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A genetic window into the human social past

Kinship, or what links together members of the same family, fundamentally structures the web of relationships in human societies. Over the last few centuries, ethnographers have chronicled a remarkable range of kinship systems around the world, in which blood ties can be essential to irrelevant (1). Patrilineality represents the most frequent system, with family membership solely deriving from the father's lineage. When associated with patrilocality (or female exogamy), women relocate to their husbands's native region. Such marital and residence rules can typically be deduced from historical textual sources. They remain, however, often mysterious for the undocumented deeper past. In this PNAS issue, Blöcher et al. build on recent advances in ancient DNA (aDNA) research (2) to illuminate the descent, marriage and residence practices of a pastoral community that lived in Central Asia ~3,800 years ago (3). Their work reveals a patrilineal world in which male siblings were central to the community, as well as networks of interaction connecting people across hundreds of kilometers across the steppes.

The archaeology of Nepluyevsky portrays a Bronze Age necropolis of livestock herders from the Southern Urals. With 44 skeletons deposited within 50 years at best, Kurgan 1 represents one of the largest burial mounds on site. It was the focus of the study by Blöcher et al.. Clearly, females did not have the same lives as males in this community: they had a shorter life expectancy and were not even buried there if they died at an age of 5 to 14 years. DNA preserved in the remains of 32 individuals revealed a diversity of mitochondrial haplotypes, contrasting with an almost unique Y chromosome haplogroup. Since mitochondrial DNA is inherited through mothers, and the Y chromosome through fathers, the genetic pattern possibly depicted a patrilineal, patrilocal community, integrating adult females from diverse origins while maintaining a local clan founded by a single male. The pattern observed could, however, also reflect the limited diversity of Y chromosomes available throughout the region at the time. Confirmation of patrilineality was obtained when the authors turned to autosomal genetic variation, which is inherited from both parents. There, they found that pairs of males were more genetically related than pairs of females, and that almost two thirds of the individuals tested were genetically related up to the third degree. In fact, the burial mound enclosed a genealogy spanning three generations and structured around six brothers and their wives, children and grand-children. The oldest brother in the DNA family tree had eight children when the others had three at best, and he was also the only one who reproduced with two women. This points to a higher status for the eldest son in this community. The data collected show that his female partners came from different biological families, but are silent about whether serial monogamy or polygamy was involved.

No adult lineage daughters were found on site, in line with female exogamy. Only two of the 27 males tested show no evidence of close blood ties but were related to other community members within 6-10 generations. Quite strikingly, when the researchers extended their tests to 1,000+ ancient steppe people previously analyzed, they found many unambiguous matches with Nepluyevsky community members: within 50 kilometers around, but also much farther away, in Ukraine, western Russia and as far east as China and Southwest Siberia. This demonstrates that the community was integrated into a broader Bronze Age network and provides a new credible approach for gaining fine-grained resolution into its connectivity.

Blöcher et al.'s patrilineal findings are on par with ethnographic reports for cattle-keeping societies, which accumulate wealth in the form of mobile livestock that men can easily transfer to pay the price of their bride (4). Female exogamy also protects against inbreeding by providing reproductive partners who are not close biological relatives. Interestingly, considering patrilineal kinship systems offer other narratives than just male-driven warfare for some of the previously reported patterns of past human expansion. For example, if constant competition for grazing pastures incentivized the migration of patrilineal pastoral groups, particular male lineages and more genetic ancestry would be spread through

males over large areas [START_REF] Kristiansen | Archaeology and the genetic revolution in European prehistory[END_REF][START_REF] Fürtwangler | Ancient genomes reveal social and genetic structure of Late Neolithic Switzerland[END_REF]. Such apparent signals of male-mediated genetic expansions would also develop when patrilineal farming clans move to new lands, especially when reaching areas occupied by hunter-gatherers practicing more fluid residence norms (e.g. couples residing near to either spouse's genetic kin; [START_REF] Chylenski | Patrilocality and hunter-gatherer-related ancestry of populations in East-Central Europe during the Middle Bronze Age[END_REF]).

Using aDNA to identify depositional patterns in burials is not new. After all, the way the world of the dead is organized reflects decisions made by those who buried them; it, thus, offers a mirror for the social norms in the world of the living (Table 1). Combined with enamel isotopic analyses, DNA testing can inform on mobility and diet. The non-lineage mothers identified genetically can then be proved as isotopic outsiders to formally establish female exogamy, and map their native region [START_REF] Knipper | Female exogamy and gene pool diversification at the transition from the Final Neolithic to the Early Bronze Age in central Europe[END_REF][START_REF] Mittnik | Kinship-based social inequality in Bronze Age Europe[END_REF]. Finding their non-lineage sons buried on site can demonstrate that the children they had from previous unions joined their new community. The five-generation genealogy disclosed at the megalithic tomb of Hazelton North, Britain, revealed such a case of a patrilineal Neolithic community practicing female exogamy and accepting stepsons [START_REF] Fowler | A high-resolution picture of kinship practices in an Early Neolithic tomb[END_REF]. Conversely, lineage males carrying local isotopic signatures in their 'wisdom teeth' but non-local in their first molars, which erupt earlier in life, represent individuals who spent their adolescence away but ultimately returned home as adults. Such cases of potential foster sons reinforcing alliances with other clans (4) have been suggested in the early Bronze Age communities of the Lech valley, Austria [START_REF] Mittnik | Kinship-based social inequality in Bronze Age Europe[END_REF], and amongst Bell Beaker communities from South Germany [START_REF] Sjögren | Kinship and social organization in Copper Age Europe. A cross-disciplinary analysis of archaeology, DNA, isotopes, and anthropology from two Bell Beaker cemeteries[END_REF].

So far, most aDNA studies have reported patrilineal and patrilocal systems (Table 1). The Neolithic megalithic tomb from Gurgy, France, however, reminds us that such rules were not always applied strictly, as some adult lineage daughters were buried on site and even had offspring with nonlineage males [START_REF] Rivollat | Extensive pedigrees reveal the social organization of a Neolithic community[END_REF]. One exception to patrilineality was described outside the Eurasian Holocene (which attracted most aDNA work): the pre-Columbian burial crypt investigated at Chaco Canyon was that of an elite Pueblo matrilineal dynasty, which developed a complex hierarchical polity across the American southwest [START_REF] Kenett | Archaeogenomic evidence reveals prehistoric matrilineal dynasty[END_REF]. Another striking exception was found amongst Neolithic communities from Çatalhöyük and Barcın Höyük, Anatolia, where people buried in and around the same houses appeared mostly unrelated genetically [START_REF] Yaka | Variable kinship patterns in Neolithic Anatolia revealed by ancient genomes[END_REF], which asserts the importance of social relatedness at the time.

The spatial deposition of the skeletons also holds important social clues. For example, the victims of a 4,800 years-old massacre at Koszyce, Poland were deposited in a single pit, with mothers and offspring grouped together, indicating the structural role of nuclear families for the underlying community [START_REF] Schroeder | Unraveling ancestry, kinship, and violence in a Late Neolithic mass grave[END_REF]. At Gurgy, fathers and sons were buried closer to one another than all other pairs of genetic kins were, and sub-pedigrees could almost be mapped spatially, suggesting community-level knowledge of who was buried where [START_REF] Rivollat | Extensive pedigrees reveal the social organization of a Neolithic community[END_REF]. Similarly, two chambers of the Hazelton North mainly enclosed two distinct maternal lineages. This shows that founding women could have a significant role in the collective memory, even in patrilineal communities [START_REF] Fowler | A high-resolution picture of kinship practices in an Early Neolithic tomb[END_REF].

Tracking how grave goods such as weapons, adornments and pottery, follow the DNA tree has also helped understand patterns of wealth inheritance. For example, weapons were more often deposited in the graves of lineage males than in those of unrelated males across early Bronze Age sites of the Lech valley, indicating patrilineal wealth inheritance (8). This rule was not universal: the early Bronze Age site of Mokrin, Serbia showed both high-status mothers buried with low-status sons, and vice versa [START_REF] Žegarac | Ancient genomes provide insights into family structure and the heredity of social status in the early Bronze Age of southeastern Europe[END_REF]. In the Lech Valley, the identification of a group of low-status and genetically unrelated local individuals coexisting alongside the wealthy lineage males and their wealthy non-local wives also suggested that slaves were integrated in the households [START_REF] Mittnik | Kinship-based social inequality in Bronze Age Europe[END_REF].

I can only commend that aDNA technology is increasingly applied to unveil our past social life. I, however, caution that the social experience is far more complex than what visible from biological data alone. While the sexual karyotype almost immediately invites for a binary categorization of the world, other relevant identities beyond males and females are increasingly recognized as central to peoples' identities [START_REF] Johnson | Bioarchaeology and kinship: integrating theory, social relatedness, and biology in ancient family research[END_REF]. Forcing such categories into the past because they are rather easy to map genetically (17) may risk denying essential past social realities. Similarly, ethnography provides many examples of communities in which kins are not defined according to the genealogical hierarchies (e.g. parenthood extending to uncles and aunts). Identities, including parenthood, can also be dynamic entities that keep evolving through life. Some archaeological technologies, such as high-resolution serial enamel isotopic series [START_REF] Honeychurch | The archaeology of pastoral nomadism[END_REF], and possibly epigenetic profiling of markers of social inequity [START_REF] Hanghøj | DamMet: ancient methylome mapping accounting for errors, true variants, and post-mortem DNA damage[END_REF], can help reveal important changes during the lifespan of individuals. Such techniques may help grasp a more nuanced view of the fluidity of social identities in the past. Interestingly, many studies have reported some genetically unrelated adults buried together with the larger lineage community [START_REF] Fowler | A high-resolution picture of kinship practices in an Early Neolithic tomb[END_REF]. It is essential that the whole breadth of the archaeological toolkit is applied to such individuals to refine their true social reality, and hopefully reveal more subtle embodiments of the least prevailing social norms. It is also crucial to acknowledge the necessarily over-simplistic and reduced perception of the social complexity that can be preserved in the material archaeological record to avoid developing essentialist narratives about the past.

In my opinion, future work should be applied to both the human and the non-human. For example, animal domesticates are not only life companions, biocultural forms of wealth, but also symbols of prestige. Mapping out the geographies of woman exogamy and animal exchange in pastoral groups may advance understanding of mobility patterns as reinforced alliances between larger communities (4). Furthermore, some archaeological sites document the ritual practice of animal sacrifice, which provides excellent windows into the diversity of social norms then prescribed by the entire community. Testing why the animals sacrificed were chosen -whether as genetic kins or for special age, sexual, esthetical, behavioral, or performance phenotypes that can now be predicted genetically [START_REF] Todd | Imputed genomes of historical horses provide insights into modern breeding[END_REF], or epigenetically (21)and their depositional patterns, holds considerable potential for deciphering past social practices and economical alliances [START_REF] Librado | Ancient genomic changes associated with domestication of the horse[END_REF]. When deposited as funerary offerings, they also provide exceptional opportunities to gain insight into past systems of beliefs and social representations of the after-life [START_REF] Honeychurch | The archaeology of pastoral nomadism[END_REF].
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