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Abstract

Recent population expansion and increased migration linked to urbanisation are assumed to be
eroding the genetic structure of human populations. We investigated change in population
structure over three generations by analysing both demographic and mitochondrial DNA (mtDNA)
data from a random sample of 2351 men from twenty-two Iranian populations. Potential changes
in genetic diversity (6) and genetic distance (Fsy) over the last three generations were analysed by
assigning mtDNA sequences to populations based on the individual's place of birth or that of their
mother or grandmother. Despite the fact that several areas included cities of over one million
inhabitants, we detected no change in genetic diversity, and only a small decrease in population
structure, except in the capital city (Tehran), which was characterised by massive immigration,
increased Oand a large decrease in Fgsrover time. Our results suggest that recent erosion of human
population structure might not be as important as previously thought, except in some large
conurbations, and this clearly has important implications for future sampling strategies.

syduosnuelA Joyiny siapun4 DA @doing ¢

Keywords
population structure; human populations; mtDNA,; Iran; demography

Introduction

The human population has grown dramatically over the last one hundred years and there has
been a corresponding increase in migration to urban areas due to better healthcare, education
and work opportunities. It has been suggested that demographic expansion and migration are
scrambling the genetic structure of human populations (Cavalli-Sforza et al, 1991) and as a
response, projects have been initiated to sample the genetic diversity of the world's
populations before their genetic identity is lost for good (Cann et al, 2002, The Human
Genome Diversity Project, HGDP, and more recently the Genographic Project). It remains
unclear though whether these recent phenomena have already produced changes in the
genetic structure of human populations and whether the suggestion that human populations
are homogenising into a “global melting pot” is truly justified.
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This is an important question from an intrinsic or historical perspective (e.g. for
understanding the complexity of human migration and demographic history) but is also
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Web Resources

Ethnologue http://www.ethnologue.com/

Genographic Project, https://www3.nationalgeographic.com/genographic/

Human Genome Diversity Project, http://www.stanford.edu/group/morrinst/hgdp.html
United Nations Populations Division, http://www.un.org/esa/population/unpop.htm
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Methods

relevant to applied research in human genetics and medicine. In targeted drug
administration, association studies and studies of gene function for example, even small
amounts of admixture can lead to false positive results and failure to detect genuine
associations (e.g. Pritchard et al, 1999, Deng et al, 2002, Hirschhorn et al, 2002, Freedman
et al, 2004, Marchini et al, 2004, Helgason et al, 2005).

Although obtaining ancestral information from sampled individuals is quite a widespread
practice (particularly for association studies e.g. Ardlie et al, 2002), this information has
rarely been used to investigate changes in population structure over time (see Helgason et al,
2005 for an exception). Knowing the place of birth of a sampled individual, their parents and
grandparents, provides a means to test whether increased migration during recent decades
really has eroded human population structure. An important related question is whether
increased migration (and the assumed erosion of population structure) is a general
phenomenon or whether it is confined to major conurbations such as capital cities.
Immigration to major cities, which seems a fair expectation, will have important
consequences for sampling because limitations due to cost and accessibility mean that
samples are often obtained from major cities and assumed to be representative.

Here, we explore the hypothesis that in recent generations, population expansion and
increased migration (linked to urbanisation) have eroded signals of human population
structure. We performed a case study of the Iranian population, using an intensive, unbiased
sampling procedure and collecting information on the birthplace of sampled individuals,
parents and grandparents. In the last three generations, the Iranian population has more than
tripled in size to its present tally of >68 million. Iran is a large country (>1.6 million km?),
and its populations, which are highly diverse in terms of culture and language, were
relatively isolated geographically until the second half of twentieth century. Since then,
major highways and railroads have been constructed to connect population centres, and the
proportion of the population living in urban areas has more than doubled (from 27% in 1950
to 64% in 2000, United Nations Population Division). Migration, particularly from rural
areas towards major cities, is therefore expected to have increased substantially in recent
generations.

We sampled 2351 unrelated men from twenty-two populations, which comprehensively
represent the diversity of Iran in terms of culture, language and geography (Fig. 1, Table 1).
Samples were randomly collected from consenting volunteers at transfusion centers to
ensure an unbiased sampling strategy. Information was obtained on the place of birth of the
sampled individual (generation #) and on the place of birth of their parents (generation £,)
and grandparents (generation £,). As mtDNA does not recombine, we could simply assign
sequences to populations in each generation using place of birth of the sampled individual,
their mother or grandmother. Such a strategy is equivalent to random sampling in the two
previous generations as long as the sample does not comprise a large proportion of siblings
and cousins, a situation we have been careful to avoid.

DNA was extracted using the PAXgene blood DNA kit (Preanalytix). MtDNA control
region sequences (both HVSI and HVSII) were obtained following PCR and sequencing
with standard primers and protocols (Mogentale-Profizi et al, 2001, Torroni et al, 1996).

Genetic diversity was computed within populations (theta from the number of segregating
sites, 6+ 2Neu, where Neis the effective population size and u the mutation rate
(Watterson, 1975) and genetic structure estimated among populations (population specific
Fs7, Wright, 1969) using DnaSP v4 (Rozas et al, 2003 and ARLEQUIN v3 (Excoffier et al,
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2005) respectively. Both 6;and Fs7were obtained per population for each of the three
generations and then averaged over populations. The mtDNA sequence data generated in
this article are freely available from the authors on request.

Fig. 2 illustrates the percentage of randomly sampled individuals from each locality whose
grandparents and/or parents were born in the same area, compared to those individuals that
were born in the sampling locality, but whose parents or grandparents were born outside the
area (“immigrants™). For simplicity, if the sampled individual and their grandparents were
born in the same locality, it was assumed that the parents were also born in that locality (this
was the case for all but three individuals in the whole sample set). Patterns of immigration in
the last three generations are similar for females and males (Fig. 2 a and b respectively),
although there is a very slight tendency for males to migrate more than females (over all
populations X2=4.77, 1 d.f., p<0.05). Immigration has been low in the majority of
populations (less than 10% for all but three populations). In striking contrast, the majority of
individuals sampled in Tehran (FAL1) have parents or grandparents from outside the area
(62% have immigrant mothers or grandmothers and 69% fathers or grandfathers). In the
majority of cases, immigrants come from adjacent populations, and have therefore traveled
very short distances (less than 300 km, data not shown). Although immigrants to Tehran
have traveled further, immigration declines with distance and effectively ceases after 1000
km. In Tehran there is less than a 50% chance of sampling an mtDNA sequence that was
present two generations ago, and approximately a one in six chance of sampling an Azeri
East mtDNA (data not shown), which illustrates that caution is needed when sampling in the
capital city.

Mean within-population genetic diversity is very similar over the three generations (8 2) =
0.369, O4£1) = 0.369, 84, = 0.361, one-way repeated measures ANOVA F=1.926, d.f.=2,
p=0.178, not significant, Fig. 3a). However three populations do show deviation from this
pattern. A slight increase in 65over time is observed in the Balochi population (BAL
Oyt-2)= 0.027, O5-1)= 0.029, O4=0.035) and in the area of Masshad (FA6 Oy2)= 0.030,
O5t-1)= 0.032, B4 0.036). By contrast a marked increase in genetic diversity over time is
seen in Tehran (FAL Oy4-2)= 0.043, Oy+-1)= 0.047, O45= 0.057, Fig. 3a).

There is a slight decrease in mean pairwise population specific Fg7per generation (Fig. 3b:
Fsme2) = 0.0140, Fspe1) = 0.0133, Fsyry = 0.0130 when Tehran is excluded from the
calculations). Although this change is small, the effect is highly significant (one-way
repeated measures ANOVA F=35.77, df=2, p<0.001). Note that this effect is not detected if
Fsris computed for each population against all other populations pooled together. A
quantitatively more substantial decrease in Fgyover time is seen in Tehran (Fig. 3b: Tehran
(FAL) Fsr-2)= 0.0128, Fs7e1) = 0.0120, Fs715= 0.010).

Discussion

During the 20t century the average annual population growth rate in Iran was among the
highest in the world (peaking at ~3.6% between 1976 and 1986 in relation to the slackening
of family planning laws following the Islamic Revolution in 1979). The increase in
population size, as well as development of transport, industry and education and health
services, is expected to have had a significant impact on recent migrations. Long distance
migrations to major cities are assumed to have increased but more local scale migrations are
also expected. We therefore predicted increased migration to be apparent in our
demographic data and to translate to increased genetic diversity within populations and
lowering of genetic distance among populations over time (i.e. decreased population
structure). In contrast we found no difference in within-population diversity over time for
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most populations, and a quantitatively small, but significant decrease in population structure
(Fig. 3). Only the capital, Tehran, showed considerable demographic and genetic evidence
of immigration (Figs 2 and 3). In fact, sampling at random in Tehran would produce only a
one in two chance of selecting an individual with native parents and grandparents. This
result has important consequences for other sampling strategies, which often concentrate on
capitals or other large cities, and reiterates the need to avoid major cities as sources of
samples for population genetic analyses (e.g. Bowcock and Cavalli-Sforza 1991).

Patterns of migration between men and women generally suggest greater patrilocality and
female-biased dispersal on local and regional scales (e.g. Salem et al, 1996, Seilestad et al,
1998, Mesa et al, 2000, Thomas et al, 2000, Oota et al, 2001, Wilson et al, 2001, Wen et al,
2004). By contrast, the demographic data presented here indicates that, while patterns of
male and female migration to Tehran and overall are similar (Fig. 2) there is a slight
tendency for men to migrate more often and further than women (over all populations
X2:4.77, 1d.f., p<0.05). That this difference in migration patters is only slight suggests that
our main mtDNA results should also hold for Y chromosomes.

Gathering data on an individual's place of birth clearly provides a unique insight into human
population structure over time, and we highlight the importance of collecting this type of
information during sampling. We expected recent migration within Iran to be considerable
due to rapid population growth and increased urbanisation. However, despite extensive
sampling, and inclusion of several major conurbations (six cities with over one million
inhabitants), both our genetic and demographic data are consistent with only slight erosion
of population structure in the last three generations, except in the capital city. These results
do not therefore support the idea that human population structure has been extensively
scrambled in recent decades, but do illustrate that sampling in capital cities (and preferably
other very large cities) should be avoided unless ancestral information is obtained.

The dramatic population expansion and increased urbanisation seen in Iran during the
twentieth century, as well as the size and location of the country, make it a particularly
suitable case study for investigating recent changes in human population structure. The
demographic processes that have shaped the diversity of the Iranian population are similar to
those that have shaped the whole of the Middle East region. Among-population variation in
this region is low compared to the worldwide average (1.3% compared to 5.4%, Rosenberg
et al, 2002), which suggests that populations are subject to more migration (or have a recent
common ancestry, which seems unlikely) than in more remote parts of the world. Finally,
the rate of urbanisation in Iran is similar to that of other developing countries (e.g. China,
Brazil, Philippines, Argentina, United Nations Population Division). Therefore, while the
implications of this case study may not be appropriate for the human population as a whole,
we expect them to be applicable on a broad scale, to other developing countries with similar
demographic histories.
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Fig. 1.

Sampling information.

Population codes and sample sizes (n=number of individual samples collected in each
locality) are as in Table 1. The large dot represents the capital, Tehran (>10 million
inhabitants), smaller dots are large conurbations =one million inhabitants. Borders in the
figure roughly correspond to cultural regions based on ethnicity and language (see
Ethnologue homepage for more information).
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A. Maternal Immigration
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Fig. 2.

Demographic data.

Percentage of a) female and b) male immigrants per population. Dark grey: individuals with
immigrant parents, Light grey: individuals with immigrant grandparents, Black: individuals
with both parents and grandparents born locally. Population order corresponds to the
decreasing percentage of individuals with immigrant mothers (a). Order of populations in b)
is the same as for a) to allow direct comparison.
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Fig. 3.
Genetic data: a) Mean within-population genetic diversity (&) per generation and b) Mean

population specific Fs7per generation calculated from mtDNA. Black circles: mean (+ SD
error bars) for all populations except FA1 (Tehran); grey circles: FAL.
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Sampling information

Table 1

Population code Population name  Locality Sample size
ARB Arab Khuzestan and Boushehr Provinces 96
AZE Azeri East Azerbaijan and Ardabil Provinces 110
AZW Azeri West Azerbaijan Province 102
BAL Balochi Sistan and Balochestan Province (Balochi area) 135
FAl Fars Tehran and Qazvin Provinces 390
FA2 Fars Qom, Markazi and Hamedan Provinces 75
FA3 Fars Semnan Province 55
FA4 Fars Esfehan Province 105
FA5 Fars Shiraz Province 45
FA6 Fars North Khorasan Province 70
FA7 Fars South Khorasan Province 50
FA8 Fars Khuzestan Province 52
FA9 Fars Yazd and Kerman Provinces 91
GIL Gilaki Gilan Province 125
JON Jonobi Hormozghan Province 100
KER Kerman Kermanshah Province 120
KOR Kords Kordestan Province 0*
LOR Lorestani Lorestan Province 125
MAZ Mazandrani Mazandaran Province 120
SIS Sistani Sistan and Balochestan Province (Sistani area) 145
TAT Takestan Qazvin Province 70
TOR Torkaman Golestan Province 90
ZAN Zanjani Zanjan Province 80
Total 2351
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