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Tracing Human Ancestral Migra2ons Using Symbio2c Bacteria
Alexia Nguyen Trung, Bas2en Boussau and Vincent Daubin

The gene2c heritage of Homo sapiensis much more substan2al and complex than presented by 
20th century gene2cs. We now know that each human is the place and ul2mately the product of 
the interac2on of a mul2tude of symbio2c organisms, each carrying its own genome. Some of 
these associa2ons are stable over the life course, and in some cases even over genera2ons. This is 
the case of Helicobacter pylori, a bacterium generally considered to be pathogenic to humans, 
which is present in the stomach of 50% of the current world popula2on (Breurec, 2011). Its 
transmission occurs par2cularly during childhood within the family (Weyermann and al., 2006), 
limi2ng the spread of infec2on. As a result, each strain is confined to a dis2nct human group 
and H. pylorityping can allow iden2fica2on of different ethnic groups within the same popula2on, 
even when it comes to very recent migra2ons (Wirth and al., 2004). For that reason, the study of 
strains collected from different loca2ons allows us to spa2ally trace human ancestral movements 
and its presence in humans can be traced to the origin of Homo sapiensin Africa before the great/
major migra2ons. H pylori has accompanied its host during its peregrina2ons on the different 
con2nents, to the point that the phylogeny of the current strains traces in broad lines the history 
of human migra2ons since the Out of Africamigra2on (Falush and al., 2003; Linz and al., 2007).
Like many bacterial species, H. pylorihas the ability to acquire gene2c material from other bacteria 
which are not parents, by a process called horizontal gene transfers (HGT). We have previously 
developed a method which allows the iden2fica2on of ancient events of HGT in bacterial genomes. 
As a result, it is possible to iden2fy donor and recipient lineages in a phylogeny. A corollary is that 
we can determine which lineages are contemporary in the phylogeny of species, because HGT 
supposes a community of 2me and space. More specifically, on a phylogene2c tree, an HGT event 
a\ests that the ancestors of a donor species are older than the descendants of the recipient 
species. We have developed MAXTIC, a new method to use this informa2on to date a phylogene2c 
tree based on HGT (Chauve et al., 2017), and showed its power to infer the 2ming of diversifica2on 
in the tree of life (Arellano Davin, 2017).

The objec2ve of this work was to make a proof of principle that HGT in Helicobacter pylori, a 
symbiont of humans, could be used to refine dates in the historyof human popula2ons. To do this, 
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we retrieved a dataset of 35 strains for which a complete genome sequence was available and 
geographic informa2on was confirmed (Yahara et al., 2013). We analyzed the complete genome of 
each of the 35 strains to op2mize the chances of observing ancestral horizontal gene transfers. The 
goal is to compare the complete genomes of H. pylori strains to 1) infer as general phylogeny of the 
strains and 2) compare each gene history to this reference tree in order to iden2fy all HGTs that 
occurred throughout this history.
More specifically:
- We clustered homologous genes together to study all gene families using MMseqs (Steinegger 
and Söding, 2017). We kept all families present in at least 3 genomes for further analysis. This leg 
1622 families for study.
- We built the tree ofH. pyloristrains based on the concatenate of those families present in all 
strains (502 ubiquitous genes).
- Using ALE, a probabilis2c phylogene2c reconcilia2on method reconstruc2ng HGT scenarios, we 
inferred the history of all 1622 gene families within the species tree.From this dataset, we 
detected 900 transfer events, which corresponded to 40 2me constraints.
- Finally, based on this set of constraints, we were able to reconstruct a dated species tree for H. 
pyloriusing MAXTIC (Chauve and al., 2017), and assess the sta2s2cal support for the resul2ng 
chronogram. The results show that HGTs provide a strong signal which is in accordance with the 
current knowledge on the 2ming of human migra2ons.

Figure 3 shows an example of the type of informa2on provided by HGT on the rela2ve 2ming of 
diversifica2on of H. pyloristrains. In this example, ALE detects HGTs from the East-Asian clade (in 
blue) to the American clade (in fuchsia). According to these events, the ancestor of Asian donors is 
older than the descendants of the recipient lineage. This is in accordance with the history of the 
popula2ons, because Homo sapiensfirst migrated to Asia before reaching the Americas.



Figure 3. (leg)ALE has detected gene transfers from East-Asian clade (in blue) to the American clade (in fuchsia). These transfers 
a\est that the donor's ancestors (represented by a triangle) are older than the recipient's sons (represented by a circle); 

(right) From the constraints of fig a, our phylogene2c tree should then be represented in this way: the East-Asian ancestors are older 
than the American.

This study demonstrates that there is a strong potential in using Homo sapienssymbionts 
for dating human migrations. We show that HGT is abundant in H. pylorigenomes, and that 
it provides strong statistical support for a phylogeographic sequence which corresponds to 
current knowledge on human migrations. There is little to be learned on such a small 
instance (only 35 strains of H. pylori), but it opens the door to a larger study using the 
>1000 genomes of H. pyloriavailable in public databases. Interestingly, ancient H. 
pyloriDNA has been recently extracted and sequenced from mummies. The inclusion of 
this data into our dataset will be of great interest as they provide direct absolute dates to 
calibrate our phylogenies. With this in mind, we have recently developed and implemented 
in RevBayes (Höhna et al., 2016) a new method to combine dating information from HGT 
with molecular clock methods to further improve dating.
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