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We are an African species, and as such it is clear that in order for Homo
sapiens to be present in all habitable lands worldwide, some major expan-
sion must have occurred at some point during our evolutionary history.
The so called “Out of Africa” expansion (OoA), being crucial to the for-
mation of all modern non-African human populations, has long been
subject of study and debate in the broader field of Human Evolution.
Understanding the dynamics and timing of such an event is therefore a
major challenge to shed light on the human peopling of Eurasia.

According to the fossil human remains available so far, our species
was present in West Asia at least since 120 thousand years ago (kya)
(Groucutt et al., 2015; Grove et al., 2015). However it is unclear whether
these remains should be interpreted as the beginning of OoA, or as a failed expansion (Mellars ez al.,
2013) or just as a simple extension of the African occupation due to favourable climatic conditions. In
light of craniometrical studies of African and Eurasian populations (Reyes-Centeno ez a/., 2014) and
recent availability of additional fossil data from eastern Asia (Groucutt e @/, 2015; Liu ez al., 2015),
one may see these as preliminary evidence of an early dispersal.

From a genetic viewpoint, previous analyses of living populations have revealed a steady decline
in genetic diversity with distance from Africa, which is consistent with a serial founder event model
(Prugnolle ez al., 2005; Ramachandran ez al., 2005; Li ez al., 2008). Furthermore the genetic land-
scape emerging from uniparental markers such as mitochondrial DNA (mtDNA) and Y chromosome
would point to a single expansion event that took place not earlier than 70kya (Soares ez al., 2012).
Furthermore, the most recent genomic evidence pointed to a Northern route (i.e. through Sinai, rather
than across the Red Sea and South Arabia) (Pagani ez a/., 2015) as the predominant path followed by
the ancestors of Eurasians when expanding from Africa after 70kya (Schiffels & Durbin, 2014).

The resolution of this emerging picture was increased by the availability of archaic human
sequences, which revealed how all non-Africans derive from an admixture episode between humans
and Neanderthal, at around 55kya (Green ez a4/, 2010), while modern Papua New Guineans and
Australians also display genetic traces from another, recently characterized archaic hominin (Denisova)
(Reich et al, 2011). Therefore, before our research begun, the available evidence were pointing
towards a model (Gravel ez al., 2011; Meyer ez al., 2012) depicting modern humans outside of Africa
as the result of a single dispersal event that was followed by admixture with archaic humans (Green ez
al., 2010; Meyer et al., 2012).
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As it appears clear from the geographical distribution of the collected samples, our study (Pagani ez
al., 2016) was not explicitly designed for refining current knowledge of the OoA. When it started, the
main scientific aim of the international collaboration coordinated by the Estonian Biocentre of Tartu
was to provide a comprehensive catalogue of the Eurasian human genomic diversity, to serve as the
starting point for future spatially explicit analyses and detection of regional signatures of natural selec-
tion. To achieve this in a budget-aware manner, we followed an innovative sampling strategy aimed at
maximizing the number of sampled populations (we ended up gathering 125 human groups world-
wide), at the expenses of the number of sequenced individuals per group (on average three to four
samples per population). That said, the researchers at the EBC had been part of a large collaborative
study led by Dr. Eske Willerslev at the Centre for GeoGenetics of Copenhagen, which sequenced the
first complete genome of a native Australian individual in 2011(Rasmussen ez 4/, 2011). This study
suggested that the genetic history of native Australians has a chapter that is different from that of the
Eurasians. We were of course keen to follow this up and there for made sure that we had Papuan and
native Australian samples in the panel.

Soon after work started toward assembling of our sample panel we were approached by Dr. David
Reich from Harvard with an offer to join into a similar sequencing effort he was leading. The panels were
to be sequenced with different technologies and also the sampling schemes were not entirely duplicat-
ing each other but also complementary so EBC was happy to join. We decided early on to synchronize
our scientific submissions, to avoid racing our scientific work at the expenses of quality and accuracy.
During later stages of the project Dr. Eske Willerslev, who was leading a study that concentrated on
sequencing a large number of Papuan and specifically native Australian genomes, suggested to enlarge
the synchronized collaboration effort and to coordinate the submission of all three studies. Both Tartu
and Harvard saw this as a great opportunity to draw more attention to human evolutionary genomics
as a discipline. This effort led to the simultaneous publications of our work together with other two
papers led by Anna Sapfo Malaspinas (Malaspinas ez 2/, 2016) and Shop Mallick (Mallick ez 2/, 2016),
respectively. All three papers confirmed with an astonishing amount of genomic data that all modern
non-Africans derive their genome from a single expansion performed by a human group that diverged
from West Africans at around 75kya. At a closer inspection, though, we noticed a minor exception to
this otherwise clear scenario: the modern Papua New Guinean samples we analysed seemed to have
traces of a more ancient human expansion! Our Papua New Guineans indeed displayed a genetic diver-
gence from modern Africans that was at least 15kya deeper than the one detected from all other non-
African samples. We initially thought that the documented presence of an additional archaic human
(Denisova) component in Oceania (Reich ez 4/, 2010) could explain the observed phenomenon, mak-
ing our samples looking more “ancient” at those sites where their genome was derived from Denisova.
Surprisingly, after correcting for this bias via effectively removing these archaic sequences from the
dataset, we noticed that the signal remained as clear and as puzzling as before. We then inspected the
genetic features of the Papuan sequences we thought responsible for this signal and found that these
were compatible with the signature of a now extinct modern human population that probably have left
Africa as early as 120ky ago. We then concluded that modern Papuan New Guineans, while deriving
the vast majority of their genome from the already described OoA event, have also incorporated within
their genes the presence of an early human group they may have encountered on their way to the island,
and that had left Africa much eatlier, as part of an otherwise extinct OoA expansion.
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Due to its mysterious and now extinct nature, we dubbed this expansion “xO0A” and we speculate
these people may help explain who left a genetic trace in the genome of some Neanderthals at around
100kya (Kuhlwilm ez 2/ 2016), or who left fossil remains in China some ~80kya (Liu ez 4/, 2015).
However it is important to note that, perhaps due to differences in the adopted statistical approaches,
the other two international consortia mentioned above did not find evidence in support for this
extinct expansion, while they also did not rule out a potential minor contribution of such earlier
migration. As with any scientific debate, I am confident that additional analyses aided by adequate
advances in available software may help clarifying our results.

Another challenge we faced during our work was the need to represent results in a graphic
and intelligible way. We wanted to keep as much information as possible on the described OoA
expansion(s), with particular attention to the time and spatial dimensions. An established way of
representing human movements through space and/or time is to trace arrows on a map followed by
annotations of relevant time check-points. In our case an arrow starting from Africa and expanding all
the way to Papua New Guinea would represent “xO0A”, while another arrow all over Eurasia would
be the major OoA. We realized, however, that besides the beginning and the endpoint of these expan-
sions, we had no clear evidence on the path followed by these early human populations. The arrow
shafts, therefore, would have risked delivering the erroneous meaning of “exact trajectory followed
by”, while our intention was simply to represent a “point A and point B connected by some move-
ment of people in between”. We therefore got inspired by to the topological intuition that led Harry
Beck to developing the first London Tube diagram, and called it a “Subway plot”. The Subway plot
designed by Mait Metspalu, senior author of our work, represents human dispersals as “subway lines”,
leading from one point to another in a way that is agnostic to the actual path they follow, and it shows
admixture events as “exchange stations”, where two lines cross and exchange genes. I must say we are
very proud of this artistic solution and we hope this may provide useful when describing additional
events of our evolutionary history.
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