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The study of human migration since the Bronze Age is ready
for a new view as archeological studies incorporate ancient
DNA (aDNA) analysis of human, animal and plant remains,
pathogens and the systematic use of big data. Prior arche-
ology revolutions occurred with the advent of radiocarbon
dating (1950s) and stable isotope analysis (1980s) and
contributed to the understanding of who moved and when
[1]. Using these methods, archeologists and historians
sought to understand whether the few or the many contribute
their ideas, genes or both to the creation of new commu-
nities, languages and material cultures or the transformation
of existing ones. Future insights will be derived not only
from the studies of texts, funerary inscriptions and practices,
grave goods, settlement patterns, and stable isotope analysis
of human, faunal and floral remains, but also from aDNA.
On 3–7 September 2018, historians, archeologists, physical
anthropologists, and geneticists subjected these methods to
scrutiny at a conference at the Lorentz Center at Leiden
University. Though their presentations and discussions, they
agreed that a consilience view of human migration might be
derived from comparative analysis [2]. Several takeaways
were provided that can inform the genetics community.

Archaeological and genetic studies need to
be performed in tandem to test hypotheses
about migration

Sometimes groups can be identified through their specific
material culture or, if inscriptions are available, through the

self-identity that emerges from such texts, which sometimes
includes references to place of origin [3]. Groups can also
be identified by cluster analysis of biological data (e.g.,
based on single nucleotide variants (SNVs) and identical-
by-descent (IBD) segments) and strontium and oxygen
isotope data can provide insights on lifetime mobility [4].
Statistical methods that have been applied to genetic data to
define contemporary groups (e.g., genetic distances, prin-
cipal component analysis ADMIXTURE analysis, and
three-population and four-population tests) are also applic-
able to ancient groups. However, results have to be inter-
preted with caution. Outliers may be representative of
migrants (a scenario that can, in turn, be tested by isotopic
analyses), hybrid ancestry or a broader representation of
group membership than was previously characterized.
Outliers within isotopic group analysis are commonly
thought to represent migrants, although the place of
migration may be difficult to establish in the absence of
isotopic maps relating to the pertinent timeframes [4].

Events can be timed, especially population
bottlenecks, time to a most recent common
ancestor and admixture

The timing is more accurate when IBD segmental analytical
methods are applied than when de novo mutational analysis
is applied, because of inconstancy of the molecular clock.
IBD analyses, including total sharing and distribution of
segmental lengths across groups, identify shared ancestry
with longer shared segments indicating more recent ances-
try. Greater segmental sharing and runs of homozygosity
within a group indicate consanguinity. High fractional
segmental sharing between individuals is indicative of
kinship [5]. Unsupervised clustering of shared segment
assigns individual to groups whose ancestral histories may
be known or may suggest new histories that could be tested
using other complementary methods [6]. Segmental sharing
across groups and across geographical locales provides
evidence for migration and admixture for Diaspora and
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migratory groups [5]. All of this should be accompanied by
a program of rigorous radiocarbon dating.

Study design, project scale, and sampling
strategy matter

The study design must relate to the history of the subjects
tested, if meaningful inferences are to be made. The study
should be conducted in compliance with national and local
laws and with sensitivity to community practices,
acknowledging potential ancestry to contemporary com-
munities [7]. Because aDNA studies are commonly per-
formed on skeletal remains, the provenancing should be
informed by burial inscriptions, grave goods and funerary
practices that indicate group membership. Although single
genomes can yield significant insights about individuals and
even populations [8], most studies would benefit from an
adequate sample size, wherein specific hypotheses have
been formulated and prior power calculation have been
performed to test sufficiency of sample size. For some
archeological sites, broad sampling may provide a coarse
grain view of the genetic makeup of the site, especially
when the site has been used over hundreds of years.
Intensive sampling of multiple individuals in the same grave
or in contiguous graves can address issues of kinship that
would otherwise be missed. In situations where different
cultural groups are known to have existed alongside one
another, analysis should extend to all pertinent groups [9].
All studies should adhere to best possible standards of
aDNA data generation, including DNA extraction, library
preparation, and sequencing. If necessary, targeted enrich-
ment techniques should be employed [10]. Sequencing
across the genome should be performed to enable SNV as
well as IBD analysis of autosomes and X chromosomes and
haplogroup analysis of Y chromosome and mitochondrial
DNA. Given the limited availability of aDNA, resampling
and resequencing may be impossible, so best effort must be
mounted upfront. Whenever possible, samples should be
archived in anticipation of future technology improvements.

The past and the present inform each other; thus,
large-scale datasets should be made readily accessible to

the research community through public repositories, such
as the European Nucleotide Archive. Ancient genome
data can provide frames of reference for modern popula-
tions. Populations that were thought to have vanished
(e.g., the Caribbean Taino) can be observed in the gen-
omes of contemporary groups and, thus, provide insight
about stability, migration, and admixture. This puts
responsibility on researchers to ensure that new data and
research findings are published and presented in ways that
are informative and sensitive to descendant communities.
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