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Unraveling male and female histories from human genetic data

Jon F Wilkins

The increasing availability of large-scale genetic datasets has
made it possible to ask detailed questions about the structure
of human genetic diversity, and what that structure can teach
us about human demographic history. Global, multi-locus
analyses have suggested that human genetic diversity may fall
into clusters that correspond approximately to continental
origin. Detailed comparisons of mitochondrial DNA and the Y
chromosome have revealed a history of sex-biased migration
patterns that can vary widely across human populations. These
patterns can be understood, however, when we incorporate
our knowledge of local histories and cultural practices into our
genetic analyses.
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Introduction

Human genetic data has become a valuable source of
information about our past: where we came from, when
we first arrived in different regions, and how our patterns
of reproduction and migration have changed over time.
The two chromosomes for which we have the most data
are the mitochondrial chromosome (mtDNA; see Glos-
sary) and the non-recombining portion of the Y chromo-
some (NRY; see Glossary). These chromosomes have
unusual features that distinguish them from the rest of
the genome: they are large, non-recombining, and uni-
parentally inherited. The strengths and limitations of
inferences based on the NRY and mtDNA both rest on
the fact that each of them is, in effect, a single genetic
locus. The lack of recombination makes it possible to
reconstruct the genealogy of each of these chromosomes
with relatively high precision. However, the genealogical
process is a highly variable one, and any single genealogy
provides only limited insight into the underlying demo-
graphic processes that created it.

Large-scale molecular datasets have recently started to
become available for autosomal and X-linked loci. Indi-

vidually, each of these loci provides less information than
either the NRY or mtDNA data. On the autosomes and X
chromosome, our ability to infer the genealogical history
of any particular chromosomal region is limited by the rate
of recombination. Taken together, however, these data
might eventually provide much greater statistical power
for testing detailed hypotheses about human demo-
graphic history.

The uniparental inheritance of the NRY and mtDNA
means that patterns of diversity observed for these chro-
mosomes reflect different aspects of human history. The
NRY, which is passed from father to son, reflects the
demographic history of males, whereas the maternally
inherited mtDNA reflects that of females. In principle,
comparisons of the patterns of diversity found on these two
chromosomes can reveal systematic differences between
male and female patterns of reproduction and migration.

In the first half of this review, I discuss some of the recent
studies that have used large, multi-locus datasets to assess
the structure of human genetic diversity. The second half
discusses genetic analyses of sex-biased demographic
history, and focuses particularly on recent studies that
have made direct comparisons between mtDNA and
NRY samples drawn from the same populations.

Partitioning human genetic diversity

One common approach to the analysis of genetic data is to
calculate various F-statistics (e.g. Fgr [see Glossary]),
which describe the degree of genetic divergence among
populations relative to the degree of genetic diversity
within populations. For instance, F g7 describes just how
much more genetically similar two individuals are likely to
be if they come from the same subpopulation, compared
with the genetic similarity of two random individuals.
Invoking simple models of geographic structure, these
estimates can be converted into migration rate estimates.
For instance, under the symmetric island model of migra-
tion (see Glossary), the expected value of Fgr is approxi-
mately 1/(1 + 4 Nm) (for autosomal loci; for the NRY and
mtDNA, F gy is approximately 1/(1 + Nm)), where Vis the
population size of each subpopulation, or deme, and » is
the probability of migration from one deme to another [1].
Within models of isolation by distance [2], the quantity
Fgp/(1 — Fgr) calculated for pairs of populations is
expected to increase with the geographic distance sepa-
rating those populations. The dispersal rate can be esti-
mated from this rate of increase [3].

A second approach, which has become popular in
recent years, is the application of clustering techniques
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Glossary

Effective population size: Roughly speaking, this is the effective
number of individuals that contribute reproductively to the next
generation. The effective population size is affected by a number of
factors, including the census population size, and the variance of
reproductive success. Specifically, the more skewed the distribution
of reproductive success is in a population, the smaller its effective
population size will be relative to its census size.

Fsy: This is one of a large group of closely related summary statistics
used to characterize the degree of genetic/geographic structure in a
population. Roughly, it can be thought of as the increased likelihood
that two individuals (or genes) are genetically identical (or similar)
when they are sampled from the same subpopulation, as opposed to
being sampled at random from the entire population.

mtDNA: Mitochondrial DNA. In humans, mtDNA is maternally
inherited, and its diversity is shaped by female demographic history.
NRY: The non-recombining portion of the Y chromosome. The NRY
is paternally inherited and reflects male demographic history.
Symmetric island model of migration: A simple model of
population structure in which the population is divided into a number
of subpopulations, or demes. Each deme has a population of size N
and exchanges migrants with other demes at a rate m. A migrant is
equally likely to come from any other deme in the population. The
product Nm is the average number of migrants that a deme receives
each generation, and determines the degree to which the population
is genetically structured.

to genetic data. The tool most commonly used for
assessing human diversity in this context is the program
STRUCTURE [4,5], which assigns individuals, or
individual alleles, to a predefined number of clusters on
the basis of genetic similarity.

When compared with other primates, human genetic
diversity is surprisingly small. All contemporary human
mtDNA chromosomes share a common ancestor approxi-
mately 200 thousand years ago (kya) [6-8]. The common
ancestor of the NRY is even more recent, with estimates
ranging from 46 to 109 kya [7-11]. This recent common
ancestry is thought to reflect a recent African origin of
anatomically modern humans with little or no genetic
contribution from the populations who had left Africa
much earlier (see Hammer ¢ «/. [12] and Reed and
Tishkoff [13], this issue).

Statistical analyses have indicated a lack of genetic dif-
ferentiation among the world’s populations. Early studies,
based on protein polymorphisms, found that the genetic
differences among continents were small compared with
the variation found within groups [14]. As more detailed
molecular data has become available, analogous calcula-
tions have provided similar results: on average, two peo-
ple from different continents differ genetically from each
other only slightly more than two people from the same

group.

These results have typically been interpreted as
suggesting that there is no genetic basis for categorizing
humans into discrete sub-types, or races. More recent
results, based on the clustering algorithm employed
by STRUCTURE, have seemed to contradict this

conclusion. When this latter method was applied to
autosomal microsatellite data from the Human Genome
Diversity Panel [15], individuals clustered robustly by
continental origin [16]. Qualitatively similar results were
subsequently found when STRUCTURE was applied to
X chromosome data [17°°], and data from Helicobacter
pylori, which colonizes the human stomach lining
[18-20]. Although these studies have also found the
degree of genetic differentiation among the continents
to be small compared with the within-group variance,
they do suggest that human genetic diversity is somewhat
multi-modal, and that categorization into discrete groups
might have some basis.

Although the clustering by continental origin observed in
this genetic data appears to be well established, the cause
of that clustering is a matter of debate. It has been
suggested that the clustering is simply an artefact of
the sampling scheme: the sites from which data were
collected were clustered, and the underlying genetic
diversity might reveal a smoother cline [21°]. Another
possibility is that the apparent discontinuities in the
genetic diversity reflect the presence of large-scale geo-
graphic barriers (e.g. oceans, mountains and deserts) that
reduce gene flow at this largest geographic scale [22°].
This latter view is further supported by recent studies
that have successfully explained more of the features of
human genetic diversity by incorporating more realistic
geographic constraints to human gene flow [23°,24°].

Marital residence and diffusive migration
Collections of mtDNA and NRY have been used to
compare male and female demographic patterns (e.g.
migration) across a variety of geographic and cultural
scales. In this context, it is useful to distinguish two
different types of migration. One, which 1 will call
‘diffusive migration’, consists of the uncorrelated move-
ments of individuals or small groups. The other I will
call ‘directional migration’, wherein larger groups
move in roughly the same direction, possibly for multiple
generations.

Diffusive migration can be characterized by the inter-
generational migration distance — the average distance,
in some sense, between the birthplaces of parents and
offspring. T'he smaller this distance, the more geographic
structure we expect to find in the genetic data. Several
studies have invoked marital residence to explain differ-
ences found in the degree of geographic structure evident
on the mtDNA and NRY. For instance, genetic patterns
consistent with patrilocality have been identified in the
Caucasus [25], in Russia [26], and among populations of
Kurds [27] and Kalmyks [28]. Table 1 presents results
from a few of the recent studies that compare mtDNA and
NRY diversity, focusing particularly on those studies in
which the two chromosomes have been sampled from the
same sets of populations.
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Table 1

Estimates of sex-biased migration based on partitioning of genetic variance.

Region mtDNA NRY Male:female NRY Notes References
Fst Fst Nm Data

Global 0.186 0.645 0.13 STR [49]

Global 0.401 0.357 1.21 Seq Overall [50°°]
0.261 0.209 1.34 Within continents
0.189 0.187 1.01 Among continents

Thailand 0.290 0.131 2.711 STR Matrilocal [29]
0.118 0.450 0.16 Patrilocal
0.038 0.130 0.26 Food-producers

Sub-Saharan Africa 0.431 0.072 9.76 SNP Hunter-gatherer [31°°]
0.025 0.174 0.12 Overall

Caucasus 0.025 0.174 0.12 SNP Overall [25]
0.008 0.060 0.13 Within groups
0.018 0.121 0.13 Among groups

Sub-Saharan Africa 0.16 0.33 0.39 SNP Overall [40°°]
0.13 0.28 0.38 Within groups
0.04 0.06 0.65 Among groups

This table lists the reported Fgr values for mtDNA and NRY data from a number of recent studies, with the geographic region studied listed in the first
column. With the exception of the first study, by Seilstad et al [49], each of these studies is based on mtDNA and NRY samples drawn from the same
individuals. The male:female Nm ratio was calculated assuming that Nm = (1/Fs7)-1. Ratio values greater than 1 correspond to higher male migration
(i.e. higher male effective population size), whereas ratios less than 1 correspond to higher female migration (i.e. higher female effective population
size). The NRY data column indicates what type of data was collected from the Y chromosome: Seq, direct sequencing; SNP, single nucleotide
polymorphisms; STR, microsatellite repeats. The mtDNA was all collected by direct sequencing. For each study in which the authors performed
analyses on different subsets of the data, or at different levels of resolution, the estimated Nm ratio for each sub-analysis is shown, with the

partitioning of the data indicated in the Notes column.

In each case, the authors’ estimates of Fgr for the two
genetic systems are shown. In some cases, the partitioning
of genetic diversity was calculated at different scales, or
for different subsets of the data. For each pair of esti-
mated Fgr values, I have calculated the ratio of the
corresponding estimates of Nm for males and females.
If we assume that the male and female effective popula-
tion sizes (see Glossary) are similar (or, equivalently, that
the differences between male and female reproductive
skew are negligible), this ratio provides a crude measure
of the relative magnitudes of male and female migration,
with values less than one corresponding to female-biased
migration (patrilocality) and values greater than one cor-
responding to male-biased migration (matrilocality). We
will return to the question of just how similar the male and
female effective population sizes are in a later section.

The most striking feature of the data in Table 1 is the
magnitude of the variation in the male—female migration
ratio across different regions and cultures. This ratio
ranges from 0.12 (~8-fold higher female migration) in
the Caucasus to 9.76 (~10-fold higher male migration)
among sub-Saharan forager populations. Studies that have
focused on particular geographic regions and/or groups of
populations have found genetic patterns that correspond
with known cultural traits. For instance, the migration
ratio reflects ethnographically defined patterns of marital
residence in the Thai hill tribes [29,30] and correlates
with the mode of subsistence (i.e. hunting and gathering

as opposed to food-producing) in Sub-Saharan Africa
[31°°].

The fact that genetic diversity is heavily influenced by
cultural practices, particularly at local scales, emphasizes
the importance of analytic methods that can account for
the heterogeneity — both across cultures and through
time — of human demographic processes. For contem-
porary populations, we can observe this heterogeneity
directly. For ancient populations, we can partially recon-
struct this heterogeneity on the basis of patterns observed
in the ethnographic and archaeological data. For instance,
food-producing (i.e. pastoralist and agricultural) popula-
tions are predominantly patrilocal, but contemporary
foragers exhibit a broad mixture of marital residence
[32]. This difference can be seen in comparisons of
contemporary foraging and food-producing populations
[31°°], but also has implications for the history of marital
residence patterns on a global scale. The transition to a
food-producing lifestyle was probably accompanied by an
increase in patrilocality. The genetic consequences of this
transition might still be reflected in the patterns of
mtDNA and NRY diversity at different geographic scales
[33].

Directional migration, range expansion, and
hypergamy

The current standard model has anatomically modern
humans arising in Africa ~100-200 kya, and only recently

www.sciencedirect.com

Current Opinion in Genetics & Development 2006, 16:611-617



614 Genomes and evolution

expanding to the rest of the world. These migrations
would have consisted of groups of men and women
moving together, and on a global scale, the genetic
evidence from the mtDNA and NRY are qualitatively
similar. On more local scales, human genetic diversity has
also been influenced by the more recent expansion of
particular populations. Some of these events have left
similar genetic signatures on the mtDNA and NRY,
suggesting that these movements involved similar num-
bers of men and women, such as the Mongolian origins of
the Kalmyks [28], and the African—Indonesian admixture
giving rise to the indigenous peoples of Madagascar [34].

Other migrations have consisted primarily of men, who
then admix with the pre-existing population. The result is
an introgression of NRY, but not mtDNA, from the
immigrants into the aboriginal population. Studies of
native South American populations have revealed high
frequencies of European-typical Y chromosomes, but not
mtDNA [35-37]. The introgression of European NRY
haplotypes has also been documented in the Inuit of
Greenland [38] (see Table 2). Other cases of asymmetric
gene flow have also been associated with known historical
events, such as warfare and commerce, that predomi-
nantly involved the movements of males. On the Med-
iterranean island of Ibiza, mtDNA patterns appear to
reflect genetic isolation of the Carthaginian—Phoenician
founder population. NRY diversity on this island, how-
ever, shows evidence of repeated contact with mainland
Spain, Italy and North Africa [39]. Genetic analysis of the
Caucasus indicates a genetic affinity for West Asian
populations specifically on the NRY, suggesting a history
of male-dominated contact with those regions [25].

Table 2

Other asymmetries in male and female demography
might have been driven by particular cultural innovations,
such as the domestication of crops and animals. Histori-
cally, agricultural populations have expanded at the
expense of neighboring forager populations. Contact
between the forager and food-producing populations
often involves hypergamy, in which forager females marry
food-producing males and are assimilated into the
expanding agricultural community. The analogous assim-
ilation of males is far less common. Genetic patterns
consistent with a history of agricultural expansion and
hypergamy have been characterized in Sub-Saharan
Africa [31°°,40°°]. In this case, Bantu-speaking food pro-
ducers have expanded from a West-African homeland,
assimilating mtDNA lineages from the neighboring for-
ager populations. A similar asymmetry can be seen in the
movement of Tibeto-Burman populations into Southeast
Asia [41].

Effective population size

Male and female demographies can differ not only in their
patterns of migration, but in their effective population
sizes. In most mammals, males have a higher variance of
reproductive success than females, leading to reduced
genetic diversity. Comparisons of the time to the most
recent common ancestor (TMRCA) for mtDNA and NRY
genealogies suggest that this holds true for humans as
well, with the effective population size of males being
roughly half that of females [8].

However, this global value represents some average
effective size over time and across cultures. As with
migration patterns, the distribution of human reproduc-

Sex-specific admixture estimates.

Region Genetic Source mtDNA NRY References

Sub-Saharan Africa European 0% 12% [51]
African 100% 87%

South America Amerindian 95-100% 35-97% [35]
African 0-5% 0-11%
European 0-5% 3-60%

South America Amerindian 90% 1% [387]
African 0-5% 4%
European 5-10% 95%

Greenland European 0% 58% [38]
Amerindian 100% 42%

Southeast Asia Northeast Asia 44% 62% [41]
Southeast Asia 56% 38%

Madagascar African 38% 51% [34]
Indonesian 62% 49%

This table summarizes the conclusions of a number of studies focusing on particular populations known to have undergone admixture in the past,
with the locations of these populations listed in the first column. The source populations that contributed to the admixed population are listed in the
second column, and their relative contributions are listed in the third and fourth columns. The third column lists the maternal contribution of each
source population to the admixed population — estimated from mtDNA data. The fourth column lists the corresponding paternal contributions —

estimated from NRY data.
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Table 3

Ethnographic and archaeological data relevant to sex-specific demography

Observation References
Human generation interval (years) Male Female [52]
Developed nations 30.8 27.3
Less-developed nations 31.8 28.3
Forager populations 315 25.6
Residential floor area (patrilocal) 14.5-42.7 m* [53]
Residential floor area (matrilocal) 79.2-270.8 m?

Marital residence

Patrilocal Multilocal Matrilocal [32]
Non-Foragers 60% 25.3% 14.7%
Foragers 34.3% 42.9% 22.9%

This table lists values from ethnographic and archaeological data that might be useful for calibrating future genetic studies of sex-biased
demographic processes in humans. The first set of entries lists the average generation time for males and females in different types of populations.
These values are needed to translate between genetic time (generations) and calendar time (years). The second set of entries refers to the differences
in the sizes of individual residences in matrilocal and patrilocal societies. This type of data is useful for reconstructing the spatio-temporal pattern of
sex-biased human migration. The final set of values describes the distribution of marital residence patterns among populations in the ethnographic
record. These values suggest that a shift to patrilocality co-occurs with the transition to agriculture.

tive success is sensitive to cultural practices and can
change rapidly. Cultural practices related to the relative
male and female effective population sizes, such as
degree of polygyny, vary systematically with features
such as mode of subsistence, latitude and state structure
[42,43]. For instance, natives of New Guinea have dra-
matically reduced genetic diversity on the NRY relative
to the mtDNA [44]. This reduction is probably due in part
to high rates of polygyny — in some communities, ~30%
of men have more than one wife, and ~40% are unmarried
— resulting in a large male reproductive skew. Warfare
has also been frequent among these societies, with high
male (but low female) mortality rates.

Although we expect most human cultures to have a lower
male than female effective population size, particular
cultural practices can locally produce the opposite pat-
tern. Genetic analysis of the Samaritan populations have
revealed the persistence of four distinct NRY haplotypes,
despite strict endogamy and a dramatic reduction in
population size in the twentieth century (dropping from
more than one million in late Roman times to only 146
individuals in 1917; even today, the population numbers
only 640) [45]. In this case, the presence of strict marriage
rules among four distinct families has guaranteed the
persistence of these four paternal lineages, despite this
population bottleneck.

What next?

Humans are unusual in the extent to which our demo-
graphic and genetic patterns have been shaped by cultural
practices. For many other species, it may be reasonable to
assume that the patterns of reproduction and migration
we observe today are similar to those that existed in the
past. For humans, we know that these patterns vary across
different geographic regions and different cultures. We
also know that these patterns have changed over time, as

innovations from agriculture to air travel have continually
reshaped the way that people (and their genes) move
around the world.

In addition to the intrinsic complexity of human demo-
graphic history, issues of sampling and ascertainment bias
hampered many of the early efforts in this area. Several
authors have recently discussed these issues in the parti-
cular context of human genetics [21°,22°,32,46-48]. For-
tunately, many recent study designs have taken these
issues more seriously, resulting in higher-quality datasets
and more reliable inferences.

Taking full advantage of the information in the patterns
of human genetic diversity will require the development
of more complex and realistic models. These models will
have to incorporate geographic, linguistic, archacological
and ethnographic data (see Table 3 for a few examples).
Some of the studies mentioned here have already begun
to integrate this type of complexity into their analyses,
with exciting results. As this field moves into the future,
we will try to draw more detailed inferences from genetic
data, and the questions of how to collect and analyze
genetic data in a meaningful way will continually have to
be revisited.
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