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Functional genomics is a key emerging topic in human
genetics. The aim of functional genomics is to identify
the structure, properties, and function of genes and their
regulatory elements, or that of any other genomic se-
quence with an intracellular functional role. The ultimate
goal is to elucidate the function of all components of the
(human) genome. Initially, functional genomics centered
around efforts to (i) map genetic elements of different
types, and (ii) functional “gene-by-gene” investigations.
However, due to recent technological advances, in par-
ticular the introduction of array-based technologies and
next-generation-sequencing (NGS), functional genomics
has been extended towards the generation and integration
of systematic data from genomic, epigenomic, and tran-
scriptomic projects, with complementary expertise from
the fields of computational data science and synthetic bi-
ology.

In parallel, the field of human genetics is also un-
dergoing a fundamental transformation, since the iden-
tification of individual genetic variants has now become
relatively routine, and can be performed on an unprece-
dented scale, with great speed and accuracy. Due to the
ever decreasing cost of sequencing, within the context of
human genetic research, the assessment of variants via
whole genome sequencing (WGS) is increasing, and this
is likely to transform the diagnostic process for genetic
diseases in the foreseeable future. The challenge for the
field is thus now shifting instead towards variant inter-
pretation, a process which requires an understanding of
the consequences of a given variant at the molecular, cel-
lular, and organismal level. This is a challenging under-
taking, since most candidate variants are rare and/or are
located in regions whose molecular functions are poorly
understood. To keep pace with the ever increasing num-
ber of identified variants, novel systematic high through-
put functional approaches to interpretation are required.
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As outlined below, this issue describes the introduction of
functional genomics into the field of human genetics in
four key areas:

Themajority of individual variants are located in non-
coding regions of the human genome, which is unsurpris-
ing given that protein-coding gene sequences account for
only a very small proportion of the total genomic space.
In their article, Kircher & Ludwig provide insights into cur-
rent efforts to annotate genetic variation in these non-
coding regions, as well as strategies for functional follow-
up. Increasingly, at-scale experimental and bioinformatic
approaches are now being developed, not least as a result
of the pressure to both understand the mechanisms of the
large number of loci identified in genome-wide association
studies of multifactorial diseases and to increase the diag-
nostic yield among patients with monogenic disease.

However, even in the case of a variant that resides in
the coding region of a gene – a scenario in which interpre-
tation is typically more straightforward – many variants
are nonetheless classified as variants of uncertain signif-
icance (VUS), which limits both the diagnostic yield and
the benefit to the patient. Typically, these variants have
not been previously reported, are not listed in databases,
and/or have conflicting data concerning their causative
role. In their article,Dace and Findlay explain how satura-
tion genome editing is a powerful tool for the generation of
systematic variant-effect maps for all potential amino acid
changes in established monogenic genes.

One major challenge in variant interpretation is the
resolution atwhichphenotypic consequences canbemon-
itored. The depth and type of the molecular read-outs
are often insufficient in terms of capturing the functional
effect of an individual variant. For example, the inter-
pretability of expression data from bulk RNA-Seq is lim-
ited when the effect of a variant is subtle, or limited to a
certain tissue or cell type. The introduction of single-cell
sequencing now enables the detection of molecular con-
sequences at an appropriate cellular resolution. In their
article, Sreenivasan et al. provide an overview on this tech-
nology and its potential role in human genetics.

Finally, no man is an island, and this is particularly
true for multicellular organisms, in which different cell
types interact with one another during development, and
in both normal and disease conditions. To capture the full
phenotypic consequences of genetic variants, systematic
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studies must be performed within the context of complex
cellular interactions, with the most systematic approach
being the investigation of entire organisms. Using genet-
ically mediated kidney disorders as an example, the ar-
ticle by Boettcher & Simons describes the opportunities
and challenges of different model organisms in terms of
the functional follow-up of causal variants, and in under-
standing their effect at the organismal level.

We hope that these four selected topics provide in-
sights into how functional genomic approaches may influ-
ence human genetics in the years to come. Notably, this
issue of theMedizinische Genetik complements a series of
previous issues on the challenges and limitations of NGS
(02/2019), the annotation of non-coding variants for clini-
cal use (02/2021), and the modeling of genetic disorders in
cellular systems (03/2021). We refer interested readers to
those issues of the Medizinische Genetik for complemen-
tary information.
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