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last decade. The result is a shift in archaeological narratives, bringing with
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thropological research, including human origins, movement of ancient and

it a fierce debate on the place of genetics in anthropological research. Ar-

modern populations, the role of social organization in shaping material cul-
ture, and the relationship between culture, language, and ancestry. Moreover,
the discussion has inevitably invoked new debates on indigenous rights, own-
ership of ancient materials, inclusion in the scientific process, and even the
meaning of what it is to be a human. We argue that the broad and seem-
ingly daunting ethical, methodological, and theoretical challenges posed by
archaeogenomics, in fact, represent the very cutting edge of social science
research. Here, we provide a general review of the field by introducing the
contemporary discussion points and summarizing methodological and ethi-
cal concerns, while highlighting the exciting possibilities of ancient genome
studies in archaeology from an anthropological perspective.
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INTRODUCTION

Ancient genomics has irrevocably changed the archaeological narrative (Kristiansen 2014). It is
difficult to exaggerate its impact. Dozens of ancient genome articles have amassed thousands
of citations from a wide variety of fields, capturing the imagination of nonacademic audiences,
while the underpinning research has enjoyed funding beyond the means of most archaeologists
(Skoglund & Mathieson 2018). The resulting availability of hundreds of ancient genomes in a
matter of a single decade has challenged many long-held theories about cultural complexes, con-
nections between languages and archaeological remains, modern human origins, and processes of
cultural change (Callaway 2018), while seemingly settling long-standing debates at the same time.

The criticisms of ancient genomics, mostly from the field of archaeology, have been quick to
emerge. Many scholars accused genomicists of being insensitive to subtleties of material culture
by pushing for grand narratives of the human past without much attention to the nuances of
archaeological data (Heyd 2017). In Heyd’s (2017) words, “[A]t a. . .higher level, culture-history
and ethnic interpretations are back on the dinner table” (p. 349). Such arguments resonate with a
broader criticism that anthropological genomics research offers a misleading quantitative preci-
sion regarding present and past human variation (Horsburgh 2015). The genomics community’s
response to these criticisms has mostly been to portray the critiques to be the old guard who will
soon be replaced as genomics comes to define the next phase of the study of the human past (Reich
2018). It is telling that one of the leaders of ancient genomics research, David Reich, responded
to this criticism by saying, “We’re barbarians coming late to the study of the human past.. .. But
it’s dangerous to ignore barbarians” (Callaway 2018, p. 576).

There are reasons to think that ancient genomics is the most exciting development in archae-
ology in the last few decades, one that will reshape our understanding of the human past and,
by proxy, the concepts of ethnicities, cultural complexes, and human nature. Genomics deploys a
powerful scientific approach to human (and nonhuman) remains that recenters the conversation
on culture and biology, yet with all its quantitative might, ancient DNA can explain only one part
of this whole (Rutherford 2018). Despite this limitation, we argue that it has been changing how
we understand our past and our present in varied ways among archaeologists and the public alike.
In addition, we argue that the current trajectory of ancient genomics research, while debatable, fits
squarely within an anthropological and archaeological theoretical framework, tackling questions
that archaeologists have addressed for decades. In this review, rather than summarizing individual
studies in archaeological genomics, we aim to discuss how ancient genome studies revitalize, chal-
lenge, and innovate existing anthropological and archaeological questions. In so doing, we hope
to alleviate some of the misconceptions within the field with regard to genomics research and
terminology, while highlighting the need for adequately contextualizing genetic data with robust
anthropological and archaeological explanations.

GENOMIC STUDIES IN ARCHAEOLOGY

Genes are the building blocks of all living organisms, and when arranged together in a complete
set they form a species’ genome. The human genome contains roughly 20,000 genes. When com-
pared worldwide, human genomes are virtually identical to each other. Only 1 out of 1,000 genetic
nucleotide bases (“letters”) differ between two human genomes.! Yet because our genomes are so
large, these minor differences add up to millions of genetic variations, which allow for nuanced
differences in regional ancestries to be studied. These differences make up the core analytical unit
of anthropological genomics. Archacogenomics, defined simply as the study of ancient genomes,

1Jobling et al. (2013) provides an excellent primer for the field of human evolutionary genomics.
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inherently incorporates archaeological explanations derived from more than a century of research
documenting the material histories of humankind’s technological innovations, economic changes,
ideological transformations, and social interconnectedness across space and time. Thus, for ar-
chaeogeneticists, biological relationships evident in our DNA are seen as intricately intertwined
with millennia of demographic events that reflect our social history. In this section, we give a brief
overview of how our increased ability to decode and analyze ancient DNA sequences—{rom sin-
gular genetic regions to entire genomes—has transformed how we interpret our social past and
our biology through a shared analytical lens.

The Legacy of Mitochondria

Mitochondrial DNA (mtDNA) serves as a suitable starting point to introduce both the concep-
tual and the historical frameworks through which anthropological genomics has developed (for
more extensive reviews, see Ho & Gilbert 2010, Pakendorf & Stoneking 2005). Mitochondria are
organelles that exist in each of our cells and carry their own DNA. Most of the human genome
is found in the 2 sets of 23 chromosomes in the nucleus of our cells—one set inherited from the
father and the other from the mother. In contrast, mtDNA is housed in each of the dozens to hun-
dreds of mitochondria found in each of our trillions of cells. Thus, the sheer number of mtDNA
molecules makes them exceptionally suitable for ancient DNA analysis (Pakendorf & Stoneking
2005). Given that DNA progressively degrades over time, mtDNA was (until fairly recently) the
only genetic material that could be reliably extracted from ancient remains because of its sheer
abundance.

Because sperm lack mitochondria, all mtDNA is maternally inherited? (Figure 14). With every
generation, mothers pass on their mtDNA to their sons and daughters. There is a rare chance
for mutations to occur in the mtDNA, such as a change in nucleotide bases (e.g., a “T” for a
“C”). These mutations affect only a fraction of mtDNA as a whole, one change out of ~16,500
nucleotides. However, mutations accumulate over time, passed on from mother to daughter in
maternal lineage. Thus, a mutation in the mtDNA of a maternal ancestor is shared by all her
descendants, effectively marking that maternal lineage’®.

This relatively simple inheritance of mtDNA and accumulation of mutations along maternal
lineages provide a straightforward framework to ask questions about the maternal histories
that link ancient remains to extant humans (Fu et al. 2013, Llamas et al. 2016). Perhaps the
most famous example is the ancient mtDNA from a European Neanderthal sample discovered
150 years ago. Researchers at the Max Planck Institute managed to extract the mtDNA from
this sample, a technical breakthrough at the time (Krings et al. 1997). Moreover, the data
from this single sample had the potential to transform our understanding of human history.
If the Neanderthal females contributed to the human gene pool, then the Neanderthal-type
mtDNA should exist in some extant human samples. However, the mtDNA sequence of this
Neanderthal does not carry the variations that mark known human lineages and, as such, falls
outside known human mtDNA diversity. The implication was simple. Either there was no Ne-
anderthal genetic admixture with the ancestors of modern humans or, if there was, the mtDNA
of those Neanderthals was not represented in the extant human gene pool. Today, we know that
the latter explanation is true, thanks to whole-genome sequences from multiple Neanderthals

?An interesting debate considers whether there is any paternal leakage during mtDNA transmission (see Luo
et al. 2018). Even though this emerging discussion is relevant to biomedical studies, the claimed paternal
transmission is negligible when genealogy studies are considered.

3In a beautiful, famous study, Cann et al. (1987) traced back all human mtDNA to a single ancestral mtDNA,
defining the modern human maternal lineage.
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(@) The inheritance pattern of mitochondrial DNA (mtDNA). Each circle represents one mtDNA, and inheritance of an extant
mtDNA (red circle at the botton) was traced back to a single ancestor in each generation indicated by the red circles. () The inheritance
pattern of autosomal DNA. The extant chromosomes (colorfuul chromosome piece at the bottom) harbor genetic pieces inherited from
multiple ancestors from the past. () A schematic map indicating the European bias of sequenced ancient genomes around the world.
The number of ancient genomes available today is indicated by the sizes of the blue DNA helices. Such global analysis of ancient
genomes can inform about deep histories of humans as a whole, including evolutionary origins, early migrations, and introgressions
with archaic hominins. (d) The emerging interest to integrate multiple types of analyses at the local/regional level provides a glimpse
into complex issues in anthropology, such as human—environment interactions, cultural change, and social structure.

(Gokcumen 2020, Priifer et al. 2014, Wolf & Akey 2018). In fact, Neanderthal mtDNA may have
been introgressed from an unknown African hominin itself (Posth et al. 2017). Nevertheless,

building on the technical advances from the Max Planck team and others, extracting and sequenc-
ing ancient mtDNA from samples from different geographies and periods have become relatively

commonplace.

Ancient mtDNA research provided a significant step forward in complementing the archaeo-

logical record. Broadly, these studies measured the frequencies of particular mitochondrial genetic

markers in given archaeological settings and compared them with those documented in other ar-
chaeological and extant populations. The results of these studies showed that continuous clines

280  Gokcumen e Frachetti

A
(K



Annu. Rev. Anthropol. 2020.49. Downloaded from www.annualreviews.org

Access provided by Glasgow University on 07/20/20. For personal use only.

AN49CHI17_Gokcumen  ARjats.cls  July 9,2020 12:42

define human genetic variation without apparent hard borders;* allele frequencies of mtDNA vari-
ants change gradually across time and geography, shaped by constant gene flow between neighbor-
ing populations (Richards et al. 2002, Simoni et al. 2000). Ancient mtDNA data provided a time
dimension to this observation as it became clear that mtDINA variation is also clinal across time,
changing through drift and gene flow. It further confirms the now decades-old understanding in
the field that traditional social categories, e.g., ethnicities, nationalities, races, are not genetically
meaningful (Marshall 1998).

More relevant to archaeological questions, analysis of mtDNA has also documented human
movement and population expansions geographically. For example, a key success of this approach
was the observation that a small subset of mtDNA variants that evolved in Asia was carried to the
Americas (Llamas et al. 2016).” This observation confirmed earlier interpretations of the archae-
ological, biological, and linguistic data (e.g., Greenberg et al. 1986), showing that the first humans
who arrived in the Americas were from Northern Eurasian ancestral populations (Goebel et al.
2003). Similar conclusions were made regarding initial population movements out of Africa and
also demographic changes during the Neolithic transition (Cooper et al. 2001, Haak et al. 2005).
Despite the undeniable advances that mtDNA generated in the field, there were notable short-
comings. mtDNA represents a single, haploid locus prone to noise from drift and selection. Thus,
mtDNA analysis alone, even when data from ancient remains are available, has proved to be un-
derpowered to conclusively test models of ancient gene flow and population movement.

From mtDNA to Genomes

Genomics, the study of entire genomes, shifted the scale of the investigation of our biological
past. The study of ancient genomes is now routine, thanks to the joint effects of next-generation
sequencing platforms to generate vast amounts of data, improved computational approaches that
allow in silico cleaning of contamination in ancient genomes,’ and a better understanding of DNA
preservation in ancient materials (Millar et al. 2008, Skoglund & Mathieson 2018). With genomic
analysis, instead of studying dozens or hundreds of genetic variants that are common in gene-
specific analysis, we can now consider millions of genetic markers (Veeramah & Hammer 2014).
Unlike the comparatively tiny mtDNA strand with 16,500 base pairs described above, human
genomes contain 22 pairs of autosomal chromosomes and 1 pair of sex chromosomes, totaling
two sets of 3,000,000,000 nucleotide base pairs. The scale of these data, coupled with the fact that
nuclear DNA is inherited from both parents, allows us to reconstruct much more complex ances-
tral relationships among sampled individuals. Instead of searching for a single maternal ancestor,
genome-wide analysis allows us to consider thousands of paternal and maternal ancestors who
shaped our genomes.

“This idea of gradual geographic distribution of genetic markers was initially discussed as a general rule of
population genetics, mostly in nonhuman populations (Avise 2000). Later, similar ideas were applied to hu-
man genetic variation, most notably by Cavalli-Sforza (Ammerman & Cavalli-Sforza 2014, Cavalli-Sforza &
Bodmer 1999).

SResearch into extant mtDNA trailblazed several methodological and theoretical advances (Cann et al. 1987;
Torroni et al. 1993, 2006), framing the subsequent ancient mtDNA studies.

®DNA degradation over time has specific signatures. Ancient DNA is more fragmented and prone to have
specific types of DNA damage. For example, “A” and “G” nucleotides are enriched at the ends of ancient se-
quences because the genome seems to break at these locations over time (Briggs et al. 2007). These degradation
signatures, once a major challenge, now allow researchers to identify authentic ancient sequences among vast
modern DNA contamination.
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The inheritance process for most of our genetic material is not as straightforward as that for
mtDNA (Figure 15).” We inherit one copy of a given chromosome from each of our parents,
which were, in turn, inherited by our parents from their parents. Moreover, during gamete forma-
tion, the maternal and paternal copies of the chromosomes can exchange genetic material through
a process called recombination. Therefore, the genome can be imagined as a mosaic. Each mosaic
piece can be traced back to a different ancestor. This genome inheritance process enables us to
investigate our biological past more realistically: not as a mythical, unbroken lineage of ancestors
but as populations of ancestors, each genome with its own story. In this new, exciting era of anthro-
pological genomics, the questions that the field can ask move beyond simple presence or absence
of specific genetic markers. It is possible to test archaeological hypotheses within the context of
quantitative models for relationships between ancient populations.

A Parenthesis to Acknowledge Some Pitfalls in Interpretation of Genome Data

Anthropological genomics has been one of the most popular and controversial areas of contempo-
rary research. Before we delve into the specific archaeological questions where archaecogenomics
provides novel answers, it is important to offer some caveats and address faulty logic that some-
times appears in interpretations of genomic data. The interrelated chemical and biological prop-
erties of the DNA, namely its stability and near-perfect inheritance, make it extremely powerful
for anthropological research. However, the same features, coupled with complicated data analysis
pipelines, can lead to unintended misinterpretation, and on occasion, intended misrepresentation
(Furholt 2018, Vander Linden 2016). Here we dissect some potential fallacies in integrating ge-
nomics with the archaeological context.

The fallacy of linking genetic markers with specific elements of material culture. The
genome is the inheritance molecule. However, oversimplifications can lead to linking certain ele-
ments or complexes of material culture with specific genetic markers without proper contextual-
ization.® Archaeogenomic analysis can determine the relative ancestral affinities between samples
from archaeological sites or cultural complexes to reveal gene flow between the populations of
those complexes or sites (e.g., Olalde et al. 2018). It can also identify genetic changes over time,
potentially indicating a population replacement or effect of migrant gene flow into a site or re-
gion at a given point in history (e.g., Kiling et al. 2016). These analytical tools can be powerful in
detecting subtle changes in allele frequencies over time and space. They do not, however, identify
genetic markers that uniquely define populations or cultures, ancient or extant (Gokcumen 2018,
Van Arsdale 2019). There are no uniquely diagnostic Viking or Zulu genes; no human population
has ever been homogenous.

The fallacy of the definitiveness of DNA results. That we can extract genetic information from
specimens that are hundreds of thousands of years old is a testimony to the genome’s stability.

7An excellent primer on the inheritance of genetic variation within and across a population can be found in
Graham Coop’s notes on population genetics: https://github.com/cooplab/popgen-notes/blob/master/
popgen_notes.pdf.

8Such oversimplications are especially visible in popular media: for example, “Genetic Tests: Ttalians Were
From Turkey,” published in the Los Angeles Times (https://www.latimes.com/archives/la-xpm-2007-jun-
18-sci-etruscans18-story.html). How DNA-based ancestry tests are currently perceived in public further
contributes to the perception that cultures and DNA are closely linked, even inseparable. Similarly, commercial
ancestry testing can lead to a false sense of immutable biological ancestry, when there is none (Bolnick 2007,
Royal 2010).
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Thus, the massive amount of data that remain unchanged across time enables us to design ro-
bust comparative studies where we can quantitatively assess human uniqueness (Varki et al. 2008),
ancestral connections between populations (Mallick et al. 2016), and genetic bases of biological
diversity among us (Frazer et al. 2009). When samples are large, diverse, and anthropologically
contextualized, they can provide powerful insights (e.g., Narasimhan et al. 2019). When data are
sparse, poorly contextualized, or unevenly sampled, the results can be highly reductive or even
misleading.

Even the best of models, which are often supported by impressive probability scores, are neither
complete nor definitive. Many models were constructed on the basis of the available historical
and archaeological data. However, they all depend on implicit and explicit assumptions of human
history informed by available archaeological interpretations and hypotheses. Analysis of ancient
DNA is merely a means to test a model that best accounts for the available data; the more data
we analyze, the more complex human genetic history appears to be. Therefore, ascertainment
bias’ (Figure 1¢), with regard to both known archaeological sites and available ancient genomes,
remains a significant burden in the field (Lachance & Tishkoff 2013, Marciniak & Perry 2017).
New archaeological sites come to light regularly, generating new models and often making older
ones improbable. In parallel, new ancient genomics data often cast doubt on models that had been
supported for decades by the previously available genomic data. Archaeogenomics, rather than
settling age-old questions with definitive answers, often complicates our understanding of human
history, leading to beautiful new puzzles to solve (Reich 2018).

RESURRECTING OLD QUESTIONS

Origins

Ancient genomics has complicated our view of early human history. The fossil record and, later,
mtDNA variation among extant human populations both pointed to the African continent as the
place of origin of modern humans (Cann et al. 1987, Stringer 2002). In the first decade of the
twenty-first century, there was little debate among anthropological geneticists about the origin
of modern humans: a single, small population that resided in southern or eastern Africa about
150-200 Kya.

These findings did not necessarily fit well with the archaeological record, however (Scerri et al.
2018). First, archaeological discoveries suggested that by the Middle Stone Age (MSA), which is
defined by relatively advanced stone tool technologies including prepared cores, humans had al-
ready spread across Africa. This period, roughly 300 Kya, considerably predates the most common
ancestor of known extant African genomes. The question becomes, does the MSA archaeological
expansion across Africa point to an even earlier date for modern human origins, or do these MSA
cultures represent some premodern ancestral populations (Henn et al. 2018)?

Second, archaeologists often placed the emergence of modern human behavior in much more
recent times, when more sophisticated use of symbols emerges (Mcbrearty & Brooks 2000). The
transition from the MSA to a more “modern” material culture, however, did not occur simultane-
ously across the region. It was temporally and spatially heterogeneous. Given that this transition
coincided with significant increases in regional population densities, it raised questions regarding

9 Ascertainment bias is a term in population genetics that describes systematic deviations from an expected
theoretical result attributable to the sampling processes used to find (ascertain) single-nucleotide polymor-
phisms and measure (estimate) their population-specific allele frequencies. In a similar fashion, the bias in the
archaeological record (e.g., we are just beginning to understand the number and distribution of sites in re-
gions such as Africa and Central Asia) constitutes a second layer of ascertainment bias that affects our model
construction.

www.annualreviews.org o Ancient Genome Studies in Archaeology
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genetic variation as well. Did some local populations, maybe with the help of new technologies,
expand and incorporate smaller neighboring communities, reducing the overall genetic variation
in the process (Premo & Hublin 2009)? Were there interactions between groups that used modern
archaeological assemblages in different parts of Africa (Blegen 2017)?

The genomic perspective on modern human origins has shifted in the last decade, and it has be-
gun to better align with the archaeological patterns described above. Multiple factors contributed
to this shift. First, more powerful ways to analyze whole genome data have emerged, and at the
same time, there has been a massive increase in the number of sequenced genomes available for
comparison (Nielsen et al. 2017). In parallel, the growing appreciation of the importance of sam-
pling from diverse populations to better represent extant human genetic variation has led to new
and informative sampling efforts in understudied areas such as Africa (Campbell & Tishkoff 2008).
Last, a growing number of ancient genomes from Africa have become available (Schlebusch et al.
2017, Skoglund et al. 2017).

Collectively, these developments have revealed that a small but considerable number of ancient
genomic mosaic pieces from Africa have much greater time depth than previously thought. For
example, a recent analysis of ancient genomes that were dated to a mere 2 Kya showed unexpected
genetic relationships among extant African populations (Schlebusch et al. 2017), pushing back the
times of the most recent common ancestor of modern human genomes to 250-300 Kya. Another
study has detailed a complex prehistoric population structure in Africa that is not visible in extant
genomes owing to the effects of more recent population events (Skoglund et al. 2017). It revealed
that people who were living in Africa even only thousands (as opposed to tens or hundreds of
thousands) of years ago had a different population structure than we can observe today. Regardless,
it is now clear that ancient hominins contributed to extant human genetic variation at different
times and places.!’

Thus, in agreement with the archaeological record, it is highly plausible that modern human
genetic and cultural diversity was the product of interactions among multiple prehistoric African
populations, rather than one ancestral population (Henn et al. 2018, Scerri et al. 2018). Major
questions remain: What defines a “modern human”? How do African fossil remains, such as Homzo
naledi, fit in the history of modern human origins (Dirks et al. 2017)? What were the defining
evolutionary and ecological events that reduced the ancient human genetic variation to result
in the contemporary variation we observe today? Nevertheless, the new findings from ancient
and modern genomes hold the promise of reconciling genomic and archaeological evidence to
construct a more complicated but accurate picture of modern human origins.

Movement

A defining feature of humankind is its mobility: the mobility of culture, the mobility of genes,
and the mobility of individuals themselves. In the first half of the twentieth century, scholars as-
sumed that distinct material cultural complexes were associated with distinct ethnic or cultural

10Fjrst, ancient genome data from multiple Neanderthal specimens have revealed that a small but observable
number of the mosaic pieces of extant modern human genomes can be traced back to Neanderthal ancestors
(Green et al. 2006, Priifer et al. 2014). In their migrations out of Africa, ancestors of extant Eurasians met and
mated with different populations of Neanderthals (Taskent et al. 2020). A more unexpected finding involved
genome sequences retrieved from a ~50-Kya finger bone from Denisova Cave in Siberia. Initially thought to
be a Neanderthal individual, the genome from this Denisovan individual revealed the existence of a previously
unknown ancient hominin population. Soon after, it was clear that people in Southeast Asia and Oceania carry
in their genomes pieces of Denisovan DNA (Jacobs et al. 2019, Reich et al. 2010, Vernot et al. 2016). Last, the
precious few ancient genomes from sub-Saharan Africa show evidence of divergent branches of the human
genetic tree that are now lost (Hsieh et al. 2016, Schlebusch et al. 2017, Skoglund et al. 2017, Xu et al. 2017).
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groups (Trigger 1989). Within this tradition of “culture history,” archaeologists commonly as-
sociated population movements with mass migrations of culturally and ethnically homogenous
groups (for discussion, see Heyd 2017, Kristiansen et al. 2017). Contemporary archaeology had
mostly abandoned, sometimes uncritically, such associations in the wake of new evidence from
archaeological and genetics fields (Anthony 1990). Insights from ancient genomes have revived
discussions of migrations and increasingly provide more nuanced understanding of how human
genes are transferred, whether by population movement or by prolonged interactions. Genomics
provides important new data in debates concerning episodic migrations versus systemic mobility
and the relationship between concomitant changes in the archaeological record (Frachetti 2011,
Nielsen etal. 2017). Rather than imagining a board game of immutable cultural-ethnic complexes,
we can now relate the complex interplay between human gene flows and material cultures with
increasing detail.

Eurasian genetic variation throughout time serves as a suitable example. Thanks to insights
from ancient genomes from different archaeological sites spanning Paleolithic to present-day
Eurasia, we now know that at least three phases of population movement seeded European genetic
variation (de Barros Damgaard et al. 2018, Lazaridis et al. 2014). First, hunter-gatherer migrants
out of Africa populated Europe in relatively isolated and scattered groups roughly 30,000 BP.
Then, the Neolithic transformation in the Middle East and Anatolia led to a massive population
expansion(s) that spread a new group of alleles first to Southern and later to Northern Europe.
Last, the frequency of a distinct set of genetic markers found commonly among Early Bronze Age
individuals from the Pontic steppe—related to the so-called Yamnaya archaeological culture—
shows marked increase in Bronze Age Central Europe after 5000 BP, suggesting a connection
between populations of contemporary Europe and the Eurasian Steppe. This influx of more re-
cent genetic mosaic pieces that arrived in Europe was such that it largely displaced the genomic
fabric of pre-Neolithic European hunter-gatherers.

From a broader perspective, the ancient events that shaped the European gene pool—the
Paleolithic African immigrants, the arrival of Anatolian farmers, and Bronze Age input from
the Pontic Steppe—are all painted over by more recent gene flow events among neighbors. A
powerful, albeit mundane force called isolation by distance shapes the distribution of present-day
Eurasian genetic diversity (Novembre et al. 2008). The current allele frequency distributions of
genetic mosaic pieces in Europe correlate almost perfectly with geography. The allele frequencies
that are common in southern France are also common in Northeastern Spain and Northwestern
Ttaly, whereas alleles common in Northern France are also common in Belgium, the Netherlands,
and western Germany. These alleles can be used collectively to predict the self-reported geo-
graphic origin of 90% of European individuals with a ~700-km margin of error using only the
genome information. This trend can be generalized to almost all human populations: Allele fre-
quencies of individual genetic mosaic pieces are not confined to specific geographies but grad-
ually increase or decrease with distance (Manica et al. 2005, Novembre & Peter 2016). Genes
flow among proximate social spheres. The result is that, at a given time, human genetic variation
“mirrors geography” (Novembre et al. 2008).

Isolation by distance has also shaped distribution of genetic variation in ancient populations,
marking geographic paths through which communities interact with each other. Careful consid-
eration of the formation of these allele frequencies across time has painted a multilayered picture:
First, at different times, the genetic clines are more visible for specific axes, marking corridors
of social interaction between archaeological sites. For example, the early Neolithic was charac-
terized by interaction among distinct farming communities in Southwest Asia, creating a 10,000-
year-old cline of mosaic genetic ancestry from Anatolia to the slopes of the Hindu Kush moun-
tains in modern-day Afghanistan (Narasimhan et al. 2019). This cline was later painted over by
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subsequent diverse admixture events, representing post-Neolithic movements and interaction cor-
ridors connecting the Middle East, North Africa, and Central and South Asia.

Second, geographic barriers such as bodies of water, extensive deserts, and mountain ranges add
to the equation by acting as “leaky barriers” that influence the constant flow of genetic variation
among human groups (Peter et al. 2020). Over time, the global changes in ecology, technology,
and culture led to new corridors of interactions while eliminating previously important ones. The
Bering Strait became a frozen bridge for Siberian populations, who peopled the Americas during
the last Ice Age (Rasmussen et al. 2010, Scheib et al. 2018, Skoglund et al. 2015). The mountains
and deserts of Central Asia at times posed significant barriers between South and East Asia, yet they
have also served as important arenas of social and biological interaction throughout various phases
of prehistory. Following the rise of mobile pastoralist societies in the Central Asian Bronze Age,
new links between populations at the Eurasian peripheries emerged, shaping the extant genetic
variation from Europe to South Asia (Narasimhan et al. 2019).

Third, the links between ancient and extant populations are tenuous. The genetic variation
of Western European populations is observably different in the Paleolithic, Neolithic, Bronze
Age, and modern times (Antonio et al. 2019). For example, the genetic legacy of early farmers of
Anatolia can be found in Southern Europe but not in modern-day Turkey (Kiling et al. 2016).
It appears that Anatolian farmers have contributed their genes to cultures to Mediterranean
Europe, but their genetic legacy in Anatolia was later diluted by gene flow from the Caucasus,
the Near East, and Central Asia. Similarly, the genetic variation of ancient populations of the Old
Kingdom of Egypt is observably different from modern genetic variation in Egypt (Schuenemann
etal. 2017). Further scrutinization of the changes in genetic variation across time shows a gradual
shift in allele frequencies after the Roman period in the region. In other parts of the Middle East,
we see deeper genetic connections between extant and ancient populations that occupy the same
geographic area. For example, communities that live in Lebanon show a remarkable genetic con-
tinuity that can be traced back to the Bronze Age (Haber et al. 2013). In an ironic historical twist,
the extant Lebanese population shows recent genetic structuring along religious lines, indicating
the strong effect of social groups and religious affiliation on interaction and, consequently, genetic
variation within populations.

A recent study sequenced 127 genomes from the inhabitants of what is now known as Rome,
from Paleolithic to present day, documenting the genetic change over time in a given locality
(Antonio et al. 2019). The Paleolithic residents of Rome were descendants of early migrants from
Africa. Their genes were mostly replaced by gene flow from the Neolithic settlers of Anatolia,
as farming communities transformed the region’s geography, culture, and society. Later, at the
peak of its power, Imperial Rome enjoyed unprecedented genetic diversity, representing first-
or second-generation immigrants—slaves, immigrants, traders, mercenaries—carrying distinct
genetic mosaic pieces from across the Mediterranean. As Rome’s power faded, these connections
were lost, and the gene flow slackened. Over time, the primordial genetic pieces that once marked
differences between Roman genomes through time came to be shared among all Romans. For
example, a genetic marker that was found only among Roman citizens who migrated recently from
North Africa gradually spread into the rest of the Roman gene pool. Even though the genetic
markers found in ancient and modern Rome are similar, their distributions dramatically shifted
from their heterogeneous distribution among imperial Roman genomes to more homogenous
distribution among extant Roman genomes. Thus while the genetic legacy of imperial Rome’s
cosmopolitan society still lingers, Rome today is genetically very different from its imperial heyday.

As the above case studies show, genomic studies can reveal the important impact of large-
scale population movements such as those of early farmers out of Anatolia. At the same time, the
rapidly accumulating ancient and modern genome data also strongly suggest that more localized
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gene flow between neighbors is the single most consistent force that shapes human genetic vari-
ation across time. Complex and unique interactions between populations, shaped by ecological
and cultural factors, influence the scalar movements of people and the magnitude and speed of
gene flow. Proper anthropological framing and archaeological contextualization of human strate-
gies and technologies (e.g., economic modes, subsistence strategies and technologies, nature of
mobility, geographic and political obstacles to interaction) are essential to understanding genetic
and cultural affinities between communities from diverse geographies and sites over time.

Social Structure

One of the most exciting recent developments in archaeogenomics is the investigation of social
organization within archaeological sites (Figure 14). Familial relationships of burials and house-
holds, social organization and hierarchical relationships within settlements, and symbolic rep-
resentations of these social norms have been a staple of archaeology (Ensor 2011, Robb 1998).
Now, genomics data lend a hand (e.g., O’Sullivan et al. 2018). In Veeramah’s (2018) words, “[I]t
will be necessary to focus less on grand narratives over space and time, and instead integrate ge-
nomic data with other forms of archaeological information at the level of individual communi-
ties to understand the internal social dynamics.” Two recent papers highlight the power of in-
tegrating archaeological and genomics analyses to understand the cultural complexity of a past
society.

The first of these studies, by Amorim et al. (2018), sequenced 63 samples from 2 Longobard
cemeteries from Hungary and Italy. These archaeological sites were occupied during a turbulent
time when Europe was transitioning from Late Antiquity, culturally defined by the Roman Em-
pire, to the Middle Ages, which are characterized by an influx of non-Romanized people from
Central and Northern Europe. Even though the Longobards themselves did not chronicle their
histories, other historic accounts placed these people in former East Germany during the height
of the Roman Empire (circa first century CE). As the Empire’s power shifted east, archaeologi-
cal and historical evidence indicates that the Longobards expanded southward. By the fifth and
sixth centuries CE, archaeological sites (mostly graveyards) associated with Longobard culture
had a considerable presence in the archaeological record along the Danube river. The question
becomes, then, who were the occupants of these graves. Did they have genetic affinities with in-
dividuals found in Northern European archaeological sites? Was there any significance as to how
the cemeteries were organized? Were there familial relationships between the occupants of these
graves? An integrative approach that combined genetic and archaeological data shed unprece-
dented light on these questions.

The first clear finding from the genetic perspective was that the burial populations in these two
cemeteries were not genetically homogenous. When compared with other ancient genomes from
relatively contemporaneous archaeological sites across Europe (mostly Bronze Age), the genomes
from the Longobard graves were roughly clustered into two groups, one closer to the genomes
from sites in Northern and Central Europe and the other closer to the genomes from sites in
Southern Europe. The presence of the genetic mosaic pieces that were clustered with Northern
and Central Europe sites supports the general notion that Longobard archaeological culture was
partly a product of migration. The leaky barrier effect of the Alps, which slowed interactions for
thousands of years between Southern and Northern Europe, was weakening. Strontium isotope
analysis showed that at least some of the individuals with genomes similar to Northern/Central
European sites were born elsewhere and immigrated into these archaeological sites, further sup-
porting the idea of contemporary population movement. Europe had become more connected
than before.
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Another remarkable finding of this study was that kinship was the most crucial factor in ex-
plaining the organization of the material culture in these cemeteries. Three to five distinct family
groups, each composed of parents, children, siblings, and first and second cousins, were buried in
these cemeteries. Family members were often placed adjacent to one another. Moreover, the allo-
cation of grave goods depended on the familial connections. For example, one family group in the
Szélad graveyard contained the wealthiest burial goods, suggesting an elevated social status. This
family also ate more animal protein than did the others in the graveyard, further suggesting their
higher social status. The majority of the genomes from this family were most similar to Central
and Northern European populations. However, at least one female member had a genome simi-
lar to those of Southern European groups, suggesting that she married into this family. Overall,
these findings imply that Longabard society was organized around hierarchically ordered kinship
groups. Given the female with distinct ancestry in the high-status family, whether immediate kin
relationships or perceived ancestry were more important in Longobard society is an open question.

A second notable recent archaeogenomics study focusing on kinship relationships documents
genomic variation among 104 individuals from various farmsteads in southern Germany, span-
ning a period between the Late Neolithic and Bronze Ages (~5 Kya-3 Kya) (Mittnik et al. 2019).
The study revealed that each farmstead was occupied by an extended patrilocal kinship group
living with lower-status unrelated individuals. One of the key insights from this study is the out-
standing stability of this social structure in the same region for more than 700 years, spanning
major cultural shifts and inevitable shifts in genetic variation. Investigators also found high-status
females unrelated to the core kin group who were from distant areas, according to isotopic and ge-
netic data. The authors suggest these high-status females represent marriage networks connecting
distant kinship groups.!! Furthermore, there is no evidence of the children of these high-status fe-
males. The authors suggest that these children may have been sent back to the mother’s birthplace,
further cementing the genetic connection between two distant locales.

Culture Change

The questions of how material culture emerges and changes over time have occupied the field of
archaeology since its beginnings (Trigger 1989). The spread of the Near Eastern Neolithic cultural
complex into Europe, for example, was one of the core areas of inquiry for archaeologists of this
period (Childe 1936). The spread of specific material culture elements, such as Bell Beaker pot-
tery (Brodie 1997, Vander Linden 2007), has been used as a means to understand interactions and
movements between different geographies and cultural complexes in the archaeological record.
The reason why this topic has been so crucial in archaeology, spanning periods and geographies, is
that it implicitly asks two fundamental questions about human nature: Does culture change nec-
essarily parallel demographic change (e.g., grand migrations), and what (if any) are the biological
correlates to archaeological patterns?

Archaeogenomic studies are now revitalizing the study of culture change, revealing unexpected
trends in population movement and wide regional admixture that complicate our understanding
of the relationship between material culture and demographics. It is impossible to summarize the
ocean of new studies here. Instead, we present how the proliferation of archaeogenomics research
in Eurasia has impacted an enduring archaeological topic: the spread of Neolithic cultures across
Europe (Pinhasi et al. 2005). We hope that this example will offer a glimpse of the potential of
genomics to reshape how we investigate culture change.

1Tt is worth noting that similar patterns in modern-day Anatolia, where strong religiously/culturally similar
patrilocal communities exchange brides across long distances (Gokcumen et al. 2011).
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The Neolithic transition in Europe is documented as a socioeconomic shift from predomi-
nately hunter-gatherer lifestyles in the Mesolithic toward larger sedentary, agricultural commu-
nities in the Neolithic from the ninth to the fifth millennia BP across Europe (Bellwood et al.
2007). How this transition unfolded over millennia remains one of the most intriguing questions
in archaeology. Early in the twentieth century, scholarly perspectives followed the theories of
V. Gordon Childe, who regarded the Neolithic transition as a “revolution.” This view has been
profoundly influential and informed the studies of early synthesizers of both archaeological and
(later) genetic evidence. The relationship between Neolithic farming cultures and their genetic an-
cestry was one of the first questions to be addressed by archaeogenetics (Cavalli-Sforza & Feldman
1981). In their pioneering study, Cavalli-Sforza and colleagues recognized the clinal pattern of
human genetic variation, and they associated these clines in Europe with a staged, demographic
expansion of farmers from the Middle East into Europe (Ammerman & Cavalli-Sforza 2014).

Renfrew, offering a more integrative approach, matched Neolithic material culture elements
with specific uniparental genetic markers (e.g., mtDNA). He modeled culture change as a pro-
cess that followed movements and integrations among farmers and in multiple publications noted
instances where gene—culture complexes associated with Neolithic technologies spread from the
Middle East into Europe (Renfrew 2001). Renfrew put forward the hypothesis that not only mate-
rial cultural elements and genes, but also Indo-European languages likely spread from Southwest
Asia into Europe as part of a Neolithic package (Renfrew 1990). His model was elegant and holds
significant merit. Summarized simply, the rise of Neolithic farming in the Fertile Crescent and
Anatolia led to a massive increase in population, and thus, Neolithic farmers expanded from the
Near East, moving with their culture (and genes) in search of new land, subsequently mixing with
or displacing much smaller hunter-gatherer populations in their path.

The recent ancient genome data, however, has lent considerable nuance to debates on the
Neolithic transition across Eurasia. Lazaridis et al. (2016) showed that three distinct Neolithic
communities in Anatolia, the Levant, and Iran have different genetic features. Furthermore,
this study showed a genetic continuity between hunter-gatherer and agriculturalist communi-
ties within each region. Local foragers learned how to farm, likely through cultural exchange with
neighboring communities. The implication is that the spread of culture, but not genes, defined
the Neolithic transition in the Fertile Crescent of Southwest Asia.

However, this trend is not a universal feature of the Neolithic transition (Jones et al. 2017).
Subsequent studies showed a spread of the Anatolian Neolithic into Southern Europe, this time
with genes moving along with the material culture, supporting earlier models. Yet genomic data
served to further complicate the narrative, illustrating that these movements of cultures and genes
were more likely a multistep process, with diverse geographic and chronological vectors of tran-
sition. It turns out that Anatolian foragers, communities with relatively low genetic variation,
adopted agricultural cultural elements, indicating a local, cultural transition (Feldman et al. 2019,
Kiling et al. 2016). These early farmers expanded in population size while constructing new net-
works with other regional Neolithic settlements (Somel et al. 2016). The result was an increase in
Neolithic genetic variation in Anatolia. Only after this population expansion and interregional
gene flow did these farmers expand further into Southern Europe, likely in multiple, multidirec-
tional trajectories (Hofmanovi et al. 2016, Omrak et al. 2016).

Data from other parts of the world further complicate the story of the Neolithic. The origins
of South Asian agriculture have been linked primarily to the Near Eastern Neolithic transition, in
part because of the shared Indo-European roots that link the languages of South Asia, Iran, and
historic Anatolia (e.g., the Hittites). However, a recent archaeogenomics study provided evidence
that Neolithic farmers in South Asia (~9 Kya) likely descended from local foragers, suggesting
a cultural but not genetic connection between South Asian and Middle Eastern agriculturalists
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(Narasimhan et al. 2019). During the Bronze Age, however, new currents of genetic admixture
further diversified South Asian populations, with input from diverse sources including inhabitants
of the Indus Valley Civilization (Shinde et al. 2019) and mobile pastoralists of the Central Eurasian
steppe, whose ancestry reflected millennia of mixing among herders throughout the steppes and
highlands of Inner Asia. This genetic connection, which traces complex vectors of movement
and interaction from 5,000 to 3,500 years ago across Eurasia, suggests that a complex and pro-
tracted process explains the geographic distribution of Indo-European languages in both Europe
and South Asia. However, even in Europe, where we have the most comprehensive representa-
tion of ancient genomes, we do not have a full account of how genetic transitions articulate with
dynamic semiotic systems such as language. What we realize is that culture change—whether the
spread of agriculture, pastoralism, trade, or assimilation—was sometimes driven by demographic
movements and sometimes was transmitted through social interaction. Instead of building univer-
sal models of culture change, archacogenomics is helping to reveal alluring intricacies of human
nature and diversity, mobility, and interaction.

CONCLUSION
Ethical and Epistemological Considerations

Eurocentrism, both conscious and subconscious, has now been recognized as one of the most chal-
lenging obstacles to the study of humans (Wallerstein 1997). Archaeogenomics is not immune
to this bias. The majority of ancient genome studies involve samples from Europe, often asking
questions about European populations. The studies are led by European and American institu-
tions, thus representing Western perspectives on history, ancestry, and identity. However, there is
a growing, healthy debate on these biases in the field—on the part of anthropologists, archaeol-
ogists, and geneticists alike—promising a more balanced view of humanity in the near future. To
get there, however, it is vital to identify the historical and institutional biases in the field.

The first bias in archacogenomics is the comparative dearth of genome data from outside
Europe. Ancient genomes from Europe led to an impressive array of new questions and provided
new methodological advancements. However, the current sampling bias in the field is glaringly
unacceptable. Until very recently, we had few ancient genomes from Africa, the birthplace of our
species and home to most of our genomic diversity (Scerri et al. 2018). We still have significant
gaps in our understanding of the peopling of entire continents, such as Australia and the Americas
(but see Malaspinas et al. 2016, Moreno-Mayar et al. 2018, Scheib et al. 2018). For some regions,
the ancient genomic record is a practical tabula rasa. Incredible intellectual riches across the world
remain hidden, simply because of uneven incentives to look for them. Addressing this bias in the
field will require collective action from the archaeologists and geneticists who directly envision
future projects, but also from funding agencies, academic institutions, indigenous peoples, and the
broader public. The intellectual agenda of the next stage of archaeogenetic research must actively
seek the perspectives and voices of indigenous communities and local stakeholders, even if doing
so means putting a halt to the research itself. Promoting a simple but powerful idea may help:
We are all connected with deep and intermingled roots. Regardless, the quest for archaeogenetic
explanations must actively confront colonialist, imperialist, and capitalist agendas.

A second bias is an epistemological one. Archaeogenomics requires a new kind of theoretical
and methodological framework outside the traditional training of archaeologists or geneticists.
On the one hand, archaeologists struggle to parse the massive genomic data sets, identify com-
patibility issues, and interpret the results of complicated mathematical and biostatistical analyses.
On the other hand, geneticists often overlook or simplify the historical and archaeological issues
surrounding sampling, interpretation, and meaning of archaeogenomic research. As is articulated
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in a recent opinion piece by Sawchuck & Prendergast (2019), the solution for this epistemological
conundrum is training archaeologists in genetics, and geneticists in archaeology and anthropology,
while establishing a practical institutional environment for close collaboration.

Indeed, the recent research on social structure and culture change summarized in this review
provides examples of productive collaborations between archaeologists and genomicists. How-
ever, these studies highlight extremely high-end projects rather than the mainstream. Thus, one
potential challenge to the interdisciplinarity from the archaeological perspective is to be able to
recognize that the finances, labor distributions, authorship, and ownership in archaeogenomic
studies are drastically different from more traditional archaeological research. For example, it is
important to accept that ancient genomics work will be funded by agencies that are not anthropo-
logically oriented, will produce papers with dozens of authors, and may require a different mindset
concerning promotion, recognition, and regulation of individual researchers in anthropology de-
partments. In spite of these challenges, it is vital to include programs to train anthropologists in
the study and interpretation of genomic data. Such programs are sorely missing in most anthro-
pology departments. The inability of anthropologists to analyze and assess genomic data first-
hand remains one of the major bottlenecks in proper collaborations in archaeogenomics research
and also prevents unique perspectives from archaeology to further the field in novel and exciting
directions.

The third bias in archaeogenomics is a broader concern that affects social sciences in gen-
eral. There is variation in how people view their histories and identities and the degree to which
genetic ancestry poses a valid or valuable form of information. The results of archaeogenomics
research can be interpreted in various ways, which can be socially and politically charged. The
questions that are meaningful for a researcher in a US academic institution may be irrelevant to
other perspectives, especially those of indigenous peoples (Guglielmi 2019). The San people of
Africa, for example, have long been a population of interest to anthropologists because they repre-
sent a group that diverged from other African groups tens (maybe hundreds) of thousands of years
before present (Campbell & Tishkoff 2008, Mallick et al. 2016, Tishkoff et al. 2009). However,
for many San people themselves, this outgroup status seems absurd.

Similarly, the ancient genomes of Anatolia and the Middle East have been studied often notas a
means to understand the history of the region, or even to understand significant cultural changes,
such as the Neolithic transition, but to elucidate the peopling of Europe (de Barros Damgaard etal.
2018, Lazaridis et al. 2014). Indigenous peoples have often been sidelined when sweeping narra-
tives about their history were constructed on the basis of data from the very burial sites that they
deemed sacred (Garrison et al. 2019). The integration of indigenous voices in archaeogenomics
research represents not only ethical but also scientifically more systematic practice, leading to a
more comprehensive understanding of human diversity. The future looks bright, and there is now
broad recognition of the necessity for better integration of indigenous voices to archacogenomics
research (Bardill et al. 2018, Claw et al. 2018, Guglielmi 2019, Phillips 2019); however, the field
remains young with much room for improvement.

One overarching issue that runs together with these biases is the ownership and regulation of
ancient materials, both before and after sampling and analysis. In certain countries, indigenous
peoples have regained some level of ownership over ancient burials with which they are culturally
associated (Rasmussen etal. 2015, Wright et al. 2018). In other countries, especially those with less
democratic governments, officials have sometimes pushed for research agendas that put forward
nationalistic historical narratives rather than promoting the inclusion of diverse voices from mi-
nority groups. Even when best practices are employed in sampling decisions, some questions will
remain thorny: Which contemporary indigenous community should have ownership of ancient
burials? Should some archaeological burials stay outside of the realm of genomic interrogation
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because the results may be harmful or offensive to certain groups? Is being left out of the race
for genomics analysis for some communities who do not want to participate in genetics research
harmful to them in the long term (e.g., they will not be able to access precision medicine)? What
is the responsibility of the researchers and participants in the interpretation of genetic continu-
ity and discontinuity within the context of ethnocentric national history narratives? For example,
is it acceptable for communities to draw on ancestral connections to claim ownership of specific
archaeological remains, places and geographies, and even identities?

These concerns should not discourage the pursuit of archaecogenomics research. Instead, with
our awareness of these complex issues, we can enter into wider and important dialogues that res-
onate with fundamental themes of multiple social science disciplines. Archaeogenomics provides
an opportunity to reconcile questions in new and exciting ways. For example, the San people re-
cently wrote an ethics statement, highlighting their requirements for researchers seeking to work
with them. These requirements are reasonable and simple: honesty, transparency, respect, and in-
clusion in the scientific process. Such simple ethical guidelines should be easy to implement as
they overlap with the general academic code of ethics in the first place. Indeed, thanks to different
groups of scholars that are led by indigenous expert voices and that engage with local commu-
nities, an ethical and theoretical framework is emerging (Claw et al. 2018). With such guidance
and continued dialogue, we expect the future of archacogenomics to be fruitful, where multiple
interpretations of genetic variation coexist to better understand our intertwined histories.

New Frontiers

It is an exciting time to be studying the relationship between culture and biology: A treasure
trove of new archaeological sites, transformative methodologies, and a zeal to integrate previously
discrete disciplinary constructs create an unprecedentedly rich intellectual environment for the
coming decades. Ancient genomics is a significant part of this richness, and we argue that the
next phase of archaecogenomics provides an amazing opportunity to expand our understanding of
human diversity, genes and cultures and all, in new and transformative ways.

One of the most exciting frontiers is the emerging role of culture in shaping biological evo-
lution. As we invent new ways of living, we keep changing our environments (Erickson 2003,
Erlandson & Rick 2010, Frachetti 2009, Grayson 2001, McGovern et al. 2007). These changes
in our environments have affected our genomes in subtle but important ways (Laland & O’Brien
2010). For example, many of us are now adapted to a starch-rich diet, perceiving and liking starchy
food much more than our ancestors did (Perry et al. 2007), and lactose tolerance in adulthood is
now common (Ingram et al. 2009, Tishkoff et al. 2007). Our genomes evolved to fight off infec-
tious diseases that our recent population density (e.g., tuberculosis) and ecological exploits (e.g.,
malaria) have encouraged (Bos et al. 2014, Spyrou et al. 2019). Our ecological footprint has been
so powerful that the species that live with us have evolved (Pajic et al. 2019). Most notably, the do-
mesticated dog has multiple copies of the AMY1 gene that codes for the starch-digesting enzyme
amylase, whereas its close genetic cousin, the wolf, has only one copy (Axelsson et al. 2013).

A second exciting frontier is the potential to disrupt long-held dogmas about human nature
and history. Thanks to the combination of versatile theoretical frameworks in archaeology and the
powerful and relatively objective perspective that ancient genomes provide, we are in a position
to contribute to thorny debates regarding humanness, race, gender, and ancestry. Anthropological
genomics have already shown us that our past was a beautiful mess; different populations carry
genetic mosaic pieces from thousands of ancestors, some of them originating from nonhuman
populations (Gokcumen 2018). We now know that all human populations, extant and past, are
a product of constant gene flow among each other. No population is genetically pure, and we
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are all related in deep time. Stereotypical roles of different sexes and genders are now subject
to scrutiny from archaeogenetics. A mighty Viking warrior is female (Hedenstierna-Jonson et al.
2017), questioning our biases about gender roles in Viking society. Even in well-established pa-
trilocal communities, researchers found high-status women with no children (Mittnik et al. 2019),
undermining simplistic generalizations. The myths of ethnic continuity across millennia and of
bounded, biologically homogenous populations have been mostly debunked, replaced by more
thoughtful discussions of diversity and intertwined histories, including those of indigenous peo-
ples (Foster & Sharp 2002, Reardon 2009, Reardon & TallBear 2012). As genomics is related to
new aspects of our collective histories, new views from archaeogenomics can provide an invalu-
able perspective from the past for decisions that we will inevitably have to make as a society with
regard to identity, race, and what it means to be a human (Racimo et al. 2020).

Archaeogenomics has emerged as one of the most exciting intellectual endeavors of our time.
As a field, it has helped spark new perspectives, razed old ones, and ignited ferocious discussions
across academia and the public alike. The field itself has been criticized on multiple fronts, and the
debates concerning best practice have never been more alive: Sampling strategies, power structures
within the field, respect for indigenous rights, and the relationship between archaeologists and
genomicists remain subject to heated and ongoing debates. We argue that this is as it should be:
Archaeogenomics is the frontier, with all the promise, dangers, and imperfections that this position
in academia’s scientific mission brings with it.
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