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Genomska medicina



Medicine in the post-genomic era

Genome Medicine publishes peer-reviewed research articles, new methods, software tools,

reviews and comment articles in all areas of medicine studied from a post-genomic

perspective. Areas covered include, but are not limited to, disease genomics (including

genome-wide association studies and sequencing-based studies), disease epigenomics,

pathogen and microbiome genomics, immunogenomics, translational genomics,

pharmacogenomics and personalized medicine, proteomics and metabolomics in medicine,

systems medicine, and ethical, legal and social issues.

BMC Medical Genomics is an open access, peer-reviewed journal that considers articles on all

aspects of functional genomics, genome structure, genome-scale population genetics,

epigenomics, proteomics, systems analysis, and pharmacogenomics in relation to human

health and disease.







Examples of Mendelian traits involving immune defects.

Red filled numbered circles correspond to those shown in the

overview of the immune system (Figure 1). The implicated gene

(given in italics) and chromosomal position are shown together with

the associated phenotype (grey shaded box). Note that the genetic

variants involved range from point mutations (single-nucleotide

variants) to large structural variants.

SCID: severe combined immunodeficiency syndrome

Examples of common autoimmune diseases where

loci have been reported by GWAS.

Blue filled numbered circles correspond to those shown in

the overview of the immune system. This is not an

exhaustive list and illustrates the overlap seen at many

associated loci for different autoimmune diseases and how

genes encoding different components of pathways may be

associated with a given disease using data from the National

Human Genome Research Institute (NHGRI) Catalogue of

Published Genome Wide Association Studies (GWAS)

where full details can be found. It should also be noted that,

in the majority of cases, the genes listed are candidates based

on the genomic locus that was associated, and causality has

not been established except in a small number of instances.



Vloga nekodirajočih RNA pri 

nastanku bolezni









Sistemska biologija (biološka omrežja) 

bolezni pri človeku







Genomika raka

Cancer is a disease of the genome 



Frequencies of somatic mutations in cancer patients.

All data represents primary tumors. Only nonsilent

mutations (missense, nonsense, frameshift, and splice

site) were counted.





Global depiction of epigenomic alterations during oncogenesis. In conjunction with accumulation of genetic

lesions, there is an aberrant pattern for the different epigenetic effectors: DNA methylation, histone modifications,

and miRNAs. In normal cells, the interplay between the epigenetic factors and the chromatin structure leads to a

tuned gene regulation. However, in cancer cells tumor suppressor genes promoters become hypermethylated and

with an altered global pattern of histone modifications resulting in aberrant gene silencing. Moreover, global

hypomethylation leads to chromosome instability and fragility. Epigenetic changes, including DNA methylation

and histone modifications are responsible for abnormal mRNA and miRNA expression producing altered

activation of oncogenes and silencing of tumor suppressor genes.









Genomika infekcijskih bolezni -

patogenomika





Using population genomics in clinical diagnosis. Genetic tests are used to identify and subtype pathogens from

either clinical samples taken directly from the patient (e.g. blood and urine) or isolated bacteria grown in pure

culture. Most traditional genetic assays (purple boxes) can be used on DNA harvested from pure cultures. Querying

clinical samples has been generally limited to NAATs or microarray-based assays. Newly emerging whole-genome

and metagenomic sequencing methods are shown in blue boxes. Pure cultures of bacteria and viruses can also be

sequenced and compared with a population genomics library for that species (Figure 2).

Using population genomics to design genetic assays. Population genomics libraries are constructed from multiple individual genome

sequences available through accession to public databases from laboratories around the world. Pan-genome analysis can be used to

design and validate new genetic tests for clinical use. Such analysis of the library can be conceptualized as a Venn diagram. The

figure shows the intersection of the gene contents of three genomes from a species (in reality, many more than three genomes are

now available; Table 1). Orthologous genes fall into the area where the circles intersect. The bioinformatic strategy will depend on

the type of genetic assay being developed, with specific areas shown in blue shading: (a) some assays target specific genes only

present in one strain or a subset; (b) pan-genome microarrays target a non-redundant set of probes that encapsulates all known

variation; and (c) some genetic assays attempt to identify all members of a species, with core genes as the target.



Overview of bacterial pathogen evolution. Bacteria can evolve from non-pathogens

to become pathogens through acquisition of new genetic material that enables them to

colonise a host species and have detrimental effects on the host. Pathogenic bacteria

can undergo further genetic modification that leads to altered virulence and changes in

their genome.





The schematic diagram showing the major virulence factors of pathogenic bacteria







Pomen genomike za razvoj novih cepiv



Vaccinology in the genome era

Schematic overview of conventional vaccinology versus vaccinology in

the genome era.

Schematic overview of the way in which high-

throughput analyses applied to various aspects of a

pathogen and its interactions with the host immune

system are used to identify vaccine candidates in the

genome era.

Vaccination has played a significant role in controlling and eliminating life-

threatening infectious diseases throughout the world, and yet currently licensed

vaccines represent only the tip of the iceberg in terms of controlling human

pathogens. However, as we discuss in this Review, the arrival of the genome era has

revolutionized vaccine development and catalyzed a shift from conventional culture-

based approaches to genome-based vaccinology. The availability of complete

bacterial genomes has led to the development and application of high-throughput

analyses that enable rapid targeted identification of novel vaccine antigens.

Furthermore, structural vaccinology is emerging as a powerful tool for the rational

design or modification of vaccine antigens to improve their immunogenicity and

safety.





Next generation sequencing (NGS) is applicable to a wide spectrum of settings with a

direct impact on vaccine research. Applications of NGS for vaccine studies range from

systematic analyses of many samples collected from human populations, to detailed

longitudinal studies of host–pathogen interactions within fewer subjects. NGS allows rapid

assessment of both human and pathogen genomes, their transcriptomes, as well as

examination of host immune responses, such as T and B cell diversity. NGS can be used to

assess the quality of vaccine stocks, the diversity of HLA polymorphisms in large

populations, and also for detection of new pathogenic strains in mixed samples.



Genomika in odpornost na antibiotike













Personalizirana medicina in farmakogenomika







The evolution of pharmacogenetics and pharmacogenomics. Pharmacogenomics has

evolved from a single gene approach to incorporate pathway-based and genome-wide

approaches (left side of the diagram). In parallel, it has increasingly incorporated a variety of

high-throughput technologies including genomics, transcriptomics, metabolomics, and

proteomics to significantly enhance the ability to generate and test pharmacogenomic

hypotheses and to translate those hypotheses into clinical practice. PK, pharmacokinetics; PD,

pharmacodynamics.











High-resolution screening of patient samples in disease diagnosis, prognosis, prediction

of drug response and tumour-type identification. Future cancer diagnosis, prognosis and

therapy will benefit from epigenetic high-resolution screening technologies. Profiling and

subsequent classification can be carried out on primary tissue or biological fluids, such as

saliva, blood, stool and urine.

GSTP1 and MGMT: case examples for epigenetic profiling in diagnosis and prognosis.

O6-methylguanine-DNA methyltransferase (MGMT) protects normal cells against transition

mutations by removing alkyl groups (red squares), which have been introduced by carcinogens

such as nitrosamides, from guanine bases. Glutathione S-transferase pi 1 (GSTP1) has been

established as biomarker for prostate cancer diagnosis and prognosis.







Novi pristopi za razvoj bioloških zdravil



A hierarchical perspective of biological interactions mediating genotype–phenotype relationships. Protein

activity is determined by protein amino acid sequence and structure. Proteins contribute to biological processes

through interactions with other molecules in the cell. Biological processes arise from coordinated groups of

molecular interactions, and in turn can interact to mediate higher order cellular behaviors and responses to

environmental cues. Advances in several areas of network research are improving our understanding of how the

organization of biological systems mediates genotype–phenotype relationships. This knowledge will be essential

for identifying mutations underlying disease associations and their mechanisms of pathogenesis.





Classical ‘one-gene/one-disease’ models cannot fully reconcile with the increasingly appreciated prevalence of complicated genotype-to-phenotype associations in human disease.

Genes and gene products function not in isolation but as components of intricate networks of macromolecules (DNA, RNA, or proteins) and metabolites linked through

biochemical or physical interactions, represented in ‘interactome’ network models as ‘nodes’ and ‘edges’, respectively. Accordingly, mechanistic understanding of human disease

will require understanding of how disease-causing mutations affect systems or interactome properties. The study of ‘edgetics’ uncovers specific loss or gain of interactions (edges)

to interpret genotype-to-phenotype relationships. We review how distinct genetic variants, the genotype, lead to distinct phenotypic outcomes, the phenotype, through edgetic

perturbations in interactome networks altogether representing the ‘edgotype’.









Optimistic and conservative estimates of the

druggable genome compared with previous

predictions. NHR, nuclear hormone receptors.





A chemical genomics approach to identify targets of small molecules. Cell lines or microorganisms are

screened against chemical libraries for differences in their responses to the chemicals (differential chemical

phenotypes, DCPs). The compounds can be clustered based on the similarity of response patterns (or

positive/negative correlation between pairs of compounds) from a panel of cell lines or isolates. Similar

response patterns among compounds may suggest that they act on the same or similar targets. DNA samples

from the cell lines or isolates are typed using high-throughput genotyping methods such as microarrays or

parallel sequencing. Genotypes obtained are analyzed for potential population structures before association

analysis. Candidate loci or genes can be further characterized using linkage analysis if progeny from genetic

crosses are available. The candidate genes can also be genetically modified or overexpressed to evaluate

phenotypic changes. Gene functions can be deduced after additional biochemical and cellular characterizations.

Abbreviations: PCA, principal component analysis; qHTS, quantitative high-throughput screening; RC, response

to chemicals; SM1 and SM2, small molecules 1 and 2; SNP, single-nucleotide polymorphism.











Živalski modeli za študij bolezni pri človeku





Generating zebrafish disease models



Od genoma do protivirusnih zdravil





Current FDA-approved antiviral drugs and their

targets. (a) Number of FDA-approved antiviral drugs

targeting viral and human cellular elements. All

interferon molecules have been gathered as a single

molecule. (b) Distribution of FDA-approved antiviral

drugs according to the nature of their target: human

receptor, enzyme or IFNARs or viral RNA, DNA,

envelope glycoprotein or enzyme. (Source DrugBank)



Overview of the innovative

strategy from virus–host

interaction data generation to the

rational discovery of new antiviral

drug candidates



Systems analysis approach to study host–

pathogen interactions during influenza

infection.


