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Summary

For the selection of diploid (2n=2x=24) potato (Solanumtuberosum) genotypesthat are useful for the molecular and
genetic analysis of the phenomenon of gametophytic self-incompatibility, three different types of basic populations
wereinvestigated. These popul ationswerederived from three primary dihapl oid clones, G609, G254 and B16, which
possessed the S-allele combinations S1S2, S1S3 and S34 respectively. In order to select highly vigorous, profusely
flowering, fertile and tuberising progenies, three types of populations, derived from the above mentioned diploid
genotypes, were screened for performance and classified for the expression of self-incompatibility. Although the
selection for well defined S-genotypes was sometimes complicated due to the occurrence of pseudo-compatibility
and of a self-compatibilising factor, the use of a combination of criteria, viz., 1so Electric Focusing (IEF), pollen
tube growth in the styles and the extent of berry and seed set made the selection of sufficient representatives of all
Six types of S-heterozygotes (S1S2, S1S3, S1$4, S2S3, S24 and S354) possible. After evaluating the strength of
the self-incompatibility reaction in these heterozygotes, those with high expression were selfed, and intercrossed
within their S-alele incompatibility group through the method of counterfeit pollination. In these progenies,
well-performing S-homozygotes (S1S1; S2S2; S3S3; S44) for all four S-aleles with high expression of self-
incompatibility were selected. As aresult, all possible S-homo- and heterozygous genotypes with a predictable
type of self-incompatibility are available and maintained both vegetatively and as botanical seed. The development
of thismaterial has paved the way for more critical analysis of molecular factorsinvolved in self-incompatibility in
diploid potato.

Introduction fertile dihaploids, and the presumed tetraploid parent

of two of the dihaploids, the cultivar Gineke, and pos-

Thecultivated potato, Solanumtuberosum (2n=4x=48),
isaself-compatible (SC) crop. Dihaploids (2n=2x=24)
from tetraploid cultivars are usualy highly ster-
ile, less vigorous and self-incompatible (S). Self-
incompatibility in dihaploids is expected to be simi-
lar to the one-locus, multi-allelic, gametophytic sys-
tem that is found in ailmost all other tuberous, diploid
Solanum species. This expectation was proved to be
truefromthe genetic analysisof self-incompatibility in
mal efertile genotypesthat occurrsrarely among dihap-
loids (Olsder and Hermsen, 1976; Hermsen, 1978a;
Hermsen et a., 1978). These authors analysed three

tulated the presence of five S-alleles viz., S1,S2, S3,
4 and Sb.

Through a complete dialel crossing scheme, the
following genotypes were assigned to the three dihap-
loids that were investigated (Hermsen,1978a): S1S2-
G609; S1S3-G254 and S3$4-B16. The two latter
clones, G254 and B16, possessed the necessary S
alleles for conferring self-incompatibility; neverthe-
less, they were self-compatible (i.e., set seed after self-
ing). This anomalous phenomenon was explained as
dueto the presence of an extra Sl allele (aduplication)
in a presumably translocated segment on a different
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chromosome and the authors designated this segment
as“tS1” (Hermsen,1978a; 1978b). Thishypothesiswas
investigated by Thompson et al (1991), using RFLP
analysis of plant material, coding for thistS1 with the
cloned stylar part of S1. The tri-partite structure of
the S-locus, as proposed by Lewis (1961) had to be
rejected and the trand ocation hypothesisfor tS1 could
be maintained under the assumption that the trando-
cation would have involved only the pollen part but
none of the analyzed genomic S1-fragment. In dihap-
loids, containing such a tSl trandocation, a fraction
of the pollen grains contained the pollen parts of two
different S-aleles instead of one, and hence inhibited
self-compatibility by a competitive interaction (Crane
& Lawrence, 1929; see also review, De Nettancourt,
1977) or mutual weakening as, for example, in Brassi-
ca (Wallace, 1979) or in polyploids (Lewis, 1943).
Besides competitive interaction, also the so-called
‘pseudo-compatibility’ can occasionally bring about
berry development with afew seedsin abasically oth-
erwise self-incompatibl e genotype (Hermsen,1978b).

Apart from such complications regarding self-
incompatibility, the above mentioned genotypes were
valuable for the characterisation of proteins that
are associated with self-incompatibility in Solanum
tuberosum (Kirch et al, 1989; Peil, 1995). As aresult
of this study, it was possible to correlate S1 to $4
alleles with specific bands of a number of polypep-
tides differing in their iso-electric points (Kirch et a,
1989). This observation, obvioudy, opened up pos-
sibilities for a more reliable method of identification
of the S-alleles through electrophoresis, and charac-
terisation of the self-incompatibility system in diploid
potato more critically. In this context, it was essential
to select defined diploid potato material, homozygous
or heterozygousfor particular S-alleles, that would be
suitable for more critical genetic and molecular analy-
sis of the incompatibility system.

Selection of diploid potato genotypeswith adefined
S-allelecomposition, e.g., S-homo- and heterozygotes,
with a predictable expression of self-incompatibility
is difficult for several reasons. Potato being a highly
heterozygous crop, inbreeding depression is a severe
problem both for selfing and for intercrossing among
individuals within a small group of (diploid) geno-
types. Thisis because the progeniesin these cases are
generally less vigorous, non-flowering, highly sterile,
non-tuberising and frequently segregating for lethal
and semi-lethal genes. In order to circumvent these
difficulties, arigid selection of diploid parents based
on the performance of their progenies for some of the

important characteristics, including the typical expres-
sion of self-incompatibility, is essential.

The aims of the present investigation were: 1) to
select diploid potato genotypes with highly vigorous,
fertile, early and profusely flowering habit, showing
good tuberisation characteristics; 2) to isolate homo-
and heterozygous tester stocks for different S-alleles
with predictable and reliable expression and 3) to
produce sufficient plant material of each allelic class
(seeds and tubers) for generative and vegetative main-
tenance.

Material and methods
Selection of the basic genotypes

Two different types of populations were screened for
desirable genotypes. The first of these consisted of
‘basic’ populationsderived from crosses between three
dihaploid Solanum tuberosum (2n=2x=24) clones,
G609 (S1S2), G254 (S1S3) and B16 (S3$4). Theorigin
and the indicated genotypes of these basic clones have
been described earlier (Olsder and Hermsen,1978;
Hermsen, 1978a). The progeny used for the selection
of desirable genotypeshad originated (see Table 1, col-
umn 2) not only from direct crosses (fiveoriginal F1's)
between the dihaploid clones but also from intercross-
ing and selfing of progeny plants (14 populationsfrom
selfingsand inbreds). Because the S-genotypesof each
of the parents were known (column 3), it was possible
to predict the expected genotypesand (in)compatibility
reaction of S-aleles in the progeny populations (col-
umn 4). All 19 populations were screened and, with
the exception of the selfing-based populations 6233
(11 plants) and 6234 (14 plants), consisted of 20-40
individuals each. All plant material was grown in the
greenhouse during the growing seasonsin one or more
years of the period 1991-1996.

Counterfeit pollinations

The second type of populations consisted of geno-
types that were selected from the basic populations
mentioned in Table 1. After this selection of geno-
typeswith predictable and well defined Sl reaction, S-
homozygous genotypeswere produced through acom-
plete diallel, involving identical S-genotypeswith dif-
ferent genetic backgrounds within each of the six het-
erozygous incompatibility groups (S1S2, S1S3, S14,
S2S3, S254 and S3$4). In order to successfully self
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Table 1. Basic populations (column 1) obtained from S| and SC parents (column 2) with known S-genotypes (column 3)
used for the selection of well performing Sl heterozygotes and SC homozygotes (column 4).

Population Parents Description Obtained genotypes

Selfings

6107 {(G254 x S1S3)20 x S1S3)8 ® SIS3 ® S1S3 + S3S3, SC

6108 {(G254 x S1S3)20 x S1S3)10 ® SIS3 ® S1S1 + S1S3 + S3S3

6233 6105-6 ® S24 ® S2S2 + S254 + SASAx

6234 6105-8 ® S2S3 ® S2S2 + S2S3 + S3S3

Inbreds

6101 (G254 x S1S3)20 x S1S3 S1S1x S1S3  S1S3, SI/sC

6102 S2S3 x {(G254 x S1S3)20 x S1S3}1 S2S3x S1S3 S1S2 + S1S3

6103 {(G254 x S1S3)20 x S1S3}1 x S2S3 S1S3x S2S3 S1S2 + S2S3

6104 S2S3 x {(G254 x S1S3)20 ® }4 S2S3x S1S1 S1S2 + S1S3, SI/SC

6105 {(BG112 x GB61)21 x S354}2 x S2S3  S3A x S2S3  S2S3 + S24

6106 {(BG112 x GB61)23 ® }5x S2S3 ASA X S2S3 S24 + S3H4, SI/SC

6206 {(G254 x S1S3)20 x S1S3}9 x S2S3 S1S3x S2S3  S1S2 + S2S3, SI/SC

6208 S2S3 x {(G254 x S1S3)20 x S1S3}2 S2S3x S1S3  S1S2 + S1S3, SI/SC, S2S3 + S3S3, SC
6536 (GB49 x B16)17 x (GB53 x G254)41 SIS3x S14  S14 + S3H4, SI/SC

6539 (GB66 x GB65)11 x S14 S1S4Ax S1S4 SIS+ S14 + S44, SI/SC

Origina F1's

6221 G254 x B16 SIS3Xx S34  S1$4 + S34, SI/SC, S1S3 + S3S3, SC
6222 G254 x G609 S1S3x S1S2  S1S2 + S2S3, SI/SC

6223 G609 x B16 S1S2x S334  S1S3 + S14 + S2S3 + S24, SI/SC
6224 G609 x G254 S1S2x S1S3  S1S3 + S2S3, SI/SC

6225 B16 x G254 S334x S1S3  S1S3 + S14, SI/SC, S3S3 + S3%4, SC

GB = G254 x B16; BG = B16 x G254; S1S3, S2S3 and S3$4 = self-incompatible tester clones selected from GB, Gx(G
x G609) and GB respectively. Numbers behind brackets indicate clone number. ® = selfing, SI = self-incompatible, SC
=Self-compatible due to tSl. Itaics bold: last SC-clone used in a cross.

* S44 not detected.

or cross S-identical individuals, the method of ‘ coun-
terfeit pollination’ (Iwanaga et a, 1991; Singsit and
Hanneman, 1991; Brown and Adiwilaga, 1991) was
used in addition to normal pollination. Counterfeit pol-
lination was essential in order to promote seed set and
to prevent prematurefall of fruits. Premature berry fall
is more likely when there is poor seed set because of
fertilisation of only few or none of the egg cells. Inthe
counterfeit pollination method, the receptive stigmas
were selfed or cross pollinated as usual but after two
days, pollen from one of the three IvP pollinators (S
phureja), viz., IvP 35, IvP48 and | vP101 were used for
asecond pollination. Becausethese IvP-pollinatorsare
homozygous for the marker ‘embryo-spot’ (Hermsen
and Verdenius, 1967), the seedsresulting from counter-
feit pollination could be separated from those resulting
fromthefirst pollination. In diallel crossing, at least 10
pollinations per combination were made, using flow-
ersfrom two or moreinflorescencesin the case of both
normal and counterfeit pollination methods.

Besides norma and counterfeit pollinations,
“prickle pollinations’” (pollination with only IvP-
pollen) were made in order to use them as controls
for determining the production of spontaneous spot-
less seedsin such female plants. These particular spot-
less seeds are believed to be normally the result of
diploid or haploid parthenogenesis, the latter leading
to monohaploid offspring (Van Breukelen et a., 1977;
Uijtewaal et a., 1987).

Satigtical analysis

Data on the number of pollinations, obtained berries
and number of seeds were analysed with the computer
programme Statgraphics Plusv 7.1.

The number of spotless seeds after anincompatible
cross plus counterfeit pollination with IvP pollen was
corrected within each Sl-group by subtraction of the
number of spotless seeds produced after pollination
with only IvP-pollen.
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Selections of spotless seed sampleswere sown and
the seedlings were tested for the accuracy of embryo
spot detection, for plant performance and the expres-
sion of SI/PC/SC . The statistical analysis of the pro-
duction of spotless seeds was, however, based on the
determination of spotless seeds and not on seedlings
without nodal band.

Simultaneous analysis of pollen and style effect
was performed on “within incompatibility group” lev-
el. On total population level, the analysis of the main
effects of pollinator (pollen parent) or recipient (seed
parent) was performed separately. Here, pollinator or
stylar effect meansper cloneout of theover-all analysis
were consecutively added four times as covariates in
an iterative approach after an initial separate analysis.
The analysis on the over-all level was also performed
by adding within-group means as covariate.

Classification of genotypesfor S-alleles

Four criteriawere used for the classification of S-allele
genotypes and their Sl reaction:

1) the S-aleles were identified by iso-electric focus-
ing of stylar extractswith polyacrylamidegel elec-
trophoresis (PAGE) or precast agarose gels;

2) PAGE results were verified through test crossing
and vice versa;

3) the extent of pollen tube growth in the pollinated
styles was monitored under a fluorescent micro-
SCOpe;

4) berry and seed set were evaluated after selfing as
well as after crossing with tester genotypes.

Biochemical identification-PAGE

Iso-electric focusing of stylar extractswith PAGE was
performed as described by Kirch et a. (1989) or by
means of pre-cast agarose gels (Hypure gel VG 1020,
Isolab inc.) following the silver staining procedure
based on Tungstosilicilic acid in stead of sodium per-
manganate, according to company specifications.

Pollen tube growth in styles

Pollen tube growth in styles was studied according to
the modified technique of Martin (1959). Briefly, the
technique was as follows: receptive styles were polli-
nated; 48 hlater, they werefixedinfreshly prepared 3:1
solution of ethanol acetic acid for aday or longer; mac-
erated with 8N sodium hydroxide solution at 65 °C for

at least 8 min.; rinsed with water; stained with 0.1%
aniline blue dissolved in 0.1M potassium pyrophos-
phate; softened styles were mounted in glycerol and
observed under a fluorescent microscope (BG12/4 fil-
ter combination in Zeiss microscope).

Estimation of berry and seed set

At least 10 pollinations were made in order to deter-
mine whether agenotypewas SC or Sl. The genotypes
that had a high percentage of pollen stainability but
failed to set berries on selfing were classified as Sl and
those that produced berries and seeds in high num-
bers were considered as SC. Because a SC reaction
could result either from the presence of tS1 or be due
to pseudo-compatibility, in ambiguous cases proge-
nies of PC/SC plants were tested in order to verify
whether those parents were SC or PC. Berry and seed
set were estimated on the basis of seedsper berry, seeds
per pollination and berries per pollination. In the case
of counterfeit pollinations and the control pollinations
with only IvP-pollen, the spotless seeds were separat-
ed from those with spots under a binocul ar microscope
and counted.

Pollen stainability was estimated by mounting fresh
pollen grains from three flowers, on different datesin
each case, in a drop of 2% acetocarmine solution. On
an average, 200 pollen grainswere counted per assess-
ment.

Results
Performance of the basic populations

Three types of basic populations consisting of selfs,
inbreds and the original F1s, that were investigated
in the greenhouse for performance are described in
Table1 withindication of their parentsand of the geno-
types abtained. In all cases, with the exception of the
population 6233, the obtained S-allele genotypesof the
progenies were fully concurrent with the established
genotypes of the parents (Table 1). In the exceptional
population 6233, only S2S2 and S2$4 genotypescould
be detected, whereas the al so expected S454 genotype
was absent.

There were clear differences in performance
(Table 2) among the progeny populationsderived from
selfs, inbredsand the basic F1swith regard to the aver-
age scores for vigour, flowering, fertility, tuberisation
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Table 2. Performance of basic populations for the selection of useful heterozygous Sl genotypes.

Population # plants Vigour Flowering Fertility Tuberization # useful plants
Sl SC
Selfings
6107 10 2 3 2 1 0 ()]
6108 30 3 3 4 2 0 )
6233 11 4 4 4 3 1 )
6234 14 5 4 5 4 5 &)
Inbreds
6101 30 6 6 7 4 6 (6)
6102 30 5 5 5 5 7 )
6103 40 5 5 5 4 )
6104 30 6 6 8 7 11 (11)
6105 20 6 6 7 6 7 )
6106 40 6 6 6 6 7 (10
6206 30 6 8 7 4 5 4
6208 40 7 8 8 3 2 (6)
6536 20 6 6 7 7 6 (6)
6539 20 5 5 7 6 8 (6)
Basic F1's
6221 40 8 6 8 7 13 (22
6222 40 8 7 8 7 18 (19)
6223 40 8 7 8 7 18 (15)
6224 23 8 7 8 7 9 (11)
6225 40 8 6 8 7 19 (16)

All characters were scored on an ordinal scale for each plant and the average values are presented in the columns.
Ranking: 1 =lacking, 2 = present but bad, 3 = poor, 4 = insufficient, 5= just sufficient, 6 = sufficient, 7 = satisfactory,
8=good, 9= very good; between brackets (): #well performing self-compatible clones, - = not segregating SC-plants

and the number of cripples (plantsthat weretiny, weak
and brittle). In general, the progenies of the basic F1s
weresuperior to the other two categoriesfor all thefour
parameters estimated. For exampl e, the average scores
inthefivebasic F1 populations (6221 to 6225, Table 2)
were consistently higher ( with 77 useful plants) than
in the 14 populations (with 74 useful plants) derived
from the selfsand inbreds. Especially the frequency of
useful plants after selfing was low. Because of these
differences between the three population types, the
progenies of the basic F1s were not only more use-
ful for S-heterozygotes but also for the selection of
the S-homozygotes using counterfeit pollination (see
later).

Selection of S and well performing S-heterozygous
plants out of the basic populations

The evaluation of the basic populations proved that a
majority (407/548) of the plantsamong them were unfit
for selection of S-heterozygotessincethey did not meet

thefour criteriaused for selection (Table2). Inafurther
round of selection among well performing plants of
the populations, a total of 31 useful individuals from
different populationswere evaluated for SI-expression.
All these genotypes were classified on the basis of S
allele composition through both | EF and test crossing.
The expected six classes of four different alleles, i.e.,
S1S2, S1S3, S1$4, S2S3, S2$4 and S334 were found.
Table 3 presents for all six expected Sl classes the
average scoresof the sel ected plantsfor each of thefour
charactersvigour, flowering, pollen shedding (scale 1-
10) and pollen fertility (% stainable), together with
their Sl-expression. A notable feature was that 19 out
of 31 of thegenotypesthat showed atypical Sl-reaction
(Table 3) were derived from the progeny of the five
basic F1s(cf Table 1), whereasonly 12 of the genotypes
originated from the 10 inbred populations and none
from the selfings.

In order to evaluate the strength of SI-expression,
al six S-genotypes, consisting of 30 plants in total,
weretested for berry and seed set after selfing (Table 3).
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Table 3. Performance of selected Sl-expressing S-heterozygous genotypes + key identifiers to table 8.

Plantnr. Key Genotype Vigour Flowering Pollenfert. Pollenshed  Sl-expression
Seeds/ berries/  sdfs

6102-16 | S1S2 7 7 84 6 0/ 0/ 32
6104-09 2 S1S2 8 9 93 8 0/ 0/ 71
6104-21 4 S1S2 7 8 92 9 o/ o/ 43
6222-05 15 S1S2 8 9 96 9 0/ 0/ 39
6222-39 18 S1S2 9 9 87 7 0/ 0/ 49
6101-11 1 S1S3 7 7 90 8 0/ 0/ 73
6104-19 3 S1S3 7 8 80 7 o/ o/ 78
6104-23 5 S1S3 8 8 97 9 80/ 1+ 148
6223-15 Il S1S3 7 8 78 7 0/ 0/ 30
6225-05 IV S1S3 8 9 92 8 n.d. (SC)
622515 V S1S3 8 8 80 8 0/ 0/ 22
6223-40 23 S14 9 9 60x 9 o/ 0/ 69
6221-01 8 S14 8 8 78 7 0/ 0/ 92
6221-05 9 S1A 7 9 61x 8 4/ 2t/ 64
6221-17 10 S14 8 8 64 7 50/ 2/ 50
6221-19 11 S14 8 8 64 8 42/ 4/ 62
6221-20 12 S14 7 9 75 9 o/ 0/ 107
6105-08 I S2S3 7 8 50 9 30/ 1+ 32
6222-06 16 S2S3 7 9 80 7 150/ 3t/ 51
6222-24 17 S2S3 8 9 91 8 0/ o/ 48
6222-40 19 S2S3 9 9 Thsex 9 0/ 0/ 70
6105-06 6 S2H4 7 7 72 8 61/ 5t/ 112
610515 7 24 7 6 70 8 19/ 2t/ 52
6223-01 20 24 8 7 82 6 0/ 0/ 41
6223-29 21 S2H4 9 9 79% 8 0/ 0/ 50
6223-39 22 24 9 9 67x 9 o/ 0/ 51
6536-01 24 S3A4 7 9 71x 9 32/ 1+ 55
6536-02 25 S3A4 8 9 A2+ 8 o/ 0/ 55
6536-09 26 S3A4 8 8 64 9 0/ 0/ 52
6221-32 13 S3A4 7 9 82 9 o/ o/ 71
6221-37 14 S3A4 8 9 46xx 8 o/ 0/ 54

Vigour and flowering impression: 1 = extremely bad, 2 = bad, 3 = poor, 4 = insufficient, 5 = nearly sufficient, 6 =
sufficient, 7 = satisfactory, 8 = good, 9 = very good, n.d. = not determined; pollen fertility expressed as% acetocarmine
stainable pollen; no additional mark = standard deviation between periods: 0 -5, x = 5 - 10, #* > 10. Sl-expression:
totals of seeds/berry/selfing in thefirst two years; T = caused by pollination of very young flowers; SC = self-compatible

A strict self-incompatibility reaction (no berry and
seed set) was expected in al plants. However, test-
ing the 30 plants several years, revealed that till nine
of them occasionally did set (self)seed, ranging from
10 - 80 seeds per berry (compatible crosses give good
berry formation and 150 - 250 seeds per berry). This
could often be attributed to pollination of young flow-
ers in which there might still have been an incom-
pletely developed S| barrier (cf. bud-pollination). This
phenomenon was considered as aless reliable Sl reac-

tion. Excluding these genotypes, the strength of the
Sl-expressionin al otherswas satisfactory aswas evi-
dent from the absence of berry and seed set after 30
to more than 100 selfings that were made in different
genotypes (Table 3). Berry and seed set in some of
the S-heterozygotic plants was an indication for the
persistence (genetic transmission) of pseudo- compat-
ibility. As pointed out already in the population sec-
tion, a majority of the useful S-heterozygotes (viz.,
seria numbers; 6221, 6222, 6223, 6225) in Table 3
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was derived from three of the five populations of basic
F1s mentioned in Table 1. This was reflected in the
final selection of the clones to be maintained. The
populations 6221 and 6225 as well as the populations
6222 and 6224 are the result of reciprocal crosses. The
under-representation of the popul ations 6224 and 6225
does not reflect inferiority but was just a matter of ran-
dom choice.

Selection of S-homozygous S plants from the basic
populations

All well performing plantsin the self and inbred pop-
ulations, that could have contained S-homozygous
genotypes, were investigated. Among those plants,
self-incompatibleas well astSl1-based self-compatible
S-homozygous genotypes could be present. Because
only the S-homozygoteswith self-incompatibility were
essential, the basic populationswere screened for such
genotypes, and those with self-compatibility were dis-
carded. In populations 6108, 6233, 6234 and 6539
(Table 1), S-homozygotes with a typical Sl reaction
were found. On the other hand, the S-homozygotes
from populations 6107, 6208, 6221, 6225 and 6539
were al found to be self-compatible and were, there-
fore, discarded. Among the self-incompatible S
homozygotes, the population 6108 consisted of less
vigorousindividuals,and 6539 had high level sof steril-
ity besides poor tuberization; and these were not suit-
ablefor thefinal selection. Only two populations, 6233
and 6234, gave rise to some desirable genotypes with
valuable features (Hermsen, 1978c; Hermsen and Ols-
der, 1974) despite having arelatively poor general per-
formance. Both of these popul ationswere derived from
6105-06 and 6105-08 which wererare cases of seed set
upon selfing (Table 1). This seed set was most proba-
bly the result of environment-induced PC. The success
rate of thistype of selfing was not predictable. The per-
formance and S-genotypes of six of the plants select-
ed from the 6233 and 6234 populations are presented
in Table 4. Although the selected genotypes were not
completely satisfactory in performance, they weretyp-
ically self-incompatible, and initially useful as testers.
A greater disadvantage of these successful populations
was that only S2S2 and S3S3 S-homozygotes were
obtained. For the selection of more vigorous S2S2 and
S3S3 genotypes and of S1S1 and S4$4 homozygotes
aswell, amore effectivemethod of bypassing SI, using
many genotypes within an incompatibility group, was
required. This was done through counterfeit pollina-
tions.

103

Production of superior homozygotes from selected
Sheterozygotes

All genotypes mentioned in Table 3 have been used in
some way, trying to obtain more S-homozygotes. Not
all the genotype combinations that were made for this
purpose have been used for the screening and selec-
tion of S-homozygotes, particularly because of sus-
pected expression of PC in the offspring or (expected)
inbreeding depression. Some parental clonesthat have
been used were excluded from the statistical analysis
because of (re)appearanceof SC in the selected clones
or retarded growth problems, leading to bad synchroni-
sation of flowering. Five cloneswere excluded because
of virus infection, resulting in too few observations
to be of use for statistical analysis. Those genotypes
were indicated by ‘Roman numbers' in Table 3. Four
of them gave useful S-homozygotes though (Tables
4 & 8). The PC genotypes with occasional seed set
after young flower pollination were included in this
experiment. Unlike the selection of S-heterozygotes,
it was generally much more difficult to create S-allele
homozygotes from genotypes that showed the typical
Sl reaction. The problem in these genotypes was to
obtain seeds from selfing, or from intercrossing within
anincompatibility group. Thesedifficultieswerelarge-
ly overcomeby making alarge number of pollinations,
followed by counterfeit pollinations.

For making the counterfeit pollinations, different
genotypes within each S-incompatibility group were
selfed and intercrossed, following the general crossing
scheme exemplified for S2S3 genotypes (A, B and C)
in table 5. This scheme was applied for al possible
six S-heterozygous groups. One set of these crosses
was carried out without counterfeit pollination (nor-
mal incompatible pollination) and the other identical
set with counterfeit pollination (normal + counterfeit
pollination); this means that 48 hrs after the incom-
patible cross, a second pollination was carried out but
now with pollen from the IvP marker genotypes of
Sphurgja. In this context, approximately 4300 polli-
nations were made. These pollinations included three
groups of within group incompatible crossing: 1) self-
ing a Sl genotype (Self, in Table 5: bold), 2) the same
genotype used as seed parent (SP, Table 5: row) with
variousnon-self pollinators (non-bold) and 3) the same
genotype used as pollen parent (PP) (Table 5: column)
innon-self crosses. These pollinationsyiel ded, approx-
imately, atotal of 1100 berries with 125000 seeds of
which 9500 were without embryo-spot.
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Table 4. Performance of selected SI S-homozygous genotypes derived from selfed Sl clones.

Plant Genotype Vigour Flowering Pollen fert. Pollen shed Sl
Seeds/ berries/ selfs

6233-11 S232 5 5 55xk 5 0/ 0/ 70
6234-05 S232 5 7 755 5 o/ o/ 50
6234-12 232 5 5 50 5 o/ o/ 75
6234-01 S3s3 5 5 60 4 0/ o/ 50
6234-08 S3s3 6 6 Thsex 6 0/ o/ 90
6234-10 S3s3 6 6 A 5 o/ o/ 50

The scale of values is ranging from 1 (extremely bad) to 9 (very good). *x = Standard deviation > 10%. Sl reaction as

seeds/berries/selfed flowers (totals).

Table 5. Crossing scheme of the counterfeit pollination experiment for the production of S-homozygotes

v Seed parent » Pollen parent Normal incompatible crossing Normal + Counterfeit pollination Control
A B C A B C IvP

A: S2S3 X X X X X X X

B: S2S3 X X X X X X X

C: S2S3 X X X X X X X

A, B and C belong to the same S-allele combination group, e.g. S2S3.Bold X = selfing. Control with IvP = pollination with
IvP-pollen asin counterfeit pollination but without an incompatible first pollination.

% 6 I 112
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R 3t I 7 6 &
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2 | J 1+ B
o 1. 8
8 1r 2 (77)
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SP cP SP cP
POLLINATION TYPE

Figure 1. LSD analysis for set of spotless seeds after single normal
incompatible pollination (S.P) or counterfeit pollination assisted
incompatible crossing (C.P).

Y-axes: Left (+): spotless seeds / pollination; Right (0): spotless
seeds / berry. + and 0: means. Capped error bars: 0.95% confidence
intervals. Based on 473 corrected means.

In order to assess of the strength of the incompati-
bility reaction and to determine whether the number of
spotless seeds resulting from the counterfeit pollina-
tions was different from the number of spotless seeds
obtained from the control pollinations (styles polli-
nated only with pollen from the marked IvP clones), a
statistical analysiswasperformed (Table6). The occur-
rence of spotless seeds from prickle pollination alone

(based on LSD-values) was statistically not signifi-
cantly different from zero, but significantly different
from the counterfeit pollination effect (Table 6). This
was evident regardless of the consideration of parental
effects. The occurrenceof the number of spotless seeds
after counterfeit pollination or normal single crosswas
calculated and analysed in two ways, viz., per pol-
lination and per berry (Table 6). Analyses within S
genotype groups and the iterative approaches of the
determination of the main effects gave basically the
same (nearly identical) results. One conclusion was
that the number of spotless seeds/berry was twice as
high as the number of spotless seeds/pollination (Fig-
ure 1). From these calculations, it was evident that
counterfeit pollinations gave rise to more seeds (spot-
less) that were potentially S-homozygotes than single
pollinationsin incompatible genotypes. The other dif-
ference was that in the case of counterfeit pollinations
more berries were obtained and had to be extracted.
Despite a strong selection for typical self-
incompatible genotypes, it was evident that certain
individuals occasionally set seed after selfing. This
was an indication for the occurrence of pseudo-
compatibility dueto the influence of either the male or
thefemale parent. The genotype6222-40, for example,
wasaninstance of showing PC effect from the seed par-
ent and 6222-06 from the pollen parent (Table 7). The
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Table 6. Analysis of variance (ANOVA) in counterfeit pollination experiment using spotless seed production per pollination

or per berry.
Spotless seeds/pollination Spotless seeds/berry
Main Eff df. SS F vy Main Eff df SS F vy
Seedp. 24 4293.17 2.82 0.0000 Seedp. 24 13530.17 4.02 0.0000
Phu 1 558.09 7.68 0.0061 Phu 1 2149.44 1532 0.0001
Residual 207 15039.48 Residual 207 29037.51

Left: analysis of data set based on spotless seeds/pollination; right: ditto, on spotless seeds/berry.
Main Eff. = Main effect; Seedp. = seed parent; Phu = counterfeit/prickle pollination with IvP's; d.f = degrees of freedom;
S.S= Sum of squares; F= (S.S. main effect/df)/(S.S. residual/d.f); v = significance level.

Table 7. Strength of the Sl reaction in selfings and intercrossings within incompatibility groups of selected
Sl-expressing S-heterozygous genotypes with or without using counterfeit pollination.

Normal incompatible crossing Normal + Counterfeit pollination

Plant Key Sdf SP PP Sdf SP PP
6104-09 2 9 9 9 8 8 8
6104-21 4 9 8 9 8 7 8
6222-05 15 8 9 7 5 7 9
6222-39 18 9 8 9 8 9 6
6101-11 1 9 9 6 8 9 7
6104-19 3 9 9 9 8 5 9
6104-23 5 8 7 8 8 8 8
6221-01 8 8 9 8 8 9 9
6221-05 9 7 6 8 7 7 8
6221-17 10 sc 8 sc sc 7 sc
6221-19 11 7 8 8 8 7 8
6221-20 12 9 6 9 8 8 9
6223-40 23 9 9 5 8 9 7
6222-06 16 4 6 3 5 8 4
6222-24 17 7 6 4 7 8 6
6222-40 19 9 5 8 4 5 8
6105-06 8 7 8 7 7 8
6105-15 7 8 8 6 8 9 8
6223-01 20 8 9 7 8 8 9
6223-29 21 7 7 6 6 8 7
6223-39 22 8 7 7 7 7 8
6536-01 24 8 9 8 8 98

6536-02 25 9 9 9 8 9 9
6536-09 26 9 9 9 8 8 9
6221-32 13 9 8 9 8 9 9
6221-37 14 9 8 8 8 7 8

SP = tested as seed parent; PP = tested as pollen parent. Ranking is from "1 = most PC genotype" to "9= most Sl
genotype", sc = self-compatible.

occurrence of pseudo-compatible genotypes occurred excluding such PC genotypes, it was still possible to
in the progeny in a number of cases, especialy when retain a considerable number of genotypes of al S
a parental clone (e.g. 6502-38, parent of 1127-14, allele homozygoteswith high levels of vigour, flower-
table 8) showed strong PC (data not shown), clear- ing, pollen fertility, pollen shedding and SI-expression

ly indicates the genetic basis of this character. After (Table 8). Those homozygotes were either hybrids
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Table 8. Selected Sl and SC homozygous clones derived from S| and SC clones respectively after (in)compatible pollinations using
within incompatibility group pollinations or selfings in combination with or without counterfeit pollination.

Plant Parents Method Genotype Vigour Fl. PF PSh.  Sl-expression astotals of
Seeds  Berriess  Flowers
6496-01 IVx3 cf S1S1 8 9 57%xx 9 0/ 0/ 60
6496-04" IVx3 cf S1S1 7 8 Tlxx 8 0/ 0/ 64
6499-04N 111 x3 cf S1s1 7 8 96 7 0/ o/ 73
1127-14"  6502-38 x 6496-01 i S1S1 8 8 88 7 0/ 0/ 58
1130-03 5x1 cf S1S1 7 8 92x 8 0/ 0/ 22
1136-01 12x 23 cf S1S1 8 7 65k 7 n.d.
1136-02 12x 23 cf S1S1 7 8 T4 6 n.d.
1136-05 12x 23 cf S1S1 9 8 e 7 0/ 0/ 33
1181-02 G254 x 6496-1 cf S1S1 8 8 55xx 8 0/ 0/ 25
1138-07 16 x 16 cf, se S282 7 7 62xx 6 n.d./ 1/ 12
1138-08 16 x 16 cf, se S282 7 7 69++ 7 0/ 0/ 20
1139-03 17x 19 cf S22 9 7 63kx 7 0/ 0/ 30
1139-05 17x 19 cf S22 8 8 70 7 0/ 0/ 30
1140-01 6x22 cf S2S2 8 8 55«x 4 0/ 0/ 20
1140-02"  6x22 cf S282 7 7 60 7 0/ 0/ 54
1140-05" 6x22 cf S282 7 7 70+ 6 0/ 0/ 48
1146-02 16 x 19 cf S282 8 9 90 5 o/ o/ 22
6499-01" 111 x3 cf S3s3 8 9 88 8 o/ o/ 55
1130-01 5x1 cf S3s3 7 3 50k« 3 0/ 0/ 4
1138-04 16 x 16 cf, se S3S3 7 6 64xx 7 52/ 2/ 5
1138-08 16 x 16 cf, se S3s3 7 7 T2 7 12/ 1/ 32
1142-02"  25x 26 cf S3s3 8 7 79 7 0/ 0/ 26
1171-01 24x 24 cf, se S3S3 7 7 66 7 0/ 0/ 23
1095-04 23x11 ii SAA 7 7 6%« 6 0/ 0/ 67
1095-06 23x11 ii SAA 7 7 5k T 0/ 0/ 71
1134-01 11x11 se A4 6 7 78x% 8 n.d./ 8/ 18
1147-04 23x11 cf AA 7 6 71 6 o/ o/ 12
6539-10"  seetable 1 ii S1S1-sC 8 9 99 8 2204/ 10/ 12
1132-07 12x 10 co S1S1-sC 5 5 Slsx 7 nd
1132-20 12x 10 co S1S1-sC 7 6 75x% 5 nd

Italic-bold: SC-genotypes. Method= obtained by counterfeit pollination (cf), selfing (se), non counterfeit pollination aided intra
incompatibility class pollination (ii) or by a SC-based compatible cross (co). Fl. = flowering, PF. = pollen fertility expressed
as % acetic carmine stainable pollen, P.Sh. = pollen shed. Scales ranging from 1= extremely bad to 9= very good. Sl-expr. =
self-incompatibility expression expressed as seeds/berries/selfed flowers. n.d = not determined. ” = vegetatively maintained

(intercrosseswithin incompatibility group) or selfings.
Both groups were obtained with and without the aid of
counterfeit pollination. As aresult of selection of well
performing genotypes, most of the selfing-based geno-
types (many of them showing inbreeding depression),
have been excluded in favour of hybrid types. Because
this population was still excessively large, it was nar-
rowed down. The plants indicated by an asterisk (*)
have been selected either on the basis of performance,
scale of testing for Sl expression and their value for
other research topics, or have been selected at random.
The S1S1 and S2S2 genotypes and to a lesser extent

the S3S3 genotypes were the most important for the
molecular unravelling of the Sl-system (Kirch et al,
1989, Eijlander & Ficker, in prep). The S454 geno-
types are dightly underrepresented; this may partly be
due to the low priority of obtaining this genotype, but
the number was till lower than expected. Numbers
are too small, however, to draw final conclusions on
S-genotype-related fitness or certation.
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Figure 2. Iso-Electric-Focusing (IEF) pattern of stylar extracts after
silver staining of 3 S-homozygotes (6233-11, 6539-19, 6499-03) ,
5 S-heterozygotes and a control sample. Approximately 15-25u9
protein was added to each slot. SK1 and SK2 are style specific pro-
teins but not S-locus related. S1, S2, S3 and $4 are stylar expressed
S-alele specific glycoproteins. S4 gives facultatively a secondary
band.

Self-compatibility in Shomozygotes

As mentioned before (Table 1), self-compatible clones
were found some of which were S-homozygous. The
S2S2, S3S3 and AA self-compatible clones have
already been obtained on a routine basis, as is part-
ly shown in Table 1. This was not the case with S1S1.
Thecrosses |V (= 6225-05) x 3 (= 6104-19) and G254
X 6496-1, (in italics, bold: SC-clones; Table 8) were
made with the secondary aim of testing the validi-
ty of the assumption made by Olsder and Hermsen
(1976) that tS1 does not cause mutual weakening when
together in a(monohapl oid) pollen grain with the com-
plete S1-allele. Offspring populations of these crosses
did not contain self-compatible S1S1 plants. Proge-
ny of these S1S1 plants proved the absence of the
SC-factor tS1. Plants 6539-10, 1132-07 and 1132-20,
however, proved by |EF (Figure 2) and test crossing to
be S1S1 homozygotes, but they were self-compatible
(table 8) and capable of fertilizing other S1-expressing
plants.The presence of the tS1-based SC-clones 1132-
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07 and 1132-20 (two S1S1 SC clones out of 20 SC
plants, P(k (n=20, p=1/4) < 2) = 0.09) provesthat even
S1-tSl pollen is not completely superseded by S4-tS1
pollen, although acertative disadvantageisvery likely.

Maintenance of the selected genotypes by means of in
vitro preservation, seed tubers and true seed
production

Most of the selected material is maintained in vitro,
and the genotypes mentioned in Tables 3, 4 and 8
are also available in the form of seeds and tubers.
Seedswere produced by crossing S-heterozygoteswith
S-homozygotes in order to produce ‘single-class S
heterozygotes, i.e., S1S1 x S1S2 givesriseto asingle-
class S1S2 heterozygote. Such genotypesare available
for all six combinationswiththefour S-alleles. Besides
these, a limited amount of single-class homozygotes
(in true seed form), derived from counterfeit pollina-
tion, isavailable for S1S1, S2S2 and S3S3. One group
of S-homozygotes, S454, was recently lost because
of viral infection and is now only present in true seed
form. The number of S-homozygous seeds from S
homozygotes with self-incompatibility was relatively
small because of the difficulty of producing seed from
their well functioning SI, even when counterfeit polli-
nation was used (Table 8).

Discussion

In spite of the presence of a well defined monogenic,
multiallelic, gametophytic type of self-incompatibility
in diploid potato, the system was not amenable to a
critical genetic and molecular analysisin the past for
the following main reasons: 1) criteria for the classi-
fication of S-allele genotypes were less well defined;
2) well performing genotypes, or testers, of S-homo-
and/or heterozygotes were not available and 3) potato
being a highly heterozygous crop, inbreeding depres-
sion and the expression of deleterious recessive genes
in the progeny were serious impediments for analy-
ses. In the present investigation, an attempt was made
to overcome the above mentioned drawbacks by the
selection of well performing and well defined SI geno-
types.

The classification of the genotypes of S-alelesin
potatoiscomplicated by thefact that self-compatibility
often occurs either due to the so-called pseudo-
compatibility or self-compatibilising factors, such as
tS1, in an otherwise self-incompatible genotype. Clas-
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sification of such genotypesin afore mentioned cases
on the basis of berry and seed set, together with pollen
tube growth studies (Hermsen, 1978 a, b), were rela-
tively subjective in some cases. The identification of
S-alees through IEF (Kirch et al., 1989) combined
with studies on pollen tube growth in styles as well as
on test crossing was a step forward for amorereliable
classification of the S-genotypes. Using a combina-
tion of the three criteria, well performing genotypes of
both homo- and heterozygous genotypes for four dif-
ferent S-alleles have been selected in the present inves-
tigation. Accurate determination of S-allele genotypes
through |EF was especially useful for the selection of
self-incompatible homozygotes as well as heterozy-
gotes and for gaining more insight into the probable
inheritance of pseudo-compatibility.

Olsder and Hermsen (1976) found a complete
absence of self-compatible S1S1 homozygotes. Segre-
gation ratios displayed skewness and pollen certation
or absence of mutual weakening between the S1 allele
and the hypothesised tS1 was one of the explanations.

Mutual weakening betweentwo identical S2 alleles
doesnot occur (crosseswere madewith atetrapl oidised
version of clone 1140-2, — S2S2S2S2, not giving a
compatible reaction pattern in S2-containing styles,
data not shown). This means that by applying the
mutual weakening hypothesis on the ocurrence of tSl-
based SC S1S1 genotypesthe self-compatibilizing fac-
tor tSl is not expressing the pollen part of the S1
alele but probably an independent gene. This was
already suggested by the results obtained by Thomp-
son et a (1991), athough they did not rule out the
possibility that only the pollen-part was trand ocated.
Re-evaluation of old material of Olsder and Hermsen
(1976) by IEF proved the presence of a previously
undetected self-compatible S1S1 plant. S1tS1 pollen
has probably a certative disadvantage compared with
the other three SC pollen types. This means that their
tSl-hypothesis is not valid anymore, and one of the
other six available hypothesis has to be accepted that
was previously rejected because of the absence of self-
compatible S1S1-tSl genotypes. The expression tS1
is therefore actually an incorrect one. We have strong
indications that self-compatibilizing factors like this
‘tS1' do occur much more frequently than is generally
believed.

For producing tester genotypes, such as the S
homozygotes, showing typical Sl-expression, it was
essential to self the genotypes that showed strong SI-
expression. In certain cases, such as6105-06 and 6105-
08 (Table 1), it was rarely possible to obtain berry set

and a limited amount of seeds and progenies. The per-
formance of these progenies with regard to vigour,
flowering and pollen fertility (Table 4), however, did
frequently not reach the acceptable levels observed in
the progenies generated from the basic Fl1s (Tables 2
and 3). Moreover, the number of really well perform-
ing progeny genotypes in the case of 6105-6 and -8
was very low. Obvioudly, it was necessary to produce
more progenies after selfing genotypes that were well
performing and showing a strong Sl reaction. In oth-
er plant species such as Petunia and Nicotiana , the
so-called bud pollinations are practised for produc-
ing seeds and progenies from Sl genotypes (Pandey,
1963; Shivanna and Rangaswamy, 1969;Clark et al,
1990). This method, however, was not applicable in
potato, because the stigma becomes receptive only
during anthesis when the exudate becomes available
on the stigmatic surface. Self-pollinations, using the
pseudo-compatible genotypesfor producing seeds and
progenies, could be another option for obtaining S
homozygotes.

Flaschenriem and Ascher (1979), Danaand Ascher
(1985, 19864a,b) and Liedl and Anderson (1994) inves-
tigated aspects of PC in Petunia hybrida. This species
traces back to interspecific hybrids and displays SC
or a high level of PC. They often found strong PC
at levels difficult to distinguish from SC. Expression
of PC could be at either the pollen or the stylar side.
Nevertheless, this system may have more in common
with the hybrid system of Stbr x Sver, (like S-locus
linked SC-factorsand segregation of Unilateral Incom-
patibility factors) than with the Sl system in diploid
potato (Eijlander et a, in prep.). Complications and
deviations from the norma Sl system in hybrids is
discussed by Trognitz and Schmiediche (1993). These
authors tried to integrate the incongruity hypothesis
of Hoogenboom (1973) with the normal gametophyt-
ic self-incompatibility hypothesis. Because the type of
pseudo-compatibility investigated here seems to be a
heritable character, both from the male and the female
side, the Sl-expressioninthe progeniesmight be weak-
er and the selectionswill bemorefrequently unreliable.
It has been observed as likely for several crops that
PC may be polygenic and heritable ( Mather, 1943;
Takahashi, 1973; Henny and Ascher, 1976; Litzow
and Ascher, 1983) and offers a good explanation why
inbreeding can lead to an increased level of PC.

In view of this, it is essential to avoid PC through
careful progeny testing in such genotypes so that com-
pletely predictable types of self-incompatible geno-
types are selected. The problem with bypassing the
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Sl reaction in the style is that there might be a con-
stant selection for PC expression on the pollen side.
Although this is unavoidable, it might be reduced in
its effect. For reducing this selection, stylar PC clones
can be used when only strong Sl at the pollen side
is required (and vice versa). The use of PC is out of
the question when pollen and style of the desired S
homozygotes are used in test crosses, unless a large
progeny can be screened for reliable Sl-clones. Addi-
tionally, the use of young flowers and at least one
strongly Sl parent is preferred for the production and
selection of SI S-homozygotes. Here the counterfeit
pollination with pollen from appropriate clones like
IvP 35, 48 and 101 have proven to be of great help
for obtaining otherwise extremely rare genotypes. This
wasalso observed for difficult interploidy andinterspe-
cific crosseslike Stbr x S.acl and Ssto x Stbr (Iwanaga
et al, 1991; Singsit and Hanneman, 1991; Brown and
Adiwalaga, 1991).

As was aready detected in some of the S
heterozygous genotypesthat were highly S| after self-
ing, there till might be a level of PC present that
can only be elucidated by test crossing with other
clones. This has extensively been done with the select-
ed S1S1 and S2S2 tester clones. A pitfall with testing
S-homozygotes might be that in the style two identical
S-aldeswill be expressed. Because the Sl reaction is
a quantitative one, the S-glycoprotein content might
be that high that a pollen expressed PC may remain
undetected. Nevertheless, even S-homozygotes may
be quite PC, as has been detected in genotype 6502-
38 (Table 8) and a considerable part of its offspring.
Therefore, S-homozygotes have to be tested for PC in
crosses on heterozygotes as well. On the other hand,
various tetraploid genotypes, that were present in our
collection, havebeentested for their Sl reaction against
pollenfromdiploidrelatives, expressinganidentical S-
allele. A S1S2S3S6 genotype was completely incom-
patible with S1, S2 and S3 pollen (data not shown),
thus indicating that there can be a wide range for S
glycoprotein content in the style and/or the glycopro-
tein content needed for areliable S| reaction. However,
differences between expression levels of the S-alleles
may reduce the efficacy of some of the S-alleleswhen
the weakest are down-regulated, as is suggested by
results of Kirch et al. (1989) and Eijlander et . (in
prep). It aso indicates that S-homozygous diploids
can be quite useful in testing tetraploids.

Theterm pseudo-compatibility has often been used
in other plant species athough the definition of this
expression is not clear cut. In a broad sense, it has
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been considered as ‘leakage’ of a functional incom-
patibility system. The criteria for considering a geno-
type to be pseudo-compatible are generally arbitrary.
The basis is, however, the level of seed set in a
self-incompatible genotype after self-pollination as
compared with the mean seed set of the population,
expressed as seeds/berry or the number of seed bearing
berries/pollination. Such seed set can also result from
a system where a self-compatibilising factor is opera
tive (for discussion, see, Rowlands, 1964; Olsder and
Hermsen, 1976; Hermsen, 1978aand 1978b). Pseudo-
compatibility has also been observed in several crops
after some cycles of inbreeding of self-incompatible
genotypes (De Nettancourt, 1977). The mechanism of
the origin of pseudo-compatibility in these crops is
not clear yet. In the present investigation, as was also
reported earlier (Olsder and Hermsen, 1976; Hermsen,
1978aand 1978b), there were genotypesthat were dif-
ficult to be classified either as PC or SC. They were
considered to be PC. Genotype 6221-17 (Table 3) isa
typical example of thefact that even SC may be unreli-
ableinitsexpression. It isquite possible that even this
pollen expressed factor isinfluenced by modifier genes
as has been observed for a comparable S.verrucosum-
derived self-compatibilizing factor (Eijlander, unpub-
lished). Thelevel of seed set upon selfing was initially
considered as an indication for a putatively useful lev-
el of PC in order to easily obtain S-homozygotes but
this proved to be incorrect because of its inheritable
character. In any case, al those genotypesthat showed
seed set upon selfing were eliminated and, as a conse-
guence of this, only typical heterozygous S| genotypes
were presumably selected. Such a careful selection
was indeed effective as is evident from the fact that a
large mgjority of the genotypes (20 out of 29, Table 3)
was gtrictly self-incompatible after several rounds of
selection during different years.

Because of the importance of plant vigour, fertil-
ity, avoidance of lethal genes and the high degree of
heterozygosity required in the progeny plants, the per-
formances of the basic populations used in this inves-
tigation deserve attention. The three origina dihap-
loid clones, G254, G609 and B16 were known to be
vigorous, profusely flowering and fertile (Olsder and
Hermsen, 1976). The F1 progenies of these clones,
on average, performed much better than the progenies
obtained from selfings or inbreds (Table 2). Further-
more, the number of S-heterozygotesthat were select-
ed originated predominantly (19 out of 31) from the
progenies of the original F1s (Table 3) which is even
more striking when the ratio of SI/SC is considered.
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Thisclearly indicatesthat even within arestricted num-
ber of genotypes that were used in this investigation,
competent Sl parents could be selected, giving rise
to desirable progenies. From the point of view of the
good performance of the progenies of the basic Fls
and some of the inbred lines, it should be concluded
that the establishment of inbred lines of diploid potato,
comparableto those of maize, might be possible.
Inview of therecent molecular approachesto eluci-
datethe phenomenon of self- incompatibility indiploid
potato ( such as gain and loss of function analysisin
genetically modified plants), genetically well defined
plant material is essential. Part of the material selected
in thisinvestigation, which includes both S-homo- and
heterozygous genotypes, expressing typical Sl reac-
tion, was highly valuable for this research. The two
most important factors for using such selected clones
astestersarethe absence of PC and agood pollenfertil-
ity when used asapollinator. This stresses the need for
an extensive screening procedure as describred here.
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