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1 EITFERR (Primary gene pool) HBAZELY

ZHEEREE (Crossing barrier)

SrEaEEfER (Pre-zygotic barrier)
BRAMEMY (Self-incompatibility)
— AR MR (Unilateral, or one-way cross-compatibility)
MRS (Male sterility)
MERFRE (Female sterility)

Sk NEfRERM (Post-zygotic barrier)

EF,5EE (Endosperm abortion)
MiEE (Hybrid breakdown)




Pollen grain Stigma #1155

(Male gametophyte)
Style TEiE

Pollen tube .
Antipodal cells

¥ i)

Anther

Central cell
Egg cell BhiARS
Ovary Qﬂ?ﬁﬁﬂﬁ@
FE Filiform
apparatus
Micropyle
Placenta
Vegetative nucleus
H 4
Funiculus OVUIeﬂﬁﬂi RBX
Emb Sperm cells
. mbryo sac gy
MiCHspyi (Female gametophyte) i Pollen tube
T, Y A = 2 =
SRR ETEfRRE & SRR A TEfERE
Genotype pollen donor: S1- SZ S1- 52 Sl 52 S1-S2 S1-S2 S$1-S2
Genotype pollen: S1 S1 S$1-S2 S1-S2 S1-S2 S1-S2 S1-S2 S1-S2
[ stigma B
B -
Style
, biZxd
Pistil -
Ovary
FE
- _Ovule
Genotypepist:  fREE 534 S1-s4 S1-s2 $3-54 S1-s4 S1-S2
| l |
Gametophytic self-incompatibility (GSI) Sporophytic self-incompatibility (SSI)
FBAERE RIS fRIFAEERAIMNENE
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LAY 3 EBEICE T 5ERANEHE

I TROANERE, 2REELTSBET (F1BREHICE
F) kK& IRBHRARTHAMERT

S. brevidens and S. etuberosum (series Etuberosa)
S. morelliforme (series Morelliformia)

S. polyadenium (series Polyadenia)

S. verrucosum (series Tuberosa)

Y BREEL TARNAMERL. %36 0B BHR
MERST BZIE. S acaule. S. stoloniferum. S.
demissum 73 &)

AERE2BEHERMT D EIF LA ERABRICES

2x m 4 x

4xx 2x 0.6% 7.6% 91.9%

2xX 4x 3.3% 1.9% 94.8%

Hanneman & Peloquin (1968)
Am Potato J 45:255-261

Triploid block

Marks (1966) Evolution
20:552-557
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Vegetative and gengrative nuclei

@ ) Megaspor ther cell (2n)
Microspore mpther cell (2n) \Meiosis
¥ Meiosi @ Three nucldi degenerate
Migrospores (n)
Mitosis|

Vegetative perm cells

Sperm cell fuses
with the two

polar nuclei to Three mitotic divisions

form 3n
endosperm

"’;‘}»

Two synergids sandwich egg "’V

2OD/ERDSE, 1D ESTHBURKRELRD,
1DF20DBZERE UK &R D

EEZFE (Double fertilization)
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IEFEFEA
6x (6EBN)
B 4x (4EBN)
2:2
S. tuberosum 5%
4 x (4EBN)

S. tuberosum 4 x (4EBN)

EHEICEDL ST BADEBNERXRAFDEBNA2 @ TiC

Bofkk. ERICHEANEBLEFHESNDS

Endosperm Balance Number (EBN) i

Johnston et al. (1980) TAG 57:5-9
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5x (5EBN)

2:1 ' & 3x(SEBN)

S. phureja
2x (2EBN)

0 54
S. tuberosum 4 x (4EBN)

S. tuberosum x S. phureja Di5&
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S. phureja
2x (2EBN)

1%

5x (3EBN)

%
S. acaule 4x (2EBN)

o1 * B 3x (2EBN)

S. acaule x S. phureja DGE
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%

21 ' B 4x (3EBN)

S. acaule 0 54
4 x (2EBN)

S. tuberosum 4 x (4EBN)

S. tuberosum x S. acaule DIFE
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i

5.x (5EBN)
/

S. phureja
2x (2EBN)

£ 3x (3EBN)

6.x (6EBN)
‘
. 4x (4EBN)

S. tuberosum 4x (4EBN)

Af54F x 2{ZF=>Af5E
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How to determine EBN

Cross with EBN standards

2x (1EBN) S. cardiophyllum, S. commersonii
2x (2EBN) S. chacoense, S. phureja

4x (AEBN) 4x S. chacoense, S. tuberosum ssp. andigena

Determine based on the following criteria

1) Seed viability (i.e. plumpness, germinability and/or size)
2) Number of viable seeds/fruit
3) If failed, check at least if pollen tubes reached the ovary

4) Ploidy of offspring

Hanneman (1994) Euphytica 74:19-25
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EBN fi&

2x (1EBN) FEBREATE

X ¥ EEE

S. chancayense. S. commersonii.
B KXV S mochiquense

2x (2EBN) FREIFREBDFEAE

4x (2EBN) X £ FEAZTE. Conicibaccata BEDAfETE
S. acaule. S. tuguerrense

4x (4EBN) S. tuberosum., S. sucrense

6x (4EBN) XF* Y IEGREE. Conicibaccata B DGREZRE |
S. albicans

Hanneman (1994) Euphytica 74:19-25
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6x (4EBN) 4 x (4EBN) 6x (4EBN)

S. demissum X S. tuberosum X S. demissum
(D) @D, (D)
% J 2 J
DT TD
Crossing 81% 19%
rate

S. tuberosum EBN > S. demissum EBN

Sanetomo et al. (2011) Am J Potato Res 88:500-510
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BRMSM Solanum chacoense DFER

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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Euphytica 99: 191-197, 1998. 191
(©) 1998 Kluwer Academic Publishers. Printed in the Netherlands.

Genetics of self-compatibility in a self-incompatible wild diploid potato
species Solanum chacoense. 1. Detection of an S locus inhibitor (Sli) gene

Kazuyoshi Hosaka' & Robert E. Hanneman, Jr.?

! Experimental Farm, Kobe University, 1348 Uzurano, Kasai, Hyogo 675-21, Japan; > USDA, Agricultural
Research Service, Vegetable Crops Research Unit, Department of Horticulture, University of Wisconsin, 1575
Linden Drive, Madison, Wisconsin, 53706, U.S.A.

Received 10 March 1997; accepted 3 September 1997

Key words: inbreeding, self-compatibility, S locus inhibitor, sporophytic action, Solanum chacoense

B—EHEEGEFIEHEOS ECTFOEEZZHEET 2
Summary Slocus inhibitor (S//) gene A543 —>

A self-compatible (SC) variant of a wild diploid potato species, Solanum chacoense, which is normally self-
incompatible (SI), was investigated for the nature and genetics of self-compatibility. It was crossed with a SI
cultivated diploid potato species, S. phureja. The F; progeny segregated SC vs. SI. Diallel crosses were made
among 15 F;’s. Self-compatibility was tested in a selfed family of a parental SC variant and in sib-mated and

Hosaka & Hanneman (1998) Euphytica 99:191-197
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Euphytica 103: 265-271, 1998. 265
© 1998 Kiluwer Academic Publishers. Printed in the Netherlands.

Genetics of self-compatibility in a self-incompatible wild diploid potato
species Solanum chacoense. 2. Localization of an S locus inhibitor (Sli)
gene on the potato genome using DNA markers *

Kazuyoshi Hosaka! & Robert E. Hanneman, Jr.2

! Experimental Farm, Kobe University, 1348 Uzurano, Kasai, Hyogo 675-2103, Japan; *> USDA, Agricultural
Research Service, Vegetable Crops Research Unit, Department of Horticulture, University of Wisconsin, 1575
Linden Drive, Madison, Wisconsin, 53706, U.S.A.

Received 4 November 1997; accepted 23 April 1998

Key words: genetic linkage map, self-compatibility, S locus inhibitor, Sli gene, Solanum chacoense

Summary

A self-compatible (SC) hybrid plant F;-1 was obtained from a cross between a SC variant of a wild diploid potato
species, Solanum chacoense, and a self-incompatible (SI) cultivated diploid species, S. phureja. The clone F-1 has
previously been proposed to have a dominant S locus inhibitor gene (Sli) in a heterozygous condition. It was crossed
as a male parent with a selected clone from a S. stenotomum-S. phureja population, resulting in a segregating
population consisting of 116 hybrid plants. Self-compatibility was assessed by selfing each of the hybrids. Sixty-

Hosaka & Hanneman (1998) Euphytica 103:265-271
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Production of inbred progenies of diploid potatoes
using an S-locus inhibitor (Sli) gene, and their
characterization

R.K. Birhman and K. Hosaka

Abstract: To develop inbred lines from self-incompatible, cultivated diploid potatoes, an S-locus inhibitor (SIi) gene

derived from a self-compatible variant of a wild potato species, Solanum chacoense, was incorporated into various cul-
tivated diploid potatoes. The progeny was selfed twice by the action of the Sli gene to obtain 74 S, inbred clones be-
longing to 8 families. More than 40% of them were either non-flowering or pollen sterile. Among the pollen fertile
clones, self-compatible clones occurred with a much lower frequency (20.9%) than expected (83.3%). The result dem-
onstrated that self-compatibility was introduced and expressed in the gene pool of cultivated diploid potatoes by an ac-
tion of the S/i gene, although serious inbreeding depression associated with selfing occurred. The genotypes of S,
inbreds were surveyed using 46 S. chacoense - specific RFLP (restriction fragment length polymorphism) markers cov-
ering the whole potato genome. More than half of the markers (67.4%) showed distorted segregation. Particularly, all
markers on chromosome 12 were overrepresented in the S, inbreds. This confirms our earlier finding that the Sli gene
locates on chromosome 12 and the alleles linked with this gene are preferentially transmitted because of its essential
requirement for selfing.

Key words: RFLP markers, inbreds, diploid potato, distorted segregation.

Genome 43: 495-
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Neofunctionalisation of the Sli gene leads
to self-compatibility and facilitates precision
breeding in potato

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

m

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

28 & Pim Lindhout

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

A nonS-locus F-box gene breaks self-incompatibility
in diploid potatoes

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

12

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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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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Solanum pinnatisectum Dunal
(2n=2x=24, 1EBN)
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BRAHSEPEZEEEF (S-locus inhibitor, S/i) OFIA

Sl BEFHSRHE

BRAMEHEL T TR RBAIEEZRIKIT 2D TIE?
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RERICHE T HERRMOAER
isEDH (EBN) DNV RIckB

=8 8 4 EBN
2x S. pinnatisectum 1EBN . -
2x (1EBN)
M8 5 butbocastanum (RS JLEF VB
2x S. verrucosum 2EBN & S EBEEN
2x S. phureja 2EBN
2x Slit5%%k 2EBN
4x S. stoloniferum 2EBN
4x S. acaule 2EBN
4x S. tuberosum 4EBN
6x S. demissum 4EBN

4x (2EBN)
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4x(2EBN) pnt x 2x(2EBN) mga

4x(2EBN) pnt x 2x(2EBN) phu = 2x(1EBN)pnt x 2x(2EBN) Sli
Sanetomo et'al. (2014) Euphytica 197:119-132

BRI R

(S35 R Bt BRE MR %) BT
2x pnt Sl 148 70 37.8 0
2x pnt 4x Sl 104 0 0
4x pnt si- 971 357 208 9 =2
4x pnt 4x Sii - 39 0 0 (ERZIES
4x pnt mga 74 0 0
4x pnt phu 17 0 0
2x pnt 2x tbr 1683 10 05 o

Sanetomo et al. (2014) Euphytica 197:119-132
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‘Sanetomo et al. (2014) Euphytica 197:119-132
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Solanum pinnatisectum
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Sanetomo et al. (2019) Mol Breed 39:13
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