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Extended DataFig. 4 |Distribution of haplotype numbers with different window sizes. Histograms of the number of different haplotypes measured in windows
with different sizes ranging from2 kb to1 Mb. In all panels values were calculated from all 40 haplotypes.
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Extended DataFig.5|Haplotypesharing. a. Histogram of shared block sizes
inall pairwise haplotypes comparisons. b. Histogram of the maximum shared
blockssize per pairwise haplotype comparison. c. Histogram of the proportion
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ofshared haplotypesequencein all pairwise haplotype comparison. Panels are
splitby chromosome. Mean values areindicated with ared vertical line. Inall
panelsvalues were calculated fromall 40 haplotypes.
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Extended DataFig. 6 | Gene (family) number and gene sharing. a. Distribution
of private, dispensable, softcore and core gene families. Private (only found
withinasingle haploid genome), dispensable (shared by 2-36 haploid genomes),
softcore (shared by 37-39 haploid genomes) and core (shared by all 40 haploid
genomes) gene families represented 0.79%, 64.02%,23.56% and 11.63% of all
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gene families, respectively. b. Distribution of private, dispensable, softcore and
coregenesinsingle haploid genomes, as characterized in a. Nearly no private
geneswere found withinindividual haploid genomes, while dispensable genes
were highly abundant. This analysisinvolved 40 haploid genomesin total.
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hifiasm (v0.7). Hi-C data were processed using ALLHIC (v0.9.13), juicer (v1.6) and juicebox(v2.13.07). k-mers were processed with Jellyfish
(version 2.2.10) and Merqury (version 1.3). Genome annotation was performed using EDTA (version 2.1.0),Repeatmasker (version 4.1.2-p1),
BRAKER (version 2.1.6), HISAT2 (version 2.2.1), TSEBRA (version 1.0.3), liftoff (version 1.6.2), AGAT (version 1.0.0), and evaluated using
BUSCO (version 5.2.2) .TRASH (version 1.2) was used for tandem repeat identifiction. Sequence alignment was performed using nucmer3
(version 3.1). Structural variations were identified using SyRI (v1.6) based on nucmer3 sequence alignments.rDNA, tDNA was detected using
tRNAscan-SE (version 2.0.5), barrnap (version 0.9), and infernal (version 1.1.4) . The script infernal-tblout2gff.pl (version 1.1.4) was used to
convert the result of infernal into GFF format. Sequence-level pan-genome was constructed using minigraph (version0.20-r55966); gene-level
pan-genome was constructed usingOrthoFinder (version 2.5.5), diamond (version 2.0.13), and Blast (version 2.12.0+). mosdepth (version
0.3.1) was used for genomic coverage analysis. The distribution of SV along the genome was determined by identifying syntenic regions in all
pairwise comparisons to DM using Msyd (version 1.0; https://github.com/schneebergerlab/msyd). Variant calling with long read alignment
was performed using DeepVariant (v1.4.0)54. GVCF files were merged using GLnexus (v1.2.7). VCF files were split into windows using jvarkit
(v2024.04.20) (https://github.com/lindenb/jvarkit). Maximum likelihood phylogenetic trees per window were constructed using IQ-TREE
(v2.1.2). Consensus trees were built including all window trees per chromosome and for the whole genome using ASTRAL (v5.7.8). Genetic
variants were pruned by LD using PLINK (1.90b6.18). Admixture analysis was conducted independently for each chromosome using
ADMIXTURE (1.3.0). The package Dsuite (version 0.5) was used to calculate D-statistics, f4-ratio, and associated p-values in ABBA-BABA
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analysis. Customized code used in analysis supporting this work is available at https://github.com/HeQSun/tetraDecoder, https://github.com/
schneebergerlab/pantohap and https://github.com/schneebergerlab/haplotype_threading.
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The haplotype-resolved genome assemblies and the gene annotation files of the 11 varieties analyzed in this study are available at Zenodo (version 2: 10.5281/
zen0do.10617012; version 2.1: 10.5281/zenodo.14053896). All high-throughput sequencing data generated in this study are available at NCBI under Bioproject
PRJNA1074690. PacBio long read sequencing of 20 wild species were retrieved from NCBI under BioProject PRINA754534, and PacBio long read, short read and
Omni-C sequencings of cultivar ‘Otava’ were retrieved from NCBI under Bioproject PRINA726019. Reference data (v6.1) of DM 1-3 516 R44 was downloaded at
Spud DB (https://spuddb.uga.edu/download.shtml), and dAgl_v1.0 data was downloaded from figshare (doi.org/10.6084/m9.figshare.14604780).

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.
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Population characteristics Not applicable.
Recruitment Not applicable.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size We searched the Wageningen University Potato Pedigree Database (with pedigree data from over 9,500 potato samples) for cultivars grown
in the 19th century or those foundational to modern breeding efforts. From 164 cultivars in the database that fitted our criteria, 19 were
available in the Gross Lusewitz Potato Collections (GLKS) of the IPK Gene Bank. PCA analysis with whole-genome short-read sequencings of
the 19 samples confirmed one sample as S. tuberosum spp. Andigena, and we selected the ten most diverse subset among the others
(covering 90% of the variations among of the 19 samples) to generate the pan-genome of European potato (which was found to cover a high
percentage (85%) of the haplotypes in tetraploid potatoes).

Data exclusions By analyzing the variations using whole-genome short read sequencing among the nineteen varieties, we selected the ten representing over
90% of the variations of the nineteen varieties. Additionally, another cultivar 'Russet Burbank' was also assembled.

Replication No biological or technical replicates were generated in this study, as it focused on the assembly and analysis of tetraploid potato genomes
rather than experimental treatments.

However, to ensure the reproducibility and reliability of our findings, all genome assemblies were validated using multiple quality control
measures, as detailed in the Supplementary Information. Assembly completeness was assessed using BUSCO, base accuracy was estimated
through Merqury QV scores, and haplotype phasing accuracy was evaluated using Hi-C data. Additionally, our assembly methodology was
evaluated by reconstructing a previously assembled genome, confirming the robustness of our approach. Sequence diversity analyses,
haplotype reconstruction, and introgression detection were performed with clearly defined pipelines invovling existing or newly developed
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bioinformatics tools, which are all publicly available. The assembled genomes and all relevant datasets generated or used in this study are also
publicly available. All these will allow independent verification of our study.

Randomization  Randomization does not apply in genome sequencing and assembly

Blinding No group allocation was needed in this study.
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Plants

Seed stocks Materials were requested from the Gross Luesewitz Potato Collections (GLKS) of the IPK Gene Bank.

Novel plant genotypes No novel palnt genenotype generated in this study.

Authentication Not applicable.
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