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Seed-propagated crops (rice, wheat, etc.)

Disclosing recessive homozygotes

Genetic fixation to all homozygotes

Selection

F, hybrid seed crops

(corn, F; hybrid rice, etc.)

Vegetatively-
propagated crops
(potato, etc.) Disclosing recessive homozygotes

Genetic fixation to all homozygotes

Selection
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Selection of a superior diploid (AbC) for 3 loci

AABBCC x aabbcc
'
F1 ! AaBbCc
. N 8 male gametes

4 N
4
4
4

| ABC ABc AbC Abc aBC aBc abC abc |

SR

ABC
ABc
AbC | | AABbCC AABDbC«
Abc AABbCc AABbCC
aBC AaBBCC AaBBCc AaBbCC AaBbCc
aBc AaBBCc AaBBcc AaBbCc AaBbcc aaBBCc
abC | | AaBbCC AaBbCc|AabbCC|AabbCc| aaBbCC

abc AaBbCc AaBbcc|AabbCc|Aabbcec aaBbCc

8 female F2
gametes

NABBCcAABbCC AABbCc AaBBCC AaBBCc AaBbCC AaBb&
AABbCc AABbcc AaBBCc AaBBcc AaBbCc AaBbcc
AaBbCC AaBbCc | AabbCCl{ AabbCc |
AaBbCc AaBbcc Aabbcc
aaBBCc aaBbCC aaBbCc
aaBbCc aaBbcc
aabbCc

>

aaBbcc aabbCc

8 gametes (= 2")
27 F, genotypes (= 3")
Smallest perfect population (= 2" x 2")




Selection against different numbers of loci

Diploid F, genotypes (AA, Aa, aa)

No. of loci (n)

General
ltem formula 1 2 3 5 10 20
Gametes 2n 2 4 8 32 1024 1,048,576
F, genotypes 3n 3 9 27 243 59,049 3.49E+9

Population size 2nx 2" 4 16 64 1024 1,048,576 1.10E+12

Tetraploid F, genotypes (AAAA, AAAa, AAaa, Aaaa, aaaa)

Gametes 3n 3 9 27 243 59,049 3.49E+9
F2 genotypes 5n 5 25 125 3,125 9,765,625 9.54E+13
Population size 3n x 3n 9 81 729 59,049 3.49E+9 1.22E+19

Diploidized
Additive | O AAAA
- 0 AAAB
— O AABB
Duplex
Dominant — @ ABBB
A>B
I BBBB
Duplex
Dominant —
Simplex
Dominant —
A>B

Simplex
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Rosyara et al. (2016) Plant Genome 9:2
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Innovation in potato breeding

BEFHSFEFA

XL A > 3 2&4F BTE)

Seed potatoes

Vegetatively
propagated highly
heterozygous
autotetraploid

Clonally uniform

2x inbred-based
E U105 F: hybrid seeds
‘ B Genetically uniform

BEF vs e
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Oral delivery of fragile
molecules pp 5718 au

Temorrow’s Earth
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Science=

Updating a staple for a changing world o s

Fueling lymph node
metastases p.5é - d
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worrying sign for Ells, the

now-retired director of the gene
bank at the International Potato Center (CIP)
in Lima. People have grown potatoes in this
rugged stretch of the Andes for thousands of
vears. In recent years, that task has gotten
tougher, in part because of climate change.
Drought and frost are striking more often.
The rains come later, shortening the grow
ing season. And warmer temperatures have

POTAT02.0

574§ FEBRUARY 2019 - VOL 363 ISSUE 6427

ENEW POTATO

Breeders seek a breakthrough to help farmers facing an uncertain future

allowed moths and weevils to encroach from
lower elevations.

To find potatoes that can cope with those
challenges, rescarchers and Peruvian farmers
are testing dozens of the 4350 locally culti-
feties, or landraces, kept in CIP' re-
frigerated storage. The plants in this plot fell
short. “Native landraces evolved over time
Ellis says. But, he says, climate change is hap-
pening “t0o fast for these varieties to adapt”

In Peru and around the world, enhancing
the potato has become a high priority. It is
the most important food crop after wheat
and rice. Potatoes are already a staple for
1.3 billion people, and the nutritious tubers
are becoming inereasingly popular in the de-
veloping world. Keeping up with the demand

Published by ALAS

By Erik Stokstad, in the Sacred Valley of the Incas in Peru

means adapting the potato to various soils
and climates. It must also resist new threats
from pests, discase, heat, and drought,
Unlike other major crops, however, the
potato has not had a breeding breakthrough
of the kind that helped dramatically boost
vields during the Green Revolution of the
19505 and 1960s. The reason is that ct a
new potato variety is slow and difficult, even
by the patient standards of plant breeders.
Commercial varieties carry
Diversepotatoes, _four copies of each chromo-
suchasthese  some, which forces breeders
fromPerwwil 1o create and test hundreds
helpbreeders  of thousands of seedlings
createresilient 1o find just one with the de-
newvarieties.  sired combination of traits

sciencemagorg SCIENCE

Science 2019%2H8H=
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The Potato 2.0

" Project

Creating a new paradigm for potato

breeding
About
The Team

Publications

About

Long Term Goal:

To address potato breeding constraints, our long-term goal is to convert potato into a diploid (2x)
inbred-hybrid crop. New germplasm resources, coupled with improved methodologies in
genomics and quantitative genetics, will allow us to reconstruct potato as a 2x crop amenable to
breeding strategies analogous to those used to produce elite maize F1 hybrids. This change will
accelerate breeding timelines, dramatically increasing the rate of cultivar improvement and the
ability of potato breeders to meet the needs of consumers and the industry.

Critical Need:

Stakeholders have told us that the three most significant constraints to success in their
operations are extreme and unpredictable weather events resulting from climate change,
financial concerns centered on the need to remain profi ith i il
consumers, and expectations for environmental sustd
existing cultivars are unable to fulfill the needs of gro}
industry depends on new cultivars in order to respon|
potato breeding imposes substantial constraints on t}
convinced that a paradigm shift in the potato breedi
system-wide industry challenges.

ZXUH

A TRUE STORY
OF TRUE POTATO SEEDS.

Solynta successfully develops and applies

breeding to potato.
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Solynta

hybridpofato reeding
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BRMS1Y So/lanum chacoense DR

Self Fertility in Solanum chacoense. Hanneman, Jr., R.E., USDA, ARS,
NCR, University of Wisconsin-Madison, Madison, Wisconsin.

Several lines of S. chacoense have been inbred to the S4 to S6 genera-
tion. Inbreeding was begun in an attempt to associate the S-locus with a
specific chromosome using the trisomic series. This effort was given up
when it was determined that self-compatibility may have been introduced
into some of the trisomic lines. In this study, nearly half of the progeny of
several families set over 100 seeds per fruit. The range in seeds per fruit
across all families was 0-590 with family averages ranging from 3-108.
While rigorous genetic analysis has not been done, and may be confounded
by pseudo-compatibility, selfing rates among the selected families can be ex-
plained with as few as two genes being involved. Paper not read.

Hanneman (1985) Am Potato J 62:428-429
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Hosaka & Hanneman (1998) Euphytica 103:265-271
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breeding in potato

Neofunctionalisation of the Sli gene leads
to self-compatibility and facilitates precision

Ernst-Jan Eggers', Ate van der Burgt!, Sjaak A. W. van Heusden?, Michiel E. de Vries®’,
Richard G. F. Visser 2, Christian W. B. Bachem® 2® & Pim Lindhout!

Genetic gain in potato is hampered by the heterozygous tetraploid genome of cultivated
potato. Converting potato into a diploid inbred-line based F1-hybrid crop provides a promising
route towards increased genetic gain. The introduction of a dominant S-locus inhibitor (S/i)

1

Eggers et al. (2021) Nature Communications 12:4141

in diploid potatoes

Canhui Li"™, Sanwen Huang® 2® & Yi Shang® "™

A nonS-locus F-box gene breaks self-incompatibility

Ling Ma"?, Chunzhi Zhang?7, Bo Zhang'’, Fei Tang', Futing Li', Qinggang Liao?, Die Tang?, Zhen Peng3,
Yuxin JiaZ, Meng Gao', Han Guo#, Jinzhe Zhang®, Xuming Luo?, Huigin Yang', Dongli Gao!, William J. Lucas?®,

Potato is the third most important staple food crop. To address challenges associated with
global food security, a hybrid potato breeding system, aimed at converting potato from a
tuber-propagated tetraploid crop into a seed-propagated diploid crop through crossing inbred

Ma et al. (2021) Nature Communications 12:4142
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536 bp insertion

Sli gene functions like a general
S-RNase inhibitor.

Ma et al. (2021) Nature
Communications 12:4142

PGSC0003DMG400016861
533 nt
59041034 59040896 59040107 59039626 55659620 ééﬁéQS?S
c>t a>t a>t c>a c>t c>t
G10D 156N S110T A167S D169R R249Q

The 533 bp insertion in the promoter of S/
originated from a transposable element.

Eggers et al. (2021) Nature Communications 12:4141
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ECTTCCATTAGGCCAARAGOG T ATCTAGGCTAT TTGTGTAATAGTATAGGT ATGTATGAG- CCATTTTTATAACGAGGTATGTAT CAGCTCTARATTATATGACC - TTTTCACTTATTATATTCATACTGGAGAAGT AAARATGAACE

R RRRRARAARAAR AR KR AR P g G e P e i e G g e g S O

RRACAATATTTARCCGCAGTARCAECTCAATGCTTATARAA AT TAGGCATATGCCTTAGGCCCCCAATTTTAGGGGEGCCTCARATTTTTACCAACAATARATTATGTGTTAATTTTT TT TAT AGR TTAATTATTTAAGATAAAT
1RE—mM8M8MmMm8m8m8M8™

GTACTTTTCATATATATATTATTTTATTCTCCTTAACCTCAATCARATAGAAGAAATCAAGAAAAACGTTGTTTTGTCTTCTTACACTCTCTTCACTTACTCTCGCGTTGTAATTTTCTATACCCCTTTTATACTCTATGTAAGTTAGAG

CTCTATC ATAGTAAAACTAATGTGTTGGATAAAGCGAATTACAAGCCTGTTTAGATTGACTTATGTTATGTGCTTTTARATAAAAAAAGAAGT TTATAAGCAGT TTTGTCAACTTATTACTTATAGAATAATGTTA

AARATATGAATCE

ACAATTTATTTAATAATTGCCTCAGCTAAAAGATTTTAGGCCTTTAATTTAAATTTTGTTT TAGGCCTCCARATACGTTGAGCCGCCCCTGCTTAACCGTCGAGACATATGAAGTGTAACAACTTTTCAACARACTTTTCTCAGTTTGCT

TT AAC TT TTACTT TCCC
R R AR AR A AR AR AR KRR AR KRR KA R AR A AR AR R AR A AR KA KR AR AR AR A A AR AARAAR KK RTAT AR F AR AR AR AR AR AR R AR AR KA AR R AR AR AR AR KA R AR AR AR AR AR AR KRR RA R A AR R KRR RA R RR AR AR KR

KRR AT R AR AR R ko L GRAA KA AR AR KA KRR AR R AR AR KA R AR R AR AR AR R

TTATATA, GAAAAAAAATTCACAAAACTTCAAATTCAAT'?TTCCAATAr\TGGACTATTTCCTATTFFTnr‘r‘ TCCTTTACT! AAGA TCCGCGATCTCTCGGGGAT

A S D At i i S GO g P S e i G S
11R

TCAACTC! ATCCGACGTT: T

GAGGCAAATTGGTAAGTAGCTCTAAATTGGGAAGTAGCAAGCTTTTCTTTTGGCTCA- -~ TTAGTTGAATATATGTATAATTGTTTTGAAGCTTATGGGTTCGGGAT- -~ TTTTTGTGTGTTTTTTGAGTTGTTTGGTTCGAAAT TAATAR

P e et e et e g Y e O O

TTTGGTACAAATTAGAGGAGTTTTCTTTTTAAAGATAARATACAGAGT TTGAACTAAAACTATTGGGTTCCTAGAATTTATAGGGGTGTTCTAGCTTTGCCTCTAACTGTTGGTGTTGTATAACGGTARAGGTCATGAACCTTTGACCTG
e e e g TPy S e

AGGTCTAGAGTTTGAGTTTTAATCAGAGTTGAAATCTTAGGAATTGAGTCGTGTTTAATAGGAAGCACTARAATCTACTAGTGTGCTTACGGCTGCGCARATCTTAATTAAT CAGCCAATGAATTTTTCTTATTTTAT TTTGTTTTTGTT

KRR KA ACAR AR A AR AR KA R AR A KA R AR A AR [T i G e S R i iy

ACAAACTGGGAATCCAACTCTCTATAGTAAAACGGAAGTTCAGATAGTCAACTAAATGAACTTCTAAGATTTTCTGGCCAATGGGTTACAAACACCATTAAAAATGCAARAT TAAATAGAT TATAATAATAATTGTGTGAATTTTATTTT

BT T g S iy e e G G s e e G i i e Ry i

ATTTTTGAATGGACTATATATAAGCTAGTAGTGTGAATCTAAGATTTTATTTTATTTTTGAAAAC. TTTCACT T AGC!
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Al ATCCTGA TTCGTCGAAAAATTATACTACATATAAAAAGTTATTCTTTTTTTTTATGTATGTACTACGTATAAAAAATTATACTTCATTGCCTTTTAACGAATTTCTACATATGTTAT

PP R O R [ S

TTTTTGAATCCCTTGGTTGAAATTCTACCTCTGCCACTATTGGTGAG-AATTTTTTTTTTACACAATCAAGCCACCT. GATATATATAGATGAGCCTCACTAAAATGTGTAATGAAATATGTTACCTATTACAATAGGT-ARAGATG

AR AR KA KRR R AR AR R AR A AR KRR AR AR AR AR A KA AR AR AR S PAS AR HGRAR S KA R ARR A ARk AR AR GATH &5 e e PR ey g i i g g

ATTTGATGGTGCAAAAATTACTTATATTGGCGATGTTATATATAACT TAAACTCACTARATACGTGTATCTAAGACAATATAGACATTTTAT TTTGCAGATTTT TCTC: GAGG
e e e ey e e e e e e g e

CACGAT! ACAC; AAAGAACC. TTATT AAATTGTC: TGCTA TTGTTAGGTT! GACAAA GGAACGAGC

e e e s e e s e P e e g R e S S e

TAGTGTCGTGAGTCTAGTCH AATGTCCACGAAAAA

e e e e e e S i e e e P Sy e S e e g e

GGAGAT! TC TGTT TGAATT cacanTashc AATTGTACAA---TAATATAATATAGCTTATGTGTTTTCTTGATATATAAACAATAATGTGTTATGGCTATTTGCTT

TTCGAAAGATCTAAA

Sli AR FFEHDIEE A

Sanetomo et al. (2025) Euphytica 221:156
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Fig. 2 Banding patterns of PCR amplified products using a primer pair 9F/11R. The 910 bp band harboring a 530 bp
insertion is indicative of S/i. The leftmost lanes contain HindIII digests of lambda DNA. Lanes 1-9, 11H129 family (Ss,
che 525-3 self); 10, S. phureja 1.22; 11, DM; 12, Fi-1; 13, 97H32-6; 14, 17H145-5; 15, W634237-H.6 (2x Early Rose);
16, W694204-H.5 (2x Early Rose); 17, Atlantic; 18, Pike; 19, Saikai 35; 20, 10H17; 21, 21H123-5; 22, 21H123-10; 23,
21H123-16; 24, 21H123-29; 25, 22H67-3; 26, 22H67-13; 27, 22H67-14; 28, 22H67-15; 29, 21H122-5; 30, 23H2-1
31,23H2-21; 32, 21H122-9; 33, 22H3-15; 34, 22H20-30

Sli B FDPCRIC & %35!

Sanetomo et al. (2025) Euphytica 221:156
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