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Abstract

Genetics and archeology are two fields that provide complementary sources
of information on our history as a species. We review what has been learned
about human population history from recent genetic studies, including studies of
geographic structure, population bottlenecks, and recent population growth. We
also describe recent studies that highlight the importance of admixture in human
history, from the mixing of different continental populations in the Americas over
the past several centuries to ancient admixture between humans and Neanderthals
tens of thousands of years ago.

8.1 Introduction

Making inferences about human demographic history has been one of the primary
goals of human evolutionary studies for decades. Here demography refers to
the history of population relationships, migrations, admixture, and changes in
population size if we trace our ancestors back in time over the past 1–2 million
years. Archeology and physical anthropology have contributed tremendously to our
understanding of past demographic events (e.g., Jones et al. 1994), and the basic
outlines of our history are well established. The genus Homo first arose in Africa
roughly 2–2.5 million years ago, representing ancestors that were bipedal, used
tools, and had brain sizes substantially larger than those of chimpanzees. Some of
these early hominins then migrated to parts of tropical and temperate Eurasia 1.5–
2.0 million years ago, followed by a later migration into southern Europe. More
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recently, anatomically modern humans first appear in the fossil record 150–200
thousand years ago (Kya) in Eastern and Southern Africa. Modern humans then
spread across the rest of the inhabitable world, mostly replacing (but with low
levels of hybridization and admixture) the indigenous hominin groups that they
encountered. Within this broad outline though, there are many specific details that
have yet to be worked out.

In this review, we will focus on what we have learned from genetic data over
the past 50 years. Roughly speaking, genetic similarity can be used as a proxy for
relatedness—the more similar two sequences are, the more likely they are to share
a recent common ancestor. By examining DNA sequences from many individuals
at once and by developing computational and statistical models for what these
sequences should look like under different scenarios, we can begin to piece together
aspects of our species’ history in ways that other approaches cannot. This review
highlights some of the insights that have come from the study of human genetic
data. It is not meant to be comprehensive, but rather a personal opinion on the most
important discoveries over the past several decades.

8.2 Human Population Structure

The first large-scale studies of human genetic variation involved classical markers
such as blood groups and allozyme polymorphisms (e.g., Brues 1954; Edwards
and Cavalli-Sforza 1964). These studies showed that the vast majority of genetic
variation (~85–95%) is shared among different populations, while a much smaller
fraction differentiates populations (reviewed in Cavalli-Sforza et al. 1994). Subse-
quent studies of microsatellite, genotype, and resequencing data (e.g., Rosenberg
et al. 2002; International HapMap Consortium 2005, 2007, 2010; Wall et al.
2008; 1000 Genomes Project Consortium 2010, 2012, 2015; GenomeAsia 100K
Consortium 2019) have found similar levels of population structure between human
populations (as measured by FST). These results have been interpreted as human
populations being much more (genetically) similar to each other than different from
each other, and we now know that the level of population structure in humans is
similar to what is found in many other species. At the time these results formed an
important counterweight to the “candelabra model” of Coon (1962), which posited
that different continental groups had been mostly isolated for hundreds of thousands
of years and which was used to justify segregationist policies in the United States
(Jackson 2001).

Despite the overall similarity of different human groups at specific genetic
markers, the small differences at many markers in aggregate can be used to
accurately distinguish between different human populations (e.g., Pritchard et al.
2000; Patterson et al. 2006). For example, Rosenberg et al. (2002) showed that
377 microsatellite markers were sufficient to distinguish individuals from the major
continental groups, such as sub-Saharan Africans, Europeans, Asians, Melanesians,
and Native Americans. In addition, for recently admixed individuals, these methods
can estimate the proportion of ancestry that comes from multiple ancestral groups
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(Pritchard et al. 2000; Falush et al. 2003). When more markers are available, such as
from standard SNP genotyping chips or whole-genome sequence data, individuals
from closely related populations (e.g., French vs. Spanish, Chinese vs. Japanese)
can be distinguished from one another (e.g., Patterson et al. 2006; Jakobsson et al.
2008; Novembre et al. 2008; Tishkoff et al. 2009; Lu and Xu 2013; GenomeAsia
100K Consortium 2019).

The methods and studies described above made no a priori assumptions about
the makeup of different human populations. For recently admixed individuals (e.g.,
African–Americans), more powerful methods can identify the precise portions of
their genome that were inherited from different ancestral populations, provided
that individuals from each of the ancestral populations have been genotyped (e.g.,
Sankararaman et al. 2008; Price et al. 2009; Bryc et al. 2010;Wall et al. 2011; Baran
et al. 2012). These studies have confirmed the heterogenous nature of Latinos and
African–Americans—for example, the estimated proportion of European ancestry in
a sample of 181 Mexican controls varied from ~0% to ~100% (Fig. 8.1, Choudhry
et al. 2006). In addition, detailed admixture studies have uncovered surprising
examples of admixture over the past several thousand years, including low (<5%)
levels of West African ancestry in Southern Europeans (Moorjani et al. 2011),

Fig. 8.1 Simplified schematic describing the qualitative differences between historical models
of modern human origins. Hominins first evolve in Africa and later colonize temperate Eurasia
roughly 1.5 – 2 million years ago. Much later, modern humans evolved in Africa 150–200 thousand
years ago and then spread to the rest of the world starting 50–80 thousand years ago. Models
differ in the amount of genetic contribution extinct hominins in Eurasia made to the contemporary
gene pool. The recent African origin and replacement model predicts that this contribution was
negligible, and the recent African origin and hybridization model predicts a small contribution,
while the multiregional model predicts that the archaic human contribution was large
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substantial Khoesan ancestry in South African Bantu speakers (Henn et al. 2011),
and substantial non-African ancestry in the East African Maasai (Wall et al. 2013).

8.3 Effective Population Size

The current human population size is in excess of seven billion and is thought
to have been in the millions for all of recorded history (Tellier 2009). However,
genetic sequencing studies have found that extant humans are quite similar to each
other, with the average sequence divergence between two individuals around 0.1%
(Li and Sadler 1991; Wall et al. 2008; 1000 Genomes Project Consortium 2010,
2012, 2015). This corresponds to an effective population size (i.e., time-averaged
number of breeding adults) of around 20,000–25,000, which is vastly less than our
estimates of the recent census size. While there are reasons why the census size
might be more than the effective population size (e.g., nonrandommating, variance
in reproductive success across individuals, unequal sex ratio, natural selection,
etc., cf. Caballero 1994), the magnitude of the difference is still surprising. In
contrast, great ape species with geographically restricted ranges generally have
effective population sizes larger than humans (Fischer et al. 2006; Prado-Martinez
et al. 2013). This suggests that despite being able to colonize virtually the whole
world, our species must have had a much smaller population size (and likely a
more restricted geographic range) for much of its evolutionary history. Researchers
have generally considered models of recent exponential population growth from a
small initial population to explain the discrepancy between census and effective
population size (e.g., Slatkin and Hudson 1991; Marjoram and Donnelly 1994;
Gutenkunst et al. 2009; Gravel et al. 2011).

The initial analyses of genetic variation in human mitochondrial DNA (mtDNA)
estimated a relatively recent time to the most recent common ancestor (TMRCA)
and observed an excess of rare variants over equilibrium expectations (Cann et al.
1987; Vigilant et al. 1991). These data were then used to estimate a time of onset
of recent explosive population growth of 60–120 thousand years ago (Kya; Rogers
and Harpending 1992). However, mtDNA does not experience recombination so
operates as a single genetic locus. As such, the observed patterns of genetic variation
are sensitive to the effects of natural selection, and inferences of demographic
parameters from mtDNA data are inherently untrustworthy. When comparable
sequence polymorphism data was obtained from multiple nuclear regions, the
skew toward rare variants was much smaller, suggesting that substantial mid-
Pleistocene population growth was unlikely (Wall and Przeworski 2000; Voight
et al. 2005; Gutenkunst et al. 2009). Current estimates based on resequencing
data from thousands of individuals suggest that population growth started in the
late Pleistocene (20–25 Kya) and that the growth rate has accelerated (i.e., super-
exponential growth) in the past 5 thousand years (e.g., Coventry et al. 2010; Nelson
et al. 2012; Tennessen et al. 2012; Gazave et al. 2014; Chen et al. 2015; Gao
and Keinan 2016). This is consistent with the spread of agriculture (and a more
steady food supply) being the primary innovation that enabled our recent explosive
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population growth. We note in passing though that there are several potential
confounding factors that have not yet been adequately accounted for in studies
of recent population growth, including the effects of purifying and background
selection on the site frequency spectrum and the effects of aggregating different
populations into larger groups such as “Europeans” or “African-Americans.”

8.4 Population Bottlenecks

The early analyses of human mtDNA variation assumed a founder model, whereby
the TMRCA corresponded to the “founding” of a population by a few genetically
similar individuals (e.g., Cann et al. 1987). This in part led to the idea that our
species had undergone a drastic population bottleneck (i.e., a temporary reduction
in effective population size) during the mid- to late-Pleistocene (e.g., Cann et al.
1987; Gibbons 1993). Population genetics theory, though, suggests that the specific
TMRCA has very little correlation with the effective population size at that time.
In particular, the recent TMRCA of mtDNA might be due to random chance or
the action of natural selection. Since demographic events such as bottlenecks are
expected to affect genetic variation across the whole genome, it is straightforward
to analyze nuclear sequence polymorphism data to assess the strength of evidence
for a species-wide bottleneck. Analyses of the HLA region, which has extremely
high levels of diversity due to diversifying selection, show that the human effective
population size has not dropped much below 10,000 for all of our species’
history (Takahata 1993; Ayala 1995), and analyses of unlinked, putatively neutral,
autosomal regions came to similar conclusions (Sjödin et al. 2012).

In contrast, there is strong evidence that at least some human populations have
experienced a recent population bottleneck. Simulations suggest that population
bottlenecks lead to a reduction in levels of nucleotide and haplotype diversity, an
increase in levels of linkage disequilibrium (LD), and a skew in the distribution
of allele frequencies (Fay and Wu 1999; Reich et al. 2001; Wall et al. 2002).
Studies of microsatellite (Tishkoff et al. 1996; Rosenberg et al. 2002), single-
nucleotide polymorphism (SNP, e.g., Conrad et al. 2006; Jakobsson et al. 2008),
and sequence (Frisse et al. 2001; Livingston et al. 2004; Voight et al. 2005; 1000
Genomes Project 2010, 2012, 2015; Mallick et al. 2016) data consistently show
that all non-African populations have less variation and more LD than all sub-
Saharan African populations. The simplest explanation for this pattern is that all
non-African populations have experienced at least one population bottleneck in their
recent history. This is consistent with the recent African origin and replacement
model of human evolution (Stringer and Andrews 1988), which posits that modern
humans first evolved in sub-Saharan Africa 150–200 Kya and that modern humans
later expanded and replaced (without admixture) the indigenous “archaic” humans
they encountered in the rest of the world. It is also consistent with the recent African
origin and hybridization model (Brauer 1989), which is identical to the previous
model but allows for a limited amount of hybridization between modern and archaic
humans, but not consistent with some models of modern human evolution such as
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the multiregional model (Wolpoff et al. 1984), which claims that modern humans
evolved from archaic humans simultaneously in Africa, Europe, and Asia (see Fig.
8.1 for a schematic of these models). Under the multiregional model, there would
not be strong systematic differences in levels of LD across continents, and we would
expect greater degrees of population differentiation (as measured by FST) between
different human continental groups.

One potential model for explaining global patterns of human genetic variation
is the serial bottleneck model (Ramachandran et al. 2005; DeGiorgio et al. 2009),
which posits that non-African populations experienced a series of founder bottle-
necks as they left Africa and spread across the rest of the world. Under this model,
populations that are further away from the putative origin of modern humans (in
Eastern or Southern Africa) have experienced more bottlenecks and are expected to
have decreasing levels of variation and increasing levels of LD. Genomic data are
mostly consistent with these expectations (DeGiorgio et al. 2009; 1000 Genomes
Project Consortium 2010, 2012, 2015; Luca et al. 2011; Mallick et al. 2016), but
a denser sampling of the world’s populations is needed to more fully test this
theory. If the serial bottleneck model were mostly correct, it might help explain
why inferences of population history based on mtDNA are qualitatively similar to
ones based on autosomal data (see also Sect. 8.6).

8.5 Sex Ratio

Human effective population sizes vary not only across time but also between
males and females. In principle, this gender-specific difference can be estimated
by looking at patterns of genetic diversity on the X chromosome relative to the
autosomes. In a randomly mating population with equal numbers of males and
females, there are 3 X chromosomes for every four autosomes, and we expect to
observe a 3:4 ratio in levels of diversity in X vs. autosome comparisons. However,
if the numbers of breeding females and breeding males are unequal, there will be
a resulting skew in this 3:4 ratio (Caballero 1994). For example, in polygynous
societies, there is greater variation in male reproductive success, since many males
have no wives, while some have many. This in turn reduces the male effective
population size and leads to an increased ratio of X to autosome diversity.

However, there are many other factors that can affect relative levels of diversity
on sex chromosomes versus autosomes. Past changes in population size (e.g., popu-
lation bottlenecks) can lead to temporary variation in the ratio of sex chromosome to
autosome diversity levels (Fay andWu 1999), while recent positive selection, which
decreases levels of genetic variation due to hitchhiking effects, is expected to be
more effective on the X chromosome than the autosomes. (This is because recessive
advantageous mutations cannot easily spread on the autosomes but can on the X
chromosome since their advantageous effect is unmasked in males.) Analyses of
human polymorphism data show the effects of both of these evolutionary processes
(Hammer et al. 2008, 2010; Keinan et al. 2009; Arbiza et al. 2014). Overall, the ratio
of X to autosome diversity increases with increasing distance from genes, consistent
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with greater hitchhiking effects on the X chromosome. This result is also apparent
from linkage-disequilibrium-based estimates of X and autosome population sizes
(Lohmueller et al. 2010). In addition, systematic differences between continental
groups are likely the result of shared demographic processes such as a population
bottleneck associated with the exodus of modern humans out of Africa (Arbiza et
al. 2014). In summary, while it is tempting to speculate on the relative prevalence
of polygyny vs. polyandry across human history, it is extremely difficult to separate
out the effects of other population processes that differentially affect autosomal and
sex-linked levels of diversity.

8.6 Estimating Demographic Parameters

Recently, researchers have started to develop computational and statistical methods
for jointly estimating multiple demographic parameters (e.g., split times and
migration rates) from DNA sequence data. Generally, these methods must navigate
a tradeoff between statistical rigor and biological realism, since the statistically
“optimal” approach of full maximum likelihood on autosomal sequence data from
multiple individuals is computationally infeasible for the foreseeable future. Below,
some of the basic approaches researchers have used are outlined, as well as some
recent applications to human data.

The major computational burden of inference methods comes from the modeling
of intragenic recombination. One way of reducing the computational burden is
to assume a model with no recombination (e.g., Nielsen and Wakeley 2001;
Drummond and Rambaut 2007; Gronau et al. 2011) and to apply this model
to mtDNA data, data from short autosomal regions without visible evidence of
recombination, or single diploid genome sequences. While the no-recombination
assumption reduces the usefulness of these methods, this is partially counteracted by
the ability to employ full-likelihood techniques (generally using Bayesian Markov
chain Monte Carlo algorithms) to efficiently utilize the information contained in
the data. For example, Gignoux and colleagues used a large mtDNA sequence data
set to infer the rates of recent population growth in different human populations
(Gignoux et al. 2011). Their results suggest that most of the population growth
happened within the past 8000 years, consistent with recent analyses of autosomal
sequence data (described above in Sect. 8.3).

Researchers have also tried the opposite tactic of assuming free recombination
between all sites (Nielsen 2000; Marth et al. 2004; Garrigan 2009; Gutenkunst et
al. 2009; Nielsen et al. 2009; Kamm et al. 2017, 2019). Under this assumption,
sequence data can be summarized by the site frequency spectrum (SFS, the distri-
bution of the number of SNPs with different allele frequencies), and the expected
relative values for the SFS can be calculated computationally or analytically for
complex demographicmodels (e.g., Garrigan 2009; Gutenkunst et al. 2009; Bhaskar
et al. 2015; Kamm et al. 2017, 2019). These methods have the benefit of being able
to handle genome-wide polymorphism data in a computationally efficient manner
but at the cost of making a biologically unrealistic assumption and ignoring an
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Table 8.1 Comparison of demographic estimates (with confidence intervals in parentheses) from
Gutenkunst et al. (2009), Gravel et al. (2011), Malaspinas et al. (2016), and Steinrücken et al.
(2019)

Parameter Gutenkunst Gravel Malaspinas Steinrücken

TEU-AS 21.2 (17.2–26.5) 23 (21–27) 42 (29–55) 54 (52–55)
TEU-AF 140 (40–270) 51 (45–69) 127 (83–171) NA
mEU-AS 9.6 (2.3–17.4) 3.1 (1.8–3.9) 2.2–3.6 (1.4–6.5) NA
TPAP-AS NA NA 58 (51–72) 113 (110–115)

Here TEU-AS refers to the split time between European and East Asian populations, TEU-AF refers
to the split time between European and West African populations, mEU-AS refers to the migration
rate (×10−5) between European and East Asian populations, and TPAP-AS refers to the split time
between Papuan and East Asian populations. NA refers to parameters that were not calculated.
Note that Steinrücken have a different parameterization for gene flow between European and East
Asian populations which is not directly comparable to the migration rates of the other studies

important component of the data (LD). Application of these methods to human
data have generally focused on the demographic history of continental European,
East Asian, and West African populations (e.g., Gutenkunst et al. 2009; Gravel et
al. 2011; Malaspinas et al. 2016) and occasionally between European, East Asian,
and Melanesian populations (Malaspinas et al. 2016; Steinrücken et al. 2019). The
parameter estimates obtained by these methods can vary substantially (Table 8.1),
but are not directly comparable to each other due to varying demographic and model
assumptions. It is also unclear whether dates from ancient DNA studies (e.g., Fu et
al. 2013) are consistent with some of the more recent estimates.

Other approaches, which can make more realistic assumptions about intragenic
recombination, replace the data with one or more summary statistics in order to
achieve computational tractability. These methods then use approximate Bayesian
computation (e.g., Patin et al. 2009) or composite likelihood (Voight et al. 2005;
Wall et al. 2009) methodology to estimate demographic parameters. Approxi-
mate likelihood methods are appealing because, unlike the previously described
approaches, they have the potential to exploit the information contained in LD to
help estimate demographic parameters. However, there are two main drawbacks that
might limit their wider use. First, it is not easy to choose summaries of the data that
are both easy to calculate and informative about demographic history. Second, these
methods are all extremely computationally intensive, and they are currently unable
to handle the analyses of large-scale (e.g., genome-wide) data sets without access to
powerful (e.g., hundreds of nodes) computer clusters.

One final promising approach, the pairwise sequentially Markovian coalescent
(PSMC) developed by Li and Durbin (2011), uses single diploid genome sequences
to estimate the trajectory of past population sizes over time. Population genetics
theory predicts that the distribution of coalescent times (i.e., the distribution of
times until the two copies of a diploid sequence share a common ancestor) depends
directly on the effective population size (both past and present) from which the
sample was drawn. While coalescent times cannot be directly observed, they can
be estimated using the sequence divergence between two haploid sequences—older
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coalescent times generally lead to greater divergence between sequences. Li and
Durbin (2011) use a hidden Markov model to estimate the coalescent times between
two haploid sequences sequentially across the genome (the times vary across the
genome because of recombination). The distribution of times is then used to estimate
the trajectory of past population sizes in the history of the population containing the
sample. While currently limited to analyses of a single genome, the PSMC provides
a novel way of utilizing genome-wide data to make inferences about human history,
and the results so far are consistent with previous findings of a population bottleneck
in non-Africans and recent growth in all populations (Li and Durbin 2011). More
recent work has used the sequentially Markovian assumption in other theoretical
frameworks, allowing for the analyses of larger sample sizes and population splits
(Sheehan et al. 2013; Schiffels and Durbin 2014; Terhorst et al. 2017; Steinrücken
et al. 2019).

8.7 Ancient Admixture

After modern humans evolved in Africa 150–200 Kya, they quickly expanded to
colonize the rest of the inhabitable world. As they did, they encountered other
hominin groups that already occupied the rest of Africa and Eurasia. These other
groups, often called “archaic” humans, included Neanderthals, Denisovans and
Homo erectus in Eurasia, H. floresiensis in island Southeast Asia, and several
unnamed groups within sub-Saharan Africa (Klein 2000; Trinkaus 2005; Rightmire
2009). The extent to which the expanding modern humans interacted and interbred
with the various archaic human groups is still unclear, though some interbreeding
must have occurred (see below). We first discuss how ancient DNA from archaic
hominins has changed our perspective on this issue. Then we describe other indirect
methods for inferring the existence of ancient admixture.

Direct Evidence for Ancient Admixture The isolation and sequencing of a portion
of the mtDNA hypervariable region from the Neanderthal-type specimen opened
up a new avenue of research for human evolutionary studies (Krings et al. 1997).
Subsequentwork has generatedwhole mtDNA sequences from several Neanderthals
(Briggs et al. 2009) and a putative H. heidelbergensis individual (Meyer et al.
2014), low-coverage draft genomes from a Neanderthal (Green et al. 2010) and
a Denisovan (Reich et al. 2010), and high-coverage genomes from a Denisovan
(Meyer et al. 2012) and two Neanderthals (Prüfer et al. 2014, 2017). Denisovans
were a group of archaic humans whose only remains have been found in a single
cave in Southern Siberia. They are known almost exclusively from their DNA, with
very little morphological information available from the limited fossil remains that
have been found (Bennett et al. 2019; Viola et al. 2019). Analyses of the Denisovan
genome have shown that they are distant cousins of Neanderthals (Reich et al. 2010).

Studies of Neanderthal mtDNA found that the Neanderthal sequence was
outside of the range of normal human variation, suggesting that any Neanderthal
contribution to the modern human gene pool was limited (Krings et al. 1997; Serre
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et al. 2004). However, an analysis of the initial draft Neanderthal genome showed
that Neanderthals were more closely related to all non-African populations than to
sub-Saharan African populations (Green et al. 2010). The most likely explanation
for this is that Neanderthals and the ancestors of non-African populations interbred
and exchanged genes, perhaps in the Middle East 60–90 Kya (Sankararaman et
al. 2012), leading to greater genetic similarity. This result was initially surprising,
since researchers initially assumed that any interbreeding between Neanderthals and
modern humans would have occurred in Europe 30–40 Kya. Instead, more detailed
analyses show that East Asian individuals tend to have greater Neanderthal ancestry
than do European ones (e.g., Wall et al. 2013). While this could be due to weaker
purifying selection in East Asian populations (Sankararaman et al. 2014), it more
likely reflects a separate Neanderthal admixture event after the initial divergence of
European and East Asian populations or a recent dilution of Neanderthal ancestry
in the ancestors of European populations (Kim and Lohmueller 2015; Vernot and
Akey 2015). Thus far, a separate Neanderthal admixture event seems more likely
(see, e.g., Villanea and Schraiber 2019).

Similar studies using the draft Denisovan genome also turned up a surprising
result—aboriginal Australians, Melanesians, and Philippine Negrito groups derived
4–5% of their genome from Denisovans, whereas all other human populations
tested showed much smaller levels of Denisovan ancestry (e.g., Reich et al. 2010,
2011; Sankararaman et al. 2016; Vernot et al. 2016; GenomeAsia 100K Consortium
2019). This strongly suggests that the colonization of Melanesia involved a separate
migration out of Africa than did the colonization of mainland Eurasia, perhaps
along the Southern coast of Asia (the “Southern route” hypothesis, reviewed
by Oppenheimer 2009). If so, the historical range of the Denisovans must have
stretched far south of the Siberian cave where the fossil remains were found. There
is also growing evidence for multiple separate Denisovan admixture events in East
and Southeast Asia (Browning et al. 2018; GenomeAsia 100K Consortium 2019;
Jacobs et al. 2019).

Indirect Evidence for Ancient Admixture While the direct comparison between
modern human DNA and archaic human DNA described above has been extremely
informative, it has been limited by the scarcity of archaic human fossils with
sufficient amounts of ancient DNA. Other, indirect methods are needed to detect
potential ancient admixture between modern humans and other archaic human
groups in East Asia and Africa. These methods rely on the observation that ancient
admixture, if it occurred, will leave large, discrete chunks of introgressed sequence
that are substantially different from orthologous modern human sequences. These
chunks can then be detected by searching for unusual patterns of LD (e.g., Wall
2000; Plagnol and Wall 2006; Wall et al. 2009), in an analogous way to how local
ancestry is estimated across the genomes of recently admixed individuals (e.g., Price
et al. 2009; Baran et al. 2012). Analyses of human polymorphism data have found
evidence for ancient admixture in sub-Saharan African populations (Garrigan et al.
2005; Hayakawa et al. 2006; Wall et al. 2009; Hammer et al. 2011; Lachance et
al. 2012; Hsieh et al. 2016; Durvasula and Sankararaman 2020; Wall et al. 2019),
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though quantifying the amount or the timing of admixture depends on specific
assumptions about modern human population structure. Taken at face value, these
studies suggest that admixture between modern and archaic humans may have been
a relatively common occurrence, involving Neanderthals, Denisovans, and one or
more archaic human groups (in sub-Saharan Africa) for which no ancient DNA
samples are currently available.

8.8 Other Ancient DNA Studies

The previous section describes what insight has been gained from studies of
admixture between modern and archaic human groups. Ancient DNA studies
involving only modern human samples have also been very informative about
human demographic history. In particular, a comparison between an ancient DNA
sample and modern human sequences can provide information on genetic affinities
between the population that the ancient sample comes from and extant human
groups. For example, Rasmussen et al. (2010) generated a high-coverage whole-
genome sequence from a 4000-year-old hair sample from Greenland and found that
the genome sequence obtained was most similar to sequences from extant Siberian
populations. They concluded that the population from which the hair sample came
represented a separate migration than the one that gave rise to modern Native
Americans and Inuit. In another example, Rasmussen et al. (2011) sequenced a
100-year-old hair sample from an aboriginal Australian; their analyses provided
additional support for the early (>50 Kya) colonization of Melanesia and the
Southern route hypothesis. Other studies have also elucidated the recent movements
and population affinities of groups across Eurasia (e.g., Lipson et al. 2018; McColl
et al. 2018; Harney et al. 2019; Narasimhan et al. 2019; Shinde et al. 2019).

Finally, ancient DNA studies have helped to understand the relationship between
Neolithic farmers in Europe and contemporary European Paleolithic hunter-
gatherers roughly 6–10 Kya. Specifically, a long-standing debate has centered
on the extent to which the Neolithic transition was cultural, with populations
adopting farming technologies from their neighbors, versus demic, with farming
populations replacing nonfarmers. So far, most of the early ancient DNA studies
have suggested that demic diffusion was predominant (e.g., Bramanti et al. 2009;
Malmstrom et al. 2009; Haak et al. 2010; Skoglund et al. 2012; but see Sampietro
et al. 2007). Later studies have been able to quantify the relative contributions of
various ancestral European groups, including ones that were previously unknown,
and have highlighted the enormous complexity in European demographic history
over the past ~40,000 years (e.g., Lazaridis et al. 2014; Seguin-Orlando et al. 2014;
Jones et al. 2015; Lipson et al. 2017).
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8.9 Conclusion

With more than 100,000 modern human genome sequences publicly available and
several hundred thousand more genome sequences already generated but not yet
public, we are entering a time when the amount of (modern human) genetic data
available for demographic inference is essentially unlimited. The computational,
statistical, and theoretical methods for dealing with these vast amounts of data are
still limited though, and we anticipate that advances on the methodological front
will lead to new insights into human demographic history in the coming decade.
Since human fossils are rare and appreciable amounts of ancient DNA from fossils
rarer still, it is difficult to predict what influence future ancient DNA studies will
have on human evolutionary studies. However, based on the results of the past few
years, it is safe to assume that occasional future fossil finds (with sufficient amounts
of endogenous DNA) will have a major influence on our understanding of human
history.
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