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A revolution in potato breeding is on the horizon. We propose to convert this tetraploid 

outcrossing crop into a diploid inbreeding one. Despite tremendous advances in crop breeding 

and genetic methodologies in the past century, techniques for breeding tetraploid potato cultivars 

have not changed. As in other heterozygous vegetatively propagated polyploid crops, genetic 

disadvantages limit gain from selection. Genetic gain for high-value traits such as yield, quality, 

and disease resistance has been dismal in potato compared to other staple crops. Furthermore, the 

methods currently used by potato breeders are inefficient and do not fully maximize the power of 

new genomics resources. We propose to implement a breeding strategy that is novel for potato.  

We plan to couple ploidy reduction with self-compatibility (SC) to create inbred lines that will 

be used in breeding strategies analogous to those developed by maize breeders.  

In support of this proposal, we have produced vigorous inbred lines, as well as diploids with 

yields comparable to major tetraploid cultivars. We have assembled a team with expertise in 

breeding, germplasm development, quantitative genetics, and genomics technologies to carry out 

this innovative approach to potato breeding. Our vision is to leverage and complement the 

translational genomics efforts developed by the USDA Solanaceae Coordinated Agricultural 

Project (SolCAP) to implement our diploid inbred line-based breeding strategy for potato.  

 

The primary research objective of this proposal is to create and characterize diploid 

inbred lines of potato. We will accomplish this goal by exploiting the self-incompatibility 

inhibitor locus (Sli) from the wild potato relative Solanum chacoense. We will use Sli to create 

recombinant inbred lines (RILs) from six genetically diverse diploid potato clones containing 

wild and cultivated potato germplasm. These clones carry desirable alleles for commercially 

significant disease resistance and market-quality traits. We propose to phenotype the RIL lines 

and to genotype them using genome-wide markers. In addition to inbreeding via self-pollination, 

we will test two methods for creating monoploids in order to rapidly develop inbred lines. 

Successful completion of this project will transform potato from a tetraploid outcrossing crop 

into a diploid inbreeding one.  
 
Three objectives provide the foundation for our potato inbred line strategy: 

 

1. Create six diploid recombinant inbred line (RIL) populations in potato. 

2. Phenotype and genotype the RIL populations and their founders. 

3. Produce homozygous diploid S. tuberosum potato lines. 

 

There are three key limitations to conventional potato breeding: 

1. Limited recombination. Crosses between heterozygous tetraploid parents generate 

segregating F1 populations in which selection is applied1. From this point forward, all genotypes 

are fixed by vegetative propagation.  
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2. One generation per year. Tuber propagation allows only one generation per year, while up to 

three generations per year are possible when propagating by seed.  

3. Polyploidy. Tetrasomic inheritance has hindered breeding progress and the identification of 

major genes for commercially important traits2–5.  

For these reasons, potato lags far behind diploid and disomic crops in the application of 

precise breeding strategies to improve genetic gain, the development of genetically powerful 

germplasm to support those strategies, and the utilization of genomics resources to develop 

molecular markers for high throughput selection. The few molecular markers used by potato 

breeders are those linked to dominant, major gene traits, mainly for disease resistance6–14.  A 

diploid inbred line breeding strategy would overcome these three key challenges.  

Major genetic bottlenecks occurred during the history of the modern potato as it migrated 

from South America to Europe and then North America. The genetic base for cultivated potato in 

North America and Europe is narrow 15,16.  In contrast, wild relatives of potato are genetically 

rich and diverse in traits that are of economic value15,17,18. Importantly, most wild potato 

germplasm is sexually compatible with cultivated potato and hybrids between wild and cultivated 

potato are often indistinguishable from standard breeding lines19–22.  Consequently, extensive 

backcrossing is not necessary. Hybrids between cultivated and wild potato species have been 

important for both crop improvement and as the foundation for genetic studies23–25.  

To address the difficulties associated with tetraploid breeding, a diploid strategy based on 

dihaploids was initiated 50 years ago26. Research efforts have focused on the creation of hybrids 

between dihaploids and diploid wild species21,27–29.  However, powerful tools such as 

introgression, substitution, and recombinant inbred lines have not been available due to 

gametophytic self-incompatibility in the diploid germplasm. Moreover, the promise of breeding 

gains from the introgression of wild germplasm has not been fully realized because of the 

inability of breeders to fix traits in parental material. 

In most cases, the diploid tuber-bearing Solanum species are self-incompatible30,31. This is in 

stark contrast to the close relative tomato (Solanum lycopersicon), where self-compatibility has 

proven to be a robust vehicle for breeding advances. The discovery of a dominant inhibitor of 

self-incompatibility (Sli) in the last decade has created new opportunities for the development of 

inbred lines in diploid potato32. These inbred lines allow breeders to respond rapidly to market 

needs by creating custom heterotic hybrids33. While inbred lines have been fundamental tools for 

breeding and genetic analyses in other major crops, notably maize, rice, wheat, soybean, and 

tomato, they have not been available for diploid potato until now.  

When an outcrossing plant is subjected to inbreeding, a loss of vigor and fertility is typically 

observed34. As expected, then, when diploid potatoes carrying Sli are first self-pollinated, a high 

degree of inbreeding depression is observed35. However, after several generations of self-

pollination,  vigorous fertile clones are produced32. The Jansky program maintains S7 S. 

chacoense clones that are indistinguishable from non-inbred plants. This observation suggests 

that inbreeding depression in this germplasm is due to deleterious recessive alleles rather than a 

loss of overdominance interactions. Similarly, in other crops, overdominance does not seem to 

play a major role in phenotypic superiority34,36. We have released an S7 inbred line named M6 

that is vigorous, fertile, and homozygous for Sli37. Contrary to current thought, heterozygosity is 

not necessary for vigor and fertility in potato. In fact, high levels of homozygosity have been 

found in wild potato relatives that have been used for cultivar improvement38.   

The approach to homozygosity following self-pollination is of interest when developing 

inbred lines. The level of homozygosity in cultivated diploid alfalfa was reported to be lower 
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than expected based the on the calculated coefficient of inbreeding (F)39. Similarly, our M6 

inbred line has a lower level of homozygosity (90%) than calculated based on F (97%)40.  

Not all regions of the genome move toward homozygosity at the same rate. Matings between 

related individuals produce offspring with chromosomal regions of homozygosity (ROHs). 

ROHs vary in size and abundance among populations due to several genomic factors, including 

recombination rate, GC content, and nucleotide diversity. However, genomic ROH patterns are 

similar among individuals from the same population 41. The lengths of ROHs in an individual 

vary depending on its history, but the direct effect of inbreeding is to produce long ROHs42.   

An advantage of creating homozygotes is that desirable epistatic complexes of alleles are 

fixed. Conventional potato breeding, which focuses on crossing heterozygotes, disrupts these 

favorable multiallelic complexes. In addition, in heterozygous potato tetraploids, inferior alleles 

can remain hidden in mediocre multiallelic complexes for many generations36. In contrast, self-

pollination can produce and fix superior epistatic interactions. Inbreeding binds the entire 

genome together and “inbreeding by selfing is expected to be particularly efficient in organizing 

the entire gene pool into multiple favorably interacting and stable epistatic systems”36.   

While the breeding systems of major diploid crops are primarily self-compatible, their wild 

relatives are mainly outcrossing species. Examples include soybean43, tomato 44 and maize45,46. 

We have evidence in support of the idea that potato can be converted into a similar system, with 

self-compatible cultivated germplasm and self-incompatible wild relatives. 

Classic studies of inbreeding and heterosis carried out in the early 20th century led to the 

development of inbred and hybrid line development in maize47. This resulted in impressive yield 

gains. Strategies that utilize inbreeding followed by hybrid production have been the foundation 

for breeding programs worldwide. In fact, the development of hybrid maize is considered one of 

the most significant advances in food production since the domestication of crops48. The timing 

of this genetic advance was critical for feeding the human population during a period of rapid 

growth. In the current era of rapidly expanding genomics technologies, advanced populations 

derived from inbred lines provide powerful tools for the dissection of complex traits, elucidation 

of gene action, and identification of valuable genes from crop wild relatives49–54.  Even as 

incremental increases in yield become more difficult to achieve, genetic gains continue as a 

result of the knowledge and germplasm generated by modern breeding research efforts. We now 

have the advantage of learning from 100 years of maize breeding research as we apply modern 

breeding and genomics strategies to the development of inbred and hybrid potato lines.  

 In many crop plants, when wild relatives are introgressed into breeding programs, genes for 

poor adaptation prevent the identification of yield-enhancing genes. For example, a weedy 

relative of cultivated rice, Oryza rufipogon, is inferior to modern rice cultivars due to poor 

adaptation. However, an accession of this species carries genes that enhance yield55. Lines 

carrying these genes yield up to 50% more than an elite hybrid used as a control. Domesticated 

rice carries only a small proportion of the genetic variation present in its wild relatives, so many 

yield-enhancing genes were likely left behind when early selections were made. A return to wild 

relatives may allow breeders to capture some of those genes. More recent research in rice has 

used inbred lines developed from O. sativa ssp. indica and japonica to identify yield-enhancing 

genes51. Similarly, in tomato inbred lines carrying genes from the wild relative S. pennellii, a 

QTL responsible for high sugar yield was identified49. Potato offers a parallel situation, with a 

small fraction of its accessible genetic diversity currently present in cultivars. The dissection of 

genetic variation in diploid interspecific hybrids will also likely reveal unexpected alleles that 

contribute to enhanced yield. 
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While potato and tomato are analogous with respect to germplasm resources, the difference 

in ploidy has profound genetic effects. Breeding at the tetraploid level is not simply twice as 

challenging as working at the diploid level; it is many-fold more difficult, for several reasons.  

1. Valuable recessive alleles are difficult to identify because they are rarely in the homozygous 

state. 2. Conversely, deleterious recessive alleles accumulate, hidden behind dominant alleles 
33,56. 3. Because gametes are diploid, a gametic sieve to expose and remove compromised alleles 

is not present. 4. Phenotypic variation in a tetraploid population is smaller than that in a 

genetically similar diploid population4. That is, a higher proportion of tetraploid individuals in a 

segregating population group around the mean. Since breeders are typically interested in the 

extremes of phenotypic distributions, diploid populations are preferable because they offer more 

extreme segregants. 5. The segregation ratio of a gene in a tetraploid depends on its position 

relative to the centromere. Consequently, genetic ratios cannot be predicted and tested as they are 

in diploids57. 6. Genetic mapping at the tetraploid level is limited by complex segregation ratios, 

complications resulting from double reduction and SNPs that rely on dosage calling. 

If the diploid inbred line strategy is so promising for potato, then why isn’t it being 

implemented? Breeders have long assumed that the tetraploid state is optimal for potato 

cultivars. One reason for this belief is that dihaploids are less vigorous than their tetraploid 

progenitors 16. However, dihaploids derived by parthenogenesis are partially inbred, so they 

express hidden deleterious alleles that accumulated in their tetraploid progenitors58,59. 

Conversely, somatic doubling of chromosome number does not increase yield60.  In fact, doubled 

diploids are often lower-yielding than their diploid progenitors. In South America, diploid, 

triploid, tetraploid, and pentaploid land races exist with no apparent difference in yield 

capacity61. The Hutton Institute in Scotland has recently commercialized eight diploid specialty 

cultivars derived from land races. These cultivars were not developed from inbred lines, but they 

demonstrate that acceptable yield and quality is available at the diploid level. Private breeding 

companies realize the efficiencies of diploid inbred line breeding and have encouraged us to 

pursue this work. We have attached letters of support from two companies, KWS and Simplot. 

 

Our vision:  For a new cultivar to gain acceptance it must have the tuber quality demanded by 

consumers and processors combined with the agronomic performance and disease resistance 

required by producers. With limited genetic variation for these traits in commercial potato, wild 

relatives have been vital15,24,62–68. However, potato breeders lack a strategy to identify and 

stabilize the genes responsible for economically important traits. Diploid breeding strategies that 

employ self-compatibility take advantage of wild relative diversity, selecting against undesirable 

alleles and fixing desirable ones. Furthermore, inbred lines can serve as the foundation for 

diploid cultivar breeding. In future research, these inbred lines will be crossed and again self-

pollinated.  Recombination will produce new multiallelic interactions, and superior phenotypes 

will likely be created36. These segregants will be selected as potential diploid cultivars.  
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