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Abstract       The climate changes which have occurred in the last years and 
are expected to take place in the future have forced us to find methods of 
adaptation to the new environmental conditions, even regarding our crops. 
The purpose of this study was to observe the response to hydric stress of two 
different genotypes of rapeseed, a plant important both on ecological and 
economical plans, and to establish a methodology of fast selection of drought 
tolerant genotypes in laboratory conditions. The plants, which were divided in 
two categories: control and hydric stressed, were analysed from two 
perspectives: physiological and molecular. The studied physiological 
characteristics were: the phenophase, the content of chlorophyll, the dry 
matter percentage and the perspiration intensity. Molecularly it was studied 
the expression of two Heat Shock Protein genes: HSP 70 and HSP 90. It was 
determined which of the genotypes was the most drought resistant and it was 
demonstrated that the developed selecting procedure is applicable.   
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The global temperature has increased since the year 

1880 with 0.94  ֯ C (9). In Romania it is expected the 

following increase in the average temperature 

compared to the 1980-1990 interval: between 0.5  ֯ C 

and 1.5  ֯ C for the 2020-2029 time period and between 

2.0  ֯ C and 5.0  ֯ C for the 2090-2099 time period (7). 

The quantity of precipitations has degreased with as 

much as 70mm3 in some regions in Europe (10). The 

analysis of the multiannual variation of the annual 

precipitations in Romania indicates the apparition of a 

series of droughts along the years following 1980, due 

to the decrease in the quantity of precipitations. From a 

pluviometric point of view, more than 90% of the 

climate models forecast for the period 2090-2099 

serious droughts during the summer in the area of 

Romania (7). 

Because of these climatic changes, methods of 

adaptation to the new environment conditions are 

needed. 

Drought is an abiotic stress factor that is characterized 

by a low level of water in the atmosphere and soil, but 

also by high temperatures. 

Hydric stress influences the following vital 

physiological and biochemical processes of a plants 

life: water absorption; root pressure, ostiolar 

movements; perspiration; photosynthesis; respiration; 

enzymatic activity, etc. 

The plants which have suffered a severe hydrological 

deficit even for a short period of time, do not return to 

a normal substance exchange (4). 

The use of drought-resistant genotypes is much more 

effective than the use of genotypes with a normal 

resistance due to the productivity that is unaffected by 

this type of stress. 

Rapeseed (Brassica napus), a plant belonging to the 

Cruciferous family (Brassicaceae) is grown both for its 

oil-rich seeds and for its root.  This fuel-efficient plant 

is a current energy item with multiple development 

perspectives, having a beneficial effect on the 

environment by removing some of the extremely 

harmful classical fuels and on the economy. 

After soy and palm, the rapeseed is one of the most 

important oil plants in the world. The rapeseed oil is an 

excellent vegetable oil due to the varieties and hybrids 

that do not contain erucic acid or glucosinolates. The 

rapeseed cakes resulting from processing have a high 

fodder value and the rapeseed straws are used in the 

building materials industry. 

Rapeseed oil can be transformed by additivation in 

biodiesel. This is a car fuel that replaces diesel (having 

the same calorific power) being much cheaper and less 

polluting.  

The drought that occurs during the sowing period can 

cause uneven or late spring rains, the rapeseed plants 

being affected or even more easily destroyed by the 

early autumn or winter frosts (3). 
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Objectives 

 
The objectives of this project were that of studying the 

response of two different rapeseed genotypes to hydric 

stress, in physiological and molecular ways and that of 

establishing a methodology of fast selection of drought 

tolerant genotypes in laboratory conditions. 

 

Materials and Methods 
 

Vegetal material 

In this experiment were studied two different rapeseed 

genotypes: GEN 1 – DK IMPRESSION CL 

(DEKALB) and GEN 2 – DK IMIRON CL 

(DEKALB). 

The two hybrids present the semi-late maturity group, 

tolerance to the fall of beans from the silicva, high oil 

content, good winter tolerance and production stability 

(8). 

The rapeseed plants were grown exclusively for this 

experiment, in a growing chamber in controlled light 

(light/darkness cycles of 8/16 h) and temperature 

(22  ֯ C) conditions, the only variable being represented 

by the quantity of water that they received. 

The earth in which they were planted represents a 

mixture of different types of soils that replicates the 

pedologic characteristics of the Western Plain. 

Half of the test subjects were exposed to hydric stress; 

the other half, which grew in normal conditions, was 

used as control. For each experimental variants there 

were 25 test subjects. 

Materials and equipment: 

• Pots with a 350 cm2 capacity; 

• growing chamber; 

• SPAD 502 chlorophyll meter; 

• KERN MLS 50 thermobalance; 

• AX200 electronic scale (0.0001g precision) 

(Shimadzu); 

• Promega : SV Total RNA Isolation System 

Kit; 

• CH-100 Cooling/ Heating Thermostat 

(Biosan); 

• EPPENDORF Mini Spin Plus microcentifuge; 

• First cDNA Synthesis Kit (Thermo 

Scientific); 

• UV Spectrophotometer (Nanodrop 8000, 

Thermo Scientific); 

• Go Taq master mix Kit (Promega); 

• Mastercycler® proS PCR equipment 

(EPPENDORF); 

• Horizontal electrophoresis with power source 

Tank (Biosan); 

• Agaroze; 

• Tris acetate EDTA solution; 

• Ethidium bromide; 

• BioDoc Imaging System-UVP 

Transilluminator; 

• SYBR®Green PCR Master Mix Kit 

(Promega); 

• Real-time PCR Applied Biosystem 7500 

(Applied Biosystem); 

 

Methods 

The physiological and molecular analysis took place in 

the Vegetal Physiology and Molecular Genetics 

laboratories of USAMVB Timișoara. 

Physiological methods 

There were analyzed four physiological characteristics:  

stage of development, content of chlorophyll, dry 

matter percentage and perspiration intensity. 

For the identification of the phenophase it was used the 

BBCH scale  (Biologische Bundesanstalt, 

Bundessortenamt and CHemical industry). 

To determine the content of chlorophyll it was used a 

SPAD 502 chlorophyll meter. 

To determine the dry matter percentage we used a 

KERN MLS 50 thermobalance. 

To determine the perspiration intensity it was used the 

quick mass determination method. A leaf’s mass is 

determined three times, at a certain time interval (for 

example: 5 minutes). The three values are then 

subtracted between each other (the second value from 

the first value, and the third value from the second 

value), calculating after that the average of the two new 

values. The foliar surface is  determined and then, 

using the following formula, the perspiration intensity 

on 1 cm2 in an hour can be determined:  

 
 

Molecular methods 

In the case of rapeseed, comparative proteomic 

analysis indicated that certain proteins, such as HSP 70 

( Heat Shock Protein 70 ) and HSP 90 ( Heat Shock 

Protein 90 ) are implicated in drought tolerance (5). 

The amino acid sequences of these proteins have been 

identified in NCBI data base (National Center for 

Biotechnology Information) 

https://www.ncbi.nlm.nih.gov/. Based on this 

information the corresponding gene sequences were 

deduced and then were used for the design of the 

specific primers (1).  At the same time the specific 

primer sequences for actin have also been established, 

a reference gene that has a constant expression that 

does not depend on the environmental conditions or on 

the type of tissue. 

Using these primers it was possible to evaluate the 

expression of the mentioned genes in various 

experiments. 

This part of the study was consisted of the following 

steps: 

o Sample collection: several leaves of 

approximately equal size were taken from individuals 

in the four categories  (GEN 1 control, GEN 1 hydric 

stressed, GEN 2 control and GEN 2 hydric stressed) at 

intervals of three and six days after the onset of the 

hydric stress. The samples were stored at a temperature 
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of -20 °C until the next analysis step, in order to avoid 

the RNA degradation. 

o Total RNA extraction, messenger RNA 

isolation and the complementary DNA production: The 

total RNA was extracted from the foliar tissue using 

the Promega kit: SV Total RNA Isolation System. 

Since the RNA molecules can be readily degraded, 

immediately after the extraction they were transformed 

into complementary DNA using the First cDNA 

Synthesis Kit (Thermo Scientific). The complementary 

DNA molecules were synthesized in the presence of 

the reverse transcriptase, exploiting the specific 

messenger RNA structure which has a poly A sequence 

(consisting of 100 - 150 adenyl acid residues) at the 3 

'end. The quality and concentration of the 

complementary DNA was verified using a UV 

spectrophotometer  (Nanodrop 8000, Thermo 

Scientific). 

o Qualitative PCR: At this stage of the analysis, 

there were PCR qualitative reactions(Polymerase 

Chain Reaction)  (Promega), using the GoTaq Green 

master mix (Promega) kit, to verify whether the 

synthesized DNA is amplifiable and at the same time 

to determine the optimal primer concentration that 

leads to a minimal amount of non/specific products, 

such as dimer primers which due to the bicatentable 

structure could bind to the pigment used in quantitative 

PCR, thus affecting the final results. For the 

amplification the primer pairs specific for each 

analyzed gene were used, namely HSP 70, HSP 90 and 

the reference gene,  actin. .The amplification was 

performed in the presence of the Taq polymerase 

enzyme. In the compositions of the mixtures of 

amplification we used various concentrations of 

primers to determine the optimum concentration. The 

amplification products were then analyzed with a 

electrophoresis in agarose gel. Following the 

qualitative PCR, it was found that for the most accurate 

results a concentration of 10 μmolar for each primer 

was needed. 

o Quantitative real-time PCR (Q rt PCR): the 

quantitative real-time PCR reactions were performed 

using the SYBR® Green Master PCR Mix (Promega) 

kit . We used the same primers as those from 

qualitative PCR. The fluorescent dye used was SYBR 

Green. For each sample, the threshold value (Ct) was 

determined  by analyzing the amplification curves 

automatically plotted by the software of the device. For 

the relative quantification of each gene, method Δ(ΔCt) 

was used, with the following steps:  

• The normalization process was carried out, in 

which the expression of the gene of interest of both 

studied variants (control and hydric stressed) were 

related to the reference gene, calculating the ΔCt 

values. 

• The Δ (ΔCt) value for the gene was 

determined, calculating the difference between the ΔCt 

values of the gene of interest and the reference. 

In order to be able to analyze the relative expression 

level of the gene of interest under hydric stress 

conditions, the following value was calculated, 

determining how much higher/lower the expression of 

the gene of interest in the experiment variant was than 

in the control variant: 

X=2^(-Δ(ΔCt)) 

 

Results and Discussions 

 
The results of the physiological analysis 

It was determined that the plants, according to the 

BBCH scale, were in the 1.2 and 1.3 stages of 

development at the time of the analysis, which means 

that they had between two and three unfolded leaves. 

According to the data obtained for both genotypes, the 

content of chlorophyll was higher in the hydric stressed 

variants (44,56 SPAD – GEN 1; 36,5 SPAD – GEN 2) 

than in the control variants ( 36,93SPAD – GEN 1; 

31,3 SPAD – GEN2). This anomaly is caused by water 

loss (due to a mild or incipient hydric stress), which 

makes the concentration of the cellular solution 

increase. In this situationa, the chlorophyll 

concentration / the surface unit of the leaf increases (6).
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Fig. 1 – Chlorophyll content 

 

The percentage of dry matter shows differences of the 

same nature for both genotypes, at GEN 1 - the control 

variant being approximately 2.44 times lower than in 

GEN 1 - the stressed variant, and in GEN 2 - the 

control variant, twice smaller than GEN 2 - stressed 

variant. This anomaly, which occurs after a water loss 

(due to a mild or incipient hydric stress),  makes the 

concentration of the cellular solution increase (6), 

causing, in this situation, the higher percentage of dry 

matter of the hydric stressed variants.

 

 

 
Fig. 2 – Dry matter percentage- control variant- genotype 1 
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Fig. 3 – Dry matter percentage- hydric stressed variant- genotype 1 

 

 
Fig. 4 – Dry matter percentage- control variant- genotype 2 
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Fig. 5 – Dry matter percentage- hydric stressed variant- genotype 2 

 
Analyzing the results it was found that at GEN 1, the 

perspiration intensity decreased from 4,2 mg 

H2O/cm2/h (control variant) to 3,85 mg H2O/cm2/h 

(stressed variant). It thus records a minor difference 

between the two experimental variants, indicating a 

resistance of the genotype to hydric stress. In the case 

of GEN 2,  the difference between the perspiration 

intensity of the control variant (3,81 mg H2O/cm2/h) 

and the hydric stressed variant (1 mg H2O/cm2/h) is 

significant.  This genotype has to close the stomate 

ostioles to retain water, a process that occurs in 

response to a diminishing leaf turgescence (2), or due 

to low atmospheric humidity (2).

 

 

 
Fig. 6 – Perspiration intensity 
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The results of the molecular analysis 

In the case of GEN 1 there was a subexpression for 

both of the interest genes three days after the onset of 

the hydric stress, then the samples taken at the day six 

interval recorded a relatively normal expression of 

both, 1.01 for the HSP 70 gene and 0.98 on the HSP 90 

gene.  The results highlight a drought resistance of the 

genotype, which needs minor adaptations in order to 

face the hydric stress conditions. 

For the plants from GEN 2, the HSP 70 gene exhibited 

a normal expression (1.00) three days after the hydric 

stress was installed, at the second harvest having an 

overexpression of 1.48 times. The HSP 90 gene 

recorded an overexpression (1.40) from the first time 

interval, remaining relatively constant after six days. 

Thus, one can observe the changes that this genotype 

suffers while coping with the drought.

 

 

 
Fig. 7 – Expression of targeted genes 

 

Conclusions 

 
Regarding the physiological analysis, a dynamic study 

is also recommended due to the possible alteration of 

the results caused by the early stage of development.     

Based on the studies on rapeseed hybrids, we found 

that GEN 1 is more resistant to hydric stress than GEN 

2 as it does not need the same radical changes to deal 

with this environmental conditions. 

Taking into account the changes in the environment, 

the area of arid surfaces constantly increasing, and the 

importance of rapeseed economically and ecologically, 

the data from this study can be used to select hybrids 

that are viable under hydric stress conditions.  

This process is more efficient in terms of time and cost, 

as there is no need for field testing of hybrids to 

determine their degree of drought resistance. 
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