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THEORETICAL OVERVIEW

Potato (Solanum tuberosum L.) is considered an especially valuable crop when Earth’s
nutritional problems are increasing. Nowadays potato is considered the fourth most important crop
in the world, ranking first in yield among the non-grain food commodity, with total world
production being more than 360 million tons per year (FAOSTAT 2014). Romania is the sixth
largest harvested area potato grower in Europe, in 2014 more than 3.5 million tons of potato was
produced (FAOSTAT 2014). Potatoes are grown in 160 countries and more than 4000 cultivars
are known (Camire et al. 2009).

Due to potato domestication processes, which were carried out in order to increase the
potato production and tubers quality, via the selection against high levels of secondary metabolites
in tubers (Hermanova et al. 2007), the genetic base of the potato became narrow. As a result of
genetic background weakening, the susceptibility of potato increased. This crop has been affected
not only by large scale of abiotic stresses as cold, frost, and drought, but also countless biotic factor
decrease the yield (Hirsch et al. 2013).

Nowadays potato crop production is reduced by approximately 160 diseases and several
pests: 50 are caused by fungal and fungus-like pathogens, 10 by bacteria, 40 by viruses and the
rest by leaf- or tuber-damaging pests.

Developing host plant resistance could be the single long-term solution for disease and
pests control, but unfortunately it is difficult to achieve, because modern potato cultivars possess
poor resistance gene background, a fact that does not allow to select resistant varieties.

Most of the wild relatives of the cultivated potato provide host-plant resistance to different
pests and diseases. These wild species represent a rich and diverse source of resistant genes
(Hawkes 1990) which could be useful for potato improvement. In the last decades, potato breeding
was based on diversification of the cultivated potato’s genetic background, by incorporating the
desirable traits from wild tuber-bearing species (Ross 1986). This new genetic resource proved to
be useful in disease resistance and also in tolerance of environmental changes. An unpleasant

disadvantage of classical breeding process is that these methods are time-consuming. Several



hundreds of selection cycle is necessary to obtain usable varieties, which requires a minimum of
10 year. In several cases, more than 30 years were necessary before releasing a new variety
(Gebhardt 2013, Haverkort et al. 2009). Somatic hybridization realized by protoplast electrofusion
is considered a faster alternative method to transfer resistance genes from wild Solanum species
into potato crop (Thieme et al. 2010). Furthermore, this method made it possible to overcome the
maternal inheritance of the cytoplasm, which prevents the mixing of plastids and mitochondria
from both parents (Birky 1995). As a result of interspecific hybridization, the obtained somatic
hybrids may contain the target beneficial traits from wild species, but also some undesired
properties could appear, like high glycoalkaloid concentration in tubers, decreased tuber quality or
yield. Therefore, in the case of somatic hybrids produced in this way, a profound characterization
IS necessary before they are integrated into breeding programs.

Solanum chacoense is a diploid (2n=2x=24), self-incompatible, tuber-bearing Solanum
species. S. chacoense attracted the attention of potato breeders because of its broad resistance
against different pathogens. S. chacoense is highly resistant against Colorado potato beetle (CPB)
(Sinden et al. 1986). The insect resistance is attributed to their specific glycoalkaloids: leptines,
which are acetylated forms of common a-solanine and a-chaconine. Leptines are synthetized only
in the aerial tissues of plants, which is an advantage for breeders, because introgression of leptine
synthetizing genes into cultivated potato should confer resistance against several diseases, but does

not increase the tubers glycoalkaloid level.

1.1. Somatic hybrids between Solanum chacoense and cultivated potato

In order to introgress valuable traits from S. chacoense, Thieme et al. (unpublished data)
and Rakosy et al. (2004) produced somatic hybrids and backcross progenies between cultivated
potato cv. Delikat and Desiree and S. chacoense with or without deficiency in DNA repair system
(MMR). In both cases somatic hybridization was performed using the protoplast electrofusion
technique.

For somatic hybrid production, Thieme et al. (unpublished data) used mesophyll cells of
S. tuberosum cv Delikat and S. chacoense GLKS 30138 (S. chc 138) from Gross Lusewitz Potato
Collections, IPK Satellite Collections North Leibniz Institute of Plant Genetics and Crop Plant

Research (IPK) Genebank, (Germany). BC: plants were obtained after sexual backcrossing of SH



1552/1 with S. tuberosum cv. Sonate. BC: 1552/1/7 plants were sexual backrossed with S.
tuberosum cv. Romanze to obtain BC> progenies.

Rakosy et al. (2004; 2015) used as parents in somatic hybridization, Delikat and Desiree
cultivars and the highest leptine producing S. chacoense accession (Pl 458310) (S.chc HL) from
NPGS Sturgeon Bay, USA.

MMR deficient S. chacoense production was performed using Agrobacterium-mediated
transformation. For genetic transformation two types of construct were used. The AS construct
contained the 1 kb fragment of the AtMSH2 cDNA in antisense orientation. The DN construct
contained the AtMSH2 coding sequence with a mutation converting a strongly conserved Glycine
codon at position 697 to an Aspartic acid codon (Ispas 2004).

The putative transgenic AS and DN lines were tested both phenotypically and by RT-PCR
to prove the presence of the target gene. One transgenic line for AS and two for DN, and S.
tuberosum cv. Delikat (Dk) and Desiree (De) were used in protoplast electrofusion to produce
MMR deficient somatic hybrids. The hybridity nature of regenerated plants was validated using
SSR and RAPD molecular markers (Unpublished data). MMR deficient somatic hybrids were
obtained between these parent lines, in order to study the role of DNA repair system in
homeologous recombination and also to increase the possibility to introgress S. chacoense’s

genetic material into cultivated potato germplasm.



THE OBJECTIVES OF THESIS

Potato genotypes produced via somatic hybridization technique need to be characterized in

order to select SHs with resistance and also with valuable properties from cultivated potato, but

without undesired traits. Later, these selected genotypes can be introduced in pre-breeding

programs.

The main goal of my PhD thesis was to deeply characterize the potato somatic hybrids

between Solanum tuberosum and S. chacoense (Rakosy-Tican et al. 2004; 2015). This

characterization was necessary to establish the genetic composition of somatic hybrids, to select

leptine producer plants and to determine Colorado potato beetle resistant and also drought tolerant

potato genotypes.

The specific aims of the thesis were as follows:

To investigate the genetic stability and constitution of the wild type and MMR deficient
somatic hybrids and backcross progenies.

To evaluate the precision of flow cytometry method in ploidy level determination

To determine leptine producer Solanum genotypes using RAPD markers described by
Bouarte-Medina et al. (2002) and Ronning et al. (1999)

To develop SCAR markers, which are effective in determining leptine producer SHs

To differentiate leptine producer Solanum genotypes using different biochemical analysis
To investigate the correlation between chemical composition and Colorado potato beetle
(CPB) resistance in Solanum genotypes

To determine CPB resistant genotypes by evaluating both antibiosis and antixenosis
properties of SHs and derivates

To reveal the reactive oxygen species and anthocyanin role in Solanum plants’s defense
response to mechanical injury

To determine drought resistant Solanum genotypes using in vitro and ex vitro stress-
selection procedures

To investigate the drought condition effects on Solanum plants’s development, tuber yield

and photosynthesis performance



GENETIC CONSTITUTION DETERMINATION OF SOLANUM SOMATIC
HYBRIDS USING CLASSICAL AND MODERN CYTOGENETIC
METHODS

The main disadvantage of somatic hybridization is the cytogenetic instability of the
resulted somatic hybrids (Wolters et al. 1994). As a result of protoplast fusion near symmetric
hybrids with the whole chromosome sets from both parent species, and asymmetric somatic
hybrids formation, which lost a part of one parent’s genetic material, can be observed.
Chromosome losses can be attributed to the differences in the ploidy level of the combined parental
nuclei, or even asymmetric hybrids could be the result of the differences in dividing activity of the
tissue where parental protoplasts originated from. Besides protoplast fusion processes, in vitro
culture of regenerates could also provoke chromosome elimination in regenerated somatic hybrid
plants (Glimelius et al. 1991). Because of the excessive changes within the fused cells, all of the
regenerated plants should be considered genetically unique organisms, therefore they must be
characterized separately.

The first major step of their characterization is the ploidy level determination. Flow
cytometry proved to be an efficient indirect method to determine with high reproducibility the
relative nuclear DNA content and ploidy level of different species (Ochatt 2006). The real
chromosome numbers were highly correlated with the results obtained after flow cytometry
analysis (Pearson correlation coefficient R 0.935, p< 0.05). Based on the linear regression
analysis results, the chromosome number can be predicted with a + 4 accuracy to the flow
cytometry measurements. The majority of SHs were tetraploid, which could be explained with the
fact that SHs eliminated chromosomes after hybridization process. By analyzing the SHs in
particular groups, like wild type SHs and MMR deficient SHs, we observed that in case of SHs
without MMR deficiency, the most of them belonged to pentaploid plants group, while MMR
deficient SHs plants which contained dominant negative AtMSH2 gene (SH-DN) were mostly
hexaploids but numerous tetraploid plants were also observed. SHs with AtMSH2 gene in antisense
orientation (SH-AS) were dominantly tetraploids. This observation suggests that SHs with
dominant negative AtMSH2 gene were the most stable fusion products, they eliminated the least

amount of chromosomes, while SH-ASs were more sensitive (Fig. 1).



The value of somatic hybrids has not been diminished by losing chromosomes, because the
aim of SH production was to introduce resistant genes from wild species into the genetic pool of
cultivated potato. For this, it is sufficient to integrate the target DNA sequence via insertion or
translocation processes into the genetic material of S. tuberosum, while the other chromosomes
from wild species can be ejected without disturbing the plant. The elimination of chromosomes
can facilitate the work of plant breeders, because the undesired traits can easily and quickly be rid
of, without backcrossing the obtained hybrids with cultivated plants several times, which is time-

and energy-consuming.
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Fig. 1 Percentage distribution of ploidy level of different somatic hybrids group (WT-Somatic
hybrids between S. tuberosum and S. chacoense, BC1- Backcross progenies between WT SH + S.
tuberosum, BC, — Backcross between BCy plants and cultivated potato, MMR deficient somatic
hybrids between S. tuberosum and MMR deficient S. chacoense: SH-DN — Somatic hybrids which
contain dominant negative AtMSH2 gene, SH-AS — Somatic hybrids with antisense orientation of
AtMSH2 gene)

In the case of somatic hybrids between S. tuberosum and S. chacoense, the parental genome
differentiation was really difficult, due to the very close phylogenetic relationship of the parental
species. These species belong to the same Solanum section (Petota) and also to the same 4™ Clade
class, which was determined by single copy nuclear Granule-Bound Starch Synthase | (Spooner et

al. 2008) and the nitrate reductase sequence analysis (Rodriguez and Spooner 2009).



V.

Genomic composition of SHs were determined using a modified multicolor genomic in
situ hybridization procedure described by Jang and Weiss-Schneeweiss (2015), with powerful
post-hybridisation washing steps. The increased stringent washing conditions helped to reduce the
cross-hybridization phenomenon, because the surplus of hybridised DNA was washed away. The
stringent washing steps also contributed to reduced background signals of chromosome
preparations, which provided a better visualisation of the lower-intensity signals on the
chromosomes. To check the effectiveness of the applied GISH technique, somatic hybrids with
full sets of parental chromosomes (72 chromosomes) were used. Using Jang and Weiss-
Schneeweiss (2015) modified protocol, we can confirm that this mcGISH technique worked well
and therefore we were able to determine the genomic composition of SHs.

Based on our results, we can conclude that the optimised stringency conditions were
effective in determining the somatic hybrids’s genomic composition with high accuracy, but in the
case of some chromosomes cross-hybridization phenomenon can also be observed. The
optimization of the used method is necessary in order to entirely eliminate the cross-hybridisation
phenomenon. Unfortunately it is almost impossible due to the high degree of genomic similarity
of parental lines.

DETERMINATION OF SOMATIC HYBRIDS WHICH POSSESS LEPTINE
GLYCOALKALOID ENCODING GENES BY USING MOLECULAR
MARKERS

RAPD procedure is simpler and faster than other marker based analysis (RFLP), and
several polymorphic loci can be identified in a single PCR amplification.

The main disadvantage of RAPD markers is that they operates like dominant alleles,
therefore separation of heterozygous (1 copy) loci is not possible. RAPD technique is sensitive to
quality and concentration of the used genomic DNA, to concentration changes of PCR components
or PCR cycling conditions. Any kind of changes highly influence the repeatability of the obtained
results.

To improve the reproducibility of RAPD primers, Paran and Michelmore (1993) developed

a new molecular marker (SCAR), which was based on polymorphic RAPD products.



IV.1. RAPD analysis

RAPD markers used in this study were assorted in order to distinguish the leptine producer
somatic hybrids based on the studies of Bouarte-Medina et al. (2002) and Ronning et al. (1999).
Primers selected by Bouarte-Medina et al. (2002) recognized specific DNA sequences which were
linked to leptine trait, while Ronning et al.’s (1999) primer (UBC-370) amplified a specific DNA
sequence which was not synthetized by leptine producer plants.

Unfortunately, UBC-370 marker was not effective in our case, because this marker
amplified a DNA sequence with 1500 bp length at both parent lines (S. chacoense, S. tuberosum),
which could only able to be recognized in the case of leptine non-producer plants such as the
cultivated potato.

Among specific markers of Bouarte-Medina et al. (2002), only OPT-20 showed differences
between the parent lines. By using OPT-20 RAPD marker, a specific DNA sequence with 250 bp
length was amplified in the case of S. chacoense HL and S. chacoense 138, which are known to
produce leptine glycoalkaloids, as opposed to this, in the case of S. tuberosum this specific band
was not present on agarose gel. Bouarte-Medina et al. (2002) found the same sized polymorphic
product after bulk segregant analysis.

Among SHs without MMR deficiency, the OPT-20 marker amplified the specific 250 bp
length sequence only in the case of SH 1552/1. This hybrid was also used in backcross procedure
with the cultivated potato, which led to 1:3 segregation of leptine synthesis ability in descendants
based on RAPD- PCR analysis (Fig. 2).

a. M 1 2 3 4 5 6 7 8 9

M — Marker (100 to 1000 bp)
1-5.t

2—-S.chc138

3 —SH 1552/1

4 - BC; 1552/1/16
5—BC;1552/1/12
6-BC;1552/1/11
7—-BC11552/1/7
8—BC;1552/1/4
9-BC;1552/1/2

250 bp,

Fig. 2 Selection of leptine producing SHs and BC; clones based on OPT-20 RAPD marker
linked to leptine biosynthesis
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BC: 1552/1/7 was backcrossed with cultivated potato, which resulted in two BC:
progenies. This BC1 genome did not contain the specific DNA sequence, and according to
expectations in the case of BC; plants, the OPT-20 marker did not amplify the 250 bp sequences.

Somatic hybrids with MMR deficiency performed better in this experiment. Thirteen MMR
deficient SH contained the specific DNA sequence, which was amplified by OPT-20 RAPD
marker (Fig. 3).

Based on the obtained result, we can conclude that deficiency in MMR system increases
the possibility of homeologous recombination during hybridization procedure of closely related
species, which lead to increased gene transfer from wild parent line. Somatic hybrids carrying
AtMSH2 gene in antisense orientation (AS) possessed the specific DNA sequence with higher
proportion (54.54%), which was associated with leptine synthesis, than SHs with dominant
negative mutant AtMSH2 gene (40%).

W1l 2 3 4 5 6 7 8 9 101112 13 141516 1718 19 20 2122 W 23 24 M

LB BRELIIIER] <

M — Marker (100 to 1000 bp) 9 — SH Dk.DN5.11 19 — SH Dk.AS10.43

W — Water 10 — SH Dk.DN5.17 20 — SH Dk.AS10.47
1-S.t 11 - SH Dk.DN11.10 21— SH Dk.AS10.51
2-5S.chcHL 12 - SH Dk.DN11.24 22 — SH Dk.AS10.61

3 — SH De.DN5.5 13 — SH Dk.DN11.34 W — Water

4 — SH De.DN11.29 14 — SH Dk.AS10.5 23 -S.t.

5 — SH Dk.DN5.3 15 - SH Dk.AS10.11 24 —S. chc HL

6 — SH Dk.DN5.4 16 — SH Dk.AS10.13 M — Marker (100-1000 bp)
7 — SH Dk.DN5.6 17 — SH Dk.AS10.35

8 — SH Dk.DN5.7 18 — SH Dk.AS10.40

Fig. 3 Selection of leptine producing MMR-deficient SHs based on OPT-20 RAPD marker
linked to leptine biosynthesis
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IV.2. SCAR marker design

The main drawback of the RAPD technique is their low reproducibility mainly among
different laboratories (Penner et al. 1993). The main advantage of SCAR markers is based on their
stability, and they are also reliable with high reproducibility rate and not lastly they are locus-
specific. These markers are often used in gene mapping and in marker assisted selection. In order
to increase the stability of molecular identification of leptine producer Solanum genotypes, the
effective RAPD primer conversion into SCAR marker was required.

The specific 250 bp length DNA sequence amplified by OPT-20 marker in S. chacoense
was extracted and was sequenced, which was further analyzed with Blast searches to identify
homology with other sequences. Only one of the extracted sequence showed 88% similarity with
a sequence of Solanum pennelli located on the 9" chromosome. The obtained sequences were used
in designing and synthetizing specific primers for the leptine trait (19111, 22013, 24214).
Unfortunately none of the designed SCAR markers were effective in identifying leptine producer
genotypes. Neither of the primers recognized specific DNA sequences exclusively in S. chacoense.
In the case of 19111, 22013 and 24214 marker, no specific amplification products were observed,
while in the case of 24212 marker, a 250 bp length DNA sequence was only recognized in the
cultivated potato.

In the future, further experiments are required in order to develop a specific leptine trait recognizer
marker. First of all, we want to shorten the SCAR primers’s length, which may increase the success
rate of SCAR marker conversion. If that is not achieved successfully, designing new markers will

be required.

BIOCHEMICAL ANALYSIS OF SOLANUM SOMATIC HYBRIDS AND
DERIVATES

Potato glycoalkaloids are considered to have an indispensable role in plant chemical
defense system against herbivores, pests and pathogens (Bennett and Wallsgrove 1994; Friedman
and McDonald 1997). Glycoalkaloids have an antibiotic effect (Gubarev et al. 1998), inhibit spore
germination and fungal growth (Fewell and Roddick 1993). Glycoalkaloids also have inhibitory
effect on the behavior and development of insects: antifeedant and a deterring effect against

herbivore insects (Sanford et al. 1997; Yencho et al. 2000). The main glycoalkaloids of potato,
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which represents 95% of the total glycoalkaloid content are a-solanine and a-chaconine (Friedman
2006; Fewell and Roddick 1997).

Leptines are rare glycoalkaloids and they could only be found in a few accessions of S.
chacoense Bitter (Sinden et al. 1986; Ronning et al. 1999). Four different leptine glycoalkaloid
are known, which are formed through a combination of two aglycones: leptinidine and
acetylleptinidine and two carbohydrate groups: chacotriose and solatriose. High leptine contents
have been found to reduce Colorado potato beetle feeding (Coombs et al. 2002; Sinden et al. 1984),
and to have a toxic effect on larval development. Due to the fact that these glycoalkaloids are
synthetized only in the aerial tissues of plants, S. chacoense is considered to be a valuable host
plant for a source of resistance by potato breeders. Introgression of leptines coding genes into the
cultivated potato’s germplasm should replace the chemical insect management with a more natural
and long-term defense strategy.

In our experiments the steroidal glycoalkaloids pattern of SHs and derivates between
cultivated potato and S. chacoense 138 were analyzed using HPLC. Additionally, FTIR
spectroscopy was used to determine the chemical differences between CPB resistant and
susceptible plants.

V.1. Steroidal glycoalkaloid determination by HPLC method

Nowadays, HPLC became the primary analytical separation tool for steroidal
glycoalkaloids. The reasons for the widespread use of this method are its high sensitivity and its
adaptability to punctual quantitative determinations of glycoalkaloids. The separation of
glycoalkaloids is difficult because of their structural similarity and lack of chromophores. In the
case of S. chacoense’s chromatograph a specific peak at 11.53 minutes was detected, from which
we considered to be one type of leptine glycoalkaloid. In addition, other specific peak on S.
chacoense chromatograph were not observed, which is presumably due to the lower concentration
of the other leptine glycoalkaloids and probably the used HPLC method was not sensitive enough
to detect them.

Based on our results we can conclude that the lack of leptine glycoalkaloid standards and
the used HPLC method were not suitable to determine the presence of different leptine
glycoalkaloid in Solanum genotypes. Only one specific glycoalkaloid was determined in the
extracts, which could be one of the leptine glycoalkaloids. We can only surely conclude that those
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genotypes that contained this specific glycoalkaloid at retention time around 11.5 minutes were
resistant to CPB.

In the future, we would like to analyze the Solanum genotypes glycoalkaloid content with
LC-MS spectroscopy, which allows determining with high confidence the leptine glycoalkaloid
composition of the extracts without standards and quantitative analysis of glycoalkaloids is also

possible with this method.

V.2. Total chemical content determination by FTIR

FTIR spectroscopy is a simple and a rapid technique, based on the measurement of a
molecule excited by IR radiations at a specific wavelength range. To compare the spectra and to
visualize the clustering of genotypes, the principal component analysis (PCA) method was used.

After PCA analysis, we observed that the first two created principal factors (PCs) preserved
89.91% information from the original data. These two factors (PC1 and PC.) were used to visualize
the analyzed genotypes clustering tendency based on their chemical composition.

After PCA analysis we observed that SHs, BC clones and parent lines formed well
separated clusters according to their resistance to CPB. Thereby we can conclude that the two
groups have different chemical composition and the difference between plants affect their
resistance against CPB.

After our results we can conclude that FTIR spectroscopy is an effective method in
determining biochemical factors that have a high impact on resistance of plants to CPB. PCA
analysis demonstrated that resistant SHs and BC clones had similar chemical compound like S.
chacoense, while total chemical compound of susceptible plants were more similar to cultivated
potato. Based on our results we concluded that the identified specific bands are presumably related
to leptine glycoalkaloids contents of the plants, because intense absorbance values in the specific

wavelengths were only observed in the case of resistant plants.
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V1. RESISTANCE AND DEFENSE RESPONSE OF SOLANUM SOMATIC
HYBRIDS AND BACKCROSS PROGENIES TO COLORADO POTATO

BEETLE

(Molnér et al. 2016 2°)
VI1.1. Colorado potato beetle

Colorado potato beetle (CPB) has the biggest enemy of the cultivated potato worldwide.
Due to their destructive feeding habits, CPB can reduce potato yields and can even cause total
tuber loss (Hare 1990). Despite of relatively young evolutionary age of CPB, they possess high
intraspecific polymorphism, which provides them a broad range of ecological plasticity and
adaptability to different biotic and abiotic condition changes (Udalov and Benkovskaya 2011; Hare
1990). The high capability of CPB to adapt rapidly against different insecticides encourages
breeders to find a different type of control to CPB attacks. The only long-term solution for CPB
management would be to integrate different control techniques. One of the most important ways
to control this voracious and adaptable pest is to use host plant resistance. S. chacoense is of
interest to potato breeders because it is highly resistant to CPB (Sinden et al. 1986).

The insect resistance of S. chacoense is due to their specific steroidal glycoalkaloids: the
leptines. CPB larvae fed on S. chacoense HL leaves, which are known to produce the largest
amount of leptine glycoalkaloids, developed slowly and none reached the adult stage. For CPB
larvae S. chacoense HL leaves are toxic. SH 1552/1 used as a female parent in backcrossing with
S. tuberosum cv. Sonate (&) is highly resistant to CPB. Only one larva survived 23 days but it did
not reach the adult stage. Backcrossing cultivated potato with highly resistant SH 1552/1 led to a
one-to-three segregation of resistance in the descendants.

SHs with MMR deficiency performed better in the resistance test. (Fig. 4). Of the twenty
SHs analyzed just seven genotypes were similar to potato, in that the larvae survived well, which
indicate these genotypes are susceptible to CPB.

The mortality of CPB larvae caused by the resistant plant group was significantly greater
than that of the susceptible plants. Larvae fed on leaves of resistant plants developed more slowly:
larvae fed on leaves of S. tuberosum reached the fourth larval stage (L4), while most of the larvae
on resistant plants reached only L3 or L2 (on SHs: De.DN11.29, Dk.DN5.11, Dk.AS10.40), or
even remained in the first larval stage (on SHs: Dk.DN5.4, Dk.DN5.7).
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Survival rate of CPB larvae

Days after hatch
——S.t —-5.chc HL 1552/1 —+—De.DN11.29 —#—De.DN5.5

Dk.DN5.3  ——Dk.DN54 ——Dk.DN5.6 ——Dk.DN5.7 —+—Dk.DN5.11
—#-Dk.DN5.17 —4—Dk.DN11.10 ——Dk.DN11.24 ——Dk.DN11.34 Dk.AS10.5
—+—Dk.AS10.11 Dk.AS10.13 Dk.AS10.35 —+—Dk.AS10.40 —#-Dk.AS10.43

—4—Dk.AS510.47 —+Dk.A510.51 —*—Dk.AS10.61

Fig. 4 Percentage* of CPB larvae (n=25) that survived for 23 days after hatching when fed on
Solanum chacoense (S. chc 138), derived SH 1552/1 with Solanum tuberosum (S. t) and BC;
progenies. The red dashed line is the dividing line between susceptible and resistant plants. In the
case of susceptible plants, over half of the larvae survived 23 days, while in the case of resistant
plants this value is far below 50%; * value of 1 means that all larvae survived (100%)

Due to decreased viability, significantly fewer adults developed from larvae fed on resistant
plants than on susceptible hybrids. On SHs: Dk.DN5.4, Dk.DN5.7 and De.DN11.29 with MMR
deficiency none of the larvae reached the adult stage. In the case of female beetles, the mean
difference in weight was significant when compared with that of adults reared on susceptible plants
and were not very fertile, with several of the beetles malformed and not capable of reproducing
(those reared on SHs: De.DN5.5 or Dk.AS10.47).

Among these resistant hybrids both types of MMR-deficient plants: DN (7 genotypes) and
AS (6 genotypes) were recorded. Three of them (SHs: Dk.DN5.4, Dk.DN5.7 and De.DN11.29)
had strong toxic effects on CPB larvae similar to S. chacoense HL. In the case of SH De.DN11.29
larvae reached the second stage (L2) but not the third instar (L3), with the last dying 29 days after
hatching.

SHs Dk.DN5.4 and Dk.DN5.7 proved to be the most resistant genotypes: no larvae
survived for 23 days, which is similar to that recorded for the larvae fed on S. chacoense HL leaves.
On day 13 when 100% of the larvae fed on S. tuberosum leaves reached the L4 stage and had an

LDI=84, larvae fed on these two SHs and S. chacoense HL had an LDI = 1, which indicates strong
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inhibition of larval development. These larvae did not reach the second larval stage, L2. In
addition, mortality was very high: only two larvae survived when fed leaves of S. chacoense HL
and SH Dk.DN5.4, and only one survived until day 13 when reared on SH Dk.DN5.7.

In the second experiment beetles had to choose between one parent lines (cultivated potato
or S. chacoense) and one of the SHs (with or without MMR deficiency) or BC; clones. SHs and
BC: clones that bioassays indicate are resistant to CPB larvae also deterred adult beetles from
feeding. In these cases, beetles preferred to consume the leaves of cultivated potato to those of SHs
or BCy clones. Significant differences were recorded between the biomass of leaf consumed of S.
tuberosum and that of the SHs and BC; clones marked with b in Fig. 5. This implies a very strong

deterrent effect.
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Fig. 5 Preference indices (mean = SE, n=9) for adult CPBs feeding on SH with or without MMR
deficiency and some BC; descendant compared with S. tuberosum (a). Letter a indicates
significantly higher phago-stimulant effect of SHs and BC1 clones than S. tuberosum, while letter
b marks plant genotypes with strong deterrent effect (the consumed leaf area were significantly
lower than in the case of S. tuberosum) (t. test, p<0.05)
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The genotypes 1552/1, Dk.DN5.4, Dk.DN5.7, Dk.DN5.11 and DKk.AS10.43 had the
strongest deterrent effect. Beetles did not consume when provided with leaves of these genotypes,
which supports the observations on the performance of the CPB larvae in the bioassays.

Among the deterrent genotypes, both types of SHs with or without MMR deficiency were
recorded. The majority of the most resistant SHs are MMR-deficient SHs containing a dominant
negative sequence of AtMSH2 gene. These results confirm the hypothesis that the mutant allele of
the MSH2 gene can compete in a dominant way with the four normal alleles of the potato parent,
resulting in an increased probability of transferring the resistance genes.

V1.2. Plant defense response to herbivore attacks

Reactive oxygen species (ROS) are involved in plant defense against different pathogens.
Superoxide anion, hydrogen peroxide and hydroxyl radical are the most frequently generated
forms of ROS. In plants the herbivore beetle attack is generally associated with wounding. Both
herbivore attack and mechanical injury induce modification of plant’s wound response (Kessler
and Baldwin 2002). Immediately after wounding, plants accumulate reactive oxygen species.

The role of reactive oxygen species in plant defense against herbivores is not clear, but the
importance of ROS signaling in the generation of plant defense responses is supported with
numerous experiments. The quantity of ROS accumulation has a positive correlation with plants’s
resistance against attackers (Moloi and van der Westhuisen 2006).

In plants ROS has a general physiological response. Under stress condition large amounts
of ROS is generated, which has an important role in plant defense response but also could affect
the health of plants. Therefore, a system, which stabilizes the concentration of ROS is essential.
Stabilization of ROS levels after pathogen attack in Arabidopsis thaliana is controlled by ascorbic
acid and also by anthocyanin generation (Nagata et al. 2003), which has ROS scavenging effect
(Sanz et al. 1994).

Wounding as an experimental procedure is often used to investigate plant defense
responses against herbivore attacks (Bruxelles and Roberts 2001). Quantitative analysis of H>O>
accumulation in wounded plants was performed using DAB staining, which produces brown
coloration at accumulation zones of H20- in plant tissue.

In our experiments the concentration of H20. varied between 34.5 and 45.5 uM/g FW in

wounded leaves. Intense accumulation of H202 was observed after wounding in the case of S.
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chacoense, 11 SHs and 2 BC; clones. (Fig. 6). Both types of MMR deficient somatic hybrids (DN
and AS) was represented in this group.
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Fig. 6 Quantitative evaluation of H2O in control and wounded somatic hybrids with and without
MMR deficiency, their progenies and parental lines (S. tuberosum, S. chacoense). Note: * - somatic
hybrids and BC clones with significant differences (n=5, t-test, p<0.05) between wounded and
control plants

In the case of marked genotypes (*) on Fig. 6, the produced H.O concentration was
significantly higher than in control leaves. In the case of S. tuberosum, the wounded leaves
produced a significantly less amount of H.O> than the marked genotypes.

The intense accumulation of H>O> as a result of wounding showed high correlation with
plant resistance against CPB. Most of the somatic hybrids which proved to be resistant to CPB
attacks produced high concentration of H,O> during mechanical stress.

The generated ROS during different biotic and abiotic stresses need to be stabilized in order
to avoid oxidative damages in cells, which may also affect the survival of plants. Plants can protect
their cells by scavenging ROS with activating antioxidative systems like: superoxide dismutases,
glutathione peroxidases, catalases or by production different antioxidants like ascorbate,

flavonoids, anthocyanin, etc. (Nagata et al. 2003). Because the accumulation of anthocyanin takes
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1-2 days after detection of stress, this antioxidant is effective against long-lived radicals like H.O>
(Nagata et al. 2003). The basic levels of anthocyanin varied between 4.8 and 10 pg/mg FW. The
radical scavenging activity in wounded plants increases the anthocyanin level by a minimum of
20%, but even by 185% in affected leaves.

In addition, a positive correlation between the generated anthocyanin content and the
accumulated ROS amount was observed. In those cases when highest amount of ROS was
synthesized after mechanical injury of leaves a high quantity of anthocyanin was also produced.
Presumably the accumulation of ROS therefore was followed by anthocyanin synthesis in order to
stabilize ROS concentration in plants.

Based on the results presented above, one can conclude that wound-induced hydrogen
peroxide accumulation plays an indispensable role in plant security system and can be associated
with plants defense against herbivore attacks. Bi and Felton (1995) proposed that ROS
accumulation affects plant-herbivore interaction.

The H202accumulation ability of plants highly influences their response to insect herbivore
attacks. In those cases when plants responded to mechanical injury with intense H.O2 accumulation
they also possessed both of antibiosis and antixenosis properties against CPB.

In case of potato somatic hybrids anthocyanin has an important role as radical scavenger,

which provides protection against oxidative stress generated after mechanical injury of leaves.

VII. DROUGHT STRESS EFFECTS ON SOLANUM SOMATIC HYBRIDS
AND DERIVATES

Fresh water shortage became an increasing worldwide problem, which is the result of
climate changes, increased pollution and increased human pretension and overuse of water.
Cultivated potato uses water relatively efficiently, but it is considered to be sensitive to moderate
levels of water deficit, which causes yield losses. The increase in drought periods, which affect the
most agriculturally important areas, motivate breeders to select drought tolerant cultivars to avoid
yield losses.

Generally, stress-selection of plants begins with in vitro prescreening of drought tolerant

plants which is followed by an ex vitro selection. Ex vitro experiments imitate the naturally
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occurring conditions. As selection agent in the case of in vitro selection experiments of drought-
tolerant plants, Polyethylene glycol (PEG) is frequently used (Hassanpanah 2010; Pino et al.
2013). Mustata et al. (under publication) observed that high proline content in stressed tissues have
beneficial effects on water deficit induced stress toleration. Proline is involved in reducing the
photodamage in thylakoid membranes by reducing the production of *O2 in drought conditions
(Chaves et al. 2009).

Phenotypic characterization of drought stressed plants helps to determine the
morphological and physiological effects of the induced stress. Phenotyping platforms made it
possible to monitor the development of plants during water deficit by determining biomass
accumulation of plants without physiological damaging (Feher-Juhasz et al. 2014).

As an effect of drought stress, the photosynthesis rate, as well as the CO2 accumulation
decreases in plants (Kaiser 1987; Chaves et al. 2009). This response can be attributed to stomatal
closure (Cornic 2000).

The goal of our research was to assess drought tolerance ability of somatic hybrids and
backcross progenies between potato and Solanum chacoense, respectively S. chacoense with
MMR deficiency using in vitro stress-selection with PEG. Plant response to drought stress was

also evaluated using phenotypic characterization and photosynthesis of drought stressed plants.

VII1I.1. In vitro stress-selection of drought tolerant plants

In the case of in vitro stress-selection, drought stress was induced with different
concentration of PEG (5% and 15%), which simulated mild and severe drought conditions. In the
case of cultivated potato and S. chacoense HL, only the root system were developed normally,
their shoot did not grow as efficiently as the shoots of the control plants. Based on the
morphological differences of the stressed plants, we can conclude that the some genotypes
managed the water deficit efficiently during moderate drought stress. In their case, only the number
of leaves was significantly lower than in the control group, which means that these plants highly
tolerate the moderate drought condition. Sensitive genotypes survived the induced moderate
drought stress, but they were not capable of overcoming the negative effects of water deficit. In
this case, if the water deficit had persisted for a longer time, the plants would have most probably
died. The shoot and root systems of the plants did not developed, which is essential for surviving,

and in many instances the bottom leaves and the edges of the upper leaves were withered.
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In the second experiment where the plants were exposed to severe drought conditions,
induced with 15% PEG supplementation in culture media, all of the genotypes developed weaker,
their shoot lengths were significantly lower than in case of control plants. The stressed plants root
system was not so rich in ramification than the control ones, and a large part of the analyzed
genotypes did not developed more than 0.5 cm long root.

During severe drought condition the newly grown leaves were visibly smaller than those
leaves, which the plants possessed at inoculation and smaller than control plants’ leaves. Shao et
al. (2008) observed that leaf area was negatively affected during water stress, which lead to
decreased crop yield due to photosynthesis reduction. Also greater degree of leaf senescence was
observed at severe stressed plants than in the case of moderate stress condition.

The degree of proline accumulation during drought stress influences the plant’s stress
tolerance ability. The majority of the analyzed genotypes accumulated significantly more (t. test,
p< 0.05) proline as a response of moderate water stress, but in the accumulation of proline levels
visible differences were observed. Some hybrids accumulated 7-8 fold more proline during water
deficit, while others accumulated only 2-3 fold more proline than control plants.

During severe water deficit a large part (two-thirds) of the stressed plants were not able to
efficiently manage their resources, which would have helped in overcoming the negative effects
of drought, therefore these genotypes became susceptible to severe water stress.

The drought tolerant group accumulated significantly more proline than susceptible
genotypes (t. test, p< 0.05). Among both type of somatic hybrids with or without MMR deficiency
can be found in the drought-resistant group, which supports our hypothesis that somatic
hybridization has a greater influence on the ability to develop drought-tolerance than the deficiency
in the DNA repair system.

Based on the obtained results we can conclude that proline accumulation during water
stress greatly contributed to plants’s tolerance ability. During moderate stress, the resistant plants
developed normally, while in severe drought condition the tolerant plants were able to grow roots,
which are essential to achieve water storages in natural conditions. Proline accumulation allowed

the plants to survive and develop relatively well in the water deficit period.
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VI11.2. Plants biomass accumulation under drought condition

In our experiment, the impact of drought on morphological traits of stressed plants were
determined using biomass accumulation differences between control and drought stressed plants.
Plants with higher amounts of green pixels represent an extended surface area of their shoot, which
is directly proportional to the drought tolerance ability of plants.

As an effect of drought stress the majority of the analyzed plants, accumulated significantly
less biomass (ANOVA, p< 0.05) than control ones. Obidiegwu et al. (2015) obtained similar
results: drought negatively affected plant development, which resulted in reduced foliage
extension and decreased tubers yield quantity and quality.

Drought stress negatively affects foliar extension of plants, which led to tuber yield
reduction. Comparing tuber yield and biomass accumulation changes during water stress, we
observed the plants that suffered less from drought and accumulated approximately as much green
biomass than control plants, were able to develop good quality tubers, while plants with reduced
foliar extension developed small-sized tubers.

Photosynthesis is the most important biological process of plants, which is essential in
biomass accumulation (Arabzadeh 2013). Drought stress proved to reduce the growth and yield of
the potato by affecting the kinetics of chlorophyll fluorescence (Jefferies 1992). After both
measurements, we observed that the maximal quantum efficiency of stressed plants were not
decreased under drought conditions. In the next step the effectiveness of the photosynthesis was
evaluated by calculating the performance index (PI), which proved to react more sensitively to
drought stress than the maximal quantum efficiency (Cavender-Bares and Bazzaz 2004). As was
with the other calculated parameters, in this case the PI value of drought stressed plants was also
similar to that of the control group in the first investigation, and was significantly higher (t. test,
p<0.05) in the second measurements. The increase of Pl index in the second measurements
suggests that the analyzed plants were able to adapt, with time, to the applied moderate drought
stress. Therefore if this parameter was not reduced during water stress, it is possible that the
induced water scarcity was not strong enough to have a negative impact on this trait.

Non-photochemical quenching (NPQ) of chlorophyll fluorescence indicates the level of
light-energy dissipation through fluorescence re-emission, or heat releasing in the PSII reaction
center (Fracheboud and Leipner 2003). NPQ levels of drought stressed plants were significantly

higher in the early stage of water scarcity (2" week) than during second measurements. This
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observation explains the lack of similar amount of biomass accumulation in stressed plants
compared to control ones. A large amount of the harvested light energy was lost by non-
photochemical quenching, therefore the effectiveness of carbon fixation was reduced. Non-
photochemical quenching was the plants’ necessarily evil solution to protect themselves from
photo damaging, thereby the stressed plants were able to survive and to maintain their vital
functions without noticeable losses.

Based on the second measurement’s results we can conclude that stressed plants adapted
to the induced stress conditions. Non-photochemical quenching level was reduced, which yielded
visible results in biomass accumulation. Carbon fixation of stressed plants began to work more
efficiently, in some cases stressed plants biomass level caught up or approached to those of the

control plant.

VIIl. GENERAL CONCLUSIONS

The main objective of my research was to characterize the Solanum somatic hybrids
between cultivated potato and S. chacoense. These SHs and derivates are genetically unique plant
material, therefore they need to be characterized separately in order to find those genotypes which
possess valuable traits. My experiments were focused on determining the resistance of somatic
hybrids and derivates to biotic and abiotic stresses.

The specific conclusions by chapters are as follows:

1. Genetic constitution determination of Solanum somatic hybrids using classical and
modern cytogenetic methods

First of all, the genetic stability of somatic hybrids and derivates were investigated. The

ploidy level of the analyzed genotypes varied between tetraploid and hexaploid level. SHs

eliminated chromosomes during regeneration, which can be explained by somatic incompatibility

of the parental species. The majority of the first generation backcross progenies and all of the BC;

clones were tetraploids, therefore we can state that the hybrids became genetically stable at

tetraploid level. Flow cytometry proved to be a rapid and easy, but also a precise technique.
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Chromosome number of Solanum plants could be predicted with high accuracy using the above
described method.

Genomic in situ hybridization method was used to establish the genetic composition of
somatic hybrids. GISH analyses revealed that SHs eliminated more chromosomes from wild
species than from cultivated potato, which can be explained by ploidy level differences or

asynchrony of mitosis process of parental lines.

2. Determination of somatic hybrids which possess leptine glycoalkaloid encoding genes by
using molecular markers

RAPD analysis with leptine-specific markers, described by Bouarte-Medina et al. (2002)
and Ronning et al. (1999) were used to select leptine producer SHs and BC clones. Among these
markers, only OPT-20 showed specific polymorphism. Based on RAPD-PCR analysis the leptine
synthesis ability showed a 1:2 segregation in descendants. Among the analyzed MMR deficient
SHs (20 SH), 13 amplified the 250 bp length DNA sequence. SHs with AtMSH2 gene in antisense
orientation (AS) possessed the specific DNA sequence in a higher proportion (54.54%), than SHs
with dominant negative mutant AtMSH2 gene (40%).

In our experiments the effective OPT-20 RAPD marker was converted into SCAR marker.
Unfortunately, none of the newly designed SCAR markers were effective in recognizing specific

DNA sequence exclusively in leptine-producer Solanum genotypes.

3. Biochemical analysis of Solanum somatic hybrids and derivates

The glycoalkaloid composition of parent lines, SHs with or without MMR deficiency and
BC clones were determined using HPLC method. All of the Solanum genotypes synthetized the
common a-chaconine with retention time (RT) at 11.7 minutes and a-solanine with RT at 11.2
minutes. Because commercial standards for leptine glycoalkaloids were not available, the
determination of leptine glycoalkaloids was not possible. In the future, we would like to analyze
the Solanum genotypes glycoalkaloid content with LC-MS spectroscopy.

FTIR spectroscopy was performed to compare the chemical composition of SHs and
derivates with parental lines. To visualize the clustering of genotypes, principal component

analysis was used. The analyzed genotypes formed well-separated clusters, according to the
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second principal component. FTIR spectroscopy was a reliable method in determining biochemical

factors that have a high impact on the resistance of plants.

4. Resistance and defense response of Solanum somatic hybrids and backcross progenies to
Colorado potato beetle

A laboratory bioassay was performed to evaluate the antibiosis effect of somatic hybrids
against CPB. This long-term monitoring was effective in selecting resistant genotypes, which had
toxic effects and affected the normal development of the CPB larvae. “Choice test” experiments
were used to determine Solanum genotypes with antixenosis properties. Based on food preference
of adult CPBs, SHs and derivates with repellent effect were successfully selected.

More of the SHs with MMR deficiency were resistant to CPB than in the case of wild type
SHs. MMR deficient SHs had stronger toxic effect, some of them were as toxic as S chacoense, in
these cases no larvae survived to adulthood. Percentage survival, mean weight of larvae were more
reduced in SHs with deficiency in DNA repair system. Only in the case of MMR deficient SHs
were emerged adults with malformation observed which were not able to reproduce. Based on our
results we concluded that DNA repair system deficiency increases the transfer of resistance genes
from S. chacoense into cultivated potato.

SHs and BC progenies with resistant properties amplified the specific 250bp DNA
sequence, which was linked to leptine production, in RAPD analysis, therefore the resistant of
these genotypes were attributed to leptine glycoalkaloid synthesis.

Wounding were used to evaluate the defense response of Solanum plants against herbivore
attacks. After mechanical injury, high amounts of H,O were accumulated in leaves. The H2O>
accumulation ability of plants highly influenced their response to insect herbivore attacks. In those
cases when plants responded to mechanical injury with intense H,O. accumulation, they also
possessed both of antibiosis and antixenosis properties against CPB.

In case of potato somatic hybrids, anthocyanin has an important role as radical scavenger,

which provides protection against oxidative stress generated after mechanical injury of leaves.

5. Drought stress effects on Solanum somatic hybrids and derivates
In vitro stress-selection proved to be an effective method in selecting moderate and/or

severe drought tolerant Solanum genotypes. Parental lines were sensitive to water shortage, but
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despite this, drought tolerant SHs with or without MMR deficiency and BC clones was observed.
A higher proportion of MMR deficient SHs effectively tolerated the induced severe drought stress
than Solanum genotypes without MMR deficiency. Based on the obtained results we concluded
that somatic hybridization process and deficiency in DNA repair system influenced the new
properites development in somatic hybrids.

Moderate drought condition negatively affected the development of Solanum genotypes.
After ex vitro stresselection, all of the analysed genotypes tolerated the induced moderate drought
stress, but based on the tuber yield and biomass accumulation changes, plants that suffered less
from drought and accumulated approximaltey as much green biomass than control plants can be
selected. These genotypes were also able to develop better quality tubers than the other genotypes.

The induced moderate drought conditions did not affected the maximum quantum yield of
photosynthesis, which shows that the PSII photosystem was not damaged. The increased
performance index values during the second measurements suggest that the stressed plants were
able to adapt with time to the moderate drought condition. Non-photochemical quenching (NPQ)
was higher in the early stage of water scarcity, than during second measurements. NPQ level
reduction with time contributed to the increase of carbon fixation in stressed plants, which resulted
in visible increase in biomass accumulation. Based on the photosynthesis analyses we concluded

that stressed plants were able to adapt to the induced water stress condition.

Based on the obtained results, we concluded, that somatic hybrids between S. tuberosum
and S. chacoense with or without MMR deficiency, and their BC progenies represent a valuable
plant material for potato breeders and also for experimental biologists. The unique character of
these genotypes lies in the fact that these plants were obtained by the fusion of two genetically
different plant cells, which causes mixing of the parent lines’s genetic material in the SHs.

Combining different biotechnological tools (protoplast electrofusion, genetic
transformation for MMR deficiency) - which can be termed as combinatorial biotechnology
(Rakosy-Tican 2012; Rakosy-Tican et al. 2013) - to increase the possibility of integrating stress
resistance genes into potato gene pool were used to produce Colorado potato beetle resistant
somatic hybrids between cultivated potato and S. chacoense. The application of DNA mismatch
repair system deficiency in the somatic hybridization processes was the first time used by our

research group to produce potato somatic hybrid plants (Rakosy et al. 2004; Rakosy et al. 2015).
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After thorough characterization of SHs and BC clones with cytological, molecular,
biochemical methods and also with CPB laboratory bioassay as well as with choice test, the CPB
resistant genotypes were selected. More SHs with MMR deficiency possessed the CPB resistance
than the wild-type SHs. Our results confirmed the potential of combinatorial biotechnology: the
genetic transformation which induced DNA mismatch repair deficiency increased the
homeologous recombination between the two related species and thereby it increased the transfer
of resistance genes into cultivated potato.

Moreover, SHs with or without MMR were exposed to different drought conditions in order
to select drought-tolerant plants by using in vitro and ex vitro stress-selection methods. Despite of
the sensibility of parental species to drought some of the somatic hybrids - mostly from MMR
deficient genotypes - were tolerant to the induced drought stress. This result reveals a new role of
the concept of combinatorial biotechnology because this strategy may be important in new
resistance properties formation during somatic hybridization process.

A total of 5 SHs with and one without MMR deficiency and also one BC1 line were selected,
which combined all of the tested resistance traits. These genotypes might also be resistant to other
biotic or abiotic stresses because plants use the same signaling pathways for activating defense
responses to different stress. Therefore, exposure to a mild stress trigger the plant’s immune
responses and enhances their resistance against a range of stress factors (Foyer et al. 2016).

These results open new possibilities for the integration in breeding programs of these
somatic hybrid clones.

28



IX. SELECTED REFERENCES

10.

11.

12.

13.

14.

15.

Arabzadeh N (2013). The impact of drought stress on photosynthetic quantum vyield in
Haloxylon aphyllum and Haloxylon persicum. African Journal of Plant Science, 7(6): 185-
189

Bennett RH and Wallsgrove RM (1994). Secondary metabolites in plant defense-
mechanisms. New Phytol., 127: 617-633

Bi JL and Felton GW (1995). Foliar oxidative stress and insect herbivory: Primary
compounds, secondary metabolites, and reactive oxygen species as components of induced
resistance. J. Chem. Ecol., 21: 1511-1530

Birky CW (1995). Uniparental inheritance of mitochondrial and chloroplast genes:
mechanisms and evolution. Proc. Nat. Acad. Sci. USA, 92(25): 11331-11338
Bouarte-Medina T, Fogelman E, Chani E, Miller A, Levin I, Levy D and Veilleux R (2002).
Identification of molecular markers associated with leptine in reciprocal backcross families
of diploid potato. Theoretical and Applied Genetics, 105(6): 1010-1018

Camire ME, Kubow S and Donnelly DJ (2009). Potatoes and human health. Critical Reviews
of Food and Science Nutrition, 49: 823-840

Cavender-Bares J and Bazzaz FA (2004). From leaves to ecosystems: Using chlorophyll
fluorescence to assess photosynthesis and plant function in ecological studies. In:
Chlorophyll a fluorescence: A signature of photosynthesis. Advances in Photosynthesis and
Respiration, Springer, Dordrecht, Netherlands, 19: 735755

Chaves MM, Fexas J and Pinhero C (2009). Photosynthesis under drought and salt stress:
regulation mechanisms. Annals of Bot., 103: 551-560

Coombs JJ, Douches DS, Li WB, Grafius EJ, and Pett WL (2002). Combining engineered
(Bt-cry3a) and natural resistance mechanism in potato for control of Colorado potato beetle.
J. Am. Soc. Hortic. Sci., 127: 62—68

Cornic G (2000). Drought stress inhibits photosynthesis by decreasing stomatal aperture -
not by affecting ATP synthesis. Trends Plant Sci., 5: 187-188

De Bruxelles GL and Roberts MR (2001). Signals regulating multiple responses to wounding
and herbivores. Crit. Rev. Plant Sci., 20: 487-521

FAOSTAT (2014). Food and agriculture organization of the United Nations. Retrieved 2016
June 9 from http://faostat.fao.org/site/339/default.aspx

Feher-Juhasz E, Majer P, Sass L, Lantos Cs, Csisar J, Turoczy Z, Mihaly R, Mai A, Horvath
VG, Vass | and Pauk J (2014). Phenotyping shows improved physiological traits and seed
yield of transgenic wheat plants expressing the alfalfa aldose reductase under permanent
drought stress. Acta Physiol. Plant., 36: 663-673

Fewell AM and Roddick JG (1993). Interactive antifungal activity of the glycoalkaloids a-
solanine and a-chaconine. Phytochemistry, 33: 323-328

Fewell AM and Roddick JG (1997). Potato glycoalkaloid impairment of fungal development.
Mycological Research, 101: 597-603

29


http://faostat.fao.org/site/339/default.aspx

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

217.

28.

29.

30.

31.

Foyer CH, Rasool B, Davey JB and Hancock RD (2016). Cross-tolerance to biotic and
abiotic stresses in plants: a focus on resistance to aphid infestation. J. Exp. Bot., 67(7):
2025-2037

Fracheboud Y and Leipner J (2003). The application of chlorophyll fluorescence to study
light, temperature, and drought stress. In: Practical applications of chlorophyll fluorescence
in plant biology. Kluwer Academic Publishers, Dordrecht, Netherlands, 125-150

Friedman M (2006). Potato glycoalkaloids and metabolites: roles in the plant and in the diet.
J. Agric. Food Chem., 54: 8655-8681

Friedman M and McDonald GM (1997). Potato glycoalkaloids: chemistry, analysis, safety,
and plant physiology. Crit. Rev. Plant Sci., 16: 55-132

Gebhardt C (2013). Bridging the gap between genome analysis and precision breeding in
potato. Trends in Genetics, 29(4): 248-256

Glimelius K, Fahlesson J, Landgren M, Sjodin C and Sundberg E (1991). Gene transfer via
somatic hybridization in plants. Trends Biotechnol., 9(1): 24-30

Gubarev MI, Enioutina EY, Taylor JL, Visic DM and Daynes RA (1998). Plant-derived
glycoalkaloids protect mice against lethal infection with Salmonella typhimurium. Phytother.
Res., 12: 79-88

Hare JD (1990). Ecology and management of the Colorado potato beetle. Annual Rev.
Entomol., 35: 81-100

Hassanpanah D (2010). Evaluation of potato advanced cultivars against water deficit stress
under in vitro and in vivo condition. Biotechnology, 9: 164—169

Haverkort AJ, Struik PC, Visser RGF and Jacobsen E (2009). Applied biotechnology to
combat Late blight in potato caused by Phytophthora infestans. Potato Research, 52(3):
249-264

Hawkes JG (1990). The potato: Evolution, biodiversity and genetic resources. Belhaven
Press, Oxford, London, UK, 24-143

Hermanova V, Barta J and Curn V (2007). Wild potato species: Characterization and
biological potential for potato breeding. Czech Journal of Genetics and Plant Breeding, 43:
73-81

Hirsch CN, Hirsch CD, Felcher K, Coombs J, Zarka D and VanDeynze A (2013).
Retrospective view of North American potato (Solanum tuberosum L.) breeding in the 20th
and 21st centuries. G3 (Bethesda), 3: 1003-1013

Ispas G (2004). Role of the mismatch repair protein MSH2 in maintenance of genome
stability in plants. PhD thesis, Vrije Universiteit Brussel, Brussels, Belgium, 34-79

Jang TS and Weiss-Schneeweiss H (2015). Formamide-free genomic in situ hybridization
allows unambiguous discrimination of highly similar parental genome in diploid hybrids and
allopolyploids. Cytogen. Genome Res., 146(4): 325-331

Jefferies RA (1992). Effect of drought on chlorophyll fluorescence in potato (Solanum
tuberosum L.,). Plant water status and the kinetics of chlorophyll fluorescence. Pot. Res., 35:
25-34

30



32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Kaiser WM (1987). Effect of water stress on photosynthesis. Physiol. Plant., 71: 142-149
Kessler A and Baldwin IT (2002). Plant responses to insect herbivory: the emerging
molecular analysis. Annual Rev. Plant Biol., 53: 299-328

Molnar I, Besenyei E, Thieme R, Thieme T, Aurori A, Baricz A, Banciu HL and Rakosy-
Tican E (2016a). Mismatch repair deficiency increases the transfer of antibiosis and
antixenosis properties against Colorado potato beetle in the somatic hybrids Solanum
tuberosum (+) S. chacoense, Pest Management Science, Accepted Author Manuscript.
doi:10.1002/ps.4473

Molnar I, Mustata RA and Rakosy-Tican E (2016b). Reactive oxygen species and
anthocyanin are involved in plant response to wounding as part of insect feeding — the case
of the somatic hybrids Solanum tuberosum + Solanum chacoense, Studia UBB Biologia,
61(2) - Accepted Author Manuscript

Moloi MJ and van der Westhuizen A (2006). The reactive oxygen species are involved in
resistance response of wheat to the Russian wheat aphid. J. Plant Physiol., 163: 1118-1125
Nagata T, Tudoriki S, Masumizu T, Suda I, Furuta S, Du Z and Kikuchi S (2003). Levels of
active oxygen species are controlled by ascorbic acid and anthocyanin in Arabidopsis. J.
Agric. Food Chem., 51: 2992-2999

Obidiegwu J, Bryan GJ, Jones HG and Prashar A (2015). Coping with drought stress and
adaptive responses in potato and perspectives for improvement. Front. Plan. Sci.,
6: 542-565

Ochatt SJ (2006). Flow cytometry (ploidy determination, cell cycle analysis, DNA content
per nucleus). Medicago truncatula handbook, 1-13

Paran | and Michemore RW (1993). Development of reliable PCR-based markers linked to
downy mildew resistance genes in lettuce. Theoretical and Applied Genetics, 85(8): 985-
993

Penner GA, Chong J, Wight CP, Molnar SJ, Fedak G (1993). Identification of an RAPD
marker for the crown rust resistance gene Pc68 in oats. Genome, 36(5): 818-820

Pino MT, Avila A, Molina A, Jeknic Z and Chen THH (2013), Enhanced in vitro drought
tolerance of Solanum tuberosum and Solanum commersonii plants overexpressing the
ScCBFL1 gene. Ciencia e Investigacion Agraria, 40:171-184

Rakosy-Tican E (2012). Combining different biotechnological tools for better introgression
of resistance genes into crops: the case of potato. Journal of Biotechnology, 161(S1): 18
Rakosy-Tican E and Aurori A (2015). Green fluorescent protein (GFP) supports the selection
based on callus vigorous growth in the somatic hybrids Solanum tuberosum L. + S. chacoense
Bitt. Acta Physiologiae Plantarum, 37: 201-206

Rakosy-Tican E, Molnar I, Thieme R and Taoutaou A (2013). New data supporting
combinatorial biotechnology towards potato resistant to its most voracious pest Colorado
potato beetle. Current Opinion in Biotechnology, 24(S1): 42-43

31



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57,

58.

Rakosy-Tican L, Aurori A, Aurori CM, Ispas G and Famelaer | (2004). Transformation of
wild Solanum species resistant to late blight by using reporter gene GFP and MSH2 genes.
Plant Breeding and Seed Science (Warszawa), 50: 119-128

Rodriguez F and Spooner DM (2009). Nitrate reductase phylogeny of potato (Solanum sect.
Petota) genomes with emphasis on the origins of the polyploid species. Syst. Bot., 34: 207-
219

Ronning CM, Stommel JR, Kowalski SP, Sanford LL, Kobayashi RS and Pineada O (1999).
Identification of molecar markers associated with leptine production in a population of
Solanum chacoense Bitter. Theoretical and Applied Genetics, 98(1): 39—46

Ross H (1986). Potato breeding: problems and perspectives. Adv. Plant Breed., Hamburg
and Berlin, Germany, 13(Suppl): 112-125

Sanford LL, Kobayashi RS, Deahl KL and Sinden SL (1997). Diploid and tetraploid Solanum
chacoense genotypes that synthesize leptine glycoalkaloids and deter feeding by Colorado
potato beetle. Am. Potato J., 74: 15-21

Sanz MJ, Ferrandiz ML, Cejudo M, Terencio MC, Gil B, Bustos G, Ubeda A, Gunasegaran
R and Alcaraz MJ (1994). Influence of a series of natural flavonoids on free radical
generating systems and oxidative stress. Xenobiotica, 24: 689-699

Sinden SL, Sanford LL and Webb RE (1984). Genetic and environmental control of potato
glycoalkaloids. Am. Potato J., 61: 141-156

Sinden SL, Sanford LL, Cantelo WW and Deahl KL (1986). Leptine glycoalkaloids and
resistance to the Colorado potato beetle (Coleoptera: Chrysomelidae) in Solanum chacoense.
Environ. Entomol., 15: 1057-1062

Spooner DM, Rodriguez A, Polgar Z, Ballard HEJr and Jansky SH (2008). Genomic origins
of potato polyploids: GBSSI gene sequencing data. Plant Genome (Suppl. Crop Sci.), 48 (S1):
27-36

Thieme R, Rakosy-Tican L, Nachtigall M, Schubert J, Hammann T, Antonova O, Gavrilenko
T, Heimbach and Thieme T (2010). Characterization of the multiple resistance traits of
somatic hybrids between Solanum cardiophyllum Lindl. and two commercial potato
cultivars, Plant Cell Rep., 29: 1187-1201

Udalov MB and Benkovskaya GV (2011). Population genetics of the Colorado potato
beetle: from genotype to phenotype. Russian Journal of Genetics: Applied Research, 1(4):
321-333

Wolters AMA, Schoenmakers HCH and Koorneef M (1995). Chloroplast and mitochondrial
DNA composition of triploid and tetraploid somatic hybrids between Lycopersicon
sculentum and Solanum tuberosum. Theor. Appl. Genet., 90: 285-293

Yencho GC, Kowalski SP, Kennedy GG and Sanford LL (2000). Segregation of leptine
glycoalkaloids and resistance to Colorado potato beetle (Leptinotarsa decemlineata (Say))
in F2 Solanum tuberosum (4x) x S. chacoense (4x) potato progenies. Am. J. Potato Res., 77:
167-178

32



X. PUBLICATIONS

Article ISI:

1. Molnar I, Besenyei E, Thieme R, Thieme T, Aurori A, Baricz A, Banciu HL and Rakosy-Tican
E (2016). Mismatch repair deficiency increases the transfer of antibiosis and antixenosis
properties against Colorado potato beetle in the somatic hybrids Solanum tuberosum (+) S.
chacoense, Pest Management Science, Accepted Author Manuscript. doi:10.1002/ps.4473. IF:
2.811

2. Cruceriu D, Molnar |, Diaconeasa ZM, Aurori A, Socaciu C, Rakosy-Tican E (2016). In
vitro culture as a stressful factor triggers different physiological responses in somatic hybrids
between Solanum tuberosum and S. bulbocastanum, Notulae Botanicae Horti Agrobotanici,
Accepted Author Manuscript. IF: 0.71

3. Rakosy-Tican E, Thieme R, Nachtigall M, Molnar | and Dénes TE (2015). The recipient potato
cultivar influences the genetic makeup of the somatic hybrids between five potato cultivars and
one cloned accession of sexually incompatible species Solanum bulbocastanum Dun, Plant Cell
Tissue and Organ Culture, 122: 395-407. IF: 2.39

4. Rigo K, Majoros G, Szekeres S, Molnar I, Jablonszky M, Majlathova V, Majlath | and Foldvari
G (2016). Identification of Hepatozoon erhardovae Krampitz, 1964 from bank voles (Myodes
glareolus) and fleas in Southern Hungary, Parasitology Research, 115(6): 2409-2413. IF:
2.027

5. Baricz A, Cristea A, Muntean V, Teodosiu G, Andrei A-S, Molnar I, Alexe M, Rakosy-Tican
E and Banciu HL (2015). Culturable diversity of aerobic halophilic archaea (Fam.
Halobacteriaceae) from hypersaline, meromictic Transylvanian lakes, Extremophiles, 19(2):
525-537. IF: 2.346

6. Molnar I, Papp J, Simon A and Anghel SD (2013). Deactivation of Streptococcus mutans
biofilms on a tooth surface using He dielectric barrier discharge at atmospheric pressure, Plasma
Science and Technology, 15(6): 535-541. IF: 0.74

33



Abstract ISI:

1. Molnar I, Taoutaou A and Rakosy-Tican E (2013). Detection of leptine glycoalkaloids by
using FTIR and RAPD markers in Solanum somatic hybrids, Current Opinion in
Biotechnology, 24(S1): 133-134. IF: 7.89

2. Rakosy-Tican E, Molnar I, Thieme R and Taoutaou A (2013). New data supporting
combinatorial biotechnology towards potato resistant to its most voracious pest Colorado
potato beetle, Current Opinion in Biotechnology, 24(S1): 42-43. IF: 7.89

Article B+
1. Molnar I, Mustata RA and Rakosy-Tican E (2016). Reactive oxygen species and

anthocyanin are involved in plant response to wounding as part of insect feeding — the case
of the somatic hybrids Solanum tuberosum + Solanum chacoense, Studia UBB Biologia,
61(2) - Accepted Author Manuscript

2. Rakosy-Tican E, Thieme R, Aurori A, Erdelyi-Molnér 1, Besenyei E, Mustatd AR,
Magineanu AM and Cruceriu D (2016). The application of combinatorial biotechnology in
improving potato resistance to biotic and abiotic stress, Studia UBB Biologia, 61(1): 79-88

3. Dénes TE, Molnar |, Rakosy-Tican E (2015). New insights in the interaction between
cultivated potato and Phytophthora infestans, Studia UBB Biologia, 60(1):165-175

4. Margineanu A-M, Erdelyi-Molnar I, Rakosy-Tican E (2015). Comparative study of
trichomes in three parental Solanum species and their somatic hybrids, cultivated in
greenhouse or phytotron, Studia UBB Biologia, 60(1):57-67

5. Mustati RA, Molnar I, Dénes TE, Réakosy-Tican E (2014). In vitro stress selection of
marker free transgenic potato lines in order to produce potato resistant to both PVY and
drought stress, Studia UBB Biologia, 59(2): 35-46

6. Margineanu A-M, Erdelyi-Molnar I, Rakosy-Tican E (2014). Trichomes types analysis
and their density in parental species Solanum tuberosum and S. chacoense and their derived
somatic hybrids, Analele Stiintifice ale Universitatii ,,Al. I. Cuza”, 60(2): 33-42

34



Other articles

Molnar I (2015). Burgonya szomatikus hibridek rezisztencia vizsgalata Colorado bogarral
szemben, Intelligens halé, 103-111

Molnar |1, Dénes TE, Kruppa K, Szakacs E, Langné-Molnar M (2014). Molekularis
citogenetikai vizsgélatok burgonya fajhibrideken, Martonvasar, 28-29

Conference participations

1.

Erdelyi-Molnar 1, Besenyei E, Rakosy Tican E (2016). Antibiosis and antixenosis
properties of somatic hybrids and backcross progenies (S. chacoense + S. tuberosum) to the
Colorado potato beetle, Asociatia Romana de culturi de tesuturi si celule vegetale, Cluj-
Napoca, Romania

Cruceriu D, Erdelyi-Molnar 1, Sconta Z, Margineanu AM, Aurori A, Rakosy-Tican E
(2016). Characterization of several resistance mechanisms in somatic hybrids between
Solanum bulbocastanum and the cultivar tuberosum ‘Rasant’. International Symposium
”Young Researchers in BioSciences”, Cluj-Napoca, Romania

Mustata RA, Molnar I, Denes TE, Aurori A, Rakosy-Tican E (2016). In vitro analysis for
drought tolerance of different transgenic potato lines resistant to PVY, Asociatia Roméana
de culturi de tesuturi si celule vegetale, Cluj-Napoca, Romania

Rakosy-Tican E, Thieme R, Aurori A, Molnér I, Dénes TE, Beseneyi E, Marginean AM,
Cruceriu D, Mustata RA (2016). The application of combinatorial biotechnology in
improving potato resistance to biotic and abiotic stress, Asociatia Romana de culturi de
tesuturi si celule vegetale, Cluj Napoca, Romania

Dénes TE, Molnar |, Mustata RA, Vass I, Cseri A, Vass I, Rakosy-Tican E (2016).
Photosynthetic response under long-term drought stress in somatic hybrids between potato
and Solanum bulbocastanum, Asociatia Romana de culturi de tesuturi si celule vegetale,
Cluj Napoca, Romania

Cruceriu D, Aurori A, Molnar 1, Diaconeasa Z, Socaciu C, Rakosy-Tican E (2016).
Physiological effects of the in vitro culture on explants belonging to Solanum , Asociatia

Romana de culturi de tesuturi si celule vegetale, Cluj-Napoca, Romania

35



10.

11.

12.

13.

14.

Dénes TE, Mustata AR, Taoutaou A, Molnar I, Rékosy-Tican E (2015). Histochemical
localization of molecules involved in oxidative burst in Solanum bulbocastanum + Solanum
tuberosum somatic hybrids infected by agro-infiltration with late blight effectors,
Pannonian Plant Biotechnology Workshop; "Integration fundamental research into the
practical agriculture”, Ljubljana, Slovenia

Margineanu AM, Erdelyi-Molnar 1, Rakosy-Tican E (2015). Correlation between
trichome density and Colorado beetle resistance in the somatic hybrids between potato and
S. chacoense, Pannonian Plant Biotechnology Association Conference ,,Integration
fundamental research into the practical agriculture Progress and Perspectives, Ljubljana,
Slovenia

Rakosy-Tican E, Thieme R, Nachtigall M, Hammann T, Denes TE, Erdelyi-Molnér |
(2015). Somatic hybridization between Solanum bulbocastanum and potato — the influence
of recipient cultivar, somatic incompatibility and stacking of two late blight resistance
genes, Pannonian Plant Biotechnology Association Conference Integration fundamental
research into the practical agriculture Progress and Perspectives”, Ljubljana, Slovenia
Margineanu AM, Erdelyi-Molnar 1, Besenyei E, Rakosy-Tican E (2015). Trichome
density and Colorado Potato Beetle choice test, performed in somatic hybrids between two
potato cultivars and Solanum chacoense, International Symposium ”Young Researchers in
BioSciences”, Cluj-Napoca, Romania

Rékosy-Tican E, Molnar |, Dénes TE, Cseri A, Mustata R, Vass I (2015). Integrating
phenotyping for drought tolerance into biotechnological potato improvment for multiple
resistance traits, Plant Phenotyping Symposium, Barcelona, Spain

Cruceriu D, Erdelyi-Molnér |, Sconta Z, Aurori A, Socaciu C, Rakosy-Tican E (2015).
Cultura in vitro: factor stresat pentru explantele vegetale, Conferinta Nationala Anuala de
Comunicari stiintifice, Bistrita, Romania

Molnar I, Boitor R, Thieme R, Thieme T, Rakosy-Tican E (2014). The evaluation of
resistance to Colorado potato beetle and detection of glycoalkaloid content by using Fourier
transform infrared spectroscopy in Solanum tuberosum + Solanum chacoense somatic
hybrids, PPBA, Mosonmagyardvar, Hungary

Mustata AR, Molnar 1, Rakosy-Tican E (2014). The evaluation of proline, plant
regeneration and viability after in vitro stress selection sustains drought resistance in potato

36



15.

16.

17.

18.

19.

20.

21.

22.

23.

marker-free transgenic lines carrying PVYCP intron containing hairpin construct, PPBA,
Mosonmagyarovar, Hungary

Margineanu AM, Molnér I, Rakosy-Tican E (2014). Trichomes types and their density in
parental species Solanum tuberosum and S. chacoense and their derived somatic hybrids
PPBA, Mosonmagyarovar, Hungary

Dénes TE, Molnar I, Kruppa K, Szakacs E, Langné-Molnar M, Rékosy-Tican E (2014).
The ploidy and genome composition of Solanum tuberosum and Solanum bulbocastanum
somatic hybrids and their derived backcross progenies, PPBA, Mosonmagyarovar, Hungary
Molnar I, Thieme R, Rakosy-Tican E (2014). Resistance analysis of Solanum somatic
hybrids to Colorado potato beetle, Conference Young Researchers In Bioscience, Cluj
Napoca, Romania

Mustata AR, Molnér I, Rakosy-Tican E (2014). Inducing in vitro drought resistance to
marker-free, transgenic potato lines, Conference Young Researchers In Bioscience, Cluj
Napoca, Romania

Dénes TE, Molnar |, Kruppa K, Molnar-Langné M, Thieme R, Réakosy-Tican E (2014).
Cytological analysis the genome composition of somatic hybrids and backcross progenies
between cultivated potato and Solanum bulbocastanum, Conference Young Researchers In
Bioscience, Cluj Napoca, Romania

Rakosy-Tican E, Molnar I, Thieme R, Thieme T (2014). Mismatch repair deficiency
increases the resistance to Colorado potato beetle of the somatic hybrids S. chacoense +
potato, 19th Triennial Conference of EAPR, Brussels, Belgium

Thieme R, Rakosy-Tican E, Molnar I, Thieme T (2014). Wild species as genetic resources
of resistance to Colorado potato bettle (Leptinotarsa decemlineata), 19th Triennial
Conference of EAPR, Brussels, Belgium

Molnar I, Taoutaou A, Rakosy-Tican E (2013). Detection of leptine glycoalkaloids by
using FTIR and RAPD markers in Solanum somatic hybrids, Eurobiotech Conference,
Bratislava, Slovakia

Rakosy-Tican E, Molnar I, Thieme R, Taoutaou A (2013). New data supporting
combinatorial biotechnology towards potato resistant to its most voracious pest Colorado

potato beetle. Eurobiotech Conference, Bratislava, Slovakia

37



24,

25.

26.

27.

28.

Molnar I, Thieme R, Rakosy-Tican E (2013). The evaluation of resistance to Colorado
potato beetle and linked RAPD markers in Solanum tuberosum + Solanum chacoense
somatic hybrids, VIPCA Conference on Plant Diseases and Resistance Mechanisms,
Vienna, Austria

Rakosy-Tican E, Molnar I, Mustata R, Taoutaou A, Thieme R (2013). Combining different
biotechnological tools for better introgression of resistance traits in potato, PPBA, Plants
for the future Conference, Cluj Napoca, Romania

Dénes TE, Molnar I, Rakosy-Tican E (2013). Cytogenetic analysis of somatic hybrids and
backcross progenies between potato and Solanum bulbocastanum, PPBA, Plants for the
future Conference, Cluj Napoca, Romania

Molnér I, Rakosy-Tican E (2012). Cytogenetic analysis of the somatic hybrids of Solanum
tuberosum and late blight resistant Solanum bulbocastanum, PPBA, Debrecen, Hungary
Speth H, Molnar I, Rakosy-Tican E (2012). Screening of the somatic hybrids potato +
Solanum chacoense for their resistance to Colorado potato beetle by using the choice test,

PPBA, Debrecen, Hungary

38



	TABLE OF CONTENTS

