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Abstract The plastids in the cells of the tapetum in
anther of Oenothera are involved in the development of
male sterility (mst). We combined nuclear homozygosity
for each of the two mst genes with the four different
plastomes of Oenothera and demonstrated that in both
cases the sterile anther phenotype is independent of the
plastome. The experiments provide additional informa-
tion on competition between megaspores and embryo
sacs in the ovule.
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Introduction

In Oenothera two nuclear genes for male sterility mst, fi
and ster, have been identified (Oehlkers 1926; Harte
1942, 1948). Both genes act on the sporophyte. The
pollen of heterozygotes, fr/+ fr and ster/ + ster, is fer-
tile, irrespective of the genotype of the individual pollen
grain. The phenotypes of the mutant homozygotes, fr/fr
and ster/ster, are characterized by the degeneration of
the contents of the anther after meiosis. The degener-
ation process has been described by several authors
(Ochlkers 1927; Harte and Bissinger 1952; Noher de
Halac 1985, Noher de Halacet al. 1990). One of the most
characteristic deviations in the development of the male-
sterile anthers of the type sterilis (ster/ster) has been
identified as a malfunction of the plastids in the tapetal
cells (Noher de Halac et al. 1992) that influences lipid
metabolism in the anthers.
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In Oenothera it is a well-known fact that genetic
differences occur in the plastome, the DNA located in
the plastids (Stubbe 1989). The question that therefore
arises is whether the influence of the nuclear genes on
plastid metabolism, which is involved in the develop-
ment of male sterility, depends on the plastome with
which they are combined. To solve this problem, nuclear
homozygosity for each of the male-sterility alleles, fr
and ster, must be combined with different plastomes.
This is made possible by the availability of test stocks
that combine an identical nuclear genetic constitution
with each of the different plastomes I IL TII,IV. Such
stocks have been constructed by W. Stubbe, (University
of Diisseldorf, FRG), to whom we are indebted for pro-
viding plants and seeds of his stocks for our experiments.

Our study consists of two parts. The first was con-
cerned with the genetics of the experiment and the
second part with histological, histochemical and devel-
opmental investigations of the different genotypes that
are characterized by the alleles of the male-sterility genes
and the plastomes. The first part on the combination of
the mst genes with four different plastomes is presented
here.

Materials and methods

The following genotypes were used in the experiments. The nomen-
clature of the species and Renner complexes is according to Harte
(1993) who also describes the pedigree of the stocks. The species
consisted of Oe. hookeri de Vries (*hookeri-"hookeri), Oe. strigosa de
Vries (deprimens- stringens). Oe. suaveolens Desf. (albicans- flavens)
and Oe. blandina ("blandina-"blandina). The plastones, all from the
cultures of Prof. W. Stubbe, were Oe. albicans - undans with plastome ,
Oe. albicans-undans with plastome I1, Oe. albicans- undans with plas-
tome III and Oe. albicans-undans with plastome I'V. The male-sterility
alleles were Oe. "hookeri- velans ster/ster x ster/ + as source of ster,
Oe. strigosa de Vries and hybrids as source of fr, Oe. hookeri de
Vries x strigosa de Vries (*hookeri: stringens) + /fr, Oe. suaveolens
Dest. x strigosa de Vries (flavens:stringens)+ /fr and Oe. bland-
ina x strigosa de Vries ("blandina- stringens) + /fv.

Oe. blanding is a homozygous mutant of Oe. Lamarckiana de
Vries. The Renner complex *blandina is nearly identical to velans, but
without the sporophytic lethal. The mutant sterilis was found in the
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F, progeny of Oe. Hookeri x Lamarkkiana brevistylis (Harte 1948)
and has been maintained for nearly 40 generations by crossing of
sister plants sterilis x brevistylis, ster +"/ster +-®"Q/ster br x ster
br/ +"*brd. The Renner complexes hookeri and velans are very
similar to one another, differing only by one reciprocal translocation
of chromosome arms, some alleles for quantitative characters and the
sporophytic lethal in velans. As a consequence of the long period of
inbreeding the stock contains a mixture of chromosomes and alleles
from both parental complexes. It has lost the lethal allele from velans
and is essentially homozygous for all loci with the exception of ster
and br. The genetic stock Oe. "blandina- stringens with fr has been
created by backcrossing of the F, Oe. blandina x strigosa, "bland-
ina- stringens, with pollen of Oe. strigosa and subsequent crossing of
sister plants fi/fr x +/"/fr for many generations. The stocks of Oe.
*hookeri- stringens carrying fr were obtained either from the F, gener-
ation of the hybrid Qe. Hookeri x strigosa or by backcrossing of the
hybrid with pollen of Oe. strigosa and subsequent crossing of sister
plants fr/fr x fr/ /", which gives segregating familics. The same
method has been followed in constructing the stocks Oe.
Aavens- stringens fr/ +7".

The gametes of these heterozygous stocks contain not the pure
original Renner complexes but a haploid mixture of the components
of each. These gene complexes are designated, according to the
Oenothera nomenclature, as haplo- (") with the added names of the
two Renner complexes that are involved, e.g. *(*hookeri- stringens).

The genetic basis of the experiment

The genetic Renner complexes used in the experiment are character-
ized not only by their chromosome formulae and their allelic constitu-
tion, but also by their compatibility with the various plastomes of
Oenothera and the influence of their alleles on the development of the
haploid generation and on the competition between meiospores and
gametophytes in both sexes (Harte 1969a, b; Sniezko and Harte 1984).
These latter factors determine which genotypes will be represented in
the active gametes.

The Renner complexes albicans of the test stocks, derived form Oe.
biennis L., and deprimens of Oe. strigosa de Vries are active only in the
egg cells. The Renner complexes undans in the test stocks and
stringens of Oe. strigosa are only active in the pollen. The Renner
complexes " hookeri, *blandina, velans and flavens are active in both
sexes. In the hybrids, competition between the megaspores in the
ovule and between pollen tubes is influenced by the genetic constitu-
tion of the gametes. These selection processes determine which geno-
types will be represented in the population of fertilizing gametes.

In order to combine homozygosity for each of the male-sterility
alleles with the various plastomes, test stocks with a homogeneous
egg cell population, containing albicans and the plastids with the
particular plastome, must be used as the female parent. The mst
alleles are introduced by the male parent. This can be either a
constant hybrid with the mst allele in its pollen complex (Qe. strigosa
with stringens fr) or a segregating hybrid, e.g. Oe. "hookeri-velans
ster/ + ster, or a hybrid with stringens from Oe. strigosa.

Hybrids of the genetic constitution Oe. albicans-"(*hookeri-velans),
which have as chromosome configuration a ring of 14 chromosomes,
are obtained by crossing a test stock with a particular plastome as
female parent with plants containing the ster allele. In these hybrids
only pollen grains containing "("hookeri- velans) are active. Nearly all
egg cells contain *(*hookeri- velans); the frequency of egg cells with
albicans is very low. Self-pollination of such a hybrid results in the
formation of an F, family of Oe. (" hookeri-velans). The plants are
homozygous for all of the alleles contributed by the pollen grain that
gave rise to the F, plant that was the parent of this particular F,
family. In addition, only a few plants of a constitution similar to that
of the F,, Oe. albicans-"("hookeri- velans), are observed. In these, the
genetic segregation of single gene loci only occurs by crossingover.

The hybrids Oe. (albicans-undans x strigosa) albicans- stringens
(chromosome configuration: a ring of 12 chromosomes plus a bi-
valent) have only albicans egg cells and stringens pollen, irrespective
of the plastome constitution, and are constant hybrids. In the F,
families obtained by self pollination all of the plants are identical with

the F,, with the exception of a few genes segregating as a result of
crossingover, especially fir and s (sulfurea flower colour).

To increase the probability of obtaining homozygous fr/fr plants
in the F, families, the allele f¥ was also introduced by pollen from
hybrids with Oe. strigosa. Due to the small chromosome rings formed
in the hybrids Oe. flavens-stringens (422222), "hookeri- stringens
(44222) and "blandina stringens, the Renner complexes in these
hybrids break down during meiosis. The gametes contain a mixture of
chromosomes and genes from both complexes. This makes it imposs-
ible to predict the genetic contitution of a particular gamete and thus
of an individual F, plant arising from pollination with such mixed
Renner complexes. However, the mixed gene complexes will have a
0.5 probability of containing the fr allele from stringens together with
combinations of alleles at other loci derived from the two partners
that will differ in each gamete.

Because stringens, in contrast to the other Renner complexes with
which it is combined in the hybrids used for transfer of fi,is not active
in the embryo sacs, it can be expected that the mixed gene complexes
will also contain a mixture of the alleles that influence embryo sac
competition. One can expect to find gene complexes which will
transmit the fi allele through the egg cells in hybrids with albicans, but
neither the frequency of this event nor the behaviour in a particular
case is predictable. The same holds for the genes that are responsible
for the incompatibility of some genomes with particular plastomes.

The phenotype “male sterility”, which is determined by
homozygosity for recessive alleles of both loci, is obviously expressed
in combination with the plastome of the species in which they were
first observed. This is the plastome I of Oe. Hookeri de Vries for ster
and of Oe. Hookeri de Vries and Oe. suaveolens Desf. for fr. Our study
is concerned with the question of cooperation with the other plas-
tomes.

Results

Male-sterile type sterilis, ster

The test stocks with the different plastomes were crossed
with pollen of the heterozygote Oe. "hookeri-velans
ster/+**. The F, plants and the F, progeny have the
plastome of the female parent of the F, hybrid. The male
parent is heterozygous, so only one-half of the F, plants
will have the required constitution ster/+*¢". Self polli-
nation of the F, hybrids gives rise to F, families, cach
derived from a single F, plant, of Oe. (" hookeri- velans).
All of the plants of any one family will have either
normal fertile anthers or male-sterile anthers of the
sterilis type. Both kinds of F, families are expected to
occur with nearly equal frequencies. The phenotypes of
male-sterile plants with different plastomes in a com-
mon genetic background can be compared directly. The
genetic formula is presented in Table 1.

The design of the experiment to obtain homozygotes
ster/ster in different plastomes is simple. The aim is to
achieve a high probability of observing the required
genotypes. The size of the F; generation must be large
enough to provide a sufficient number of plants that are
heterozygous Oe. albicans + ¢ " hookeri-velans) ster.
The F, families obtained by individual self pollinations
can be rather small because the sister plants are geneti-
cally identical. Approximately 50 families of 20 plants
each were raised for every plastome test. With this
number one can expect to find enough families of the
genotype sterilis, if this allele is expressed with the
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Table1 Scheme to obtain

; . Parents
homozygous ster/ster in a gived  Gametes Q albicans +
plastome F,

FZ frOm Fl +ster/+ster:

@ Oe. albicans-undans with required plastome X

& Oe. "hookeri-velans ster/ +="
x & "(hookeri-velans) + " or ster

albicans-(* hookeri- velans) +5/ +%  or +%/ster

*hookeri-velans + "/ + %"

and
Phenotype

or F, from F| +*/ster:

albicans-"(*hookeri-velans) + %%/ 4- 5"
all plants with fertile pollen

*hookeri- velans ster/ster

albicans"(* hookeri-velans) ster/ster due to crossingover

and

Phenotype  male-sterile, type sterilis

and albicans-"(" hookeri- velans) -+ /ster
Phenotype  fertile pollen

plastome, and also to obtain some Oe. albicans:
"("hookeri- velans) individuals in families with the allele
ster, which can be used to obtain homozygous ster/ster
plants in the next generation.

For the plastomes LI and 1V this approach suc-
ceeded. Families of male-sterile plants were observed in
sufficient frequency.

The Renner complex "(hookeri-velans) is, like its an-
cestors *hookeri and velans, homozygous incompatible
with plastome III. The seedlings develop a few small
yellow leaves and then die. Homozygosity for ster/ster in
plastome I can only be realized when the allele ster is
transferred by crossingover from " hookeri to albicans.
The exact frequency of crossingover for this locus is
unknown, but in any case this event is rare. Egg cells
with albicans appear at a low frequency of less than 5%.
Furtermore, only one-half of the F, plants are expected
to contain the ster allele. As a consequence of these
uncertainties, it is impossible to predict the number of
progeny (number of families and plants per family) that
it will be necessary to score to detect Oe. albicans:
"(hookeri-velans) ster/ster homozygotes in combination
with plastome III. The decision was made to take the
chance to find such a plant from among the same
number of progeny as used for the other tests. One plant
of the desired genotype was observed, which demon-
strates that the phenotype sterilis can be expressed with
plastome I11.

In conclusion, the observation of mst plants of the
genotype ster/ster in combination with all plastomes, all
of which have been tested in our experiments, proves
that the expression of sterilis is independent of cooper-
ation with a particular plastome.

Male sterile fr

The phenotype of the homozygous fr/fi has been de-
scribed from segregating progenies of the hybrids Oe.
flavens- stringens and Oe. "hookeri- stringens. This demon-
strates that its expression is possible with the plastomes
I from Oe. Hookeri de Vries and II from Oe. suaveolens
Desf.

In the design of experiments to combine homozygo-
sity for fr/fr with different plastomes, difficulties which
arise due to genetic peculiarities of Oenothera have to be
considered. In the ¥, hybrids Oe. albicans- undans x Oe.
strigosa, albicans- stringens, the chromosome configu-
ration is a ring of 12 chromosomes plus a bivalent,
irrespective of the plastome. The Renner complex strin-
gens, the source of the fr allele, is strictly a pollen
complex. This makes the hybrid Oe. albicans- stringens
a constant hybrid, in whose progeny homozygous fi-/fr
plants can only appear following the crossingover of fr
from stringens to albicans in a megaspore mother cell.
This occurs only with a very low frequency (Renner
1942). To assure a high probability of finding such
plants, extremely large F, families of several hundred
plants each would be required. Male-sterile plants were
observed in the offspring of the hybrids with plastome I
and II, but were not found in combination with plas-
tomes III and IV. This result, however, does not allow
any conclusions to be drawn about the cooperation of fr
with these plastomes, because the numbers of the prog-
enies could have been too small in relation to crossing-
over frequency.

In order to avoid this difficulty, fr was introduced
into hybrids with different plastomes from segregating
hybrids with Oe. strigosa. The Renner complexes
"hookeri, "blandina and flavens, which are favoured over
albicans in competition between megaspores in the
ovule (Sniezko and Harte 1986), were chosen for this
purpose. All form small chromosome rings with strin-
gens (Harte 1948). As in the experiments with ster, the
probability of the pollen transferring the fr allele is only
P=0.5.

It can be expected that the mixtures of chromosomes
from two Renner complexes that are generated during
meiosis in hybrids with low chromosome catenation will
also have a mixture of the alleles of the two Renner
complexes that influence megaspore competition. Segre-
gation in the F, families will give rise to two types of
plants. One type is formed from albicans egg cells and
resembles the F; the other type will be different in each
F, family, but the plants are homozygotes and corre-
spond to the mixture of stringens and the Renner com-
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plex with which it was combined in the pollen parent of
the F,. The ratio of these two types will differ in every I,
family. The mixing of the alleles from the two Renner
complexes will also involve the gene loci that influence
competition in pollen as well as in the ovules. The
behaviour of a mixed gene complex carrying fr in the
plastome hybrids can be expected to lie between that of
the two Renner complexes from which it has arisen.
Consequently, the segregation pattern in the F, families
of the individual F, plants is unpredictable.

In some cases the plants in the F, can resemble a type
from the offspring of Oe. flavens- stringens, but only
when the mixed gene complex "( flavens- stringens) does
not carry the lethal of flavens. These families can be
either fr/fr or + fr/ + fr.

The design of the experiment for investigating
the expression of male sterility of the type fr/fr has to
differ from that for investigating sterilis. This- design
is presented in Table 2. The factors to be considered
are: (1) the expected variability in the frequency of
the heterozygous F,; plants, which results from pollen-
tube competition in the male parent; (2) the variabililty
in the results of competition between megaspores in the
ovules; and (3) the low frequency of crossingover of the
fr locus. For these reasons, the number of F, families
and the number of plants in each family has to be larger
in the investigations with fr than in those with ster.
However, the required population size cannot be
calculated in advance. The only option is to start
with several hybrids of the constitution fr/ +/" in
which the female parents differ in their competitive
ability in the megaspore tetrad relative to albicans
and to consider the linkage relations of the fr locus.
The available hybrids, which have already been men-
tioned above, have different advantages as pollen
parents. The approach chosen was to use three hybrids
as pollen parents for the crosses with the test stocks,

then raise a reasonable number of F, plants and gener-
ate an F, family from each one by self pollination,
growing the maximum number of plants that could be
handled in the available area. We expected this experi-
mental design would give us a reasonable chance to find
the desired fr/fr genotypes.

The competition between the polien tubes from
the hybrid Oe.  "hookeri-(chromosome configura-
ion 44222) favours the hookeri chromosomes of
the ring 1-2-3-4 that carry the allele +/". Conse-
quently only a small fraction of the F, plants obtained
from crosses involving the test stocks Oe. albicans-
undans as female and Oe. "hookeri-stringens as
pollen parent will carry the stringens chromosome arm
with the fr allele. Therefore, the number of F, plants that
must be self pollinated in order to find at least one family
with fr/fr homozygotes will be very large. Furthermore,
the chance of observing the male-sterile plants depends
on the particular combination of alleles from both Ren-
ner complexes that influence the competition behaviour
in the ovules; those from "hookeri will enhance competi-
tive ability over albicans, those from stringens will in-
hibit it.

The results of our observations on the progenies of
the hybrids Oe. albicans-"(*hookeri- stringens) in combi-
nation with the different plastomes are in agreement
with these considerations. In some families, all plants
were similar to Oe. Hookeri, with fertile pollen. In other
families, the plants resembled the F,, or a mixture of
both types was observed, which indicates recombina-
tion from both Renner complexes of alleles involved in
megaspore competition in the ovules. In the progeny of
the hybrid with plastome III, the incompatibility of
"hookeri with this plastome led to families of either lethal
yellow seedlings, when the gene complex introduced by
the pollen contained the incompatibility factors from
"hookeri, or albata plants similar to the F ;. In one family

Table 2 Scheme to obtain fr/fi- homozygotes in combination with different plastomes

Parents Q Oe. albicans-undans with different plastomes
Gametes Q albicans + 77

F, - albicans +7"- stringens fr

F, albicans +7" stringens fr and albicans fr- stringens fr

male sterile
only by crossingover

fertile pollen

Scheme for hybrids of Oe. strigosa: ‘

& Oe. strigosa

& stringens fr

Parents Q Qe.albicans-undans with different plastomes & Oe. *hookeri 47"~ stringens fr
Gametes Q albicans +7* 3 "(*hookeri- stringens) +7" or fr
F, albicans-"("hookeri- stringens +7"/+7" or +7"/fr

F, from albicans-"("hookeri- stringens)+7"/+ 7" only plants with fertile pollen

from albicans-*("hookeri- stringens) +I"/fr albata plants with fertile pollen and homozygotic mail-sierile plants in variable

proportions

The same scheme describes the experiments with pollen of Oe. (*blandina- stringens) + "/ fr.

Parents Q Oe. albicans undans with different plastomes
Gametes Q albicans + 77

F, albicans "{ flavens- stringens) either +/"/+/" or
F, similar to albicans- flavens or albicans- stringens

from +7/7/+/" all plants with fertile pollen,

3 Oe. flavens- stringens +7"/fr

3 M flavens: stringens) + 7" or fr
+7t/fr.

from +7"/fr nearly all plants with fertile pollen, rare male-sterile fr/fr due to crossing over of fr to albicans




with plastome II, a homozygote albata fr/fr appeared,
the result of a crossingover of fr from the arm of stringens
chromosome no. 3 to albicans.

The experiments with the hybrids Oe. albicans-un-
dans x Oeblandina- stringens were more successful. In
the mutation process of wvelans to "blandina the
sporophytic lethal of velans has been lost. Many F,
families consisted of plants similar to Oe. blandina or a
mixture of these types and albata in variable propor-
tions. Families of homozygous male-sterile plants have
been observed in combination with plastome I. Male-
sterile plants of the genotype Oe. albicans-"("bland-
ina- stringens) fr/fr have been observed in the experiments
with the plastomes I and II. From the hybrid Oe.
albicans-"("blandina- stringens) with plastome III, one
F, family was found with homozygous male-sterile f/fr
plants, which resembled Oe. blandina and some sister
plants with fertile pollen similar to those of the F,. With
plastome IV an F, family arose in which the majority of
plants was homozygous for fr/fr and also for another
gene (“Knirps”, kr/kr, very small plants). Both of these
recessive alleles were contributed by the Renner com-
plex stringens.

These observations demonstrate that in Oe. "blandina
-stringens competition between pollen tubes with fr or
+7 is less severe than in pollen derived from hybrids
with the Renner complex *hookeri. The frequency of
heterozygousfr/ + /" F, plants was sufficient to give rise
to several F, families with male-sterile offspring. The
viability of these plants with plastome III indicates the
loss of the incompatibility factors from velans.

In Oe. suaveolens x strigosa, flavens + /"~ stringens fr,
the chromosome configuration is 422222 and fr is
located in a bivalent that enables free segregation. As the
bivalent carrying the fir locus is not involved in competi-
tion between spores or gametophytes, the fr allele will
be transferred by 50% of the pollen grains into the
hybrids with the different plastome stocks. The hybrids
Oe. albicans-"(flavens-stringens) have a large chro-
mosome ring {chromosome configuration: 122), irre-
spective of the combination of flavens and stringens
chromosomes in the individual F; plant, and they are
similar to Oe. suaveolens (albicans:flavens) or to the
F, Oe. albicans-stringens. Both types are constant hy-
brids due to the sporophytic lethal of flavens and the
genes that restrict stringens to be active only in the
pollen. The complications arise from the sporophytic
lethal in the ring chromosomes of flavens, which
will elimilate the homozygous embryos, and the
incompatibility with plastome III, which eliminates
the remaining homozygotes as yellow seedlings. Male-
sterile F, families with fr/fr homozygotes should be
observable. However, mixed gene complexes which
combine the fr allele with the competion behaviour of
Sfavens but without the lethal and the incompatibility
factors, were not observed. Homozygous male-sterile
plants can only arise in the F, as result of crossingover
in the arm of chromosome no. 3 thereby transferring
fr to albicans.
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In summary, homozygotes from all of the hybrids
with fir from stringens fr/fr can be expected only with
such a low frequency that they are unlikely to be found
in progenies of limited numbers. However, the pro-
cedure followed in the experiments was successful: male-
sterile phenotypes were in fact observed in combination
with all four plastomes. The results demonstrate that the
male-sterile phenotype associated with homozygosity at
the fir locus can be expressed in combination with all of
the plastomes tested in this experiment.

Discussion

The main purpose of these experiments was to test
whether nuclear gene-dependent male sterility in
Oenothera is influenced by the plastome. We concluded
that both of the mst genes are expressed independently
of the plastome with which they are combined, in spite of
the fact that disturbances in plastid metabolism are
involved in the process of pollen degeneration, at least in
sterilis. The question that remains is whether only the
result of the degeneration of the microspores and the
contents of the anthers is similar with the different
plastomes or whether further investigations will reveal
differences in the details of the morphological or physio-
logical processes in the anthers (Noher de Halac et al., in
preparation).

In addition, some of the observations made during
the experiments provide information on competition
between megaspores or embryo sacs in the ovules. Ear-
lier investigations on the genetics of competition in the
ovule led to the identification of several genes influenc-
ing this phenomenon (Harte 1953, 1969). Observations
on the development of polarity in the ovule, which
makes the competition between megaspores and young
embryo sacs possible (Noher de Halac and Harte 1975),
revealed the presence of all least two loci that influence
this process (Sniezko and Harte 1984, 1985, 1986). The
result of genetic segregation in the progeny of a hybrid
with stringens (not active in egg cells) and *hookeri or any
other Renner complex which is genetically favoured
over albicans (only active in the egg cells) cannot be
predicted for an individual gamete. It should be possible
to find a recombination of alleles from stringens and the
other Renner complexes like *hookeri, that would influ-
ence competition in the ovule. The segreation patterns
observed in the F, families varied from complete prefer-
ence for albicans to preferences for the mixed complex,
similar to the behaviour of "hookeri; there were also
families with approximately 50% of both gene com-
plexes in the female gametes. In all families, however, the
homozygous plants were similar to Oe. hookeri or Oe.
blandina, and not to the hybrids of these species with
stringens. This demonstrates that several gene loci in
different chromosomes are involved in determining the
outcome of competition in the ovule. These can be
recombined in the segregating hybrids with low chro-
mosome catenation. The result is that a new competi-
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tion behaviour can arise that enables several parts of the
original Renner complex stringens to pass through the
egg cells.

References

Harte C (1948) Cytologisch-genetische Untersuchungen an spalten-
den, Oenothera-Bastarden. Z. Vererbungsl 82:495-640

Harte C(1953) Untersuchungen iiber Gonenkonkurrenz und cross-
ing-over bei spaltenden Oenothera-Bastarden. Z Vererbungsl
85:97-117

Harte C (1969a) Gonenkonkurrenz bei Oenothera unter dem Einflufl
eines gametophytisch wirksamen Gens in der ersten Koppelun-
gsgruppe sowie ein Modell fir die Untersuchung verzweigter
Koppelungsgruppen. Theor Appl Gen 39:163-178

Harte C (1969b) Gonenkonkurrenz in der Samenanlage von Oeno-
thera. Theor Appl Gen 39:241-250

Harte C (1993) Oenothera — Contributions of a Plant to Biology.
Springer, Berlin Heidelberg New York

Harte C, Bissinger B (1952) Entwicklungsgeschichtliche Unter-
suchungen der durch die Faktoren fr und ster bedingten Pollen-
sterilitit bei Oenothera. Z Vererbungsl 84:251-269

Noher de Halac 1 (1985) Sterility of microspores in Oenothera
*hookeri-velans. In: Willemse MTM, Went JL (eds) Sexual repro-
duction in seed plants, ferns and mosses. PVDOC, Wageningen,
pp 47-49

Noher de Halac I, Harte C (1975) Female gametophyte competition
in relation to polarization phenomena during megasporogenesis
and development of the embryo sac in the genus Oenothera. In:
Mulcahy DL (ed) Gamete competition in plants and animals.
Elsevier Publ; Amsterdam pp43-56

Noher de Halac I, Cismondi A, Harte C (1990) Pollen ontogenesis in
Oenothera: a comparison of genotypically normal anthers with
the male-sterile mutant sterilis. Sex Plant Reprod 3:41-53

Noher de Halac I, Fama G, Harte C (1992) Changes in lipids and
polysaccharides during pollen ontogeny in Oenothera anthers.
Sex Plant Reprod 5:110-116

Ochlkers F (1926) Erblichkeit und Zytologie ciniger Kreuzungen mit
Qenothera strigosa Jahrb Wiss Bot 65:401-446

Ochlkers F (1927) Entwicklungsgeschichte der Pollensterilitat einiger
Ocnotheren. Z Vererbungsl 43:265-284

Renner O (1942) Uber das crossing-over bei Oenothera. Flora NF
36:117-214

Sniezko R, Harte C (1984) Polarity and competition between mega-
spores in the ovule of Oenothera hybrids. Plant Syst Evol 147:79—
90

Sniezko R, Harte C (1985) Genetic basis of callose pattern, megaspore
degeneration and polarity in the ovules of Oenothera. In: Wil-
lemse MTM, Went FJ (eds) Sexual reproduction in seed plants,
ferns and mosses. PUDOC, Wageningen, p 136

Sniezko R, Harte C (1986) Development of polarity in the ovules of
the F -progeny of the Oenothera-hybrid albicans: *hookeri. Plant
Syst Evol 154:89-98

Stubbe W (1989) Oenothera — an ideal system for studying the interac-
tions of genome and plastome. Plant Mol Biol Rep 7:245-257



