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Year 4 Progress Report (Sept. 1, 2022 — Aug. 31, 2023)

Objective 1. Determine the genetic basis and environmental stability of self-
fertility in potato.

Progress toward understanding and exploiting the genetics of self-fertility has been made on
several fronts. Until now, inbreeding efforts have relied on the Sli gene to overcome the
gametophytic self-incompatibility that naturally exists in cultivated potato, but the effectiveness
of this approach varies with genetic background. The wild species S. verrucosum does not exhibit
gametophytic self-incompatibility, and an interspecific mapping population with cultivated potato
was characterized in a greenhouse experiment in Year 4 to better understand the genetics of this
trait; analysis of the results is underway. Another accomplishment was to complete a fine mapping
experiment (N=376) for a gene involved in cytoplasmic male sterility, which manifests as
shrunken or missing anthers. This trait could be exploited to facilitate the production of hybrid
seed and male sterility in hybrids, which may enhance tuber yields by eliminating true seeds as
competitive “sinks” for nutrients.

Plans for Year 5: Phenotyping and genetic analysis of the F2 mapping populations segregating
for self-compatibility will be completed: pop 1 is segregating for Sli and the SRNase-knockout,
and pop 2 is segregating for stylar self-compatibility from S. verrucosum. For the study of
cytoplasmic male sterility (CMS), we will develop and characterize F2 populations segregating
for the restorer gene in T cytoplasm, to determine if it shows expression of the CMS trait in
addition to the already established P cytoplasm.

Objective 2. Generate and sequence dihaploids to capture the genetic diversity
of North American germplasm.

The development and genomic characterization of dihaploids (diploid haploids) from elite
tetraploid germplasm creates a foundation for efficient diploid breeding. We have met our target
of whole-genome sequencing for 100 dihaploids, generated from 60 different tetraploid clones
spanning the major US germplasm groups (russet, chip, red). Confirming earlier studies, we found
extreme genetic diversity in cultivated potato, with more than 20 variants per gene in the
population on average. The sequencing data have been leveraged to design DNA markers for key
traits, including maturity (CDF1) and tuber shape (OFP20). From the beginning, our goal has been
to generate de novo, haplotype-resolved assemblies for 20 of the 100 dihaploids, which are now
complete. Gene annotation is complete for 5 of the 20 so far, and we have identified 9,684 regions
of perfect synteny between our dihaploids, the tetraploid Atlantic reference genome, and the DM
reference genome. A multi-location (MN, MI, WI, ME) field trial of the dihaploids was conducted
in 2023, to better characterize its phenotypic diversity.



Plans for Year 5: Several manuscripts are planned to disseminate results: (1) Description of the
genetic and phenotypic diversity of the 100 dihaploids; (2) Population genetic study of selection,
deleterious alleles, transposon frequency, and introgression in the dihaploids. (3) Investigation of
whole-genome imputation accuracy from genotyping-by-sequencing and microarray technologies.

Objective 3. Develop improved inbreds through recurrent selection on tuber
traits and true seed production.

Dihaploids from Objective 2 have been used as founders for recurrent selection, to improve tuber
and fertility traits. Elite diploids, selected at Michigan State University using similar techniques as
a conventional tetraploid program, were evaluated in MI, NY, and WI in 2023. Total yields for
several clones were comparable to elite tetraploids (although tuber appearance was not), providing
further evidence that yield is not a limiting factor for diploids. The University of Maine and
Oregon State University programs generated their first diploid breeding populations by crossing
dihaploids with self-fertile diploids from the UW and MSU programs, bringing the total number
of diploid breeding programs in the project to five (MI, WI, MN, ME, OR). Our first assessment
of the accuracy of genomic selection for diploid potato was completed. Using a new genetic marker
for maturity (CDF1), progress was made to develop diploid breeding populations fixed for
different maturity variants, which is an essential step toward generating hybrid varieties with
uniform maturity. Inbreeding experiments produced clones homozygous for the late blight
resistance gene RB/Rpi-blbl and the potato virus Y resistance gene Rycne.

Plans for Year 5: New breeding populations will be generated and evaluated in 5 states: ME, M,
MN, OR, and WI. A manuscript describing the genomic selection model will be published.

Objective 4. Conduct agronomic and economic studies about the introduction
of true seed into the commercial seed system.

Our first agronomic experiment in 2023 was designed to study the influence of seed tuber size on
yield components for a first-generation diploid hybrid. Seed tubers produced in 2022 from
transplants were sorted into three size categories for the 2023 trial: small (~10 g), medium (~20 g)
and large (~40 g). The large size is comparable to the size currently used for uncut tetraploid potato
seed, while the small size is similar to hydroponically produced minitubers. Our key finding is that
harvested tuber size was not affected by seed size, but the number of tubers and therefore total
yield increased with seed size. A second field experiment was designed to validate hybrid maturity
predictions based on the gene CDF1. Different hybrids were created with 0, 1, or 2 copies of the
early variant CDF1.3 (in a wild-type genetic background), which showed progressively earlier
flowering time and senescence in the field.

Plans for Year 5: An experiment is planned to optimize greenhouse parameters for producing
seedling transplants, including the timing of seed sowing and size of the plug tray. Our hypothesis
is that the optimal stage of plant development has sufficient root mass to maintain mechanical
integrity of the plug during transplanting but without triggering early tuberization due to container
volume stress.
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