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SUMMARY

Attempts to overcome interspecific incompatibility in Xieotiana by X-irradiation
of male parents have shown a difference in response between a self-incompatible
(S.I.) and a self-compatible (S.C.) species. Compatibility can be produced
in the S1 pollen of the former but not in the S1 pollen of the latter

The observations suggest that interspecific S-gene determination may be
gametophytic for the S1 alleles but sporophytic in the case of the S1 allele.
This sporophytic determination of the Sf allele occurs very early, possibly at the
time of floral induction, or even earlier. Irradiation of floral buds, therefore,
does not produce effective mutations, for by then the S-gene product is already
laid down in the cytoplasm.

By analogy it is suggested that in species with a sporophytically determined
intraspecific incompatibility system, the S-gene products may also be laid
down very early. This is in accordance with recent cytochemical observations.

In SISf hybrids the difference in time and tissue of action between sporo-
phytically active S and gametophytically active S may allow the two alleles
to be expressed without interaction.

1. INTRODUCTION

INTERSPECIFIC pollen-style incompatibility between closely related species is
controlled together with intraspecific incompatibility by alleles of the S locus
(Lewis and Crowe, 1958; Pandey, 1961, 1962a, b, 1964, 1968, 1969a).
However, although the intraspecific system has been broken down by
irradiation in a number of cases (Lewis, 1948, 1949, 1951, 1954a, b; Lewis
and Crowe, 1954; Pandey, 1956, 1959, 1965, 1970; Brewbaker and
Natarajan, 1960), similar techniques have so far failed to overcome inter-
specific incompatibility (Davies and Wall, 1961). Furthermore, compati-
bility has been achieved by irradiation only in species with the gametophytic
system of self-incompatibility, there being no comparable report for species
with a sporophytic incompatibility system.

It has been proposed (Pandey, 1973) that when a gametophytically
self-incompatible species becomes self-compatible there is, in time, an erosion
of the S-gene complex associatedwith a progressivesporophyticdetermination
of S-gene elements. Thus, self-compatibility alleles in species with relatively
long-established self-compatibility may all be sporophytically determined.
If this hypothesis is correct, it leads to the prediction that irradiation of the
pollen parent at flowering may produce S-gene mutations overcoming
interspecific incompatibility in gametophytically self-incompatible species,
but not in self-compatible species.

This prediction has been confirmed. In the present experiment it has
been found possible to break down interspecific incompatibility by
X-irradiating pollen parents of self-incompatible J'Ticotiana glauca (81S1).
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However, in contrast it has proved impossible to produce similar mutations
in the pollen of X. langsdorffii (S,S,) in which self-compatibility has probably
been relatively long established.

2. MATERIALS AND METHODS

The sources of seed and experimental conditions have been given pre-
viously (Pandey, 1 969a, b, 1973). The following materials were used:

Irradiated pollen parents
JV. langsdorffii (S,S,), 4 plants.
J1. glauca (S1S1), 3 plants.

Emasculated female parents (usually multiplied by cuttings)
J. alata (S1SF10), 2 plants; (S3SF1O), 2 plants. These 4 plants were

selected for short flower length to enable pollen of the smaller-
flowered species X. langsdorffii to traverse the full length of the style
without difficulty.

3sf. alata hybrid (SF11SF11), 2 plants with smaller flowers extracted from
the hybrids .N. langsdorffii () x /sf. alata (s') and tested for normal
self- and cross-compatibility behaviour before use.

S1 and SF1 alleles both condition normal intraspecific incompati-
bility but are polymorphic with regard to S pollen of fyi langsdorffii.
Styles containing SF1 alleles reject this pollen while styles containing
only S1 alleles accept it. Thus the above 6 3sf. alata and 3sf. alata
hybrid plants are normally incompatible with Jvi langsdorffii pollen.

3sf. forgetiana (S1S1), 2 plants of a polymorphic line which normally
rejects pollen of /i. langsdorffii (Pandey, l969b).

fyi langsdorffii and fyi glauca inflorescences with a few buds at meiotic or
tetrad stages but most at premeiotic, sporogenous, or presporogenous stages,
were X-irradiated at 500 r (210 KVP, HVL 1.7 mm Cu, 15 mA, 50 cm
distance, dose rate 429 r/m). As irradiated buds came to bloom their
pollen was used on the stigmas of the female parents. The maximum
radiation-induced pollen sterility was usually below 50 per cent. In order
to prevent premature abscission and consequent loss of rare mutant seeds
/3-naphthoxy acetic acid (1 per cent in lanolin) was applied to the calyx of
pollinated flowers (Lewis, 1948).

3. RESULTS AND DISCUSSION

Results of the pollinations are shown in table 1. Nine pollinations with
irradiated S1 pollen of one 3sf. glauca plant produced a total of 70 hybrid
seedlings. The obtaining of a progeny from only one pair of parents probably
indicates a specific genomic compatibility between these two individuals,
failure in the other combinations possibly being due to zygotic abortion or
poor seed development rather than to S-gene incompatibility. This is
supported by the observation that when a compatible polymorphic line of
3sf. forgetiana was pollinated with unirradiated fYi glauca pollen, viable seed-
lings were produced only when )V. glauca P1. 2 was used. Seeds obtained
from pollen of 3sf. glauca P1. 1 gave Seedlings which collapsed soon after
germination.
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In contrast to the results obtained with N. glauca pollen, no hybrids were
produced in any of the combinations involving irradiated S1 pollen of
N. langsdorfJii. This failure represents true S-gene incompatibility since fully
viable hybrid seeds can be produced if compatible polymorphic forms of the
female parents N. alata and N. forgetiana are used.

The breakdown of incompatibility in irradiated N. glauca pollen is
believed to be due to mutation in the S complex rather than to irradiation
effects on cytoplasrnic constituents. Firstly, the incompatibility in the
N.forgetiana x N. glauca cross is expressed in the stigma, or close to the stigma
in the style, and hence cannot be considered as weak incompatibility which
could be easily overcome in this manner. The similar but much more
extensive experiments with the N. langsdorffii pollen consistently failed to

TABLE I

Results of pollinations with irradiated pollen of N. langsdorffli and N. glauca

Hybrid
Flowers seedlings

Male parent Female parent pollinated obtained

JV langsdorffii .W. alata 200 0
(SfSf) N. alata hybrid 380 0

X.forgetiana 544 0

Total 1124

N. glauca Plant 1) ( 71 70**
(S1S1) 2 N. forgetiana Plant 1 112 0

3J (. 49 0
Plants 1, 2 and 3 N. forgetiana Plant 2 25 0

257 70

* A number of maternal S-homozygous parthenogenetic diploids were recovered from
these combinations (Pandey, 1974).

** Recovered from a total of 9 successful pollinations.

produce any hybrid seed, although here in at least one combination
(N. forgetiana P1. 2 x N. langsdorffii) normal incompatible pollen tubes
reached almost half the length of the style. Secondly, the dose was too
small to affect cytoplasmic constituents sufficiently to overcome a strong and
rapid incompatibility reaction of the type shown in N. forgetiana x N. glauca
crosses. Thirdly, the changes observed were apparently limited to occa-
sional random flowers. Unfortunately, owing to a high degree of sterility it
has not been possible to directly test the pollen of the irradiation-induced
N. forgetiana x N. glauca hybrids for S-gene mutations. This means that the
mutational basis of the change cannot be verified beyond doubt.

The results show that S pollen from a self-compatible species and Si
pollen from a related self-incompatible species differ in the response to
irradiation of their interspecific reaction. It is believed that effective
mutation of the S complex can be induced only by irradiation before the
gene products which determine incompatibility behaviour are laid down in
the cytoplasm. If S-gene determination is gametophytic, as in S1 pollen of
N. glauca, then irradiation at any time prior to this stage should result in
mutation. The earlier in anther development the mutation occurs, the

33/2—S 2
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larger will be the final sector of mutant tissue, and the greater the number of
hybrid seeds which the use of such an anther might be expected to produce.
However, this will be realised only if each flower is pollinated with all the
pollen of a single anther. Owing to large variability in the amount of pollen
between individual anthers in irradiated flowers, this procedure was not
strictly practicable. Hence, the seed-set results can only be regarded as
indicative. Nevertheless, a pattern of this type is shown in table 2 by the
time sequence and seed set data for the 9 successful pollinations with irra-
diated .N glauca pollen. If, on the other hand, S-gene action is sporophytic
and occurs early in floral development, irradiation after this time will be
ineffective. The results are consistent with gametophytic S-gene determina-
tion in N. glauca, but suggest that in N. langsdorffii the interspecific incompati-
bility conditioned by the S allele is sporophytically determined and occurs
very early, possibly with floral induction or even earlier.

This difference in the time and tissue of action of S1 and S1 alleles gives a
more logical explanation for the lack of allelic interaction at the primary gene

TABLE 2

Pollination time and seed set in the combination
N. forgetiana (female Plant 1) x N. glauca (Plant 1)

Days from irradiation No. of Mean seeds
to pollen maturation pods per pod

Buds irradiated late
in development 16-19 6 52

Buds irradiated early
in development 33-41 3 81

action phase in SS hybrids of N. alata x N. langsdorffii and N. forgetiana x
N. langsdorjii observed by Pandey (1964, and unpublished). All pollen have
the S1 specificity laid down sporophytically. However, 50 per cent of
grains carry the S1 allele which is independently and gametophytically
expressed to render this half of the pollen self-incompatible. A similar
situation has been found in a strain of N. glauca where self-compatibility and
self-incompatibility alleles occur in the same plant (Pandey, 1973).

If the interspecific reaction of self-compatibility alleles is sporophytically
determined and gene action occurs very early in development, it seems
reasonable to expect similarly early action of both inter- and intraspecific
components in species with sporophytic systems of intraspecific incompati-
bility. In such cases the S-gene products would be already laid down in the
primordial anther tissues, and in particular may later be deposited in the
pollen exine from the tapetum. This is in agreement with recent observa-
tions on the location and derivation of "pollen recognition substances"
involved in inter- and intraspecific sporophytic incompatibility (J. Heslop-
Harrison, 1967, 1971; Knox and J. Heslop-Harrison, 1969; Knox, Willing
and Pryor, 1972; J. Heslop-Harrison, Y. Heslop-Harrison, Knox and
Howlett, 1973; Knox, 1973).

The present observations show that ionising radiation may have a practi-
cal application in achieving interspecific hybridisation where the parents are
genomically compatible and a gametophytically self-incompatible species
can be used as the irradiated male parent. Previous unsuccessful attempts
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to achieve interspecific hybridisation may in certain cases be attributed to
failure to fulfill these conditions.

Further irradiation experiments of this type may also assist in clarifying
physiological and evolutionary aspects of S-gene expression.
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