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Abstract - The mature embryos of fourteen elite winter wheat cultivars have been transformed by a biolistic approach.
The gene coding for y-glutamylcysteine synthetase (EC 6.3.2.2) was used as a transgene in order to obtain stable
transformants resistant to drought stress. A binary vector, pBinarUTRECS, was used. The gene was under the control of
the CaMV35S promoter region. GUS::GFP gene fusion was used as a reporter system and nptIl served as a selectable
marker gene. A high regeneration capacity of callus tissue under the selective pressure and successful GUS assay of
transformed tissue were an indication of successful insertion of a transgene into mature embryo derived wheat tissue.
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INTRODUCTION

Immature embryos have been found to be a good
source for the successful induction of callus tissue
and have often been used for wheat transforma-
tions. However, it is difficult to obtain immature
embryos all year round, and their isolation is a de-
manding procedure. Explant tissue maturity stage is
one of the prevalent factors for embryogenic callus
formation (Varshney et al, 1996) and therefore
scientists have tried to develop a system of callus in-
duction that led to mature embryos. Although
using mature embryos creates a problem of low cal-
lus induction frequency, Ozgen et al. (1996) succes-
sfully overcame this problem by using an endo-
sperm supported callus induction method from a
mature embryo culture. However, Turhan and Ba-
ser (2004) proved that a free embryo, without the
support of endosperm, could be cultured. This met-
hod proved to be easy to handle, required less space
in the culture vessel and it was simpler to identify
embryo derived embryogenic callus.

Several transgenic wheat cultivars differing in
the introduced genes have been developed in the
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past decade. The first transgenic wheat plant was
developed by Vasil et al. (1992), who introduced a
gene for herbicide resistance. A transgenic ap-
proach by De Block et al. (1997) was used to achieve
male sterility in wheat. Two years later, Alpeter et
al. and Stoger et al. (1999) made contributed the
introduction of transgenes that improved tolerance
to insects and viruses. Gopalakrishnan et al. (2000)
and Miroshnichenko et al. (2004) registered two
new transgenic wheat cultivars containing the barl
PPT gene for resistance to the herbicide Basta.
Zhou et al. (2003) succeeded in doubling the tole-
rance of transgenic wheat to the herbicide Roundup
Ready.

The other inserted gene was HMW - GS, which
improved the rheological properties of dough for
bread and pasta preparation (Barro et al., 1997;
Blechl et al., 1998; He et al., 1999, Rooke et al.,
1999).

In the same time Baga et al. (1999) registered
new transgenic wheat cultivars in which a gene for
the starch-branching enzyme had been introduced
in order to obtain new starch characteristics. Also,
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Pellegrineschi et al. (2000) applied a transgenic
approach to solve resistance to fungi and Dahleen
et al. (2001) tried a transgenic approach for Fu-
sarium head blight control in wheat and barley.
Notable success was achieved by CIMMYT in the
development of wheat tolerance to abiotic stress.
Using the DREBIA gene from Arabidopsis thaliana,
a team from CIMMYT succeeded in developing a
transgenic wheat plant tolerant to drought (Pelle-
grineschi et al., 2004).

According to Wachter et al. (2005), the tripep-
tide gluthatione (GSH), the major non-protein thiol
compound in the eukaryotic cell, participates in the
regulation of the cellular redox status. In plants, this
is especially important during exposure to oxidative
stress after exposure to high light intensity, salinity,
drought, low temperature or pathogenic attack. The
requirement for GSH function in the detoxification
of reactive oxygen species (ROS) could start early in
plant development (Rausch et al., 2007).

So far, the tripeptide glutathione has not been
extensively studied as a potential transgene for
wheat transformation. Several cases have been
reported of successful wheat transformation with a
glutathione S - transferase coding gene with a
strong constitutive Ubi - 1 promoter, in order to
increase tolerance to the herbicide Alachlor
(Milligan et al., 2001). The same year, a German-
Hungarian research team succeeded in increasing
the tolerance to chloroacetanilide in transgenic
poplar (Gullner et al., 2001) plants by initiating an
excessive expression of y - glutamylcysteine synthe-
tase (y - ECS).

As shown above, no significant progress has
been made so far in plant transformation in the
sphere of tolerance to abiotic stress by means of y -
ECS, and this field remains open for further re-
search. Increasing GSH content in plants could
have multiple beneficial effects because GSH is
directly or indirectly involved in many stress res-
ponses (pathogen defense, drought, cold, salinity)
in plants (Noctor et al., 2002).

The aim of this investigation was to apply a ma-
ture embryo-derived biolistic transformation met-
hod in order to improve wheat tolerance to drought
stress by multiplication of the GSH1 (y-gluta-
mylcysteine synthetase) gene with its stable
integration into the wheat genome.

MATERIALS AND METHODS

Two hundred mature embryos were isolated from
each of the 14 elite wheat cultivars from a collection
of the Small Grains Department, Institute of Field
and Vegetable Crops, Novi Sad, Serbia, and placed
on induction medium.

The seeds were kept in 70% (v/v) ethanol for 1
min for surface sterilization, following 4.5% NaOCl
for 30 min at room temperature, and rinsed with
sterile water three times. The sterile seeds were
imbibed in sterile water overnight at room tempe-
rature. Embryos were isolated together with scutel-
lar tissue and placed on an induction medium, scu-
tellar side up. Culturing was conducted in the dark,
at 25°C, for 5-7 days.

The medium for callus tissue induction was
prepared according to Sears and Deckard (1982)
and enriched with 2 mg L' 2,4-D, 20 g L' maltose,
40 mg thiamine-HCI, and 150 mg L' L-asparagine,
pH 5.8. All media were prepared with 0.25% (w/v)
Phytagel. Reagents for in vitro culture were
prepared using products manufactured by Serva
Electrophoresis, Heidelberg.

Wheat transformation was applied to 7-day old
callus tissue. The tissue was induced, after isolation
of mature embryos, on a highly osmotic nutritive
medium that contained induction medium reagents
enriched with 0.4 M sorbitol. A highly osmotic
nutritive medium was used as an intermediate step
in the preparation of callus tissue for transforma-
tion. Each sample was bombarded three times with
5uL tungsten particles coated with the DNA of
interest. Non-bombarded embryogenic calli were
used as the control.
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Graph 1. Analysis of transformation experiment with mature embryogenic calli of 10 winter wheat cultivars. WT - Wild-type; TO -

1* generation of transformants

After bombardment, the calli were incubated
under identical conditions for 16-24 h and then
transferred to the induction medium enriched with
0.5 ug L' of kanamycin sulphate. The culture was
maintained for three weeks in the dark, at 25° C.
Selective pressure, 0.5 ug L™ of kanamycin, was
maintained through the period of shoot
regeneration (MS salts and vitamins without 2,4-D,
enriched with 1 mg L' of kinetin and BAP and 0.5
mg L' of TAA) under the conditions of a 16 h
photoperiod at 25°C.

The differentiated callus tissue was transferred
to a nutritive medium that contained a half of the
quantities of the reagents used in the induction
medium and a constant concentration of the
selective agent.

Already after 48 h several transformed calli
were taken for histochemical GUS analysis. Four
weeks later, 10 calli of each genotype underwent
GUS assay. The remaining bombarded calli were
cultured until regeneration.

As a transgene, a binary vector
pBinARUTRECS for heterologous plant transfor-
mation has been used. The gene was under control

of the CaM V35S promoter region as well as the ex-
pression of the nptIl gene which carries the resis-
tance to kanamycin, as selectable agent, and
GUS::GFP gene fusion that represents the reporter
unit. The GUS::GFP gene fusion was used to create
the possibility for a double detection of GSH1
transgenes in wheat callus tissue.

The bombardment procedure was performed in
petri dishes containing 5-7 days old embryogenic
calli. It consisted of shooting three times from a
distance of 5 cm from a macrocarrier ring.

B-glucuronidase activity (GUS analysis) was
detected histochemically as described by McCabe et
al. (1988). A laser scanning confocal microscope
(Zeiss LSM 510) was used for the detection of gfp
expression in the transformed wheat calli. We used
the following detection parameters: wavelength for
the green fluorescent protein - 488 nm; scan detec-
tion of 505 - 530 nm and laser emission of 510 nm.

For molecular characterization of gene transfer,
total genomic DNA was isolated from individually
transformed and wild-type calli (TO, WT) by the
procedure of Dellaporta et al. (1983). The PCR
method was applied (initial denaturation at 94° C
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Fig. 1. Proliferation of roots (T0) on a selective medium and
shoots (WT) on a high osmotic medium two weeks after
keeping the culture with and without selective pressure

for 5 min followed by 45 cycles involving: 1) 95°C,
5 min; 2) 95°C, 30 s; 3) 52°C, 30 s, and 4) 72°C, 45
s, 10 min extension, 72°C) to amplify the coding
region of the transgene. PCR products were
subjected to electrophoresis for 1 h at 80 V, and
visualized by UV light on 1% (w/v) agarose gel.

RESULTS

The obtained results show that the cultivars differed
significantly in the number of induced calli. The
cultivar Diva had the lowest percentage (24%) of
induced calli. Cultivars Pobeda and Arija had signi-
ficantly higher percentages, 79% and 89%, respecti-
vely. The highest induction-shared cultivars were
Anastazija, Rusija and Kantata with 100%, respec-
tively (Graph 1).

The highest transformation efficiency was
detected in the cultivar Anastazija (43%) followed
by the cultivars Simonida (39.9%), Tiha and Rap-
sodija (34.2% and 27.7%, respectively). The cultivar
Jefimija had the lowest transformation efficiency,
10.1%. The cultivars Pesma and Kantata had similar
efficiencies, i.e. 14.2% and 14.5%, respectively. Cal-
lus tissues of the cultivars Sonata, Diva, Rusija and
Dragana, showed no signs of transformation.
Transformation efficiency was not significantly
correlated with the induction capacity (r=0.436,
p=0.119).

The first signs of callus tissue regeneration in
both transformed (1% generation of transformants -
T0) and non-transformed calli (wild-type - WT)
were observed in the cultivar Bajka. However, these

transformants exhibited degenerative morphological
changes as well as the albino phenotype (Fig. 1).

All genotypes subjected to the GUS analysis
produced positive results. When observing the
treated callus tissues after staining, it was possible
to differentiate several types of GUS expression.
Representative results of GUS expression are
presented in Figure 2.

Presence of GFP was determined in wheat
callus tissue in the samples of forty-eight hours and
four weeks after bombardment.

Figure 3 shows gfp expression in the layers of
transverse sections of callus tissues observed
through a confocal laser microscope at 488 nm
wavelength. All of the observed tissues obviously
possessed a very weak signal for the green fluo-
rescent protein. It required setting the microscope
to a lower stringency rate of laser emission (510
nm) which in turn resulted in lower detection
accuracy.

DISCUSSION

Transformation efficiency was not significantly lin-
ked to the induction capacity. It was observed to
depend significantly on the genotype. The cultivar
Jefimija, which had one of the highest induction
capacities (93%), exhibited the lowest transforma-
tion efficiency, only 10.1%. It deserves to be
mentioned that the cultivars Pesma and Kantata,
with 36% and 100%, induction capacity respec-
tively, had almost identical transformation efficien-
cies (14.2% and 14.5%, respectively). Although the
cultivars Dragana, Sonata and Rusija had exhibited
considerable induction capacity, their callus tissues
showed no sign of transformation. These results are
in agreement with those of Pellegrineschi et al.
(2002) who found that the variability of transforma-
tion was more due to the genotypic and physiologi-
cal status of the donor plants than due to the effi-
ciency of the biolistic procedure.

The above results can be interpreted in a variety
of ways. First, transformation efficiency is highly
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Fig. 2. Biolistic transformation of wheat and GUS expression. The arrows point to globular protuberances and blue precipitate
localization; a) mature embryos derived calli after 7 days on induction medium; b) development of somatic embryos over all the
surface of kanamycin resistant embryogenic calli on selection medium (arrows indicate formations of lobed structured somatic
embryos) (b and c). Stable uidA gene expression and histochemical GUS assay of 4 weeks transformed tissue on selective medium

resulted in different patterns (d, e, f).

Fig. 3. Stable gfp expression in somatic embryos tissue after
48 h and 4 weeks on selection medium

dependent on the genotype, as claimed by Rakszegi
et al. (2001). Second, transformation efficiency and
induction capacity could be independently inheri-
ted characteristics. This statement is supported by a
study of Pastori et al. (2001) which concluded that
there was no correlation between transformation
efficiency and embryogenic capacity in either one of
the examined genotypes.

The scutellar tissue of all analyzed samples
exhibited a vigorous GUS activity. These results are
in agreement with Peters et al. (1999), who
explained this phenomenon by the existence of
intrinsic GUS activity in scutellar tissue similar to
the GUS activity in transformed tissue, suggesting
that scutellar tissue must be removed if GUS
reported genes are to be used in the experiment.
This was supported by our results which indicated
that some embryogenic calli from the control
group, which had not been bombarded (Simonida,
Kantata and Rusija), exhibited the intrinsic GUS
activity, although this occurrence seems to depend
on the genotype.

The next pattern of expression of GUS activity
is the blue precipitate which appeared as dots at the

sites of microparticle impact in most of the
analyzed callus tissues. This observation suggests
that the GUS gene was expressed in some of the
transformed cells of the host genome, which
corresponds to the results of Cheng et al. (1997)
dealing with transient GUS expression in freshly
isolated immature embryos four days after ino-
culation. Also, Oktem et al. (1999) explained the
same event in the cultivar Cakmak when treated by
the biolistic approach.

Some callus tissues showed blue staining in
rapidly dividing cells, ie., in already generated
primordial vascular tissue (Figure 2e). Identical
observations were made by Clausen et al. (1998)
who found a high level of GUS expression in
meristematic tissue and in root tissue of a WT
genotype. A combination of the last two expression
patterns was also observed during GUS analysis
(Figure 2d). This phenomenon was explained by
Plegt and Bino (1989) and Hu et al. (1990). These
authors observed high natural GUS activity in
flowers and fruits of some plant species. They also
found that, in the tissue of A. thaliana, the pH value
of the GUS staining solution has a high effect on
intrinsic GUS activity and that by increasing the pH
value it was possible to stop or even reduce the
undesirable effect of endogenous GUS activity in
plant tissue.

In consideration of the above, it can be
concluded that the staining of vascular tissue, in our
case, indicates only the presence of intrinsic GUS
activity but not the presence of transformed tissue
in the analyzed calli. On the other hand, all
representative callus tissues, i.e., those that show the
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dotted staining pattern, including the callus tissues
that combine vascular and dotted staining, indicate
the presence of a stable transformation.

Young tissues (48 h) exhibited high fluo-
rescence in the cell wall and cytosol (Figure 3a). The
high fluorescence in the nucleus (Figure 3b) might
indicate the introduction of transgenes into the host
genome. This assumption is based on the assertion
of Schenk et al. (1998) that the GFP protein lacking
the sequence of transit peptide may freely accu-
mulate in the nucleus of treated cells, thus enabling
it to fluoresce. The authors added that these ob-
servations may be especially helpful in the iden-
tification of transformed cells if there exist limiting
factors such as so-called fluorescent dust, micro-
organisms, or strong cellular autofluorescence mas-
king the actual GFP signal.

In the layers of 4-week old tissue, complete
cells, now organized into tissues, may fluoresce.
Such samples may have large fluorescing areas
(Figure 3c). The level of detection is low, corres-
ponding to the weak fluorescence signal. These
results are in contrast to those of Yu et al. (2000)
who observed that fluorescence intensity tends to
increase with callus maturation.

Although we detected a high regeneration capa-
city of the callus tissue induced by mature embryo
culture, a low correlation between regeneration ca-
pacity and transformation efficiency was observed.
Callus tissue regeneration under selective pressure
attained a high level, from 10.1% to 43.0%. Ho-
wever, the GFP analysis showed a low fluorescence
in the analyzed samples, which was an indication of
low transformation efficiency. This contradiction
may be due to the small number of samples
analyzed by confocal microscopy.

Furthermore, molecular characterization invol-
ved only 23% of the calli (150 out of 648), i.e., those
that exhibited regeneration capacity under selective
pressure (50 ug/ml kanamycin) after three weeks of
cultivation in the culture. The PCR did not amplify
a product of appropriate size that would indicate a
stable transformation.

Successful GUS expression and low detection of
GFP fluorescence could be an indication of stable
transformation of the wheat tissue.

Acknowledgments - The authors acknowledge Dr. Andreas
Wachter (Heidelbeg Institute of Plant Science, Molecular
Ecophysiology Department, Heidelberg, Germany), who
kindly provided them with the transformation vector and
made important scientific suggestions during the
experiment, and Dr. Srbislav Denci¢ (Institute of Field and
Vegetable Crops, Novi Sad, Serbia) who provided seed
material.

The experiments described in this article were undertaken
in Heidelberg Institute of Plant Science, Molecular
Ecophysiology Department, Heidelberg, Germany.

REFERENCES

Alpeter, F., Diaz, 1., McAuslane, H., Gaddour, K., Carbonero, P.
and LK. Vasil (1999). Increased insect resistance in
transgenic wheat stably expressing trypsin inhibitor
Cme. Molecular Breeding 5, 53 - 63.

Baga, M., Chibbar, R. N. and K.K. Kartha (1999). Expression
and regulation of transgenes for selection of
transformants and modification of traits in cereals. In:
Molecular improvement of cereal crops (Eds. LK. Vasil),
Advances in Cellular and Molecular Biology of Plants,
83-131. Kluwer Academic Publishers.

Barro, F., Rooke, L., Bekes, F., Gras, P., Tatham, A. S., Fido, R.,
Lazzeri, P. A., Shewry, P. R. and P. Barcelo (1997).
Transformation of wheat HMW subunit genes results in
improved functional properties. Nature Biotechnology
15,1295 - 1299.

Blechl, A. E. and H.Q. Le (1998). Engeneering changes in wheat
flour by genetic transformation. Journal of Plant
Physiology 152, 703 - 707.

Cheng, M., Fry, J. E., Pang, S., Zhou, H., Hironaka, C. M.,
Duncan, D. R., Conner, T. W. and Y. Wan (1997). Ge-
netic transformation of wheat mediated by Agro-
bacterium tumefaciens. Plant Physiology 115, 971 - 980.

Clausen, M., Fuetterer, C., Zhang, C., Zhao, T., Potrykus, I. and
C. Sautter (1998). Transformation of different wheat
varieties. ICPP98; Paper Number 3. 4. 23.

Dahleen, L. S., Okubara, P. A. and A.E. Blechl (2001).
Transgenic approaches to combat fusarium head blight
in wheat and barley. Crop Science 41, 628-637.

De Block, M., Debrouwer, D. and T. Moens (1997). The
development of a nuclear male sterility system in wheat.
Expression of the barnase gene under the control of
tapetum specific promoters. TAG 95, 125 - 131.



MATURE EMBRYO-DERIVED WHEAT TRANSFORMATION 545

Dellaporta, S. L., Wood, ]. and J.B. Hicks (1983). A plant DNA
minipreparation: Version II. Plant Mol. Biol. Rep. 1,19-21.

Gopalakrishnan, S., Govind, K. G., Singh, D.T. and K.S.
Nagendra (2000). Herbicide - tolerant transgenic plants
in high yielding commercial wheat cultivars obtained by
microprojectile bombardment and selection on Basta.
Current Science 79 (8), 1094 — 1100.

Gullner, G., Komives, T. and H. Rennenberg (2001). Enhanced
tolerance of transgenic poplar plants overexpressing y-
glutamylcysteine synthetase towards chloroacetanilide
herbicides. Journal of Experimental Botany 52 (358),
971-979.

He, G. Y., Rooke, L., Steele, S., Bekes, F., Gras, P., Tatham, A. S.,
Fido, S., Barcelo, P., Shewry, P. R. and P.A. Lazzeri
(1999). Transformation of pasta wheat (Triticum tur-
gidum L. var. durum) with high - molecular - weight
glutenin subunit genes and modification of drough
functionality. Molecular Breeding 5, 377 — 386.

Hu, C. Y., Chee, P. P., Chesney, R. H., Zhou, ]. H., Miller, P. D.
and W.T. O’Brien (1990). Intrinsic GUS - like activities
in seed plants. Plant Cell Report9: 1 - 5.

McCabe, D.E., Swain, W.F., Martinell, B.J. and P. Christou
(1988). Stable transformation of soybean (Glycine max)
by particle acceleration. Bio Technology 6: 923-926.

Milligan, A. S., Daly, A., Parry, M. A. ]., Lazzeri, P. A. and L
Jepson (2001). The expression of a maize glutathione S -
transferase gene in transgenic wheat confers herbicide
tolerance, both in planta and in vitro. Molecular
Breeding 7, 301 - 315.

Miroshnichenko, D., Filippov, M. and S. Dolgov (2004). Genetic
transformation of Russian wheat varieties for the biotic
and abiotic stress resistance. 4" International Crop
Science Congress 2004.

Noctor, G., Gomez, L., Vanacker, H., and Foyer, C. (2002). Interac-
tions between biosynthesis, compartmentation and tran-
sport in the control of glutathione homeostasis and signa-
ling. Journal of Experimental Botany 53 (372), 1283-1304.

Oktem, H. A., Eydogan, F., Ertugrul, F., and Yucel, M. (1999).
Marker gene delivery to mature wheat embryos via
particle bombardment. Tr. J. of Botany 23, 303 — 308.

Ozgen, M., Turet, M., Ozcan, S. and C. Sancak (1996). Callus
induction and plant regeneration from immature and
mature embryos of winter durum wheat genotypes.
Plant Breeding 115, 455-458.

Pastori, G. M., Wilkinson, M. D., Steele, S. H., Sparks, C. A.,
Jones, H. D. and M.A.J. Parry (2001). Age — dependent
transformation frequency in elite wheat varieties.
Journal of Experimental Botany 52 (357), 857 — 863.

Pellegrineschi, A., McLean, S., Salgado, M., Velazquez, L.,
Hernandez, R., Brito, R. M., Noguera, M., Medhurst, A.,

and Hoisington, D. (2000). In: Transgenic wheat plants:
A powerful breeding source. (Eds Bed Z. Lng, L.), 325-
330 Wheat in a Global Environment.

Pellegrineschi, A., Brito, R., Velazquez, L., Noguera, L., Pfeiffer, W.,
McLean, S. and D. Holsington (2002). The effect of pre-
treatment with mild heat and drought stresses on the ex-
plant and biolistic transformation frequency of three du-
rum wheat cultivars. Plant Cell Reports 20 (10), 955 - 960.

Pellegrineschi, A., Reynolds, M., Pacheco, M., Brito, R. M.,
Almeraya, R., Yamaguchi-Shinozaki, K. and D.
Holsington (2004). Stress-induced expression in wheat
of the Arabidopsis thaliana DREB1A gene delays water
stress symptoms under greenhouse conditions. Genome
47(3): 493-500.

Peters, N. R., Ackerman, S. and E.A. Davis (1999). A modular
vector for Agrobacterium mediated transformation of
wheat. Plant molecular biology reporter 17, 323 — 331.

Plegt, L. and R.J. Bino (1989). 8 - glucuronidase activity during
development of the male gametophyte from transgenic
and non - transgenic plants. Mol. Gen. Genet 210, 321 -
327.

Rakszegi, M., Tamas, C., Szucs, P., Tamas, T. and Z. Bedo
(2001). Current status of wheat transformation. Journal
of plant biotechnology 3 (2), 67 - 81.

Rausch, T., Gromes, R., Liedschulte, V., Miiller, I, Bogs, J.,
Galovic, V. and A. Wachter (2007). Novel insight into
the regulation of GSH biosynthesis in higher plants.
Plant Biology 9, 565-572.

Rooke, L., Bekes, F., Fido, R., Barro, F., Gras, P., Tatham, A. S.,
Barcelo, P., Lazzeri, P. and P.R. Shewry (1999). Overex-
pression of a gluten protein in transgenic wheat results
in greatly increased dough strength. Journal of Cereal
Science 30, 115 - 120.

Schenk, P. M., Elliott, A. R. and J. M. Manners (1998).
Assessment of transient gene expression in plant tissues
using the green fluorescent protein as a reference. Plant
Molecular Biology Reporter 16, 313 — 322.

Sears, R. and E.L. Deckard (1982). Tissue culture variability in
wheat: callus induction and plant regeneration. Crop
Science 22, 546 — 550.

Stoger, E., Williams, S., Christou, P., Down, R. E. and J.A.
Gatehouse (1999). Expression of the insecticidal lectin
from snowdrop (Galanthus nivalis agglutinin; GNA) in
transgenic wheat plants: Effect on predation by the grain
aphid Sitobion avenae. Molecular Breeding 5: 65 -73.

Turhan, H. and I. Baser (2004). Callus induction from mature
embryo of winter wheat (Triticum aestivum L.). Asian
Journal of Plant Sciences 3 (1), 17 - 19.

Varshney, A., Kant, T., Sharma, V. K., Rao, A. and S.L. Kothari
(1996). High frequency plant regeneration from imma-



546 VLADISLAVA GALOVIC ET AL.

ture embryo cultures of Triticum aestivum and T. du-
rum. Cereal Research Communications 24, 409-416.

Vasil, V., Castillo, A. M., Fromm, M. E. and LK. Vasil (1992).
Herbicide resistant fertile transgenic wheat plants ob-
tained by microprojectile bombardment of regenerable
embryogenic callus. Biotechnology 10, 667 — 674.

Wachter, A., Wolf, S., Steininger, H., Bogs, ]. and Rausch, T.
(2005). Differential targeting of GSH1 and GSH2 is
achieved by multiple transcription initiation: implications
for the compartmentation of glutathione biosynthesis in
the Brassicaceae. The Plant Journal 41, 15-30.

Yu, T. T., Skinner, D. Z., Liang, G. H., Trick, H. N., Huang, B.
and S. Muthukrishnan (2000). Agrobacterium - media-
ted transformation of creeping bentgrass using GFP as a
reporter gene. Hereditas 133: 229-233

Zhou, H., Berg, ]. D., Blank, S.E., Chay, C. A., Chen, G,
Eskelsen, S. R., Fry, J. E., Hoi, S., Hu, T., Isakson, P. ]. B.,
Lawton, M., Metz, S. G., Rempel, C. B., Ryerson, D. K.,
Sansone, A. P., Shook, A. L., Starke, R. ]., Tichota, J. M.
and S.A. Valenti (2003). Field Efficacy Assessment of
Transgenic Roundup Ready Wheat. Crop Science 43,
1072 - 1075.

TPAHC®OPMAIINJA 3PE/INX EMBPVMOHA ITINIEHUIIE CA IIN/bAHUM CTPEC-
MOJOYINPAHUM AHTUOKCIJAHTHVM TEHOM

BJIAVICIIABA TAJIOBIR!, T. RAUSCH?, and SLOBODANKA GRSIC-RAUSCH?

"Uncmumym 3a Husujcko wymapcmaeo u xusomuy cpeoury, 21000 Hosu Cag, Cpbuja
*Mncmumym 3a 6umwre nayke, D-69120 Heidelberg, Hemauxa
? SERVA Electrophoresis, D-69120 Heidelberg, Hemauxa

3peny eMOPMOHY YeTPHAECT eIUNTHUX COPTHU O3UMe
MIIeHNIIe Cy TPaHCPOPMUCAHU IIyTeM OMOMUCTUYKe
metogie. Kao TpaHcreH kopuiheH je reH Koju Kopypa
y - rryrammycrenH cunrerasy (EC 6.3.2.2) y umpy
NOCTM3aba CTAOWIHUX TpaHCHOpPMaHATa OTIOPHUX
Ha crpec cyute. KopumtheH je OunHapHM Bektop
pBinarUTRECS a reH je 61Mo moOp KOHTPOTIOM

CaMV35S mpomotop pernona. GUS:GFP oysuja
reHa yIoTpeO/beHa je Kao penopTep cucreM a nptll
Kao CeJIeKTMBHI MapKep TeH. Bucoku Kamauurer pe-
TeHepalyje KaTyCHOT TKVBA IOl YC/IOBMMA Ce/IeKTB-
Hor nputucka u ycreinna GUS anammsa Tpancdop-
MMCAHOT TKVBA Cy yKasaay Ha YCIEIIHYy MHTPOJyK-
LIVjy TPAHCTeHa Y TKMBO 3pe/uX eMOPUOHa IIIeHNIIe.



