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ABSTRACT                        Barley represents one of the major crops grown worldwide. More than ten years 
have passed since the first stable Agrobacterium-mediated barley transformation was reported. 
Since then, several progresses have been made thanks to a number of technical improvements. 
As a result of our established barley transformation protocol, five different candidate genes 
were used for barley transformation. The transgenic lines were analyzed at biochemical and 
physiological levels.  The aim of our work was to develop an effective and reproducible system 
for the analysis of transgenic lines (transient assay system in microprojectile bombarded barley 
leaf) which can be applied for testing the cellular stress response or cellular stress tolerance of 
the stable transgenic genotypes compared to the wild type barley. According to the results of 
the candidate gene testing in the transgenic lines, the investigated gene significantly increased 
the tolerance to the applied (drought) stress.  Further experiments showed that these significant 
differences in the transient GFP/DsRed expression may correlate to the stress tolerance of the 
transgenic line. Acta Biol Szeged 55(1):129-133 (2011)
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Materials and Methods

Plant material

Protein extraction and Western blot analysis

Microprojectile bombardment and stress 
treatments

Figure 1. Barley transformation vectors (A) and constructs for cytosolic 
and chloroplast targeting of the MsALR protein (B): schematic maps of 
the T-DNA region of the plant expression vector.  pUbi-AB: intermediate 
vector, p6d35s: plant expression vector, pd35s: double 35s promoter, 
HPT: hygromycin phosphotransferase gene, T35S: CaMV35S terminator, 
Ubi-int: ubiquitin promoter/intron, TP: Barley Rubisco Small Subunit 
Transit Peptide, MsALR: Medicago sativa aldo-keto reductase gene, 
6xHis: 6xHis tag, Nos: 3UTR of nopaline synthase gene, Col1: Origin 
of replication of ColE1, pVS1 ORI: Origin of replication of pVS1. (The 
vectors pUbi-AB and p6d35s were provided by the IPK Gatersleben, 
Plant Reproductive Biology Group).

Figure 2. MsALR protein is accumulated to high level in different 
cellular compartments of transgenic plants. A: Western analysis of 
transgenic barley line accumulating MsALR protein in the cytosol. 
+ : Positive control sample (transgenic tobacco), - : Negative control 
sample (wild type barley, Hordeum vulgare conv. Golden Promise), 
40-51: total protein extract from transgenic barley lines. B: Compara-
tive Western analysis of the total and chloroplast protein extracts of 
transgenic barley lines accumulating the MsALR protein either in the 
cytosol or in the chloroplast. 50: transgenic barley line which accu-
mulates MsALR protein in the cytosol;. 1e/1, 3a, 5a, 5c/1 : transgenic 
barley lines which accumulates MsALR protein in the chloroplast, 2a/1 
: non-transformed line.



Chlorophyll isolation

Results and Discussion

Figure 3. Transient assay system in microprojeticle bombardment barley leaf. 1. 7-d-old cut leaf on water-phytoagar, 2. Co-bombardment with the 
GFP and DsRed expression constructs, 3. At 24 h post-bombardment, microscopical counting of the green fluorescent protein (GFP)-expressing 
epidermal cells, 4. Stress treatments (dehydration) and 5. Control leaf segments remained on water–phytoagar and maintenance the stress for 
4 days, 6. Microscopical counting of the red fluorescent protein (DsRed)-expressing epidermal cells, 7. Calculation of the GFP/DsRed ratio in 
non-stressed fully turgescent and stress treated samples, analysis of other biochemical and/or physiological data.

Construct: p6d35s-MsALR

Number of IEs 180
Number of calli formed from the IEs 168
Number of verified transgenic plants 25
Transformation efficiency 13.88%

Table 1. Transformation efficiency calculation of the MsALR 
transformed plants (IE: isolated embryo).
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Figure 4.  Result of the GFP and DsRed ratio counting, chlorophyll and 
carotenoid content measurements in fully turgescent and in dehydra-
tion stressed leaf segments. Significant differences (at P\0.05) from 
control plants are labelled with asterisk.
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