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Since the completion of the Human Genome
Project, the analysis of genome-wide data has
become crucial under many different subjects,
enormously increasing our knowledge in medi-
cal, epidemiological and clinical perspectives.
In the attempt to increase the understanding of
the biological basis of diseases, or, more gener-
ally, phenotypic variation, many national and
international Institutions put a substantial effort
into the creation of “Biobanks” - a collection of a
large number of biological samples associated to
a series of experimental analysis and other types
of data.

The use of biobank data gave a further boost
to the “race for personalised medicine” that,
despite many important advancements, is still
far to be universally achieved.

The availability of thousands of genome-
wide individual data, often from the same geo-
graphic area, and their association to multiple
and diverse kinds of data has also raised the pos-
sibility of studying evolutionary and anthropo-
logical aspects of human populations that were
impossible to tackle using limited datasets.

In this context, knowing the fine-scale
genetic composition of a population, address-
ing both its temporal and geographical variation,
is not only important from an epidemiological
perspective but has profound implications in the
understanding of the connection between social,
cultural and biological changes in populations,
which is essential in an XXI century evolving
society. As an example, American individuals
are among the most thoroughly studied popula-
tions, and although many important features of
their recent evolution have been unlocked well

before the so-called Genomic Era, many inter-
esting and crucial details were added analysing
large datasets. The growing availability of sam-
ples from both sides of the Atlantic sea revealed
the extremely diverse picture of the American
genome mosaic, adding insights to some of the
most tremendous events of Human history such
as the Adantic Slave Trade and the Colonial Era.
It has recently emerged that continental contri-
butions to American populations are different
quantitatively and qualitatively, with subtle but
significant differences observed also at a microge-
ographic scale. These differences are also evident
when admixture recombination decay pattern
is exploited to provide a temporal dimension to
the complex admixture history, revealing that
the genomic contribution of different African or
European populations is chronologically diverse,
providing, for the first time, a “genomic stratig-
raphy” of the continents’ influences (Ongaro et
al. 2019; Micheletti et al. 2020). Furthermore,
the analysis of demographic trajectory through
time has revealed the differential ancestry specific
demographic impact of the colonial Era in dif-
ferent areas (Ongaro et al. 2019). Interestingly,
it has been recently suggested that the ancestry
proportion differences and pattern of relatedness
currently present in the US nowadays might be
the results of recent long and short-range move-
ments, including the forced relocation of “native”
American in the country (Bryc et al. 2015). It is
important to note that for most of the researches
cited above, only a limited amount of genealogi-
cal, social, biological and cultural data linked to
participants were available, and although the
large sample size of the analysed dataset provided
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useful insights, the huge potential of a multilay-
ered investigation has not been fully unlocked.
In this perspective, including as much as possi-
ble data related to participants’ family (includ-
ing health history) and sociocultural factors may
fill the gap towards a complete understanding of
recent movements and admixture, fully recover-
ing the evolutionary and biological impact of
this complex phenomenon. As an example, the
combined analysis of genetic and genealogical
data for ~770,000 US individuals of European
ancestry allowed the reconstruction of subtle,
complex demographic forces in shaping the pat-
terns of genetic variation among contemporary
North Americans (Han et al. 2017). Similarly,
the analysis of thousands of individuals from
many different countries, coupled with haplo-
type-based methods allowed the recognition of
important differences in closely related human
groups, shedding light on a rich history of recent
migrations and diverse admixture histories. For
example, the analysis of the Identity by Descent
(IBD) blocks sharing allowed the reconstruction
of the population size changes through time,
revealing the impact of global and local historical
events, such as plague pandemics or geo-political
phenomena (Abdellaoui et al. 2013; Pankratov
et al. 2020).

The availability of massive genetic datasets
provided important insights also in the charac-
terisation of very distant events. Virtually all non-
African individuals harbour a variable amount
(1-4%) of genomes derived by a complex his-
tory of interbreeding with archaic humans, such
as Neanderthals and Denisovans.

Given the limited number of archaic derived
fragments in any single genome, the analysis
of biobank-scale dataset is essential to achieve a
detailed knowledge of the interbreeding dynam-
ics, in the attempt to resolve many long-standing
questions, such as the number of archaic encoun-
ters and/or their relative impact in different pop-
ulations, together with the characterisation of
our extinct cousins. In fact, resurrecting archaic
human fragments interspersed in the genomes
of more than 25,000 Icelandic individuals led to
the observation of the indirect Denisova influence

on Europe and the refinement of the biological
impact of archaic introgression (Skov et al. 2020)
Moreover, the comparison of mutation patterns
in archaic and sapiens genomic fragments revealed
the existing of differences in the relative occur-
rence of mutation types, suggesting differences
in sex-specific generation intervals between the
species. Similarly, the comparison of thousands of
genome-wide data and phenotypes or Electronic
Health Records in individuals of European ances-
try contributed to uncover the association of
archaic-derived polymorphism with many dif-
ferent traits such as skin and hair color, immune
response and psychological traits (Simonti et al.
2016; Dannemann et al. 2017; Dannemann and
Kelso 2017). In this context, the analysis of many
biobank-scale datasets from different populations
will help to clarify the extent of these effects, help-
ing further characterise the interaction between
archaic genetic legacy and environment in the
50,000 years following the interbreeding.

One of the most challenging tasks in human
population genetics is represented by the iden-
tification of genetic markers that have been the
target of recent selective pressure and adapta-
tion, given the confounding effect of demog-
raphy and admixture in selection analysis.
Furthermore, putative selected variants identi-
fied from genomic scan for natural selection are
seldom replicated, limiting our knowledge of
populations adaptive history, and its application
into evolutionary-guided epidemiological, trans-
lational and medical studies which constitutes a
promising approach towards a full knowledge of
the biology of our organism. So far, only a lim-
ited number of surveys harnessed genome-wide
dataset composed by thousand individuals to
identify putative selected polymorphism. The
availability of high coverage sequence data led
to the development of a novel singleton distri-
bution-based (SDS, Singleton Density Score)
approach that infers changes in allele frequen-
cies that occurred at a recent time scale (Field et
al. 2016). The application of this approach on
British populations confirmed previous adapted
candidates and suggested very recent adaptation
for alleles involved in blue eyes and blond hair.
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Furthermore, the analysis of polygenic selection
patterns suggested that selection has driven the
changes of frequency for alleles related to height
along the genomes, together with other complex
traits, informing on the importance of polygenic
adaptation in shaping human genetic varia-
tion. Interestingly, the combination of popula-
tion genetics and SDS suggested the existence
of different selective patterns among different
regions in Estonia, emphasizing the importance
of considering hidden genetic structure both for
evolutionary studies and medical applications
(Pankratov et al. 2020)

Sadly, as previously observed for translational
studies (Sirugo et al. 2019), virtually all of the
established Biobanks including genome data are
almost exclusively focusing on Eurasians and some
American populations, jeopardizing the medical
characterisation of some populations and possibil-
ity to achieve a global picture of the demographic
and adaptive history of our species. Collecting and
analysing biological, phenotypic and medical data
from understudied areas, embracing a truly ethi-
cal and collaborative approach with national and
Local institutions should be a globally shared pri-
ority for the whole scientific community.
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