Analysis of nuclear and organellar DNA
in somatic hybrids between solanaceous species

Analyse van kern- enorganel-DNA
in somatische hybriden tussen soorten
vande familie Solanaceae

CENTRALE LANDBOUWCATALOGUS

0000 0572 0129

Promotoren: dr. ir. M. Koornneef
persoonlijk hoogleraar bij de
vakgroep Erfelijkheidsleer
dr. C. Heyting
hoogleraar in de generatieve en
somatische celgenetica
^

LENINGEN

HH0^7O\> lS2?

Anne-marieWolters

Analysis of nuclear and organellar DNA
in somatic hybrids
between solanaceous species

Proefschrift
ter verkrijging van de graad van doctor
in de landbouw- en milieuwetenschappen
op gezag van de rector magnificus,
dr. C.M. Karssen,
in het openbaar te verdedigen
op woensdag 21 september 1994
des namiddags te half twee inde Aula
van de Landbouwuniversiteit te Wageningen

Aan mijn ouders
Aan Johan

CIP-DATA KONINKLIJKE BIBLIOTHEEK, DEN HAAG
Wolters, Anne-marie
Analysis of nuclear and organellar DNA in somatic hybrids between
solanaceous species / Anne-marie Wolters. - [S.I.: s.n.]. -111.
Thesis Wageningen. - With ref. - With summary in Dutch.
ISBN 90-5485-278-X
Subject headings: somatic hybridization / somatic incongruity /Lycopersicon
esculentum.
Omslagontwerp: Ernst van Cleef

BIUL-IUI H»-.KK

LANDbüUwuMvtitsrntu
WAGENINGE»

fil M0l2O> ,1X27

Stellingen
1. De mogelijkheden om via somatische hybridisatie een voor de
plantenveredeling bruikbaar genotype te produceren, waarin genetische
informatie van twee weinig verwante soorten is gecombineerd, zijn
beperkt.
Dit proefschrift
2. Veranderde kern-organel interacties leiden vaak tot verminderde
levensvatbaarheid.
Dit proefschrift
3.

Van de tomaat-achtige planten met kern-DNA en mitochondriaal DNA
geheel afkomstig van tomaat, die door Melchers et al. (1992) verkregen
zijn na fusie van met joodaceetamide behandelde tomaat en gammabestraalde tabak, is niet overtuigend aangetoond dat ze werkelijk het
resultaat zijn van een fusiegebeurtenis tussen tomaat- en
tabaksprotoplasten.
Melchersetal.(1992)ProcNatlAcadSeiUSA 89:6832-6836

4. De notatie "Lycopersicon esculentum xL. peruvianum hybrid" gebruikt
door Smith et al. (1986) voor genotype IVT 741505 suggereert ten
onrechte dat het hier gaat omeen nakomeling van een kruising tussen L.
esculentum als vrouwelijke ouder en L. peruvianum als mannelijke
ouder.
Smithetal.(1986)PlantCellRep 5:298-301
Koornneef etal.(1986)PlantSei45:201-208
5. De omschrijving van het begrip "mitochondriën" in de "Dikke Van
Dale" doet geen recht aan de onmisbaarheid van deze organellen voor
de meeste eukaryote organismen.
VanDaleGrootWoordenboekderNederlandseTaal, IIeherzienedruk,1989
6. Vóór het schrijven van het eerste wetenschappelijke artikel dient men
niet alleen "Writing a Scientific Paper" van Booth (1975) te lezen, maar
ook "The Mystery of Marie Rogêt" van Edgar Allan Poe (1840-45).
BoothV (1975)BiochemSocTransact3:1-26
PoeAE(1840-45)TalesofMysteryand Imagination
7. Gedeelde kermis is dubbele wijsheid.

Ontvangen
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8. De belangstelling voor reizen naar exotische bestemmingen met de
bedoeling kennis te maken met vreemde volkeren en culturen lijkt
omgekeerd evenredig te zijn met de tolerantie voor vreemdelingen en
hun culturen inons eigen land.
9. Links/rechtshandigheid is een continu variërende eigenschap.
10. Beter één artikel in de hand dan tien inde maak.
11. The proof of the thesis is in the reading.
12. Door de traditie om "vermakelijke" stellingen als laatste te plaatsen
worden veel stellingen niet gelezen.
Stellingen behorende bij het proefschrift "Analysis of nuclear and organellar
DNA in somatic hybrids between solanaceous species" door Anne-marie
Wolters, in het openbaar te verdedigen op woensdag 21 september 1994, te
Wageningen.

Abstract
This thesis describes an analysis of the possibilities and limitations of
somatic hybridization of solanaceous species. Emphasis was laid on the
elucidation of the interactions between nuclei, chloroplasts and mitochondria
in the obtained somatic hybrids. Hybridization experiments between tomato
(Lycopersicon esculentum) and potato {Solanum tuberosum) revealed that
cybrids combining a tomato nucleus with potato chloroplasts were not viable.
Symmetric and asymmetric somatic hybrids between these two species
contained chloroplasts from either parent, and mitochondrial DNA fragments
from either parent or from both parents, without any relation to the nuclear
DNA constitution. Chloroplasts and mitochondria sorted out independently.
During mitosis and meiosis of tomato (+) potato somatic hybrids many
irregularities were observed: chromosome fragments, bridges, laggards and a
high percentage of First Division Restitution during male meiosis. One
hybrid proved to contain a tomato/potato translocation chromosome. Many
hybrids were aneuploid and all were sterile. Somatic hybrids between
distantly related species {Lycopersicon (+) Nicotiana and Solanum (+)
Nicotiana hybrids) showed uni- or biparental chromosome elimination, often
in combination with multiplication of the genome of one of the parents. A
strong correlation was apparent between organelle DNA and nuclear DNA;
the hybrids contained chloroplasts and mitochondrial DNA only or mainly
derived from the parental species that predominated in the nucleus.
Régénérants were very difficult to obtain. The two hybrid plants that were
produced grew weakly and were sterile. These results indicate that
phylogenetic divergence and somatic incongruity impose strong restrictions
on the potential of somatic hybridization.

These investigations were supported by the Dutch Programme Committee on
Agricultural Biotechnology (PcLB) and performed at the Department of
Genetics, Wageningen Agricultural University, the Netherlands.
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General introduction

General introduction

Somatic hybridization
Transfer of desirable characteristics from a non-cultivated species into a crop
species can be achieved by several methods. When the two species are
closely related and sexually compatible, crosses are made and the hybrid is
backcrossed with the crop species in order to obtain a new genotype of the
cultivated species with the desired trait. When the gene coding for the trait
of interest (e.g. disease resistance) has been cloned, it can be transferred to
the crop species by means of transformation. When, however, the trait of
interest is present in a species that is sexually incompatible with the crop
species, and the responsible gene has not been cloned, or the characteristic is
polygenic, transfer of this trait can in theory be achieved by somatic
hybridization, i.e. fusion of protoplasts of both species.
By symmetric somatic hybridization the complete genomes of two species
are combined in one hybrid cell, which subsequently must be able to divide.
The resulting callus must be able to proliferate and differentiate, in order to
obtain somatic hybrid plants. In general, species hybrids possess not only the
desired trait, but also many undesired characteristics. Therefore, a symmetric
somatic hybrid usually is not the ultimate goal, but backcrosses with the crop
species are required to achieve elimination of the unfavourable traits. This
implies that somatic hybrids must be, at least partially, fertile.
A way to shorten this procedure is the production of asymmetric somatic
hybrids. In this case the genetic material of the species possessing the
desired trait (the donor species) is fragmented, e.g. by gamma- or Xirradiation, or reduced, e.g. by using haploid pollen-derived protoplasts
(Pirrie and Power 1986) or microprotoplasts (Ramulu et al. 1992, 1993).
After fusion with protoplasts from the crop species (the recipient species)
asymmetric somatic hybrids are obtained. When these are highly asymmetric,
the improved genotype of the cultivated species might be obtained
immediately, or after a few backcrosses.
When the desired trait is encoded by chloroplast or mitochondrial DNA,
only the organelles have to be transferred from the donor species to the
recipient species. In this case production of cybrids is aimed at, i.e. fusion
products that combine nuclear DNA exclusively derived from the recipient
with chloroplasts and/or mitochondria from the donor. To obtain cybrids, the
nucleus of the donor species has to be excluded or removed from the fusion
product. When in a heterokaryon no nuclear fusion takes place, sorting out
of the nuclei can result in cybrids. However, since nuclear fusion is the rule
(Constabel et al. 1975; Medgyesy 1990), the removal of the donor nucleus
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has to be enforced. This can be achieved by irradiation or enucleation of the
donor species, often in combination with inactivation of protoplasts of the
recipient by iodoacetate or iodoacetamide. Alternatively, isolated chloroplasts
or mitochondria can be injected into the recipient protoplast (Verhoeven and
Blaas 1992). The transferred organelles subsequently have to be able to
function in coordination with the nucleus from the recipient species.
In this thesis the results are presented of experiments aimed at the
combination of genetic information of different solanaceous species by
somatic hybridization. Emphasis is laid on the elucidation of the interaction
between nuclei, chloroplasts and mitochondria in the obtained somatic
hybrids.
Somatic incongruity and phylogenetic distance between fusion parents
Technically, there are no or almost no limitations for fusion of protoplasts of
different plant species (Harms 1983; Gleba and Sytnik 1984), or even of
plant protoplasts and animal cells (Dudits et al. 1976; Ward 1984).
However, the further development of a fusion product depends on the
potential of the genomes that are brought together to collaborate in such a
way that metabolic and developmental functions needed for cell division and
cell differentiation are possible. When these functions are impaired, somatic
incongruity is involved, i.e. a condition whereby well-regulated physiological
and biochemical interactions fail to function in a coordinated way because of
non-matching information between the genomes of two species brought
together by hybridization (Hogenboom 1984). Incongruity may exist between
the nuclei of two different species, but also between the nucleus of one
species and chloroplasts and/or mitochondria of the other species (Harms
1983).
Genetic divergence is a major factor determining somatic incongruity.
Therefore, viability and performance of somatic hybrids is largely influenced
by the phylogenetic relatedness of the fusion parents. On the basis of this
relatedness five classes of somatic hybrids can be distinguished.
(1) Intraspecific hybrids are obtained after fusion of two different genotypes
of one species. The resulting hybrid contains, in principle, the sum of the
number of chromosomes of both parents. This type of fusion can be useful in
tetraploid species like potato (e.g. Möllers and Wenzel 1992) or tobacco, to
combine favourable traits present in two diploid genotypes.
(2) Interspecific hybrids are obtained after fusion of two different species of
the same genus. Interspecific hybridization has been performed on a large
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scale for transfer of nuclear or organellar traits from a wild relative to a crop
species, for the resynthesis of amphidiploid species (e.g. Brassica napus
(Jourdan et al. 1989), B. carinata (Narasimhulu et al. 1992)), and, in the
case of potato, for combination of characteristics of a diploid wild Solanum
species with traits of a diploid 5. tuberosumgenotype (e.g. Helgeson et al.
1986; Mattheij et al. 1992; Cardi et al. 1993).
(3) Intergeneric hybridization involves two species from different genera of
the same tribe. Success with this type of hybridization is highly variable.
Generally, complete plants can be regenerated, but they may show an
aberrant morphology (Dudits 1988).
(4) Intertribal hybrids result from fusion between species from different
tribes. In this case regeneration of complete plants often is difficult and
flowering of the resulting plants is limited (Gleba and Sytnik 1984). When
symmetric somatic hybrid plants cannot be obtained for a given species
combination, sometimes spontaneous or enforced elimination of part of the
nuclear genome of one of the parents results in viable asymmetric hybrid
plants (e.g. Krumbiegel and Schieder 1981; Gupta et al. 1984; Potrykus et
al. 1984).
(5) Interfamiliar hybrid cell lines have been obtained by symmetric
hybridization and in some combinations these could be cultured for several
months or even years. In none of these cell lines morphogenetic activity was
observed (Gleba and Sytnik 1984). However, in some cases viable and fertile
recipient-like hybrid plants can be produced by asymmetric hybridization
(Dudits et al. 1987).
The phylogenetic relations between some well-known solanaceous species
are shown in Fig. 1. Interspecific, intergeneric and intertribal somatic
hybrids or cybrids with tomato that are described in literature, are listed in
Tables 1,2 and 3 respectively. The species are ordered on the basis of
increasing phylogenetic distance from tomato, according to McClean and
Hanson (1986), Derks et al. (1992) and Spooner et al. (1993). Most
interspecific hybrids with tomato were viable and fertile (Table 1).
Intergeneric somatic hybrids with tomato mostly showed partial or no
fertility, and only in a few cases progeny plants were obtained. Cybrids
combining a tomato nucleus with chloroplasts from a Solanum species could
not be obtained (Table 2). Only a limited number of intertribal hybrids with
tomato (L. esculentum)or with L. peruvianum have been reported. None of
these were symmetric (Table 3).
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Family

Subfamily

SOLANACEAE

Nolanoideae

Tribe

Hyoscyameae

Genus

Atropa

Species

Solanoideae

Solaneae

Cestroideae

Datureae

Solanum

Lycopersicon

S. tuberosum

L. peruvianum
L. esculentum

Nicotianeae

Nicotiana

N. plumbaginifolia
N. tabacum

Salpiglossideae

Petunia

P. hybrida

Fig. 1. Phylogenetic tree of some solanaceous species, adapted from D'Arcy (1991)

Fate of chromosomes/nuclear DNA after somatic hybridization
Symmetricsomatic hybrids
When a protoplast fusion experiment is performed with two closely related
parental species, the resulting somatic hybrids are expected to be genetically
balanced and therefore to contain the sum of the number of chromosomes of
both parents. However, often some type of chromosome instability occurs,
possibly induced during in vitro culture, resulting in chromosome
fragmentation, elimination and/or translocation. The extent of this type of
chromosome instability, which is an aspect of somaclonal variation, may
depend on the duration of the callus phase, the genotype and the protoplast
source.
In nuclei of somatic hybrids of distantly related species the chromosomes
of each parent are often assembled in blocks or clusters instead of being well
mixed in a common metaphase plate (Gleba and Sytnik 1984; Gleba et al.
1987). This can result in maldistribution of chromosomes in the following
mitoses, leading to an extensive uniparental or biparental chromosome
elimination (Gleba and Sytnik 1984; Gilissen et al. 1992). Since the callus
phase of such hybrids usually is relatively long, the possibility of karyotypic
aberrations is larger than in the case of somatic hybrids between closely
related species.
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Chapter 1

Asymmetricsomatic hybrids
When one of the fusion parents is irradiated before fusion, the resulting
somatic hybrid is expected to be more or less asymmetric, depending on the
irradiation dose. However, the effect of irradiation may be influenced by
several other factors, e.g. cell cycle stage and phylogenetic relatedness of the
parents. Although a high dose of gamma- or X-ray irradiation results in a
strong fragmentation of the nuclear DNA, repair can take place during the
long period (several days for plant cells as compared with several hours for
animal cells) before the first nuclear and cell divisions of the fusion product
(Schoenmakers et al. 1994b). When the irradiated cells or protoplasts possess
an efficient repair system, chromosome (fragment) elimination may be
limited, but instead translocation chromosomes may result. Chromosome
rearrangements in asymmetric somatic hybrids, involving chromosomes of
both the irradiated and the unirradiated parent, have been demonstrated by
RFLP analysis (Wijbrandi et al. 1990d; Fehér et al. 1992) and by in situ
hybridization (Piastuch and Bates 1990; Parokonny et al. 1992). When fusion
products are selected on the basis of a chloroplast-encoded trait of the donor,
elimination of nuclear DNA of this parent may be easier to accomplish than
when a nuclear-encoded trait of the donor is selected for.
Cybrids
Cybrids are most commonly produced by fusing heavily irradiated
protoplasts of the donor species with untreated (Zelcer et al. 1978) or
iodoacetate/iodoacetamide-inactivated (Sidorov et al. 1981) protoplasts of the
recipient species. Régénérants with a recipient-like morphology, containing
chloroplasts and/or mitochondria of the donor, are considered to be cybrids.
However, even if these régénérants contain the number of chromosomes of
the recipient species, it cannot always be excluded that some nuclear DNA of
the donor is present. Chromosome rearrangements may have occurred in
these fusion products, in a comparable way as in asymmetric somatic
hybrids.
Characteristics of chloroplasts/chloroplast DNA and their fate after
somatic hybridization
Chloroplasts are the sites of photosynthetic activity, i.e. the conversion of
solar energy into chemical energy. They play a vital physiological and
metabolic role during plant growth and development. Chloroplasts of most
plants contain 60-100 copies (Parthier 1982) of a single circular DNA
11
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molecule of 120-160 kb, which consists of a large single-copy region (70-90
kb) and a small single-copy region (12-25 kb), separated from each other by
a large inverted repeat of 10-25 kb (Palmer 1983, 1985). Chloroplast DNA
encodes 3-5 chloroplast ribosomal RNA genes, ca 30 transfer RNA genes
and approximately 100 structural genes (Shinozaki et al. 1986b; Sugiura
1992). However, the majority (80-90%) of the chloroplast proteins is
encoded by nuclear DNA, synthesized in the cytoplasm and transported into
the chloroplast (Parthier 1982). Per mesophyll cell 50-200 chloroplasts may
be present, depending on the plant species and on age, developmental stage
and physiological state of the cell (Possingham 1980).
When protoplasts of two different species are fused, the two types of
chloroplasts are combined and become intermixed. During the following cell
divisions, when there is no selection for one type of chloroplasts, usually
random segregation of the chloroplasts occurs (Akada and Hirai 1986). This
ultimately results in calli or regenerated plants containing chloroplasts of
only one or the other parental species. Sometimes sorting out of chloroplasts
is not completed in régénérants and chimaeric plants are obtained, as can be
visualized in variegated somatic hybrids between a cytoplasmic albino parent
and a normal green parent (Gleba and Sytnik 1984).
Recombination between cpDNA molecules of different chloroplasts has
only rarely been observed. After selection for characteristics of both types of
chloroplasts, Medgyesy et al. (1985) obtained one somatic hybrid plant of N.
tabacum and N. plumbaginifolia with chloroplasts containing recombined
cpDNA. A detailed analysis of this cpDNA revealed that it consisted of a
fine mosaic of the parental chloroplast genomes with a recombination site
approximately every 2 kb (Fejes et al. 1990). In a similar way Thanh and
Medgyesy (1989) produced one N. tabacum(+) 5. tuberosumcybrid with a
recombined chloroplast genome. Cybrids combining a N. tabacum nucleus
with non-recombinant S. tuberosum chloroplasts could not be obtained,
indicating the presence of nucleo-cytoplasmic incongruity between these two
species. Kirti et al. (1993) produced a Brassica juncea cybrid with
chloroplasts containing some B. juncea cpDNA fragments in addition to
some B. oxyrrhina cpDNA fragments. Probably, cpDNA recombination is
rare because plastid fusion is a rare event (Fejes et al. 1990).
Characteristics of mitochondria/mitochondrial DNA and their fate after
somatic hybridization
Mitochondria are the centers of respiratory activity in the cell. In these
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organelles ATP is synthesized from stored energy in the form of fats,
carbohydrates and proteins. The number and morphology of mitochondria
vary between different cells of the same plant. While most differentiated
plant tissues that have been examined contain hundreds of small oval
mitochondria, large mitochondrial networks may be a general feature of
meristematic cells. Fusion and fragmentation of plant mitochondria have
been observed microscopically (Hanson 1984).
Plant mitochondrial genomes range in size between 200-2500 kb (Ward et
al. 1981; Lonsdale 1984). Therefore, they are significantly larger than
chloroplast genomes. Nevertheless, plant mitochondrial DNAs encode only
ca 20 proteins: three ribosomal proteins and some subunits of complexes
associated with the inner mitochondrial membrane, in addition to three
ribosomal RNAs and ca 20 transfer RNAs (Levings and Brown 1989). The
remainder of the 300 to 400 mitochondrial proteins, including the enzymes
involved in mtDNA replication, transcription, processing and translation, are
encoded by nuclear genes (Leaver 1991).
The organization of mtDNA is much more complex than that of cpDNA.
Although circular physical maps of mitochondrial genomes have been
constructed for several plant species (e.g. Lonsdale et al. 1984; Palmer and
Shields 1984; Palmer and Herbon 1987; Palmer 1988; Folkerts and Hanson
1989, 1991), evidence that plant mitochondrial genomes mainly consist of
one or a few circular molecules has not been obtained. Bendich (1993)
argues that linear molecules actually represent the major form of DNA
within plant mitochondria, because of the following observations. When
mtDNA was isolated from intact plant tissues, no circles the size of the
genome or predicted subgenomic circles were reported. The circles that were
obtained were usually small, a few kb in size, and they never constituted
more than a few percent of total mtDNA of the plant species in question. Of
three forms of a genome that yield circular physical maps, two are linear: a
head-to-tail concatemeric array, a collection of circularly permuted molecules
(sequences a....z, b....za, c....zab, etc.) and a circle. Thus, restriction
fragment mapping cannot be used as the only criterion on which to establish
circularity as the form of a genome. The circles that are found could be
products of recombination events between directly repeated sequences within
a mtDNA molecule.
Between plant species there are large differences in mitochondrial gene
order, even when closely related species are compared. Highly conserved
coding sequences are often flanked by completely different sequences in
mtDNAs of different plant species (Palmer 1990). This may be the result of
13
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the frequent intra- and intermolecular recombination occurring in plant
mitochondrial genomes (Levings and Brown 1989). There may be two
different mechanisms occurring simultaneously: a reversible recombination
that occurs with high frequency across large repeated sequences, and
recombination that occurs less often and is not readily reversible because it
involves small repeats (André et al. 1992). Probably, these irreversible
rearrangements are responsible for the rapid evolutionary changes of plant
mitochondrial DNA.
When mitochondria of two species are combined in a somatic hybrid,
fusion of mitochondria of different parents and subsequent recombination
between the two mitochondrial genomes may occur. When this happens
frequently, and the resulting rearranged mtDNA molecules have no selective
disadvantage in the somatic hybrid, eventually the hybrid may have a nonparental mtDNA composition, which is often observed in somatic hybrids. A
predominant mtDNA configuration can be achieved in a callus clone prior to
plant regeneration, but segregation is not always complete in the initial
régénérant, and further segregation can continue to occur for several
generations (Hanson 1984).
Information on amount or size of nuclear, chloroplast and mitochondrial
genomes of some solanaceous species is given in Table 4. Tomato and potato
are very similar with respect to chromosome morphology, chromosome
number and gene order (Tanksley et al. 1992).
Fertility and progeny of somatic hybrids
Fertility of a somatic hybrid is influenced by several factors: the
phylogenetic relatedness of the parental species, the mitochondrial DNA
composition and the nuclear DNA composition. Interspecific somatic hybrids
are more likely to be fertile than intergeneric and intertribal somatic hybrids
(see Tables 1-3). In cybrids, cytoplasmic male sterility may occur as a result
of incongruity between the nucleus of one species and mitochondria of an
other species (Spangenberg et al. 1992), or because of the presence of a
rearranged mitochondrial genome (Melchers et al. 1992). Chromosomal
imbalance, as occurs in aneuploid hybrids, often results in reduced vigour
and sterility. In the case of somatic hybrids between distantly related species,
e.g. intertribal hybrids, a symmetric or slightly asymmetric somatic hybrid
may be male and female sterile because of incompatibility between the two
nuclear genomes. In a highly asymmetric somatic hybrid this problem can
sometimes be overcome (Negrutiu et al. 1992).
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Table 4. Amount and size of nuclear, chloroplast and mitochondrial DNA of tomato, potato,
tobacco andN. plumbaginifolia
Species

Haploid chromosome Nuclear DNAcontent
SizecpDNA
number (n)
per haploid genome(pg)a

L. esculentum

12

1.0

157-159kbb

S. tuberosum
N. tabacum

24
24

1.8
4.6

155-156kbc
156kbd

2.4

156kbe

N.plumbaginifolia

10

a

Arumuganathan andEarle 1991
Palmer and Zamir 1982;Phillips 1985;Piechulla et al. 1985
c
Schiller et al. 1982,;Hosaka etal. 1984;Heinhorst etal. 1988
d
Shinozaki et al. 1986a,b
e
Yanget al. 1992
b

SizemtDNA
atleast 270kbf
at least 300kbg
ca400kbh
ca250kb'
atleast 270 W
unknown

f

Hauseet al. 1986
McClean andHanson 1986
h
Kemble and Shepard 1984
j
Dale etal. 1983
j
Satohet al. 1993
g

Exchange of nuclear DNA between the two parental genomes facilitates
introgression of traits from a donor species into the recipient species. To
achieve this, pairing of chromosomes of different parents and subsequent
recombination is required. Multivalents present during meiotic metaphase I
of a somatic hybrid of two diploid species suggest that recombination occurs
not only between homologous, but also between homoeologous or
heterologous chromosomes. When the two parental species are sufficiently
related, multivalent formation can sometimes be observed (Ehlenfeldt and
Helgeson 1987; Giddings and Rees 1992a,b,c; Narasimhulu et al. 1992; de
Jong et al. 1993). Indications that intergenomic pairing occurs during meiosis
of S. tuberosum (+) S. brevidens somatic hybrids have been obtained by
RFLP analysis of a number of progeny plants (Williams et al. 1990).
Seeds formed after selling or backcrossing of a somatic hybrid often
degenerate upon maturation, which may be caused by an endosperm
imbalance. When in this case embryo rescue is performed, progeny may be
obtained (Gavrilenko et al. 1992; Jacobsen et al. 1994a,b). Often all or part
of the progeny plants are more fertile than the original somatic hybrid
(Negrutiu et al. 1989b; Giddings and Rees 1992c).
Outline of the thesis
Many somatic hybrids have been produced between different plant species,
mostly from the Solanaceae and Brassicaceae families (Puite 1992).
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Problems that are often encountered are the sterility of the resulting hybrids,
the impossibility to obtain cybrids between species of different genera and
the difficulty to obtain somatic hybrid plants between species belonging to
different tribes. We wanted to get more insight into the causes of these
problems and thereby into the limitations of somatic hybridization as a tool
for plant breeding. Therefore, analyses of nuclear, chloroplast and
mitochondrial genomes were performed of intergeneric somatic hybrids
between tomato (L. esculentum)and potato (S. tuberosum), and of intertribal
somatic hybrids between tomato and N. tabacumlN. plumbaginifolia and
between potato and N.plumbaginifolia.
Chapter 2 describes a fusion experiment between a cytoplasmic albino
tomato genotype and a potato genotype that had been irradiated or left
untreated. Green calli were selected, i.e. hybrids containing potato
chloroplasts. The effect of irradiation on nuclear DNA composition of the
resulting hybrids was analyzed.
In chapter 3 the organellar DNA compositions of triploid (2n=2x+x) and
tetraploid (2n=2x+2x) somatic hybrids of tomato and potato are described
and related to their nuclear DNA composition.
Chapter 4 describes a cytogenetic analysis of tomato (+) potato somatic
hybrids: the number of euploid versus aneuploid hybrids and irregularities
observed during mitosis and meiosis of some of these hybrids. Genomic in
situ hybridization was performed to distinguish tomato and potato
chromosomes in three hybrids. The occurrence of multivalents was studied at
diakinesis and metaphase I stage of anthers of these three hybrids. The
presence of multivalents would indicate that exchange of nuclear DNA
between tomato and potato is possible during meiosis.
In chapter 5 fusion experiments between L. esculentumor L. peruvianum
and N. tabacum or N. plumbaginifoliaare described. A detailed analysis of
nuclear DNA composition and organellar DNA constitution of the obtained
hybrid calli is presented.
In chapter 6 the chloroplast and mitochondrial DNA compositions of S.
tuberosum (+) N. plumbaginifolia somatic hybrid calli are related to their
nuclear DNA composition.
Chapter 7 contains a general discussion on the possibilities and limitations
of somatic hybridizations between distantly related solanaceous species and
the importance of nucleo-cytoplasmic interactions determining somatic
incongruity.
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Account
Chapters 2-6 of this thesis have been published before or will be published. Parts
of chapters 1 and 7 have been used in a review article that will appear in
Euphytica. These and related publications, in which I was involved, are given
below.
de Jong JH, Wolters AMA, Kok JM, Verhaar H, van Eden J (1993) Chromosome
pairing and potential for intergeneric recombination in some hypotetraploid
somatic hybrids of Lycopersicon esculentum (+) Solanum tuberosum. Genome
36:1032-1041
Schoenmakers HCH, Wolters AMA, Koornneef M (1990) Transfer of genetic
information between unrelated plant species by means of asymmetric somatic
hybridization. In: Dekkers JJ, van der Plas HC, Vuijk DH (eds) Agricultural
Biotechnology in focus in the Netherlands. Pudoc, Wageningen, pp 30-32
Schoenmakers HCH, Wolters AMA, Nobel EM, de Klein CMJ, Koornneef M
(1993) Allotriploid somatic hybrids of diploid tomato (Lycopersiconesculentum
Mill.) and monoploid potato (SolanumtuberosumL.). Theor Appl Genet 87:328336
Schoenmakers HCH, Wolters AMA, de Haan A, Saiedi AK, Koornneef M (1994)
Asymmetric somatic hybridization between tomato (Lycopersicon esculentum
Mill.) and gamma irradiated potato (Solanum tuberosum L.): a quantitative
analysis. Theor Appl Genet 87:713-720
Wijbrandi J, Wolters AMA, Koornneef M (1990) Asymmetric hybrids between
Lycopersicon esculentum and irradiated Lycopersicon peruvianum. 2. Analysis
with marker genes. Theor Appl Genet 80:665-672
Wolters AMA, Schoenmakers HCH, van der Meulen-Muisers JJM, van der Knaap
E, Derks FHM, Koornneef M, Zelcer A (1991) Limited DNA elimination from
the irradiated potato parent in fusion products of albino Lycopersiconesculentum
and Solanum tuberosum. Theor Appl Genet 83:225-232 (Chapter 2)
Wolters AMA, Koornneef M, Gilissen LJW (1993) The chloroplast and
mitochondrial DNA type are correlated with the nuclear composition of somatic
hybrid calli of Solanum tuberosum and Nicotianaplumbaginifolia. Curr Genet
24:260-267 (Chapter 6)
Wolters AMA, Vergunst AC, van der Werff F, Koornneef M (1993) Analysis of
nuclear and organellar DNA of somatic hybrid calli and plants between
Lycopersicon spp. and Nicotianaspp. Mol Gen Genet 241:707-718 (Chapter 5)
Wolters AMA, Schoenmakers HCH, Kamstra S, van Eden J, de Jong JH,
Koornneef M (1994). Mitotic and meiotic irregularities in somatic hybrids of
Lycopersicon esculentumand Solanumtuberosum. Genome (inpress) (Chapter 4)
Wolters AMA, Schoenmakers HCH, Koornneef M. Chloroplast and mitochondrial
DNA composition of triploid and tetraploid somatic hybrids between
Lycopersicon esculentum and Solanum tuberosum. Theor Appl Genet (in press)
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Wolters A, Jacobsen E, O'Connell M, Bonnema G, Ramulu KS, de Jong H,
Schoenmakers H, Wijbrandi J, Koornneef M (1994) Somatic hybridization as a
tool for tomato breeding. Euphytica (in press)
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