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Introduction and aims 

 

The increasing temperature leads to more and more arid agricultural areas 

worldwide. Hence, to have drought tolerant crops for the growing demand of food 

supply is reasonable.    

 Potato (Solanum tuberosum) is the fourth most important crop in the world, 

and very sensitive to drought. Application of molecular and transformation 

techniques in the last decades enable the breeders to develop new varieties with 

improved drought tolerance.   

 Trehalose, a non-reducing disaccharide composed of two glucose molecules 

is a very abundant sugar in nature. In bacteria, yeast and desiccation tolerant plants 

it accumulates under osmotic/dehydration stress, and helps cells to survive by 

protecting membranes and proteins (IORDACHESCU & IMAI 2008; JAIN & 

ROY, 2009). Expression of trehalose biosynthetic genes in plants can improve the 

drought tolerance (YEO et al., 2000; CORTINA et al., 2005; KARIM et al., 2007; 

MIRANDA et al., 2007). STILLER et al. (2008) have previously introduced the 

TPS1 gene of yeast into the potato cultivar White Lady under the control of a 

drought-inducible potato promoter, StDS2. Although the transgenic plants became 

drought tolerant, it was determined that the transgene was expressed at a very low 

level even under optimal growth conditions and the transgenic plants displayed 

certain morphological and physiological changes when compared with the wild-

type. For example, they grew slower, had a lower CO2 fixation rate and reduced 

stomatal density. Changes in expression of the genes implicated in photosynthesis 

and carbohydrate metabolism were also detected (KONDRÁK et al., 2011, 2012). 

Transcriptional changes can lead to metabolic changes, which can modify the 

metabolic composition of the plants. With this object, the first issue of my 

dissertation is: 

1. To compare the metabolic content of the leaves and tubers of the wild-

type and the T1, T2 transgenic lines expressing the yeast trehalose-6-
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phosphate synthase 1 gene under optimal-, and drought stress 

conditions.  

Infection of plants by necrotizing pathogens or colonization of plant roots with 

certain beneficial microbes causes the induction of a unique physiological state 

called priming. The primed state can also be induced by treatment of plants with 

various natural and synthetic compounds. Primed plants display either faster, 

stronger, or both, activation of the various cellular defense responses that are 

induced following attack by either pathogens or insects or in response to abiotic 

stress (PRIME-A-PLANT GROUP, 2006). The phenomenon of priming is strongly 

related to the pathogen-related (PR) proteins and their coding genes. The 

expression of PRLIP (pathogenesis related lipase) genes is very similar to the 

expression of PR  genes (JAKAB et al., 2003). It has been proven that ß-

aminobutyric acid (BABA) can activate priming in different plant species, 

including Arabidopsis (JAKAB et al., 2001, 2005). Treatment with BABA, 

salycilic acid and pathogens induces the expression of PRLIP1 and PRLIP2 genes 

in Arabidopsis (JAKAB et al., 2003). In potato, no homologues proteins to PRLIP1 

and PRLIP2 have been found to this end. Hence we decided to introduce the 

recombinant plasmid pPZP111 harbouring the PRLIP2 gene (JAKAB et al., 

unpublished) into potato to improve the drought tolerance of  transgenic lines. For 

this reason, the second issue of my dissertation is: 

1. To aquire knowledge on Agrobacterium tumefaciens-mediated 

transformation of the cultivar Desireé and to produce new, stable 

transgenic potato lines.  

2. To prove the integration and expression of the transgene with 

molecular methods.  

3. To examine the drought tolerance of the transgenic lines expressing the 

PRLIP2 gene in greenhouse. 

Materials and methods 
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Plant material 

The metabolic profiling was carried out in T1 and T2 transgenic lines of the 

Hungarian S. tuberosum cv. White Lady expressing the TPS1 gene (STILLER et 

al., 2008). The PRLIP2 gene was introduced into the Dutch S. tuberosum cv. 

Desirée.  

Potato transformation 

The potato transformation was performed according to DIETZE et al. (1995) by 

Agrobacterium-mediated leaf transformation using the A. tumefaciens strains 

ALG0 (HOOD et al., 1984) and C58C1(pGV2260) (DEBLAERE et al., 1985).  

Growth conditions 

Six-week-old in vitro plants were transferred to pots containing A260 sterile 

soil (Stender, Germany) and were grown in a greenhouse under natural light, at 20-

28°C, and at a soil water content of 70%. Four weeks after planting into soil, we 

started the drought stress by withholding irrigation. This process was continued 

until the leaves of the wild-type plants started wilting. At this point, we started 

again the irrigation, and after one week, a new drought stress period was begun. 

During a growing season 4-7 drought stress cycles were applied.  

Plant phenotyping  

Biomass, shape, size and structure of the plants and their leaves, wilting habit, 

tuber yield-, shape and colour, duration of dormancy and the sprouting behaviour 

of tubers were assessed visually.  

Analytical methods 

Extraction, derivatisation and analysis of potato leaf carbohydrates were carried 

out as described by SCHAUER et al. (2004) using a quadrupole-type GC-MS 

system (Finnigan Trace/DSQ, Thermo Electron Corp.). The chromatograms and 

mass spectra were evaluated using the XCALIBUR software (Thermo Electron 

Corp.) and the NIST 2.0 library, and the Golm Metabolome Database.  

 Quantification of trehalose-6-phosphate (T6P) was carried out by the 

method of LUNN et al. (2006) with some modification. The starch was measured 
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using the method of YU et al. (2001). The protein assay was made by the method 

of BRADFORD et al. (1976). The dry matter content was measured from cleaned, 

grinded tubers dried at 80°C for 24 hours.  

Significant differences were established using Student’s t-test. Principal 

component analysis (PCA) was carried out using the Multibase Excel Add-Ins 

program, which can directly process Excel data. For the MANOVA (Multivariate 

ANOVA) statistical analysis the program of IBM SPSS Statistics 19 was applied. 

Molecular biological methods 

Bacterial plasmid DNA was isolated by the alkaline lysis method (SAMBROOK et 

al., 1989). The plasmid DNA was digested with the restriction enzyme BamHI 

using the method of the producer (Fermentas) in 30 µl reaction volume. The 

fragments were separated on agarose gel, cut and cleaned by QIAEX II Gel 

Extraction Kit or MinElute Gel Extraction Kit (QIAGEN) and introduced into the 

pBluescript II KS cloning vector. Transformation of E. coli was carried out 

according to INOUE et al. (1990).  

 Isolation of genomic DNA of the leaves was performed by the method of 

SHURE et al. (1983). Total RNA was extracted according to STIEKEMA et al. 

(1988).  

 The PCR reaction volume was 50 µl, including ca. 100 ng of DNA 

template, 1.5 mM MgCl2, 0.3-0.5 µM primer, 0.2 mM dNTP mix (dATP, dCTP, 

dGTP, dTTP), 1xPCR Taq puffer and 1 U Taq polimerase enzyme. Denaturation 

was at 95oC for 5 min, and the reaction volume was incubated for 40 cycles at 95oC 

for 30 sec, at 60oC for 30 sec and at 72oC for 45 sec. The product was elongated at 

72oC for 10 min. 400 ng of total RNA was used for cDNA synthesis by the High 

Capacity cDNA Reverse Transcription Kit (Applied Biosystems), and 40 ng cDNA 

was used for PCR. 



5 
 

Results 

Total protein, starch, and metabolite content of the TPS1 transgenic potato 

lines 

Analysis of the leaves 

The vegetatively propagated in vitro S. tuberosum cv. White Lady and the T1, 

T2 lines expressing the TPS1 gene (STILLER et al., 2008) were transferred into 

pots in greenhouse, and were further grown under optimal conditions. After four 

weeks the plants were devided into two groups. Three plants of each line were 

grown under optimal conditions, while the other three plants of each line were 

subjected to drought stress.  Two weeks after starting the drought stress, all of the 

mature source leaves from three plants of each line-treatment combination were 

collected four hours after sunrise. The entire process was independently repeated 

three times to obtain three biological replicates for each line. 

 The starch content of the leaves of irrigated wild-type (WT) plants was 

higher than that of the T1 and T2 lines. Drought stress reduced the starch content of 

the WT leaves by about 65%. In contrast, no significant change in the otherwise 

lower starch content of TPS1 transgenic plants was measured under stress condition 

(Fig. 1/a). 
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 22 compounds were detected in the leaves by GC-MS. A 4.4-fold increase 

in the inositol level was detected in the drought-stressed WT leaves relative to the 

unstressed WT controls, while this increase was only 3.2-fold in T1 and 2.6-fold in 

T2 leaves. The high inositol level correlated with the low starch level (Figure 

1/a,d).  

Drought stress induced the accumulation of proline in both WT and TPS1 

transgenic leaves (Figure 1/e), however, the leaves of the WT plants started to wilt, 

Figure 1: Relative amounts of sugars, starch and proline in wild-type (WT) and TPS1 transgenic 

(T1, T2) leaves compared to the well-watered WT control. Bars and error bars represent the mean ± 

SE derived from three independent experiments. Asterisks and dots denote significant differences at the P 

= 0.01 and P = 0.05 (t test) levels, respectively, as compared with the well-watered WT control. The 

absolute concentration of the different compounds in well-watered WT leaves in three independent 

experiments is shown in a table. Concentrations are calculated relative to dry weights (DW). The 

concentration of starch is given in hexose equivalents (h. eq.) g-1 DW. The high variation in leaf 

metabolite and starch content might be explained by the small differences in day length, light intensity 

and temperature in the greenhouse during the three consecutive plant tests, as environmental conditions 

can strongly influence metabolite content and starch accumulation in leaves. Therefore, concentrations of 

compounds in the well-watered WT leaves were regarded as 100% for comparison with other samples 

originated from the same plant test. Mean ± SE of the percentage values obtained from the three 

consecutive plant tests were calculated and are presented by bars and error bars. 
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while the transgenic ones did not. This result suggests that the proline content is not 

linked to the drought tolerance of potato plants.  

 The concentration of raffinose was quite low under optimal conditions in 

the leaves compared to other sugars, but a very strong 11-, 9.5-, and 5.5-fold 

increase in raffinose content in response to drought treatment in WT, T1 and T2 

leaves, respectively, was observed (Figure 1/f). 

Unlike inositol, the raffinose level was not elevated under well-watered 

conditions in the TPS1 transgenic lines compared to WT plants. The regulatory 

mechanisms that underlie these increases in inositol and raffinose contents are 

likely quite different. While inositol synthesis is influenced by the transcriptional 

and/or biochemical changes triggered not only by drought but also by the 

expression of yeast TPS1 in potato, raffinose synthesis is induced by water loss and 

is negatively correlated with the relative water content (RWC) of leaves 

(KONDRÁK et al., 2011, 2012). LEGAY et al. (2011) have experienced the same 

changes under drought stress in leaves of drought tolerant potato clones.  

 The sucrose level was the same in each line and did not change after the 

treatment (Figure 1/j). We therefore speculate that a constant sucrose level may be 

very important for potato plants. Since stress reduces the rate of photosynthesis 

maintenance of a constant sucrose level under drought stress conditions may 

require the plants to reduce starch synthesis and channel the carbohydrates to 

sucrose synthesis. 

 

Analysis of the tubers 

For testing tubers a new experiment was set up. In vitro White Lady plantlets 

were potted in greenhouse. Four weeks after planting, the plants were divided into 

two groups. Seven plants per line were continuously irrigated to maintain 70% soil 

moisture content, and eight plants per line were exposed to drought stress by 

withholding irrigation for 7-10 days while the water content of the soil decreased to 
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30%. Seven dry cycles were created within a growing season. Between the dry 

cycles, the plants were irrigated with an optimal amount of water for one week. 

The tubers were harvested at full maturity four months after planting. The 

tubers were devided into two groups. Tubers of the first group were cleaned, 

milled, frozen in liquid nitrogen, and stored at -70°C until use. The second group 

was stored in darkness at room temperature for 12 weeks. The entire experiment 

was repeated twice.  

 The T1 and T2 tubers were longitudinal in shape, while the WT tubers were 

oval (Figure 2/a). Under well-watered conditions the number of tubers per plant 

and the total tuber biomass were reduced in both transgenic lines compared to the 

WT control (Figure 2/b,c). The average tuber number per plant was similar in both 

experiments, however, both parameters were lower in T1 and T2 than in WT. 

Under optimal conditions the average loss of the yield was 60% and 50% in T1 and 

T2, respectively, compared to WT. Periodic drought caused an increase in the 

number but a reduction in the size of the WT tubers, and in general, resulted a 50% 

yield loss (Figure 1/a-c). Drought had a milder effect on the TPS1 transgenic plants 

and tubers. The increase in the number of tubers was less pronounced, and the yield 

loss did not exceed the 20-40% (Figure 2/b,c).   

 WT tubers started sprouting in a quite synchronized manner after ca. 12 

weeks of storage. In contrast, sprouting in T1 and T2 tubers was significantly 

delayed (Figure 2/d). After six months of storage, the sprouts on the T1 and T2 

tubers were 1-5 cm in length, while those on the WT tubers reached 15-20 cm 

(Figure 2/d).   
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The dry matter content increased by 20% 

during storage due to water loss. The total 

protein and starch content was the same in the 

tubers developed under optimal conditions in all 

lines. However, the stress decreased the starch 

level and increased the total protein level in 

tubers. Concentration of both  compounds 

elevated during storage indicating that the tubers 

remained metabolically active after harvest. The 

metabolite composition of tubers was analysed 

by GC-MS. A total of 33 compounds, including 

mainly amino acids, organic acids, sugars, and 

sugar alcohols, were identified. The TPS1 

transgene significantly influenced the amounts 

of 13 metabolites including asparagine, the 

concentration of which was significantly higher 

in the TPS1 tubers under optimal and stressed 

conditions than in WT tubers. Not only the 

asparagine, but the phenylalanine level also 

increased during storage in tubers developed 

under well-watered conditions. However, the 

amount of phenylalanine was not changed, or 

even was reduced during storage in the tubers of 

stressed plants. We experienced a great increase 

in proline level in the tubers of stressed plants. An 

increase in proline content triggered by stress in 

the leaves of various plant species is a well-

documented response (OBATA & FERNIE, 

Figure 2: Tuber number and tuber yields of 

wild type (WT) and TPS1 plants under 

well-watered (w) and drought stress (s) 

conditions. (a) tubers at 12 weeks after 

harvest stored at room temperature in 

darkness (b) relative tuber number per plant 

(c) relative tuber yield per plant (d) tubers 

at 6 months after harvest stored at room 

temperature in darkness. Bars and error 

bars represent the mean ± SE derived from 

two independent experiments. In each 

experiment, the tubers were harvested from 

seven well-watered and eight stressed 

plants per line. The average numbers of 

tubers per well-watered WT plants in the 

two independent experiments were 3.9 and 

4.0, while the tuber yields were 11.8 g and 

17.6 g. These values are considered 100% 

for comparisons with the other samples in 

the same experiments. *P≤0.005, 

**P≤0.001 (Student’s t-test) 
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2012), and proline accumulation was found to be induced by high salinity, drought, 

and selenium in tubers (TEIXEIRA & PEREIRA, 2007; MAGGIO et al., 2008; 

JEZEK et al., 2011). We also observed 2-fold increases in glutamine and glutamate 

content in stressed tubers. Glutamine synthetase plays a key role in nitrogen 

metabolism and has been implicated in the regulation of proline levels in plants 

(BRUGIERE et al., 1999). This enzyme is activated in growing tubers in response 

to drought (TEIXEIRA & PEREIRA, 2007). In a field experiment, glutamine and 

glutamate showed the greatest changes in response to various treatments 

(MAGGIO et al., 2008).  

 To assess whether transgene expression affects the lentgh of the dormancy 

and T6P content in tubers, the T6P level was measured in samples from TPS1 

transgenic tubers and WT control tubers, but we did not find any correlation 

between the transgene expression and the T6P concentration.  

 

 

Isolation and characterization of transgenic potato lines expressing the PRLIP2 gene 

 

Isolation of transgenic potato lines expressing the PRLIP2 gene 

The binary vector pPZP111 carrying the PRLIP2 gene was constructed by Prof. 

Gábor Jakab at the University of Pécs. To check the insert of the plasmid, it was 

cloned into the pBluescript vector and sequenced. The pPZP111::PRLIP2 plazmid 

was transferred by triparental mating into the A. tumefacierns strains ALG0 and 

C58C1(pGV2260). Potato leaves were infected with Agrobacterium for two days 

then regenerated on callus-, and shoot inducing medium selective for transgenic 

events. The regenerated shoots were cut, and put on selective rooting medium 

(Figure 3). 
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 For control transformation an „empty” pPZP111 vector was used. To test 

whether the transformation was successful DNA was isolated from the in vitro 

plants, and tested by the primer pairs designed for PRLIP2 and nptII genes. The 

PCR positive in vitro lines were selected, and the expression of the transgene tested 

by RT-PCR from the isolated RNA samples.  

 

 

 

 

 

 

 

 

Five transgenic lines expressing PRLIP2 with low-, medium-, and high level, and 

three „empty” control transgenic lines were selected for further experiments 

(Figure 4). 

 

Characterization of transgenic potato lines expressing the PRLIP2 gene 

Phenotypization and the level of drought tolerance of the PRLIP2 transgenic 

lines were tested in greenhouse. Under well-watered conditions the LA6.1 and 

LA14.1 lines grew slower than the control, however, possessed higher tolerance 

Figure 3: Leaf transformation with Agrobacterium (a) on callus inducing (CIM) and (b) shoot 

inducing (SIM) medium. (c) presumable transgenic lines on rooting medium 

Figure 4: Expression level of PRLIP2 and nptII from in vitro plants by RT-PCR. M: 100 bp DNA 

marker, LA, LG: lines with nptII and PRLIP2 transgenes, PA, PG: lines with nptII transgene, pL: 

pPZP111::PRLIP2, pV: pPZP111, Des: control, non-transformed Desirée, MQ: destilled water. 

Red letters refer to those lines, which were selected for further experiments. 
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and biomass production under drought conditions compared to the non-transformed 

Desirée (Figure 5.).   

 

 

        

 

 

 

 

 

 

 

 

The tuber yield of the stressed plants was lower in each line than that of the 

well-watered plants.   

 After observing the phenotypical changes shown in Figure 5, we started a 

new trial with more biological replicates. We found that the RWC of all the 

stressed plants significantly decreased compared to the well-watered Desirée. Thus 

the expression of PRLIP2 gene did not defend the leaves from water loss. The 

RWC content of LA6.1 leaves was significantly lower under optimal conditions 

than that of the non-transformed leaves. In this experiment, the tuber yield of 

LA6.1 trangenic line was significantly decreased compared to WT (Figure 6). Like 

in the first experiment, there were more, but smaller tubers under the stressed 

plants than under the well-watered plants (Figure 6/b).  

Figure 5. : Plants grown under well-watered (a) and drought stress conditions 

in greenhouse (b,c). 
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The sprouting tubers of 

LA6.1 and LA14.1 lines 

together with WT were potted 

in greenhouse. The 

development of LA14.1, but 

mostly of LA6.1 plants was 

slower under optimal conditions 

than that of the WT plants 

(Figure 7). As the LA6.1 

showed the highest PRLIP2 

expression, we could have 

concluded that the PRLIP2 gene is responsible for the slow development. However, 

there were other lines, like LA1.5, LG12 and LG15.2, which had higher PRLIP2 

expression than LA14.1 (Figure 4), however, had no phenotypical alterations. Thus 

further eperiments are necessary to make sure whether the phenotypical changes 

observed were due to PRLIP2 gene expression or not.  

 

 

 

 

 

 

 

Figure 6.: Tubers developed under (a) well-watered and (b) 

drought stress conditions in greenhouse. 

Figure 7.: Well-watered (a) LA6.1, (b) LA14.1 and (c) Desirée plants 
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New scientific achievements 

1. We provided evidence that the expression of TPS1 gene enhances the 

drought tolerance of potato. Nevertheless, it alters the phenotype and tuber 

yield of the plants, and changes the metabolite composition and duration of 

dormancy in tubers. 

2. The metabolite analysis and the applied statistical methods revealed that 

even small genetical, environmental or physiological changes can highly 

influence the metabolism.  

3. We were succeded in expressing the PRLIP2 gene of Arabidopsis related to 

priming in potato. 

4. We demonstrated that potato lines expressing the PRLIP2 gene senescence 

later under drought conditions than wild-type plants, however, this is not 

reflected by the tuber yield.  

5. We hypothesise that there are metabolic and/or hormonal changes in tubers 

highly expressing the PRLIP2 gene and these changes are responsible for 

the developmental delay of the plants grown from tubers.  
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Conclusions and suggestions 

 

Effects of TPS1 gene expression on potato 

1. The effect of drought stress on metabolite composition of wild-type and 

TPS1 transgenic leaves is different: 

 The starch content of the WT leaves under optimal conditions was much 

higher than that of the T1 and T2 lines.  

 The starch level in the leaves of WT plants decreased drastically during 

stress, while no significant change in the amount of starch in TPS1 leaves 

was detected.  

 The level of fructose, glucose and galactose increased only in the WT 

leaves during stress.  

2. The effect of drought stress on tuber development and metabolite 

composition of wild-type and TPS1 transgenic plants is different: 

 In our study, periodic drought resulted in an average yield loss of 50% in 

WT, while only 20-40% in TPS1 transgenic plants.  

 The TPS1 tubers differed morphologically from the WT tubers. 

 33 metabolites were detected in tubers. Based on MANOVA statistics, 

amounts of 13 metabolites were significantly affected by the TPS1 

transgene in tubers.  

3. The effect of storage on metabolite composition of wild-type and TPS1 

transgenic tubers is very similar: 

 The level of asparagine increased in both WT and TPS1 tubers during 

storage. 
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 In tubers of WT and TPS1 transgenic lines developed under optimal 

conditions the mannose and phenylalanine content increased during storage. 

In contrast, concentrations of these compounds were not altered or even 

were decreased during storage in tubers developed under stress conditions. 

The physiological importance of these differences remains obscure.   

4. Expression of the TPS1 gene affects the duration of tuber dormancy  

 TPS1 tubers were delayed in sprouting compared with WT tubers. 

 The general changes in metabolite concentrations in stored WT and TPS1 

tubers were very similar and depended mainly on the environmental 

conditions in which the plants were grown rather than on the genotype of 

the plants. This result indicates that the differences detected between the 

freshly harvested and stored tubers are more likely to reflect the tuber aging 

process rather than the developmental stage of sprouting. 

 The T6P content of tubers did not correlate with the level of TPS1 

expression.  

The expression of the E. coli TPS-encoding gene OtsA driven by the strong 

tuber-specific patatin promoter B33 significantly delayed tuber sprouting compared 

with WT. The delay in the sprouting of the B33-OtsA lines correlated with the T6P 

content of the tubers. Thus, it was concluded that the T6P levels either directly or 

indirectly affect tuber dormancy (DEBAST et al., 2011). In the T1 and T2 

transgenic lines, the yeast TPS1 gene was expressed from the drought-inducible 

StDS2 promoter. However, due to “leaky” transcriptional regulation, the TPS1 gene 

was also expressed in the tubers of well-watered plants. Although this expression 

did not result in a significant increase in the T6P level, the dormancy period of the 

transgenic tubers was prolonged. Thus, although our result supports the previous 

finding that TPS has a role in the maintenance of dormancy, it indicates that T6P is 

unlikely to have an effect on the duration of dormancy. Results of ANTAL et al. 

(2013) reflects on this finding by providing indirect evidence on interaction of 

TPS1 with the StubGAL83 subunit of the protein kinase complex StubSNF1. SNF1 
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is a key transcriptional regulator that responds to carbon and energy supply 

(COELLO et al., 2011). Disruption of its balance results in changes in metabolism 

and development. Considering all these, in the fututre, one should select those 

genes to improve drought tolerance of potato by biotechnological methods, which 

do not influence the plant metabolism.   

 

Effects of PRLIP2 expression on potato 

 Expression of the PRLIP2 gene is not able to prevent the water loss of 

leaves upon drought stress.  

 Expression of the PRLIP2 gene is not able to prevent the tuber yield loss 

under drought stress conditions. 

 Expression of the PRLIP2 gene has no effect on the duration of tuber 

dormancy. 

 Two out of five PRLIP2 lines grew slower than WT, however, no 

correlation between the expression levels of the transgene and the growth 

rate of the plants could be established. 

The RT-PCR results showed no obvious correlation between the transgene 

expression and the phenotypical changes. Still, we presume that there is a kind 

of relationship between the PRLIP2 expression and the pleiotrophic alterations, 

since the probability that two out of five independent transgenic lines have 

highly similar phenotype is very low. It is worth considering quantifying the 

expression levels of the transgene by qRT-PCR. Measuring and correlating the 

presumed lipase activity of PRLIP2 to the phenotypical changes would also 

facilitate understanding the function of the gene. In Arabidopsis, it was found 

that the level of lipase expression is related to morphogenesis (MATSUI et al., 

2004; HONG et al., 2005), and that lipase activity is influenced by biotic-, and 

abiotic stress, pathogen infection, and by salycilic acid and etilene treatment 

(JAKAB et al., 2003; NARUSAKA et al., 2003; LO et al., 2004).  
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 The novelty of our work is in introducing and expressing the PRLIP2 gene 

in potato, and testing the new transgenic lines under optimal and drought stress 

conditions in greenhouse. We found two PRLIP2 lines with increased drought 

tolerance, a similar phenomenon found by HONG et al. (2008) testing the 

CaGLIP1 transgenic Arabidopsis lines. Expression of PRLIP2 avoided the two 

lines from early senescence under drought conditions. Since the vegetative 

development of these PRLIP2 lines was also delayed, we believe that further 

investigation of them would help to discover the relationship between plant 

development and senescence.  
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