functional potential of each of the three billion pairs of chemical 
bases in the human genome. Ultimately, we are paving the way to designing personalized interventions against 
disease, which technological advancements are finally pushing toward reality.

THE RISE OF BIOINFORMATICS
According to the U.S. National Center for 

Biotechnology Information (NCBI), bioin-

formatics “is the field of science in which 

biology, computer science, and informa-

tion technology merge into a single dis-

cipline”. The origins of bioinformatics 

can be traced back to the work of Mar-

garet Oakley Dayhoff (1925-1983),  > 
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a professor at Georgetown University Med-

ical Center who devoted most of her career 

to the creation and manipulation of biologi-

cal sequence databases. Bioinformatics re-

ceived a major thrust from the execution of 

the Human Genome Project (HGP), a pub-

licly funded 13-year-long project initiated in 

1990. The HGP determined – sequenced – 

the three billion pairs of chemical bases in 

the DNA of the human genome and opened 

the “big data” era in biology. Further ad-

vances in DNA sequencing technologies 

now make it possible to sequence an en-

tire human genome in only a few days at a  

tiny fraction of the cost incurred by the HGP. 

Thousands of genomes of multiple human 

individuals and many other life forms have 

been sequenced since the completion of the 

HGP, with their number growing exponen-

tially and with no end in sight (see Figure 1). 

This data deluge is changing the face of 

biology, providing both opportunities and 

challenges for bioinformatics.

BIOINFORMATICS OF GENE REGULATION
Despite the profound impact of the HGP 

on basic research, we still do not fully 

know how the genome operates, how it 

encodes the properties – the phenotype – 

of an organism. 

Nearly all cells in the human body con-

tain the same genome, and thus the same 

set of genes. Nevertheless, they are able 

to develop different structures and func-

tions. This is because not all genes are ex-

pressed in each cell at a given time. Gene 

expression can be regulated at any point 

in the pathway from DNA to RNA to a func-

tional protein. However, for most genes, 

transcriptional regulation – the conversion 

of DNA to RNA – is critical. In higher eu-

karyotes such as humans, transcriptional 

regulation involves a complex interplay be-

tween cis- and trans-regulatory elements 

and chromatin remodeling. How the pre-

cise instructions that determine gene ex-

pression patterns are encrypted in the ge-

nome remains a central question in biolo-

gy. This is the focus of my research group 

(see Figure 2).

USING ARTIFICIAL INTELLIGENCE (AI) TO 
ANNOTATE THE GENOME
Cis-regulatory elements, such as pro-

moters and enhancers, are short DNA 

sequences that interact either physically 

or biochemically with transcription factor 

proteins to regulate transcription. Tran-

scription requires the assembly of a com-

plex comprising the enzyme RNA poly-

merase II and many other proteins collec-

tively referred to as “general transcription 

factors”. The interaction of this complex 

with the gene promoter is sufficient to in-

itiate transcription at basal levels. How-

ever, regulated transcription further re-

quires the interaction of this complex with 

transcription factors specifically bound to 

other cis-regulatory elements, which is 

facilitated by the “mediator” and “cohe-

sion” complexes (see Figure 3). The holy 

grail of regulatory genomics is to uncov-

er a “cis-regulatory code”, which should 

enable us to predict gene expression 

based on the sequence of cis-regulatory 

elements. Cis-regulatory sequences 

are scattered across virtually the entire 

genome, making their identification 

challenging. Furthermore, many cis- 

regulatory elements are only active under 

particular conditions. Experimentally test-

ing each stretch of DNA for cis-regulatory 

activity would require an infinite number 

of time- and resource-intensive assays. 

To tackle the problem, we have been us-

ing machine learning (ML), a fundamen-

tal concept of Artificial Intelligence (AI), for 

many years. 

Figure 1:  
Cumulative number of 
genomes sequenced 
since the first DNA-
based genome was 
sequenced in 1977 
(data from ftp://ftp.cbi.
nlm.nih.gov/genomes/
GENOME_REPORTS ) .
Source: Institute of 
Biomedical Informatics.

Figure 2: Bioinformatics research 
at the Institute of Biomedical 

Informatics. 
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Figure 3: Regulation of gene expression.  
DNA looping allowing cis-regulatory elements to 
physically interact and activate gene expression.
Source: Institute of Biomedical Informatics.

Figure 4: Bioinformatics for personalized 
medicine: the synergistic cycle of hypothesis-
driven and data-driven experimentation.

“NOTHING IN BIOLOGY MAKES SENSE 
EXCEPT IN THE LIGHT OF EVOLUTION”
In 1973, the geneticist Theodosius  

Dobzhansky published an essay whose 

title rapidly became a popular catch-

phrase. Evolution of organismal prop-

erties – the phenotype – results primar-

ily from genomic alterations. Hence, re-

search in the emerging field of evolution-

ary genomics can provide new insights 

into human biology and medicine. For ex-

ample, advancing our knowledge of hu-

man evolutionary history would shed light 

on how populations differ in their genet-

ic risks for common and rare diseases.  

A theory proposed in the 1970s that is 

now mainstream proposes that evolu-

tion of gene regulation, rather than of 

the genes themselves, is largely respon-

sible for phenotypic evolution. My re-

search group uses genomic approach-

es to address long-standing evolution-

ary questions and evolutionary theory to 

understand genome structure and func-

tion. Specifically, we are investigating how 

cis-regulatory elements evolve their regu-

latory activity and how genetic mutations 

may lead to the disruption of the interac-

tions between cis-regulatory elements 

and their target genes. 

DYSREGULATION OF REGULATORY  
NETWORKS IN DISEASE
During the past two decades, whole- 

genome sequencing studies have uncov-

ered thousands of variants in the human 

genome associated with hundreds of dis-

eases. Unfortunately, this knowledge has 

hardly been reflected in new treatments. 

First, most of such variants are not locat-

ed within genes, which makes their inter-

pretation difficult. Second, the suscep-

tibility and pathology of most complex 

genetic diseases, such as diabetes and 

multiple sclerosis, are likely to be deter-

mined by multiple interacting genetic fac-

tors. With the aim of gaining a mecha-

nistic understanding of genetic disease 

and identifying molecular intervention tar-

gets, my research group develops sys-

tems genomics approaches integrating 

sequencing data with biological or clini-

cal information. In contrast to traditional 

strategies, we infer regulatory networks 

in which the nodes represent not only 

genes, but also cis-regulatory elements 

and more abstract entities, such as mo-

lecular functions, biological processes, 

and pathways, which permit a compre-

hensive characterization of the system. 

These networks permit the interrogation 

of genetic variants of unknown signifi-

cance that would otherwise have gone 

unnoticed.

We are now firmly in the big data era of bi-

ology. While computational power is cur-

rently growing exponentially, the amount 

of biological data generated is grow-

ing even faster. Genome sequencing will 

soon become an integral part of stan-

dard medical diagnosis and treatment. 

This data deluge will offer tantalizing pos-

sibilities for bioinformatics in the field of 

personalized medicine (see Figure 4). 


