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Abstract

Breukelen, E.W.M. van {1981} Pseudogamic production of dihaploids and monoploids in
Sotanuwn tuberosuwn and some related species. Agric. Res. Rep. {(Versl. landbouwk. Onderz.)
908. ISBN 90 220 0762 6, (viii) + 121 p., 34 tables, 8 figs, 237 refs, Eng. and Dutch
summaries. )

Also: Doctoral thesis, Wageningen.

Attempts were made to maximize frequencies of dihaploids from Solanum tuberosum,
obtained through pseudogamy after pollimatiom with S. phureja. Factors influencing diha-
ploid frequencies were studied: genetics of the pollinator effect, genetics of the seed
parent effect and interaction between the two effects on dihaploid frequencies. Temperature
influences were determined in a growih charber experiment. The mechanism of dihaploid
formation was studied with the aid of cytological techniques. The pollinator effect was
confirmed, Five or more loci were involved and the within-locus interaction was intermedi-
ate. High numbers of hybrids had a negative but small effect on numbers of dihaploids. The
seed parent effect was also confirmed, The frequency of dihaploids was determined by the
spotophyte rather than by the gametophyte of the seed parent. No interaction was found
between the pollinator and seed parent effect on the dihaploid frequency. Low temperature
had a positive effect on the dihaploid frequency via the pollimator, but no effect was
found via the seed parent. Not the 2n-pollem but the n-pollen proved to be instrumental in
dihaploid induction. Monoploids were produced from dipleid 8. tuberosum and S. verrucosim
using several 5. phureja genotypes as pollinator. The n-pollen induced the haploids in
this case as well, Doubled monoploids were obtained with good female fertility.

Free descriptors: Selawum tuberoeum, S. phureja, 8. verrucosum, haploid, diploid, mono—

ploid, pseudogamy, parthenmogenesis, genetics, cytogenetics, pollen tube mitosis, certatiom,
2n-gametes, growth chamber, breeding, chromosome—-doubling.

This thesis will also be published as Agricultural Research Reports 908.
© centre for Agricultural Publishing and Documentation, Wageningen, 1981.

No part of this book may be reproduced or published in any form, by print,
photoprint, microfilm or any other means without written permission from
the publishers. ‘



Stellingen

1.. In tegenstelling tot de opvatting van Irikura en Sakaguchi is het moge-
"1ijk om het aantal chromoscmen van de dihaploide aardappel te halveren door

pseudogamie.

Y. Irikura & 5. Sakaguchi, 1972. Potato Research 15: 170-173.
Dit proefschrift.

2. Het verdient aanbeveling om te onderzoeken of U.V.-bestraling tijdens de
pollenbuisgroei een positieve invloed heeft op het aantal monoploiden dat
gevermd wordt uit kruisingen tussen twee diploiden.

3. Dipleoide regeneranten uit microsporen die homozygoot ziin voor een ken-
merk waarvoor de ouder heterozygoot is, zijn niet noodzakelijk uit hapleoide

microsporen ontstaan.

E. Jacobsen & S.K. Sopory, 1978. Theoretical and Applied Genetics 52:
119-123. G. Wenzel, 1980, In: D.R. Davies & D.A. Hopwood {(eds.),
The Plant Gemnome, p. 185-196.

4. De door Hermsen geformuleerde maat voor efficiéntie wvan dihaploiden-in-
ductie kan worden verbeterd door het aantal dihaploiden per 100 zaden min-
der zwaar mee te laten tellen dan het aantal dihaploiden per bes.

J.G.Th. Hermsen & J. Verdenius, 1973. Euphytica 22: 244-259.

5. Boeren in ontwikkelingslanden =zijn eerder geholpen met voorzieningen

voor gezond zaaizaad dan met verbeterde rassen.

6. Bezuinigingen op het Nederlandse veredelingsonderzoek zullen op den duur
hun weerslag hebben op de uitvoer van zaaizaad en pootgoed.

7. Als pleioctropie het faillissement is van de genetica van het eiwitgehal-
te van tarwe, is de oogst-index het faillissement van de gewasfysiologie.

Th. Kramer, 1980. Landbouwkundig Tijdschrift %2: 279-284,

8. De neoscholastieke leer van het hylemorfisme kan een dynamische werke-
lijkheid niet beschrijven. : :



9. De produktie van kunstvoeding voor zuigelingen zou in ontwikkelingslan-
den niet als bijdrage tot het nationaal produkt moeten worden gerekend.

10. In een land waar geen grote zoogdieren meer in het wild voorkomen, is
het gemakkelijk om voorstander te zijn van de bescherming van deze dieren

elders.

11. Bij de voortgezette verkleining van elektronische apparatuur wordt het
steeds moeilijker zich achter een computer te verschuilen. )

Proefschrift van E.W.M. van Breukelen

Pseudogamic production of dihaploids and meonoploids in
Solanum tuberosum and some related species

Wageningen, 22 april 1981



Woord vooraf

De werkzaamheden aan dit proefschrift.vielen uiteen in twee periodes:
het verzamelen en verwerken van gegevens 1in Wageningen en het meeste
schrijfwerk in Nairobi. Om de gegevens te verkrijgen zijn 50 000 kruisingen
gemaakt en meer dan 600 000 zaden één voor één bekeken. Een klein deel van
de zaden is uitgezaaid om de zaailingen te beocordelen, maar dat waren er
toch neg vele duizenden. In beide periodes heb ik van verschillende mensen
veel hulp gehad en ik wil ze graag bedanken.

Professor dr. ir. J.G.Th. Hermsen confronteerde mij tijdens mijn ingeni-
eursstudie met de raadsels van de aardappel-dihaploiden. Dit leidde - via
een onderzoeksvoorstel ingediend bij de Faculteitsraad - tot het hier ge-
presenteerde werkstuk. Ik dank hem als promotor voor zijn grote enthousias-
me en de kritische zin, waarmee hij allerlei theorie&n met me docorsprak,

Professor dr. ir. J. Sneep ben ik erkentelijk voor de mij geboden gele-
genheid dit onderzoek te verrichten op het IVP en voor zijn belangstelling.

Dr. M.S. Ramanna dank ik voor de geduldige manier waarop hij me in de
praktische cytoclogie inleidde en de vele gesprekken die we hadden over de
interpretatie van cytologische aspecten van dihaploiden en monoploiden.

De kennis van ing. J. Verdenius van het Solanum-materiaal is van groot
nut geweest. De uitstekende opkweek en verzorging wvan de planten decor
E. van de Scheur, J. Rijksen en Chr. Loo waardeer ik zeer. Een deel van het
grote aantal kruisingen is gemaakt door J. Dregmans, J. Wilmer en P. Korte
als stagiaire of vakantiehulp. Bij het saaie, bijna eindeloze uitwassen van
zaden werd ik geholpen door E. van Rijckevorsel, J. Eerbeek en D. Kelholt.
E. van Rijckevorsel heeft ook veel chromoscomtellingen gedaan, waarbij on-
der meer de eerste monoploiden als zodanig herkend werden. Ing. Z. Sawor en
J. de Hamer hebben ook een nuttige bijdrage geleverd aan het cytologische
werk.

Ir. L.S. Anema ben ik dankbaar, dat ik de gegevens van zijn ingenieurs-
onderzoek heb kunnen gebruiken.

Veoor het werk in klimaatcellen werd gebruik gemaakt van het fytotron in
de afdeling Landbouwplantenteelt en Graslandcultuur. De hulp wvan ing.
K. Scholte en van J.H. Mshring bij het ter beschikking stellen van de kli-
maatcellen en de afstelling ervan is door mij zeer gewaardeerd.

De meeste foto's zijn verzorgd door H. Sengers.

Bij dr. A.C. van Eijnsbergen en ir. I. Bos kon ik altijd aankloppen voor
statistisch advies.

J.s. de Block ben ik dankbaar voer zijn waardevolle suggesties voor de



verbetering van de Engelse tekst. R.J.P. Aalpol dank ik voor de redactie en
uitgave van het proefschrift.

Marry heeft me veel morele steun gegeven in de lange schrijffase. Ze gaf
00X veel praktische steun deor het becommentariéren en typen van een einde-
loze reeks versies van hoofdstukken.

En tenslotte dank ik de cheetah's in het Nairobi National Park, die van
tijd tot tijd voor de nodige ontspanning zorgden, ook als ze onvindbaar wa-
ren.
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1 Introduction and terminology

1.1 INTRODUCTION

Haploidy plays an important role in the life of plants. The alternation
of haplophase and diplophase makes recombination of genetic material pos-
sible. In lower plants the haplophase iz the longest phase in the life
cycle. It was reduced during evolution in size and duration, so that the
haplophase in higher plants consists of a few cells only with a short life-
span. The success of the diplophase in higher plants indicates, that there
are advantages for plants in having chromosomes in pairs.

With the systematic production of haploids in higher plants by biclo-
. gists and breeders, the haplophase is extended again and can be as impor-
tant as the diplophase. Artificial life cycles can be made with haplophase
and diplophase of equal length and importance.

Haploids can be used in basic research. In plant breeding the advantages
of both the n and 2n condition can be combined. The sterile haploids from
heterozygous diploids and allopolypleids can be used to produce homozygous
plants. More applications can be expected from autopolypleoids as the peoly-
haploid is usually a well growing plant which can be fertile. For success-
ful breeding it is necessary that plant material is available with suffi-
cient diversity. Systematic work with hapleids can only be carried cut if
many haploids can be produced from many different 2n genotypes.

Much research has been done already on the pseudogamic production of di-
haploids in Solanum. Dihaploids of autotetraploid Solanum tuberosum (2n=48)
can be produced in Jlarge numbers by pellination with dipleid $§. phureja
{2n=24) (Hougas et al., 1958). The genotype of both seed parent and pollina-
tor proved to be important for the dihaploid frequencies obtained (Gabert,
1963}. Cytological studies have shown the importance of vital endosperm for
the development of dihapleoid embryos (Von wangenheim et al., 1960). Over the
years the frequencies of dihapleoids were increased from 80 dihaploids per
100 berries (Gabert, 1963) to 400 dihaploids per 100 berries (Hermsen &
vVerdenius, 1973)}. This led to the question whether the maximum rate of di-
haploid formation had been reached, and if not, how it could further be im-
proved. ’

The availability of a large number of 8. phureja genotypes with a diver-
sity in dihaploid inducing ability at the Institute of Plant Breeding
(IvP), Wageningen, together with good potato crossing facilities provided

an excellent opportunity for research on haploid production in 8. tuberosum



and other Solanum species.

The obiective of this study was to answer the question whether with the
available S. phureja genotypes the limit of inducing dihaploids in 5. tube-
rosum was reached. This was to be done by investigating the genetic and cy-
togenetic background of the differences in dihapleid inducing ability in
S. phureja genotypes and the differences in dihaploid producing ability of
cultivars of S. tuwbercsum. In addition the influence of the enviromment on
dihaploid frequencies had to be taken inte account.

Accordingly experiments were set up to determine the influence of dif-
ferent seed parent and pollinator genotypes on dihaploid formation during
four crossing seasons. Cytological experiments were included to cbtain more
insight in the mechanism of dihaploid formation. In the course of the study
it was discovered that pseudogamy could produce 5. tuberosum monoploids as
well., After initial success this part of the study was expanded because of
its own importance and since it was hoped that monoploids would throw light
on the origin of dihaploids as well.

Literature on haploids is presented in Chapter 2. A general part is fol-
lowed by literature relevant for the experimental chapters. Experiments to
gain’ information on the genetics of the influence of pollinator and seed
parent are reported in Chapter 3 and 4 respectively. The interaction be=
tween the two parental influences is dealt with in Chapter 5. In Chapter 6
experiments are described which were carried out in growth chambers under
controlled conditions. These experiments aimed at determining the effect of
the temperature on dihaploid frequencies. Cytology and the mechanism of di-
haploid formation are covered in Chapter 7. Attempts to induce S. tuberosum
monopleids by pseudogamy are reported in Chapter 8 along with a discussion
about the origin of monoploids. In the last chapter gquestions about the
maximum possible level of dihapleoid production and the efficiency of tech-
niques for dihaploid induction are discussed.

1.2 TERMINOLOGY

The terminology used in this study follows the recommendaticns of De
Fossard (1974} as much as possible. The symbol x is used for the basic
chromosome number and for multiples of it, e.g. X = monoploid, 2x = di-
ploid, 3x = triploid. The symbel n iz used for the gametic (gametophytic)
number of chromosomes and 2n for the somatic (sperophytic) number.

A major source of confusion in pleidy terminolegy is the double meaning
of the word 'diploid’. It can mean both 2z (in the series monopleid, di-
ploid, tripleid) and 2n (as opposed to hapleid (n}). Here especially the
recommendation of De Fossard (1974) is followed 'to restrict the use of the
word 'diploid' to the 2x condition, to use the word 'haploid' for the n
condition and to leave the 2n condition undescribed by a word'.

Haploid plants are sporophytes carrying the gametophytic chromosome num=



ber (Riley, 1974), or the gametic chromosome number of a species (De Fos-
sard, 1974). As the haploid is a sporophyte its chromosome number should be
indicated as 2n. On the other hand haploids have the gametic chromosome
nunber of the parent and therefore they could be indicated by n. The chro-
mosome number of a haploid plant is denoted by 2n in this study to empha=~
size that it concerns a sporophyte and to distinguish a haploid from the
parental gametes. x

'Haploid' is a relative concept. A haploid has half the number of chro-
mosomes of the parent, irrespective of the ploidy level cof the parent. Ha-
ploids of different pleoidy levels are distinguished by prefixes indicating
their ploidy level, e.g. dihaploids and trihaploids are haploids carrying
two and three genomes respectively. The word 'haploid' is used for hapleid
sporophytes in general, irrespective of their ploidy level.

The words 'dipleid' and 'dihaploid'’ can be used for the same plant, the
first indicating the 2x condition, the second also indicating that the par-
ent was a tetraploid. In this study the word 'dihaplecid’' is only used for
2x plants derived directly from 4x plants; in all other cases 2x‘p1ants are
called 'diploids’. )

The same distinction as between 'diploid' and 'dihaploid' could also be
made for ‘'monoploid' and 'meonohapleoid!'. As there is no reason for confu-
sion, only the word 'meonoploid' is used.

Haploids in Solanum are often formed through pseudogamy, after pollina-
tion. Plants used as pollen source with the aim to induce dihaploids are
called 'pollinators'. A good pollinator is a plant, which induces dihapleids
in a relatively high frequency. The potential of pollinators to induce di-
haplecids is called dihaploid inducing ability (d.i.a.) and the potential of
seed parents to produce dihaploids is called dihaploid producihg ability
(d.p.a.).



2 Literature review

The first part of the literature review (Sections 2.1 and 2.2) gives ge-
neral information about sources of haploids and their uses with emphasis on
Solanum. The other parts deal with literature related to the experimental
chapters about parental influence and external influence on dihaploid fre-
quencieg and about the mechanism of pseudogamy.

2.1 INTRODUCTION
2.1.1 Sources of baploids

The first report on a haploid plant was by Blakeslee et al. (1922). They
described a Datura stramonium plant. It had 12 chromosomes and was obtained
after cold treatment. The oldest known haploid probably is the 'gracilis’
type of Thuja plicata, an ornamental tree, which was first described in
1896 by Beissner and later recognizéd as a haploid by Pohlheim (1968}).

After a period in which several single haploids were found and isolated
work on them was done, e.g. by Jgrgenson (1928) with Solanum nigrum, the
search for hapleoids as well as their production started to be done more
systematically. Chase (1949, 1969) worked extensively with maize. He clear-
ly saw the applications for plant breeding {(Chase, 1963b, 1964a). Hougas &
Peloguin (1957) were ploneers in research on dihapleids in S§. tuberosum.
The expansion of the haploid work can be seen in the reviews of Kimber &
Riley (1963), Magoon & Khanna {1963), Chase (1969) and in the symposium
'Haploids in higher plants' held at Guelph, Canada (Kasha, 1974). Haploids
are now available in many cultivated species, e.g.: Gossypium barbadense
{(Harland, 1936), Lycopersicon esculentum (Cooper & Brink, 1945), Capsicum
frutescens {(Morgan & Rappleye, 1954),. Prunus persica (Hesse, 1971), Populus
alba (Kopecky. 1960), HMedicago sativa (Bingham, 1969), Beta vulgaris
{(Kruse, 1961), Theobroma cacao {(Dublin, 1974) and Secale cereale (Mintzing,
1937).

After the more conventional methods of hapleid production like distant
crosses, interploidy crosses and experimentation with temperatures, less
conventional schemes were developed. Since Guha & Maheshwari (1964, 1966)
produced embryos and haploid plants by culturing anthers of Datura innox-
ia, anther culture and even pollen culture opened up a rich field for the
large-scale production of haploids, especially in tobacco (Bourgin &
Nitsch, 1967; Nitsch & Nitsch, 1969). Review articles were written by Sun-



derland (1974) and Nitsch (1974).

The discovery of a gene in maize for indeterminate growth in the female
gametophyte, which leads to high frequencies of androgenesis, increased the
pessibilities of pseudogametic androgenesis (Kermicle, 1969, 1974).

Kasha & Kao (1970) placed the poorly growing embryos from the cross Hor-
deum vulgare x H, bulbosum on a medium. The chromosomes of K. bulbosum were
selectively eliminated during the early development of the embryo (Subrah-
manyam & Kasha, 1973) and haploid H. vulgare plants resulted. This process
is undef genetic control (Ho & Kasha, 1975).

Semigamy appears to be a very efficient system of haploid production. In
cotton it can lead to two types of haploids from the same cross, as the nu-
clei do not really fuse at fertilization. The result is a chimeric embryo,
growing inte a plant with maternal and paternal haploid sectors, which of-
ten double spontanecusly (Turcotte & Feaster, 1967, 1969, 1574).

Tsunewaki et al. {1974) used alien.cytoplasm to stimulate haploid forma-
tion. Lines of a wheat variety, each with a different Aegilops cytoplasm,
were pollinated with normal wheat. This way many trihaploids were obtained.
Kihara & Tsunewaki (1962) had done similar work with alien cytoplasm be-
fore.

The influence of chemricals on hapleid frequencies is dealt with in Sec-
tion 2.4.

2,1.2 Solanum haploids

The first reports on haploids in tuber bearing Solanum concerned indivi-
dual plants from interspecific crosses. Lamm (1938} reported a 2x-4x twin
from §. x chaueca x 8. tuberosum, Ivanovskaja (1939) a haploid from the
cross S. tuberosum X §S. phureja with maternal characters. Interspecific
crosses yielded hapleoids in 8. demissum (Bains & Howard, 1950; Dodds, 1950)
and S. polytrichon (Marks, 1955) as well.

A report on a.single S, tuberosum dihaploid from a cross with S. phureja
in 1957 {(Hougas & Peloguin, 1957), followed by 28 dihaploids in the next
year (Hougas et al., 1958), was the start for using S. phureja as a pollina-
tor systematically. This species was also a successful pollinator with
other Solanum species: S. chacoense (Hermsen, 1969), S. acaule {(Hermsen,
1971) and §. andigena (De la Puente, 1973; Hermsen, unpubl.). Other diploid
species did also induce dihaploids. Jakubiec (1964) used 5. vernei and
8. megistacrolobum with some success. 5. stenotomum was as successful as
S, phureja in experiments of Buketova (1970) and Buketova & Yashina (1971).
Budin & Broksh {1972) cobtained haploids with 3. goniocalyx and 8. canasense
as peollinators. Dihaploids of §. tuberosum were alse able to induce other
dihapleids (Hermsen et al., 1974a). Dihaploids from a cross between culti-
vars of tetraploid 5. tubefosum were reported (Cooper & Rieman, 1958; Rie-~
man et al., 195%), but never followed up.



within §. phureja certain genotypes proved to have a higher dihaploid
inducing ability (d.i.a.) than others. Gabert (1963; Hougas et al., 1964)
tested a 3. phureja population for d.i.a. and found three superior pollina-
tors. His material has been used by several workers (Jakubiec, 1964; Van
Suchtelen, 1966; Frandsen, 1967) and was improved by Hermsen & verdenius
(1973), who incorporated an embryc marker and selected further for high
d.i.a.

The first attempts to apply anther culture to Solanum were only partly
successful. Irikura & Sakaguchi (1972) announced a monoploid from diploid
8. verrucosum, but from tetraploid §. tubercsum Dunwell & Sunderland (1973)
could report only dihapleid embrye formation. Irikura (1%75a.b) later pro-
duced mono-, di~ and trihaploid plants from anthers of 17 tuber bearing and
2 nom tuber bearing Solanum species. He cbtained, however, only one diha-
ploid from tetraploid S. tuberosum. He was not successful with anthers from
pure §. tuberosum dihaploids, but the closely related $S. phureja and
8, stenotomum yielded monoploids.

The first pseudogamic monopleids from pure 3. tuberosum have been re-
ported by Van Breukelen et al. (1975), apart maybe from a single Solanum mo-
noploid mentioned by Frandsen (1968), where androgenesis could not be ex-
cluded. Van Breukelen et al. (1975, 1977) reported 82 monoploids from 8. tu-
bgrosum and 3 from §. verrucosum, all from crosses with 3. phureja. Jacob-
sen (1978) and Frandsen & Wwenzel (mentioned in Wenzel, 1979) also used
pseudogamy to produce monoploids. They produced two and five monoploids re~
spectively.

Two S. tuberosum monoploids from anther culture were reported by Fo-
roughi-Wehr et al. (1977), two others by Jaccbsen & Sopory (1978). Wenzel et
al. (1979) did not have success with pure §. tuberosum diploids, but ob-
tained monoploids from anthers of &. phureja and 8. phureja-dihaploid
8. tuberosum hybrids. Recently {(wWenzel, 1980) they reported a large number
of monoploids from six clones. Also diploids were produced which were spon-
taneously doubled according to them. The highest frequency of regenerated
blants was one per four plated anthers.

2.1.3 Screening for haploids

Hapleoid detection evelved with the techniques of haploid induction. The
first hapleids were detected because of aberrant seed size (Gaines & Aase,
1926), small plant size, or the fact that the plant differed from the hy~-
brid pregeny and resembled one of the parents only. The final proof of ha-
ploidy was a chromosome count.

- For large-scale hybrid production markers were developed to distinguish
haploids from hybrids more easily. A dominant character in the pollinator
was used to find maternal hapleids and in the seed parent to detect andro-
genetic haploids. Seedling markers as hypocotyl colouration have been used



(Peloquin & Hougas, 1959; Bingham, 1969), but embryo or seed markers were
introduced where possible for even earlier detection. Different seed
markers have been used in maize (Chase, 1949, 1969; Coe & Sarkatr, 1964), an
embryo marker in maize (Nanda & Chase, 1966) and an embryc marker in potato
(Hermsen & Verdenius, 1973). Screening for polyembryony increased the
chances of finding haploids in many species (Review: Lacadena, 1974}.

Haploids can be distinguished from eother plants by their growth habit.
Usually they are smaller and their leaves are thinner and narrower. They
have smaller cells, which results in a higher stomata density in the epi-
dermis {Capot et al., 1968) and smaller pollen grains (Kostoff, 1942). Num-
bers of chloroplasts in the guard cells of the stomata are lower with lower
ploidy levels. This has been used successfully for prescreening by Butter-
fass (1958), Rothacker et al. {1966), Frandsen (1967, 1968), Najcevska &
Speckmann (1968), Broksh (1969), Chaudhari & Barrow (1975) and Van Breuke-
len et al.. (1975, 1977).

The final proof for hapleidy is a chromosome count. Often the counts are
done on root tips of seedlings in an early stage of development of the
plant. When a plant is suspected to be chimerical because of spontaneous
chromosome doubling,lhowever, diameters of pollen grains are a fair indica-
tion, but only counts from meiotic cells are decisive. Root cells originate
from another tissue layer in the plant than the layer which eventually
forms the gametes (Klopfer, 1965}).

2.2 USE OF HAPLOIDS
2.2.1 Haploids in research

‘Haploids offer special opportunities for genetic studies. The direct use
of monoploids‘is limited, especially because of their sterility. Pairing of
chromosomes at meiosis can give information on homology within the basic
chromosome set of a species. Monoploids are good material for mutation re-
search. Spontaneous and induced mutations can be detected directly, as re-
cessive alleles are not obscured by dominant alleleé {Melchers, 1960; De-
vreux & De Nettancourt, 1974). These mutants can contribute to our know-
ledge of plant physiclogy (Zenk, 1974), not only as plants, but also in ha-
ploid cell cultures (Binding, 1974). Haploids can be used to construct a
more complete polyploid series for study of gene dosage effects. Seven
ploidy levels are now available in Medicago sativa (Bingham & Saunders,
1974).. study of the non-hemologous pairing at meiosis in moncploid pollen
mother cells can give information on the basic chromosome number and on re-
1at10nsh1ps between genomes in allopolyploids (Sadasivaiah, 1974).

Inheritance studies are much easier to perform with dihaploids than with
tetraploids, because of the smaller populatlons needed to detect re;e551ve

alleles.



2.2.2 Haploids in breeding

Some haploids can be used as they are, mainly in ornamentals. A Pelargo-
nium cultivar, which was attractive because of its small size, proved to be
a haploid (Daker, 1966), as was the case with the 'gracilis' type in Thuja
plicata (Pohlheim, 1968). Most haploids, however, are used as a toecl in
breeding. The great potential of haploids is the fast production of homezy-
gous lines. These can be produced faster than by inbreeding and save one to
three years in maize (Chase, 1952b) or many more years in forest trees
(Winton & Stettler, 1974). More important than time saving is the fact that
haploids are the way to homozygosity for self-incompatible species, when
inbreeding is impossible. Even completely homozygous tetraplcids can thus
be made. An increase in homozygosity in autotetraploids can be accomplished
via a tetraploid-diploid-tetraploid cycle, which is comparable to 3.8 gen-
erations of eelfing (Cbajimi & Bingham, 1973). Androgenesis saves many
backcrosses in a program to transfer cytoplasm ({Chase, 1963a}.

The production of haploids on a larger scale gave rise to high expecta-
tions for the use of haploids in practical breeding. Chase proposed breed-
ing schemes for allopolyploid cotton and wheat (Chase, 1964a) and the auto-
tetrapleoid potato (Chase, 1973). Later he reviewed the utilization of ha-
ploids in breeding diploid species (Chase, 1974). Collins & Legg (1974}
discussed the potential of haploids for breeding allopelypleids. They pro-
duced doubled hapleids of tobacce which compared well with the parent va-
rieties. By this method they eliminated many undesirable alleles. Nakamura
et al. (1974a,b) produced three promising tobacco lines in their breeding
program via haploids. In asparagus entirely male Fl progenies have been
made with a great homogeneity (Thévenin, 1974). In oil seed rape the culti-
var Maris Haplon was derived from a haploid (Thompson, 1972).

Reinbergs et al. (1975) saw their doubled haploids as fixed gametes. They
used them to estimate the yield potential of barley crosses in early gener-
ations (Reinbergs et al., 1976). Their lines had the same yield potential as
réndomly chosen F4 lines from the same cross (Song et al., 1978). sSo, with a
three year gain in time, they did not loose yield potential. This confirmed
a computer study of Walsh (1974), who also pointed out that the pedigree
method is better if linkage is involved.

In autogamous crops the good homozygous lines may become cultivars, but
in other crops heterozygosity is necessary. Dunbier & Bingham (1975) made
two populations - from hapleid derived autotetraploids with the same gene
frequencies, but different levels of heterozygosity. The more heterozygous
double cross had the highest yield, presumably because of the higher number
of tri- and tetra-allelic loci. Doubled haploids from these crops can only
be used for a hybrid program. '



2.2.3 Solanum haploids in research

Both monoploids and dihaploids in Solanum have their own applications in
research just as other haploids. Non-homologous chromeosome association at
meiosis has been observed in monopleoids (Van EBreukelen et al., 1975). The
most important application of monoploids is the fast production of homozy-
gous diploid plants.

8. tuberosum dihaploids are smaller than tetraploids, but they may be
vigoreus and give a reasonable tuber yield. Leaves are smaller and narrower
(Hougas & Peloguin, 1957). The flowering behavicur may be comparable with
that of tetraploids, but the net female fertility is lower (Carroll & Low,
1975). Male fertility is greatly reduced (Van Suchtelen, 1966; Carroll &
Low, 1976; Hermsen, unpubl.). The percentage of plants producing functional
pollen can be as low as 3% (Peloguin et al., 1966).

Simple segregation ratics in dihaploids (Hougas & Peloquin, 1958) have
led to several articles on genetic markers (Kessel & Rowe, 1974; Hermsen et
al., 1978a), localization on a particular chromcsome (Hermsen et al., 1973),
genetics of self-compatibility (Hermsen, 1978a,b; Hermsen et al., 1978b) and
gene-centromere mapping (Mendiburu & Peloquin, 1969; Ross & Langton, 1974;
Mok et al., 1976; Mendiburu & Peloquin, 1979).

Dihaploid plants are more suitable for mutation studies than tetraploids
(Van Harten, 1978). They also can produce aneuploids after crosses with
triploids as seed parents (Vogt & Rowe, 1968; Wagenvoort & Lange, 1975).
Aneuploid diploids can also be found amongst the normal dihaploids from a
4x x 2% cross (Hermsen et al., 1970).

2.2.4 Solanum haploids in breeding

The two main advantages of the use of dihaploids in potato breeding are
(a) their disomic inheritance, which facilitates the production of homozy-
gosity for selected characters and (b) the increased possibilities to make
crosses with wild or primitive dipleid Solanum species (Hougas & Pelogquin,
1958, 1960). With these crosses the diversity in the potato germ plasm can
be greatly increased, for instance with respect to resistance to diseases
and pests.

The most serious problem for the use of dihaploids is their male steril-
ity. This is added to the normal problems of dipleids: self-incompatibility
and male sterility in some interspecific hybrids (Ross et al., 1964; Abdalla
& Hermsen, 1972; Perez-Ugalde et al., 1964) or unilateral incongruity {(Herm-
sen et al., 1974b). According to Carroll (1975) this male sterility can oc-
cur in various degrees in different genotypes.

Dihaploids from one tetraploid plant form a 'gametic sample'. They have
the genotypes of the gametes and show which characters are hidden in the
tetrapleid genotype. They can also provide an estimate of the degree of he-



terozygosity for certain characters. This gives dihaploids an application
in conventional breeding. The gametic sample is an aid in choosing the
right parents in 4x x 4x crosses.

The dihaploids can also be used themselves in breeding. Rothacker &
Schifer (1961) envisaged to make tetraploids with a high degree of homozy-
gdsity as parents for a breeding program, exploiting heterosis. Dihaploids
would be crossed with wild Solanum species, made homozygous for selected
characters and then doubled. The homozygous tetraploids would constitute
good breeding material as the frequencies of genes for desired characters
in the progeny will be high.

Chase (1963b)} introduced the name 'analytic breeding! for the procedure
of reducing a polypleoid to its diploid components, crossing and selecting
at the dipleid level, resynthesizing the polyploid form and testing it.

The exploitation of 'unreduced gametes' or rather '2n gametes' has been
the subject of many studies of Peloguin c.s.. They investigated the cytolo-
gy of 2n gamete formation and distinguished between two meiotic restitu-
tions: first division restitution (FDR) and second division restitution
{SDR). FDR gametes transmit the genotype of the parent largely intact, in-
cluding the non-additive gene actions. Their use provides a powerful breed-
ing technique (Wang et al., 1271). SDR increases homozygosity. The cytology
and genetics of 2n pollen formation hag been studied further by Mok & Pelo-
quin (1975). According to them three mechanisms of 2n pollen formation can
be distinguished and they are simply inherited. FDR maintains existing he-
terozygosity, which is important in autotetraploids. Mendoza & Haynes
(1974) showed that heterozygosity was more important than dominance for
yield in potato. Dunbier & Bingham (1975) demonstrated in alfalfa that tri-
and tetra-allelic loci increased yields. Doubling of the chromosome number
either spontaneocusly or with colchicine increases the degree of homozygosity
anéd might influence yield in negative direction.

To use the potential of 2n gametes with FDR Mendiburu et al. (1974) pro-
posed two ways of sexual polyploidization in potate breeding: unilateral
(4x * 2x) and bilateral (2x X 2x). In a 4X x 2x cross an adapted variety
would be crossed with a selected diploid, preferably with FDR, to obtain a
high heterotic response (Mendiburu & Peloguin, 1971). In reciprocal crosses
between 4x and 2x plants Kidane-Mariam & Peloquin (1974) associated the

higher yields in 4x X 2x crosses with FDR in the diploid. It seems, how=
ever, that negative interaction between &.

cytoplasm could not be ruled out completély.
The proposed 2x x-2x cross (Mendiburu et

tuberosum genes and 8. phureja

al., 1974) is a more interesting
type. It can-be applied in many ways. For instance, a combination of diha-

ploid 8. tuberosum, S. phureja, dihapleid 8. andigena and S. chacoense was
suggested. 8. chacoense was incorporated to avoid cytoplasmié male sterili-
ty. Breeding was to be done at the diploid level, followed by two crosses

between two parents to produce two intermediate diploid hybrids, which were
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again to be crossed te give a tetrapleid that could be multiplied vegeta-
tively. FDR in 2n pollen and 2n egyg formation in the last cross would ac-
complish that the diploid genomes were incorporated largely intact in the
tetraploid. Cytological work or test crosses would be needed durin,; the
process to screen for plants with FDR (Mendiburu et zl., l.¢.)}. This is a
promising breeding scheme, as it can combine genes from four sources. The
cytogenetic explanation of FDR and SDR has been questioned by Ramanna
{1979), who suggested that several cytological observations, e. g. parallel
spindle, could not be interpreted as genetical processes. His own investi-
gations with diverse material alsoc showed that various processes can lead
to restitution in meiosis, even ‘in one anther. Unravelling the genetics of
FDR would be more complicated than was suggested. Even if the genetic back-
ground of FDR were not asg simple as Mok & Peloguin (1975) stated, the hete-
rosis reported in the experiments is worth exploiting.

Hermsen (1974, 1977) proposed a modification of this scheme: instead of
maintaining the tetrapleid wvegetatively, it can be reconstituted in the
form of hybrid seeds from the vegetatively propagated dipleid hybrids. Po-
tatoes from seeds might carry a promise for the future in tropical regions
where virus is a year round problem and where enough labour is available to
transplant seedlings from a nursery to the field.

Screening for resistances in vitro is a recently developed methed in
which protoplast techniques are used. Dihapleid potato cells have been re-
generated into plants (Behnke, 1975). Behnke (1979) selected irradiated and
non-irradiated dihaploid calli for resistance to Phytophtora Infestans in
vitro. Plants from surviving calli proved to be more resistant than con-
trels. With refinement of in vitro techniques selection might in the future
take place in laboratories rather than in fields or greenhouses.

wenzel et al. (1979) incorporated such laboratory techniques in their
proposed potato breeding scheme. Dihapleids were to be produced from tetra-
ploids through pseudogamy. Monopleoids would be made via anther culture and
doubled to obtain homozygous diploids. Selected diploids should then be
crossed in pairs. Protoplasts from their progenies were to be isolated and
fused in pairs. After regeneration highly heterozygous tetraploids would be
obtained, provided that the diversity of the original tetraploids was big

enough.
2.3 INFLUENCE OF THE PARENTS ON FREQUENCIES OF HAPLOIDS FROM PSEUDOGAMY

Pseudogamy is the development of seeds after pollination, but without
fertilization of the egg cell. Pseudogamy is Sometimes called parthenogene-
sis, but this indication is less precise, as it also includes cases where
no pollination is involved. Pseudegamic haploidy often occcurs after inter-
specific or intraspecific crosses where different ploidy levels are in-
volved (interpleidal crosses) (Rowe, 1974).
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The roles of the two parents in haploid production are very different.
Accordingly it is less important to know the genetics of the seed parent
effect than the genetics of the pollinator effect, in order to improve the
efficiency of haploid production. If hapleids are wanted from a certain
plant then the yield of haploids can only be changed by choosing other pol-
linators. Pollinator improvement is possible without influencing the type
of haploids produced, as the haploid does not receive chromosomes from the
sperms.

Several measurements of dihapleid freguencies have been used for com-
pariscons between parents or between metheds. Frandsen (1967} gave three daif-
ferent ratios in his tables: dihaploids per 100 pollinated flowers, per 100
seedlings and per 100 berries. He used only the last one in his summary.
Irikura (1975b} gave the same three ratics in his tables, but used diha-
ploids per 100 pollinated flowers in his text. This ratio is a measure for
the effort needed to obtain dihaploids. However, adverse weather condi-
tions, which cause pollinated flowers or young fruits to drop, influence
this ratioc wvery much. There is wvariation in fruit set between S. tuberosum
cultivars as well. 1f no seed marker is available the ratio per 100 seed-
lings is to be preferred (Bender, 1963) as raising and screening of seed-
lings is the most laborious part of the production of dihaploids in that
situation. As the number of seeds per berry ie a highly variable character,
dihaploids per 100 seedlings is not appropriate for comparisons between pa-
rents.

Dihaploids per 100 berries (d4/100b) is the most widely used measure (Ga-
bert, 1963; Frandsen, 1967; Hermsen & Verdenius, 1973). It is also used in
this study. It is not influenced very much by envirommental conditions or

the seed parent and reflects the number of crosses needed to produce one
dihaploid.

2. 3.1 Influence of the poilinator

Plants producing pollen that gives risé to haploids through pseudogamy
are called pollinators, as they pollinate the seed parent without fertili-
zation of the egg cell.

The c¢loser the pargnts were related, the more research has been done on
the influence of the pollinator genctype on hapleid frequencies. Maize ha~
ploids have been derived from intraspecific 2x x 2x crosses. When its ha-
ploid production was studied systematically, Chase (1949, 1952b) found the
choice of the pollen parent to be important. Coe & sarkar (1964) came to
th? ?ame conclusion and they transferred genes for high hapleoid inducing
ability from one stock into another (Sarkar & Coe, 1966). Later Sarkar
{1974) reported doubling of the haploid inducing ability of a pollinator
population by two cycles of selection for that character. Later he gbtained
a further doubling after the third cycle (Aman & Sarkar, 1978). The charac-
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ter was highly heritahle and controlled by a large number of genes with ad-
ditive effect.

In the cross Populus tremula X P. alba the pollen can be inactivated by
teluidine blue and still induce hapleids (Illies, 1974a,b). The genotype of
the pollen parent is probably unimportant. Bingham {(1971) found pollinators
to have influente in the interploidal intraspecific crosses that yielded
dihapleids in Medicago sativa. In other interploidal crosses, Fragaria ana-
nassa x Potentilla anserina and P. fructicosa, which produced Fragaria ha-
ploids, Janick & Hughes (1974} did not mention different genotypes within a
species.

In Solanum species pseudogamic haploids are usually induced using se-
lected plants of S. phureja as pollinators. Such pollinators fertilize the
central nucleus and thus contribute to the indispensable vital endosperm
{(Von wangenheim et al., 1960). Dihaploids of S. tuberosum originate from a
4x x 2Xx interploidal cross. As S§. phureja is closely related to 5. tubsro-
sum .and even 8. tuberosum dipleids can be used as pollinator (Hermsen et
al., 1972a), the interploidal character of the cross may be more important
than the interspecific character.

Influence of the genotype of the pollinator on haploid frequencies in
S. tuberosum has been established by several authors (Gabert, 1963; Hougas
et al., 1964; Jakubiec, 1964; Frandsen, 1967; Hermsen & Verdenius, 1973;
Irikura, 1975b). From the work of Hermsen & Verdenius (1973) it can be seen
that selection for high d.i.a. is possible in 8. phureja. Gabert (1963) was
the first to screen a large number of S. phureja clones and he found good
and bad pollinators. He observed a discontinuity between the two groups,
few being good pollinators. He crossed pollinators and cbtained good polli-
nators only from the combination good x good. His conclusion was .that the
character was heritable, high d.i.a. being recessive with only one or a few
genes involved. Frandsen (1967) reported a clear difference between two of
these pollinators both in d.i.a. and in hybrid production. Hermsen & Verde-
nius (1973) produced a sib-F2 population of $. phureja and studied 29
plants of this population extensively for their d.i.a.. The average d.i.a.
of these plants was higher than that of their parents and much higher than
in Gabert's (1963) experiments. Although they found a large wvariation in
d.i.a., no clear-cut discontinuity was detected. Irikura (1975b) studied
the selfprogeny of a §. phureja cleone. He found both positive and negative
transgression for d.i.a. and concluded that low d.i.a. was the dominant
character and inherited guantitatively. This conclusion did not explain the
negative transgression in his inbred population.

.The genes for high d.i.a. were recessive according to both Gabert (1963)
and Irikura (1975b). Irikura analysed one population and Gabert (unpubl, )
used rather small populations for his analyses. None of the authors men-
ticned arguments for dominance of high d.i.a.. Intermediate inheritance wag
never considered, as far as the author is aware.
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Berries from crosses between S. tuberosum and 3. phureja usually contain
hybrid seeds apart from seeds with dihaploid embrycs. Hermsen & Verdenius
{1973) distinguished pollinators in those with high seed set and low seed
set. They suggested a relationship between seed set and dihaploid numbers
per berry, especially when using low seed set pollinators.

A good pollinator needs a marker to be useful. The first marker applied
in screening for dihaploids in §. tuberosum was purple hypocotyl, used by
Peloguin & Hougas {1959). They suggested to use embryc spot as a seed
marker for even earlier screening. This spot is an accumulation of anthocy-
anin at the base of the leaves and is caused by two genes: B and P (or R).
Pominant P provides the anthocyanin (also in the hypocotyl), dominant B
causes the accumulation, provided P is present (Dodds & Long, 1955, 1956).
The character is pleiotropic: the spots are visible on all parts of the
plant homologous to ‘a leaf base. The dominant alleles of the non-linked
genes B and P are not present in European cultivars of S. tuberosum. At-
tempts. have been made to produce $. phureja plants homozygous for embryoe
spot, which initially failed (Frandsen, 1967). Hermsen & Verdenius (1973),
however, succeeded in breeding 8. phureja plants which combined homozygosi-
ty for embryo spot with high d.i.a.. This increased the efficiency of diha-
‘ploid induction considerably and alsc made selection for monoploids pos-
sible, where thousands of seeds have to be screened to obtain one monopleid
(Van Breukelen et al., 1975).

2.3,2 Influence of the seed parent

An influence of the seed parent on the haploid frequency is expected
rather than an effect of the pollinator (Hougas et al., 1964). The seed par-
ent influence could work through nuclear genes,  through the cyteoplasm or
both. Lethal genes can reduce the number of viable haploids. The number of
ovules per berry might influence the number of haploids directly. Differ-
ences in numbers of ovules in ovaries of several potato cultivars have been
found (Arnason, 1943; Carroll & Low, 1975). The influence of lethal genes
is difficult to determine, unless lethality occurs during the germination
of the seeds or after emergence of the seedlings. Montelongo-Escobedo
{1962) found lethal genes not to be a major factor in the potato clones he
used. Hermsen et al. (1978a) found four lethal genes in Gineke, which is
still a good dihaploid producer. Lethal genes, which cause seed abortion of
dihaploids, usually escape detection.

Genes for pseudogamy can work at either of two levels:

sporophytic or
gametophytic. In other words,

the mechanism to produce haploids is con-
trelled by the genotype of either the plant or the egg cell. Bender (1963)
ascribed what he called an 'apomictic tendency' to the egg cell, but this

was more a name than an explanation. He proposed an experiment to prove ga-

metophytic determination. If the egg cell has a genetic constitution which
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promotes pseudogamy, then doubling the chromosome number of a haploid will
‘result in plants in which genes for pseudogamy have accumulated. Such
plants are expected to produce on the average more haploids than the ocrig-
inal plant. Chase (1952a) found doubled monoploid lines to produce more mo-
noploids than unselected inbred lines.

Differences in haploid producing ability between maize stocks have been
reported (Chase, 1949, 1952b; Sarkar & Coe, 1966; Sarkar, 1974). Coe & Sar-
kar (1964) were able to incorporate the high haploid producing ability of
their best seed parent into another stock by backcrosses. Homozygosity in=~
creased the haploid frequency in maize (Sarkar, 1974). This might be due
either to homezygosity for genes for haploid preduction or te reduction of
the number of lethal genes. Bingham (1971) found differences in hapleid
producing ability between MNedicago sativa genotypes, Stringham & Downey
(1973) in Brassica napus. Differences between WNicotiana tabacum lines in
haplcoid frequencies from crosses with N. africana were found by Burk et al.
(1979).

Potato dihaploids can be exXtracted from almost any seed parent (Gabert,
1963}. Frandsen {(1967) investigated 117 clones. Although 13 did not actual-
ly produce dihaploids, he himself was not convinced that they were unable
to produce them. Irikura (1975b) extracted dihaploids from 66 out of 83
seed parents. The general occurrence of dihapleid producing -ability
{(d.p.a.) in 8. tuberosum means that a broad genetic base may be made avail-
able for the application of dihaploids. However, dihaploid freguencies
vary.

The influence of the seed parent on the frequency of dihaploids has been
recognized from the beginning of systematic work on potato dihapleids (Ga-
bert, 1963; Jakubiec, 1964; Rothacker et al., 1966; Frandsen, 1967; Irikura,
1975b). Genetic factors that influence dihaploid production have not been
studied extensively, autotetraploidy being a hindrance. Montelongo-Escobedo
(1968) made crosses between dihaploids of a good and a bad seed parent to
determine the inheritance of the seed parent effect. The meiotically
doubled tetraploid progeny was again used as seed parent. From the diha-
ploid frequencies obtained he concluded that high d.p.a. was dominant, re-
latively few genes being inveolved. However, positive genes are overrepre-
sented in dihaploids from a bad seed parent, if Bender's (1963) theory is
correct. The tetraploid-diploid-tetraploid cycle concentrates good genes,
but to a larger extent in bad seed parents than in good seed parents.

Apart from chromosomal influence there may be a cytoplasmic influence.
Frandsen (1967) found the cytoplasmic differences between Solanum species
to be important. His own data did not support this very strongly. The uni-
formity within each cytoplasm group was not very high and ranges were over-.
lapping: e.g. the group with S. demissum cytoplasm yielded 15-233 d4/100b
(mean: 65d/100b) and with $. tuberesum cytoplasm 15-433 d4/100b (mean: 150
d4/100b). Frandsen did not come tec a conclusion about cytoplasmic differ-

ences within 5. tuberosun.
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2.3.3 Interaction between pollinator and seed parent influence

Pollinators can only be evaluated using seed parents, seed parents only
by using pollinators. The idea of interaction between pellinator and seed
parent effect on dihaploid freguencies did not receive much attention in
earlier studies. Gabert (1963}, who studied both effects, gave only a
slight suggesticn that good pollinators were good irrespective of the seed
parent. Hougas et al. (1964) stated this more clearly. This same tendency
could be observed in the data of others who worked with several potato va-
rieties and a few pollinators (Jakubiec, 1964; Frandsen, 1967; Hermsen, un-
publ.). On the cother hand, Hermsen & Verdenius (1973) found the correlation
between dihaploid production of two varieties with a range of pollinators
not to be highly significant. They explained this as a differential reac-
tion of the two seed parents to the same series of pollinators. This could
be interpreted as interaction. The different frequencies of hybrids found
by Frandsen (1967) between S. tuberosum and S. andigena with two S. phureja
clones could also be seen as an interaction between seed parent and polli-
nator.

Chase (1949) noticed that certain seed parents in maize produced more
monoploids than others with each of the pollinators used. The same can be
concluded from data of Coe & Sarkar (1964). In their data a multiplicative
effect can be found but no interaction in a strict sense between the ef-
fects of seed parent and pellinator.

2.4 EXTERNAL INFLUENCE ON HAPLOID FREQUENCIES

it is apparent from Section 2.3 that haploid production is genetically
contrelled. In this section literature on the influence of external factors
on the frequency of haploids is presented. These factors include tempera-
ture, light, radiation and chemicals.
Extreme temperatures have induced haploids in some species. Blakeslee et
(1922) obtained their first haploids in Datura stramonium by using low
temperatures. Mintzing (1937) reported a haploid plant in Secale cereale
after cold treatment and Nordenskidld (1939) after heat treatment. In Sola-

aum tuberosum many authors found dihaploid rates changing from year to year
(Gabert, 1963; Frandsen, 1967; Hermsen, unpubl.).

al.

Gabert (1963) investigated the influence of temperature on dihaploid
frequencies under natural 1light conditions in an air-conditioned dgreen-
house. Though he stressed the big contribution of the pollen parent to di-
haploid frequencies, he controlled temperature. influences on the female
parent only. He used small compartments with temperatures ranging from
15-30 °C. He pollinated cut sten inflorescences (Peloquin & Hougas, 1959)
and placed them for four days in a compartment with either fixed or alter-

nating . temperatures. None of the treatments enhanced dihaploid frequency,:
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when compared with the frequency found at gradually changing temperatures
of 21-24 °C during the day and 13-16 °C at night. Gabert (l.c.} concluded
that temperature probably affected fruit set and fruit development.

wohrmann (1964) also carried out systematic experiments to determine the
influence of temperature on the production of dihaploids in potato, es-
pecially during pollen tube growth. He used the cut stem technique. Flowers
of four cultivars were placed at a temperature of 20, 25 or 30 °C for 10 or
20 h immediately after pollination. For the remainder of the first eight
days after pollination all flowers were kept at 20 °C. He found that higher
temperatures lowered the numbers of berries per flower, seeds per berry and
dihaploids per berry considerably. The number of dihaploids per seed was
lowered by higher temperatures to a smaller extent. Duration of treatment
seemed to have more influence than temperature.

His treatments were rather short if one considers that pollen tube
growth takes 36-48 h until the moment of fertilization. He also did not ex-
clude influences on the pollen parent and on the seed parent before an-
thesis. The two treatments of 10 and 20 h at 20 °C, each followed by 20 °C
for eight days, were not considered as replications. There was a consider-
gble difference between these almost identical treatments for each cultivar
with respect to numbers of seeds per berry and dihaploids per berry. Appar-
ently there were factors that were not controlled in his experiments.

Frandsen (1967) was the first to note that seasonal influences before
the period of fertilization might affect dihaploid rates, but did not men-
tion any influence of environmental factors on the d.i.a. of pollinators.

Meiosis takes place in the anther before meiosis in the ovule in 8. tuy-
berosum (Rees Leconard, 1935; Clarke, 1940) and in S, phkureja (Maherchandani
& Pushkarnath, 1960). This means that envirommental influences on both mei-
otic processes can be different.

An important aspect of environmental influence is formed by the growing
conditions of the parental plants as far as they influence flowering and
fruit set and indirectly the dihaploid frequency (Gorea, 1968, 1970). The
decapitation technigque, described by Peloqguin & Hougas (1959}, increased
fruit set five to ten times. Grafting of potato onto tomato rootstock re-
sulted in profuse flowering over a long period and improved berry set, thus
increasing the efficiency of greenhouse space and labour (Hermsen, 1979).
Gorea (1968, 1970, 1973) concluded from his potato dihapleid inductions
that the total yield of dihaploids was promoted by suitable cultural condi-
tions during fruit development. Fruit set can be reduced by high tempera-
tures during flowering (Bienz, 1958) or low night temperatures (Bodlaender,
1960). Most Solanum species flower only at long day length, but a high
light intensity might compensate for too short day lengths (Driver &
Hawkes, 1943; Krug, 1957). This has consequences for the duration of the
crossing season and for the choice of artificial conditions in growth cham-

bers.
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Apart from manipulations with natural factors as temperature and light,
technical methods have been tried to raise haploid frequencies (Review: La-
cadena, 1974). Most methods reduced the vitality of the pollen, others
aimed at inducing restitution of the pollen tube mitosis.

Kopecky (1960) reduced pollen vitality of Populus alba by a fermentation
process. He obtained more haploids after pollinations with this pollen.
Heat~treated poplar pollen produced haploid-diploid mixaploids and maternal
diploids, probably doubled haploids (Winton & Einspahr, 1968). Illies
(1974a,b) obtained significantly higher frequencies of haploids after
treatment of pollen or the pollinated style with toluidine blue. The pollen
tube mitosis was blocked and the subvital pollen was conly a stimulus. The
endosperm was apparently not important for seed development in Populus. To-
luidine blue did not give an increase of haploid frequency in tomato and
maize (Al Yasiri & Rogers, 1971). Dumas de Vaulx & Pochard (1974) treated
pollinated flowers of Capsicum annuum with N,0. This treatment increased
the frequency of haploid-diploid twins in one cultivar. Treatment of the
flowers before pollination resulted in the production of single haploids.
Ecochard et al. (1974) inactivated the male sperm specifically with thermal
neutrons just before fertilization and obtained two tomate haploids with
this technique.

Several workers applied X-rays to Solanum pollen. Bender (1963) obtained
increased dihaploid frequencies, whereas Wohrmann (1963) reported similar or
lover frequencies of dihaploids per berry. Bukai (1973) obtained a fourfold
increase of the dihaploid freguency. Tarasenko (1974) reported a sixfold
increase in dihaploids per seed. Berry set and seed set were found to be
lower after X-ray treatment by Bender (1963) and Wohrmann {1963). It seems
that dihaploids are less gensitive to X-rays than hybrid seeds, probably
because irradiated pollen can still be functional in endogperm, when it is
not functional any more in a zygote. Montezuma~de-Carvalho (1967) and Mon-
telongo-Escobedo & Rowe (1969) treated S. bPhureja pollen with N;0 and col-
chicine respectively in order to increase dihaploid production by stimu-

lating restitution of the pollen tube mitosis. Increased restitution was

observed in both studies and in the latter also increased dihaploid fre-
quencies were found {see also Section 2.5.2.3).

It may be cencluded that optimalization of the growing conditions of
seed parents and pollinators was the only manipulation of external factors

that considerably increased dihaploiad frequencies of a seed parent pollina-
tor. combination. )

2.5 MECHANISMS OF PSEUDOGAMIC HAPLOID PRODUCTION

. Whén haploids are formed through pseudogamy the reproductive mechanism
1s switched to an abnormal development. Many authors have studied haploid
producing mechanisms applying embryological and cytological techniques.
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Literature about these mechanisms is given here for 2x x 2x and 4x x 2x
crosses With emphasis on the latter, especially in Solanum. The origin of

hybrids is also taken into account.
2.5.1 2% x 2% crosses

The mechanism of pseudogamy is extensjively studied in maize. Maize ha-
ploids may occur in low frequencies in progenies of 2x x 2X crosses. Most
cytological data come from experiments by Chase (1964b) and Sarkar & Coe
(1966). Chase used a dominant endosperm marker, which regulated the inten-
sity of yellow colour according to the number of alleles present. With the
marker in one of the parents he ccould distinguish triploid from tetrapleid
endosperm. He found monoploids to have triploid endosperm. Sarkar & Coe
(1966) confirmed this using another endosperm marker. Apparently one sperm
fertilized the central nucleus and the other was lost. This is called the
'maize mechanism'® (Hermsen, 1971). cChase (1969} proposed a hypothesis of
early division of the egg cell or synergid before fertilization to explain
this., The tendency of precocious division would depend on the maternal
genotype. This may lead to the higher monoploid rate observed after delayed
pollination. sSmith (1946) found a higher haploid frequency after delayed
pollination in Triticum monococcum.

2.5.2 4X x 2x crosses

Pseudogamic dihaploids from S. tubercsum originate almost exclusively
from 4x X 2x crosses. This is an interesting type of cross as the outcome
is not triploid hybrids, which is mathematically the expectation. Triploids
occur in very low frequencies per berry. The majority of the progeny con-
sists of tetraploid hybrids. Dihapleids are produced as well in certain
combinations of parents, sometimes in frequencies of up te five per berry.
The total number of seeds produced is usually very low comparéd with that

in 2x % 2x and 4x X 4x crosses.

2.5.2.1 Triploid hybrids

The lack of triploids in a 4x x 2x cross has been reported freguently
and was described as 'tripleid block' by Marks (1966a). He called it an
enigma, as triploid plants grow well. Koopmans & Van der Burg (1952}, Marks
{1966b), Van Suchﬁelen (1966, 1973} and Hanneman & Pelogquin (1967) men-
tioned low triploid frequencies in their crosses. Rothacker & Schiéfer
(1961) found 40 triploids per 100 berries. Frandsen (1967) obtained much
lower frequencies: around 1 per 160 berries. Hermsen & Verdenius (1973) re-
ported relatively high tripleid frequencies from crosses involving low seed
set pollinators. <Calculations on their data show that these pollinators
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produced 15-30 triploids per 100 berries. Triploid frequencies from high
seed set pollinators could be of the same magnitude. Jackson et al. (1978)
found similar freguencies in Andean potate cultivars. Hanneman & Peloquin
(1968) and Ross & Jacobsen (1976) observed lower freqguencies of triploids
in bigger progenies, which is not unexpected as they expressed the triploid
frequency as a fraction of total seed set. Tripleid frequencies can vary
from year to year (Sudheer, 1977) and be influenced by the parental geno-
types (Gorea, 1970; Van Suchtelen, 1976}).

Beamish (1955) crossed hexaploid 5. demissum with diploid §. phureja.
she obtained less than one seed per berry, predominantly tetraploids, com-
parable to the triploids in a 4x X 2x cross. In other genera low triploid
frequencies in 4x x 2x crosses were found, e.g. Dactylis (Carroll & Bor-
rill, 1965), Brassica (Nishiyama & Incmata, 1966), Primula (Skiebe, 1967)
and Medicago (Bingham, 1971).

A barrier to a better understanding of the triploid block was the opin-
ion, that fixed ratios between the ploidy levels of maternal tissue, endo-
sperm and embryo were necessary for the development of a seed. This ratio
should be 2:3:2 or 4:6:4 (Mintzing, 1930). Cooper & Brink (1945) found ir-
regularaties in Lycopersicen endosperm after crosses between 4x and 2x
plants, followed by poor embryo development leading to shrivelled seed,
They stressed the importance of the ratio between maternmal tissue and endo~
sperm. Study of endosperm development by Von Wangenheim (1961l) showed that
the absclute ploidy level of the endosperm was important. He found 3x, 6x
and 9x endosperm to behave normally during seed growth, irrespective of the
ploidy level of the embryo, sometimes even without an embryo. In 4x endo-
sperm he observed small cells without wvacuoles and with large intercellu-
lars. Pentaploid endosperm had its own characteristic type of degradation
as it did not form cell walls. Similar defective endosperm development has
been found in 4x x 2X crosses in Brassica by Nishiyama & Inomata (1966). It
is the lack of vitality of Sx endosperm that makes the seed set low in 4x X
2x crosses. The majority of ovules, containing triploid embryos, does not
develop beyond initial stages. Skiebe (1973) supported the conclusions of
Von Wangenheim (1961). Exceptions of this theory have been explained by Va-
lentine & Woodell (1963) by introducing a 'genetic value', a factor that
makes endosperm chromosome numbers a multiple of 3x. The values they found
lock unnatural. Den Nijs (1977) and Den Nijs & Peloguin (1977) introduced
a hypothesis about endosperm balance factors (EBF) to explain the different
crossing behaviour of Mexican tetraploids and 8., acaule compared te other
tetraploid Solanum species. Endosperm would only develop normally if there
were a 2:1 ratio between maternal and paternal genomes. A tetraploid would
normally have 4 EBF, but 8. acaule would have only 2 EBF and therefore
easier produce triploids in crosses with diploids than tetraploids in
crosses with tetraploids. Johnston et al. (1980) introduced the name
sperm balance number'! for the number of EBF of Den Nijs {l.c.).

'endo-
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2.5.2.2 Tetrapleoid hybrids

Most hybrids from tetraploid $§. tuberosum x dipleid 8. phureja crosses
are tetraploid (Frandsen, 1967; Héglund, 1970; Hermsen & Verdenius, 1973).
H&glund (l.c.) wanted to explain the high number of tetraploids from 4x X
2x crosses. She studied microsporogenesis and pellen mitesis in vitro of
one S. phureja clone. The spindle formation in metaphase 11 was irregular,
resulting in about 50% 2n gametes. After second pollen mitosis she found,
apart from tubes with two reduced sperms, also tubes with two 'unreduced!
sperms, the 2n sperms contributing to tetraploid hybrids. She suggested a
cytoplasmic influence from the tetraploid pistil or dipleid egg cell lead-
ing to preferential fertilization by 2n pellen grains. She mentioned the
possibility of differences in growth rate between 2n and n pollen. This
should explain why the frequency of tetraploid progeny was higher than the
frequency of 2n pollen. She did not take into account the lethality of the
triploids. Preferential fertilization is a very rare phenomenon according
to Haustein (1967). Differences in pollen growth rate, called 'certation'
by Heribert-Nilsson (1920), are more common. The term was originally used
for types of pellen differing in genctype, but can also be used for pollen
differing in ploidy level. Skiebe (1966) did not find differences in growth
rate in vivo for 2x and x pollen of diploid Primula malacoides, neither did
Esen et al. (1978) in Citrus. In sugar beet x pollen grows faster than 2x
pellen (Matsumura, 1958).

Ramanna (1974) found aberrant cytokinesis to be the major mechanism in
the occurrence of 2n pollen. Mok & Peloguin (1975) distinguished three
mechanisms of 2n pollen formation in diploid potatoes on cytological
grounds. Regarding the genetic consequences there are two mechanisms. All
these mechanisms lead to tetraploid hybrids from tetraplocid-dipleid
crosses. In a re-examination of the mechanisms of 2n pollen formation Ra-
manna (1979) doubted whether cytological observations could be interpreted
genetically in the way Mok & Peloquin (1l.c.) did.

2.5.2.3 Dihaploids

Dihapleids may originate from 4x x 2x crosses as well, but by which
mechanism? If the maize mechanism (Section 2.5.2.1) were involved, the re-
sulting seeds would have dihaploid embryos in lethal pentaploid endosperm
and dihaploids would occur in even lower freguencies than tripleids. Von
Wangenheim et al. (1960) investigated the chromosome numbers in 112 ovules
of 8. tuberosum, pollinated by a S. phureja clone with high d.i.a.. They
counted 35 ovules with hexaploid endosperm, of which 30 lacked an embryo
and 5 contained a dihaploid embryo. Bender (1963) did similar counts in 614
ovules. The chromosome numbers of both endosperm and embryc could be
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counted in 114 ovules. Four dihaploid embryos were found in hexaploid endo-
sperm. Three other dihaploid embryos were found in an endosperm of which
chromosomes could not be counted. Again a high number of ovules with hexa-
ploid endosperms without embryo was found. These nine @ihaploids in hexa-
ploid endosperm are the only ones in which the ploidy level of embryo and
endosperm has been determined. Never was a dihaploid mentioned in other en-
dosperm. It can be assumed that dihaploids generally occur in hexaploid en-
dosperm. A dihaploid in pentaploid endosperm has only a small chance to
survive, but with the survival rate of triploids of about 1 in 1000 (Von
Wangenheim, 1956) it is possible that an occasional dihaploid in pentaploid
endosperm occurs, the frequency of which being toc low for detection by
chromosome counts in ovules. A hexaploid endosperm will have. received 2x
chromosomes from the pollen. If the egg cell is not fertilized, there are
basically two possibilities for the central nucleus to be fertilized by 2x
chromosomes: either by 2n pollen or by reduced pollen. In case of 2n pollen
either one sperm fertilizes the central nucleus and the other degenerates,
or - as Bender (1963) suggested - only one single 2n sperm is available to
fertilize the central nucleus due to failing pollen tube mitosis. With n
pollen two sperms fertilize the central nucleus either individually or con-
nected by a chromatid bridge or fused after restitution.

Fertilization of the central nucleus only and degeneration of the second
sperm has been cbserved cytologically. HRkansson (1943) reported a prema-
ture division of the egg cell in Poa alpina, followed by the fusion of one
sperm with the central nucleus, while the other sperm degenerated. Banniko-
va & Khvedynich (1974) compared the fertilization process of intraspecific
crosses with that of wide crosses in Nicotiana. In the wide cross N. rusti-
ca X N, paniculata one sperm fused with the egg cell or the central nu-
cleus, the other degenerated often in or near a synergid.

The general occurrence of 2n pollen in 3. phureja peollinators could be
an argument in favour of the role of this pollen in dihaploid induction,
but then it has to be explained why the second sperm does not function.
Premature division of the egg cell is not as likely here as it is in maize.
Guignard (1902) reported that the development of the embryo in Solanum
started after several endosperm divisions. This was confirmed by Clarke
(1940), who observed the first endosperm divisions two days after pollina-
tion and the first division of the zygote after five days in §. tuberosum.
A similar timg interval was recorded by Williams (1955). Delayed pollina-
tion to expleoit the tendency of premature division of the egg cell did not
increase dihaploid frequencies in Gabért's‘(1963) work.

X-ray treatment (Bender, 1963; Wéhrmann, 1963; Bukai, 1973) and colchi-

cine (Montelongo=-Escobedo & Rowe, 1969) increased dihaploid fregquencies in

8. tuberosum. It is not impossible that one sperm was made subfunctional in
the process. This way 2n pollen might induce dihaploids.
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Double fertilization of the central nucleus has been reported in some
species, often when apomixis was involved. Gaines & Aase (1926) discovered
a Trriticum haploid originating from a large kernel. They assumed that the
giant endosperm was caused by a fusion of both sperms with the central nu-
cleus. Rutishauser (1956) found double fertilization of the central nucleus
in pseudogamous Ranunculus auricomus. Fused sperms and sperms connected by
a bridge have been observed in 5. phureja. Bender (1963) found occasionally
bridge formation between two sperm nuclei and restitution nuclei in wvivo.
The frequency was higher after irradiatien. Montezuma-de-Carvalho (1967)
observed the metaphase plate to be absent in pollen tube mitosis of §. phu~-
reja in vivo. He found the chromosomes to lie in rows, an arrangement easi=-
ly leading to abnormalities. Montelongo-Escobedo & Rowe (1969) studied pol-
len growth in vitre. They found one single restitution nucleus in 35% of
the tubes in two good pollinators, in bad pollinators only in 3%. These
percentages need not be a reflection of what happens in vivo, as the
authors found abnormalities in their in vitro pollen germinatien, e.g. a
second pollen mitosis inside a pollen grain.

Complete or partial restitution during pollen tube mitosis occurs in
8. phureja. Several attempts have been made to increase the restitution
frequency. Montezuma-de-Carvalho (1967) applied N,0 to pollinated flowers
at the time of pollen tube mitosis. After treatment he found up to 70% res-
titution nuclei or dumb-bell shaped nuclei with a bridge between sperms due
to Iagging chromosomes. Montelongo-Escobedo & Rowe (1969) gave different
colchicine treatments to pollen before using it in pollinations. Fruit set
was reduced, seed set varied and the dihaploid frequency was slightly in-
creased. Treated pollen germinated in vitro showed 100% restitution nuclei.
Treated pollen from bad pollinators did not yield as many dihapleids as un-
treated pollen from gocd pollinators. Treatment doubled the performance of
good pollen. The origin of the hybrids obtained was not explained in their
experiment. Some pollen must have escaped the treatment. Bender (1963) in-
creased dihaploid frequencies with X-ray treatment of peollen. In accompany-
ing cytological studies he found an increase in restitution nuclei and
chrematid bridges from 4 in 1000 tubes studied to 10 in 800 tubes at the
optimum radiation dose. ’

These are some experiments that support the theory that fertilization of
the central nucleus by two (fused) n sperms is the mechanism leading to di-
hapleid formation. This was called the 'Solanum mechanism' by Hermsen
(1971). :

Bender (1963} stated on theoretical grounds that n pollen must be im-
portant as otherwise more dihaploids would have been found from 4x x 4x
crosses in potéto, apart from the dihaploids claimed by Cooper & Rieman
(1958) and Rieman et al. (1959). This is not necessarily true, as dihaploids
would be difficult to detect in the large progenies of 4x X 4x crosses.
Bpart from that, nobody ever selected for good tetraploid pollinators as
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was done for diploid pellinators.

The role of 2n pollen could be determined by the correlation between
frequencies of 2n pollen and dihaploid induction for several pollinators.
This can be done directly or indirectly when hybrid production is taken as
a measure for the frequency of 2n pollen. The triploid frequency per berry
can be neglected., Rothacker et al. (1966) did not find correlations between
dihaploids and total seed sef. Hermsen & Verdenius (1973) presented results
of dihaploid induction with 29 S$. phureja clones. They did not calculate
between-pollinator correlations, but only within-pellinator correlations
between berries. Buketova & Yashina (1973) reported absence of correlation
between the percentage of dyads in nine pollinators and the induced diha-
ploid frequencies. Also these results point to the importance of reduced
gametes.
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3 Pollinator influence on dihaploid and hybrid
frequencies

3.1 INTRODUCTION

8. tuberosum dihapleids are usually produced by pseudogamy using se=-
lected plants of S. phureja as pollinator. Such peollinators do not contrib-
ute to the genotype of the dihaploid, but fertilize the central nucleus and
thus contribute to the genctype of the endosperm. The nature of the stimu-
lus to the egg cell causing cell division without fertilization is not
known.

As described in Section 2.3.1 the influence of the genotype of the pol-
linator on dihaploid frequencies was well established in several studies.
Freguencies of hybrid seeds were also influenced by the pollinator. Reces-
sive inheritance of dihapleid inducing ability (d.i.a.} in pollinators was
reported by Gabert (1963) and Irikura (1975b). The former mentioned that
only one or a few loci were involved. Dominance and intermediate inheri-
tance were hnever reported. As d.i.a. might be based on a gametophytic pro-
cess in which interaction between alleles is absent because of the ha-
pleidy, intermediate inheritance must be considered.

The positive trangression in d4/100bk found by Irikura {(1975b) and the se-
lection response obtained by Hermsen & Verdenius (1973) raise the question
whether d.i.a. can be further improved by breeding and to what extent.

Hybrid seeds are a by-product of dihaploid induction. As dihaploids and
hybrids are formed from the same limited number of ovules in a berry, there
must be a relationship between the number of dihaploids and hybrids pro-
duced by a pollinator. This relationship is of interest since the fre-
quencies of hybrids might influence the freguencies of dihaploids. Hermsen
& Verdenius (1973) found a 3:1 ratio for lew vs. high hybrid frequencies.
They suggested a monogenic dominant inheritance of low hybrid frequencies,
but did not exclude the possibility of mere genes being involved.

The objectives of the experiments described in this chapter were:

- to confirm the influence of the pollinator on dihaploid and hybrid fre-

gquencies,
- to study the process of inheritance of d.i.a. and hybrid freguencies in

the pollinator,
- to find out whether with the existing S. phureja genotypes the maximum

d.i.a. had been reached,
~ to study the quantitative relationship between dihaploid and hybrid fre-

quencies.
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For these purposes pollinators with known performance were used, crosses
between pollinators were made and their progenies tested. The d.i.a. of the
pollinators was assessed by making pollinations on a S. tubercsum tester
during four seasons. The number of dihaploids per 100 berries in the pro-
geny was the measure for comparison of the d.i.a. of different pollinators.

3,2 MATERIAL AND METHODS

Most 3. phureja plants were derived from material developed by Hermsen &
Verdenius (1973), who were first to combine high d.i.a. with homozygosity
for embryo spot (Section 2.3.1). The donor for high d.i.a. was PI 225682.22
{Gabert, 1963) and the source of embryoc spot was PI 225702.2. Full=-sib F2
plants from this cross were indicated as IVE=clones. All were homozygous
for the hypocotyl marker P, but some proved to be heterozygous for the gene
for embryo spot B. The performances for d.i.a. and seed set were known from
work of Hermsen & Verdenius (1973) and confirmed in a preliminary experi- .
ment. Genotypes for B and lists of pollinators with high d.i.a. and high
seed set are given in Table 1. Full-sib F3 and self progenies were made
from IVP-clones. They are listed in Table 2. Reciprocal crosses between
1VP48 and S§. tuberosum dihaploid G609 (from cv. Gineke) yielded two sib
families, IVP48 x G609 and G609 x 1VP48, which were heterczygous for both B
and P. Plant 57 of G609 x IVP48 was backcrossed with IVP48 as mother,
vhereas plant 3 was backcrossed with IVP48 as father. In this way one popu-
lation had 8. phureja cytoplasm and the other §. tubercsum cytoplasm, coded
IVP482 x G609 and G609 x IVP482 respectively.

As seed parent in tests for d.i.a. of pollinators cultivar Gineke of
autotetrapleid S. tuberosum was used, which had no genes from other Solanum
species. In earlier studies thisz cultivar had shown the ability to produce

Table 1. Genotypes for embryo spot and lists of pollinators
with high d.i.a. and high seed set, respectively.

Genotype High d.i.a. High seed set
BEFP BbPFP

IVE6 IvPl IVP1 IVP10

IVP1Q 1vP24 IVP10 IVP32

IVP26 IvP32 IVP26 IVE35

IVP35 IVP35

1VP48 IVE4S

IVP66

IVE71
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Table 2. Full-sib F3 and self progenies derived from the IVP
series of pollinators (Hermsen & Verdenius, 1973). Populations
indicated with S are segregating for embryoc spot.

Population n Population n
IVP1 selfed iz s IVP(48 x 10} 10
V(1 ¥ 10) 5 s IVP(48 x 35) 24
IVP(24 x 10) 18 s IVP48 selfed 5
IVP(32 X 48} 47 s IVP(66 X 6)

IVP(48 x 1) 5 s

n. size of the population

many dihaploids. In addition, it flowered profusely for a long period when
grafted onto tomatv. It was easy to emasculate and preoduced many berries.
The high correlation (r=0.65) between d.i.a. of 22 pollinators tested with
cv. Gineke and cv. Radosa in one year (Hermsen & Verdenius, 1973) justified
the use of one tester cultivar to determine the relative d.i.a. of pollina-
tors. This was corroborated by cother tests by Hermsen and by own prelimi-
nary trials (van Breukelen, 1972). ’

All pollinators and seed parents were grafted onto tomate rootstock to
enhance flowering. They were planted in a greenhouse with high relative hu-
midity and temperature set at 20 °C. Temperatures did not drop below 20 °C,
but were occasionally as high as 35 °C for 2-4 h on very hot days. Flower-
ing usually lasted from late June to mid September.

For pollination mostly fresh pollen was used. Sometimes the pollen was
collected from flowers that had been dried overnight. All Gineke flowers
were emasculated and labelled individually. Pollinations were made in
cycles, Ten emasculated flowers of Gineke were pellinated per pollinator
until all pollinators had been used. This took several days. The cycle was
repeated until 15-30 berries per combination were obtained. The number of
pollinations per pollinator ranged from 15 to 150.

The seads were carefully extracted from every berry separately and
screened for embryc spot with the aid of a dissecting microscope (magn.
20-40x ). Spotted seeds, spotless seeds and doubtful cases were counted and
kept apart. The fraction of spotless seeds in the progeny of pollinators
homozygous for embryo spot can be regarded as the fraction of dihaploids
produced. However, the spotless seeds from pollinators’' heterozygous for
gene B contained also hybrids, which showed a purple hypocotyl as a seed-
ling. all the spotless seeds from heterozygous pollinators were therefore
_planted in the next spring, after the dormancy was over. From the emerging
seedlings data were taken to enter them in the group of dihaploids or hy-
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brids. In the first two vears all the other spotless seeds were planted as
well, together with the doubtful cases. This way mistakes in screening
could be rectified. The bercentage of emergence was calculated for all
groups of seeds. The germination rate was very high, except for the doubt-
ful cases, where the absence of an embrye had been suspected. Only emerging
seedlings without purple hypocotyl or leaf base were finally recorded as
dihaploids. This group ineluded lethal types that did not survive the first
two weeks. Green tetraploid pPlants constituted less than 1% of the plants
from spotless seeds. They were detected by their wide leaves and confirmed
as tetraploids by counting the number of chloroplasts in the guard cells of
the stomata. This method reliably distinguishes 2x from 4x plants (Frand-
sen, 1968).

From the seeds of 1975 and 1976 only a sample of the spotless seeds from
Gineke x ‘'homozygous:! poliinators was planted, to determine the percentage
of emerging dihaploids. The total number of spotless seeds from a cross was
then multiplied by this percentage to give an estimate of the number of
emerging dihaploids. The percentages did not vary much from year to year.

As a routine seeds with embryo Spot were not planted. They were counted
as hybrids, together with seedlings with a purple hypeccotyl or leaf base.

Absolute numbers of dihaploids and hybrids frem a cross were converted
t0 numbers per 100 berries: d/100b and hy/100b.

Dihaploid numbers in berries have a distribution that.is close to a

Poisson distribution (van Breukelen, 1972). Means of numbers of dihaploigs

per berry per day are Probably closer to the normal distribution. Notwith-
standing a certain deviation from nermalit:
was carried out with pollinator and year or

+ analysis of variance (anova}

tained pollen grains. This is a
as to whether pollen is good or
Samples with more than 95% stained pollen
grains can be considered as Very geod: lower than 60% indicates poor pollen
and with less than 10% the chances of seed set are very low.

poor (Janssen & Hermsen, 1976).

3.3 RESULTS

Results of crosses varied with the years. Prolonged hot periods, such as
occurred in 1975 and 1976, lowered berry set ang the number of seeds per
berry considerably. As for berry set, 1974 was the begt Year and 1971 and

1973 were good. Since most crosses were Tepeated throughout a season, part
of the temperature influence was evened out.
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Table 3.

Dihaploids per 100 berries (d/100b) and hybrid seeds per 100 ber=

ries (hy/100b). Berries formed on c¢v. Gineke, after pollination with seven
related pollinators. Results are averages of around 30 berries for each of

three years {upper part) or averages of 5-10 berries for each of four dif-

ferent days in 1975 (lower part).

d/100b

hy/100b

d/100b

hy/100b

19682
1975
1976
mean

1968%
1975
1976
Il'lé an

18/8
21/8
25/8
28/8
mean

18/8
21/8
25/8
28/8

mean

Pollinator (IVP nr.)

& 10 26 35 48 66 71 mean
37 53 46 236 111 9 0 70

103 235 304 297 406 46 41 205

192 156 402 237 207 27 28 178

111 148 251 257 241 27 23 151

7 7838 42 1453 17 117 115 1370
40 465 31 156 39 125 60 130
72 1950 97 1323 25 196 157 546
4Q 3418 57 975 27 146 i1l 682

Pollinatoxr (IVP nr.)

I3 10 26 35 48 (48 x 35) mean
68 a4 348 265 290 395 242
62 115 255 225 376 541 262

119 330 312 479 568 646 409
56 367 238 256 401 974 388
76 224 288 306 409 639 324

4] 200 25 73 20 13 55
0 420 38 38 67 46 102
50 375 60 211 33 70 133
20 850 0 378 25 50 221
18 461 31 175 36 45 128

a. data calculated from Hermsen & Verdenius (1973}
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3.3.1. Influence of the pollinator on dihaploid and hybrid freguencies

Cv. Gineke was pollinated with the same seven pollinators in three sea-
sons-énd d/100b and hy/100b were calculated (Table 3, upper part). The same
data were collected from six pollinators on four different days in one
month in 1975 {Table 3, lower part). Analyses of variance from both groups
of data are given in Table 4. The influence of the pollinator on 4/100b was
significant in both cases. 1t was less marked on hy/100b, where it was sig-
nificant in the four date experiment, but only marginal in the three year
experiment. Variations between years and days were high and even signifi-
cant for d/100b.

Notwithstanding environmental influences, the ranking of the pollinators
was almost identical from year to year: IVP48 > IVP35 > IVP10 = IVPl =

Table 4. Analysis of variance from the data of Table 3.

Source Sum of squares d.f. Probability

Three year experiment

d4,/100b ) pollinators 187716 6 G.01
years 7095¢% 2 0.02
error 74718 12
total 333394 20

hy/100b pellinators 28248879 6 0.12
Years 5574976 2 .31
error 25880246 12
total 59704101 20

Four date experiment

4/100b pollinators 717522 5 0.00
dates 127022 3 0.06
error 209097 i5
total 1053641 23

hy/100b pollinators 601120 0.00
dates 87535 Q.16
error 219245 15
total 907900 23

d.f.. degrees of freedom
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IVP26 > IVP6 > IVP24 > 1IVP71 > IVP32. Thus seven levels of d4/100b were
found.

3.3.2 Relationship between dihaploid and hybrid frequencies

The different cytological processes 1eadihg to formation of dihaploids
and hybrids will be discussed in Chapter 7. Here only the gquantitative re-
lationship between frequencies of pseudogamic dihaploids and hybrid seeds
will be dealt with.

Among some well tested pollinators the levels of 4/100b and hy/100b dif-

fered as follows:

low d/lbob high 4/100b low hy/100b high hy/100b
IvVP24, 32 ivP10, 35, 48 IVP24, 48 IvPi0, 32, 35

High d4/100b did not always coincide with high hy/100b, nor with low
hy/100b. The derived populations IVP{24 X 10), IVP(32 x 48) and IVP(48 x
35) had a wide range for both d/100b and hy/100b and there was no clear
positive or negative trend, as can be seen in Fig. 1. Correlation between
the two characters and regression of d/100b on hy/100b were calculated for
every population and for parts of the populations (Table 5). The pattern in
the three populations was similar. From 0-100 hy/100b, d/100b was rising

Table 5. panalysis of the relationship between d/100b and hy/100b from
the untransformed data of Fig. 1. n = (sub)population size; r = cor-
relation coefficient; slope = the slope of the regression of d/100b on
hy/100b.

Population Range of hy/100b n r Slope
IVP(24 x 10) 0~ 1000 7 0.36 Q.08
1000-20000 11 -0.63 -0.01

total 18 ~0.66 ~-0.01

IVP(32 x 4B} 0- 100 9 G.44 1.58
100- 1000 13 -0.35 =-0.11

1000-20000 25 -0.59 -0.01

total 47 -0.67 -0.01

IVP(48 x 35) 9- 100 9 0.66 3.69
100- 1000 8 -0.19 -0.12

1000-20000 7 -0.87 -0.03

total 24 =-0.39  =0.02
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{not wvisible in IVP(24 x 10) with only few plants in this range). In the
range of 100-1000 hy/100b correlation was very low and the level of d4/100b
decreased slowly. Beyond 1000 hy/100b the average number of dihaploids de-
creased even slower. High values of d4/100b occurred even when hy/100b was
very high. The area in Fig. 1 with less than 50 d/100b and less than 50
hy/100b was empty. It would have contained pollinators which produced less
than one seed per berry. Berries with zero, one or very few seeds usually
drop before maturity. Especially in IVP(48 x 35) the positive correlation
was reasonably high in the range of 0-100 hy/100b.

The slope of the regression of 4/100b on hy/100b varied from =0.01 to
=0.02 between populations.

3.3.3 Inheritance of dikaploid ipducing ability

Apart from the pollinator populations in Fig. 1, other full-gsib 8. phu-
reja populations were made and tested for d.i.a. with cv. Gineke (Table 6}.
In addition to these, also the procgenies of dihapleid 8. tuberosum X
8. phureja crosses were tegsted (Table 7). (Crosses between good and bad
S. phureja pollinators yielded plants with a wide range in d4/100b and
showed both positive and negative transgression (Table 6)}. Besides giving
good pollinators, selfing of IVPl yvielded also very bad ones, whereas the
small self progeny of IVP48 did not give low wvalues. In the population
IVP(66 x 6), the progeny of two poor pollinators, one high value occurred.

The plants from IVP48 ¥ G605 were rather uniform in d4/100b (Table 7). Of
the two backcross populations, G609 x IVP482 and IVP482 x G609, the former
had a higher average d/100b than the latter (222 vs. 124 d4/100b), reflecting
the difference between the two plants that were backcrossed: 157 vs. 86
d4/100b in 1974. The parent G609 induced only 2 d4/100b in 1973.

The cross between the best pollinators available, IVP48 and IVP35, was
made to see whether pollinators with even higher d.i.a. could be produced.
Positive transgression for 4/100b was not only found from this cross, but
alse from other crosses, even where a bad pollinator as IVP32 was used as
one of the psrents (Fig. 1, Table 6). IVP(32 X 48) yielded many good polli-
nators, IVPl selfed, IVP(48 x 1) and IVP(1l X 10) several. Even IVP(66 X &)
produced a good pollinator.

In order to investigate whether this transgression could be reproduced
over the years, test crosses were made in the following years (Table 8).
Not all new plants produced tubers, So that some could not be repeated.
Clones 1 and 5 from the population IVP(48 x 35) repeatedly showed trans-
gression; clones 2, .3 and 4 did not perform better than IVFP48 in the long
run. The transgression of IVP48 selfed,l was consistent:; IVP(48 x 10)1 and

IVP(66 % 6)1 alsc showed repeatedly positive transgressien.
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Table 6. Values of 4/100b.and hy/100b induced by 5. phureja genotypes of
F3 full-sib populations. Means of at least five berries from crosses made
during one season with cv. Gineke as seed parent, Data of parents (Pl and
P2) are also included.

1973 1974

IVP48 selfed 1VP1 selfed ve(l ¥ 10) IVP(48 x 1) IVP(66 X 6)

4/100b hy/100b 4/100b hy/100b d/100b hy/100b d/100b hy,/100b d/100b hy/100b

394 353 520 39 444 56 666 73 356 144
287 5Q 350 90 389 67 514 136 188 2413
273 80 340 128 223 8 a7s 244 40 940
228 21 310 433 208 133 307 57 40 447
211 1567 270 111 175 100 103 as 22 337
220 85 14 593
180 33 & 2623
160 59 0 60

140 60

120 1857

94 44

50 93

Pl 217 28 251 75 251 75 445 81 182 2902

P2 209 8569 251 75 163 78

4. mean of 1975 and 1976

3.3.4 Inheritance of hybrid-producing ability

The S. phureja progenies from Section 3.3.3 were also studied with re-
Spect toe the inheritance of hy/100b. The number of hybrids produced by
these plants in crosses with $, tuberosum showed a remarkable positive

transgression in (G609 x 1VP482)5 and IVP48 selfed,S (Tables 6 and 7). The
two g, pPhureja-dihaploid s.
hy/100b (534 vs,

VS. 74. The range of hy/100b was greater than that of d4/100b. Values up to

data were very much spread out.

In order to test the repeatability of the levels of hy/100b cbserved for
a pollinator, four Plants of IVP(24 x 10}, broducing 32, 54, 209 and 9252
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Table 7. Values of d/100b and hy/100b induced by §. phureja x diha-
ploid 8. tuberosum populations. Means of at least five berries from
crosses with cv. Gineke as seed parent. Data of parents (Pl and P2)

are also included.

1974 1975
IVP48 % G609 G609 x IVP4g2 IVP482 x G609
d/100b hy/100b d/100b hy/100b d/100b hy/100b
160 67 550 914 217 67
157 347 282 86 171 59
140 235 270 53 150 75
130 27 242 79 128 56
130 24 ' 216 3310 111 144
104 381 206 86 111 16
96 16 157 50 100 17
86 14 120 96 89 93
79 526 1060 133 86 45
14 100 75 81 78 ag
b b
Pl 445 81 157 347 322 74
P2 22 258 322 74 86> 14

a. measured in 1973
b. measured in 1974

hy/100b respectively, were used again as pollinators in 1974. In that year

they produced 92, 88, 280 and 20794 hy/100b respectively. The level was
higher in 1974, but the order was about the same. The plant with an inter-
mediate level was still intermediate. Similarly IVP66 produced usually be-

tween 100 and 200 hy/100b, more than IvP48 (<85 hy/100b) and less than

1VP32 and 35 (>500 hy/100b).

3.4 DISCUSSION

3.4.1 Influence of the pollinator on dihaploid and hybrid frequencies

This study confirmed that the pollinator influenced the frequency of di-
haploids formed in S. tuberosum significantly. Whereas most authors worked
with only a few pollinators (Jakubiec, 1964; Frandsen, 1967) or with a
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Table 8. Positive transgression for d.i.a.. Values of d/100b of several
clones in different years, compared with the value of the parents recocrded
in the same year.

Pollinator - 1973 1974 1975 1976

Fl Pl P2 Fl Pl P2 Fl Pl P2 Fl Pl P2

IVP(48 x 35)1 470 217 184 800 445 342 55 322 246 309 278 272

2 462 487 372

3 437 394 322

4 383 488 147 313

5 360 713
IVP48 selfed,1 392 217 217 418 278 278
IVP{48 x 10}1 547 322 229 390 278 152
IVP(66 x 6)1 356 163 450 26 68

larger group, containing only a few good pollinators (Gabert, 1963; Iriku-
ra, 1975b), now a group of pollinators with a wide range of d.i.a. was
tested over several Years. The overall level of dihaploid production varied
between years and days. This, however, did not affect in a major way the
relative differences in d.i.a. between pollinators and their ranking.

The gap between gocd and bad pollinators, described by Gabert (1963),
was not found in this material.

Hybrid production was also influenced by the pollinator. The high yearly
fluctuations did not upset the ranking of the pPellinators, except for the
ones with very low hy/100b. The great variation between years and days was

probably due to environmental influences during pollen formation (chapter
6).

3.4.2 Relationship petween dihaploid and hybrid fregquencies

The quantitative relationship between the dihaploid and hybrid progeny

from Gineke and a certain pollinator was weak. Correlations between the two
were negative and not very high in three 1argef populations as a whole
(Table 5). with regard to the positive correlation in the range of 0-100
hy/100b it might be suggested that low pollen quality could have been the
Teason for the combination of low d/100b and hy/100b, but correlation be-
tween pollen stainability and either d/100b or hy/100b proved ta be very
low. In the range from 100-1000 hy/100b, dihaploid and hybrid numbers
Seemed to vary independently. The higher (ne

gative) correlations in plants
with more than 1000 hy/100b were accentuate

d by some very high values of
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hy/100b. Factors for high d4/100b and high hy/100b seem to have been dis-
tributed independently in the populations, but in their expression they
might have influenced each other. High numbers such as 100-180 hybrid seeds
per berry will limit the number of ovules available for production of diha-
ploids. The negative slope of the regression of d4/100b on hy/100b can thus
be interpreted as a reduction in dihaploids of an average pollinator, caused
by extra hybrids in a berry. This reduction was 1 te 2 dihapleids per 100
hybrids. It was higher in IVP(48 x 35) with a higher mean for d/100b than
in IVP(32 x 48) and IVP(24 x 10). This is not a major influence on average
dihaploid production. In the 10% of the pollinators producing more than
10000 hy/100b, the reduction in 4,/100b will have been 100-200. A high seed
set pollinator as e.g. IVP32 will probably be underestimated for its ge-
netic potential for inducing dihaploids. Apart from reducing the number of
dihapleids produced, the production of very high numbers of hybrids is an
unfavourable character in a pollinator, because it involves more weork in
seed extraction and screening. However, it is possible for an individual
pollinator to produce high numbers of both dihaploids and hybrids per
berry, as can be geen in IVP10.

Hermsen & Verdenius (1973) studied the correlation of total numbers of
seeds and dihaploids per berry. They did not calculate between-pollinator
correlations, but the within-pollinator correlations between berries. The
positive correlations in their study were the result of using the total
number of seeds instead of number of hybrids, especially for low seed set
pollinators. In low seed set pollinators, like IVP48, dihaploids form the
largest fraction of the seeds and a correlation between the total and its

largest fraction must be positive and high.
3.4, 3 Inheritance of dihaploid inducing ability

Inheritance of d/100b was mnot wcontrolled by the cytoplasm, as the
progeny of G609 x IVP48 was not lower than its reciprocal cross, which had
a superior pollinator as source of cytoplasm.

The range in d/100b was almost continuous in the populations studied.
This meant that many genes were involved and/or that environment had a
great influence on the expression of the genes. Amongst the IVP pollinators
a constant ranking was found and seven levels of d4/100b could be distin-
guished (Section 3.3.1), but scme could have been caused by high numbers of
hy/100b. Several genes must have been involved in producing these differ-
ences. On the basis of the data available it was attempted to estimate the

type of allelic interaction and the number of genes involved in d.i.a.. It
had the same influence and that the

was assumed that all genes for d.i.a.
Alleles increasing d.i.a. of a

allelic interaction was of the same type.
pollinator are called positive alleles (+alleles).
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3.4.3.1 Mode of inheritance

In the dominant type of allelic interaction, positive alleles are not
hidden in a heterozygous combination. Therefore, d.i.a. levels higher than
that of the higher parent cannot be expected after selfing. As there was
positive transgression in the self progenies of IVP1l and 48, as well as in
that of 5. phureja 253 (Irikura, 1975b), dominance was not a likely way of
inheritance.

Recessivity has been suggested by Gabert (1963) and Irikura (1975b).
Data from this study did not support their conclusion. In a recessive model
d.i.a. levels lower than that of a parent are not expected after selfing.
Piants were found in self progenies with a much lower level of d/100b than
the parent (Table 6). Inbreeding depression and bad roellen might have been
a cause for the lower d.i.a., but some of the plants with low 4/100b pro-
duced many hybrids, e.g. IVP1l selfed, plant 10. Data from Irikura (1975b)
alsc showed negative transgression for 4/100b, often combined with a high
male fertility of the pollinator.

If complete dominance and recessivity are both excluded, intermediate
inheritance remains. There are arguments in favour of intermediate inheri-
tance. Gineke dihaploid G609 had a very lew d.i.a. (2 d/100b), which level
cou}d be regarded as spontanecus or basic. G609 was unrelated to 5. phureja
IVP48, a superior pollinator. It is unlikely that both clones had genes in
cemmont which contributed to pollen irregularities (Chapter 7) and would re-
duce generative vitality. The reciprocal F1 populations from G609 and IVP48
had a goed level of d.i.a. and were remarkably uniform (Table 7). An excep-
tion was one plant with 14 d/100k, which had low pollen stainability and

produced only 100 hy/100b. This uniformity indicated g high level of homo-

zygosity for +alleles in both parents. This is neot unlikely in IVP48 be-

cause of inbreeding and selection for high d.i.a.. For G609 this would mean
a complete lack of +alleles. '

With intermediate inheritance all +alleles would be expressed. If none
were present in G609 ang many in IVP4B, the number of +alleles in the F1
must have been half of that in IVP48. The level of d/100b of the Fl can
thus be expected to be about halfway between G609 and IVP48. This was not
the case on a linear scale, but the Fl was halfway on a square root scale.
Such a scale means that the effect of every additional +allele is higher
than the preceding one. The increased effect is brought about in a gameto-

phytic system by (a) a lower fraction of microspores without +alleles and
by (b) more +alleles per microspore.

Not only -the frequency of microspores
capable of inducing a dihapleid is i

ncreased, but also the efficiency of

dihaploids. a logarithmic scale shows

a similar increasing effect, but there problems are encountered with low
values.

the individual microspores in inducing
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3.4.3.2 Number of loci

Assuming a square root scale a hypothesis can be formulated on the num-
ber of loci for d.i.a. in IVP48 and related pollinators. The uniformity of
the F1 of IVP48 and G609 pointed to high homozygosity of the parents for
d.i.a.. The small differences amongst Fl plants were caused by heterozygous
loci in IVP48 and/or envirconmental influences. If envirommental influences
are not considered, the difference between the two groups in the F1 plants -
4 plants: 79-104 4/100b énd E plants: 130-160 4/100b - will reflect the num=-
ber of heterozygous loci in IVP48. In that case the lower group will have
the same number of +alleles as IVP48 has homozygous +loci. With only one
héterozygous locus in IVP48, the effect of one +allele would bring the di-
haploid frequency from 90 d/lOOB toe 145 4d/100b. On a square root scale the
distances 0-90 d/100b and 145-444 d/100b are each 3.8 times the distance
90-145 4,/100b. With one' heterozygous locus in IVP48 the level of IVP4B
(445 4/100b) would have been caused by 9 +alleles on 5 loci. On a square
root scale the values for 1-10 +alleles would be an expansion of the series
5.5x2: &, 22, 50, 88, 137, 200, 270, 350, 445 and 550 4/100b (level of
1974). If IVP48 were-heterozygous for 2 or 3 dihapleid inducing loci, the
range in the F1 would be caused by 2 or 3 +alleles and the number of +al-
leles in IVP48 would be 12 and 17 respectively on 7 and 10 loci. Another
indication for the number of loci involved was found in the differences in
d.i.a. between IVP pollinators and their constant ranking. Seven levels
were distinguished, but the lower pollinators were probably underrepre-
sented, as better pollinators got more emphasis in studies. A number of
five ér seven loci would agree better with the seven levels than ten loci.

The transgression found in IVP48 selfed agreed well with a total number
of five loci, four being hémozygous for +alle;es and one heterozygous.

3.4.3.3 Test for intermediate inheritance

The hypothesis of intermediate inheritance can be tested in the three
pollinator populations from 1973 (Fig. 1), using the estimate of the number
of alleles invelved in determining the d.i.a., intermediate inheritance
meaning that the progeny mean must be close to the mid parent value. The
general level of d/100b was lower in 1973 than in 1974, If IVP48 is assumed
to have 9 +alleles, an adapted series for 1-10 +alleles for 1973 would be:
3, 13, 29, 52, 81, 117, 160, 208, 263 and 325 4/100b. With these values the
number of +alleles was determined for every plant of the three populations
and the parents. The observed numbers of d/100b were increased with 1% of
hy/100b in IVP{(32 x 48} and IVP{24 X 10) and 2% of hy/100b in IVP(48 x 35)
because of the negative influence of hy/100b on d/100b {Section 3.4.2).
This correction was not needed for IVP4B ¥ G609, as hy/100b was low. Popu-
lation IVP(48 x 35) had a mean value of 8.8 +alleles and a range of 4-12

39



t+alleles. The mid parent value was 8.5 +alleles. For IVP(24 x 10) the
progeny mean was 5.9 +alleles, the mid parent walue was 5.5, assuming that
IVP10 carried 10 +alleles, which is reasonable with a number of &500
hy/100b and a correction factor of 2%. Progenies of IVP10 were usually high
in 4/100h. The progeny mean of IVP(32 x 48) was 6.9 +alleles, whereas the
mid parent value was 6.5, if 4 +alleles would be present in IVP32 (in 1973
4090 hy/100b). The three population means tended to be higher than the mid
parent values, but not much. These results point to intermediate inheri-
tance. This conclusion does not depend on the assumpticn about the number of
loci invelved. With seven or ten loci for d.i.a. the progeny mean would
likevwise be close to the mid parent value.

3.4.3.4 Transgression

With the big increase in levels of d.i.a. as a result of the selection
work of Hermsen & Verdenius (1973), the limits of dihaploid induction had
not yet been reached. Further increases proved to be possible with the same
material (Table 8). Repeatable positive transgression was found in several
full-sib F3 progenies, to levels higher than the best pollinators. Within
the available material the upper limit of d.i.a. may have been reached, but

with other sources of genes for dihaploid induction further improvement may
be possible.

3.4.4 Inheritance of hybrid breducing ability

Frequencies of hy/100b were very variable between seasons. Three levels
were found: 0-100 hy/100b, 100-300 hy/100b and >300 hy/100b. It is quite
possible that more levels were present in the material, but with the high
variation they could not be distinguished. Monogenic dominance of low num-
bers of hybrids, as suggested by Hermsen & Verdenius (1973), would result
in two levels only. With the three levels found, either inheritance must be
intermediate, or more genes must have been involved,
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4 Seed parent influence on dihaploid and hybrid
production |

4.1 INTRODUCTION

Influence of the S. tuberosum seed parent on the frequency of dihapleids
it produces after pollination with 8. phureja has been reported by several
authors (Section 2.3.2). Such influence may work through genes for pseudo-
gamy, cytoplasmic factors, lethal genes or the number of ovules per berry.
The last factor can also influence hybrid frequencies.

The dihapleid producing ability (d.p.a.) of a seed parent can either be
controlled by the genotype of the sporcphyte or by that of the gametophyte.
Little is known about the mechanism inducing an unfertilized egg cell to
divide. Therefore this question cannot be solved cytologically; it must be
solved genetically. To do this Bender's (1963} suggestion was followed to
check whether a haploidization-diploidization cycle would accumulate genes
for pseudogamy.

Cytoplasm played an important role in the level of d.p.a. according to
Frandsen (1967). Montelongo-Escobedo (1968) concluded about the chromosomal
inheritance that high d.p.a. was dominant and based on few genes. Van der
Knaap (unpubl.) found Fl values for d.p.a. between the lower parent and the
mid parent value in a study of the inheritance of d.p.a.

In this study it was assumed that the seed parent had an influence on
the production of dihaploids. Data were obtained to confirm this with more
pollinators and over several years. At the same time seed parents from dif-
ferent origins were pollinated during several years to determine the ge-
netics of d.p.a., the influence of cytoplasmic inheritance and the stage of

functioning: gametophytic or sporophytic.

4.2 MATERIAL AND METHODS

Seed parents from different origins were tested for their d.p.a.. All

plants were grafted onto tomato rootstock, to enhance flowering and fruit

set. For crosses with several pollinators the following S. tuberosum culti-

vars were used: Gineke, Radosa, Ultimus, Sirtema, Record, Libertas, Multa,

In addition a S. demissum (2n=6x} genotype was in-
A clone of allotetrapleid

Merrimack and Katahdin.
cluded, a seedling from accession WAC 3095.

S. polytrichon was tested with several pollinators as well.

To test for cytoplasmic influence, reciprocal crosses had been made be-

tween Gineke and Libertas, which differed in d.p.a. and had no parents in
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common in the last four generations. From each of the two resulting F1 po-
bulations fifteen unselected seedlings were grafted and used as seed par-
ents. For the same pPurpose Alg8, a Neotuberosum clone selected at Wageningen
from material derived by Dr. N.W. Simmonds from pure 3. andigena, was
crossed with $. tuberosum cv. Sirtema. Both parents and three F1 plants
were studied as seed parents.

In order to distinguish between gametophytic and sporophytic determina-
tion of d.p.a., several Gineke derivatives were used, as described in Table
9. Two different colchicine doubling methods were applied to seeds and to
plants. Seeds were placed on filter paper in petridishes, soaked with 0.25%
solution of colchicine and left to germinate, Germinating seeds were placed
in seed boxes. Vigorous plants of tetrapleid appearance and having a high
chloroplast number were potted and later grafted. The tetraploidy was later
verified by counting the number of chromosomes in the reoot tips and finally
in pollen mother cells. The colchicine-doubled plants of G609 were obtained
by the Dionne method (Ross et al., 1967; Langton, 1974). Buds in leaf axils
were removed and cotton weeol soaked with 0.25% colchicine pPlaced in the
axil. chloroplasts were counted of new shoots that looked doubled. Shoots -
with a high number of chloroplasts were grafted onto tomato rootstock. At
flowering time the chromosome number was determined in pollen mother cells.

As pollinators the s. phureja clones IVP1l, 10, 35 and 48 were used. The
origin of the pollinators and the methods of

crossing and screening for di-
haploids are described in Section 3.2.

Table 9. Derivatives of cv. Gineke used as seed parent.

Name Number of Origin
genotypes

Gineke pseudogamic 3 bseudogamic tetraploids from Gineke,

tetraploids breselected on leaf shape; the tetra-
Ploid character was determined from the
chloroplast number

(G x G254)ax 2 tetraploid progeny from Gineke and its
highly fertile dihaploid G254

Gineke colchicine- 2

Plants from dihaploid seeds from Gineke
treated with colchicine (seed treat-
ment)

doubled dihaploids

G609 colchicine- 3 colchicine~doubled plants from Gineke
doubled ) dihaploid G609 (plant treatment)
Gineke selfed 4

Plants from seeds obtained after self-
ing of Gineke
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' Numbers of ovules per berry were determined according to the method of
Carroll & Low (1975).

4.3 RESULTS
4.3.1 Influence of the seed parent on dihaploid and hybrid frequencies

Six 8. tuberosum cultivars and a S. demissum genotype were pollinated
with four S. phureja pollinators in 1974. Values for d/100b and hy/100b are
given in Table 10, the analyses of variance in Table 11. The seed parent
effect on d/100b was highly significant, as was the pollinator effect. Con-
sidering one pollinator at a time, ranking of the seed parents was similar.
5ix cultivars were pollinated with two good pollinators in 1975 and 1976.
Data of this two year comparison are given in Table 12 and the analyses of
variance in Table 13. Again the seed parent effect was highly significant.
The ranks of the seed parents were similar for both pollinators. In both
experiments Gineke and Radosa ranked highest and Record low. Libertas was
very low. More data on the seed parent effect can be found in Chapters 3
and 5 {Tables 3, 17 and 19). All, including the three and four year compar-
isons of Table 17, indicated a significant seed parent effect.

From more than 250 flowers of S§. polytrichon, pollinated with several
pollinators, a few berries were obtained; but nc dihaploids were found.

The seed parent effect on hy/100b was not significant in the two experi-

Table I0. Numbers of d/100b and hy/100b produced by S. tuberosum cultivars
and a 8. demissum (2n=6x) genotype after being crossed with 5. phureja pol-
linators. Crosses were made in 1974. Average number of berries was 38.

Seed parent d/100b hy/10Cb

pollinator (IVP nr.) pellinator (IVP nr.)}

1 10 35 48 mean 1 10 35 48 mean
Gineke 251 209 342 445 312 75 8569 2065 Bl 2698
Radosa 361 154 250 700 366 128 8802 2195 86 2803
Ultimus 253 291 193 283 255 87 1082 924 50 536
Sirtema 154 117 116 315 176 178 12900 2163 138 3845
Record 131 59 155 248 148 77 4334 624 33 1267
Libertas 114 81 41 113 87 100 3038 3076 75 1572

a 125 100 109 119 113 o 1811 293 34 535
208 92 5791 1620 71 1894

3. demissum
mean 198 144 172 318

a. 8. demissum, a hexaploid, produced trihaploids
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Table 11.

Analysis of variance of the data from Table 10.

4/100h

hy/100b

Scurce

seed parents
pollinators
error
total

seed parents
pollinators
error
total

Sum of squares

264801
121900
135993
522694

37866392
152814121
83378472
274058985

d.f.

18
27

18
27

Probability

0.00
0.01

0.28
0.00

d.f.. degrees of freedom

Table 12. Numbers of ¢/100b and hy/100b produced by S. tuberosum cul-
tivars after pollination with two 3. phureja pollinators in two years.
Average number of berries was 21.

Seed parent

Gineke

Radosa

Multa

Record

Merrimack

Katahdin

mean

1975
1976

1975
1976

1975
1976

1975
1976

1975
1976

1975
1976

d/100b

pellinator (IVP nr.)

hy/100b

pollinator (IVP nr.)

35

297
237

301
134

279
239

188

89

148

31
49

166

48

406
207

448
160

349
180

126
93

130
248

21
91

205

mean

352
222

375
147

314
210

157
21

65
198

26
70

185

35

150
1323

254
2714

89
252

160

3880

455

67
4285

1131

48

39
25

25
27

33
14
27

50
67

14
38

30

mean

95
674

140
1371

61
133

50
1954

25
261

41
2162

580




Table 13. Analysis of variance of the data from Table 12.

Source sum of sguares a.f. Probability
d/100b seed parents 189331 5 0.01
pellinators 9087 1 0.16
years 20475 1 0,03
g% p interaction 14308 5 0.38
s X y interaction 82953 5 0.02
p X v interaction 3775 1 0.24
error 10866 5
total 330794 23
hv/100b seed parents 3770058 5 0.48
pollinators 7271004 1 0.03
years 6289408 1 0.03
s X p interaction 3930302 5 0.47
s X y interaction 3744606 5 0.49
p % y interaction 6213872 1 0.03
error 3623714 5
total 34842965 23

d.f.. degrees of freedom

ments. However, it was almost significant (p=0.08) in the 1974 experiment,

after logarithmic transformation to remove multiplicative effects (Chapter

5). variation was very high for hy/100b. The coefficients of variation for
d/100b in Tables 10 and 12 were 42% and 25%; from the same experiments the

values for hy/100b were 147% and 114%.
Correlation between numbers of ovules per berry of nine
d/100b was low; correlation with hy/100b was high only with two pollinaters

in 1974 (r=0.90). Numbers of ovules per berry ranges from 600~950,

cultivars and

€.3.2 cytoplasmic inheritance

The possibility of cytoplasmic inheritance of d.p.a. was studied within

S. tuberosum and in a §. tuberosum x S. andigena cross. Fl plants from re~
ciprocal crosses between the goed seed parent Gineke and the unrelated bad
seed parent Libertas and the parents themselves were pollinated with IVP35.
The resulting numbers of dihaploids are given in Table 14. Notwithstanding
the grafting onto tomato rootstock, several F1 plants did not flower. This
resulted in unequal numbers of Fl plants from the reciprocal crosses being

used as seed parents. The overall performance of the F1 plants was low. Two
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Table 14. HNumbers of d/100b produced by 8. tuberosum cul-
tivars Gineke and Libertas and their two reciprocal Fl
progenies after pollination with 3. phureja clone IVP35
in 1974. Also given are the means per Fl and the mid par-
ent value. ¥l plants yvielded 17 berries on the average.

d4/100b ' Mean
/"_ .
Libertas x Gineke 17 40 B4 75 49
Gineke x Libertas 6 25 36 4z B4 67 6

67 83 86 108 128

Gineke 342

. 192
Libertas 41

out of fifteen plants produced less dihaploids'thah the lower parent, Li-
bertas. None of the others reached the mid parent value. The population
with Gineke cytoplasm had a slightly higher mean (64 4/100b) than the popu-
lation with Libertas cytoplasm (49 d/100b), but the difference was not sig-
nificant (Wilcoxon rank test, p=0.14}.

Three plants with §5. andigena cytoplasm, the progeny of a cross between
Neotuberosum clone Al8 and Sirtema, a good S. tuberosum cultivar with high
d.p.a., were pollinated with IVP4B. Results are given in Table 15. The mean
level of dihapleid production of the progeny (186 d/100b) was slightly
lower than the mid parent value {201 &/100b}.

4. 3.3 Sporophytic vs. gametophytic determination

Different types of progenies from Gineke all produced dihapleids in
lower ' frequencies than Gineke itself when. pollinated with IVP35 or 48
{(Table 16). There was variation within and between groups. Especially the
tetraploids derived from Gineke x G254 yielded very few dihaploids. The
three colchicine-doubled G609 plants should be genetically identical. Their
differences were posgibly due to after-effects of colchicine. They formed
ancther low producing group. The other two colchicine-doubled dihaploids
from Gineke, in fact doybled egg cells, were the highest producing group
{33% of Gineke), but not much higher than the self progeny (31%) or the
bseudogamic tetraploids (25%). It was not clear whether such tetraploids
originated from 2n egg cells or whether they were spontanecusly doubled

during pseudogamg‘ In the latter case they would be genetically comparable
with doubled dihaploids. :
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Table 15. Numbers of 4/100b produced by a 8. an-
digena genotype (Al8), S. tuberosum cv. Sirtema
and their progeny after pollination with §. phure-
ja clone IVP48 in 1974. Also given are means of
the F1 and the mid parent value. Fl plants yielded
10 berries on the average.

4/100b Mean
Al8 x Sirtema, pl. 1 19¢
pl. 2 267 186
pl. 3 100
Al8 B6
201
Sirtema 315

4.4 DISCUSSION

4.4.1 Influence of the seed parent on dihaploid and hybrid freguencies

The effect of the seed parent on the production of dihapleoids was con-
firmed. The ranking of seed parents with a series of pollinators was rather
constant over several years. The effect on hybrid production was not signi-
ficant, probably due to the high variation of this character and multipli-
cative effects (see Chapter 5). A big seed parent effect could not be ex-
pected, as most hybrids were tetraploids, whose frequency was determined by
2n pollen frequencies in the pollinators (Chapter 7). Female fertility of
the seed parent could have influenced hy/100b, but the correlation of ovule
numbers with hy/100b was high in a few cases only.

Trihaploids from 8. demissum have been reported earlier (Bains & Howard,
1950; TIrikura, 1975a,b). The overall freguency of one trihaploid per berry
confirmed that the cytologically unbalanced nature of a triploid is appar-
ently no obstacle to vegetative growth (Marks, 1966a). Allotetraploid

8. polytrichon has proved to be able to produce dihaploids after a cross

with 8. stoliniferum {(Marks, 1955) or via anther culture (Irikura,

1%75a,b). A reason for failure in this study might be, that S. phureja is
not the right pollinator. §. pelytrichon might have a number of endosperm
balance factors (Section 2.5.2.1) different from S. tubercosum. The Cross
S. polytrichon x S, phureja can yield many triploids (Ramanna & Abdalla,

1970).

1
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Table 16. Numbers of d/100b and hy/100b from cv. Gineke and tetraploid
progeny of Gineke. Results from pollinations with IVP35 and 1VP48. Diha-
ploid preduction is alsoc expressed as percentage of the production of Gi-
neke in the same year with the same pollinator. Mean number of berries
from progeny plants was 14.

Pollinatoer Seed parent Dihaploid production hy/100b

d/100b as % of mean %

Gineke

IVP35 1974  Gineke 342 100 2065
Gineke pt pl. 1 30 9 146

pl. 2 70 20 23 260

pl. 3 136 40 1791

(G x G254)4x pl. 1 20 6 3 104

pl. 2 0 0 109

IVP48 Gineke 445 100 81
Gineke pt pl. 3 130 29 140

IVP48 1975  Gineke 406 100 39
Gineke selfed pl. 1 100 25 80

1. 2

p 0 0 3 50

pl. 3 1is 29 92

pl. 4 278 68 75

(G x G254)4x pl. 1 32 8 16

ve4s 1976  Gineke 207 100 25
Gineke cdd Pl. 1 67 32 33 133

pl. 2 68 33 - 140

G609 cad pl. 1 10 5 o0

pl. 2 44 21 12 122

pl. 3 22 11 67

G. Gineke
pt. pseudogamic tetraploid
cdd. colchicine-doubled dihaploid
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£.4.2 Cytoplasmic inheritance

Concerning cytoplasmic differences within §. tuberosum, the results from
Gineke ¥ Libertas progenies did not indicate cytoplasmic inheritance of
d.p.a. (Table 14}). The big difference in d.p.a. between the two parents was
not reflected in the two reciprocal progenies. The results from the few
plants from the cross between Al8 and Sirtema - all with §. andigena cyto-
plasm -~ did not support the theory of Frandsen (1967) about interspecific
cytoplasm differences (Table 15). Even his own data did not support this
cytoplasmic influence very strongly. Apparently the cytoplasm of the seed
parent was not a major factor in determining d.p.a..

4.4.3 Sporophytic vs. gametophytic determination

When studying the genetics of dihaploid preductien, it is important te
know whether it is the sporophytic or the gametophytic genotype that influ-
ences pseudogamy. This question was investigated on the basis of the hy-
pothesis of Bender (1963} who stated that doubled dihaploids should be ef-
fective dihaploid producers, if the 'apomictic tendency' was determined by
the gametophytic genotype. The tetraploid progeny of seed parent Gineke pro-
duced via dihaploidization should have accumulated alleles for pseudogamy
and should accordingly produce more dihaploids than Gineke itself or its
progeny obtained through selfing, unless Gineke was homozygous for all
genes involved. The results did not support this (Table 16). The doubled
dihaploids were similar to the self progeny of Gineke, their d.p.a. being
33% and 31% respectively of the d.p.a. of Gineke. The doubled G609 plants
Produced even fewer dihaploids. The pseudogamic tetraploids also did not
seem to be the result of a successful selection for alleles for d.p.a.. nor
did the tetraploid Fl1 plants of Gineke with two of its dihaploids produce
dihapleids in high numbers. The bad performance of double G609 plants and
doubled dihaploids of Gineke could not be explained by reduction of the
fertility due to inbreeding, as the production of hybrid seeds per berry
was even higher than that of Gineke itself.

The populations used were very small, but on the average they should
have had a d.p.a. at least equal to Gineke, if the gametophytic phase were
determinative. It can be concluded that the genetic determination of pseu-
dogamy was not on the dihaploid, gametophytic level. .

Dihaploidization works as a sieve for lethal genes. One might assume

that d.p.a. was not genetically determined, but that the differences be-

tween the seed parents in d.p.a. were only caused by a different occurrence

of lethal genes. In that case as well, the progeny of dihaploids of Gineke

should have performed at least as well as Gineke itself. Since this was not

the case, apparently lethal genes were not determinative either. The pro-
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duction of dihaploids is most probably determined in the sporophytic phase,
modified by the lethal genes, which work in the gametophytic phase.

4.4,4 MNode of inheritance of dikaploid producing ability

Assuming that cytoplasmic effects on d.p.a. were minor and that the spo-
rophytic genotype determined pseudogamy, the results obtained can be ana-
lysed as being governed by tetraploid chromosomal inheritance. It is diffi-
cult to reach definite conclusions as the sizes of the populations used
were small and tetraploid inheritance is complicated'in itself. Chances of
recovering a good genotype in the progeny are relatively high, when a char-
acter is dominant, but are much lower for a recessive character, especially
in tetrapleids. With intermediate inheritance a mean progeny value is ex-
pected close to the mid parent value.

The two reciprocal progenies of Libertas and Gineke can be regarded as
one F1 population {Table 14). The low level of dihaploid production in this
progeny did not point to dominance with cne or a few loci, like Montelongo-
Escobedo (1968) conclqded. If many loci were involved, dominance would be
possible. Four or more additive loci present in Gineke as simplex or duplex
could also result in a dispersal of the positive genotype of Gineke to such
an exXtent that no plant in this small progeny would receive all the posi-
tive alleles. The S. andigena x S. tuberosum progeny was close to the mid
parent value, pointing to intermediate inheritance (Table 15). all differ-
ent Gineke derivatives had a lower d.p.a. than Gineke itself. Amongst the
data of Tables 14, 15 and 16 no case of positive transgression occurred.
Only . two plants came close to the better parent: Gineke selfed, plant 4
(68%) and Al8 x sirtema, plant 2 (85%). Recessivity could fit with some of
the data, but if pseudogawmy were recessive, the differences in d.p.a. be-
tween the 5. tuberosum cultivars would have had to be caused by as many ad-
ditive loci. Pseudogamy is common in Solanum and most §. tuberosum clones
p;oduce dihapleoids. It is not very likely that so many (tetrapleid) geno-
types are homozygous recessive for several loci for a character which has
no obvious advantage to the plant. Frem that point of view intermediate in-
heritance is more likely. :This was alsc supported by findings of Van der
Knaap (unpubl.), who found progeny means close to the mid parent value in
two reciprocal progenies of the cultivars Radosa and Libertas.

It is likely that the inheritance of dihaploid producing ability was in-

termediate, but dominance can not be excluded, provided that many loci were
involved.
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5 Interaction between pollinator and seed parent
influence

5.1 INTRODUCTION

only a few genotypes were used as testers for pollihator and seed parent
influence in Chapters 3 and 4. When using only few testers one assumes
that, apart from multiplicative effects, there is no interaction between
the effects of peollinator and seed parent on dihaploid production. This im-
plies that one main effect can be studied irrespective of the level of the
other. One can distinguish a multiplicative and a non-multiplicative effect
in interaction. The multiplicative effect will not change the ranking of
the pollinators or seed parents and this effect can be eliminated from an
analysis of variance (anova) by a logarithmic transformation. The interac-
tion which then remains is the interaction in a strict sense.

The approach of not considering interaction was based on preliminary ex-
periments (Van Breukelen, 1972). At that time it was found that the ranking
of pollinators was similar with each of the two cultivars they were crossed
to. In the course of this research (late 1974) the need was felt to verify

especially since a high variation was ob-

the assumption of ne interaction,
1 cultivars

served in dihaploid and hybrid frequencies of IVP35 with severa
hypothesis could at that moment be

during a season. The 'mo interaction'
However, analysis

tested with available data using years as replications.
of the results of the two years without pooling the results from different
suspicion that ‘crossing date' was a major

¢rossing dates, - raised the
When temperature influence was

source of variation in these experiments.
confirmed in a gfowth chamber experiment (Chapter 6}, a plan was devised in
which complete sets of crosses were to be carried out in a single day with
an interval of three to four days. This way the influence of the date would
be the game for all combinations. Crossing date comnbines two influences:
the age of the.plants and the environment on that day, as temperature and
humidity. The experiment of 1975 was planned with a limited number of c?l—
After failure of many of the crosses owing to high
temperatures the experiment was repeated in 1976 on a smaller scale. Both
experimenfs were planned especially to determine whether among the best
Pollinators some would induce more dihaploids with certain cultivars than
others, or whether the dihaploid production of a specific pollinatorjseed
Parent combination could be predicted from the performance of the indlvié-
val parents. Collection of data on hybrid producticn was included as hybrid
Production might influence dihaploid frequencies.

Other two-factor interactions were studied as well. y

tivars and pollinators.



5.2 MATERIAL AND METHODS

The procedure for crossing and growing plants has been described in Sec-
tion 3.2. For the interaction experiment the cultivars Gineke, Record, Mul-
ta, Radosa and Katahdin were used as seed parents and IVvP6, 10, 35 and 48
as pollinators (Section 3.2). The seed parents were arranged in the green-
house in a way that environmental differences between them were minimized.
Crossing took place according to the following schedule: every three to
four days ten pollinations were made for every combination of the selected
pellinators and seed parents. Seeds were screened for embryo spot as de-
scribed in Section 3.2.

A sample was planted of the spotiess seeds and of the seeds without a
visible embryo of each cultivar. The number of emerging dihaploids was de-
termined for each group. With the €mergence ratio the number of emerging
dihaploids per 100 berries (d/100b) was calculated for every crossing date
and for every combination. The spotted (hybrid) seeds were not planted.
Their numbers were converted to hybrids per 100 berries (hy/i00b}.

The preliminary experiment (Van Breukelen, 1972) had shown that numbers
of dihapleids of single berries had a distribution close to a Poisson dis-
tribution. Therefore a square root transformation could have been used to
bring the data closer to a normal distribution. However, a logarithmic (1n)
transformation was preferred, as it eliminates the multiplicative effect
from the interaction. The In transformation was carried out on d4/100b and
hy/100b with the formula ¥Y=1001ln(x+1), with x=original value and y=trans-

formed value. This formula was Preferred to ¥=1001lnx, as the value x=0 oc-
curred.

Anovas were carried cut on original and transformed wvalues regarding
three main effects: gead parent, pollinator and
ing three two-factor interactions. Three-
be small and considered as error.

as there were no replications.

Year (or date) and regard-
factor interaction was assumed to
It could not be Separated from the error

Values for the critical level p (one-tailed}
of the variance ratio statistic (F) were calculated,

It would have been possible to uge
that berries were replicates.
of the three-factor interacti

the data of individual berries, =0
Such an analysis would have given an estimate

on. This analysis is hard to carry out owing
to the variation in the number of berries. Another difficulty with this

analysis is the Square root transformation used for the nermalization of
the variance, which gives problems in interpretation. Amongst possible ways
cf analysis a choice was made for a log~linear model with main effects and
three two-factor interactions. This permitted a test of the three-factor
interaction., The analysis resulted in a y2 value, which would be high if
the three-factor interaction were high compared to the significance level.
Not numbers of 4/100b and hy/100b were used, but dihaploids and hybrids per
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berry, multiplied with the mean number of berries in that experiment. The
outcome of the test has a limited value as the number of berries varied be-
tween combinations. It was still adhered to as the most practical way to
find the order of magritude of the three-factor interaction. High x2
values, indicating the presence of a three-factor interaction, mean that in
an anova the main effects and two-factor interactions are tested against
toc high a mean square of error. This can cobscure small effects.

For between-year comparisons, data from experiments described in Chap-

ters 3 and 4 were used.
5.3 RESULTS

The jinteraction experiments were very much affected by spells of hot
weather during the peak of flowering, both in 1975 and 1976. Therefore the
data were not as complete as planned. An exact analysis of all (incomplete)
data would have given problems in interpretation of contrasts which are
difficult to estimate. The problem of analysis with missing data was cir-
cumvented by making separate analyses of complete parts of the data. In
every part the effects were orthogonal. This way some of the data served
several times and others were omitted. The number of berries obtained on
one day from one seed parent-pollinator combination varied as the berry set
was not constant.

%2 values for the estimates of the three-factor interaction were high in
g that a three-factor interaction was

the between-year comparisons indicatin
bresent. Conseguently, F-ratios in anovas were underestimated and critical
levels overestimated. yx2 values were low and not significant in the inter=
action experiment in all anovas for d/100b and in one anova for hy/100b.
Therefore the combined three-factor interaction was not higher than what

error was expected to be. Here the found F-ratios and critical levels were

probably of the correct order of magnitude.

5.3.1 Dihaploid production

The first results presented are from experiments in which pellination
for all combinations. In the first years
go that no between-year comparison could
ators. Data are

e data in Table

days were not necessarily the same
mostly good pollinators were used,
be made with orthogonal effects and including bad pollin
given in Table 17 and anovas of three orthogonal parts of th
18, both for the original and for the transformed data. Main effects were
significant with and without transformation. In part I the seed parent x
pollinator (s x p) interaction was not significant. In parts II and III the
significance of this interaction was lovw in the original data (p=0.18 énd
0.15 resp.), but even this significance disappeared after transformation
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Table 17. Numbers of 4/100b and hy/100b, criginal wvalues. Data are
means from crosses made on several days in a year. Also given are

means of main effects of parts of the data with orthogonal effects.

Seed parent

d/100b

pollinator {IVP nr.)

hy/100b
pollinator (IVP nr.)

1 10 35 48 10 35 48
Gineke 1973 268 160 184 217
1974 251 209 342 445 8569 2065 81
1975 235 297 406 465 150 39
1976 156 237 207 1950 1323 25
Record 1973 110 86 69 123
1974 131 59 155 248 4334 524 33
1975 122 188 126 a6 100 Q
1976 151 89 93 1653 3880 27
Radosa 1974 154 250 700 8802 2195 86
1975 322 301 448 614 254 25
1976 223 134 160 4586 2714 27
Ultimus 1973 291 91 126 261
1974 253 291 193 283
Libertas 1973 100 34 41 57
1974 1i4 81 41 113
Means of main effects d4/100b hy/160b
part part
I 11 111 Ii
seed parent Gineke 260 282 258 1630
Record 123 137 126 1193
Radosa 299 2145
Ultimus 224
Libertas 73
pollinator IVP1 150
IVP10 126 181 147 3451
IVP35 144 221 195 1478
IvVP4g 218 315 233 38
Year 1973 139 140
1974 201 285 243 2977
1975 27z 229 192
1976 161 156 1798
mean number
of berries a3 3g 47 39




Table 18.

Analyses of variance of orthogonal parts of the data from

Table 17 and of their transformed values (y=100In{x+1)).

Original values

Transformed values

Source 4a.f sum of proba- sum of proba=-
sguares bility squares bility

4/100b

I seed parents 3 180892 0.00 86541 ¢.00
rollinators 3 42522 0.03 20679 0.02
years 1 30690 0.01 11325 0.01
s X p interaction 9 16985 0.76 6564 0.75
s X y interaction 3 5990 0.60 a8 0.99
p X y interaction 3 13715 0.28 3416 0.44
error 9 27498 10363
total 31 318292 138976

11 seed parents 2 142863 0.00 32438 0.00
pollinators 2 84498 0.01 9211  0.02
years 2 82973 0.01 12254 0.01
s X p interaction 4 38482 0.18 2493 0.50
8 x y interaction 4 23130 0.38 2026  0.59
P X ¥ interaction 4 94976 0.03 15662 0.02
error 8 38168 5459
total 26 505089 79543

I11 seed parents 1 104808 0.00 32708  0.00
pellinators 2 29628 0.01 6528 0.09
Yyears 3 48141 0.01 10272 0.07
8 ¥ p interaction . 2 7526  0.15 294 0.85
5 X y interaction 3 9948 0.18 577 0.88
P * y interaction 6 26745  0.10 @811 0.27
error 6 8613 5222
total 23 235409 64411

hy/100b

I1  seed parents 2 4085695 0.10 57672 0.01
pollinators 2 52840393 0.00 898659  0.00
years 2 35152158  0.00 201334  0.00
S X p interaction 4 7047428 0.11 14015 0.39
S X y interaction 4 6498731 0.13 43459  0.05
P % y interaction 4 46767826 0.00 39612 0.07
error 8 5193141 23477
total 26 157585372 1368229




{p=0.50 and p=0.85). Some more combinations of pollinators and seed parents
in several years were analysed, apart from the ones presented, and no sig-
nificant s x p interaction was found.

The complete interaction experiment of 1975 consisted of a combination
of five seed parents and six pollinators crossed on seven days in a three
week period. In 1976 four seed barents were used and three pollinators on

Table 19. Numbers of d/100b and hy/100b, original values., Data are
means of crosses made on cne day. Alsc given are means of main effects
of parts of the data with orthogonal effects.

Seed parent d/100b - - hy/100b
pollinator (IVP nr.) pollinator (IVP nr.)

6 10 35 48 10 3s 49
Gineke 75-08-18 &8 84 265 290 200 73 20
75-08-21 62 115 225 376 420 38 67
75-08=25 330 479 568
75-08-28 56 367 256 401
76-06-09 43 56 123 5814 3167 33
76-07-23 471 463 276 1292 583 21
Radosa 75-08-18 93 193 349 3g7 467 250 20
75-08-21 0 124 133 235 567 30 0
75-08-25 373 440 9og
75-08-28 83 457 312 408
76=06-09 74 264 80 7447 3833 33
76=07-23 571 312 322 1800 475 20
Multa 75-08-18 33 197 374 246 233 50 75
75~08-21 0 60 176 183 133 o 13
75-08-25 337 332 a3

75-08-28 38 328 263 184

Record 75-08-18 107 172 44 as 133
75-08-21 0 104 88 0 33
76-06~-09 107 78 43 3850 7700 33
76=-07-23 191 39 87 371 0 20

Katahdin 75-08-18 13 19 12 67 75 S0
75~08-21 7 49 47 100 - 33 33
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four days. Four complete (orthogonal) sets of data were extracted which are
given in Table 19. Anovas of original and transformed data are given in
Table 20. In a combination of three seed parents and three pollinators on
four days all main effects were significant, the s ¥ p interaction was not
(part I). Part II included five seed parents, three pollinators and two
crossing days, and part III three seed parents, four pollinators and three
days. Both seed parent and pollinator effect were highly significant. In
both cases the s x p interaction was significant in the original data
{p=0.03 and 0.00 resp.}. The ln transformation lowered the contributicn of
this interaction to the total variance to such an extent, that it was not
significant any more. Where the scarce data from 1976 were combined with
those from 1975 (three seed parents, three pollinators, part IV) the polli-

nator effect was not significant, nor was the s X p interaction.

Fable 19. Continued.

Means of main effects

d/100b hy/100b
part part
I I1 IIZ 1v 11 v
seed parent Gineke 313 226 214 232 136 977
Radosa 360 223 224 247 222 1245
Multa 269 206 174 84
Record 86 88 42 101¢
Katahdin 25 60
pollinator IVPE 48
IVEL1D 249 92 216 175 227 1860
IVP35 300 187 261 205 72 1360
IVP48 393 181 290 188 28 22
date 75-08-18 254 177 207 199 120 139
75~08=-21 183 129 142 158 98 128
75-08-25 489
75-08-28 330 263
76-06-09 96 3546
76-07-23 304 509
Nean number
of berries 7 6 7 ] 6 8
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Pable 20. Analyses of variance of orthogonal parts of the data from
Table 19 and of their transformed values (¥=1001n(x+1)).

Original values Transformed values
Source d.f. sum of proba- sum of proba-
: squares bility  squares bility

d/100b

I seed parents 2 50618 0.05 4188 0.05
pollinators 2 128644 0.00 15307 0.006
dates 3 465202 0.00 51605 0.00
S X p interaction 4 37174 G.29 3912 0.18
s x d interaction & 63386  0.23 7169  0.10
P X d interaction 6 186184 0.01 16884 0.01
error 12 787009 6264
total 35 1009918 105328

II seed parents 4 204364 0.00 274155 0.00
pollinators 2 56472 0.00 - 76680- 0.04
dates 1 16898 0.01 12526 0.23
s X p interaction & 39499 .03 31628 0.81
s x d interaction 4 30891 0.01 37987 0.35
P * d interaction 2 14848 0.02 33885 0.16
error 8 9377 59425
total 29 372350 526285

II1 seed parents 2 17183  0.00 18564 0.14
pollinators 3 315%02 0.00 358154 0.00
dates 2 87020 0.00 92760 0.00
5 X p interaction 6 32807 0.00 36495 0.26
8 X d interaction 4 31243  0.00 37642 0.11
P x d interaction & 90685 0.00 87534 0.03
error 12 10548 48229
total 35 585388 679378

1V seed parents 2 184188  0.00 114761  0.01
pollinators 2 5504 0.61 19718 G.35
dates 3 205004 0.00 68480 0.10
S X p interaction 4 17795 0.52 6590 0.94
8 x 4 interaction & 20334 0.06 49052 0.50
P * 4 interaction ] 115044 0.03 74766 0.28
error 12 63012 104182
total 35 650880 437549




Table 20. Continued.

hy/100b

II seed parents 4 126835 0.01 191563 0.06
pollinators 2 219945 0.00 259937 0.01
dates 1 3674 0.34 90640 0.03
s x p interaction 8 186581  0.01 302065 0.08
s ¥ d interaction 4 21933 0.29 74491 0.31
p X 4 interacticn 2 19366 0.13 16798 0.55
error . 8 28785 105419
total 29 607119 1040913

IV  seed parents 2 498735 0.78 224769 0.05
pollinators 2 21655459 0.00 895682 0.00
dates 3 73768016 0.00 704883 0.00
S X p interaction 4 6270671 0,23 45128 0.80
s X d interaction 6 1617241 0.94 138483 0.57
p ¥ 4 interaction 2] 37140551 0.00 146895 D.54
error 12 11593584 332539
total a5 152544257 2488377

The seed parent x year (date) interaction was never significant after ln

transformation. Pollinator x year (date) interactionm,

times significant, even after transformation.
It can be concluded that the most important interaction for dihaploid

Production, namely the s x p interaction, was only present, but not always,
where both main effects were significant in the original data. After 1n

however, was several

transformation no s x p interaction was found.

5.3.2 Rybrid production

Variation was higher for hybrid production than for dihapleoid production
in the same experiments. The coefficient of variation for d4/100b in e.g.
Table 17 part IT was 29%, whereas it was 49% for hy/100b from the same
crosses. In a compilation of results from three years (Table 17 and 18)
8 X p interaction was hardly significant (p=0.11) and even less after In
transformation (p=0.39). The seed parent main effect was not very strong in
the original data, as could be expected from the results of Chapter 4.

Combined results from the interaction experiments of 1975 and 1976 for
hy/100b are given in Table 19. As the nybrid production is less important,
less data are given. Two anovas of parts of the data with orthogonal ef-
fects are given in Table 20. In part 11, including five seed parents, the
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s X p interaction was significant (p=0.01); it had even some significance
after transformetion (p=0.08). Part IV (three seed parents, three pollina-
tors, four dates from two years), where the seed parent effect was signifi-
cant after transformation only, showed no significant s x p interaction.

Of the other two-factor interactions the pollinator x year {(date) inter-
action was sometimes present, but after transformation it was reduced; only
in the between-year comparison (Table 17) the critical level was still low
(p=0.07).

About s x p interaction it can be concluded that it was found once for
hy/100b. Logarithmic transformation reduced this, but did not remove it
completely.

5.4 DISCUSSION
5.4.1 Dihaploid production

The analysis of data from Table 17 showed no interaction between seed
parent and pollinator effect on the production of dihaploids. In the inter-
action experiment (Table 19}, where the influence of pellination date was
the same for all combinations, the s x P interaction was found only in
those parts where data of a bad pollinator or 1low preducing seed parent
could be included (Table 20, II and I11). It was probably due to the more
careful collection of data that this interactieon was significant here and
not in the between-year comparison. It was alsoc here that x2 values for the
three~factor interaction were low. The fact that the 1n transformation re-
duced the interaction component in the anova to a not significant level,
means that only the multiplicative part of the s x p interaction had been
present. Where only pollinators and seed parents with high d.i.a. and
d.p.a. were invelved, the multiplicative effect could not appear, hence the
absence of interaction there, even in the criginal data. The multiplicative
effect means that the combination of a pollinator with high d.i.a. with a
seed parent with high d.p.a. gives even higher dihapleid production than
could be expected from their individual performances. The absence of inter-
action in a strict sense implies that a good pellinator is good irrespec-
tive of the seed parent used. For practical dihaploid production this means
that the best pollinator for a certain seed parent is alsc the best for
others. For dihaploid research the implication is that testing for d.p.a.
can be done with one pollinator and testing for d.i.a. with one seed par-
ent. With the limited data and the multiple use of part of the data such a
conclusion should be drawn with some cautionm,

variation in the group of pollinators was limi
cultivars of s.

especially as the genetic
ted. The parentage of the
tuberosum seems to have been sufficiently diverse to assume
general applicability of the conclusion at the side of the seed parent.

T ' ; .
hese observations did not brovide an argument for introducing the ter-
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minoclogy of general and specific dihaploid producing or inducing ability in
S, tuberosum as Eenink (1974) proposed for Brassica oleracea. In Solanum
the dihaploid production of specific parental combinations can apparently
be deduced from the general performance of the parents, provided that the
multiplicative effect is taken into account.

Experimental error proved to be censiderable in interaction experiments,
even when crossing was carried out accerding to a balanced plan. This error
might have been the reason why the correlation for dihaploid production
found by Hermsen & Verdenius (1973) between two cultivars was not as high
as they expected: Their theory of a differential reaction of the two culti-
vars to the same series of pollinators is not necessary as explanation. The
reasonably high correlation they obtained (r=0.65:; n=22) can support the no
interaction conclusion. .

The pollinator x year (date) interaction found fitted with the tempera-
ture sensitivity of the pollinator for d4/100b in the growth chamber experi-
ment (Chapter 6). Apparently the different pollinators are not sensitive to

the environment to the same extent, hence the interaction.

5.4.2 Hybrid production

The high variation in hybrid production might have been the reason why
In the more accurate interaction

but it was not very strong.

an existing interaction was hot observed.
experiment a s x p interaction was found once,
There is probably mo & X p interaction for hy/100b, but the existence of
this interaction could not be excluded with certainty. Even if it would
exist, it would not be an important factor in determining the level of hy-

brid formation. As the removal of hybrids that are produced along with di-

haploids only plays a minor role in the amount of werk involved in making

dihaploids, this-possible interaction is not of practical importance.
The pollinator x year (date) interaction found was expected from the ob-
servation that IVP10 and 35 were very yvariable in hy/100k during a season,

in contrast with 1VP48.
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6 Influence of temperature on fréqu_encies
of dihaploids and hybrids

6.1 INTRODUCTION

It follows frem Chapters 3 and 4 that dihaploid and hybrid production
are determined genetically. In this chapter the influence of one external
factor, temperature, on the frequency of dihaploids and hybrids is studied.

Gabert (1963) did not find temperature influence on d/100b, but Wdhrmann
(1964) found a negative influence of high temperature on d/100b and berry
set (see also Section 2.4). Both authors experimented with temperature
treatments after pollination only.

Information available on variability is not very detailed. Data on diha-
ploid frequencies are usually peooled per year, zo that the fluctuations
during the year are lost. Several authors have found year to year fluctua-
tions in d/100b ana hy/100b (Gabert, 1963; Frandsen, 1967; Hermsen,
unpubl.). A preliminary study with unpooled data from crosses on different
days in 1971 indicated that fluctuations occurred within the season in a
conditicned dreenhouse (Van Breukelen, 1972}. There was more variatioq in
hy/100b than in d/100b, especially in high seed set pollinators like IVP35
and 32. When a similar pattern was found in 1973, an experiment was set up
to determine the influence of the temperature on d/100b.

The purpose of the experiment was te find the best temperature condi-
tions for dihaploid production and alsc to obtain more insight in the mech-
anism of dihaploiq broduction. As this cannot be séparated completely from

the mechanism of hybrid production, the influence of tempgrature on hybrid
production was also looked into,

The experiment was carried out in growth
chambers, in order te be able to k

eep the temperature constant. To separate
the temperature influences on the seed parent and on the pollinator, which
are confounded in the greenhouse,

changing dihaploid or hybrid frequencies.

This would give additional infor-
mation about the mechanisms involved.

6.2 MATERIAL AND METHODS

Cultivar Gineke wag used as seed

bParent in crosses and g. bhureja clones
IVP35 and 48 as pPollinators (see Sec

tion 3.2). a1l blants were grafted onto
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tomato rootstock, potted in well drained plastic buckets of 8-10 1 and
placed in growth chambers about 14 days before the first flowers opened.
Gineke and S. phureja plants were distributed at random over two growth
chambers. Codes indicating plants and treatments are given in Table 21.

The growth chambers used were part of the phytotron at the Department of
Field Crops and Grassland Husbandry of Wageningen Agricultural University.
Each chamber measured 4.5 m %X 3.2 m X 2.2 m. Plants were placed on tables
so that the flowers were about 0.5 m below the lamps. Fluorescent tubes
{Philips TL33/40 W) and some additioral incandescent bulbs provided a radi-
ation intensity of 175 J-m'~s"2 at plant height. CO,-concentration was
kept at 300 mg-kg_l. Temperature, moisture and daylength were set as fol-
lows. Lights were on for 16 h per day, during which period the relative hu-
nidity was 70%. During the 8 h dark period the relative humidity was 90%.
In the chamber with low temperature (L) the temperature was kept at 18 °c
throughout. In the other chamber {H) the temperatures for the first 12 h of
light were 22 °C in 1974 and 23 °C in 1975. During the remaining 4 h of
light and 8 h of darkness the temperature was 18 °C (in 1975 after 6/8:
15 °C in darkness). Good air circulation made the temperature equal in all
parts of a growth chamber. .

white fly (Trialeurodes vaporariorum) teemed during the crossing season
of 1974 and was controlled with dichlorephos. This caused abortion of pol-

Table 21. Codes indicating plants and examples of treatments
in two growth chambers with different temperature regimes and
a greenhouse. All transfer dates were in August 1975.

G = 8. tuberosum cv. Gineke

35 = 3. phureja IVP35

48 = 8. phureja IVP48

L = plant in chamber with low temperature

H = plant in chamber with high temperature

Gr © = plant in greenhouse

LH17 = plant transferred from chamber L to chamber H on 17/8
HL5 = plant transferred from chamber H to chamber L on 5/8

Examples of treatments:

Gineke inh chamber L with IVP48

L x 48y = cross between Gv.
in chamber H
GH X 35LHi6 = cross between cv. Gineke in chamber H with IVP35,
transferred from chamber L to chamber H on 16/8
GHLS x 35L = c¢ross between cv. Gineke, transferred from cham-

ber H to chamber L on 5/8, with IVP35 in chamber L
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linated flowers in crosses made from one day before until 4-5 days after
spraying. The negative effect of dichlorephos on berry set was determined
only by the end of the crossing period owing to misleading results of a
former spraying experiment. In 1975 Encarsia formosa, a parasitic wasp, was
successfully introduced into the chambers to keep the pest at low levels.

Fresh pollen was applied to emasculated flowers of Gineke. Seeds were
extracted from each berry separately and screened for embryo spot (see Sec-
tion 3.2). Three groups were distinguished: seeds with embryo spot, seeds
without embryo spot and seeds without a wisible embryo. The third group was
discarded. All seeds without embyro spot were classified as dihaploids.
Previous experiments actually displayed less than 1% pseudcogamic tetra-
pPloids and less than 1% hybrids. If some spotless seeds would not have been
dihaploids, the resulting error would have been very small.

Gineke plants in specified conditions crossed with 5. phureja plants in
specified conditions on several Successive days are called a treatment. In
1974, four to eight flowers were Pollinated per treatment per day. This was
increased to ten flowers in 1975. Data from single berries were pooled per
day within one treatment. Nearly 7000 flowers in all were pollinated.

Most plants were left in the same growth chamber throughout the crossing
period. By using pollen from both chambers to pollinate seed parents in one
chamber, four treatments could be made per pollinator, e.g. GL x 35L, GL X
35H, GH x 35L and GH x 35H. These are called 'fixed treatments'. The re-
sults of these treatments were compared with those of the conditioned
greenhouse, described in Chapter 3. In other treatments plants were ex-
changed between the two chambers. This was done in both years, but only in
1975 data were complete enough to be reported.

Out of the Gineke plants in each chamber a group of plants was chosen
and pollinated every day with pollen from 35L. After eight days, on 5/8
the plants were transferred from chamber L to H {GLHS) and from H to L
(GHL5). Pollinations with 35L were continuved for 21 more days. Two other
groups were selected, also pollinated with 35L and after 12 days, on 17/8,
transferred (GLH17 and GHL17), after which pellinations with 35L were con-
tinued for 16 days.

One IVP35 plant from each chamber was transferred to the other chamber
on 16/8 (35LH16 and 35HL16). Pollinations were made in the period 15/8-31/8
on seed parents in chamber L. Two other plants were transferred on 27/8
(35LH27 and 35HL27) ang used from 27/B-31/8 on seed parents in chamber H.

Analysis of variance (anova) was carried out with days as replications

and temperature regimes of the seed parent and pollinator as factors.

6.3 RESULTS
From the experiment in 1074 it was learned that the temperatures used
were suitable for flowering and berry set, Berry set was almost nil in the
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period in which insecticides were used. The best berry set was obtained in
chamber L and with pollinator IVP35. Therefore these were used as much as
possible in 1975 in those treatments, in which plants were transferred. The
milder pest control in 1975 led to higher berry set. since the last two
weeks showed the best berry set, most data used are from that peried. For
1974, only data from the first ten days were used and only of the fixed
treatments. Data from transfers in that year were very incomplete. They
served, however, to improve the transfer preocedure for the next year.

6.3.1 Treatments with fixed temperatures

~ Coefficients of variation for 4/100b and hy/100b between cressing days
within treatments in 1975 were calculated both for the whole period (40
days) and the last 15 days with high berry set. They were compared with the
variation in a conditioned greenhouse during the crossing seasons of 1974
and 1975 (Table 22). Variation in d/100b was about equal in treatments with
IVP35 and 48 in the growth chambers, both in the whole crossing period and
in the last 15 days. Variation was higher in hy/100b, especially for IVP35.

Variation in the greemhouse in 1974, a good crossing year, was similar to

Table 22. Range, mean and coefficient of variation (c.v.=s/%x) for diha-
pleids per 100 berries (d/100b) and hybrid seeds per 100 berries (hy/100b).
Data from crosses in growth chambers (1975) and a greenhouse (1974 and

1975). For codes see Table 21.

Treatment Number of days d/100b hy/100b

total crossesa range mean C-.V. range mean c.v.

T 71-2943 572 1.29

GL x 35 40 20 50- 650 231 0

oL x 35L° 15 8 100- 400 199 0.49  71- 290 179 0.61
66r x 35GRS 84 12 100- 540 318 0.55 100-6963 2059 0.88
6er x 3scrd 73 17 33- 389 171 0.60 0-3000 817 1.30
GL x 48[ 40 21 35 525 244 0.58  25- 150 62 0.61
GL x 4aLP 15 9 sg- 525 271 0.59  25- 88 38 0.69
Ger x asor® 77 11 200-1230 505 0.53 0- 100 60 0.57
Gor x agord a7 7 100-513 278 0.58 o- 80 27 1.21

&. number of days, on which crosses were made _ . ‘0 the

b. the shorter crossing period was part of the total crossing period 1n
growth chamber

G. in 1974

d. in 1975
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that of the shorter preriod in the growth chambers, whereas the greenhousa
variation of 1975 was usually higher and closer to the whole growth chamber
period. Means of d/100b and hy/100b in the growth chambers were closer to
those of 1975 than to those of 1974 in the greenhouse.

The influence of the temperature on the seed barent and the pollinator
Separately was studied with data of the relatively stable first period in
1974 and last period in 1975, Numbers of 4/100b  and hy/100b are given in
Table 23. Data are means of four or five crossing days with one day inter-
val. Conclusions about positive or negative influence of high or low tem-
beratures are given in Table 24. On the four treatments with the same pol-
linator an anova was carried out with the crossing days as replications.
Since for IVP4s in 1974 not enough complete data were available for an ano~
va, a sign test {two tailed) was applied to data from the whole cr955ing
period. Resulting significance levels of differences between the effects of
the two chambers on seeg barents or pollinators are also Presented in Table
24. Differences due to temperature were more consistent in 1975 than in

on the seed parent when Ivpis vas used, but for IVP48 data were inconsis-
tent. Low temperature hag 5 positive influence on beth pollinators, es-

Pecially on IVP35. Frop all differences those ip hy/100b for IVP35 were
most marked. '

*and high (H) temperatures.

Seed parent Pollinator 1974 1975

IVP35 1vpas IVP35 rvpasg

4/100b L

L 240 218 251 266

H 121 132 199 263

H L 325 158 246 224

H 145 150 = 14 201

hy/100b L 850 39 236 31
H 428 25 133 19

H L 1400 231 430 a3

H 541 7 174 37
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Table 24. Influence of low (L) and high (H) temperatures on
d/100b and hy/100b via seed parent and pollinator. Positive (>)
and negative (<) influence of low temperatures is concluded from
data in Table 23. Critical levels (p) are for differences be-
tween L, and H and calculated with an anova on an orthogonal part
of the data, for IVP48 in 1974 with a sign test.

Influence via 1974 1975
IVP35 1vp4s I1VP35 IVP48
P P P p
d4/100b seed parent I<H 0.21 L=H 0.45 L>H 0.67 L>H 0.61
pollinator [>H 0.00 L>H 0.02 L>H 0.36 L>H 0.16
hy/100b  seed parent L<H 0.12 L>H 0.12 L<H 0,08 L<H 0.11
pollinator [>H 0.01 [>H 0.77 L»H 0.03 L>H 0.80

6.3.2 Treatments in which the seed parent was transferred

It is of interest to know whether seed parents react immediately to
transfer to another temperature regime oOr only after a lapse of time. As
the clearest influence on the seed parent was with IVP35 in 1974, only
IVP35 pollen was used on transferred seed parents in 1975. Mean dihaploid
and hybrid frequencies are given in Table 25 for periods of fi
consecutive days of crossing before and after transfer of two groups of
seed parents. As could be expected from the fixed treatments, no big dif-
ference in d/100b was observed between the treatments. For hy/100b clear
differences between the treatments were cbserved. Before and after the

first transfer more hybrid seeds were formed on seed parents originally in
but often the difference was

plants from chamber L

ve to seven

chamber £ than on seed parents from chamber H,

small. Of the seed parents of the second transfer the
both hefore and after transfer.

+ of transfer for 4/100b and hy/100b.
it was dif-

Produced consistently less hy/100b,
There was no change at the momen

The direction of the differences in hy/100b was inconsistent:

ferent for the two transfers.

6.3.3 Treatments in which the pollinator was transferred

n the pollinators in fixed treat-

From the clear effect of temperature O
fter transfer of the

ments, especially on IVP35, changes could be expected a
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Taple 25. Means of d4/100b and hy/100b from crossing
pericds of 5-7 days. Data from seed parents trans-
ferred from one growth chamber to another, compared
with data from non-transferred seed parents. All pol-
linations with 35L. Dates in August 1975. For plant
codes see Table 21,

Date d/100b hy/100b

GLHS GHL5 GL GH GLHS GHLS GL GH

1- 5 236 263° - - 1166 5132 - -
=12 191 180 209 210 448 188 283 370
15-20 218 221 198 202 333 302 197 232
21-26 365 332 254 275 613 541 221 562

GLH17 GHL17 GLH17 GHL17
12=-17 143 160 181 390
19-24 233 238 337 530
2530 223 269 19¢ 500

a. only one observation
- no data

pollinators from one temperature regime to the other. Mean frequencies of
dihapleids and hybrids for successive periods after transfer are given in
Table 26.

After the first transfer (35LH16 and 35HL16) d/100b was lower for 35LH16
than for 35HL16 for ten days. In the next five days 4/100b was higher for
35LH16, but the difference was small. After the second transfer (351127 and
35HL27) crosses could only be made for a short period. The results Wwere
similar to those of the first group: pellinators placed in chamber H in-
duced less dihaploids. The data were analysed in an anova with the pollina=-
tor treatments and crossing days as sources of variation for the ten and
fifteen day peried after transfer. For the period 17/8-26/8 the critical
level for pollinator influence was 0.02, whereas thisz was 0.16 for the pe-
riod 17/8~31/8. From the original data it was alsc clear that the differ-
ence between 35LHLE and 35HL16 was smaller during the last days.

' With respect to hy/100b pollinators transferred to chamber H had a
higher production than their transferred counterparts after both transfers
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Table 26. Means of d/100b and hy/100b from crossing periods
of five days. Data from pollinators transferred from one
growth chamber to another, compared with data from non-
transferred pollinators. All pollinations on GL, except
35LH27 and 35HL27 which were on GH. Dates in August 1975.
For plant codes see Table 21.

Date d,/100b hy/100b

35LH16 35HL16 35L 35H 35LH16 35HL16 35L 35H

17-21 185 252 247 225 335 93 260 150

22-26 211 289 254, 182 253 129 221 122

27-31 176 154 - - 248 143 - -
35LH27 35HL27 o 35LH27 35HL27

27-31 176 190 367 273

- data very incomplete

and for the whole period. In an anova with pollen treatments and crossing

days as sources of variation the critical level for pollinator treatments

¥as very low (p=0.003).

6.4 DISCUSSION

s the number of dihaploids per 100
da/100b was regular and
owth cham-

In different temperature condition
berries was a rather stable character. Variation in
low, compared with hy/100b, both in the greenhouse and in‘the gr
bers. IVP35 had higher variation than IVP48 in most conditions. "I‘emperature
had an influence on d4/100b only via the pellinator. Especially in IVP35 low
temperatures had a positive influence. . cound

The higher wvariation in hy/100b was reflected in the differences .01.m
between the fixed treatments. Both IVP35 and 48 were temperature sensitive

Tegarding the production of hybrid seeds.
Perature on the seed parent was moIe€ outspoken in tr

i 00b in IVP35 there
than in tho i _ with the higher level of hy/1
=e with 1YRe9 m 1974 and 1975 compared

positive influence of low tem-
eatments with IVP35

Was more room for influences to show. Results fro

well.
parent was transferred, no effect

In th ; i hich the seed
e experiments, in W the fixed treatments.

was expected for d/100b, considering the results of
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This was confirmed by the results. For hy/100b a negative effect in chamber
L was expected. This influence proved not to be consistent in this experi-
ment. Already before transfer the plants in chamber L had higher hy/100b.
This continued after the transfer. Before the second transfer  plants in
chamber I had lower hy/100b, as expected. These, too, were unaffected by
the transfer for 12 days.

After transfer of the pollinator a positive influence of low tempera-
tures on the pollinator was expected, considering the results of the fixed
treatments, both in d/100b and in hy/100b. For d/100b this was confirmed.
After both transfers 35LH induced the Ilower number of dihaploids. For
hy/100b, however, the reverse was found: in both cases 35LH produced mere
hybrids. For d/100b results 'adapted' to the new temperature after trans-
fer: for hy/100b they did not adapt, even after 15 days.

Apparently, the two temperature sensitive mechanisms in the pollinator
influencing 4/100b and hy/100b acted at different moments during floral de-
velopment. The mechanism for the induction of dihaploids reacted fast to
new conditions. Data from the first two days after transfer were not com-
plete, but after two days the change had already taken place. For dihaploid
induction events in the last phase of pollen production or in the style and
ovary during pollination or immediately afterwards must be temperature
sensitive,

The temperature effect on hy/100b via the pollinator must have worked on
the pellinator at least ten days before pollen ripeness. The group of hy-
brid seeds consisted mainly of tetraploiq hybrids, derived from unreduced
S. phureja pollen. The frequency of unreduced péilen is determined for the
greatest part by events during meiosis. Meiosis in §. ;hureja takes place
12-14 days prior to anthesis at 20-23 °C((Mok, pers. ébmm.). This could ex-
Plain why during the measured period (up to 15 days after transfer) the
humber of hybrid seeds was still similar to that found with plants from the
chamber where the pPollinator had been before transfér. When the experiment
ended 15 days after transfer cf the pollinatd;s, the change that could be;

sumes a fast temperature reaction of

the pollinator in d/100b and a. slow
reaction in hy/100b,

pointed at. while the iﬁflugﬁce on the
seed parent for hy/100b was clear in fixeq Lreatments, the results were in-

consistent in transfer experiments. However, there was a tendency - for seed
parents not to be affecteq by transfer. This slow reaction could indicate
that it was the Process which determined the number of owvules in an ovary

and not of seeq development after pollination, which was temperature sensi-
tive. ’
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From the results of experiments with temperatures it can be concluded
that within the range of 18-23 °C no positive effects on d/100b can be ex-
pected from a special constant or alternating temperature for the seed par-
ent. This confirms Gabert's (1963) findings. The lowering of d/100b by high
temperature found by Wéhrmann (1964) was not confirmed within the tempera-
ture range used. The fact that he and Gabert (1963) did not pay attention
to conditiohs in which the seed parent was grown before pollination, will
not have affected their results very much. The higher berry set on seed
parents in chamber L could be a reasen to try to maintain a temperature of
18 °C during the flowering period. Conditions for the pollinator proved to
be more important. Low temperature (18 °C) had a positive influence on di-
haploid induction. Dihapleid frequencies can probably not be improved by
lower temperatures,” as temperatures lower than 18 °C reduce flowering (Bod-
laender, 1960) and are difficult to maintain in a greenhouse.

If space is limited in low temperature growing facilities, it will be
advantageous to place pollinators there preferentially and to give the seed
parents the second best place. Low temperature for pellinators will also
result in higher hybrid frequencies, but this will not have negative conse-

quences for practical dihaploid production.
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7 The mechanism of dihaploid induction

7.1 INTRODUCTION

After the discussion of the genetics of the pollinator effect on diha-
ploid induction the question remained how the pollinator effect operated.
Through what kind of mechanism did pollen influence the frequency of diha-
ploids, to which it did not contribute genetically?

Considering the processes after.pollination of a 4x 8. tuberosum flower
with pollen of a 2x §. phureja, it can be assumed that 5x endosperm is
lethal and that seeds with a dihaploid embryo have 6x endosperm {Von Wan-
genheim et al., 1960; Bender, 1963) (see Section 2.5.2.1). Pcllen must pro-
vide 2x chromosomes for this éx endosperm. Is this 2n or n pollen? Does di-
haploid induction follow the 'maize mechanism', in which one sperm ferti-
lizes the polar nuclei and the other sperm is lost, or does it fellow the
'Solanum mechanism' (Hermsen, 1971), where two sperms both fertilize the
central nucleus, separately or fused?

This chapter deals with cytological and microscopical observations in
order to try to elucidate these guestions. Frequencies of 2n pollen were
estimated in a series of pollinators in order to relate these to the fre-
quencies of dihaploids and hybrids that derive from them. Confirmation was
sought of the lethality of seeds with 3x embryos and an estimate was made
of the lethality of seeds with 4x embryos. Numbers of dihapleids and hy-
brids of a range of pollinators were compared in order to find cut whether
dihapleids and hybrids originated from pollen with the same ploidy level.
Pollen tubes were studied in wvivo to screen for restitution nuclei and
other abnormalities in pollen tube mitosis. To check H&glund's (1970) hy-
pothesis of preferential fertilization or faster growth of 2n pollen, as
compared with n pollen, the relative growth rate of pollen tubes of differ-
ent ploidy levels was measured in styles. Finally, the effect of delayed
pollination on dihaploid frequencies was determined.

7.2 MATERIAL AND METHODS

Material for experiments described in this chapter consisted of fresh
pollen from S. phureja clones and pollinated styles and ovaries frem §. tu-

berosum at different stages of development. The origin of the S. phureja
clones is desecribed in Section 3.2. =8

» tuberosum cultivars used were Gine-
ke, Multa and Radosa,

together with Gineke dihaploids G254 and G609, de-
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scribed in Section 8.2, and dihaploid derivative GB24.

Frequencies of 2n pollen grains were estimated by the pollen diameter.
Fresh pollen was dusted on a slide and stained with lactophencl acid fuch-
sin. The diameters of 100 to 200 pollen grains were measured in eyepiece
graticule units and a frequency distribution was made, Assuming that 2n
pollen grains_ had twice the volume of n pollen grains, their linear dimen=-
sions should differ by a factor 1.25. Grains with a diameter of about 1.25
times the diameter at the lower mode were recorded as 2n pollen grains. Da-
ta were collected in 1975 and 1976. Freguencies of pollen with four germ
pores, an indication for 2n pollen, were recorded from samples of 25 pollen
grains.

Seed collapse was checked in young berries of Gineke, pollinated with
pollen of IVP10, 24, 35, 48, Gineke or G254. Three sets of pollinations
wzlare made at monthly intervals. Three berries of each combination were
picked one and two weeks after pollination. The berries were dissected and
the number of developing ovules counted. Fully developed seeds were counted
after ripening of the remaining berries.

Correlation coefficients between 4/100b and hy/100b were calculated from

data in Fig. 1, Tables 6 and 7 and data in Van Breukelen {(1972).
after pollen tube mitosis

apted from Montezuma-
phureja pollen, were

Sperms were studied in pollen tubes in vivo,
was completed. The method for preparing styles was ad
dt?-CarValho (1967). Gineke styles, pollinated with 5.
fixed after 24 h in a 3:1 mixture of ethanol and acetic acid for one day
and kept in 70% ethanol. Styles were macerated in 1 mf.)l-l-l HCl at 60 °C for
eulgen stain and dissected on a slide in aceto=-
carmine. Only the lowest third of the style was used and dissected with
needles to very fine bundles. The material was gently pressed. The number
and relative size of the nuclei was recorded for all pollen tubes of which
8 leng section near the nuclei was not broken. After initial experiments
the distance between the two sperms was also recorded. Pictures were made
°f a number of the tubes. The negatives were enlarged to the same magnifi-
cation and the nuclei, measuring 1-4 cm, Were cut out very close to the
edge and weighed for an estimate of the size.

. Certation was measured by placing two amall amounts of pollen at oppo-
Site sites on a stigma and comparing the length of the bundles of pollen
tubes after 24 h. Styles were prepared for uv fluorescence according to
Martin (1959). They were fixed in a mixture of acetic acid, formaliln and
80% ethanol in a 1:1:8 proportion for 24 h and macerated in B mol-1" NaOI;I
0.1% aniline blue dissolved in 0.033 mol-1"
(0.1 N) K,P0,. After staining the style was split in two halves, each con-
taining one bundle of tubes. Before pollination the style had been marked
“ith a razor blade to distinguish between the two halves of the style and
t(.:u facilitate splitting (see Fig. 2). By this method the two halves, with
different types of pollen, could be recognized even after maceration and

10 min, rinsed, placed in F

Staining was done in
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Fig., 2 Fig. 3.

A

Fig. 2. Markings on the stigma for certation measurements. The stigma was
split and a small part (A} removed at one side of the incision. Pollen was
applied at each stigma half (arrows).
Fig. 3. Schematic picture of twoe half styles with thinning pollen tube
bundies. The top half shows 1little thinning and the lower half much.
Arrows: places of pollen application.

splitting. The two halves were placed alongside on one slide in glycerine
and pressed gently. Both pollen tube bundles could be seen simultaneously
under low magnification. For each replication of a comparison of two pocllen
sources five to ten styles were used. Notes were made of the relative dis-
tances covered by the pollen bundles and the thinning of the bundles in the
three to eight best preparations. From these notes it was decided whether
one pollen type was growing faster than the 6ther. Some comparisons of pol-
len sources were replicated several times. Tetraploid styles, mostly from
Multa, were used in all cases but one. Diploid styles are usually thin. Di-
ploid GB24 was chosen because of its robust stigmas.

The effect of the age of the flower at the time of pollination on diha-
ploid frequencies wasg determined by pollinating Gineke flowers of different

ages with pollen of IVP35 on one Qay in a growth chamber with low tempera-
tures (see Section 6.2).

7.3 RESULTS
7.3.1 Determination of 2n pollen frequencies

Frequency distributions of Pollen Qiameters and counts of the number of
germ pores were made for several S,
len were calculated from the fre
Table 27,

pbhureja clones. Frequencies of 2n pol-

quency distributions and are presented in
Diameters of pollen from IVP35 were measu

red on four other occa-
sions as well with the tollowing results: 23, 10,

13 and 1% 2n pollen.
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Tab.

tle 27. Percentages of 2n pollen of S. phureja polli-
n .

? ors determined by measuring pollen diametérs. Also

iv :
given are numbers of hy/100b produced by cv. Gineke with
the same pollinators in two years.

Pollen source - % 2n pollen hy/100b
a
1973 1975 1976b 1976b 1974 1976
Ivp
IVPiO oo i 6 o 1950
P24 4 [3) 2 6 8569 1950
1 ¢ 0
IVP26 - 4] Q : "~ o
VP32 ‘ A 3 0
oesz 30 7 - 10 3283 7400
0 0 1 5 2065 1323
IVP4s 0% o€ o 0® 81 25
IVPES - 0 ¢
- - 196
sam i
ple size 200- 200 100 100

Per pollinator 2000

ne cbservation
a. dat i .
b b li kindly provided by Dr. M.S. Ramanna
. po
en collected on two different dates in 1976

c.
values between 0.0 and 0.5

IVP35 . .
polli as highly variable for this character. The frequencies for the other
nat .
ors were variable as well, High seed set pollinators (Ivelg, 32 and

35) had .
higher frequencies than low seed set pollinators (1vP24, 26, 48 and
germ pores showed the same

he two years in which most
Table 27 for compari-

66). T .

patt he frequencies of pollen grains with four
er

n. Numbers of hy/100b for 1974 and 1976, t

of the .
son pollinators were used, have been ineluded in

7.3,
2 Ovule lethality

tio:?“iz;s of developing ovules, counted one and two weeks after fertiliza-
Creaseg Shnumbers_of mature seeds are given in Table 28. These numbers de~
which initérply with the age of the berry. only aPout 5y of the ovules,
Gineke x G%ally started to grow, reached maturity in 4x X 2X crosses. In
least 40y ineke (4x x 4x) the decrease was 1€ss put even there at
ovule numbﬂf the developing ovules did not produce a

ers was in general slower in the first set

drastic,

seed. The reduction in

of crosses than in the
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other two, Final seed sek was high only with Gineke as pollen parent and
reasonable with IVP10 in the third set. Variation within samples was not
high.

7.3.3 Correlation between dihaploids and hybrids per berry

Correlations between d/100b and hy/100b were calculated on data from
full-sib S. phureja populations. Correlation coefficients, including those
calculated for all pollinators used in one season, are given in Table 29.
All correlations but one were negative and some were high. Correlations for
all pollinators from one geason were not very high.

7.3.4 Pollen tube mitosis

Information about sperms after pollen tube mitosis before fertilization
was obtained from observations of pollen tubes in vivo. In the majority of
the tubes two or three nuclei were seen, the vegetative nucleus not always
being visible. Weights of photographic prints were used as measure of sperm
size. Sizes of sperms varied. Larger and smaller pairs of sperms were ob-
served, possibly corresponding with 2n and n gametes respectively. However,
the size of the sperms varied with a factor two in Gineke % Gineke crosses,

Table 28. Numbers of developing ovules or seeds per
berry at different times after pollination of cv.
Gineke with several pollen parents. Data are means
of three or more berries. Pollinations were made on
three different dates in 1976.

Date Pollen parent 1 week 2 weeks maturity
76=-06=-18 IVP10 135 42 11
IVP35 203 129
IVP48 152 78
76=07~20 Gineke 360 279 218
G254 77 8 3
VP48 177 35 9
76-08-21 IVP10 - 64 50
’ Ivp24 - 2
Ivp4s - ) 3

- no cbservation
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Table 29. Correlation coefficients (r)
between d/100b and hy/100b of populations
of pollinators crossed with cv. Radosa
{1971) or cv. Gineke (1973, 1974).

Population n r
19712 IVP{32 x 48) 21 -0.41
IVP(48 x 35) 12 -0.13
total 34 -0.29
1973P IVP{48 x 35) 24 -0.39
IVP(32 x 48) 47 -0.67
IVP(24 x 10) 18 -0.66
total 89 -0.57
1974° IVP1 selfed 13 -0.15
IVE( 1 ¥ 10) 6 -0.58
IVP(48 x 1) 5 0.41
IVP(66 X &) B -0.04
1VP(48 X G609) 10 -0.00
total a2 -0.42

number of genotypes in a population
original data in Van Breukelen (1972)
original data in Fig. 1

original data in Tables 6 and 7

a o oo 5

Where only one size of sperms was expected from pollen diameter observas
tions. The range in IVP10 sperms was wider than in Gineke ané IVP48 s;lzerrflis:l.1
Thus it was not possible by this method to identify restitution nuclel Wi
certainty,

In 38 tubes out of a group of 542 only one Spe
these single sperms were not big and probably not r
Sperms might have been lost during preparation. In a second group of prep-
arations only one out of 365 intact tubes ghowed unambiguously o§eh:p§:3;
In eight others only single sperms were seen, but those tubes mlih have
been broken, or the other sperm was left in the other 2/3 part of le
¥hich was excluded from the preparation. Including alllthe doubtfu. cai:s
only 5.1% of the tubes contained one sperm; The majority not having the

rm was visible. Most of
estitution nuclei. Some

SizZe of a restitution nucleus.
In most of the tubes screened also the rela
%3S noted. Thirty pairs (4.8%) from 615 tubes were

tive position of the sperms
very close together or
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{botton) respectively.
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touching (Fig. 4). Percentages of sperms very close together varied for the
different 8. phureja pollinators. IVP48 had the highest percentage (8.6%),
followed by VP35 (5.5%). IVPl, 10 and 24 had about 3%. Most of these

sperms were small.
7.3.5 Certation

The relative rate of pollen tube growth was determined for pairs of pol-
len parents. In 4x styles two batches of Gineke pollen were compared with
each other to check the accuracy of the method. No growth rate differences
were found between the pollen tube bundles in three replications. Gineke
pollen was growing at the same rate as pollen from Radosa and Multa, and
faster than pollen from the dihapleoids G254 and G609. In 2x styles Gineke
Proved again to be faster than the dihaploid G254 in two replicatioens. Ir-
respective of the ploidy level of the style, 2x pollen was faster than x
pollen in 8. tuberosum crosses. .

A more complicated pattern arcse when Gineke pellen was compared with
that of 3, phureja. Pollen bundles of several 5. phureja pollinators showed
2 thinning, so that some tubes were ahead of the others (Fig. 3). Pollipa-
tors producing much 2n (=2x) pollen, e.g. IVP10 and 32, had many pollen
tubeg growing as fast as 2x pollen from Gineke. Others like IVP*{B had only
fev tubes reaching as far as Gineke, while the majority was shorter. In a
comparisen of IVP10 and 48, both bundles were thimning, but not to the same
eXtent. Many tubes of IVP10 were as long as the few forerunners of 1VP48.
S tuberosum dihaploid G254 was compared with IVP32, 35 and 48. G254 tubes
Vere slower than the fastest tubes of S. phureja pollen in all cases.

Tubes of 2n (=2x) pollen of 5. phureja did grow faster than those of n
Pollen and as fast as those of 2X pollen from §. tuberosum.

72.3,6 Delayed pollination
The age of the flower at the time of pollination influenced d/loiz;
hY/IOOb and berry set (Table 30). The stigma was not receptive before e

i ined with
oud started to colour. Highest dihaploid frequencies wvere obtaine ;
ers were lower in d/100b, hy/100b an

Young open flowers. Closing old flow ]
ncies.

berry set. Delayed pollination did not increase dihapleid freque

74 DIscussron

7-4.1 Relationship between 2n pollen and hybrids

a clones in Table 27 (0-30%) were

s. Bender (1963)
et al. (1964) re-

"Percentages of 2n pollen in 5. phurej
“inilar or slightly lower than those found by other author

bseI v 7Y 1 ] is. Hougas
ed % arge sperms after pollen tube ml tosis. Houg
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Table 30. Berry set, d/100b and hy/100b of Gineke flowers of different
ages, all pollinated on the same day with pollen of IVP35. Pellinations
were made in a growth chamber.

Age of flower Number of flowers % berry set d/100b hy/100b
green bud 10 4] - -
bud with colour 15 13 75 250
opening bud 20 40 200 1180
young open flower 25 96 209 954
pale clder flower 25 96 172 733
closing old flower 16 35 117 786

ported 5-15% 2n peollen in their best pollinator. They considered this per-
centage as exceptionally high. Héglund (1970¢) calculated 50% 2n pollen from
studies of PMC meiosis in S. phureja. Mendiburu (1971) found 15-25% 2n poli-
len in $. phureja x 8. tuberosum diploids. Mok & Peloquin (1975) found up
to 58% in similar material.

Frequencies of 2n pollen, as calculated from pollen size, fitted well
with hy/100b {Table 27). Hybrid seeds consisted of triploid and tetraploid
hybrids. As triploid frequencies would not be higher than 15 per 100
berries (Section 2.5.2.1), they could be neglected. Therefore the fre-
quencies of tetrapleid hybrids, formed by fusion of an egg cell with a 2n
sperm, could be used as an indication of the level of 2n pollen production
of a pollinator.

The considerable variation in freguencies of 2n pollen between the times
of sampling was not unexpected, as frequencies of hybrid seeds alsc varied
during the season (Table 3). Ramanna (1979) observed also variation during
a season in frequencies of cytological processes, which led to 2n pollen

formation. Jacobsen (1976) found even variation between different plants of
the same clone on the same day.

7.4.2 oOvule lethality

Von Wangenheim (1957, 1961) and Bender {1963) showed that ovules with 3%
embryos and 5X endosperm were lethal. Triploids degenerated between 5 and
15 days after fertilization. The reduction of ovules in this study occurred

in the same period. Only a very low percentage of the ovules developed Lo
maturity in 4x x 2x crosses.

The mature seeds were mostly tetraploids, with
some dihaploids.

Only tetraploids were expected in the Gineke x Gineke

cross, hence the high seed set. IVP10 yielded many tetraploids as well,

which could be expected from the high numbers of 2n gametes in this clone.
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where high i
. gh numbers of tetraploids were formed, relatively high numb
es were found in two week old berries o
These i i .
s w];esults implied that the low numbers of seeds in several 4x x 2x
- Ofre not. the result of failure of fertilization, but of high le-
especially the ovules fertilized with n pollen. They were the

majority of the ovules in most crosses.
7.4.3 T
he role of 2n pollen in dihapleid Induction

Hi
s ot 1. ot sigpnts o pascive it of 2 gwetes 1 0
the highest numbe;: fe best dihapleid inducer in their material produced
high number of seed o lseeds (8 per berry). Overall seed set was low. The
for the n pollen S;?W:Lthout embryo gave them reasons not to exclude a role
highest dihaploid. -rdandsen (1567 wo.rKEd with two pollinators. Again the
(1973) 4id not findln ucer had. thf:: hl.ghest seed cet. Buketova & Yashina
Larger mumbers fa corr.elatlon in nine clones.
Hermsen & Verdeniuo poliinators. SOlfle with high seed set, were studied by
gave a correlatio s (1973,)°' Ccaleulations from their data on 28 pollinators
low ang hegative n coeffllc:Lent between 4d/100b and hy/100b of -0.21. This
in this ctudy (T ;erelatlon together .With the negative correlations found
dihaploids opi i;: te 29) throw some light on the origin of dihaploids. If
Pected: nigh f:e a ed. from 2n pollen, a positive correlation would be ex=
Ploid hybrids an?iuencn.es o.f 2n pOI:.Len giving rise to high numbers of tetra-
SPerm would mot fa C.ez:taln fraction inducing dihaploids, if the second 2n
POt go with nidh erta:llze "the egg cell. High numbers of hyl?rid s«?eds did
Probably not ing er dihaploid numbers generally. Therefore dihaploids were
uced by 2n pollen.

Rowe
(1974) also decided that 2n gamete

ploid ind .

u .

ction. His argument was, however, that 2n pellen could only in-
According to him the loss of a

whereas the affect of the polli-

s were not responsible for diha=-

du
Sp:;p:::f:gamy when one sperm was lost.
nator on dihnOt b e under genetic contrel,
There ar aploid frequency was.
duction, 1 fed?ther ‘?"Iguinents against a role of 2n pollen in dihaploid in-
why one spermlhaplOlds were induced by 2n pollen there sho'uld be a rea::;on
Premature gj .W.ould not function. In maize this was expla:n.lned by assuming
could not be"’;81o;l1 ?f the egg cell (Chase, 1969), after whlch‘the egg cell
haploid fre ertilized anymore. This way delayed pollination increased the
POllinationq:ﬁncy' It was confirmed (Table 30) that in §. tuberosum delayed
ready foung id not increase the dihaploid frequency: as Gabert fl?ﬁs.) a?-
Unlikely to. Severa]_. studies have shown that premature €99 cell division :..s
5. tuberosum occur in Solanum. Embryological studies of Clarke (1940) in
tveen fouyr N reve:aled that the first division of place be-
Spery divisir;d five days after pollination, two days 2 ;
n. Dnyansagar & Cooperl (1960) found 2 sim

the zygote tock
fter the first endo=-

ilar seguence in
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S. phureja. Functioning of only one sperm is thus not as likely in Solanum
as in maize. This strengthens the likelihood that 2n sperms do not induce
dihapleids.

The negative slope (~0.01~--0.02) of the regression of &/100b on hy/10Cb
(Table 29} gave an indication of the order of magnitude of the number of
ovules (50-100)} that needs to be fertilized by n pollen in order to produce
one dihaploid, if an average pollinator is involved.

If n pellen inducead dihaploids, it has to be explained, how both n
sperms fertilized the central nucleus to provide 6x endosperm. Study of
pollen tube mitosis could give the information needed.

7.4.4 Pollen tube mitosis

If n pollen contributes 2x chromosomes to the 6x endosperm of a diha-
Ploid, these can come from two separate sperms or from two fused sperms
from pollen tube mitosis restitution. Chances that double fertilization of
the central nucleus takes Place by two completely separated sperms are very
low.

Single sperms from pollen tube mitosis restitution in n pollen might in-
duce dihaploids{ but mest single sperms found in pollen tubes were possibly
from broken tubes and they were often not big. Their frequency was teoo low
to explain the dihaploid numbers found. The most reliable count of single
sperms in pollen tubes gave 1% single nuclei in 200 tubes of IVP48, a good
pollinator. A 1% frequency means eight potential dihaploids in a berry with
800 ovules. Assuming 50% general lethality (cf. lethality in 4x ovules,
Table 28), 50% failure of the unfertilized egg cell to divide and no lethal
genes in the embryo, which were ali generous assumptions, only two diha-
pPloids per berry would result. This frequency is lower than the observed
frequency, as IVP48 induced more than four dihaploids per berry in 1974.

More dihaploids could be induced by pollen tubes with sperms very close
together or connected by a bridge as described by Bender (1963) and Monte-
Zuma-de-Carvalho (1967). The Sperms found close together might function as
one and both fertilize the central nucleus. They were found in a fregquency
of 8.6% in IVP48 and coulg induce 17 potential dihaploids following the
same assumptions as above. as the assumptions were generous, the four diha-

For the formation of 6x endosperm for dihaploids one should not only
look at complete restitution, which results in g single sperm, but alsc
take into account the more frequently occurring incomplete or 'functional’
restitution, where the two sperms are not completely separated.

Mentezuma-de-carvalho (1967) described anaphase disturbances in pollen
tube mitosis in s, phureja. He Suggested that laggards might lead to chro-

82



mosomal bridges. The mitosis was found to be sensitive to external influ-
ences as irradation (Bender, 1963; Bukai, 1973), N,0 (Montezuma-de-Carvalho,
1967} and celchicine (Montelongo-Escobedo & Rowe, 1969). Temperature ef-
fects on dihaploid frequencies found by Wéhrmann (1964) might also work via
pellen tube mitosis. On the other hand one of the sperms might have lost
its functicnality by these treatments so that single 2n sperms could have
induced dihaploids.

Irregularities in pollen tube mitosis do not necessarily mean that. the
same jirregularities have to occur in other types of mitosis in the parent,
as the pollen tube mitosis has special spatial conditiens. In addition to
mechanical factors, also genetic factors will control irregularities in mi-
tosis. According to the conclusion from Section 3.4.3 several additive loci
will be involved. Additivity of gene effects means that more genes for, or
more structural changes in chromosomes leading to, chromosome bridges be-
tveen the sperms will increase the chances of double fertilization of the
central nucleus, and thus of dihaploid induction. Such a system will follew
Patterns of quantitative inheritance and function gametophytically.

7.4.5 Certation and dihaploid freguencies

The study of certation showed that 2x pollen grew faster than X pollen,
both in 4x and in 2x styles. This is different from the suggestion of.Hog-
lund (1970) that 2x ovules (in tetraploid plants) might be preferentially
the x egg cells

fertilizeq by 2x pollen. If it was a matter of preference,
Her

which was not the case.
jrmed., However, the
triploid le-

should alse favour x pollen (in diploids),
other suggestion of differences in growth rate was conf
tetraploiq frequency she found could better be explained by
Hality. potato pollen behaves differently from beet pollen where X pollen

ts faster than 2x pollen in a 4x style (Matsumura, 1958). Differences 1n
Sskiebe (1966) and Esen et al.

growth rate are not a general phenomenon.
X and X

{1978) found no indication for differences in growth rate between 2
Pollen in Primula malacoides and Citrus respectively.

The faster growth of 2x pollen found in Solanum implied that the-frac;
1 of ovules fertilized by 2x pollen must be higher than the fract:l.orlllo
5 bollen, if there is an overdose of pollen. With roon for 3097 Ilm ::
Irains op 4 tetraploid stigma (Janssen & Hermsen, 1976) and 800 o‘ml‘jfsall
1 ovary (section 4.3.1) there will be enough roon for competition: etes
i pollen tubes would grow faster than n pollen tubes, Zn male gamimum
Ul ocoupy three to four times their share of the ovules up to 2 f“:;‘ the
°f looy. However, a comparison of the percentade of 2n gametes VI

i i were not
lunber of hybrids in Table 27 shows that the hybrid frequencies ot
Apparently not all 2n po

In 4x X 2% crosses, even
to fertilize as the

tio

tha _ :
e * MUCh higher than the zn pollen freguencies.
w'n tubes were faster than all n pollen tubes.

i
o much 2n pollen, many ovules were 1eft for n pollen
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seed set was generally lower than in 4x X 4% crosses.

Thus it can be concluded that the mechanism of certation reduced diha-
ploid freguencies of pollinators with much 2n pollen, but not to a large
extent.

7.4,6 The mechanism of dihaploid induction

What happens after pollination of 4x §. tuberosum with 2x S. phureja?
S. phureja pollen consists of a mixture of 2n and n pollen. Some pollina-
tors are genotypically determined to produce many 2n pollen grains, but the
actual frequency varies much. The 2n pollen has in general a higher growth
rate than n pollen and thus occupies more than its share of the ovules,
leading to 4x hybrids. The n pollen occupies the remainder of the ovules.
Most of these ovules will contain 5% endosperm and be lethal. Very few tri-
ploid hybrids survive. A certain fraction of the n pollen = influenced by
genotype and environment - forms a single restitution sperm or a bridge be-
tween the two sperms after the peollen tube mitosis. This can lead to double
fertilization of the central nucleus and result in 6x endosperm. If the un-
fertilized egg cell then divides and does not carry lethal genes, a diha-
pleid embryo in viable endosperm will result. The frequency of the diha-
ploids will depend on - first the tendency of n pellen to form abnormal
sperms, together with the tendency of unfertilized egg cells to divide,
- secondly the number of ovules fertilized by 2n pollen. The more 2n pol-
len, the smaller the chances of n pollen to fertilize ovules. However, the
genetic constitution of the n pollen seems to be more important than the

frequency of 2n pollen, as ameng pollinators preducing many hybrids some
also induce high numbers of dihaploids.
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8 Monoploids

8.1 INTRODUCTION

The f£i i
irst group of monoploids from S. tuberosum obtained by pseudogamy

was ind . :
uced by S. phureja pollinators with high d.i.a. (Van Breukelen et

al., 1978 i ;
). This led to the guestion whether it was a general phenomenon
A positive answer will

that ; R
good dihaploid inducers also induce monoploids.
id formation

have impli ;
o so1 plications for a hypothesis on the mechanism of monoplo
anum. ; . iy ,
m. Solanum dihaploids, originating from a 4x X 2x cross, result

from the i
Solanum mechanism', in which both reduced sperms fertilized the

tentral n
ucleus. would S. tuberosunm monoploids from 2% X 2X crosses follow

z:;ir:fc:Z:;:‘Ts or the 'maize n.'techanism', in which one sperm fertilizes the

e genotype and the other is lost (Hermsen, 1971)7?
ploid frequenc-s of' both the seed parent and the pollinator influence diha-
ies in §. tuberosum. Both parents influence monoploid rates

in maize
(Chase, 1949; Coe & Sarkar, 1964; sarkar & Coe, 1966). Nothing is
f the female and male idio-

:I;;:n;nh::::e:'- about the relative importance O
an attemll oid pseudogamy in Solanum.
bumber of SP to answer these gquestion
Jenotypes -Matuberosum di(ha)ploid x 5. phureja cz“osses,
(1977 more :t O.f the results were presented in van Breuk
etails and a further analysis of the data are presented in

this chapter.

s was made by carrying out a large
involving several
elen et al.

Irik; .
ura & sakaguchi (1972) claimed that 5. verrucosum monopleids could
t the possibility of induc-

only he .
made via anther culture. In order to tes
some plants of this

tion of .
Specie moncploids in 8. verrucosul through pseudogamy,
o i wWere pollinated by R Phureja.
° i 1 : s
vas qo of the applications of monoploids requilrée chromos
ne
and the resulting diploid s-allele homozygotes a

ome doubling. This
nd their identifi-

Catsi
tion are reported.

8.2
MATERIAL AND METHODS

Mon :
(48 » oploids were induced with S. phureja genotypes 1vee, 10, 35, 48 and
"o 35)4, a1l homozygous for embryo spot {see section 3.2)-
S s
t seed parents were S. tuberosunm di(ha)ploids. G609 and G254 are di-

ploi . .
(HErmldS from cv. Gineke. B16 is possibly also a dihaploid from ¢¥. Gineke
sen, the tetraploid clone

ha

pers. comm.), otherwise it derives from
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B4495, developed by Dr. W. Black. All three have a high male and female
fertility. G609 has no lethal genes and is self-incompatible {genotype
§152). G254 is heterozygous for three lethal genes and is self-compatible
{genotype S183). Bl6 contains two sub-lethal genes and is self-compatible
(Hermsen et al., 1978a}. The self-compatibility of G254 and B16 is caused by
an S-allele bearing translocation, which is lethal in homozygous condition
(Hermsen, 1978b). Of the Fi populations G609 x G254, G254 x G609 and G609 x
Bl6é, which segregated for self-(in)compatibility, mostly self-compatible
plants were used in this study. One self-compatible clone, GB37, from G254
X Bl6, was also included (Olsder & Hermsen, 1976). Other dihaploids used
derive from five different cultivars. Dihaploid x dihaploid derivatives and
one dihaploid were kindly provided by Ir. N. van Suchtelen and Dr. B. Maris
of the Foundation for Agricultural Plant Breeding, Wageningen.

Non 38, tubercsum dipleid seed parents were from the wild diploid species
8. multidissectum and 3. verrucosum. The . 5. multidizsectum seed parent (WAC
3908) was collected in 1974 in Peru. Three populations of the self-compat-
ible s, verrucosum were used: A3 selfed, wac accessions, and Code 41. A3
selfed consisted of the self progeny of an F1 plant from CPC 2247 (3x) X
PI 195172 (2%). Most plants were euploiq (2n=24). The WAC population con=-
sisted of a few plants from each of the WAC accessions 3330, 3332, 3335,
3337 and 3338. Code 41 consisted of the self progeny of a parthenogenetic
2% seed (Abdalla, 1970). In addition hybrids from reciprocal crosses be-
tween $. tuberosum dihaploids and s. Verrucosum were used.

greenhouse. Flowers of seed parents were emasculated and pollinated with
pollen of S. phureja clones, homozygous for embryo spot (section 2.3.1).

were not expected to germinate. Both groups of seeds were put on wet filter
paper in petri dishes to germinate and those which germinated were trans-
planted into seeqg boxes. After one week also the seeds that had not germi-
nated were put into seed boxes. A list wag kept of alil planted seeds. All
plantletslshowing a coloured hypocotyl or a nedal band at the base of the
cotyledons were Temoved. Amongst them was & large number of plants with ab-
normal cotyledons, €-g. one peltate leaf, which showed no normal nodal band

1. Plants without the paternal marker were left in

(Frandsen, 1968). Plants with a mean number of chloroplasts lower than 12.0

were Kept. The chloreplast npumber of monopleids is arcund eight (Fig. 5)
(Van Breukelen et al., 1975), but a large margin was used in order not to
lose a single Mmonoploid. The selected plantlets were transplanted into
small pots in order to facilitate the collection of root tips for chromo-
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erosunm

rd cells of stomata of 8. tub
diploid ({left) and monoploid

Fig, .
plg 5. stained chloroplasts in gua
an ; )
. ts with different chromosome numbers:
{right),

s in the root tips
ve until this
s with more

Sotme c -
ounting at a later stage. Plants with 12 chromosome

¥ere r
ecorded as monoploids. A few plantlets did not survi
was also counted in plant

e found in this group.
which dropped prematurely.

i;:zeizThe somatic chromosome number
N .0 chloroplasts. No monoploids wer

vas :iszZZOPIOidS pr?duced flower buds,
For chro when POEslbl? to confirm root tip cou
line for a£m°5°me count?ng FOOt tips were ?retrea ' :
Stained ip out ?4 }1- F?xatlons were made 1n.3:1 ethanol acetic acid and
For meioty propl?nlc acid haematoxylin according to Hender?on & Lu (%968).
¢ studies young flower buds were fixed for 48 h 1n a 3:1 mixture

of eth

anol and propionic acid saturated with iron acetate. Anthers were
1975)-
d (Ross et al., 1967;

Meiosis

nts.
ted with g~hydroxyquino-

Squasheq j

4 in 1% acetocarmine (Van Breukelen et al.,
d was usée
ifieations. Some monoploids

The chloroplast number

Lanzzzn Ch;::osome doubling Dionne's metho
hMibee; v 4) (see Section 4.2) with some mod
and the :h afted and others left on their own IC
9eneratjoen romosome number were determined after pa
Were first. The method was later modified. New shoo
ChloroplastcheckEd for their chloroplast number- shoot
S were left on the plant. The plant was then pru

ots.
ssing through one tuber

ts on treated plants
s with more than 11.0
ned to promote
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the growth of the doubled shoot. Later several cuttings were made from the
deubled shoot for propagation. This reduced the risk of losing a doubled
plant. In addition, flowers could be cbtained in a shorter time.

Frequencies of monoploids were considered as the outcome of Poisson
variables and were compared using a binomial test. One frequency was taken
as test statistic and the test performed conditionally on the total number
of monoploids.

For cobservation of pollen growth, styles were cut from the ovary 24 h
after pollination and prepared for UV fluorescence (Section 7.2). Individu-
al styles were put on a slide in glycerine and gently squashed with a cover
glass. Pollen tubes could then be studied under a. UV microscope with a
large field.

8.3 RESULTS

Most monoploids surviving the seedling stage were well growing plants
with light green leaves and narrow leaflets (Fig. 6). They reached a height

Fig. 6. Leaves of 5. tuberosum. Top row (from left to right): Gineke (4x).

G609 (2x) and monoploids M3 and M7 (x). Lower row: doubled G609 and doubled
monoploids.
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Fig. 7. T
. Tuber
s from S. tuberosum. From left to right: Gineke

no i
ploids M40, M55, M109, M4 and M39.

m left to right):

Top row (fre
1ed M39.

Fig
. 8.

Flowers of 5. tuberosuit.
9 and doub

and monoploi
ploid M39. Lower row: doubled G&0

c609 and mo-

gineke, G609
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of about 80 cm. Most produced tubers with little or no dormancy or stolons
which developed into new shoots immediately (Fig. 7). About 60% of the
benotypes produced flower buds, but only two actually flowered (Fig. 8).
Flowers were completely sterile.

Monoploid frequencies can be expressed as monoploids per 1000 seeds
(m/10008) or  as monopléids per 100 berries (m/100b). The meonoploid fre-
quency of G609 was in general lower in 1974 than in 1975, when expressed
as m/1000s (Table 31). The seed set, however, was higher in 1974. There
seemed to be a negative correlation between m/1000s and seed set. The mono-
ploid frequency of G609 was more censtant over the years, when expressed as
m/100b. Therefore m/100b was used to compare S. tuberosum seed parents.

%
8.3.1 Pollinator influence

The four S§. phureja genotypes, which were used extensively for mono-
ploid induction, had also been used as pollinators in dihapleid induction
in the same years. The numbers and frequencies of haploids obtained from
seed parents G609 and Gineke are given in Table 31. IVP35 and 48 were the

Table 31. Numbers and frequencies of monoploids obtained from §. tuberosult
dihaploid G609 in 1974 and 1975, compared with dihaploid frequencies of cv.
Gineke with the same pollinators in the same years.

Pollinator Number of Frequency of Rumber of Gineke
) monoploids seeds per dihaploids

berries monoploids berry per 160

per 100 per 1000 berries

berries seeds

1974 1VP6 12 2 Y 0.38 435 163
1VP10 23 6 26 0.76 342 209
1VP35 135 23 17 . 0.46 374 342
VP48 108 18 17 0.42 393 . 445

Total and means 278 49 18 0.46 382 290

1975 IVP6 21 2 10 0.42 224 103
IVP10 12 2 17 0.90 185 235
1IVP3s5 34 7 21 0.80 257" 297
IVP48 26 3 12 0.52 221 406

Total and means 93 14 15 0.65% 230. 260
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Z?j?aéi?:p;:;: ;::ﬂuc?fs a?d IVP10 was also good (cf. gection 3.3.1). The
70 veepectively j:ly 41% ané 2%% of ?he mean of IVP35 and 48 in 1974 and
N i; indmon:plold 1n§uctlon IVP6 was again the lowest polli-
e g 1vB35 a :ée respectively 99% and 62% of the mean monoploid
sthor hand. the firstrll 48 expressed-as m/100b in the two years. On the
oot momopioid £ place of IVP48 1n d/100b did not go together with the
). e neod on a_sreizency. Anot?er pollinator, IVP{48 x 35)4 (cf. Table
oloid in 18 berriesma ‘scale. This plant with high d.i.a. yielded 1 mono-

, which was not an excellent performance, compared with

other pollinators.

8.3.2 BSeed parent influsnce
thi:riitilizzzzii% and three F1 pop?lations derived from them were polli-
duced are given inl; Z?e season. Details of the berries and monoploids pro-=
plants, while G254 able 32. G609 was by'far the best proéucer of monoploid
but vith only 7 be pfoduced no monopleid plants at all. Neither did Bl6,
is not much bette ri;es the only conclusion that can be drawn is that Bl6
monoploids, UneVe;1 d?n G§09' ren out of 34 F1 plants produced one of nore
rocal ﬁrOgenieS of.i; istributed over the three populations. The two recip-
and seeds, but th 509 and G2§4 produced about the same number of berries
tines as many m e Pfogeqy which had G609 as mother: produced about four
onopleids. _
in;m:;;xjfletf results of monoploid inductio
species, ari?t1Ve results with several seed paren
presented in Table 33. Apart from the positive re

n in 112 seed parents, includ-
ts from different Solanum
sults already

oids obtained from three di-

Tabla 3 ‘
2. Numbers and frequencies of monopl
th 1VP35.

haploid
5 .
and their F1 progenies after pollination wi

Seed pga
parent  Number of Number of Frequency of

-

berries moneploids

monoploids

e ———
per 100 per 1000
perries seeds

genotypes

total producing

monoploids
Gé09
G254 1 135 23 17.0 0.46
Bls 0 135 0 0.0 0.00
0 7 0 0.0 0.00
G .
biox G254 13 4.5 0.16
G254 x gg 7 247 11 . .
0
8609 x 5169 14 2 250 3 1.2 .05
7 1 106 1 0.9 0.03
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Table 33. Summary of inductions of monoploids in several seed parents,
using S. phureja clones as pollinators.

Seed parent Number of

genotypesa monoploids berries seeds seeds per

berry
G609 1{1) &7 411 136809 333
G254 ' 1 &) 333 65541 197
Blé 1 0 7 339 48
Progenies of G609, G254
and B1§ 34(10) 15 603 165631 275
other dihaploids 21 0 127 114008 87
dihaploid x dihaploid 6 [4] 111 11274 102
8. multidissectunm 0 244 10103 41
8. tuberosum x g, verrucosum 12 0 135 11041 82
5. verrucosum x §. tuberosum 6 0 63 5145 82
8. verrucosum A3, -selfegq 9{1) 1 259 7012 27
5. verrucosum wac accessions 17(1) 2 146 1742 12
8. verrucosum code 41 1 ] 89 1553 18
GB37 1 0 a7 4677 100
Total 111(13) 85 2575 431881
a.,

in brackets number of genctypes broducing one or more monoploids

mentioned (Table 31 and 32), other moncploids derived from two populaticns

of 5. verrucosum. Three monoploids were obtained, which flowered profusely.

over all species ang genotypes.

8.3.3 Doubled monoploids

per plant). Twenty-one doubled individual bPlants were obtained frem eight
different genotypes. Results were better with grafted plants than with
plants on their own Toots. Most doubleg plants flowered (Fig. 8), unlike
their monoploid Counterparts, and Produced berries with 80-100 seeds when

crossed with G254. The quality of the Pollen of the doubled monoploids was
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bad, stainability being not higher than 1%.

The homozygous diploids, obtained from monoploids from G609, proved'to
be suitable material to test S-allele genotypes. Crosses were made w%t.h
different tester genotypes and pollen growth in the style was c:bserved with
a BV microscope. Normal functioning of the style was tested with pollen of
609 and G254¢. Results are given in Table 34. Both s-allele genotgfpes ex-
pected from G609 were actually found. Doubled M39 gave an incompatible re-=
action with pollén of tester genotype §151 and must have been homozygous
for S1. Doubled M4 and M36, compatible with S§1§1, must have been homozygous
for §2, the other allele from G609.

8.4 DISCUSSICN

Numbers of seeds per berry were lower in 1975 (230s/b) than 1n.19':il’.4 ‘(:Z::j
$/b). The number of monoploids per 1000 seeds seemed to be ne.gatlve Yf the
related with the number of seeds per berry. IVP10 was the hlg[.heste:s por
four pollinators in m/1000s in both years but also the lowest in ‘se g
berry. This can be explained by the high number of 2n pollen 1nt1 th;
which leads to non-viable seeds with tetrapleid endosper.:m. Mppalr.c.-r‘:m:!1 e
nurber of ovules is more determinative for the monoploid number

number of seeds formed.

Table 34. Compatible (+) and incompatible
{-} reactions in styles of S. tuberosul
Plants of different ploidy levels, ob-
served on the growth of pollen of diploid
testers. The S-allele genotype of the
monoploid M35 and the doubled monoploids
(DM) are deducted from the compatibility
reactions in this table.

Tested material Tester

8182 5151 9153

Gineke 81528395 -2

G609 152 -

M3g 51 -

DM39 5181 -

DM gp5 _
DM36 g2 + +
a,

inhibition only at the base of the style
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8.4.1 Pollinator influence

It is apparent from this study that monoploid inducers are useless with-
cut an embryo or seed marker, which differentiates pseudogamic embryos from
amphimictic (and paternal} ones. Without the embryo spot marker all the
450 000 seeds which were now Screened for embryo spot would have had to be
planted and they would have taken 900 m2 at a 4 cm X 5 cm spacing as seed-
lings. Apart from space limitations, the work involved in screening of so
many seedlings would have been enermous. Consequently it was not 20551b1e
to test the pollinators IVP24 and 32 with very low d.i.a. for their mono-
ploid inducing ability, as they were heterozygous for one embryoe spot lo-
cus.

The role of the pollinator is very important in dihaploid induction, but
less so in meonoploid induction. Data obtained from four pellinators in t?O
Seasons seemed to indicate that low dihaploid inducer IVP6é was also low in
m/100b (Table 31). On the other hand the differences between frequencies of
m/100b were small, whereas Qifferences between frequencies of d/100b were
as high as 300%. To test whether IVP6 was indeed lower in m/100b two hy-
potheses were formulated. The first was: 1VPé equals IVP35 and 48. Und?r
this assumption the critical level (one-sided) was 0.67 in 1974 and 0.36 in
1975. From this it ean be concluded that it is net impossible that IYPG
equalled IVP35 and 48. The other hypothesis was: when IVPé is compared with
IVP35 and 48, it is as much inferior in m/100b as it is in d/100b. Under
this assumption the critical levels were 0.37 and 0.62 {(two-sided) for 1974

statements on the significance of the differences between the effects of
pollinators. It can be concluded that, although the monoploid frequencies
of the pollinators locked similar, it is not impossible that IVPe was lower
in m/100b to the same extent as in d/100b compared with IVP35 and 48. -

It is remarkable that every 5. phureja pollinator tried was successful.
This couldq imply that the genotype of pollinators ig probably unimportant
and that every male fertile plant might be a potential monocploid inducer.

8.4.2 Seed parent influence

The difference in monoploid production between G609 ang G254, two diha-

prloids with a high female fertility, was remarkable. G254 not only produced
no monoploids with IVP35 (Table 32),

tors (Table 33). 1t is known from wor
is heterozygous

it neither did so with other pollina-
k by Hermsen et al. (1978a) that G254

for three lethal genes and carries a translocation, which
is lethal ip homozygous Condition.

No lethal genes are known in G609. The
four lethal genes of G254 would red

uce the number of viable monoploids with
a factor 16. The expected number of monoploids from the 333 berries of G254
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- if it had th
hie vould hav: :::: :er:quency as G609 (49/278) - would have been 58.7\ana-
e lotds in 323 berriuced' to 3.7 monopleids. The probability of finding
e low that it ce.s l::f 3.7 are expected is only 2.9%. This probabi-
s o oot based on thankne assumed that the difference between G609 and
ploid production might b'e o g-enes for lethality only. Genes for monos
reputation (G609 X Gze present in G609 and lacking in G254.
 6609) from the same S:I:bproduced fo.ur times as many monoploids as (G254
ropulations produced mo n e-r of'berrles. ynder the assumption that both
or the sctual volue rl_oplolds with the same fregquency. the critical level
Slude that (G254 x GGD: (G25.4 x G609) was 0.03 (cne-sided). One can con-
ould Do Found betue ) was indeed lower than (G609 x G254). No difference
for (Geoo » 316, Cornen (6254: % G609) and (G609 X Bl6). The critical level
pared with (G609 X c254) was 0.17 {(two-sided), indica-

ting that
th - s
e two populations possibly differed in monoploid production.
produced monoploids in

The t :
wo reciprocal progenies of G609 and G254
ried on average half of

low ,
theeillf;:qi:];;]:ls than G609 jtself. Fl plants car
plied that most ogez:s of G254. Tll’le self—compatibility of most plants im=-
made that the plant fem also carried & lethe translocation. Together this
and those from (0224 zom (G609 x G254) carried on average 2.4 lethal genes
Per berry as that fr G609). 2.3. Assuming the same monoploid production
the berries from th:th609 wieh FVPSS and a reduction by the lethal genes.
Toncploids respectiv lw° I.’Opulatlons were expected to produce 8.0 and 8.6
duced. The numbers f?tYr instead of the 11 and 1 monoploids actually pro-
reciprocal. The roblb‘fe“i reasonably well for (G609 X G254) but not for its
monoploids or l:ss a lllt;: t‘hat the 250 berries of (G254 x G609) yielded 3
and 2.3 lethal gene is 3.5% if .the expected frequency is 497278 (as G609)
age of monoploids is are taken into account. There was & significant short-
The two reci n (G254 x G609},
followed the fr iprocal Fl populations from
tion usyally e‘quency of the mother im monopl
points to a cytoplasmic influenc

g and G254 differed and
a situa-

G60
oid production. such
e on the character concerned.

t of G254. The problem in this case
Even while

the same cultivar.

t al., 1978a),
m Black 4495 (Hermsen,
and (G254 X
at was not

Geog
is th:itossloagsm would be superior to tha
6254 has many ::? G254 are dihaploids from
likely that B16 Zles. in common with B16 (Hermsen e
Pers. comm.). Thi erived from Gineke than G254 fro
6609 “nexplaine]: leaves the difference between (G609 X G254}
transmitted by cv ! Tlnless a cell organelle Wwere involved th
Only a small . Gineke to all its dihapleids. '
bers of perries part of the seed parents produced monoploids.
€Xpectation of aOI.seeds from many of the se€ id not warrant the
single monoploid from them. M/100b

Compare
polli
linators used with G609, but is Was not g

Parent
S,

d a lower number of seeds Pper berr
egsful S. verrucosum popu=

it is more

The low num=

d parents d
was a goo
ood for comparing
y than

d measure to
seed

8. tuber 8. verrucosum produce
osum dji .

m di(ha)ploids. In m/100b the two succ
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lations were lower than the three 8. tuberosum Fl populatiocns (0.7 vs. 2.5
m/100b), but in m/1000s they were higher (0.3 vs. 0.1 m/1000s). Together
with the low number of seeds in S. verrucosun this means that the number of
ovules might be an important factor in the determination of m/100b in a
species. The number of monoploids should be expressed per ovule to compare
species. As this is inconvenient it can be expressed per seed when there is
no excessive lethality.

The relatively high monoploid frequency in $. verrucosum might be re-
lated to the self-compatibility of this species. The consequent inbreeding
reduces the number of lethal genes, compared with outbreeding species.
About ten monoploids could be expected from the genotypes without mono-
pPloids en the basis of the number of seeds produced and assuming a mono-
ploid freguency similar to G609. Lethality or other factors must have re-
duced this number. & monoploid from a §. verrucosum X S. tuberosum hybrid
could survive, as Irikura (1975a,b) has shown. The fact that so many geno-
types did not produce monopleids might mean that the ability to produce mo-
hoploids is restricted to a few idiotypes. The influence of the seed parent
in monoploid production is more important than in dihapleid producticn,
where only few clones failed.

8.4.3 Doubled monopleids

The male fertility of the doubled moncploids was unexpectedly low, con-
sidering that most derived from G609 which preduced excellent pollen. Col-
chicine has been mentioned as a possible cause of low fertility after chro-
mosome doubling (Skiebe, 1975). If that were the case, it should as well
affect female fertility, which was not low. Spontaneous doubling through
tissue culture (Murashige & Nakano, 1966) would have no adverse colchicine
after-effects. Complete homozygosity has also been mentioned as a cause for
sterility (Skiebe, 1975). all F1 plants from crosses between doupled mono=-
ploids and G254 hag highly stainable pollen (Bonthuis & Hermsen, unpubl.).
which peints to 3 genetic explanation of the male sterility.

Both homozygous S-alleie genotypes (S151 and 5252) were found, which
could be expected from G609 derivatives,

8,4.¢ Hechapism of monoploid formatien

The endosperm must Play an important role in monoploid formation, but
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genes would reduce further losses of potential monoploids. At the pollina-
tor side only the genetic markers te facilitate screening are very impor-
tant.
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9 Conclusion

The frequency of dihapleids from 5. tuberosum is definitely influenced
by the seed parent and the pollinator. The genetics of the seed parent in-
fluence is yet little known, but the influence probably functions in the
sporophyte without contribution of cytoplasmic factors. High dihaploid pro-
duction is most likely not recessive. Contrary to the genotype of the seed
parent, the genotype of the pollinator can be manipulated to increage diha-
ploid frequencies. Therefore, knowledge about genetics of the pollinator
effect is more important. Several loci are involved in dihaploid inducing
ability (d.i.a.), possibly five or more, and the inheritance follows the
intermediate pattern. Conseguently the progeny of an excellent pollinator
contains a reasonable number of plants with good d.i.a.. This facilitates
exchange of pollinators between institutes in the form of seeds, circume
venting the risks of tuber shipments. Intermediate inheritance also implies
that inbreeding is necessary to attain high d.i.a.. The inbreeding will act
negatively on the vigour and especially the male fertility of the pollina=-
tor.

The environment influences the frequency of dihaploids as well. Tempera-
tures that give good growth and flowering of Solanum plants generally im-
prove the total yield of dihapleids (per plant, per m2 greenhouse or per
day work). The frequency per 100 berries does not appear to be affected by
a specific temperature regime as far as the seed parent is concerned. The
bollinator induces more dihaploids at a constant temperature of 18 °C than
at 23 °C during the day and 15-18 °C at night. It is therefore good prac-
tice to make pollinations for dihaploid induction early in the season.

One of the objectives of this study was to determine whether the maximum

It seems that the maximum of the IVP population

d.i.a. had been reached.
ces up to 800

has been reached in the genotype of IVP{48 X 3531, which indu
d/100b in cv. Gineke. However, dihaploid inducing ability is not limited to
the two 3. phureja parents of the IVP population. Several other §. phureja
populations and also other Solanum diploids have been reported as inducing
dihaploids. Recombination between those pollinators and the best IVP polli-
hators would increase the dihaploid frequency beyond 800 4/100b. This would
not be easy. The search for nevw genes, incorporation in the IVP population
and sib crosses for homozygosity would take many years. Notwithstanding the
fact that peollinators can be tested with one seed parent, selection of the
best pollinators will be laborious. It is doubtful whether such a breeding

Program is worth the effort, since the present ljevel is sufficient for
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practical breeding.

In this study pseudogamy was used to produce haploids. How does this
method compare with in vitro methods like anther and pollen culture for
8. tuberosum? The two methods should be compared in costs per hapleoid and
also in the diversity of the haploids produced.

Pseudogamy appears to have many advantages if a good pollinator is
available. Investments in laboratory egquipment are small and no highly
trained personnel is needed. The right growing conditions have to be pro-
vided. This often means a conditioned greenhouse and good care for the
plants, but this is also a - sometimes neglected - requirement for in vitro
techniques. Also more Solanum genotypes will be suitable as seed parent
than as material for pollen or anther culture, because female sterility is
less frequent than male sterility. A disadvantage of in vitre techniques is
that not all genotypes respond similarly to the same medium.

In practical haploid production pseudogamy is nowadays the best method
for production of dihapleids. Large numbers of dihaploids have been pro-
duced by this technigue from a diversity of genotypes, while only few diha-
pleids have so far been reported from anther culture.

For production of monoploids the picture is not that clear. Pseudogamy
was only successful in part of the genotypes. anther culture has also
yielded monoploids from a few genotypes only. The two techniques might be
complementary as far as diversity is concerned. No genotype has been tested
by both methods,

As the influence of the pollinator on monoploid frequencies is probably
small, pseudogamic frequencies may not be increased by selection of good
pollinators. One person can obtain 50-200 pseudogamic monoploids in a sea-
son. Similar numbers of plants might be obtained in vitro, but most plants
will be diploids. These are either from 2n gametes or from spontaneocusly
doubled n embryos and it will be difficult to separate the two. Male ste-
rility is also very frequent among diploid 5. tuberosum plants. All to-

gether pseudogamy has advantages over anther culture for monopleid produc-
tion as well.
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Summary

Chapter 1. Haploid plants can be produced from several species. They have
applications in basic research and are a valuable tool in plant breeding.
Dihaploids of Sclanum tuberosum can oOCCur amongst the progeny of crosses
with S. phureja. This publication describes experiments to determine the
inflyence of genetic and environmental factors on S. tuberosum dihaploid
frequencies and to determine whether maximum frequencies have been reached.
Chapter 2. 1In a literature review occurrence and use of diploids are de-
scribed together with literature relevant to the experimental chapters. Ha-
ploids from diploids and allopolyploids can yield homozygous plants for hy-
brid breeding. Hapleoids from autotetraploids are used for breeding at di-
ploid level, after which an improved tetrapleoid can be reconstituted; 2n

gametes can play an important role in this retetraploidization.
tuberosum dihaploids, obtained through pseudogamy, are
or and the seed parent. Se-

Frequencies of s,
influenced by the genotypes of both the pollinat

lection and breeding has been done for superior pellinators. Genes for high

dihaploid frequencies were described as recessive. Cenes in the seed parent

for high dihapleoid freguencies were found to be dominant.
Dihaploid freguencies can be influenced to a large extent b

mental factors like temperature, light, radiation and chemicals.
Endosperm plays a major role in development of seeds. Dihaploid embryos

of 8. tuberosum have only been observed in'hexaploid endosperm. The twenty-
perm are either contributed by one

y environ-

four paternal chromosomes in the endos
2n sperm or by two n sperms. Arguments for both have been given.
Chapter 3. Crosses were made between pollinators and the progeny tested to
study the genetics of the influence of the pollinator on dihaploid fre-
quencies, The number of loci determining dihaploid frequencies in the popu-
lation studied was probably five, assuming additivity. within-locus inter-
action was of the intermediate type. Several pollinators in the proge?y
were better than the best parent, and one pollinator yielded up to 800 di-
haploids per 100 berries (d/100b). Certain pollinators produced high mum=
bers of hybrid seeds. This had a small negative effect on dihaploid fre-
quencies. The number of dihaploids was reduced on the average by one for

every 100 extra hybrids.

i oid
Chapter 4. The existence of an influence of the seed parent on dihaplo
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frequencies was confirmed. Results of an inheritance study of the seed par-
ent effect were not conclusive. Probably several loci were involved and the
inheritance was unlikely to be recessive, possibly intermediate. A major
influence of the cytoplasm on dihaploid frequencies was not found. The spo=-
rophyte rather than the gametophyte determined the frequency of dihaploids.

Chapter 5. Interaction between pollinator and seed parent influence on di-
hapleid fregquencies was studied. Apart from analysis of data over several
Years, a special experiment was carried out, in which 'crossing date' ef-
fects were excluded. A seed bparent x pollinator interaction was found only,
but not always, when both main effects were significant. This interaction
disappeared after a logarithmic transformation, indicéting that a multi-
plicative effect was responsible for most of the interaction. Interaction
in a strict sense between the pollinator and the seed parent effect seemed
to be absent. A pollinator x year (crossing date) interaction was found.

For hybrid preoduction no seed parent x pollinator interaction was found,
but again a pollinator x year (crossing date) interaction was found.

Chapter 6. Crosses made in a4 greenhouse had shown considerable variation
in dihaploiq frequencies during a season. An experiment in two growth cham-
bers with high temperature (23 °c day, 15-18 °C night} and low temperature
(18 °C constant) was set up to give information about the influence of the
temperature. There was no clear effect of the temperature via the seed par-
ent on 4/100b. Low temperature had a positive effect on d/100b via the pol-
* linator. Hybrid frequencies were more variable than dihaploid frequencies.
High temperature had a pPositive influence on hybrid frequencies via the
seed parent when IVP35 wag the pollinator. Pollinators exposed to low tem-

berature gave higher hybrid frequencies than those exposed to high tempera-
ture.

Chapter 7. Crtological techniques were used to elucidate the mechanism of
dihaploid formation. High 2n pollen frequencies in s. phureja did not coin-
cide with high dihaploid frequencies, but they did with hybrid frequencies.
No correlation was found between dihaploid and hybrid frequencies. Ovule
lethality proved to be high, especially when many 3x embryos were present.
Irregularities were found in the pollen tube mitosis of &g, phureja (in vi-
Vo). In 5% of the tubes only one sperm was found, but in only very few it
was certain that only one sperm was present. In a further 5% of the tubes
the two sperms were very ¢lose or touching. Thig group might represent
sperms with a 'functional! restitution, leading to double fertilization of
the central hucleus, a hexaploid endosperm and an unfertilized eqgg cell.
Observations on the growth rate of pollen in styles showed that 2x pollen
grew faster than x pellen in s, tuberosum. This was also true for 5. phure-
Ja. Delayed bollination did not increase dihaploid frequencies.
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From these elements it was concluded, that 2n S. phureja pollen produced
tetraploid hybrid seeds after pollination of S. tuberosum. The n pollen,
however, produced lethal triploid hybrid seeds and induced dihapleids in
hexaploid endosperm. The double fertilization of the central nucleus was
possible through complete or incomplete, but functional, restitution of the

pollen tube mitosis.

Chapter 8. Monoploids from $. tuberosum were also produced through pseudo-
gamy, using the same pollinators as for dihapleids. Differences between
pollinators were not significant. Seed parents differed considerably; the
highest frequency found was 17 monoploids per 100 berries, while certain
seed parents did not produce any monopleid. The mechanism of monoploid for-
mation almost certainly differed from that of dihaploid formation. Again
the n pollen of 3. phureja was involved, but one sperm did not function and
the other fused with the central nucleus te form 3x endosperm.

Three monoploids from dipleid S§. verrucosum were obtained.

Chapter 9. In a concluding chapter the implications of the findings are
discussed., It will be possible to breed pollinaters for higher dihaploid

frequencies. However, it is most likely not worth the effort, as fre-

quencies from existing pollinators are high already.

Pseudogamy is more efficient than anther culture as a method for diha-
ploid production, both in costs and in genetic diversity. For monopleoid
Both methods may be

production pseudogamy is more efficient as well.
cted.

limited in the number of genotypes from which monoploids can be extra
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Samenvatting

Geslachtscellen van planten bevatten gewoonliik de helft van het aantal
chromosomen dat in de lichaamscellen voorkemt. Een plant die zich omtwik-
kelt uit één enkele geslachtscel wordt een haploid genocemd. Veel haploiden
zijn onvruchtbaar, omdat ze op hun beurt geen geslachtscellen kunnen vor-
men. De cultuuraardappel, Solanum tuberosum, heeft alle chromosomen in
viervoud; dit wordt aangeduid als 4x, waarbij "x" één volledige set chromo-~
somen voorstelt. Baploiden van de aardappel hebben 2x chromosomen en worden
dihaploiden gencemd. Ze zijn vaak vruchtbaar. Ze kunnen in grote aantallen
gevormd worden door bestuiving van bloemen met stuifmeel van Solanum phure-
ja, een aardappelscort uit Zuid-Amerika, die diploid (2x) is. De bessen die
worden gevormd na deze bestuiving bevatten meestal weinig zaden. Een paar
zaden kunnen dihaploid zijn en de rest normaal kruisingsprodukt (hybride).

Voor toepassingen in veredeling en onderzoek moeten dihaploiden op grote
schaal gemaakt kunnen worden. Hoewel de dihaploiden geen chromosomen ont-
vangen van de bestuiver, beinvlceden de bestuivers wel de frequentie van de
dihaploiden. Er kan op hoge frequentie geselecteerd worden. Ook is heﬁ
praktisch als dihaploiden zo vreeg mogelijk van hybriden kunnen worden on-
derscheiden. Dit is mogelijk door gebruik te maken wvan zaadstip. Bepaalde
bestuivers 2zijn homozygoot wvoor =zaadstip en al hun hybride nakomelingen
kunnen reeds als zaad worden gescheiden van de dihaploiden.

Wilde aardappelsocorten (2x) kunnen eigenschappen - zoals resistenties
tegen ziekten - hebben, die men over zou willen brengen naar de cultuur-
aardappel. Echter, 2x-planten z2ijn over het algemeen slecht kruisbaar met
4x-planten. Door uit 4x-planten dihaploiden te maken, deze te kruisen met
wilde 2x-planten en wvan hun nakomelingen het aantal chromosomen weer te
verdubbelen, kunnen de gewenste eigenschappen toch benut worden voor de
veredeling van de cultuuraardappel.

Dihaploiden zijn ook nuttig voor erfelijkheidsonderzoek. Bij gebruik van
zx-planten zijn veel minder planten nodig om het voorkomen van een bepaalde
eigenschap in de nakomelingen te volgen dan bij 4x-planten.

Het doel van dit onderzoek was om uit te zoeken of er bestuivers konden
worden geselecteerd, die nog meer dihaploiden zouden kunnen leveren dan de
beschikbare bestuivers. Daarnazast zou worden getracht om meer inzicht te
krijgen in de vererving van de eigenschap om dihaploiden te leveren en in
de ontstaanswijze van dihaploiden.

Verschillende bestuivers zijn met elkaar gekruist. De nieuwe bestuivers
die zo ontstonden, zijn getest op hun dihaploiden-leverend vermogen. Dit
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léverde nieuwe bestuivers die beter waren dan de beste ouder. De beste
nieuwe bestuiver leverde gemiddeld acht dihapleiden per bes. Sommige be=-
stuivers leverden hoge aantallen hybriden. Deze hoge aantallen hadden een
negatief effect op het aantal dihaploiden: voor iedere honderd extra hybri-
den werd het aantal dihaploiden gemiddeld met één verlaagd.

Het testen van de nieuwe bestuivers leverde ook aanwijzingen op over de
vererving van het dihaploiden-leverend vermogen. van iedere groep bestui-
V?rs werden de verhoudingen tussen goede en slechte bestuivers vergeleken.
Hieruit werd geconcludeerd, dat de erfelijkheidsfactoren voor deze eigen-
schap op de chromosomen liggen en niet in het celplasma. Er zijn meerdere
g??en die deze eigenschap bepalen; binnen de onderzochte groep bestuivers
zijn er waarschijnlijk vijf. Binnen een gen is de expressie niet dominant
of recessief, maar intermediair. De effecten van de afzonderlijke genen
versterken elkaar.

Naast de bestuiver heeft ook de moederplant veel invloed op het aantal
geproduceerde dihapleiden. Ook bij de moederplanten bleken de factoren die
het aantal dihaploiden bepalen op de chromosomen te liggen. De eigenschap
wordt bepaald door de erfelijke eigenschappen van de plant en niet door die
van de eicellen., Er zijn waarschijnlijk meerdere genen werkzaam.

Er werd onderzocht of er interactie was tussen het effect van de moeder-
plant en dat van de bestuiver op de dihaploiden frequentie (d.f.). Als de

d.f. van een goede moederplant, bestoven door een goede bestuiver, hoger is

met een gemiddelde testplant verwacht mocht
Als de rangorde in

t wordt en de

dan op grond van ieders d.f.
worden, is er sprake van een vermenigvuldigingseffect.
d.f. van moederplanten afhangt van de bestuiver waarmee getes
%angorde van de bestuivers van de moederplant, is er sprake van interactie
in strikte zin.

Er werd gebruik gemaakt van de jaargemiddelden van Vers
Ock werd er een gedetailleerder experiment uitgevoerd, waa
cederplanten en be-

stui . .
uivers. Groepen gegevens werden met pehulp van e€en variantieanalyse ge-
interactie tussen

chillende jaren.
rin milieuinvloe-

den zoveel mogelijk gelijk werden gehouden vVoOI alle m

analyseerd. In sommige combinaties werd inderdaad een
moederplant- en bestuiver-effect gevonden. Deze interactie verdween echter

na een logarithmische bewerking van de gegevens. Dit betekent, dat alleen
n interactie in strikte

een vermenigvuldigingseffect aanwezig was en gee
dat het voeor

zin. Het ontbreken van deze interactie heeft als consequentie,
voldoende is om met één moeder-

het zoeken naar een bestuiver met hoge d.f.
e d.f. kan worden opgespoord

plant te toetsen en dat een moederplant met hog

met behulp van maar één bestuiver.
waarin de temperatuur 20 °C
1n de loop van het onder-
kruisingen gemaakt op
tuur hier een rol

amers

De meeste. proeven zijn in een kas gedaan,
was tenzij de buitentemperatuur te hoog opliep.
2oek bleken er verschillen in d.f. te bestaan tussen
verschillende dagen. Vermoed werd, dat met name de tempera
Speelde. Om deze invloed na te gaan zijn er proeven in twee klimaatk
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gedaan: een met een constante lage temperatuur (18 °C) en een met een wis-
selende, gemiddeld hogere temperatuur (23 °C overdag en 15-18 °C
's nachts). Binnen de onderzochte temperatuursgrenzen bleek er geen invleoed
van de temperatuur via de moederplanten op de d.f. te zijn. Lage tempera-
tuur verhoogde wel de d.f. van de bestuivers. Ook aantallen hybriden waren
hoger als de bestuivers bij lage temperatuur cpgroeiden.

Het is dus belangrijk om met name de bestuiverplanten op een koele
plaats te zetten of om de bestuivingen vroeg in het seizoen te maken, voor-
dat er hoge temperaturen optreden.

Om een beter inzicht te krijgen in de ontstaanswijze wvan dihaploiden
zijn microscopische technieken gebruikt. Uit de literatuur was bekend, dat
dihaploiden alleen zijn gevonden in zaden met 6x-kiemwit. Als regel be-
vrucht een generatieve kern van het stuifmeel de eicel en de andere de
(dubbele) centrale kern van de kiemzak. Aangezien de moederplant 4x chromo-
somen levert voor het kiemwit, moet de resterende 2x van het stuifmeel ko-
men, terwijl de eicel niet wordt bevrucht.

Bij sommige bestuivers bevat een deel van het stuifmeel 2x chromosomen
in plaats van X. Percentages van dit 2x-stuifmeel werden bepaald voor ver-
schillende veelgebruikte bestuivers door de doorsnede van een groot aantal
stuifmeelkorrels te meten. Deze percentages liepen niet parallel met de
aantallen dihaploiden, wel met de aantallen hybriden die door de verschil-
lende bestuivers werden geproduceerd. OCok bleek er geen parallel te zijin
tussen het aantal dihaploiden en hybriden. Het 2x-stuifmeel speelt dus geen
directe rol bij de dihaploidenvorming, wel bij de hybridenvorming. Het was
al bekend,‘dat de meeste hybriden 4x-planten waren. Zij worden dus—gevormd
uit een 2x-eicel van de moederplant en een 2x-generatieve kern van de be-
stuiver.

Een andere mogelijkheid voor het ontstaan van 6x-kiemwit is, dat de twee
generatieve kernen van het x-stuifmeel beide de centrale kern van de kiem-
zak bevruchten, na mogelijk eerst samen versmolten te zijn. Oom dit te on-
derzoeken werden de kernen van stuifmeelbuizZen wvan de bestuivers, die 24
uur in een stijl waren gegroeid, onder een microscoop bekeken. In sommige
buizen werd maar één generatieve kern gevonden, maar dit kon slechts zeer
zelden met zekerheid worden vastgesteld. De frequentie was te laag om de
gevonden aantallen dihaploiden te verklaren. In ongeveer 5% van de buizen
werden de twee generatieve kernen vlak bij elkaar of tegen elkaar aan ge-
vonden. Het is mogelijk dat deze kernenparen zich als een geheel gedragen
en samen de centrale kern van de kiemzak bevruchten.

Hybriden met 3x chromoscmen, het normale produkt van een kruising tussen
een 4X- en een 2x-plant, hebben geringe levenskansen. Tellingen van de aan-
tallen zich ontwikkelende zaadbeginsels in jonge aardappelbessen bevestig-
den, dat de 3x-zaden in grote meerderheid afsterven.

In het kort: het 2x-stuifmeel van s. phureja levert na bestuiving van
een 4x-aardappelplant levenskrachtige 4x-hybriden. Het x-stuifmeel levert
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grote aantallen 3x-hybriden, die in een vroeg stadium afsterven, en een
paar dihaploiden in 6&x-kiemwit, als beide generatieve kernen op de een of
andere manier samen de centrale kern van de kiemzak bevruchten.
De groeisnelheid van 2x-stuifmeel werd vergeleken met die van x-stuif-
.meel door de }n 24 uur afgelegde afstand in een stijl te vergelijken. Het
2x-stuifmeel bleek gemiddeld sneller te groeien dan het x-stuifmeel. pit
heeft tot gevolg, dat 2x-stuifmeel naar verhouding meer eicellen bevrucht
en dat er meer 4x-hybriden optreden dan op grond van de frequenties van

2x-stuifmeel verwacht mag worden.

Bestuiving wvan oudere bloemen bleek geen wverhoging van de d.f. op te

leveren.
Het is waarschijnlijk mogelijk om bestuivers te kweken die nog grotere
eselecteerde bestuivers.

aantallen dihaploidgn opleveren dan de tot nu toe g
die allemaal op hun d.f.

Hiervoor zijn zeer grote aantallen planten nodig,
getest moeten worden. Het is de vraag, of deze langdurige selectieprocedure

de moeite waard zal zijn, aangezien de huidige bestuivers al redelijke hoe-

veelheden dihapleiden opleveren.
Het bleek mogelijk het chromosoomaantal van de dihaploiden van de aard-
weer door bestuivingen met 5. phureja. De ge-

appel opnieuw te halveren,
cemd, De monoploiden

vormde planten met x chromosomen worden monopleiden gen

frequentie bleek niet duidelijk afhankelijk van de bestuiver. De moeder-

planten hadden wel een grote invloed. Sommige produceerden in het geheel

gste gevonden frequentie 17 monoploiden per

geen monoploiden, terwijl de hoo
tuberosum monoploiden gevonden

100 bessen bedroeg. In totaal werden 82 5.

zowel vwvan dihaploideﬁ als van andere zx-aardappelplanten. Ook werden drie

monoploiden van Solanum verrucosum (2X) verkregen.

Aangezien bestuivers met meer 2x=-gtuifmeel niet meer monoploiden leve-
ren, moet bij het ontstaan van monoploiden weer het x-stuifmeel een rol
nen bevrucht er één de centrale kern van
zodat de eicel onbevrucht
e kernen niet

spelen. Van de twee generatieve Xer
de kiemzak, terwijl de ander verloren gaat,
blijft. Het is niet duidelijk waarom een Vvan de geperatiev
werkzaam is. Het vermogen van eicellen om onbevrucht toch tot een kiem uit
te groeien is waarschijnlijk erfelijk bepaald.

Door het verdubbelen van het aantal chromosomen van
werden homozygote 2x-planten verkregen. Homozygote aardappelplanten zijn
door inteelt niet. te verkrijgen. Ze kunnen worden gebruikt in een verede-

lingssysteem dat op "hybride groeikracht" is gebaseerd. Een mogelijke toe-
passing in de verre toekomst is de teelt van hybride aardappelen uit zaad.

enige monoploiden
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