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Potato is one of the most important food crops in the world and, in contrast to other staples, has not seen
large improvements in yield. Agha, Shannon, and Morrell preview an article recently published in Cell, ‘‘Phy-
logenomic discovery of deleterious mutations facilitates hybrid potato breeding,’’ which advances potato
breeding strategies via a genetic approach.
Potato is themostwidely grown vegetable

crop in the world, central to cultures, cui-

sines, and economies across the globe.

However, in contrast to other staples,

there has been no genetic gain in potato

yield over the last 100 years1 (Figure 1A).

This is primarily due to the highly heterozy-

gous autotetraploid genome of commer-

cial potato outside South America2

(Figure 1B). Autotetraploidy (where the

entire diploid genome has a second very

similar copy) complicates the use of

breeding technologies essential to other

crops, such as the creation of inbred lines

or incorporation of favorable traits through

introgression. Often, early crop breeding

efforts focus on creating self-compatible

lines that breed true for crucial traits. This

is practically impossible in an autotetra-

ploid. The current potato breeding pro-

cess generally starts with planting tens of

thousands of genetically unique individ-

uals, with only �1% retained because

they meet expectations for market class

based on visual criteria. Over the past

decade, the potato breeding and research

community in thepublic andprivate sector

has been working to transform potato

from an autotetraploid clonal crop to a

diploid inbred-hybrid one.3 This auda-

cious project will allow potato breeders

to fix favorable traits in breeding popula-

tions, introgress desirable biotic and

abiotic stress resistance from wild diploid

relatives, and nimbly respond to changing

environments and market demands.

Developing diploid potato is a complex

undertaking, and attempts to develop
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inbred lines are complicated by lethal

levels of inbreeding depression. Much of

inbreeding depression results from expo-

sure of recessive alleles that were benign

in the heterozygous state. Targeting

large-effect deleterious alleles has been

adopted to circumvent this problem,4 but

these approaches are expensive and

depend on selecting starting material

with relatively few deleterious alleles.

Identification of deleterious alleles within

the potato germplasm is crucial to

breeding. Recently in Cell, Wu et al.5 take

a phylogenetic approach to identify the

extensive deleterious load in a diploid po-

tato diversity panel. Using awealth of data

from potato’s unusually large number of

wild relatives improves the prediction of

evolutionary constraint on variants.

Furthermore, they argue that lines with

more of the genetic load in the homozy-

gous state have better potential for further

inbreeding, regardless of phenotype,

because they do not carry homozygous

large-effect deleterious or lethal alleles.

The extent of deleterious variation in the

diploid germplasm is an important consid-

eration for potato breeders balancing the

desire to advance diploid potato quickly

to address grower, consumer, and indus-

try needs and the need to maintain suffi-

cient variation for diploid potato to suc-

ceed as a crop into the future.

Diploid forms of potato were domesti-

cated in the Andes Mountains of South

America6 but have not been subject to

intensive modern breeding efforts. The

process of domestication and genetic
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quency of traits that are desirable for hu-

man use but also incurs the ‘‘cost of

domestication’’ that results from reduc-

tions in the effective population size (Ne)

or the number of individuals contributing

to the domesticated population.7 The ge-

netic effects of reduced Ne include an in-

crease in genetic drift and a genome-

wide reduction in the efficacy of selection.

Linked selection also becomes more

important with reduced Ne, potentially

pulling harmful variants to higher fre-

quency.8 Harmful variants that increase

in frequency during domestication or

improvement contribute to mutational

load in domesticated populations. Harm-

ful variants that completely replace benign

nucleotide states become a part of fixed

load, while those that continue to circulate

contribute to segregatingmutational load.

Many domesticated species were

brought into cultivation over millennia of

selection9 and over a broad geographic

range, sometimes with multiple indepen-

dent origins of the cultigen. Both factors

mitigate demographic effects and poten-

tially reduce the genetic impact of crop

domestication and subsequent improve-

ment. A danger of modern intensive

breeding efforts is a severe reduction in

Ne, dramatically limiting the genetic diver-

sity in the improved cultigen. The genetic

consequences could be a loss of useful

genetic variants and dramatic increases

in fixed mutational load. Using an en-

riched set of genetic variants, including

those that annotate as deleterious,
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Figure 1. Tetraploid potato in the United States has made little to no genetic gain for yield

due to the complexity of the genome
(A) Yield data (in tonnes/hectare) from 23 major US cultivars released between the late 19th and 20th
centuries grown in a common field in 1990–1992 in the Montcalm Research Farm, Entrican, MI.1 No
significant increase in yield was observed through the �100 years of breeding, with the highest yielding
cultivar released before 1900.
(B) A comparison of the expectations from crosses in inbred diploid and autotetraploid potato. Here, skin
color is fixed in diploid potato while it continues to segregate in tetraploid populations, even after hundreds
of years of breeding. This slows breeding progress for other important traits in tetraploids.
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can improve ‘‘genomic prediction’’ ap-

proaches.10

Identifying deleterious variants in the

diploid potato germplasm will inform the

development of inbred-hybrid lines.

Mutational load is expected to be one of

the major hurdles to establishing elite

inbred lines in potato. Once identified,

large-effect deleterious variants can be

avoided.4 Work such as that by Wu

et al.5 will aid researchers and breeders

in developing strategies to minimize fixed

load in breeding populations.

Wu et al.5 make recommendations

regarding the zygosity of deleterious vari-

ants when choosing starting material for

inbred lines. The authors show that lower

heterozygous load, even at the expense

of homozygous load,maybeabetter start-

ing point for inbreeding. When thinking

about establishing breeding ‘‘popula-

tions,’’ it is also important to consider the

difference between fixed and segregating

load. Removing fixed load from breeding

populations is extremely difficult and re-

quires the use of introgression (or poten-

tially genome editing). Segregating load

can be reduced by identification of prog-

eny with less load than their parents.

Even deleterious variants in repulsion

phase can be removed if a sufficient num-
2 Cell Genomics 3, 100343, June 14, 2023
ber of individuals are generated, though,

as the authors point out, this is more diffi-

cult. By intentionally selecting materials

that minimize fixed load while simulta-

neously minimizing heterozygous load

within individuals, breeders can select in-

dividuals that can easily be inbred and

establish populations with greater poten-

tial to remove segregating load. There is

an inherent trade-off between short-term

efficiency in inbreeding and long-term,

stable improvements in agronomic perfor-

mance. While Wu et al.5 clearly demon-

strate that inbreeding efficiency is

improved when using individuals with

lower heterozygous load, it is important

to remember that inbreeding in andof itself

is not the end goal.

One strategy under consideration for

tackling deleterious variation in diploid

potatoes is the development of heterotic

groups. The utility of heterotic groups de-

pends on complementation of deleterious

alleles, with more distinct sets of delete-

rious alleles increasing the potential bene-

fits of heterotic groups.11 A deeper under-

standing of the distribution of fixed and

segregating load in specific breeding

populations could facilitate the establish-

ment of heterotic groups that maximize

fixed load within heterotic group while
minimizing segregating load between

groups. This would result in many reces-

sive deleterious variants masked in hybrid

progeny. However, heterotic groups will

not compensate for the need for popula-

tion improvement. Ne within heterotic

groups must be sufficient for effective

recombination to occur.

An important component of all variants

are their fitness and dominance effects.

The distribution of fitness effects is notori-

ously hard to characterize. Wu et al.5

perform an analysis of the dominance co-

efficients of their predicted deleterious

variants. Dominance is clearly an impor-

tant component to heterosis; heterosis

only exists because of directional domi-

nance. However, dominance coefficients

are not the full story. More research is

needed to understand the phenotypic

cost of individual deleterious variants to

maximize breeding progress.

Wu et al.5 help identify a future where

intensive plant breeding efforts are

informed by an understanding of the na-

ture and effect of variants present in

breeding lines.
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