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Abstract:

Wild Solanum species are valuable because of resistances to a range of
diseases, pests and certain abiotic stresses. However, they are not readily crossable with
tetraploid S. tuberosum. For transfer their desired features, somatic hybridization is used
as a method for bypassing sexual incompatibility in Solanum genus. This method uses
protoplasts that behave as gametes under special conditions due to characteristics of the
plasma membrane. In this thesis, the conditions for protoplast isolation, fusion and
cultivation were amended. The organogenesis on calli was initiated and forwarded via
concentration and ratio of plant growth regulators. The technique of protoplast fusion
was used for the creation of intraspecific somatic hybrids on model materials
S. tuberosum cv. Bintje and S. tuberosum dihaploid (dh) 243. The same condition was
successfully applied to interspecific protoplast fusion with wild species
S. bulbocastanum and S. pinnatisectum. As a result, there were achieved somatic
hybrids S. bulbocastanum 8003 + S. tuberosum dh 243, S. bulbocastanum P1243345 +
S. tuberosum cv. Korneta, S. pinnatisectum 8166 + S. tuberosum cv. Bintje,
S. pinnatisectum 8166 + S. tuberosum dh 299, S. pinnatisectum PI1320342 +
S. tuberosum cv. Ketkovské rohlicky. Conditions for asymmetric somatic hybridization
were tested and established. Using optimal parameters, asymmetric somatic hybrids
S. verrucosum P1161173 + S. tuberosum cv. Karin were obtained. All hybrid plants were
identified by means of flow-cytometry and random amplification of polymorphic DNA
(RAPD). The hybrids S. pinnatisectum 8166 + S. tuberosum cv. Bintje were also
confirmed using simple-sequence repeat (SSR) analysis, chloroplast DNA and
mitochondrial DNA analysis and their morphology in vitro was characterized according
to leaf morphology and plant growth vigour. Nine of these hybrids were found to be

highly resistant to Phytophthora infestans based on in vitro test. Acclimatization of



somatic hybrids was successfully accomplished as well. The hybrids S. pinnatisectum
8166 + S. tuberosum cv. Bintje and S. bulbocastanum 8003 + S. tuberosum dh 243 were
evaluated in field conditions with respect to agronomic traits. The hybrids
S. pinnatisectum 8166 + S. tuberosum cv. Bintje flowered and offered good yield and
quality of tubers. Their resistance to P. infestans was moderately increased. The somatic
hybrids S. pinnatisectum 8166 + S. tuberosum dh 299, S. pinnatisectum P1320342 +
S. tuberosum cv. Ketkovské rohlicky and asymmetric somatic hybrid S. verrucosum
PI161117 + S. tuberosum cv. Karin were evaluated in term of resistance to P. infestans
in a laboratory test. Three interspecific somatic hybrids showed high level of resistance
in comparison with control S. tuberosum cv. Asterix. Somatic hybridization through
protoplast fusion proved itself to be an auspicious method for creating new breeding

materials.
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1. INTRODUCTION

The potato, Solanum L. section Petota (Dumortier), is a group of species
possessing extensive biological diversity and wide geographical distribution in the
Americas. Wild Solanum species are found in various environments, isolated in nature
by geographical and ecological barriers. These species represent euploid series with
ploidy ranging from diploid (2n = 2x = 24) to hexaploid (2n = 6x = 72) level (Masuelli
et al. 2009, Camadro et al. 2004, Jansky 2006). The cultivated potato, S. tuberosum L.
(2n =4x =48) is a basic vegetable crop throughout the world. To achieve optimal
quality and yield, this crop-plant however requires a large number of inputs owing to a
complex of different economically important diseases. Many wild Solanum species is
employed in breeding for durable resistance but barriers exist for sexual hybridization
not only in area isolation. Some species share the same habitat and do not readily cross
(Camadro et al. 2004). In sexual hybridization, success can be predicted from the
endosperm balance number (EBN). Differences in EBN result in failure of crossing
between the cultivated potato and most wild species (Jansky 2006). Crossing barriers
can be overcome inter alia by means of biotechnological procedures such as somatic
hybridization through protoplast fusion or ploidy manipulations (Shi et al. 2006, Jansky
2006). Knowledge of these techniques makes access possible to a plentiful gene pool
although recalcitrant genotypes are common and this limits the success of protoplast
fusions and somatic hybrid regeneration (Chen et al. 2008, Jansky 2006, Davey et al.
2005).

Somatic hybridization is a strategy for the symmetric or asymmetric combination
of the genomes of two parents and includes both nuclear and semiautonomous organelle
genomes. Somatic hybridization has proved to be a valuable tool in the production of
breeding materials with disease and insect resistance (Thieme et al. 2008, Chen et al.
2008). The characteristic features of both parents are combined in each somatic hybrid
and there can be induced the synthesis of the new metabolites as has been shown
through analysis of glycoalkaloids by Savarese et al. (2009). The gene pool of the potato
can be also extended through this method.

However, symmetric somatic hybrids are burdened with a plethora of undesirable
traits from wild parent. This problem can be resolved using asymmetric somatic

hybridization. Asymmetric protoplast fusion enables new combinations of nuclear and



cytoplasmic elements. This method can produce cybrids with cytoplasm of wild species
and nucleus of cultivated one (Liu et al. 2005). This offers the potential for potato
improvement via cytoplasm transfer inclusion. Apart from asymmetric somatic
hybridization, microprotoplast fusion is the other method for producing interspecific
hybrid plants with only one or a few alien chromosomes. This method overcomes large-
scale gene transfer. Antimicrotubular compounds, such as amiprophos-methyl, oryzalin,
colchicine, propyzamide and other, are used to produce the microprotoplasts (Ramulu et
al. 1991, Yemets and Blume 2008, Saito and Nakano 2002, Saito and Nakano 2001,
Binsfeld et al. 2000).

The thesis “Isolation, cultivation and fusion of protoplasts of Solanum genera”
were carried out within a doctoral study programme Biology, study field Botany in the
Botany Department of the Science Faculty of Palacky University in Olomouc. This
research was an integral part of a research programme to create new breeding materials
through biotechnological techniques (somatic hybridization and/or polyploidization
in vitro) of research projects OC 843.20, OC 843.90, QF4108, QF4133 and MSM
6010980701 conducted at the Potato Research Institute Havlickiv Brod, Ltd. The main
aim of the research, recapitulated in this Ph.D. thesis, was to establish a method for
somatic hybridization of Solanum genera and create new breeding materials using wild
species which are not crossable with cultivated potato and carrying interesting quality
especially the resistance to Phytophthora infestans, the most serious pathogen of the
cultivated potato. The diploid wild species with EBN 1 i.e. Solanum bulbocastanum and
Solanum pinnatisectum and diploid wild species with EBN 2 Solanum verrucosum were
used.

The results of this Ph.D. thesis are summarised in 7 chapters. They include
a review and 10 scientific papers. The eighth chapter is a brief extension of the results. It
includes one published paper which offers a view on relevant themes — in vitro
polyploidization.

The first part shortly covers the history of somatic hybridization and summarises
knowledge of the results achieved in the field of protoplast fusions of Solanum genera
especially in the last five years.

The second part describes the culture conditions for donor plants, isolation of
protoplasts using enzymatic solutions, culture media and culture conditions for
protoplasts, cells, calli and plant regenerations, parameters of the electric field for

fusion, electrofusion of model materials of S. tuberosum (dihaploid 243 and cv. Bintje)



with confirmation of regenerant hybridity and verification of different dose and ratio
growth regulators for earlier organogenesis on protoplast originated calli.

The third part of the thesis describes creation of somatic hybrids S. pinnatisectum
8166 + S. tuberosum cv. Bintje and S. bulbocastanum 8003 + dihaploid S. tuberosum
243. The efficiency of flow-cytometry and RAPD analysis is compared. The cultivation
of somatic hybrids in greenhouse points out to preservation of the morphological
characteristics under both in vitro and in vivo conditions.

Introduction to the cybridization of Solanum genera, i.e. conditions for organelle
inactivation using iodoacetamide and iodoacetic acid and conditions for nuclei
inactivation using UV irradiation, is the subject of the fourth chapter. A creation of new
materials— asymmetric somatic hybrids S. verrucosum P1 161173 + S. tuberosum cv.
Karin is described.

Verification hybridity using SSR analyses and characterisation of morphology in
vitro of somatic hybrids S. pinnatisectum 8166 + S. tuberosum cv. Bintje, the variability
with regard to both ploidy level and cpDNA and mtDNA composition are concluded in
the fifth subheading. The morphology of somatic hybrids S. bulbocastanum PI 243345 +
S. tuberosum cv. Korneta is also described. This combination demonstrates high yield of
somatic hybrids but without future prospect.

The sixth subheading focuses on the acclimatization of somatic hybrids. It also
acquaints with the results of cultivating somatic hybrids in the field which is a necessary
part of their characterization. This is related to two somatic hybrids S. pinnatisectum
8166 + S. tuberosum cv. Bintje and six somatic hybrids S. bulbocastanum 8003 +
dihaploid S. tuberosum 243.

A reliable and readily available test is necessary for testing the resistance transfer
from chosen wild species into somatic hybrids. The seventh part describes the
development of a laboratory test on Petri dish and shows the first results for the
resistance testing of the breeding materials.

Somatic hybridization is performed together with polyploidization in vitro as
another method for the creation of breeding materials using the chosen wild Solanum
species. For this reason the eighth chapter serves as documentation for this part of the
author‘s work over the most recent years.

This research led to creation of original somatic hybrids that could serve as new
breeding materials and confirmed the somatic hybridization as method suitable for

incorporation features from wild species into the cultivated potato.
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2. AIMS OF THE PH.D. THESIS

Acquire knowledge and carry out experiments in somatic hybridization. Obtain somatic

hybrids of Solanum genera, i.e. breeding material.

There are following areas of research more specifically:

Search information on somatic hybridization of Solanum genera.

Study the conditions for protoplast isolation, cultivation and regeneration; study of the

conditions for fusions by electric field; confirm the ability of the designed conditions.

Create somatic hybrids with the purpose of transferring important traits. Verify suitable

methods for identification of somatic hybrids.

Study conditions for asymmetric somatic hybridization.

Characterize somatic hybrids under in vitro conditions.

Evaluate somatic hybrids in the field.

Evaluate the resistance of parental genotypes and somatic hybrids to Phytophthora

infestans.



3. RESULTS

3.1 Review of somatic hybridization of Solanum genera

3.2 Isolation, cultivation and fusion of protoplasts

3.3 Creation of breeding materials through protoplast fusion of S. tuberosum and wild

species S. bulbocastanum and S. pinnatisectum

3.4 Creation of breeding materials through asymmetric protoplast fusion of S.

tuberosum and S. verrucosum

3.5 Evaluation of somatic hybrids in in vitro conditions

3.6 Acclimatization and evaluation of somatic hybrids in in vivo conditions

3.7 Characterization of breeding materials in the light of resistance to Phytophthora

infestans

3.8 Creation of breeding materials through simultaneously solved biotechnological

approach — in vitro polyploidization



3.1 Review of the somatic hybridization of Solanum genera



Introduction

The first protoplast isolation was achieved by Klecker in 1892 from the leaves of
Stratioles aloides by mechanical release of protoplasts into hypertonic solution. More
systematic study of protoplasts began in the second half of the 20™ century (Davey et al.
2005). A comprehensive review of somatic hybridization of the potato was published by
Orczyk et al. in 2003 and methods for overcoming hybridization barriers in this species
were described in considerable details by Jansky (2006). This review followed the

recent status of somatic hybridisation in the potato and related problems.

Gene resources for potato improvement

A wide variety of pathogens affect potato production, with an estimated 22 %
annual yield reduction world wide (Aversano et al. 2007). As a result, wild Solanum
species are now being used for their potential pest-disease and abiotic stress resistance.

For somatic hybridization, the following EBN1 species were tested: S. brevidens
(Dong et al. 2005, Vaananen et al. 2005), S. bulbocastanum (Boltowitz et al. 2005,
Brown et al. 2006, Lovene et al. 2007, Yermishin et al. 2006, Yermishin et al. 2008,
Greplova et al. 2008, Savarese et al. 2009), S. cardiophyllum (Shi et al. 2006, Chen et al.
2008), S. etuberosum (Gillen and Novy 2007), S. pinnatisectum (Chen et al. 2008,
Greplova et al. 2008) and S. tarnii (Thieme et al. 2008). Some diploid species with
EBN2 were also employed in somatic hybridization: S. chacoense (Chen et al. 2008,
Kovacs et al. 2003), S.stenotomum (Fock et al. 2007), S. spegazzinii and
S. multiinterruptum (Rasmussen et al. 2000) and S. vernei (Trabelsi et al. 2005).

Wild species were studied for their disease resistance with particular attention to
the fungal disease, late blight caused by Phytophthora infestans. This was tested in
S. bulbocastanum, S. cardiophyllum, S. commersonii, S. pinnatisectum, S. trifidum,
S. berthaultii, S. megistacrolobum, S. microdontum, S. verrucosum S. fendleri,
S. stoloniferum, S. guerreroense and S. polyadenium (Chen et al. 2003, Zlesak and Thill
2004, Colton et al. 2006, Aversano et al. 2007) and in S. nigrum, S. villosum and
S. scabrum (Lebecka 2008). Resistance to Alternaria solani (the causal agent of early
blight) was examined for S. bulbocastanum and S. commersonii (Jansky et al. 2008).
Aversano et al. (2007) investigated resistance to the fungal pathogen, Fusarium solani in
S. bulbocastanum and S. cardiophyllum. Resistance to the bacterium Ralstonia
solanacearum in S. commersonii was explored by Siri et al. (2009). Chen et al. (2003)

and Aversano et al. (2007) tested S. pinnatisectum, S. bulbocastanum and
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S. cardiophyllum for resistance to the bacterium Erwinia carotovora. Pest resistance was
investigated to: Meloidogyne chitwoodi in S. bulbocastanum, S. fendleri and S. ougasii
(Brown et al. 2004, Brown et al. 2006); Globodera in S. bulbocastanum and
S. cardiophyllum (Aversano et al. 2007) and to Leptinotarsa decemlineata in
S. pinnatisectum, S. cardiophyllum and S. chakoense (Chen et al. 2003, Chen et al. 2008,
Jansky et al. 2009).

Resistance to abiotic stress is relevant as well. Carputo et al. (2000) and Bamberg
et al. (2005) considered transfer of tolerance to frost from S. commersoni. Bradeen and
Mollov (2008) studied resistance to some herbicides in S. pinnatisectum. In addition,
less common species were subjected to somatic hybridization with S. tuberosum:
S. cardiophylium (Shi et al. 2006), S. villosum (Tarwacka et al. 2009) or S. rickii
(Matveeva et al. 2008).

Protoplast isolation

Isolation of Solanum protoplasts and regeneration of plants became successful in
the nineteen seventies (Shepard and Totten 1977, Binding et al. 1978). A system of
regeneration from protoplasts to plants was subsequently developed. Protoplast
regeneration ability was later proven to be genotype dependent (Orczyk et al. 2003),
a fact which necessitated optimization of protoplast isolation and cultivation especially
in wild Solanum species. More recently, Chen et al. (2008) developed a systematic
method for protoplast isolation and regeneration for several Mexican diploid wild potato
species followed by successful protoplast fusion. In general, new approaches were tested
in order to get high efficiency protoplast cultures using supplements such as
haemoglobin, spermidin (Rakosy-Tican et al. 2007), or physical stimulation especially
electrostimulation as described by Davey et al. (2005) for protoplasts of different plant

species.

Protoplast fusion

Solanum somatic hybrids were successfully achieved in the nineteen eighties
(Binding et al. 1982, Barsby et al. 1984, Gressel et al. 1984, Austin et al. 1985, Gleddie
et al. 1986, Puite et al. 1986). Somatic hybridization became popular owing to the
generation of novel germplasm. This germplasm arises as combination of nuclear and
cytoplasm genes (Davey et al. 2005, Liu et al. 2005).

The fusion of protoplasts is commonly achieved by chemical or physical means.
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The former is mediated by polyethylene glycol (PEG) and the latter using electric fields
— alternating current to formation of protoplast chains and direct current pulls for fusion
of protoplasts. Both methods were used to date but electrofusion seems to be preferred
as the following citations suggest: Johnson et al. (2001) realized chemical and
electrofusion at potato monoploids. Szczerbakowa et al. (2005), Trabelsi et al. (2005)
and Przetakiewicz et al. (2007) worked with PEG to mediate fusion. In contrast, Kovacs
et al. (2003), Nouri-Ellouz et al. (2006), Shi et al. (2006), Borgato et al. (2007),
Lightbourn and Veilleux (2007), Lightbourn et al. (2007), Thieme et al. (2008) and
Greplova et al. (2008) availed electrofusion.

Symmetric somatic hybridization is designed for equivalent combination of both
parents. Protoplasts of both parents are mixed in a ratio 1:1 and fused. However, parts of
genomes can be lost and asymmetry can occur. Parental genome doses can be variable in
somatic hybrids, as described through the characterization of nuclear and cytoplasmic
genome composition by Lovene et al. (2007) in somatic hybrids S. bulbocastanum +
S. tuberosum haploids. Rokka et al. (2005) obtained different progenies from protoplast
fusion of tetraploids S. acaule + S. tuberosum: both hexaploids with parental
composition in a ratio 2:4 or 4:2 and tetraploids (2:2). Protoplast fusions
of S. bulbocastanum + S. tuberosum dihaploid that were achieved by Boltowicz et al.
(2005) offered hybrids. The aneuploidy of these hybrids was revealed and loss
of S. bulbocastanum chromosome(s) was assumed. Trabelsi et al. (2005) obtained
hybrid plants from fusion of S. vernei + S. tuberosum dihaploid. These hybrids were
identified as asymmetric and elimination of a major part of the S. vernei parent was
suspected. Liu et al. (2005) concluded that the spontaneous elimination of chromosomes
were common and could occur for either or both fusion parents.

Asymmetry of somatic hybrids was also be induced by experimental factors.
Protoplasts of cultural parent were affected by some metabolic agents (iodoacetic acid,
iodoacetamide, rhodamine; Matibiri and Mantell 1994, Yarrow et al. 1999). Protoplasts
of wild parent were affected by ionizing radiation (y rays, a particles, UV light; Xu et al.
1993, Sidorov et al. 1994, Oberwalder et al. 1998, Oberwalder et al. 2000). Protoplasts
treated in such a way create after fusion cytoplasmic hybrids - cybrids (Liu et al. 2005).
Using mitotic spindle toxins (amiprophos-methyl, oryzalin or colchicine),
microprotoplasts can be created. These microprotoplasts can be fused with the protoplast
of cultural species enabling the transfer of only one or a few chromosomes of wild

species (Ramulu et al. 1991, Yemets and Blume 2008).
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Interspecific somatic hybrids with desired characteristics were obtained not so
long ago. Extreme resistance to potato virus Y and P. infestans was discovered by
Thieme et al. (2008) in their somatic hybrids S. tarnii + S. tuberosum. Gillen and Novy
(2007) identified resistance to PLRV (potato leafroll virus) in hybrids of S. etuberosum +
S. tuberosum. While transfer resistance to P. infestans into potato was not successful in
protoplast fusion experiments of S. bulbocastanum + S. tuberosum dihaploid; resistance
was absent in the obtained somatic hybrids (Boltowicz et al. 2005). Somatic hybrids
between S. pinnatisectum and S. tuberosum dihaploid were also found to show no
differences compared to potato parent in preliminary tests for resistance to P. infestans
(Szczerbakowa et al. 2005). Fock et al. (2007) produced somatic hybrids of parents S.
stenotomum and S. tuberosum with the aim to introduce resistance to bacterial wilt
(caused by Ralstonia solanacearum). They confirmed both resistance transfer and its
stability in long-term in vitro cultivation. Further, Kim-Lee et al. (2005) transferred
bacterial wilt resistance into the progeny of S. commersonii + S. tuberosum haploid.
Resistance against potato tuber moth larvae was found in S. pinnatisectum. Resistant
somatic hybrids with intermediate levels of resistance to this pest were produced by
Musmeci et al. (2005). Resistance to abiotic stress is very important too. The required
tolerance to salinity was achieved through protoplast fusion of S. berthaultii + S.
tuberosum by Bidani et al. (2007).

From the point of view of consumer health, the following reports became
interesting. Savarese et al. (2009) found evidence for the creation of new glycoalkaloids
in the hybrids of S. bulbocastanum + S. tuberosum. Before this finding, Vaananen et al.
(2005) had analysed the somatic hybrids of S. acaule or S. brevidens with S. tuberosum
and found that they contained none of the glycoalkaloids detected in the parental
species.

Nouri-Ellouz et al. (2006), Przetakiewicz et al. (2007) and Nadolska-Orczyk et al.
(2007) employed intraspecific somatic hybridisation for the production of tetraploid
potato lines to create potential breeding materials. Some researchers focused on union
of monoploid genotypes. They assumed to produce vigorous somatic hybrids. Johnson
et al. (2001) predicted a reduced "genetic load" using this procedure. They achieved
intermonoploid somatic hybrids. Later, Lightbourn et al. (2007) attained diverse somatic

hybrids from monoploid protoplast fusion.
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Somatic hybrid identification

Morphological characteristics were shown a good preliminary guideline for
somatic hybrid identification. Differences in leaves, flowers, growth habit and other
features served as identification markers. Somatic hybrids had a morphology
intermediate between fusion parents and morphology near to one parent (Musmeci et al.
2005, Szczerbakowa et al. 2005, Trabelsi et al. 2005, Shi et al. 2006, Borgato et al.
2007, Fock et al. 2007, Przetakiewicz et al. 2007, Thieme et al. 2008, Greplova et al.
2008). The hybrid plants originating from the one fusion combination were different
in some characteristics (Szczerbakowa et al. 2005, Przetakiewicz et al. 2007). Some
somatic hybrids outperformed the cultivated parent (Nouri-Ellouz et al. 2006, Bidani et
al. 2007). However, the symmetry of hybrids was impossible to predict from
morphology type (Trabelsi et al. 2005).

Commonly used methods for hybrid identification became ploidy level
determination using flow-cytometry (Oberwalder et al. 1997) or chromosome counting.
Chromosome numbers of somatic hybrids were the sum of fused partners (Shi et al.
2006, Borgato et al. 2007) or less than the sum (Kim-Lee et al. 2005, Szczerbakowa
et al. 2005). Thus for precise identification of hybrids, it was appropriate to complete
with more exact methods. The magnetic cell sorter (MACS) technique was utilized for
the selection of heterokaryons by Borgato et al. (2007) and then completed with DNA
analysis. Cytogenetic identification of interspecific somatic hybrids was recently used
(Tarwacka et al. 2009). To investigate the precise chromosomal composition in somatic
hybrids, genomic in situ hybridization (GISH) was exerted (Escalanta et al. 1998, Dong
et al. 2005, Lovene et al. 2007). This method can unambiguously confirm the origin
of chromosomes in hybrid plants and the contribution of each parent (Horsman et al.
2001). GISH (Wolters et al. 1994) and FISH (fluorescence in situ hybridization;
Srebniak et al. 2002) are able to show intra or inter-genomic translocation and
chromosome rearrangements in somatic hybrids.

A biochemical analysis of isozymes (e.g. esterase, peroxidase, phosphatase) also
served for identifying somatic hybrids (Trabelsi et al. 2005, Nouri-Ellouz et al. 2006,
Toppino et al. 2008).

Molecular markers were exploited to verify the hybridity of Solanum genera since
the nineteen nineties. Some of these were routinely applied, especially randomly
amplified polymorphism DNA (RAPD; Rasmussen et al. 1997, Boltowicz et al. 2005,
Szczerbakowa et al. 2005, Trabelsi et al. 2005, Shi et al. 2006, Przetakiewicz et al. 2007)



or intersimple sequence repeat (ISSR; Trabelsi et al. 2005, Nouri-Ellouz et al. 2006,
Bidani et al. 2007, Borgato et al. 2007, Toppino et al. 2008), simple sequence repeat
(SSR; Milbourne et al. 1997, Matthews et al. 1999, Nouri-Ellouz et al. 2006, Thieme et
al. 2008) and other techniques such as amplified fragment length polymorphism (AFLP;
Thieme et al. 2008) or restriction fragment length polymorphism (RFLP; Novy and
Helgeson 1994a, b; Williams et al. 1990, 1993; Oberwalder et al. 1997, 2000).
Identification of interspecific hybrids can be accomplished on the basis
of identification of chloroplast and mitochondrial types. Lossl et al. (1999) presented
five types of mitochondria (a, B, 6, ¥ and €) and three types of chloroplasts (T, W and S).
The origin of the plastom genomes in asymmetric somatic hybrids was identified by
Rasmussen et al. (2000) using chloroplast (cp)- and mitochondrial (mt)-specific PCR
markers. Scotti et al. (2004) used mtDNA gene probes on somatic hybrids and later
(Scotti et al. 2007) assessed mtDNA variation in cultivated and wild relatives and
correlation with ploidy and EBN. Przetakiewicz et al. (2007) analyzed preferentially
T chloroplast and  mitochondria in somatic hybrids although the diploid parents line
S. tuberosum had apart from these T, B organelles, W/S chloroplasts and a or €
mitochondria as well. Using chloroplast DNA analyses, Trabelsi et al. (2005) obtained

recombinant hybrid plastomes from both parents.

Results of somatic hybrid backcrosses

The results of backcrossing somatic hybrids with potato demonstrate transfer
of some desirable traits. Hexaploid somatic hybrids were more successful in backcrosses
as shown by Rokka et al. (2005) for S. acaule + S. tuberosum somatic hybrids. Dong
et al. (2005) obtained a series of backcross progenies from one hexaploid somatic hybrid
S. brevidens + S. tuberosum. Using RAPD, GISH and FISH technique they identified all
12 §. brevidens chromosomes in the backcross progenies. Kim-Lee et al. (2005)
observed segregation of resistance to bacterial wilt in the first backcross progenies
of S. commersonii + S. tuberosum dihaploid somatic hybrids. Novy et al. (2007) verified
transfer resistance to potato leafroll virus (PLRV) from somatic hybrids with
S. etuberosum up to the third generation of backcrossing while resistance to virus Y
(PVY) only to the second generation. Using analysis of S. etuberosum chromosomes
in backcross of S. etuberosum somatic hybrid, Gillen and Novy (2007) revealed
a recombination between the potato and S. efuberosum genomes and/or fragmentation

of the S. etuberosum chromosomes. Transfer resistance to pink rot (Phytophthora
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erythroseptica) and leak (Pythium ultimum) from somatic hybrids S. etuberosum +
S. berthaultii to backcross (BC) progeny was also reported (Thompson et al. 2007).
High levels of resistance to PVY and to foliage blight was transferred from somatic
hybrids to BC progeny by Thieme et al. (2008). The backcross was as well successful
for somatic hybrids S. pinnatisectum + S. tuberosum obtained by Yermishin et al. (2006,
2008). These somatic hybrids had been first crossed with S. phureja IvP35 to reduce
ploidy from tetraploid to diploid level.

Conclusion

Several techniques have been applied in efforts to incorporate desirable genes
from noncrossable wild Solanum species into S. tuberosum. Different techniques are
used and variously combined. Some researchers tried again to get sexual crosses
in which they tested different accessions of wild species, bridge crosses, embryo rescue,
application of phytohormones inter alia (Ramon and Hanneman 2002, Chen et al. 2004,
Dinu et al. 2005, Hayes et al. 2005, Voronkova et al. 2007, Jansky and Hamernik 2009,
Carputo et al. 2009). Another utilized method was ploidy level manipulation: ploidy
decrease via in vitro anther cultures (Kopecky and Vagera 2006) or using S. phureja
IvP35 as haploid producer (Yermishin et al. 2006, Yermishin et al. 2008, Rokka 2009);
sexual increase of ploidy via 2n gametes (Carputo and Barone 2005); somatic ploidy
increase via mitotic polyploidization using spindle toxins (Brown et al. 2004, Greplova
et al. 2009).

Finally, the somatic hybridization enables transfer polygene traits, transfer
cytoplasmic genes and their combination (Chen et al. 2004). The transfer of only part
of the wild nuclear genome into recipient cultural species is allowed by the methods
of asymmetric somatic hybridization or microprotoplast fusion (Orczyk et al. 2003). For
similarity to sexual hybridization, somatic hybridization is more acceptable to the public
than genetically transformed plants (Liu et al. 2005). In sum, somatic hybridization is
currently proving to be a very promising technique for the incorporation of untapped

genes.
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4. CONCLUSIONS

The recapitulation of somatic hybridization and backcrossing of somatic hybrids is

provided in the review. The particular information related to this biotechnological
approach in the creation breeding materials can be found in the introductions of ten
inserted articles. Although somatic hybridization is a method that has been known and
used for nearly three decades for Solanum genera, it remains a biotechnological
approach for overcoming sexual hybridization barriers and a tool for resistance transfer
from wild relatives.
Protoplast isolation, cultivation and fusion using an electric field were the first part of
this work. The best donor plants were obtained on media supplemented with AgNO; and
Alar 85 (2,2-dimethylhydrazid kyseliny jantarové, Chemtura Europe B.V., Nizozemi). A
single day cold and dark pre-treatment turned out to be advantageous due to unification
of cell cycle. The protoplasts affected this way started cell wall regenerations earlier.
The parameters of the electric fields were optimised with regard to a survival of fused
protoplasts. The model fusion was designed for assurance that these parameters were
suitable for efficient yield of hetero-fused protoplasts. The cultivation media were
adopted and modified. Application of higher doses of zeatine proved advantageous to
organogenesis.

The fusions between S. tuberosum and wild Solanum species (S. pinnatisectum
and S. bulbocastanum) were carried out using optimised parameters. The obtained
somatic hybrids were analysed by flow-cytometry and RAPD. Flow-cytometry proved a
very good pre-selection system for regenerated plants. In spite of this finding analysis of
DNA was essential.

The asymmetric somatic hybridization was included to prevent of transferring
whole wild genome into somatic hybrids. UV light was employed to fragment donor
nuclear genome (wild parent) and iodoacetic acid or iodoacetamide were used to
eliminate organelles of recipient parent (cultured potato). Only hetero-fused protoplasts
were able to regenerate cell walls and consequently undergo cell divisions and create
calli. Four asymmetric somatic hybrids S. tuberosum + S. verrucosum were obtained
from the described experiment.

The somatic hybrids S. tuberosum cv. Bintje + S. pinnatisectum 8166 were

evaluated under in vitro conditions. They were analysed for chloroplast DNA and



mitochondrial DNA composition and their hybridity was validated using SSR (simple
sequence repeat) chromosome specific primers. The mitochondrial composition of
somatic hybrids was a combination of both parents, while chloroplasts segregated and
no recombination was recorded. The morphology of somatic hybrids was intermediate
between parents but three morphological types were observed in the population. Nine of
somatic hybrids were highly resistant to Phytophthora infestans in in vitro test. Another
population of somatic hybrids was evaluated under in vitro conditions. The somatic
hybrids S. tuberosum cv. Korneta + S. bulbocastanum P 243345 showed abnormalities
in growth habit. These somatic hybrids grew poorly and had no prospect.

A few somatic hybrids were grown under field conditions. Two hybrid plants
S. tuberosum cv. Bintje + S. pinnatisectum 8166 offered good yield, good tuber quality
and moderate resistance to P. infestans. Six somatic hybrids S. tuberosum dihaploid 243
+ 8. bulbocastanum 8003 were significantly inferior to cultural parent. The
unconvincing results for these plants could be attributed to very small seed tubers.

To assess somatic hybrids in terms of resistance to the pathogen P infestans, a
laboratory test in a Petri dish was designed. This test was a modification of the
laboratory test of Vleeshouwers et al. (1999). The results of these tests correlated
significantly. The testing procedure showed high levels of resistance for genotypes
S. pinnatisectum 8166, S. pinnatisectum PI1320342 and three somatic hybrids
S. tuberosum + S. pinnatisectum (both S. pinnatisectum 8166 and S. pinnatisectum
P1320342).

The aim of this work was to establish a methodology for somatic hybridization of
Solanum genera and achieve interspecific somatic hybrid with higher level of resistance
to the pathogen Phytophthora infestans. The research succeeded in obtaining the
somatic hybrids. Some hybrids have promising perspective for resistant breeding

programme.
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5. SOUHRN (SUMMARY, in Czech)

IZOLACE, KULTIVACE A FUZE PROTOPLASTU RODU SOLANUM

Kulturni brambor Solanum tuberosum L. nélezi do skupiny rodu Solanum, jejiz
velky pocet druhil je zaclenén do 19 sérii (Spooner a Hijmans 2001). Plané druhy rodu
Solanum se diky nutnosti adaptovat se na nejriznéjsi ekologické podminky svého mista
puvodu (zejména stiedni a jizni Amerika) staly rezervoarem genu rezistence k biotickym
a abiotickym vlivim (Masuelli a kol. 2009, Camadro a kol. 2004, Jansky 2006). U
druhii rodu Solanum bylo stanoveno hypotetické ¢islo endospermu (EBN, Endosperm
Balance Number), které predpovida tuspéSnost daného planého druhu v sexualni
hybridizaci. Plané druhy s ¢islem EBN 1 jsou sexualné¢ izolované a k vyuziti jejich gent
je tieba aplikovat nejriznéjsi postupy, jako je pfemostovaci kiizeni (bridge crossing),
manipulace ploidie, hormonalni oSetfeni, v€asnd extirpace zarodku (embryo rescue),
zprostiedkované opylovani (mentor pollination) nebo somatickd hybridizace (Jansky
2006).

Brambor hliznaty S. tuberosum zistava stdle vyznamnou sloZkou potravy.
Zemédélska vyroba proto usiluje o ekonomickou vyhodnost produkce a kvalitni
surovinu. Velmi zavaznym patogenem, ktery snizuje kvalitu a zvySuje naklady, je
Phytophthora infestans. Cilem Slechtitelskych programti u bramboru je vneseni gent
rezistence k tomuto patogenu pravé z planych druhli pochazejicich zejména z Mexika.
Oblast centralni vyso€iny v Mexiku je povazovana za centrum genetické diversity jak
pro brambory tak pro patogena P. infestans. Plané druhy Solanum pochazejici z Mexika
prodélaly koevoluci s patogenem P. infestans a uz delsi dobu jsou znamy jako zdroje R-
gent. Ukdazalo se vSak, Ze jsou také zdrojem kvantitativni, rasové-nespecifické
resistence, ktera je vysoce efektivni, stabilni a trvanliva (Grunwald a Flier 2005). Ptes
vSechny nové vyzkumy se vSak ukazuje, zZe oomyceta P infestans diky rGznym
mechanismim biologie a patogenity zlstava vaznym problémem (Fry 2008).

Cilem této prace bylo shromazdit poznatky o problematice, zvladnout a zavést
metodu somatické hybridizace u rodu Solanum pro vytvateni novych Slechtitelskych
materiall a touto cestou vyuzit cenné genové zdroje, které by klasickymi postupy byly
nevyuzitelné. V této praci byly pouzity diploidni plané druhy s EBN 1 tj. Solanum

bulbocastanum a Solanum pinnatisectum a diploidni plany druh s EBN 2 Solanum



Verrucosum.
Diléi ukoly se tykaly shromédzdéni poznatki o somatické hybridizaci u rodu
Solanum, studia podminek izolace protoplast, kultivace a regenerace, dale studia
podminek pro fuzi protoplastli elektrickym polem vcetné ovéteni jejich vhodnosti pro
tvorbu somatickych hybridii a rovnéz studia podminek pro asymetrickou somatickou
hybridizaci. Prace si kladla za cil ziskat somatické hybridy, ovétit vhodnou metodu k
identifikaci somatickych hybridd, somatické hybridy charakterizovat v in vitro
podminkach a v polnich podminkach a zhodnotit u nich rezistenci k P. infestans.

Vysledky prace jsou shrnuty v 7 kapitolach (pfehled o somatické hybridizaci a 10
publikovanych ¢lankl). Osma kapitola je kratkym rozsifenim o problematiku mitotické
polyploidizace in vitro, jakozto metody, ktera ma k somatické hybridizaci vztah
v souvislosti s tvorbou tzv. mikroprotoplastii.

Uvodni &ast prace kratce seznamuje s historii somatické hybridizace a shrnuje
piehled vysledkl v dané oblasti u rodu Solanum zejména v poslednich letech.

Prvni experimentalni Cast se zabyva jednak podminkami kultivace donorovych
rostlin, podminkami izolace protoplastii, jejich kultivace a regenerace, déale studiem
vlivu ristovych regulatori na ¢asnéjsi nastup organogeneze u kalusi protoplastového
ptivodu a v neposledni fad¢ fuzi protoplastii elektrickym polem. K ovéfeni vhodnosti
parametra elektrického pole bylo pouzito modelového materialu S. tuberosum cv. Bintje
a S. tuberosum dihaploid 243. Ziskané regeneranty byly provéfeny pomoci prutokové
cytometrie z hlediska ploidie a byly vyfazeni aneuploidi. Potencialni somatické hybridy
byly provéfeny z hlediska hybridnosti pomoci RAPD (random amplification of
polymorphic DNA).

Fuze protoplastd S. tuberosum (dihaploid 243, dihaploid 299, cv. Bintje)
s protoplasty mexickych diploidnich planych druht S. pinnatisectum 8166 a
S. bulbocastanum 8003 byla stézejni praci. Mezidruhova somatickd hybridizace vedla
k ziskani somatickych hybridt S. pinnatisectum 8166 + S. tuberosum cv. Bintje
a S. bulbocastanum 8003 + S. tuberosum dihaploid 243. V této préaci byla porovnana
efektivnost pritokové cytometrie a RAPD analyzy k prokazani hybridnosti ziskanych
regenerantll. Pii kultivaci somatickych hybridii ve skleniku se ukazalo, Ze morfologické
charakteristiky, které jsou typické uz v in vitro podminkach, ziistavaji zachovany i pfi
kultivaci ex vitro.

Asymetrickd somatickéd hybridizace sleduje potiebu snizit mnozstvi ptenaseného

genetického jaderného materidlu z planého druhu za ucelem omezeni nadbytecnych



nezadoucich vlastnosti. Prace se tedy zabyvala také optimalizaci tohoto postupu. Jsou
zde uvedeny podminky pro inaktivaci jak semiautonomnich organel kulturniho druhu
pomoci jodooctové kyseliny (IOAA) nebo jodoacetamidu (IOA), tak podminky pro
inaktivaci jader planého druhu UV zédfenim. Asymetrickd somatickd hybridizace
poskytla Ctyfi asymetrické somatické hybridy — potencialni Slechtitelsky material -
S. verrucosum P1161173 (UV) + S. tuberosum cv. Karin (I0A).

Somatické hybridy S. pinnatisectum 8166 + S. tuberosum cv. Bintje byly
charakterizovany v in vitro podminkidch podle morfologie listd, vitadlnosti a typu
cytoplasmy. Hybridnost kromé& RAPD potvrdila také SSR (simple sequence repeat)
analyza pomoci chromosomové specifickych primert. In vitro test rezistence
k P, infestans roz€lenil skupinu somatickych hybridi na tifi kategorie. Devét
somatickych hybridii ptfipadlo do kategorie rezistentnich, 1 do kategorie vnimavych
a zbyvajicich 21 do kategorie intermediarni. Statistické hodnoceni potvrdilo vliv ploidie
1 typu cytoplasmy na morfologii (celkovy vzhled, tvar listl), vliv na rezistenci
k P, infestans vSak prokazan nebyl ani v jednom piipadé€. Druhou skupinou hodnocenou
v podminkdch in vitro byly hybridy S. bulbocastanum P1243345 + S. tuberosum
cv. Korneta. Pies vysokou vytéznost nebyl zadny hybrid perspektivni z hlediska dalsiho
mozného vyuziti.

Soucasti prace byla aklimatizace somatickych hybridii a hodnoceni vybranych
zastupct v polnich podminkéach. V polnim experimentu bylo hodnoceno celkem deset
hybridii - dva hybridy S. pinnatisectum 8166 + S. tuberosum cv. Bintje a osm hybrida
S. bulbocastanum 8003 + S. tuberosum dihaploid 243. Byly u nich sledovany
agronomické vlastnosti, vyvoj rostlin béhem vegetace, napadeni patogenem
Phytophthora infestans a Leptinotarsa decemlineata, vynos, pocet hliz a jejich celkovy
dojem. Somatické hybridy se S. pinnatisectum mély nékteré charakteristiky srovnatelné
nebo 1 lepSi oproti kulturnimu rodi¢i. Somatické hybridy se S. bulbocastanum se
neosvedCily - zdaleka nedosahovaly parametrii kulturniho rodice.

Pro hodnoceni ziskanych somatickych hybridi - Slechtitelského materidlu
ziskaného vyuzitim mexickych planych druhii s potencidlem rezistence k P. infestans
-byla pottebna spolehliva a rychla metoda hodnoceni pfenosu této rezistence. Za tim
ucelem byl zaveden test na Petrtho misce, ktery byl navrzen jako modifikace
laboratorniho testu podle Vleeshouwers a kol. (1999). Oba testy navzijem dobie
korelovaly. Testovani ukazalo, ze S. pinnatisectum 8166, S. pinnatisectum P1320342 a tfi

symetrick¢ somatické hybridy mély vysokou uroven resistence k P. infestans ve



srovnani s kontrolou (S. tuberosum cv. Asterix).

Vysledkem prace je zavedeni metody somatické hybridizace, ziskani originalnich
Slechtitelskych materialti a zavedeni spolehlivého modifikovaného testu pro hodnoceni
somatickych hybridd v laboratornich podminkach. ZkuSenosti ziskané pii této praci
spolu se zkusenostmi z polyploidizace in vitro jsou piedpokladem dalSiho vyuziti téchto

technik pfi tvorbé novych Slechtitelskych materiald.
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