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1. INTRODUCTION

A SUBSTANTIAL body of evidence exists showing that the cross of self-
incompatible pistillate parent by self-compatible staminate parent of a
number of genera fails while the reciprocal succeeds. The phenomenon,
termed unilateral incompatibility, has been demonstrated in crosses
between species of ]Vicotiana (Anderson and DeWinton, 1931), Petunia
(Mather, 1943), Lycopersicon (McGuire and Rick, 1954; Martin, 1961a,
ig6ib, 1963), Antirrhinum (Harrison and Darby, 1955), and Solanum
(Garde, 1959; Grun and Radlow, 1961; Pandey, 1962). One
mechanism that leads to unilateral incompatibility operates through
an inhibition of growth of self-compatible pollen tubes down self-
incompatible styler tissue. It has been demonstrated (Lewis and
Crowe, 1958) that this mechanism can operate even in crosses between
members of separate genera and families.

Since, therefore, unilateral incompatibility has been long established
in a diverse spectrum of genera, the details of its genetic basis and
mechanism of action are of interest in interpreting its role in plant
evolution. The phenomenon plays a major role as an internal isolating
mechanism in the genus Solanum. Self-compatible S. verrucosum pollen
growth is inhibited on some self-incompatible clones of S. chacoense,
kurtianum, tarijense, tube rosum Groups Phureja and Stenotomum,
soukupii, simpli4folium, neohaw/cesii, sparsipilum, vernei, cardiophyllum,
ehrenbergii, jamesii, pinnatisectum and megistacrolobatum (Garde, 1959;
Grim and Radlow, 1961; Pandey, 1962) while the pollen tube growth
of the reciprocal crosses is not inhibited. Growth of self-compatible
S. brevidens pollen tubes is inhibited on styles of eight self-incompatible
species while the reciprocal pollen tubes grow normally (Pandey,
1962).

It was shown in earlier studies that self-incompatible biotypes of
S. chacoense, S. soukupii (Grun and Radlow, 1961) and S. vernei (Pandey,
1962) included clones that did not show unilateral incompatibility
when crossed with self-compatible S. verrucosum. The present report
analyses two questions concerning this material: (i) What is the genic
basis for the difference between self-incompatible clones that show
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unilateral incompatibility and those that do not? (2) At what stage in
growth of the pollen tubes is the unilateral incompatibility expressed?

2. MATERIALS AND METHODS

Diploid species of Solanum of the section Tuberarium were used. Their identities
and places of origin are listed in table x. To test crossability, flowers of the pistillate
parent were emasculated at a late bud stage, allowed to open inside a cheesecloth
bag, pollinated with fresh pollen and then protected from insects by re-covering
with the cheesecloth bag. Records were kept of the number of cross attempts and
berries set. All the clones used in this study to analyse cross-compatibility with
self-compatible S. verrucosum pollen were themselves self-incompatible. In order to
avoid confusion that might arise from two uses of the word "compatible ",a plant
having styles compatible to S. verrucosum pollen will be referred to as an " acceptor ",
and one not compatible as a "non-acceptor ". Classification required a method for

TABLE i

Identity and place of origin of clones used

Species P1 numbers Place of origin

S. chacoense . . . 230581 (T)
i33o73 (AA), 133664 (AC)
189217 (CA), 189218 (CF)

133709 (CI)

Unknown
Central Argentina
North-western Argentina

S. soukupiz . . . 218227 (CR-i) Southern Peru

S. simplicjfolium . . 208866 (CK) North-western Argentina

determining how many individual pollinations must fail to lead to berry set before
a plant could safely be classified as non-acceptor. The acceptor parents used were
clones of S. soukupii (CR-i) and S. chacoense (T and AC). The ratio of berries set per
cross attempted when S. verrucosum pollen was used on styles of each of these clones
was reported earlier (Grun and Radlow, 1961). The method used in this study
consisted of determining the exponential to which the proportionate failure of berry
set must be raised to reduce that probability of complete berry set failure to less
than i per cent. Thus, 8 berries were set of 18 cross attempts when S. vernscosum
self-compatible pollen was put on styles of S. chacoense clone T. This meant that 10,
or 55 per cent., of the cross attempts failed. It would require 8 separate trials each
of which had a 55 per cent. likelihood of failure to reduce the likelihood of total
failure to observe a berry set to I per cent. since o55 is less than o.oi. It was
calculated that, on this basis, S. soukupii clone CR-i required 7 separate trials and
S. chacoense clone AC required 17 separate trials. Progeny of each acceptor were
classified as non-acceptors only after the minimum number of pollinations calculated
for the acceptor parent had been performed. In most cases 20 separate pollinations
were performed. When berries were produced they were cut open to verify their
seed content.

Growth of pollen tubes was observed by use of the fluorescent stain procedure
developed by Martin (1959). S. verrucosum pollen was put on styles of flowers on
plants in the greenhouse and styles were fixed 48 hours after pollination. Each
pollination for this purpose was routinely done on at least 3 flowers per cross. The
pollen tubes were examined with a Leitz Ortholux microscope using dark field
illumination. The light from a Xenon discharge tube XBO 162 was passed through
a dark filter (4 mm. BGi 2) to screen out most of the wave lengths of visible light.
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3. RESULTS

(I) Inheritance of acceptance and non-acceptance

The initial step consisted of analysis of reciprocal F1 hybrids between
acceptor and non-acceptor clones (table 2). While one population of

TABLE a

Acceptance ofF1 hybrids following the cross acceptor x non-acceptor and its reciprocal

Parents Progeny

Pistillate Staminate Acceptors Non-acceptors

s. S. soukupii (CR-i) *
2. Reciprocal
3. S. chacoense (T) *
4. Reciprocal
5. S. chacoense (AC) *
6. Reciprocal
7. S. chacoense (AC) *
8. Reciprocal
g. S. chacoense (AA) *

so. Reciprocal

5 simplicjfolium (CK) t

S. chacoense (CF) t

S. chacoense (CI) f

S. chacoense (CA) t

S. chacoense (CF)

0
0
i
1

4
7'
2
2
1

2
5
6

U
4
i
3
3
i
7

* Acceptor parent.
t Non-acceptor parent.

the cross produced only non-acceptors, the others showed F1 segregation
of acceptors and non-acceptors. These facts indicated that non-
acceptance is probably dominant, and that it is likely that most of the

TABLE 3

Acceptance of progeny following the cross acceptor x acceptor and
non-acceptor x non-acceptor sibs among progeny plants of table 2

Parents
Progeny

Acceptors Non-acceptors

Acceptor progeny of Cross . . . . .

Acceptor progeny of Crosses 9 and 10 . . .

Non-acceptor progeny of Cross 3 . . . .

Non-acceptor progeny of Crosses 3 and 4 . . .

Non-acceptor progeny of Crosses s and 2 . . .

12
9
2
2
o

0
9

24
7
i

non-accepting parents used were heterozygous for one or more genes
for non-acceptance. Results of the reciprocal crossings were similar
so it was apparent that cytoplasmic factors did not play a role in the
phenomenon. Population sizes were small, and therefore the F1 data
were not used in an attempt at a factorial interpretation.

Since the population sizes were small, and only one did show
dominance of non-acceptance, the second step in analysis consisted of

12
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using acceptor and non-acceptor progeny from the crosses listed in
table 2 to produce hybrids acceptor xacceptor and non-acceptor xnon-
acceptor. The assumption was made that if acceptors were recessive,
the acceptor x acceptor progeny should produce non-segregating
acceptor offspring, while the non-acceptor xnon-acceptor populations
would segregate. The prediction was only partially fulfilled (table 3).
Progeny of Cross 5 of table 2 seemed to confirm that acceptance was
recessive, while those of Crosses 9 and i o showed that acceptor parents
could produce non-acceptor progeny. A possible explanation for this
result is that one of the acceptor plants of this cross was a mis-
classification. This could have happened if a non-acceptor plant
occasionally accepted self-compatible pollen in a manner analogous to

TABLE 4

Acceptance of progeny following the backcross of non-acceptor F1
and the acceptor parent

Cross F1

Progeny

Recurrent
acceptor Acceptors

INon-
acceptors

Ratio

i
a
3
4
5
6
7
8

S. soukupii (CR-i) xsimplicjfolium (CK)
S. chacoense (T) xchacoense (CF) . .
Sibofcrossa . . .
S. chacoense (AC) xchacoense (CI) .
Sib of cross 4 . . .
S. chacoense (CI) x chacoense (AC) .
Sib of cross 6 . . .
Sib of cross 6 . .

Total crosses 2-3 . . .
Total crosses 4-8 . . .

soukupii (CR-i)
chacoense (T)
chacoense (T)
chacoense (AC)
chacoense (AC)
chacoense (AC)
chacoense (AC)
chacoense (AC)

i
8
i
7
4
4
5

7
21
5

2,
52
27
26
8

(1:15)
5:3
(i:)
1:3
1:3
I3
I3i:

. -.

...
9

24
26
94

1:3
5:3

the occasional berry set following self-pollination that can result from
pseudocompatibility. The progeny of non-acceptor x non-acceptor
showed segregation with the preponderance of non-acceptor plants
to be expected if non-acceptance is dominant.

Back-cross progeny of the type (acceptor xnon-acceptor) x
(acceptor) were produced and tested (table 4). The ratios indicated
fit the data with P values of oi or better. (Ratios indicated in
parentheses were based on too few data to justify chi-square calcula-
tions.) The sum of crosses 4-8 and 2-3 were calculated after the
determination that there was no significant heterogeneity in the
populations concerned.

The principal ratio observed of I aCceptor:3 non-acceptors in these
back-cross progenies could be interpreted as evidence that the non-
acceptor parents contained two dominant genes either of which
conditioned non-acceptance, while the acceptor was homozygous
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recessive for the two. Cross i would not fit the two-gene pattern, and
presumably the ratio observed reflected the presence in the S.
simplicfolium parent of more than two dominant genes that conditioned
non-acceptance.

(ii) Mechanism of non-acceptance

Growth of pollen tubes of S. verrucosum self-compatible pollen down
styles of acceptor and non-acceptor plants was followed by observing
the orange colour of fluorescing tubes against the dark background of
stylar tissue. Vascular strands in the stylar tissue also fluoresced
orange, but their lighter fluorescence and general size and shape could
be distinguished from the pollen tubes. Pollen germination was high
and hundreds of tubes could be seen in the stigmatic area 24 and 36
hours after pollination. They were still clearly visible 48 hours after
pollination and observations were made then to ensure sufficient time
for growth down the styles.

Growth of S. verrucosum pollen tubes down styles of acceptor and
non-acceptor plants is listed in table 5. A plus in the table indicates

TABLE 5

Growth of S. verrucosum self-compatible pollen tubes down styles of acceptor
and non-acceptor plants

Type plant
Number of

plants

Pollen tube growth

+

2

12

+and—

'
5

Acceptors . .

Non.acceptors .

x7

29

14

12

* Pollen tsibe growth varied in different tests.

growth of large numbers of pollen tubes all the way to the base of the
style. A minus indicates that very few tubes went more than half-way
down the style. In most cases such tubes progressed no further than
one-tenth of the distance down the style. Classification of each plant
was based on scoring of a minimum of six styles with pollen of at least
two S. verrucosum testors.

Inhibition of pollen tube growth was more characteristic of the
non-acceptors than acceptors suggesting that it is one of the mechanisms
that conditioned non-acceptance. A few of the acceptor plants also
showed failure of pollen tube growth. Apparently local conditions in
styles of certain flowers were not favourable for tube development even
following compatible pollinations. Approximately half of the non-
acceptors showed pollen tube growth to the base of the style. In such
plants non-acceptance resulted from the operation of a blockage of the
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male gametophyte in the ovary. The pollen tube growth data as a
whole indicated, therefore, that non-acceptance can result from block-
age of tube growth at two sites, one within the style and one in the
ovary. It seems possible that the alternative sites of inhibition reflected
difference in action of alternative non-acceptance genes.

4. DISCUSSION

Unilateral incompatibility has been widely observed associated
with self-incompatibility. This association has lead to a concept
expressed by Lewis and Crowe (1958) that the self-incompatibility
allele itself has a dual role: Each self-incompatibility (SI) allele is
known to have a highly specific inhibitory capacity such that it inhibits
growth of pollen tubes down stylar tissue of its own kind. At the same
time, all self-incompatibility alleles are visualised as sharing the
capacity to inhibit growth down stylar tissue of pollen tubes bearing
the allele for self-compatibility (SC).

The bulk of evidence cited for the two-fold role of the SI alleles has
consisted of demonstration that in many cases the cross self-
incompatible x self-compatible failed due to pollen tube inhibition.
This evidence does not, however, relate unilateral incompatibility
specifically to the SI alleles and self-incompatible plants could also have
non-acceptor genes which could operate to inhibit growth of SC pollen
tubes. The weight of evidence from studies carried out since formula-
tion of the dual role concept suggests that unilateral incompatibility can
be better explained in terms of inhibition of the growth of self..
compatible pollen tubes as a function of such non-acceptor genes.

The following examples in addition to the present study appear to
be exceptions to the dual role concept of unilateral incompatibility:
(i) There exist examples of self-incompatible biotypes of J*ficotiana data
(Anderson and DeWinton, 1931), Solanum chacoense and S. sou/cupii
(Grun and Radlow, 1961) and S. vernei (Pandey, 1962) that act as
acceptors of self-compatible pollen. (2) A self-incompatible non-
acceptor clone of S. vernei showed segregation of self-incompatible
progeny some of which were non-acceptors and some acceptors (Garde,
1959). () F,'s of Lcopersicon esculentunz (SC) >< L. peruvianum (SI) were
self-incompatible and yet they showed unilateral incompatibility such
that their pollen would not grow down styles of L. peruvianum (McGuire
and Rick, 1954). The result was interpreted as showing that the
hybrids inherited a factor or factors from L. esculentum that made their
pollen fail to grow in styles of L. peruvianum. Such factors cannot have
been merely the S1 allele of L. esculentum since each F1 contained a self-
incompatibility allele from the L. peruvianum parent which could
normally have conditioned growth of pollen tubes down the styles of at
least some of the L. peruvianum biotypes tested. () L. hirsutum and
L. esculentum showed unilateral incompatibility at a number of different
levels such that not only did the cross self-incompatible xself.
compatible fail, but in certain cases self-incompatible x self-incompatible
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and self-compatible x self-compatible failed unilaterally (Martin, i g6xa
and 1963).

Examples also exist of self-compatible non-acceptor species that are
unilaterally isolated from other self-compatible species, but are not
unilaterally isolated from certain self-incompatiblcs. These include
Iycium thinense (Lewis and Crowe, 1958), Antirrhinum majus (Harris and
Darby, 1955), and Papaver alpinuin (Faberge, i44). These were
interpreted by Lewis and Crowe (1958) as species that have only
recently become self-compatible. Interpretation of this type of
crossing behaviour on the basis of S allele action required that there
exist a third form of gene, Sc, which conditioned self-compatibility but
retained the capacity for non-acceptance of SC (self-compatible)
pollen tubes.

To retain the dual role concept in the face of these exceptions would
require that one assume that each change in behaviour results from a
corresponding change of the S allele. Lewis and Crowe (1958)
postulated a fourth type of S allele (Sc') which combines self-
compatibility, acceptance, and ability to grow down self-incompatible
styles. Plants of this type apparently have not yet been found. To
explain the situation in Solanum would require a fifth type of S allele
that conditions self-incompatibility, but has lost the capacity to inhibit
SC pollen tubes. To explain the unilateral incompatibility in crosses
of self-incompatible xself-incompatible in Lcopersicon (Martin, 1961a
and 1963) would require a sixth S allele that conditions self-
incompatibility but has attained an ability to inhibit self-incompatible
pollen tubes. This could lead to a complicated series of assumptions
of properties of the S alleles for which, at present, evidence is
lacking.

The alternative view suggested here is that unilateral incompatibility
results from the operation of alleles of independent genes that condition
acceptance. Four conditions could be visualised with genetic make-up
as follows:

Type plant Compatibility alleles Acceptor genes

Self-incompatible non-acceptor . .

Self-compatible non-acceptor . .

Self.compatible acceptor . .
SeIf.incompatible acceptor .

S1. .. S,,

S,.
S1
S1. .S,

Non-acceptor
Non-acceptor
Acceptor
Acceptor

According to this interpretation the non-acceptor genes in a style will
result in inhibition of acceptor pollen tubes, while acceptor stylar
tissue will not inhibit either acceptor or non-acceptor pollen tubes.
Non-acceptor genes might be few in number, as was found in this
study, or many or polygenic as was found in the Lycopersicon hirsutum
material (Martin, 1961a).
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5. SUMMARY

Some self-incompatible clones of S. cliacoense and S. soukupii could be
successfully crossed reciprocally with self-compatible S. verrucosum.
Other clones showed unilateral incompatibility, the cross succeeding
only when the self-compatible species was used as pistillate parent.
Genetic analysis showed that self-incompatible clones having the
unilateral crossing barrier contained 2-4 dominant genes any one of
which could condition the barrier. Cytoplasmic factors did not play a
determining role. At least two mechanisms lead to unilateral in-
compatibility, one expressed as inhibition of pollen tube growth in the
upper half of the style and the other as a blockage that operated after
pollen tubes had grown to the ovary. These data and others are used
as a basis for an interpretation of unilateral incompatibility as
conditioned by genes other than the self-incompatibility alleles
themselves.
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