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Abstract

The haploid generation of higher plants has to be considered in its own
individuality. Special experimental designs are needed to investigate the
developmental processes of the male and female gametophytes between
meiosis and fertilization, Experiments on Oenothera demonstrate the existence
of genes, which action can be described as influencing the competition
between meiospores or between gametophytes, or as interaction between
different individuals, the gametophytic-gametophytic and gametophytic-spo-
rophytic incompatibility. The development of the haploid generation is regu-
lated by genes. Some of these genes are active only in this phase of the
life cycle.

Key words: Oenothera, gametophyte, gene action, competition, fertilization,
incompatibility.

The generation cycle of plants with a diploid sporophyte and a haploid
gametophyte is well known, but, in investigations on the development of
these plants, the importance of the haploid generation is often neglected.
The embryo sac is considered as a part of the ovary without its own
individuality and the pollen tube is taken as a structure necessary only
to carry the male gametes. Sometimes even the difference between the
carrying structure and the gametes is overlooked. A haploid cell has
some genetic similarities with the plant on which the meiotic mother
cell was formed. It can contain only alleles that were present in the
mother plant, but is does not contain all the alleles, only one-half of
them. The haploid spore and the gametophyte coming forth from it is
not just a part of the mother plant, but an individual that is genetically
different from the diploid from whom it originated and has its own
developmental history.
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It §s acknowledged on the other hand that the development of an
individual is regulated by genes which come into action at certain stages.
From these statements several questions arise: Is the development of the
haploid spores into gametophytes after meiosis completely regulated by
the mother plant or has in fact the gametophyte its own genetically
controlled regulation system for its development? Are there genes which
are specially designed to regulate the development of the gametophyte
and which are inactive in the diploid phase? At first the assumption of
gametophytic genes sounds rather odd, but there must be many genes
which are active only during a short part of the life spam or at a certain
stage of a few cells only, so why not only in the haploid phase? The
development of the haploid generation, the embryo sac and pollen tubes,
has a great importance for the propagation, the developmental biology
and the genetics of higher plants. So we are entitled to have a special
interest in the gametophytes.

The Mendelian laws of inheritance are based on the following assump-
tions (Fig. 1): 1) In a heterozygote a./a, the gametes with the alleles a,
or a, respectively are produced with the same frequency. The probability
of fertilization of a gamete is independent of the genetic constitution of
the individual on which it was produced, or in other words, all gametes
with the allel a, have the same probability of fertilization, independent
of their origin from a homozygote a./a, or from a heterozygote a,la..
2) In higher plants, the additional assumption is made that the genetic
constitution of the two sporophytes which are involved does not influence
the development of the gametophytes, and, that the gametes which will
fertilize one another, are taken at random out of the poll of gametes,
irrespective of their origin and their genetic constitution. These assump-
tions are the basis of population genetics of higher organisms.

1. frequency of gametes of heterozygote
h(ay) = h(ay) = 0.5
2, probability of fertilization independent of allele in gamete
P(f|ax) = P(f|ay)
3. probability of fertilization independent of parent
P(fax | axax) = P(fax|axay)
4. probability of fertilization independent of partner
Pfa.xlax) = P(faxlay)

Fig. 1. Assumptions on which the expectation for segregation ratios in Mendelian
inheritance is based

Only the first assumption is justified by the mechanism of meiosis.
A meiocyte of a diploid heterozygous individual a./a, develops into
4 haploid cells in which the two alleles a, and a, have the relative
frequency of exactly h=0.5. In random selection of a haploid cell, the
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probability that this cell will contain a certain allel a; is p(e;)=0.5, where
ie{x,y}. All of the other assumptions are very convenient, but there is
no reason to take them for granted in every case without proof. Only if
during the development of the haploid cells into gametes, which can go
on directly or by means of the haploid generation, neither propagation
nor selection occurs, will this same probability hold for the fertilizing
gametes.

Already during the first years of genetic research, deviations of
segregation numbers from those expected on the grounds of Mendelian
laws were observed in cases where was no doubt about the mono-
factorial basis of a character and the heterozygosity of the parents
(review: Harte 1967, 1975). If in controlled progenies significant devia-
tions from this expectation occur, and if in addition a selection process
in the diplophase by death of individuals between the origin of the
zygotes and the time of observation can be exluded, then selection in the
haplophase remains as the only interpretation of this result. There are
three possibilities for such a selection process: incompatibility, selective
fertilization and competition between cells in the haploid phase. This
can involve the spores, the gametophyte or the gametes.

The term “incompatibility” in the context of biology of fertilization
means a disturbance in the cooperation between the pollen tube and
those tissues of the flower that are important for the growth of pollen
tubes and fertilization. This leads to the inability of the pollen tubes
to grow through the style and prevents them from delivering the gametes
to the embryo sac.

The term “selective fertilization” covers all processes which lead to
the situation that the relative frequency with which the expected diploid
genotypes are formed by fertilization, deviates from the probability with
which they should occur by random meeting of the two cells from the
pools of male and female gametes. This means that the probability with
which a random meeting of the two gametes will lead to fertilization
depends on the genetic constitution of these two gametes.

The term “competition of spores or gametes” means, on the contrary,
that in case two gametes meet, the process of fertilization occurs at
random, but that the probability with which a gamete of a given geno-
type will meet another gamete does not correspond to the relative
frequency of this genotype in the population of spores after meiosis
(Figs. 2, 3). This difference between the relative frequency of a genotype
in a heterogenous population of gametes and the probability of fertiliza-
tion will arise when the genome contains genes which influence any
characters of the gametes or gametophytes which are important for the
process of fertilization. Then the chance of a cell to be involved in fertili-
zation is correlated with the gene-dependent expression of the character
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under consideration. A formal description of the phenomena is given in
the figures. The genus Oenothera gives examples for all three cases.

P(a;) = probability of a gamete with the allele a; in the population
P’(a;) = probability of a gamete with the allele a; at fertilization

Mendelian population
P(a;) = P'(ay)

competitive gametes
P(a) # Play)
and P(ay) < P'(ay) if P(ay) > P'(ay)

Fig. 2. Probability P’ for the occurence of the alleles ar and ay in the population
of gametes at the time of fertilization

(ax|axax) = gamete with allele ax from diploid homozygote a.a,
(ax]axay) = gamete with allele ax from diploid heterozygote axay
P(ayx) = probability of fertilization of a gamete with allele a,
Mendelian population:

P(axlaxax) - P(axla-xay}
parent-determined competition:

P(ax|a,¢ax) = P(ax|axay)

Fig. 3. Competition between gametes dependent on diploid parent

Let us first consider incompatibility. Emerson (1939, 1940) found
in Oenothera organensis a population of plants that did not set seed
after selfing. The genetical analysis carries the hypothesis that a gene
exists with many alleles that influences the development of the pollen
tubes. A pollen tube with the allele s; cannot grow in a style whose cells
contain the same allel, irrespective of the other allel that is present in
the diploid. There must be an interaction between a gene product in the
style and another in the pollen tube, made by the same allele so that the
result is the inhibition of the growth of the pollen tube.

From this several questions arise: There are multiple alleles at the
S-locus. Is there an extremely high mutation rate, or a selection process
in favour of multiple alleles? At which stage of development will the
gene in the pollen be active? Is the reaction already fixed when the
pollen germinates or will the S-allele become active anly as reaction to
the gene product or are there two, a different on in the style and in
the pollen tube? Experiments on mutagenesis by Lewis (1948, 1949,
1951) gave the answer to all of these questions. The mutation rate after
irradiation was not extraordinarily high. When mature pollen was ir-
radiated, mutations did occur, but the mutation was ineffective for the
pollen in which it occured. Only in the next generation was the change
of reaction type found. This means that the reaction of the pollen was
determined before the mutation occured. After irradiation of the young
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pollen immediately after meiosis, however, the pollen with a mutated
allele could grow in the style of a flower with the original allele, where
it should have shown the incompatibility reaction. The conclusion is, that
the S-gene is active shortly after meiosis during the development of the
microspore into the pollen grain. When the gene product is present, a
mutation cannot bring about a change in the behaviour of the pollen
tube developing later from the pollen grain. The investigations of the
next generations with mutations of the S-locus showed some peculiarities
of the new alleles. In some of them only the pollen reaction was changed,
but if they were present in the style, the new alleles behaved like the
old one, from which they originated. In other cases (Prunus avium, L e -
wis and Crowe 1954) the reaction was changed when the new allel
was present in the style. It did not disturb the growth of pollen tubes
with the original allele but, when present in the pollen, it could recognize
the original one in the style (Table 1). The interpretation is, that the
S-gene is a complex locus and consists at least of two closely linked
parts, one for the reaction of the style and one for the pollen reaction.
In Titerature such reaction are described as gametophytic incompatibility,
but this takes into account only the reaction of the pollen tube, which is
seen as being regulated by its own genes. In fact, the reaction depends
on the interaction with the diploid cells of the stylar tissue. Therefore
it should be called a gametophytic-sporophytic incompatibility system.
Similar incompatibility systems as that investigated in Oenothera orga-
nensis were found in other sections of the genus QOenothera and can
explain some cases of deficiency of genotypes in the progeny (Steiner
1957, 1961a, b).

Table 1

Behaviour of mutated S-alleles

| Ongmal allele | Mutated allele | Action
- = ! B S
s <-s,’ P pollen rea.cnon changed
g i stylar reaction changed
Genetic constitution of '. . )
- — reaction of pollen tube in style
Pollen tube | style |
o T |
s, | S Si growth of pollen tube
8 E S, 8§ inhibition of pollen tube
8" S; 8 inhibition of pollen tube
Sg 8"’ B growth of pollen tube
8y | Se S inhibition of pollen tube

If the pollen tube can pass trough the style, its next problem is to
find the egg cells in the ovule. This raises the question if meeting of the
gametes is random or if there is a preference for certain combinations

10
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called selective fertilization. Histological preparations showed that the
pollen tube reaches the egg through the micropyle (Renner and
Preuss-Herzog 1943). It seems as if chemotropism is involved. If
the pollen tube is attracted by the ovule, then fertilization should be
random in cases of genetic heterogeneity of embryo sacs or pollen. In
Oenothera of the section Raimannia, Schwemmle (1949, 1953a, b) and
his collaborators investigated the progeny after selfing and crossing of
several species (review: Haustein 1967). In this group there were
homozygotic species such as Oe. berteriana and Oe. odorata. Both Ren-
ner-complexes occured at random in the embryo sac and in the pollen,
but never all of the genotypes which were expected were found in the
progeny. Some examples are shown in Table 2. The hybrids were viable.
The homozygotes were lethal, but could be found and identified as dege-
nerating embryos or empty seeds.

Table 2

Selective fertilization (data from Schwemmle 1953a, b)

Species Complexes
QOenothera berteriana b-1
Oenothera odorata v-I
Oenothera argentinea ha- ha
Crosses ? g i
expected [ found
bert x bert b, 1 b, 1 b-b, 1-1, b-1 b-l, b-b*
25% 259% 509% 95% S
bert x od. b, | v, 1 b:v, b 1, 1, b-v 0.15%
1-1 b-1 <50%
259 each 1-v >25%
1-1 <25%
bert x 1 1 b-1, 1-1 50%each| b-1 1009
bert X v b-1 v b-v, 1-v50%each| 1-v 1009
bert xb b b-b, 1-b 50%each| b-1,b-b*50%each
bert x v* x ha** b, 1 v, ha b-v,1-v1:1
b-ha, 1-ha 1:1 l'v, b-ha

* first fertilization, ** second fertilization.

With some experience it is possible to create hybrids where only
pollen with one of the complexes is active, the other lethal or inactive.
Crosses with homogenous pollen are then made possible. The results of
many experiments show, that there exists a genetically controlled affinity
between pollen tubes and embryo sacs. Some hybrids do not occur in
crosses where they are expected, because a pollen tube with a certain
complex does not enter an embryo sac with the same genetical consitu-
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tion. Double pollinations, where a first batch of pollen brought onto the
style had the opportunity of fertilization ad libitum and a second batch
of genetically different pollen several hours later had to take the left-
-overs, confirmed this hypothesis. The results of some of these crossing
experiments are given in Table 2.

The conclusion is that a gene exists that is active in the pollen tube
and the embryo sac. It is responsible for the chemotropic cooperation
between the gametophytes. This encompasses the attraction by the em-
bryo sac and the reaction of the pollen tube as well. There is a high
degree of plausibility for the assumption that this involves the production
of a chemotropical active substance by the embryo sac which is different
according to the genotype and the specific attractability of the pollen
tube. The prevention of fertilization by genetical similarity of pollen tube
and embryo sac is a special case of incompatibility between the two
gametophytes. It is a gametophytic-gametophytic incompatibility system.

Table 3

Genetic constitution of gametes and progeny of Oenothera biennis

| In egg cells
| Complex | *albicans | rubens
g rubens vital lethal embryo
:8. embryo empty seeds
5 ®Palbicans \
inactive — | —

The deviations of the frequency of genotypes from Mendelian segre-
gation can be brought about by still another process. First Renner
(1921) found unexpected segregations in Oenothera-progenies and gave
the interpretation of competition in the haploid generation specially
during the development of the embryo sac. In heterozygotic species of
the section Eu-oenothera he found that the two gene-complexes did not
occur with the same frequency in the embryo sacs (Table 3). A quantita-
tive look at the problem is only possible by means of experiments which
are planed specially for the purpose of investigating competition in the
haploid generation. It was necessary to make an experimental design so
that the data could not only proove the existence of competition, but
would also provide estimates of the causes of variability of the compe-
tition in both sexes. The experiments were made possible by the forma-
tion of gene-complexes in Oenothera as the result of reciprocal translo-
cations between chromosomes. For investigating the competition in the
ovaries, heterogamic species and their hybrids, which all had a high
degree of chromosomal catenation, were used. One of the gene-complexes
which was inactive in the pollen and was inherited only through the
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eggs, was called the egg-cell-complex. The functioning pollen of such
a hybrid was homogenous and contained the other complex, called the
pollen-complex. In the cases investigated, the pollen-complex contained
a lethal gene which caused the death of the homozygous embryos. After
selfpollination in a plant whose genetic constitution was characterized by
an egg-cell-complex and a pollen-complex, vital embryos could only de-
velop from embryo sacs with the egg-cell-complex fertilized by the pol-
len-complex. The eggs which contained the pollen-complex would, after
being fertilized by a sperm cell with the same complex, develop lethal
embryos which could be detected as empty seeds. We crossed 13 species
so that we had 86 species and hybrids. Each egg-cell-complex was com-
bined with several pollen-complexes and vice versa. The flowers of the
Fy; were selfpollinated and the frequency of seeds with viable embryos
was determiined. A statistical analysis of these frequencies was per'formed
(examples in Table 4) (Harte 1958a, b, c).

Table 4

Frequency of pollen complexes in egg-cells

| 2o pol]en complex !

Species i Complexes = egg-eclls |
| |
QOe. biennis | ®albicans - rubens 112
race Hannover | ' ]
hybrid excellens - rubens 30%
strigosa deprimens - sfri.qgen.r| < 29 I
hybrid ®albicans - stringens ‘ 6-17% I

- There are two main hypotheses to be tested. First, if the genetic
constitution of a megaspore does not have any influence on the chances
of development, then both gene-complexes should appear in the fertile
embryo sacs of a heterozygote with the same probability of p = 0.5, and,
as a consequence, the same holds for the vital embryos after selfing.
A significant ‘deviation from this expectation in the direction of more
vital embryos prooves that the megaspores with the egg-cell-complex
develop more frequently into an embryo sac than those with the pollen-
-complex. In this case there must be competition between the megaspo-
res in the tetrad of one meiocyte. The data show that the chance of
a megaspore with a certain egg-cell-complex to win this competition is
variable and depends on unknown environmental influences which vary
between plants and between flowers of one plant during the vegetation
period.

In the second hypothesis, the crucial question is, whether strength of
the egg-cell-complex, measured as its success to appear in the embryo
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sacs of a heterozygote, depends only on its own genes, irrespective of
the other complex with which it is combined. The alternative hypothesis
is, whether the primary factor is the inability of the megaspores contain-
ing the pollen-complex to develop into an embryo sac. In this case the
remaining megaspores with the egg-cell-complex only have to take the
open places, as was suggested by Renner (1940). In several cases it
could be prooved that a change in competition behaviour of pollen-com-
plexes, which passed through the embryo sac into the next generation,
was accompanied by other genetic changes (Oehlkers and Harte
1943).

According to the first hypothesis, the frequency of the vital embryos
should depend only on the egg-cell-complex of a hybrid and be indepen-
dent of the pollen complex with which it is combined. From the alter-
native of the hypothesis it follows that mean and variances of this fre-
quency should be the same in all hybrids with the same pollen-complex,
irrespective of the combination with different egg-cell-complexes. The
results of the analysis of the data is that the pollen-complexes differ in
their strength, but the megaspores containing the egg-cell-complex do
not take over passively the open places left by non-developing compe-
titors. They clearly influence the result of the competition. An interaction
exists between the two complexes in a heterozygote. The outcome of the
competition in a new hybrid cannot be predicted by the knowledge of
their behaviour in combination with other complexes.

This can be illustrated by an example (Tables 3, 4). The pollen-com-
plex rubens will apear in the embryo sac of its natural species, Oenothera
biennis, in appr. 11%. In the combination with the complex excellens of
Oe. chicaginensis, this frequency is 30%. The pollen-complex stringens
of Oe. strigosa appears in the species in less than 2% of the eggs, but in
the combination Palbicans - stringens the frequency of lethal embryos
varied in different years between 5% and 77%.

The genetic factors which are involved in the megaspore competition
cannot act directly, but they determine the range of variability in which
the hybrid can react to modifying influences. This range is very narrow
in the heterozygotic species and extremely large in some artificial hybrids.
The complexes of a species are in balance in relation to their competitive
ability. In species hybrids such a balance does not exist. From this it
follows that the genetic influence on the development of the megaspores
and the embryo sac cannot be a simple one, and that a polygenic back-
ground is the most plausible explanation.

In the experiments described untill now, the complexes were taken
as units. The lethal factors, for which it is known that crossing-over
against the translocation points of the chromosomes is negligible, were
used as markers for the whole complex. For investigations on details of
the genetic basis, other hybrids had to be used, where the catenation of
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the chromosomes is less, so that the complexes fall apart in chromosome-
-groups and bivalents during meiosis. Some of these groups can be ge-
netically identified by markers which influence characters of the sporo-
phyte. These loci can be used to find details about the genetic basis of
competition between the spores (Harte 1948, 1961, 1969a, b, c).

The first linkage group corresponding to the chromosome ends num-
ber 1 to 4 contains the loci s for flower colour and de for form of the tip
of the inflorescence made by the bracts. In the hybrids between "hookeri
and flavens, these chromosomes form a ring of four, so that the translo-
cation point T can be used as an additional marker. In both complexes
there are no lethal factors located in these chromosomes. All three loci
show significant deviations from expected segregation ratios. First it
was assumed that the alleles of the gene s influence the development of
the gematophytes in addition to their action in the sporophyte. With an
appropriate experimental design it was possible to test and reject this
hypothesis. The species Oe. hookeri and suaveolens are both available in
races with yellow and sulfur flowers, corresponding to the alleles s+ and
s respectively (Table 5). So these two alleles can be introduced into the
hybrids in different combinations with the two complexes "hookeri and
flavens. The hybrids were backcrossed to Oe. hookeri sulfurea, homozy-
gous for s and de, and other appropriate partners (Table 6). The result
'was in all cases that, irrespective of the combination in which the alleles
and complexes were introduced into the hybrid, the alleles of "hookeri
were significantly over-represented in the progeny. A similar result was
found in backcrosses with the pollen of the same hybrids.

Table 5

Results of test crosses of “hookeri - flavens-heterozygotes with double
recessive gametes

Progeny
from back
Heterozygote Crosses ex-
cess from
gametes
bhookeri H s* de ga*t - flavens F s* det ga~ H de
bhookeri H s* de gat - flavens F s de* ga~ H s* de
Yhookeri H s de ga™ - flavens F s* de* ga~ H s de
bhookeri H's de gat - flavens F s de* ga~ H de

These experiments lead to the interpretation that in the first chro-
mosome group, which cytologically corresponds to a translocation figure
of 4 chromosomes, a gene ga must be present that influences the deve-
lopment of the gametophytes. The allele gat* lies in one of the chromo-
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Table 6

Test crosses with hybrid Oenothera “hookeri - flavens

1
. Test I:olr Competition .
Hybrid Backcross parent Complex competition gene Test loci
in |
1
| |
3 .l Q Oe. hookeri Yhookeri s* | pollen | ga (m) T, de
| @ Oe. hookeri sulfurea “hookeri s | T, s, de
? d Oe. hookeri Yhookeri s* | embryosac | ga (f) T, de
& Oe. hookeri sulfurea Yhookeri s T, s, de
& Oe. suaveolens flavens s* T
& Oe. suaveolens sulfurea | flavens s ‘ | T, s

somes of "hookeri, the allele ga~ in flavens (Fig. 4). The influence of
these alleles cannot be seen in a homozygote. In heterozygotes the spores
with the allele ga* have a better chance for developing a gametophyte
and bringing their gametes to fertilization than those with ga™ This
leads to the result that the alleles of the same linkage group, which were
introduced into the hybrid in the cis-configuration with ga*, will be
over-represented in the gametophytes. The corresponding phenotypes will
be found more frequently in the progeny than expected on the assump-
tion of undisturbed Mendelian segregations (Harte 1948, 1953).

s flower colour yellow | sulfurea
de position of bracts bent up | down
T translocation point for chromosomes
hhookeri 1 * 2 and 3 * 4
flavens 1 * 4 and 2 * 3
ga (f) gene for @ gametophyte competitive ability
ga (m) gene for § gametophyte competitive ability

2ord

|
de T

=

Lor2

Fig. 4. Oenothera hookeri + flavens, map of the first linkage group
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The design of the experimental crosses and back-crosses enabled the
testing of the variability of segregation for the test loci s, de and T in
the progeny. For interpretation of the results, the crossing-over between
the markers and the ga-locus must be taken into consideration. Let us
start with the hypothesis that ga* and g— without exceptions determine
the fate of a cell as winner or loser in the competition. Then, another
gene closely linked to this locus will show a great deficiency of the allele
linked to ga—. Only in the exceptional cases when this allele is connected
with ga* by crossing-over, it will appear in a functional gamete. Other
genes located further away on the chromosome will have a higher cross-
-over frequency, therefore appear more often with ga*. The other allele,
which was originally connected with ga* will be connected
with the same frequency with ga— and have the disadvantage. By this
mechanism, the competition between ga= and ga* will have less effect
on genes on the remote ends of the chromosomes.

The translocation point T gives very great deviations from the expec-
tation of random segregation, so this locus must be very near to the site
of ga. For the loci s and de, the deviation is less and its variability greater
in this order. If we assume a variability of crossing-over-values, which
is prooved to exist in Oenothera, the hypothesis of two alleles at the
ga-locus is compatible with the results. The test crosses for showing the
competition in megaspores and microspores have the same results. It is
still not clear, if there exist two closely linked gametophytic genes, one
for the regulation of the development of the female and one for the male
gametophyte respectively, or if one gene can perform both actions. This
gene in the first linkage group controls the development of the microspo-
res and the male gametophytes which have different probabilities of
fertilization for their gametes. As it turned out that the interaction
between the haploid spores and the diploid heterozygous tissue of the
plant from which they originate is the most important factor for the com-
petition of both sexes, a single gene could be responsible for the compe-
tition of both megaspores and microspores.

Starting from different assumptions about the situation of the loci
on the chromosome arms of a translocation figure, a series of genetic
models was developed. Using different values for the frequency of cros-
sing-over between the markers and ga, and for the change of probability
of fertilization under the influence of the alleles at the ga-locus, it was
possible to develop a model for a branched linkage-map, correlated to
the cytological translocation figure (Fig. 4). The hypotheses of the loca-
tion of the 3 loci s, de and ga in different chromosome arms with the
distances (ga-T) << (s-T) << (de-T) best fits the experimental data, but
a linear arrangement with s and de at opposite ends cannot be excluded.
The discussion on several developmental models for the gene-action of
the ga-alleles brought out as the model with the greatest degree of plausi-
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bility the following hypotheses: There exists one locus with two alleles
ga* and ga—. Both are active in the diplophase with dominance of ga”,
but without visible effects on the phenotype of the sporophyte. Both
alleles are active in the spores and gametophytes of both sexes as well.
An interaction between the sporophyte and the spores in early stages of
their development leads to the disadvantage of spores with ga~ on a he-
terozygous plant containing gat (Harte 1969a).

The series of experiments to elucidate the time of action of ga-alleles
on the miicrospores leads to the conclusion that the determination of the
chance of fertilization under the influence of ga must be already finished
during microspore development in the anthers of a heterozygote. The
time when this determination comes to action must be during germina-
tion and the early development of the pollen tubes in the most upper
part of the style as was shown by certation experiments (Harte 1969Db,
1972). In other linkage groups genes are found which influence the com-
petition only between the megaspores in the ovules.

From these observations the question arises: what is the cytological
basis of the competition in the ovule? .Renner (1921) found some
pecularities of the development of the embryo sac in Oenothera, but this
was not enough to explain the genetical observations. A quantitative
analysis of the development of the megaspores and the embryo sac with
modern histological and cytochemical methods demonstrated that the
competition as it had been established in the genetical experiments, is
correlated to phenomena of polarity in the development of the tetrad of
megaspores and the embryo sac in the ovule (Noher de Halac and
Harte 1975, 1977). In Oe. hookeri and some heterozygotic species and
hybrids without competition, that means with normal Mendelian segrega-
tion in a genetic experiment, the tetrad of megaspores after meiosis is
heteropolar. Only the spore at the micropylar end of the tetrad can de-
velop into an embryo sac. On the contrary, in species and hybrids which
show competition in the genetical experiment, the tetrad of megaspores
is equipolar. The spores both at the micropylar and the chalazal end of
the tetrad can develop into an embryo sac. In these cases the spore with
the stronger complex wins the race against the other. In a random segre-
gation at meiosis, this complex will be in 50%0 of the cases in the micro-
pylar spore, and in the remaining 50% of the equipolar tetrads at the
chalazal end. In Oe. biennis, which has a very strong competition in the
ovules, in 95% of the tetrads the spores at both ends of the tetrad start
to develop into an embryo sac, and in appr. 50% the chalazal spore will
win. That is exactly what is expected on the grounds of the genetic
results of crosses with. Oe. biennis as female parent. We can draw the
conclusion that at least one of the genes which influence the competition
in the ovule act primarily on the developmental process that determines
the polarity in the tetrad of megaspores.
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It was shown by Rodkiewicz and his collaborators that the pattern
of callose in the ovule and embryo sac of Oenothera is reversed, compared
with other types of development of the megaspore (Rodkiewicz
1970, Kuran 1972, Sniezko 1976). We could confirm this and show
in addition, that in those Oenothera-species and hybrids, which have
gametophytic competition, there is a variability of the development of
the pattern of callose. Newer results demonstrate the genetic basis for the
development of polarity in the ovule and the presence of polarizing
factors which are independent from the callose pattern (Sniezko and
Harte 1983a, b).

The genus Oenothera has developed still other possibilities to show
us the genetic influence on the gametophytes. In green plants the chlo-
roplasts contain a special type of DNA. Extrakaryotic inheritance was
found in Oenothera by Renner (1921) appr. 60 years ago. Later the
material basis was localized in the chloroplasts, most probably in the
plastid-DNA. In Oenothera several plastomes are known and analyzed
by Stubbe 1959). In some combinations of a given plastome with
certain genoms the plastids cannot synthesize chlorophyll. This indicates
cooperation between karyotic and extra-karyotic genes in chlorophyll
synthesis. But these plastomes have other genes too. In Oenothera sua-
veolens the complex flavens does not have a pollen inactivating gene and
is active in egg cells and pollen tubes as well. Flavens-pollen develops
normal pollen tubes and can perform fertilization. Stubbe (1960)
found that flavens is inactive in the pollen, when this complex is com-
bined with the plastome of Oe. parviflora. These pollen grains can not
germinate. So the plastome of Oenothera must have a gene with at least
two alleles that cooperates with one or more karyotic genes in influencing
the germination of the male gametophyte (Stubbe 1959, 1960, 1964,
Stubbe et al. 1978).

Now we can sumamrize the results. In the genus Oenothera several
genes are known which regulate the development and function of the
gametophyte in both sexes. We still do not know all the genes influencing
this part of the generation cycle. For some of the problems there are
examples for other species too, as maize, Antirrhinum, Melandrium, but
until now only in the genus Oenothera an extensive analysis is perfor-
med. The reason is that only the researchers who were interested in the
peculiarities of Oenothera-genetics could ask the proper questions and
then had the answer from their object. In other genera there is a search
for genes with gametophytic action only in the cases of incompatibility
and plasmatic male sterility, which is of economic importance. All the
other examples were found only as unexpected results in experiments
which were planned for other problems. So we do not have any reason
to think that genes with gametophytic action are a speciality of Oeno-
thera. We can accept the hypothesis, that the development of the game-
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tophyte is regulated by genes just as it is generally accepted for the
sporophyte.

The analysis of gene-action in the development of the gametophytes
makes it possible to consider the evolution of the genmeration cycle of
higher plants. We can assume that originally there were forms with two
morphologically distinct and physiologically independent generations.
These had their own developmental program. So they needed special
genes to regulate this. Parallel to the reduction of the gametophyte,
which became dependent on nutrition from the sporophyte, some of the
genes with gametophytic action could be lost, but some remained and
others changed the pattern of action into the cooperation between ga-
metophyte and sporophyte which is found now.

The genus Oenothera is for many biologists a collection of exceptions.
But all these specialities in genetics, cytology and development give us
the opportunity for an experimental analysis of that part in the deve-
lopment of the plants, the gametophyte, which is difficult to approach
in other species. I consider this to be a very fascinating topic in develop-
mental biology.
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Kontrola genetyczna rozwoju pokolenia haploidalnego Oenothera

Streszczenie

Pokolenie haploidalne roélin wyzszych powinno byé traktowane jako odrebna
caloéé. Potrzebne sg specjalne warunki do$wiadczalne do badania proceséw rozwo-
jowych meskiego i zenskiego gametofitu w okresie miedzy mejoza i zaplodnieniem.
Wyniki badan Oenothera wskazujg na istnienie gendédw, ktérych dzialanie moina
uznaé za wplywajgce na konkurencje miedzy mejosporami lub miedzy gametofita-
mi, albo na wptywajgce na interakcje miedzy réinymi osobnikami (niezgodnosé:
gametofit-gametofit lub gametofit-sporofit). Rozwéj pokolenia gametofitowego re-
guluja geny. Niektore z tych genow sa aktywne tylko w tej fazie cyklu zyciowego.
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