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Editorial

Cytogenetics and particularly molecular cytogenetics became
established in the basic research across Eukaryotes in the last decades.
Clinical (molecular) cytogenetics belongs to routine diagnostics tools
enabling and further refining a proper prognosis of diverse diseases. In
parallel, genomics has been experiencing a real boom during last years
and also became a robust and highly dynamic and powerful field of
modern biology. The clinical genomics as a logical consequence of this
development experienced however its own “evolutionary trajectory”
determined by the level of our knowledge of the human genome and
available tools.

Recently, we have defined a non-clinical cytogenomics [1], ie. a
basic research version of the next step of evolution in the -omics world.
The need of cytogenomics results among others from the nature of
several generations of sequencing technologies that were not allowing
assembling genomes in their highly repetitive regions. Whereas the
seemingly obsolete and massively abandoned cytogenetics proved its
irreplaceable and essential role in countless studies. Another reason,
why we need this fusion between the traditional cytogenetics and the
progressive genomics is a still deepening gap between these two fields.
This gap became a chasm preventing the modern solely genomic
approaches from identification of some less predictable or even
unpredictable phenomena. In this way, it was only the cytogenetics in
the already established genomic era that enabled identification of
extremely amplified 5S ribosomal DNA (rDNA) in otherwise in details
analysed sequenced genome of Northern Pike (Esox lucius) [2]. The
crucial importance of copy number of the rDNA nuclear genomic
fraction however remains behind another chasm, namely, in the sphere
of several model species. On the other hand, this realm of yeast-
mouse-human-only but highly sophisticated research provides us with
astonishing results how these ancient genes (45S and 5S rDNA)
determine so far unsuspected areas of cellular and genomic
functionality [3]. It means that the rDNA copy number contributes to
maintenance of genome stability, senescence onset regulation; it
mediates genomic response to changing outer environment, etc. In
mammals [4] but also in yeast [5], the rDNA copy number is tightly
regulated and controlled and any imbalance can result in disorders, e.g.
cancer [6,7] in other Eukaryotes it can experience an explosive burst
without any obvious negative consequences for coming generations
[2]. An easy way, how to identify such situations is molecular
cytogenetics (reviewed in animals by [8]. On the other hand, any
deeper understanding of such extreme rDNA amplifications can be
obtained only from the genomic data enabling insights into the

sequence structure of rDNAs. This means genomics without
cytogenetics would lose an important irreplaceable tool and the
cytogenomics approach has its prospects.

The clinical, particularly the cancer cytogenetics experienced its
transition towards cytogenomics already some time ago, e.g. [9,10].
This transition was accompanied by further developments in FISH and
CGH technologies resulting in array CGH now routinely used in
clinical cytogenomics [10]. However, the current clinical cytogenomics
and oncological cytogenomics operate in completely different
dimensions and on much finer scales than in any other field of the
basic cytogenomic research [11].

To conclude, we can say that there is still another huge chasm
between the clinical and non-clinical fundamental cytogenomics and
we can look forward to closing or filling it.
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