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ice-age Europe. The data reveal how climate change affected the ranges of hunter-
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Modern humans have populated Europe for more than 45,000 years1,2. Our

knowledge of the genetic relatedness and structure of ancient hunter-gatherers
is however limited, owing to the scarceness and poor molecular preservation of
human remains from that period3. Here we analyse 356 ancient hunter-gatherer
genomes, including new genomic data for 116 individuals from 14 countries in west-
ern and central Eurasia, spanning between 35,000 and 5,000 years ago. We identify
a genetic ancestry proile in individuals associated with Upper Palaeolithic Gravet-
tian assemblages from western Europe that is distinct from contemporaneous
groups related to this archaeological culture in central and southern Europe4, but
resembles that of preceding individuals associated with the Aurignacian culture.
This ancestry proile survived during the Last Glacial Maximum (25,000 to 19,000
years ago) in human populations from southwestern Europe associated with the
Solutrean culture, and with the following Magdalenian culture that re-expanded
northeastward after the Last Glacial Maximum. Conversely, we reveal a genetic
turnover in southern Europe suggesting a local replacement of human groups
around the time of the Last Glacial Maximum, accompanied by a north-to-south
dispersal of populations associated with the Epigravettian culture. From at least
14,000 years ago, an ancestry related to this culture spread from the south across
the rest of Europe, largely replacing the Magdalenian-associated gene pool. After a
period of limited admixture that spanned the beginning of the Mesolithic, we ind
genetic interactions between western and eastern European hunter-gatherers, who
were also characterized by marked diferences in phenotypically relevant variants.
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The recent increase in openly available ancient human DNA samples allows for

large-scale meta-analysis applications. Trans-generational past human mobility
is one of the key aspects that ancient genomics can contribute to since changes
in genetic ancestry—unlike cultural changes seen in the archaeological record—
necessarily reflect movements of people. Here, we present an algorithm for spa-
tiotemporal mapping of genetic profiles, which allow for direct estimates of past
human mobility from large ancient genomic datasets. The key idea of the method
is to derive a spatial probability surface of genetic similarity for each individual
in its respective past. This is achieved by first creating an interpolated ancestry
field through space and time based on multivariate statistics and Gaussian pro-
cess regression and then using this field to map the ancient individuals into space
according to their genetic profile. We apply this algorithm to a dataset of 3138
aDNA samples with genome-wide data from Western Eurasia in the last 10,000 y.
Finally, we condense this sample-wise record with a simple summary statistic into
a diachronic measure of mobility for subregions in Western, Central, and Southern
Europe. For regions and periods with sufficient data coverage, our similarity sur-
faces and mobility estimates show general concordance with previous results and
provide a meta-perspective of genetic changes and human mobility.

Keywords: aDNA | prehistory | mobility estimation | Gaussian process regression
Significance: Ancient human DNA (aDNA) extracted from archaeological con-

texts allows reconstructing past population movements. Previous methods work
by calculating proportions of shared ancestry among individuals or groups in or-
der to answer specific, regional research questions. Here, we propose a large-scale
algorithm to quantify human mobility through time and space using bulk aDNA
data. The algorithm has two core components: i) interpolation of the spatiotem-
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poral distribution of genetic ancestry to obtain a continuous ancestry information
field and ii) probabilistic estimation of a spatial genetic similarity surface for each
input sample by projecting its ancestry profile into this field. We apply this to
thousands of published genomic samples in the last 10,000 y to trace diachronic
mobility patterns in Western Eurasia.
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Domestication is the process by which plants or animals evolved to fit a human-
managed environment, and it is marked by innovations in plant morphology and
anatomy that are in turn correlated with new human behaviours and technolo-
gies for harvesting, storage and field preparation. Archaeobotanical evidence has
revealed that domestication was a protracted process taking thousands of plant
generations. Within this protracted process there were changes in the selection
pressures for domestication traits as well as variation across a geographic mosaic of
wild and cultivated populations. Quantitative data allow us to estimate the chan-
ging selection coefficients for the evolution of non-shattering (domestic-type seed
dispersal) in Asian rice (Oryza sativa L.), barley (Hordeum vulgare L.), emmer
wheat (Triticum dicoccon (Shrank) Schu¿ bl.) and einkorn wheat (Triticum mono-
coccum L.). These data indicate that selection coefficients tended to be low, but
also that therewere inflection points at which selection increased considerably. For
rice, selection coefficients of the order of 0.001 prior to 5500 BC shifted to greater
than 0.003 between 5000 and 4500 BC, before falling again as the domestication
process ended 4000–3500 BC. In barley and the two wheats selection was strongest
between 8500 and 7500 BC. The slow start of domestication may indicate that
initial selection began in the Pleistocene glacial era.

This article is part of the themed issue ‘Process and pattern in innovations from
cells to societies’.
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Glacial cycles and wild adaptations shaped grape domestication and the rise of
wine.
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We elucidate grapevine evolution and domestication histories with 3525 cultiv-

ated and wild accessions worldwide. In the Pleistocene, harsh climate drove the
separation of wild grape ecotypes caused by continuous habitat fragmentation.
Then, domestication occurred concurrently about 11,000 years ago in Western Asia
and the Caucasus to yield table and wine grapevines. The Western Asia domest-
icates dispersed into Europe with early farmers, introgressed with ancient wild
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western ecotypes, and subsequently diversified along human migration trails into
muscat and unique western wine grape ancestries by the late Neolithic. Analyses
of domestication traits also reveal new insights into selection for berry palatability,
hermaphroditism, muscat flavor, and berry skin color. These data demonstrate the
role of the grapevines in the early inception of agriculture across Eurasia.
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