Early human dispersal from Africa:
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INTRODUCTION
Did early modern humans left Africa through a major migration process, dispersing simultaneously over Asia and Europe, or in two main waves, ﬁrst
through the Arab peninsula into Southern Asia through a Southern route (SR), and later crossing Palestine into Western Asia and Europe?
To shed light on these questions, we studied single nucleotide polymorphism from 20 worldwide populations and we developed explicit geographic
models of the demographic expansions. We combined diﬀerent approach including the analysis of the population structure and analysis of the LD pattern
to reconstruct two key parameters of human evolution (the eﬀective population size and the population divergence time) to identify a model describing
the emergence and dispersal of our species “Out of Africa”.
Initial number of SNPs varied from 50,000 to 2,000,000 with ~ 3,400 SNPs in
common for all datasets
FULL DATASET: 1,961 individuals
EASTERN ASIA
EUROPE
AFRICA
Han (HCH): 45
Finnish (FIN): 157
Yoruba (YRI): 60
Han Shangai (HSH): 21
Maasai (MKK): 71 Dutch (NET): 290
Swedish (SWE): 302 Japanese (JPT): 44
Luhya (LWK): 79
Korean (KR_KR): 90
Tuscans (TUS): 88
Ryukyuan (JP_RK): 49
British (UKB): 444

Final sample sizes after pruning:

CENTRAL ASIA
Ladakhi (LAD): 23
Uyghur (UYG): 26

OCEANIA
Australian (AUS): 10
Melanesian (MEL): 5

Population structure analysis
We ran the ADMIXTURE analysis for increasing values of k, up to
12, performing 5 independent runs for each k value (the diﬀerent runs gave consistent results).

SOUTH-EASTERN ASIA
Negrito Malaysia (NEM): 80
Negrito Philippines (NEP): 67
Onge (ONGE): 10

REDUCED DATASET: 455 individuals
When possible, the sample sizes were trimmed to 25, to avoid as far as possible statistic distortions due to diﬀerences in sample sizes.

Comparing alternative hypotheses on human dispersal
Single-Dispersal model (SD)

The model’s predictions appear most accurate when the genotypes fall into 6 genetic clusters

Multiple-Dispersal model (MD)

Anatomically modern humans left Africa
through Palestine and dispersed into all of
Eurasia

Prior to the dispersal across Palestine, another exit from Africa through the
Arab Peninsula and the Indian Subcontinent, all the way to Melanesia and Australia.
Africa (light green), Europe (orange), East Asia (green) and Oceania (light blue), whereas the yellow and dark blue clusters
show irregular distributions across populations. A sharp diﬀerence is evident between Malaysian and Philipino Negritos, and
central Asia looks like an area of hybridization between European and East Asian genotypes.

MD1 all the Asians populations derive
from the earlier expansion (based on skull
morphology,Lahr and Foley (1994))

MD2 only the populations of South-East
Asia and Oceania derive from the earlier
expansion, Ghirotto et al. (2011))

Linkage disequilibrium and geographic distances

To obtain a realistic representation of migrational distances between populations, we modeled resistance to gene ﬂow, based
on the landscape features known to inﬂuence human dispersal. In addition, under the SD model we hampered movement from
Arabia to India under the MD models, we created a buﬀer of low resistance value (red) along the SR.
r = 0.313
p = 0.178

Genetic distances were calculated as a matrix of Wright’s FST statistics between pairs of populations, each value being the average of the pairwise FST estimates for each SNP, over the 3,418 SNPs in the reduced dataset.
Correlations between genetic and geographic distance matrices were calculated according to the Mantel test

MODEL r
SD
0.69
MD1
0.45
MD2
0.53

P
1X10-4
1X10-4
1X10-4

All models plausibly describe the observed patterns of
genome diversity. The highest correlation was observed for
the SD model, but levels of signiﬁcance are the same in all
cases, reﬂecting the fact that, all in all, the predictions of
the SD and MD models have much in common.

Inferring changes in popoulation size and population divergence times

Under neutrality, genetic diﬀerences between populations, measured by FST, are inversely proportional to the eﬀective population sizes (Ne) and directly proportional to the time since their separation (T).
THEREFORE, TO ESTIMATE T FROM FST, ONE NEEDS INDEPENDENT ESTIMATES OF NE.
Levels of Linkage Disequilibrium (LD) depend on Ne and on the recombination rate between the SNPs considered.
Thus, we estimated LD independently in each population using all polymorphic markers available for that population.
We estimated Ne for each population in each
recombination distance class as:

Ne=(1/4c)*[(1/r2LD )-2]

with r2LD adjusted for the sample size

Based on the independently-estimated values of Ne, we could
then inferred separation times (years before present) between Africa and some geographical groups of populations, as:

T = ln(1-Fst)/(ln(1-(1/2Ne))

Mean divergence time with Africans:

African populations have higher Ne over time respect to non-Africans. Europeans and Northern-Central Asians started to expand
around 15,000 years ago. Southern Asians generally exhibit a demographic decline.

Onge +
Australians

42,174 SNPs
5% c.l
average
69,831
81,576

95% c.l
87,847

Europe

47,569

56,510

53,482

The split between Europeans and Africans seems to have happened
some 15,000 years later than that between Asians and Africans.

r = 0.648
p = 0.017

We plotted LD levels as a function of the geographic distance
from Addis Ababa calculated according to either SD or MD
models. Because genetic drift can generate long-distance LD,
we only considered pairs of markers separated by 0.01-0.02 cM
Comparing levels of short-range LD with distances calculated
under the SD model we observed no signiﬁcant correlation. By
contrast, a good correlation was observed when the geographic distances were calculated under the MD model.
Therefore, if a series of founder eﬀects accompanied human dispersal from Africa, the MD model explains patterns of LD signiﬁcantly better than the alternative SD model.

DISCUSSION:

The earlier separation from Africa estimated for Asians than for Europeans, and the correlation between levels of linkage disequilibrium and distance travelled under a Multiple Dispersal model,
support the hypothesis that, before the Northward expansion from
Africa through Palestine and then Eurasia, another human group
left Africa through a Southern route leading to Asia.
These results might call into question the genetic relationships
between AMH and Neandertals. Hybridization in Palestine is currently the favored explanation for the greater genetic resemblance
with Neandertals of non African than Africans. However, if dispersal through a Southern route was substantial, most ancestors of
Melanesians would have missed by 2,000 km or so the nearest documented Neandertals with whom they could have intercrossed.
Thus, this study suggests to better explore the possibility that an
ancient structuring of populations might contribute to explaining
the observed pattern of resemblance between modern humans
and Neandertals, as an alternative or in addition to hybridization.

