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Potato (Solanum tuberosum L.) originated from the South 
American Andes1 and spread globally during post-Columbian 
times. The establishment of potato cultivation in Europe rep-

resented a milestone in the widespread geographical success of 
this crop. Today, 82% of potatoes cultivated worldwide are grown 
in Eurasia. The earliest historical records of potato in mainland 
Europe date back to the late sixteenth century, in Spain2. While 
potato planting started in the seventeenth century, cultivation did 
not gain momentum until between the eighteenth and nineteenth 
centuries3, making potato the main staple crop in Ireland4 by the 
middle of the nineteenth century. The spread of potatoes was con-
strained not only by consumer acceptance but also by the distinct 
environmental conditions in Europe as compared to their original 
habitat. It is largely accepted that the post-domestication dispersal 
of crops outside of their native range required extensive adaptation 
to the new environments5–7, in particular when crops were moved 
along latitudinal gradients8. In those instances, geographic expan-
sion required an adjustment of plant development to different day 
length and temperature cues9. In the case of short-day-dependent 
Andean potatoes in Europe, tuberization would happen only in the 
short days of late autumn10 (Fig. 1a), which are followed by freezing 
temperatures that kill the plants before proper storage of nutrients 
in the tubers is achieved. Hence, overcoming the short-day depen-
dency for tuberization was presumably the most important adap-
tation to European conditions. Modern potato cultivars behave as 
facultative short-day plants since they tuberize in long days, but 
tuber differentiation is still accelerated following transfer of the 
plants to shorter day lengths.

To date, natural variation in genes controlling tuberization under 
long days has been identified only for a single gene, CYCLING DOF 
FACTOR1 (StCDF1). The StCDF1 protein promotes tuberization 
through unblocking of the SELF PRUNING 6A (SP6A) pathway 

(Supplementary Fig. 1). Andean variants of StCDF1 are regulated 
in long days, resulting in StCOL1-mediated suppression of the 
tuberization pathway. Transposon-mediated truncations stabilize 
StCDF1, allowing tuberization independent of day length11. These 
truncated StCDF1 forms are gain-of-function repressing variants 
with a dominant effect on SP6A up-regulation, which ultimately 
results in tuberization under long days. Where and when these 
adaptive StCDF1 variants originated is not known. They could have 
arisen de  novo in Europe, or from standing variation segregating 
in the potato’s Andean native range. Andean potatoes also spread 
southwards in prehistoric times to the lowlands of south-central 
Chile, where they adapted to climatic conditions and long-day 
requirements similar to those in Europe12 (Fig. 1a). This suggests 
the possibility that potato cultivation in Europe intensified after 
the introduction of, and potential introgression from, pre-adapted 
Chilean landraces. Indeed, based on chloroplast and microsatel-
lite data, present-day European cultivars are genetically similar to 
Chilean landraces13. Furthermore, a study using a single chloroplast 
marker on historical herbarium specimens showed an increase in 
frequency of the Chilean chloroplast between the eighteenth and 
nineteenth centuries in Europe3.

Results
Sampling and sequencing of historical and modern genomes. 
Here we used historical specimens to elucidate the origins and 
adaptation of potatoes across 350 years of their evolution in Europe, 
while increasing the power of our inference using genome-wide vari-
ants. We sequenced a total of 88 samples (Supplementary Tables 1  
and 2) that included 29 historical herbarium specimens spanning 
the years 1660–1896, obtained from various European museums.  
This set included three Chilean historical samples (CHS)  
and 26 European historical samples (EHS). We also sequenced 
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43 potatoes constituting a ‘mini-core’ subset of South American 
modern samples (SMS) representing landrace diversity. To include 
cultivars, we also sequenced 16 European modern samples (EMS).

Since potato species have relatively large genomes (~840 Mb)14 
and their ploidy level ranges from diploid to hexaploid15, we adopted 
an array-based targeted re-sequencing approach that allowed us to 
obtain sufficient sequence coverage for accurate single nucleotide 
polymorphism (SNP) calling. The array targeted the whole chloro-
plast genome and ~4.3 Mb of the nuclear genome (Supplementary 
Table 3). The targeted nuclear fraction consisted of SNPs segregat-
ing in transcriptomes of elite cultivars16–18 and 334 genes associ-
ated with response to changes in day length19,20, including StCDF1  
(ref. 11). Sequencing of unrepaired herbarium-derived libraries 
revealed damage patterns typical of ancient DNA21 (Supplementary 
Fig. 2). To generate historical datasets virtually devoid of DNA 
damage, we prepared chemically repaired DNA libraries22. After 
removal of PCR duplicates, on average 20% of historical and 12% 
of contemporary (Supplementary Table 4) unique reads mapped to  
our nuclear targets (Supplementary Fig. 3), attaining a mean gene 
coverage of 47× and 70×, respectively (Supplementary Fig. 4).

The origins of 1650–1750 European potatoes. First, we set out to 
resolve relationships between all cultivated potato species derived 
from South America. SMS include tetraploid Chilean landraces 
of Solanum tuberosum, di-, tri- and tetraploid Andean landraces 
(including S. andigenum, S. chaucha, S. goniocalyx, S. phureja and 
S. stenotomum23, now recognized as part of a more broadly defined 
S. tuberosum15), and bitter cultivated potato species (S. curtilobum, 

S. juzepczukii and S. ajanhauri15) (Supplementary Table 2). Based 
on chlorotypes and nuclear SNPs, we found substantial genetic 
distance between S. tuberosum and bitter potatoes (Fig. 1b and 
Supplementary Figs. 5 and 6). Within S. tuberosum we observed 
a clear distinction between Chilean and Andean landraces and, 
within the latter, a further division between diploids and tetraploids.

Because several Solanum species and ploidy forms are cultivated in 
South America, it was imperative to assess the genetic make-up and 
ploidy level of the potatoes that were initially introduced to Europe. 
For this we focused on the five oldest EHS (collected 1650–1750), 
which showed a high degree of genetic homogeneity (Fig. 1b). We 
established that these were tetraploid based on distributions of allele 
frequencies24, as were a subset of Andean landraces and all Chilean 
potatoes (Fig. 1c and Supplementary Fig. 7). Furthermore, the oldest 
EHS carried a chlorotype that segregates at high frequency in tetra-
ploid Andean landraces but is absent in diploid Andean landraces 
(Fig. 1d). Despite being tetraploid and carrying a chloroplast present 
mainly in tetraploid Andean landraces, based on nuclear genomic 
distances, the oldest EHS are similar to a subset of the diploid 
Andean landraces (Fig. 1b). Given that polyploidization is common 
in potato species15, we speculate that this finding could be driven by 
absence of the tetraploid descendants of the EHS-related diploids. 
Taken together, our analyses suggest that the oldest European pota-
toes were tetraploids derived from the Andes, a geographic source 
that is consistent with the trading routes operating at the time25.

The complex population history of European potatoes. We inves-
tigated potato evolution within Europe by analysis of all EHS and 
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Fig. 1 | Relationship of the oldest European potatoes (collected 1650–1750) to historical and contemporary South American potatoes. a, Map of South 
America and Europe displaying cities representative of three latitudinal zones of potato cultivation. The graphs show annual day length fluctuation for each 
city. b, Heatmap illustrating pairwise genetic distances between South American landraces and the oldest European potatoes (annotated with potato group 
names, collection years and an obelus indicating historical herbarium specimen) based on 35,659 nuclear SNPs. The grey scale indicates identity-by-state 
pairwise genetic distance. c, Levels of ploidy in various potato groups as measured by flow cytometry or estimated based on nuclear SNP allelic frequencies 
(annotated with asterisks). d, Chlorotype classification derived from a maximum likelihood tree based on complete chloroplast genome assemblies. The 
oldest European potatoes carry a chloroplast type that segregates at high frequency only within tetraploid Andean landraces.
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EMS samples spanning the years 1650–2000 (Supplementary Fig. 6).  
Phylogenetic reconstruction of whole-genome assemblies from her-
barium chloroplasts allowed assignation of samples to chlorotypes 
(Supplementary Fig. 8) and investigation of chlorotype frequencies 
in 100-year intervals (Fig. 2a). We observed a decrease in Andean-
related chlorotypes coupled with an increase in Chilean-related 
chlorotypes starting from the late eighteenth century, a pattern 
also present when we combined our data to a previously published 

dataset20 (Supplementary Fig. 9). The change in chlorotype frequen-
cies was mirrored by concurrent changes in the nuclear genome. 
European potatoes became progressively more similar to historical  
Chilean individuals while becoming increasingly distant from 
their Andean counterparts (Fig. 2b and Supplementary Fig. 10).  
The decrease in Andean ancestry became more apparent when 
its proportion in these historical samples was measured based on 
f4 ratios (Fig. 2c). The Andean ancestry halved in Europe between 
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Fig. 2 | Genetic differentiation and admixture of potato populations in Europe. a, Simplified phylogenetic tree of potato chlorotypes and the plot of  
their frequencies in Europe over time. Andean, Chilean and wild potato chlorotypes are denoted by different symbols that are used in subsequent panels. 
b, Multi-dimensional scaling plot based on 35,659 nuclear SNPs. Genetic distances between potato samples are projected onto the first three (scaled) 
dimensions. Axis labels indicate the fraction of total variation explained in each dimension. European potato forms a genetic cline along dimension 1 
consistent with temporal changes in Andean and Chilean ancestry. c, Reduction in Andean genome ancestry in European samples over time calculated 
using f4 ratio: (OUT,AN1950;X,CH1850)/(OUT,AN1950;EU1650,CH1850), with wild tomato S. habrochaites used as an outgroup. d, Best model of 
admixture graph for temporal populations from Europe and their source populations in the Andes and Chile. The graph indicates highly reticulate evolution 
and common hybridization of various potato populations in Europe. e, Population f4 statistics indicate European potato admixture with Chilean potato in 
the eighteenth and nineteenth centuries, and with South American wild relatives in the twentieth century (error bars indicate three standard errors based 
on blocked jackknifing).
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the seventeenth and twentieth centuries. This steady decrease was 
disrupted in the years 1846–1891 with the resurgence of Andean 
ancestry, which coincides with the potato late blight epidemic in 
1845–1847 that triggered the Irish potato famine26,27. This shift in 
ancestry suggests that farmers at the time may have reintroduced 
older potato stocks to overcome the famine caused by losses of 
pathogen-susceptible crops.

Subsequently, to investigate the dynamics of European potato 
ancestry, we grouped EHS into four temporal populations in 100-year 
intervals (Supplementary Table 1) and modelled their relationship 
employing an admixture graph framework (Fig. 2d)28. In agreement 
with our results based on genetic distance (Fig. 1b), the oldest EHS 
(collected 1650–1750) were found to have descended directly from 
an ancestor of Andean landraces. Within the next 100 years, pota-
toes in Europe admixed with newly introduced Chilean potatoes 
(Fig. 2d,e). In addition, twentieth-century European potatoes were 
found not to have descended directly from their nineteenth-century 
admixed predecessors, but rather to have received gene flow from  
a wild potato species (Fig. 2d). Wild species such as S. vernei and  

S. demissum were used in twentieth-century breeding programmes 
to introduce resistance to plant pathogens20,29. Using available 
genomic resources for S. vernei30, we validated that this admixture 
signal in Europe can be attributed to modern breeding with wild 
Solanum species (Fig. 2e).

European potatoes also had their imprint on Andean and 
Chilean diversity, probably through reintroductions coupled with 
admixture. Within SMS, we identified three individuals carrying 
European ancestry based on chlorotype and principal component 
analysis (PCA) nuclear ancestry deconvolution31,32 (Supplementary 
Figs. 8, 10 and 11). This PCA-based method also revealed that 
all sampled contemporary Chilean potatoes are very similar to 
modern potatoes in Europe, but very different from the historical 
Chilean samples collected by Darwin and Isern in 1834 and 1862, 
respectively. Moreover, one contemporary Chilean sample car-
ried a chlorotype from a wild relative used in potato breeding. To 
formally ascertain the ancestry of contemporary Chilean samples,  
we included them in the extended admixture graph model which 
indicated 83% European ancestry (Supplementary Fig. 12). In sum, 
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our analyses suggest the nineteenth-century reintroduction of 
European potato to Chile (Supplementary Figs. 8 and 10–12).

Adaptation to long-day tuberization in European potato. Taking 
into account the admixture-driven population turnover in Europe, 
we sought to investigate the origin of long-day-adaptive alleles in 
the StCDF1 gene. The adaptive insertions could have entered the 
European potato population (1) from standing variation of Andean 
landraces, (2) from a de novo mutation in Europe or (3) through 
admixture with pre-adapted Chilean landraces or wild species. To 
test these scenarios we quantified in each sample the reads that 
support the presence of an undisrupted allele (StCDF1.1), and 
those that support alleles disrupted by either a putative transpo-
son (StCDF1.3) or a seven-base pair (bp) insertion (StCDF1.2)11. 
In 18 samples a substantial number of short reads could not be 
assigned to any of the known alleles, thus leading to the discov-
ery of a previously unknown 7 -bp insertion variant (StCDF1.4; 
Supplementary Fig. 13). As described for StCDF1.2, the 7-bp inser-
tion in StCD1.4 causes a frameshift mutation resulting in loss of the 
C-terminal domain, hence conferring long-day adaptation through 
StCDF1 stabilization11.

None of the alleles with adaptive insertions were found in 
the oldest European samples of Andean descent (Fig. 3 and 
Supplementary Table 5). Similarly, we did not find any of these vari-
ants in Andean landraces (excluding those of European ancestry; 
Supplementary Figs. 8, 10 and 11). Starting from 1810 in Europe, 
each of these adaptive alleles was observed, coinciding with the 
onset of Chilean admixture (Fig. 2c). Since, by all indications, con-
temporary Chilean varieties were reintroduced from Europe, we 
used three historical herbarium specimens as being representative 
of Chilean ancestry. We found no evidence for adaptive insertions 
in StCDF1 in historical samples from the coastal lowlands of Chile. 
However, we noticed an elevated number of segregating sites in 
exons and introns and, within exons, an inflated number of mis-
sense mutations (Supplementary Fig. 14). Although multiple mis-
sense mutations have previously been reported in some wild species 
and modern cultivars30, their functional importance remains to 
be determined. In summary, our analyses suggest that it is very 
unlikely that long-day adaptation originates from Andean standing 

variation. Although our sampling of historical Chilean specimens is 
not dense, and does not allow us to reject a Chilean origin of adap-
tive insertions, based on our data we speculate that the insertions 
could have arisen de novo in Europe and were rapidly ‘fixed’ due to 
their dominant inheritance and potential breeding advantage.

The lack of adaptive insertions in StCDF1 within the old-
est European potatoes (collected 1650–1750) led us to investigate 
other potentially adaptive genes. To that end, we calculated two 
summary statistics, loss of heterozygosity and Tajima’s D33, inde-
pendently for each of our temporal populations in Europe and for 
each photoperiod response gene (Fig. 4). We found an area on chro-
mosome 10 encompassing eight photoperiod response genes with 
substantial reduction in heterozygosity as compared to Andean 
landraces (the top 1% tail of the empirical distribution) (Fig. 4a 
and Supplementary Table 6). Despite the general trend of increas-
ing heterozygosity in Europe (Fig. 4b), the pattern of reduced 
diversity on chromosome 10 was stable across 350 years of potato 
evolution, which could indicate ongoing selection. Loci in this puta-
tively selected region correspond to gibberellic acid synthesis and a 
MADS-box gene targeted by SP6A florigen34. Two of our candidates 
were previously linked to tuberization promotion through synthe-
sis of gibberellins35. Furthermore, two genes within the same region 
were characterized by an unusually high number of rare alleles (the 
top 1% tail of the empirical distribution) (Fig. 4c). Such a negative 
Tajima’s D is particularly remarkable given that the oldest EHS have, 
in general, elevated Tajima’s D, probably due to population con-
traction associated with the introduction of the potato to Europe  
(Fig. 4d). Although with time-averaged Tajima’s D approaches zero, 
we found one locus on chromosome 10 that shows a consistent 
surplus of rare alleles, suggesting selection on nearby loci. A muta-
tion in the orthologue of this gene (AGL62) in Arabidopsis thaliana 
facilitates the formation of viable hybrid seeds through inhibition of 
endosperm development36. Mutations in AGL62 could hence have 
played an important role in potato interploidy hybridization15,37.

Discussion
The introduction of potatoes to Europe has been documented using 
evidence mainly derived from historical documents and literature.  
It is likely that after initial arrival in the late sixteenth century3,  
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different genotypes of tuber-bearing potatoes from various parts of 
South and Central America were brought to Europe. In our study of 
the last 350 years of European potato evolution, we characterized the 
genetic diversity of historical potatoes using genome-wide markers. 
We show that the evolution of cultivated potato was shaped by at 
least two admixture events, from (1) distinct Chilean potatoes dur-
ing the eighteenth century and (2) wild Solanum species used in 
breeding programmes during the twentieth century29.

Our results suggest that the first potatoes introduced to Europe 
were probably pre-adapted through changes in the gibberellin path-
way, and did not carry the gain-of-function alleles in the StCDF1 
gene that confer adaptation to a European climate. The emer-
gence of the StCDF1 adaptive variants coincided with the influx of 
Chilean ancestry into European potato during the eighteenth cen-
tury. Although this is suggestive of a Chilean origin of the adaptive 
variants, we did not find such variants in historical Chilean speci-
mens. Therefore, we propose that native CHS were adapted through 
different molecular mechanism. Due to the scarcity of historical 
Chilean samples, we cannot rule out that the adaptive variants were 
segregating at low frequency in Chile during pre-Columbian times. 
In spite of that, our findings suggest the possibility that the StCDF1 
adaptive variants could have emerged de novo in Europe. Similar 
to previous studies on human population history38, we show here 
that elucidation of the complex origins of different potato lineages 
was possible only through the use of historical museum specimens. 
Without these, our inferences would be confounded by population 
replacements and reintroductions. Although population replace-
ment in Chile was inferred from only three herbarium individuals 
due to the limited availability of historical samples, we argue that 
this inference is reliable since our genome-wide SNPs represent 
genetic blocks contributed by many genetic ancestors of current and 
historical potato populations.

Our analyses of admixture provide further insight into the origin 
and integration of novel genetic variants in modern domesticated 
potato. These results revealed that Europe became a melting pot of 
multiple potato varieties introduced from various parts of South 
America. We argue that the rapid and wide geographical expansion 
of potatoes during post-Columbian times favoured hybridization 
beyond what would have been possible in their native range and 
under limited human-driven mobility. We speculate that hybridiza-
tion propensity in Europe may, in addition, have been promoted 
by putatively selected mutations in the AGL62-like gene. There is 
mounting evidence for post-domestication admixture from wild 
relatives into crops such as rice39,40 and maize41,42 after mid- and 
short-range expansions. In potato, long-range expansion combined 
with hybridization propensity and post-domestication admixture 
resulted in extensive diversity in Europe.

Methods
DNA extraction, library preparation and targeted capture. Historical DNA. 
Extraction of DNA for all herbarium specimens (Supplementary Methods 1.1 
and 1.2 and Supplementary Table 1) was carried out in the clean-room facility 
at the Institute of Archaeological Sciences, University of Tuebingen. To avoid 
contamination by exogenous DNA, state-of-the-art precautions were taken when 
extracting ancient DNA—the use of protective gear by experimenters and of 
separate hoods for handling tissue, reagents and DNA extracts; and sterilization 
with UV light of all equipment, surfaces and hoods after each extraction round.  
A modified extraction method43, which combines a N-phenacylthiazolium bromide 
lysis buffer with MinElute Purification columns (Qiagen), was utilized on the set 
of herbarium samples extracted in this study (Supplementary Table 1). Each batch 
of processed samples (Supplementary Table 4) was accompanied by at least one 
negative control, which contained no plant tissue.

Genomic libraries were constructed in a clean-room facility using the above-
mentioned precautionary measures. Samples were processed in the same batches  
as for DNA extraction (Supplementary Methods 1.3 and Supplementary Table 4)  
accompanied by at least one negative control, which contained the extraction 
blank, and one additional negative control for library preparation without DNA 
extract. We used a library preparation method tailored for mutiplexed targeted 
capture and sequencing44. This protocol included modifications that render it 

suitable for handling of ancient DNA, such as replacement of magnetic beads by 
silica-column purification45. Libraries were quantified in a real-time quantitative 
PCR (qPCR) reaction with a DyNAmo HS SYBR Green kit (Thermo Fisher 
Scientific) in LightCycler 96 (Roche). These libraries were subsequently indexed 
with two barcoded primers during ten cycles of amplification46 with AccuPrime Pfx 
polymerase (Thermo Fisher Scientific). Library amplification was carried out in a 
laboratory located in a separate building and distant from the clean-room facility. 
Amplified libraries were purified from PCR reagents using MinElute Purification 
columns and quantified again using PCR with reverse transcription. The final 
amplification step was carried out by employing a number of cycles adjusted to the 
number of molecules present in the library based on qPCR measurements (cycle 
number ranged from three to five for samples and from 12 to 15 for extraction 
blanks). Libraries were pooled in equimolar concentrations and sequenced on the 
Illumina MiSeq platform using MiSeq Reagent Kit v.2, 300 cycles (Illumina).

We additionally prepared genomic libraries with the protocol extended by the 
use of uracil-DNA glycosylase (UDG) treatment (Supplementary Methods 1.4). 
These libraries were prepared as described above, but during the blunting step the 
USER enzyme (New England Biolabs) was added and the time and temperature 
of incubation were adjusted accordingly22. UDG-treated libraries were pooled in 
equimolar concentrations and subjected to targeted capture.

Modern DNA. Potato samples representing contemporary diversity in South 
America and Europe (Supplementary Methods 1.1 and 1.5 and Supplementary 
Table 2) were snap-frozen in liquid nitrogen. Leaf and stem tissue (<20 mg dried 
material,<100 mg fresh material) was placed in tubes with one tungsten bead 
(3 mm diameter) and disrupted using TissueLyserII (Qiagen). The snap-freezing 
and disruption procedure was carried out twice. Ground tissue was subjected 
to DNA extraction using DNEasy Plant Mini Kits (Qiagen) following the 
manufacturer’s protocol, with extended elution incubation of 10 min.

Extracted DNA for contemporary samples was sheared in a Covaris instrument 
with the following duty cycle: 10%; intensity, 5.0; cycles, 200; duration, 45 s. 
Shearing efficiency was visualized using BioAanalyzer. Fragmented DNA was used 
to construct genomic libraries following a published protocol, with magnetic bead 
clean-ups between each enzymatic reaction44 (Supplementary Methods 1.6).

Targeted DNA capture. Enrichment was carried out on a custom-designed 
SureSelect DNA Capture Array with one million features (Agilent Technologies) 
and design ID 084050. Bait probes were designed to cover a wide range of genomic 
features, including 334 genes related to photoperiod response and the entire 
chloroplast genome (Supplementary Methods 1.7 and Supplementary Table 3). Bait 
probes of length 60 bp were tiled to cover nuclear targeted regions starting every 
3 bp. Bait probes for chloroplast capture were tiled starting every 5 bp. All probes 
were filtered based on 15-mer analysis to exclude repetitive sequences47,48. The 
hybridization procedure for both historical and contemporary samples was carried 
out following a published protocol47. Enriched libraries were pooled in equimolar 
concentrations and sequenced on the Illumina HiSeq 3000 platform using a HiSeq 
Reagent Kit v.2, 300 cycles (Illumina) in paired-end mode.

Authentication of ancient DNA in herbarium specimens. The Illumina output 
format was converted to fastq, and de-multiplexing was carried out based on 
the recognition of two 8-bp indices using bcl2fastq2 provided by Illumina 
(Supplementary Methods 2.1). Adaptors were removed from raw reads using 
Skewer v.0.1.120 (ref. 49) and paired reads were merged using Flash v.1.2.11  
(ref. 50). Afterwards, merged reads were mapped to the potato reference genome 
PGSC v.4.03 (ref. 14) using bwa mem v.0.7.10 (ref. 51), then sorted utilizing samtools 
v.1.2 (ref. 52). Finally, PCR duplicates were removed using picard tools v.2.3.0.

Ancient DNA-associated damage21,53 (Supplementary Methods 2.2) was 
quantified in mapped reads (after removal of PCR duplicates) with MapDamage2.0 
(ref. 54). Subsequently, the length distribution of mapped sequences after removal of 
PCR duplicates was plotted in R v.3.4.1 (ref. 55) and the median of this distribution 
calculated. The fraction of potato endogenous DNA was calculated as the 
proportion of the number of mapped reads to the potato reference genome over the 
total number of sequenced and merged reads. Library complexity was estimated 
as the average number of unique reads overlapping a single base across the entire 
reference genome. For this calculation we used qPCR estimation of the number 
of molecules in unamplified libraries, multiplied by the fraction of endogenous 
sequences and median fragment size and then divided by the total length of the 
genome (Supplementary Table 4).

Bioinformatic processing of non-damaged libraries. Preprocessing of UDG-
treated libraries. De-multiplexing, trimming, merging and mapping of sequencing 
reads were carried out as described in the preceding section. Removal of PCR 
duplicates was carried out with the DeDup programme of the EAGER pipeline56 
(Supplementary Methods 2.3). The total number of merged reads was calculated 
for each library (Supplementary Fig. 3). From that number we calculated the 
proportion of reads that were (1) successfully mapped to the reference genome,  
(2) uniquely mapped (without PCR duplicates), (3) mapped to targeted regions  
of the nuclear genome and (4) mapped to the chloroplast genome (Supplementary 
Fig. 3 and Supplementary Table 4).
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Supplementary sequencing data for cultivated potato30 (experiment No. 
SRX2646034) and for wild tomato57 (experiment Nos. ERX384399–ERX384404) 
were downloaded from the Short Read Archive (Supplementary Methods 2.5). 
Subsequently, short reads were processed as described in the preceding section.

Analyses of capture efficiency. The number of reads that mapped to targeted regions 
of the nuclear and chloroplast genomes was used to calculate average coverage 
and enrichment coefficient (Supplementary Methods 2.4, Supplementary Fig. 3 
and Supplementary Table 4). The coefficient of enrichment was calculated as the 
proportion of on-target reads relative to the total number of mapped reads.

Assembling chloroplast genomes. Reads sequenced from enriched libraries were 
mapped to the potato reference chloroplast genome using bwa mem v.0.7.10 (ref. 51).  
After sorting using samtools v.1.2 (ref. 52), files were converted to unaligned 
fasta format (Supplementary Methods 2.6). SPAdes v.3.5.0 (ref. 58) was used to 
build contigs from chloroplast fasta files. These contigs were aligned back to 
the reference chloroplast genome using bwa mem and samtools. Subsequently, 
samtools mpileup was used for reference-guided scaffolding of assembled contigs.

Ploidy estimation. Mapped reads from enriched UDG-treated libraries were used 
for direct investigation of the ploidy of historical and modern samples sequenced 
for this study (Supplementary Methods 2.7). Likelihoods were maximized under 
the assumptions of di-, tri- and tetraploidy using nQuire24. These maximized log-
likelihoods were normalized by the best fit, and used to cluster all samples in three 
dimensions using multivariate normal mixtures59.

SNP calling and dataset filtering. Variant calling was carried out following 
Genome Analyses ToolKit best practices60,61. For each individual, separately, 
gatk v.3.8 was used to realign mapped reads around indels. The programmes 
HaplotypeCaller and GenotypeGVCFs were used to discover and genotype 
variable sites. Filtering criteria were established separately for different datasets 
(Supplementary Methods 2.8).

The programme VariantRecalibrator was used to train six Gaussian mixture 
models based on a true positive set of SNPs previously ascertained. Parameters 
that were taken into account during training were: (1) distributions of qualities 
normalized by depth; (2) mapping of quality distribution compared by Wilcoxon 
test; (3) read position bias measured by Wilcoxon test; (4) strand bias measured by 
Fisher’ test and symmetric odds ratio test; (5) number of hard-clipped distributions 
compared by Wilcoxon test; and (7) base quality distribution compared by 
Wilcoxon test. After training, the programme ApplyRecalibration was used 
for filtering with a tranche that recovers 90% of true-positives and a very small 
number of false-negatives to generate the filtered SNP list. This dataset contained 
1,135,966 polymorphic sites. SNPs with average coverage of 20× or greater in SMS, 
EMS and EHS were kept for random allele sampling.

Phylogenetic and population genetics analyses. Chloroplast trees. Chloroplast 
scaffolds previously generated using Spades were aligned to the reference 
chloroplast genome sequence using bwa mem v.0.7.10 (ref. 51) (Supplementary 
Methods 2.9). A multiple sequence alignment was then reconstructed using mafft 
v.7.310 (ref. 62). Regions with indels in at least five different samples were deleted 
together with flanking regions containing a SNP within 20 bp of the gap. Aligned 
fasta files for chloroplast genomes were used to search for a maximum likelihood 
phylogenetic tree using RAxML v.8.1.20 (ref. 63) with the GTRCATI model of 
molecular evolution. To test the robustness of clades in this tree, 100 bootstrap 
resampling trees were compared.

Multi-dimensional scaling. Genetic distances were calculated between all pairs 
of samples using Plink1.9 (refs. 64,65) with the formulation 1– IBS, where IBS 
represents identity by state (Supplementary Methods 2.10). The distance matrix 
was imported into R55 where the cmdscale function was used to calculate 
eigenvectors66, which were then plotted in three dimensions. All-data PCA and 
reduced-data PCA with projection were conducted with SmartPCA, part of the 
Eigensoft package67 (Supplementary Methods 2.11).

Population F-statistics. For these analyses, populations were defined as outlined 
in Supplementary Methods 2.12 and Supplementary Tables 1 and 2. Population 
F-statistics were calculated for all unique combinations of four populations (f4) and 
three populations (f3) with AdmixTools v.4.1 (ref. 28) qp3Pop and qpDstat functions 
(Supplementary Methods 2.13). In the case of f4 statistics, we always used  
S. habrochaites (OUT) as an outgroup. For visualization we used the admixture 
Graph package68 in R v.3.4.1 (ref. 55).

We carried out an f4 ratio test using the qpDstat method in AdmixTool v.4.1 
(ref. 28) (Supplementary Methods 2.14). For each individual X from the group of 
earliest introduced EHS, we calculated the numerator as a D-statistic of the form 
of D(OUT,AN1950;X,CH1850), where OUT is S. habrochaites as an outgroup (ERR418099), 
AN1950 is each of three selected individuals of Andean tetraploid landraces  
(SA08, SA26, SA31) and CH1850 is each of the three historical Chilean samples 
(HB22, HB32, HB33). As the denominator we calculated a D-statistic of the form  
D(OUT,AN1950;EU1650,CH1850), where OUT, AN1950 and CH1850 are as described above 

and EU1650 are the five earliest EHS (HB27, HB28, HB29, HB30 and HB31) 
serving as partial ancestors.

We applied an unbiased, ‘brute force’ approach to evaluate all possible 
admixture graphs for potato populations with the admixtureGraph package68 
in R v.3.4.1 (ref. 55) (Supplementary Methods 2.15). We evaluated models with 
zero, one or two admixture events for six populations: outgroup, AN1950n4, 
AN1950n2, CH1850 (as the potential source populations for European potato), 
EU1650 and EU1850 (as our test populations for evolution of potato in Europe). 
In the first search we evaluated models using the complete unique set of f3 and 
f4 statistics (Supplementary Table 7) and validated this with AdmixTools v.4.1 
qpGraph method28, keeping only those models characterized with z-scores <3 
(Supplementary Fig. 15a). Subsequently, we extended the admixture graph models 
by including the historical potato population EU1850 as a sister group of the 
genetically similar EU1750 (Supplementary Fig. 15b). Following that, we added the 
modern potato population EU1950 (Supplementary Fig. 15c).

Analyses of candidate genes. Allelic depth in StCDF1. All merged reads for our 
sequenced samples were mapped against a reference constructed by concatenating 
the four StCDF1 structural variants (StCDF1.1, StCDF1.2, StCDF1.3 and StCDF1.4; 
Supplementary Fig. 13) with bwa mem v.0.7.10 (ref. 51), and then sorted utilizing 
samtools v.1.2 (ref. 52) (Supplementary Methods 2.16). Finally, PCR duplicates 
were removed using DeDup56. To remove spuriously mapped reads in the StCDF1 
local context, we converted all successfully mapped reads to fastq format and 
mapped these against the potato reference genome (v.4.03)14, repeating the above-
mentioned procedure and filtering out reads with multiple mapping possibilities 
(mapping quality 1). Subsequently we quantified reads that overlapped the 
insertion site in variants StCDF1.1, StCDF1.2 and StCDF1.4 with at least 20 bp 
on each flanking side. Since no single short read could span the entire insertion 
of variant StCDF1.3 (865 bp), we quantified reads that included at least 20 bp 
of transposon and 20 bp of flanking sequence on each side of the insertion site 
(Supplementary Fig. 13).

Loss of heterozygosity. We calculated allele frequencies in populations AN1950 4n, 
EU1650, EU1750, EU1850 and EU1950, the difference in this analysis being that 
we included four distinct individuals of the AN1950 4n population, which were 
filtered out for population structure and F-statistic analyses (Supplementary 
Methods 2.17). We then calculated heterozygosity for each SNP as Het = 1 − SSF, 
where SSF is the sum of squares of each allele’s frequency. For each gene we then 
calculated the sum of Het for each segregating SNP and divided this by the length 
of genic sequence. To calculate loss of heterozygosity for each gene, we divided Het 
for each temporal European population by Het for AN1950 4n and expressed this 
on a negative logarithmic scale. We visualized the empirical distribution for loss of 
heterozygosity using the yarrr package in R v.3.4.1 (ref. 55) and highlighted genes in 
the 99th percentile of this empirical distribution.

Tajima’s D. We calculated nucleotide diversity (mean of pairwise sequence 
differences within population) and number of segregating sites for each population 
in each photoperiod response gene (Supplementary Methods 2.18). We then 
calculated Tajima’s D33 by applying equations implemented in tajima.test function 
of the pegas69 package to quad-allelic individuals. Finally, we visualized the 
empirical distribution for Tajima’s D using the yarrr package in R v.3.4.1 (ref. 55) and 
highlighted genes in the 99th percentile of this empirical distribution.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
Sequencing data generated in this study are available in the European Nucleotide 
Archive (ENA) under project Nos. PRJEB31013 and PRJEB31171 for UDG-treated 
and non-UDG-treated libraries, respectively.
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