INTERNATIONAL JOURNAL OF AGRICULTURE & BIOLOGY
ISSN Print: 1560-8530; ISSN Online: 1814-9596
15-896/2016/18-3-661-670

DOI: 10.17957/1JAB/15.0134
http://www.fspublishers.org

Full Length Article

Producing Transgenic Thompson Seedless Grape (Vitis vinifera) Plants
using Agrobacterium tumefaciens

Ehab M.R. Metwali?*, Hemaid I.A. Soliman®, Omar A. Almaghrabi® and Naif M. Kaddasa®
!Biological Science Department, Faculty of Science, University of Jeddah, 21589 Jeddah, Saudi Arabia
2Botany Department, Faculty of Agriculture, Suez Canal University, 41522 Ismailia, Egypt

3Plant Genetic Resources Department, Desert Research Center, EI-Matariya 11753, Cairo, Egypt

“For correspondence: ehabmetwali@hotmail.com

Abstract

Under osmotic stress plant avoid it by different modification in their metabolisms such as increasing the synthesis of mMRNA of
delta 1-pyrroline-5-carboxylate synthase (P5CS), where P5CS is a target gene for increasing proline production and expect to
improve the resistance to abiotic stress. To test this hypothesis, grape (Vitis vinifera L.) cv. Thompson Seedless was conducted
to develop a protocol for high frequency regeneration and Agrobacterium mediated P5CS gene transfer. Callus induction was
achieved by culture leaf explants on Nitsch and Nitsch (NN) basal medium including 2.0 mg L* 2,4-di-chloro-phenoxy-acetic-
acid + 0.5 mg L Thiadiazuron solidified with 2.5 g L phytagel. While for in vitro proliferation of plant, the calli were
cultured on NN medium supplemented with 3.0 mg L Zeatin riboside + 0.5 mg L Thiadiazuron. Agrobacterium-mediated
transformation using the strain LB4404 harbouring the binary vector pB1121 with the P5CS gene under CaMV 35S promoter
and the bar gene as a plant selectable marker was used for transforming grape explants. A P5CS specific band (2100 bp) was
amplified from DNA extracted only from the transgenic grape plants and 24% for P5CS gene was positive for the bar gene.
Over expression of the abiotic stress P5CS gene was enhanced synthesis of proline to over 6 times higher in transgenic plants
compared to controls. The successful transformation of genetically diverse grape cv. Thompson Seedless indicated that the
transformation system may have general application to an even wider range of grapes cultivars. © 2016 Friends Science
Publishers
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Abbreviations: 2,4-D 2,4-di-chloro-phenoxy-acetic-acid; bar gene Phosphinotricin acetyl transferase (gene); BAP
Benzylaminopurine; HSDT Honestly Significant Difference Test; LB Luria broth medium; MCS multiple cloning site; MS
Murashige and Skoog’s medium; NN Nitsch and Nitsch medium; IBA Indole Butyric Acid; IPTG Isopropyl-beta-D-1-
thiogalactopyranoside; TDZ Thiadiazuron (NphenyIN1,2,3, Thiadiasol 5-ylurea); OD Optical density; PSCS 1-pyrroline-5-
carboxylate synthase; ROS Reactive oxygen species; ZR Zeatin Riboside.

Introduction

The grape (Vitis vinifera) is one of the earliest cultivated
fruit trees and its cultivation has spread to nearly all
climatically suitable regions of the world, especially in the
countries of the Mediterranean, Middle East and Arabian
Gulf region. There are many challenges that hinder
expansion of grape cultivation in these areas including
abiotic stresses such as salinity, water deficit and high
temperature (Baneh et al., 2013; Karimi and Yusef-Zadeh,
2013), which impact negatively on plant growth and crop
productivity (Patade et al., 2014).

Many plants attempt to overcome and reduce the
impact of osmotic stress conditions by synthesizing and
accumulating specific inorganic and organic compounds
such as proline, glycine betaine, mannitol and trehalose
which have osmoprotectant properties (Parida and George,

2015; Farooq et al., 2015). These osmolytes are not harmful
and accumulate without impairment of normal physiological
function to the plant cells. Their action in the cell is to
enhance molecular stability of proteins and cell membranes
during dehydrative stress conditions (Wang et al., 2007;
Gupta and Huang, 2014). Proline is one of the most
accumulated osmolytes found in plants exposed to salinity
and water deficit (Tripathi et al., 2007; Takano et al., 2009;
Khan et al., 2014) and it performs as a compatible solute
and reactive oxygen species (ROS) detoxifier (Szabados and
Savoure, 2010; Sadak et al., 2015). The action of proline
varies among plant organs, for instance it has been found to
help redistribute nitrogen to younger tissue in leaves and it
also helps counter energy shortages in flowers (Zhang and
Becker, 2015). A plant protecting him against the lethal
effects of salinity by over accumulation of proline that may
be resulting from salinity inducible uptake of exogenous
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proline confers (Fichman et al., 2014). Several studies have
highlighted the possible mechanisms of proline
accumulation under stress condition; 1- by restricting
entrance of non-metabolisable ions such as sodium,
transporting them to vacuoles and or excluding them from
the cytosol and thus reducing their toxicity (Verbruggen and
Hermans, 2008); 2- acting as a non-enzymatic
osmoprotectant which suggests it could replace water at
protein surfaces, in protein complexes or in membranes
Hasegawa et al. (2000); 3- acting as both an osmotic agent
and a radical scavenger (Kishor and Sreenivasulu, 2014)
and; 4- act to balance cell redox status and to buffer
cytosolic pH (Maggio et al., 2002).

In plants, proline is synthesized in two ways, by the
glutamate pathway and/or arginine/ornithine pathway
(Szabados and Savoure, 2010). Through glutamate proline
is generated via D1-pyrroline-5-carboxilate (P5C) by P5C
synthetase (P5CS) and P5C reductase (P5CR) (Kesari et al.,
2012). It has been estimated that the increased expression of
the P5CS gene plays a major function in regulating proline
synthesis in plants under adverse environmental conditions
compared with normal condition (Su et al., 2011). The
glutamate pathway is considered to be the major path for
proline synthesis under harsh conditions. In several plant
species, Phaseolus vulgaris (Chen et al., 2009), Medicago
truncatula (Armengaud et al., 2004), Glycine max (Mau et
al., 2010), reed canary grass (Cong et al., 2014) and sugar
cane (Iskandar et al., 2014), cloning the P5CS gene and its
over-expression results in increased abiotic stress tolerance
but there are no reports in the literature for grapes.

Plant tissue culture has frequently been advocated to
help emphasise those physiological and biochemical
procedures essential in cells that contribute to changes in
abiotic stress resistance (Alhasnawi et al., 2014).
Furthermore, the availability of efficient and reliable
regeneration systems from meristematic explants through
tissue culture is the first prerequisite to develop an effective
genetic transformation system for grapes. Only a few studies
have reported improvement in the technique of
transformation and tissue culture in grapes (Li et al., 2004;
Mulwa et al., 2007; Rubio et al., 2015), thus a widely
applicable and simple transformation and regeneration
protocol for grape is still awaited (Carimi et al., 2012).

For this study it was hypothesized that either it is
possible to clone abiotic stress P5CS gene in grapes or
P5CS gene is associated with proline accumulation and salt
resistance?

Materials and Methods

In Vitro Regeneration of Grape (Vitis vinifera) cv.
Thompson Seedless

Callus formation: The present study was conducted during
the years 2013-2015. The leaves of Thompson Seedless
were taken from plantlets generated previously on
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Murashige and Skoog (1962) M&S medium supplied with
0.3 mg L* Indole Butyric Acid (IBA) and 3.00 mg L*
Benzyl Adenine (BA). Leaf sections (1.5-2.00 cm) were

cultured on Nitsch and Nitsch medium (1969) addition to
different concentrations (1.00 — 5.00 mg L?) of 2, 4-
dichlorophenoxyacetic acid (2, 4-D) with 05 mg L*
thiadiazuron (TDZ) or 1.0 Kinetin in order to optimize the
best callus induction media. 15 plates, each containing 6
explants were used per treatment and set in a completely
randomized block design (CRBD). The cultures were
incubated at 25+2°C in the dark for four weeks to encourage
callus induction. Callus formation percentage was assessed
after 4 weeks.

In vitro regeneration: Callus pieces were sub-cultured

every four weeks onto NN fresh medium. To evaluate
the regeneration ability to produce shoots, healthy callus
was cultivated on NN based media with different
dosages of TDZ (1.0-4.0 mg L) or zeatin riboside (ZR)
(0.5-3.0 mg L) for four weeks. Using pH meter
instrument, pH for media was adjust at 5.8 and cultures
were kept in a controlled incubators at 25+2°C, 8/16 h
(dark/light) with an irradiance 40 umol m2 s, Ten jars,
each containing three calli were used per treatment and
coordinated in a CRBD. After four weeks the frequency
of shoot regeneration (No. of regenerating calli/No. of
plated calli x 100), number of shoots and shoot length were
recorded.

Rooting and acclimatization of regenerated plants: For
rooting formation, shoots (about 3 cm in length) derived
from the regeneration stage were cultured on MS medium
including 1.0 mg L IBA. Four week later, plantlets
were moved from the Jars and rinsed under tap water to
clean the roots from phytagel taking care to minimize
injury. The plantlets were transplanting in plastic pots
filled with a soil mixture of peat and sand (1:1), and
covered with black polyethylene bags and incubated
under 40 uM m? /16 h/30+1°C in growth cabinets. The
plants were hardened by removing the polyethylene bags
gradually over a 4 to7 week period.

Transformation System of Grape (Vitis vinifera) cv.
Thompson Seedless

Isolation and purification of recombinant plasmid DNA
from transformed cells: Agrobacterium tumefaciens strain
LBA4404, harbouring the binary vector pBI1121, containing
the P5CS gene which encodes Al-pyrroline-5-carboxylate
synthetase (P5CS) and the bar gene (bialophos herbicide
resistant gene) as a selectable marker under the control of
the cauliflower mosaic virus 35S promoter (P35S) and NOS
terminator were used for transforming grape explants (Fig.
1). Escherichia coli strain DH5a (Promega Corp.) was used
for cloning and manipulation of the plasmid (s) used.
Purification of plasmid was carried out with Qiaprep Spin
Miniprep Kit (Qiagen, Germany) according to the
manufacturer manual.
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A. tumefaciens culture preparation: Agrobactrium strain
LBA 4404 containing the pB1121 with bar and P5CS genes
were applied in this research. A single clone of bacteria was
grown in 5 mL of LB medium + 25ug mL Streptomycin +
50 pug mL? rifampicin + 50 pg mL? kanamycin at 28°C
with 180 rpm for 12 h, then it was sub-cultured into a 50 mL
LB medium and grown at 5 h at 28°C with 200 x g for
24-36 h. The growth culture was centrifugation at 5000 g
for 5 min, then the supernatant was separated and the pellet
was re-suspended in 100 mL of medium and incubated at
28°C for 2 h under 180 rpm before used.
Agrobacterium-mediated transformation system: The
explants of grape were co-cultivated with A. tumefaciens
strain LBA4404 with plasmid pB1121. The treated explants
will cultured onto medium MS for 2 days. Subsequently,
they were transferred to the selection callus induction
medium with 3.0 mg L of bialaphos and 300 mg L of
carbinicillin and incubated for 4 weeks for callus formation,
then developed callus were transferred to the regeneration
medium after up to three subcultures on the same medium.
This was performed through two replicates and the humbers
of explants in each replicate were 45 with a total number of
90 explants and all experiments were repeated two times.
Cloning the P5CS gene: DNA extracted from grapes
explant was used to amplify the P5CS gene using specific
primers. Amplified fragment of P5CS gene that expected at
molecular weight (2.100 kb) were cloned into the PCR
cloning vector pGEM®-T Easy Vector System (Promega,
USA) according to the manufacturer manual. The ligated
reaction (cloning vectors plus inserts) was used to transform
E. coli bacterial cells (XL-1blue).

Transformation of the competent cells: 50 pL of
competent cells was added to the ligation mixture and
mixed briefly and left under cooling (4°C) for 30 min, then
put in water bath under 35°C for 40 sec following by
incubation on ice for 3 min. After that, 500 uL of Luria and
Broth medium will be added and incubated with shaker in
water bath at 250 rpm under 37°C for one hour. One
hundred of transformation mixture was plated using a sterile
spreader onto LB medium containing 40 pg mL? x-
galactose, 100 pug mL? ampicillin and 0.5 mM IPTG
(Isopropyl-beta-D-1-thiogalactopyranoside).  The  Petri
dishes were incubated for one day under 37°C.

Screening of transformed cell: Detection of transformed
competent cells with pGEM®-T Easy was carried out by
blue/white colony screening as the vector has a ligated
fragment at its MCS (Multiple Cloning Site). The MCS of
Blue script lies within the LacZ gene, which when
expressed, in response to the presence of synthetic inducer
IPTG and produces the enzyme P-galactosidase. This
releases an indigo dye from the chromomeric substrate, X-
gal, resulting in the formation of a blue colony. Insertion of
a DNA fragment within the MCS would result in the failure
of LacZ expression, and the consequent formation of white
colony, thus, cells transformed with pGEM®-T Easy
derivatives were plated on LB-plates, to select and identify
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recombinants.
Detection of Transgenic Plants

Herbicide leaf painting assays: In order to evaluate the
expression of bar gene, non-transformed (control) and
putative transformed grape leaves were painted according to
Chen et al. (2008) with BASTA herbicide (a proprietary
herbicide containing bialaphos) at a concentration of 2.0 g
LL. After a week the leaves were either unaffected or turned
brown (necrosis) were considered as positive and negative
results.

PCR assay: Genomic DNAs was extracted from putative
transgenic plants, as described by Dellaporta et al. (1983)
and analyzed by PCR. Two pairs of specific primers were
used to identify transformed plants, the first was designed to
amplify 540 bp of the bar gene (namely PI, 5-AAA AGC
TTC CAC CAT GAG CCC AGA ACG ACG-3'and P2, 5
AAG GAT CCT TAG ATC TCG GTG ACG G the
second pair was designed to amplify the P5CS gene (namely
P3, 5-TAC TGA GAC TGT GAA GTA GCC T-3'and P4,
5-' ATG GCATTG CAG GCT GCC GTT A -3). The PCR
temperature profile was as follows: initial denaturation of
DNA at 94°C for 5 min, 35 cycles comprised of 1 min
denaturation at 94°C, 1 min annealing at 55°C for P5CS
gene or 60°C for bar gene, 1 min elongation step at 72°C
followed by a final extension step at 72°C for 7 min.
Determination of free proline content: Leaf samples
derived from putative transgenic and control grape plants
under nature conditions was used to determine proline
content according to McMannus et al. (2000).

Statistical Analysis

In this experiments, 15 Petri dishes each containing 6 leaf
sections was used per treatment (90) leaf sections was
cultured for one set of experiment for grape (Vitis vinifera)
cv. Thompson seedless. Nitsch and Nitsch medium without
growth hormones will considered as control. All the data
were analyzed for significance using ANOVA (analysis of
variance p<0.05) according to Duncan (1955).

Results
In Vitro Callus Induction and Plant Regeneration

Leaf sections of grape (Vitis vinifera) cv. Thompson
Seedless were used to attain callus induction in vitro
(Fig. 2a). In order to optimize the best callus induction
media leaf sections (0.5-1.0 cm) were cultured on NN
medium supplemented with 1.0- 3.0 mg L' 2,4-D
combined with 0.5 mg L™* TDZ or 1.0 Kinetin (Table 1).
The data recorded that the highest leaf section survival
(98%) was observed on NN basal medium supplemented
with 1 mg L 2,4-D, whereas the lowest value (87%) was
detected with 2.0 mg L 2,4-D and 1.0 mg L™ kinetin.
The NN basal medium supplemented with 2.0 mg L 2, 4-D
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Table 1: Responses after 4 weeks of leaf section explants to growth regulators concentrations on callus formation
and adventitious shoot regeneration response of grape cv. Thompson Seedless via in vitro

Growth regulators (mg L) Leaf sections survival (%)

Callus formation (%) Adventitious shoot regeneration (+/-)

24-D10 mgL? 98+3.65a
24-D20 mgL? 91+2.54c
24-D3.0 mgL? 89+1.78cd
24-D10 mgL'+TDZ05 mgL? 96+2.98ab
24-D20 mgL'+TDZ05 mgL? 95+2.84b
2,4-D 2.0 mg L + kinetin 1.0 mg L 87+1.58d

83+1.02de
89+1.77cd
72+0.89%
85+1.40d
92+2.62¢c
73+0.91e

+
+

+
++
+++

No regeneration= -, Poor= +, Good= ++, very good= +++

Values are presented by mean + SE Same letters represent no significant differences between means at P < 0.05 level determined by Tukey's test
Bold value indicated the highest value obtained for the treatment compared to other treatments

2,4-D = 2,4-di-chloro-phenoxy-acetic-acid, TDZ = Thiadiazuron

Table 2: Responses of callus to adventitious shoot induction after 4 weeks to regulators concentrations of the grape cv.

Thompson Seedless

Growth regulators (mg L) Shoot regeneration (%) Number of shoots Shoot length (cm)
TDZ2.0mgL* 18.6+0.54f 2.62+0.19d 0.56+0.05f
TDZ3.0mgL? 22.4+0.65e 2.53+0.18d 0.75+0.08e
ZR3.0mgL? 33.3+0.82d 4.33+0.25ab 1.12+0.10d
ZR2.0mgL*ZR+TDZ05mgL* 62.8+1.48b 4.02+0.22b 1.55+0.11c
ZR3.0mgL*ZR+TDZ05mgL* 76.4+2.25a 6.38+0.28a 2.25+0.15a
ZR20mgL*+TDZ1.0mgL* 66.3+1.49b 4.3240.24ab 1.58+0.12¢c
ZR2.0mgL*ZR + TDZ 2.0 mg L* 52.8+1.09¢c 3.55+0.20c 1.85+0.13b

Values are presented by mean = SE Same letters represent no significant differences between means at P < 0.05 level determined by Tukey’s test
Bold value indicated the highest value obtained for the treatment compared to other treatments

ZR = Zeatin Riboside, TDZ = Thiadiazuron

R-*

Fig. 1: Schematic representation of the T-DNA of the
recombinant binary vector pBI121 carrying the P5CS gene
driven by CaMV 35S promoter. LB left border, nopaline
synthase gene terminator, P5CS gene, 35S promoter,
nopaline synthase gene terminator, bar gene, 35S promoter,
RB Right border

ﬂ]rlu BamHI

¥

"

Fig. 2: Shoot formation on MS medium supplemented with
3.0mg Lt BA and 0.3 mg L IBA (a). Callus formation on
Nitsch and Nitsch medium supplemented with 2.0 mg L*
2,4-D + 0.5 mg L TDZ (b)

and 0.5 mg L* TDZ was the most effective in callus
formation (92%) and shoot formation (+++) (Fig. 2b). To
enhance shoot regeneration, callus were cultured on NN
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basal medium with different concentrations of TDZ or
zeatin riboside (Table 2). The best shoot regeneration
percentage (76.4%), with a mean length of shoots of 2.25
cm and mean number of shoots of 6.38 was obtained on NN
medium plus 3.0 mg L* zeatin riboside and 0.5 mg L TDZ
(Fig. 3). MS medium including 1.0 mg L IBA was used as
an optimized medium for root formation according to
Kurmi et al. (2011), maintained for 30 days in controlled
growth chamber at 25+2°C, 8/16 h (dark/light) with an
irradiance 40 pmol m2 s supplied with fluorescent lights
lamp to generate adventitious roots (Fig. 4a). After four
weeks of culture, 98% of the shoots had produced
adventitious roots. Nearly all plantlets (96%) moved to
greenhouse, showed survival, normal growth and
development.

Agrobacterium-mediated Transformation Protocol

Herbicide bialaphos sensitivity: An expected, for control
plants an increase in bialaphos concentration was associated
with reduced survival of explants percentage. At 0.0, 1.0
and 2.0 mg L of bialaphos rates of survival were 95.8,
73.5 and 56.4%, respectively (Fig. 5). The concentration
3.0 mg L' was considered a lethal concentration of and
was subsequently used to select as transformed tissues in.
24 explants out of 100 survived on the bialaphos selection
medium and these produced 24 bialaphos-resistant shoots.
After 3-4 weeks these developed shoots were sub-cultured
to the rooting medium.
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Table 3: Mean proline content (ug g* F W) of transgenic
and non-transgenic grape cv. Thompson seedless plants

Plant Proline content (ug g** FW)
Transgenic 1960.12+1.7a
Non-transgenic 330.28 £0.5b

Two values are presented by mean + SE, different letters (a and b)
represent significant differences at P < 0.05 using t-test

Fig. 3: In vitro regenerated shoots on Nitsch and Nitsch
medium supplemented with 3.0 mg L* ZR + 0.5 mg L*
TDZ

& “%f A

Fig. 4: Well rooted shoots of grape in vitro achieved on
MS medium supplemented with 1.0 mg L' IBA (a);
Acclimatized and weaned in vivo grapes plants derived
from in vitro regeneration (b)

Molecular Analysis and Gene Expression of Transgenic
Plants

Leaf painting assays: As plasmid pBI121 contains the
P5CS gene, which encodes A!-pyrroline-5-carboxylate
synthetase (P5CS) and bar gene (herbicide resistant gene) as
selectable marker, putative transgenic grape (Vitis vinifera)
plants were treated with the recommended concentration of
Basta herbicide (2.0 g L™ Basta) to establish the expression
of the bar gene. As used in other studies to identify
transgenic plants in faba bean (Moemen et al., 2005) and
Chinese cabbage (Chaewan et al., 2007). The bialaphos
resistant plantlets were painted with Basta herbicide
(bialaphos) to test their resistance as in other studies. Non
transgenic plant leaves turned yellow then brown and dark
(necrosis) within 2 days (Fig. 6), while the transgenic plant
leaves remained green indicating their resistance to the
herbicide (Figs. 6 and 7).
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Fig. 5: Effect of bialaphos concentrations on leaf segments
of grape cv. Thompson Seedless

Fig. 6: Leaf painting evaluation of transgenic grape plant
(Right) compared to non-transformed grape plant (Left)

Fig. 7: Transgenic grape plants cultivar Thompson seedless
containing p5CS gene

PCR detection of transformed grape plants: Genomic
DNA was isolated from the transformed bialaphos resistant
grape plants. PCR was used to confirm the integration of the
P5CS gene into the genomic DNA of the putative transgenic
bialaphos resistant tissues. In this study, the P5CS specific
primers and bar specific primers were designed to amplify a
fragment of 2100 bp and 540 bp, respectively (Fig. 8).
Recombinant binary vector pBl121containings the P5CS
gene was identified by double digestion with BamHI/Sphl
(Fig. 8). Out of 14 leaf fragments 12 were recombinant as
they showed a higher molecular weight fragment at 2100
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Fig. 8: Restriction digestion of the cloned fragment of
P5CS gene in the binary vectorpBI121 under the control of
the P35S promoter with BamHI and Sphl (Lanes P1-
P3).PCR detection of P5CS gene into putative transgenic
grape cv. Thompson seedless plant, amplifying 2100 bp
(Lanes T1-T3). Lane M: DNA marker (1kb plus DNA
ladder)

9 10 11 12 13 14

Fig. 9: PCR detection of bar gene in putative transgenic
grape (Vitis vinifera) cv. Thompson seedless plants,
amplifying about 540 bp with transgenic plants

bp in DNA from the plasmid carrying P5CS (lanes P1-P3)
as a positive control and also from DNA purified from
putative transgenic plants (Lanes T1-T3). AP5CS specific
band (540 bp) was amplified from DNA extracted only
from the transgenic grape plants but was absent in non-
transformed plants (Fig. 9) 24% of the transformed lines
that were positive for the P5CS gene were positive for the
bar gene. These results confirmed that using
Agrobacterium-mediated transformation was successfully
applied to clone genes to grape.

Free proline level: Proline concentration was determined in
transgenic and control plants in normal condition without
the presence of any antibiotics (Table 3). The proline level
produced by the constitutive expression of the P5CS
transgene was over 6 times higher than the control and
reached 1960 pg g FW compared with 330 pg g* FW in
control plants.

Discussion

To develop optimum conditions for genetic transformation
the first perquisite is to develop efficient method for
regeneration in vitro (Wedzony et al., 2013; Verma et al.,
2014). In this study, leaf sections (0.5-1.0 cm) were
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cultured on NN basal medium combined with different
concentration of growth hormones in order to optimize the
best callus induction media. NN basal medium
supplemented with 2.0 mg L™ 2, 4-D and 0.5 mg L TDZ
was the most effective for the induction of callus (92%) and
shoot formation (+++). Several studies on Vitis rupestris
(Olah et al., 2003), Vitis rotundifolia (Dhekney et al., 2011,
Li et al., 2014) and Vitis vinifera (Vidal et al., 2009) has
been similarly succeeded to obtain regeneration using leaves
as explants. In agreement with our results, Mullaw et al.
(2010) reported that abundant embryogenic callus in wine
grape was obtained from leaf and floral explants
supplemented with 9.0 uM 2, 4-D +17.0 uM IASP in
combination with either 1.0 uM BA or 1.0 uM TDZ in
darkness. In contrast Nakajima et al. (2000) reported that
the embryogenic callus from grape ovules was successfully
produced on culture medium consisting of half strength MS
supplemented with 1.0 uM 2,4-D and 0.2-5.0 uM TDZ.
Also, the majority of the plantlets derived from micro shoot
tips and nods of Vitis pseudoreticulata as obtained on half-
strength MS solid medium supplemented with 9.0 uM TDZ
and 2.9 UM NAA (Guan et al., 2013). Some studies on
different plant species such Lingonberry leaves (Debnath,
2005) and Arabidopsis leaves (Guan et al., 2006) have
reported good response with 2,4-D and TDZ to induce
callus formation. The regeneration of plants from callus is
often influenced by the choice of cytokinin for example,
TDZ caused callus induction from hypocotyl or cotyledon
explants of Ochna integerrima but applied BA did not
induce callus (Ma et al., 2011).

In the current study, shoot organogenesis frequency
and shoot number per explant were significantly less when
zeatin riboside or when TDZ was used in isolation whereas,
shoot regeneration was detected when zeatin riboside was
applied with TDZ. A series of experiments has
demonstrated that regeneration success in grape can be
induced efficiently by TDZ (and it has been found to be the
most active cytokinin substitute for the hormonal
requirement of somatic embryogenesis and morphogenesis
for in vitro manipulation of many of woody species (Ola’h
et al., 2003; Mullaw et al., 2010). Few studies have
explained the mechanism of TDZ but it is suspected of
promoting regulator morphogenesis in plantlets through the
alteration of growth hormones, either cytokinin or auxin
(Debnath, 2005) or by inhibiting cytokinin oxidase activity
(Hare and Van-Stadan, 1994; Guo et al., 2011). TDZ has
been reported to be very efficient in stimulating adventitious
shoot production in several recalcitrant woody plants
(Janick et al., 1990; Gamage and Nakanishi, 2000; Pérez et
al., 2000). Additional evidence for the influence of TDZ in
combination with different auxins on the morphogenic
potential of apples was recently provided by Xin et al.
(2013). The results confirmed the stimulatory effect of TDZ
in combination with different auxins or cytokinin on grape
adventitious shoot regeneration.
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Also, in our study, it was observed that 98% of the
shoots produced adventitious roots in the rooting medium
supplemented with 1.0 mg L IBA and this medium can be
considered as an optimized medium for root formation. In
agreement with our results, Zhi-Ying et al. (2011) reported
that 3/4 strength MS medium with the addition of 0.35 mg
L IBA was effective for root formation from regenerated
adventitious buds in Vitis vinifera. IBA is commonly used in
tissue culture procedures for various research on different
plant species such as Citrus sinensis (Almeida et al., 2002),
Centella asiatica (Moghaddam et al., 2011), Camellia
sinensis (Sirous et al., 2012) and Prunus empyrean (Sadeghi
et al., 2015) to stimulate cell enlargement, elongation and
initiate roots from explants or callus. In multiple
studies,rooted plant acclimatized readily to the greenhouse
with survival rates of 85, 90 and 93% (Debnath, 2005; Fang
et al., 2007; Zhi-Ying et al., 2011) and these values agree
with our data which showed 96% survival and normal
growth and development.

A commonly used for selection of transformed shoots
is bar and applied bialaphos (glufosinate ammonium) assay
is used Our results showed that 3.0 mg L was a lethal
concentration of bialaphos and this is consistent with those
obtained by Dedicova et al. (2015) who emphasis that the
selection agent should completely suppress growth of
untransformed plant cells. Herouet et al. (2005) indicated
that the bialaphos resistance gene bar encode for the protein
phosphinothricin acethyl transferase (PAT) that provides
resistance to Phosphinothricin (PPT) by catalyzing the
addition of an acetyl group to the free amino group and this
applies to other herbicide derivatives such as bialaphos,
which are competitive inhibitors of glutamine synthesis. In
this study, 24 explants out of 100 survived on the bialaphos
containing selection medium and were successfully
transformed grapevine clones. This limited number of
successfully transformed grapevine clones is not uncommon
and has been attributed by various researchers to several
different factor that influence the relative low
transformation efficiency including initial difficulties
experienced in the introduction of foreign genes and the
selection and regeneration of transformed cells in grape
species (Perl and Eshdat, 1998), escape genes during
selection (Ogawa et al., 2014), problems in the production
of roots increasing the time to get plantlets (Luth and
Moore, 1999), trouble in conditions required for successful
Agrobacterium infection, (Li et al., 2006) and also
identifying the suitable Agrobacterium strain and selectable
marker gene (Carimi et al., 2012). Several methods for
genetic transformation have been attempted for grape, but
only Agrobacterium mediated transformation has been
previously successful (Vivier and Pretorius, 2000).

In this study, recommended dose of Basta herbicide
(2.0 g LY was applied to weaned plantlets to prove the
continued expression of the bar gene as a selectable marker.
The data indicated that leaves of transgenic plant leaves
remained green, while leaves of control plants turned and
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became necrotic yellow, which indicating resistance and
sensitivity to the herbicide, respectively. In other studies of
the T2 generation it has been found that transgenic plants
can express different responses to the herbicide, for example
only 48 out of 65 transgenic seedlings of maize remained
Basta resistant (Chen et al., 2008). Also for 130 explants in
tobacco after selection with Basta herbicide subsequently
only81 plants were Basta tolerant (62.30%) (Soliman et al.,
2009). Our results observed that only 24 out of 100 (24%)
of putatively transformed grape plants with pBI121
contained the P5CS gene and were confirmed to be
transgenic by PCR. In previous studies, researchers have
attempted to focus on P5CS expression patterns in higher
plants and they found increasing levels of constitutive
transcript abundance compared with the genes VaP5CS (de
Carvalho et al., 2013), OsP5CS (lgarashi et al., 1997),
PvP5CS (Chen et al., 2009), JcP5CS (Wang et al., 2011),
AtP5CS1(Zhuang et al., 2011) and MsP5CS1(Fichman et
al., 2014). Induction of transcript expression of P5CS gene
has also been reported in response to abiotic stresses (Neffar
etal., 2011) and it was found to encourage proline synthesis
and improved stress tolerance (Vendruscolo et al., 2007;
Patade et al., 2013). This however depends on regulation of
its transcript expression and further metabolism to meet the
plant’s needs (Sharma et al., 2011). This study indicated
that, P5CS gene expression driven by this promoter led in
6.0 fold higher free proline when compared with non-
transformed plants. The proline assay indicated that, the
endogenous proline production is most likely the result of an
increase in biosynthesis. There is a direct correlation
between over production and accumulation of proline. This
has been made in transgenic varieties that were engineered
for overproduction of praline. In tobacco plants (Kavi-
Kishor et al., 1995) and wheat (Sawahel and Hassan, 2002)
expressing the P5CS gene led to an increase in proline
content 14 and 12 times, respectively, compared to the non-
transformed plants.

Because of proline biosynthesis is controlled by the
activity of two P5CS (P5CS1 and P5CS2) genes in plants
(Xue et al., 2009) and the role of genes functioning in
proline biosynthesis such as P5CS and catabolism such as
proline dehydrogenases (PDH) in stress tolerance have been
demonstrated in several plant systems (Mani et al., 2002;
Guerzoni et al., 2014). We found that the transgenic plants
which increased the expression of genes encoding the
enzyme pyrroline-5-carboxylate synthase (P5CS) recorded
high amounts of proline compared to non-transgenic plants.
Our results were in agreement with Ashraf and Foolad
(2007), who recognized proline as one of the most common
amino acid accumulating as a result of disturbances in
osmotic balance and suggest that it can serve as an indicator
of salt stress and it is functional role is to defend cellular
redox potential to stress conditions. Székely et al. (2008)
indicted a positive correlation between accumulation of
P5CS1 in chloroplasts under adverse conditions and
increase in proline biosynthesis in plastids. The positive



Metwali et al. / Int. J. Agric. Biol., Vol. 18, No. 4, 2016

correlation between proline accumulation and enhancement
salt stress resistance provides a simple strategy for plants
adapted to cope up with stress conditions and offers a
possible biological marker beneficial in the identification
and selection of salt resistant plants and plant cells Khorami
et al. (2011).

Conclusion

An encoding gene (P5CS) was introduced into grapes plants
by Agrobacterium-mediated transformation. Selection of
different media and plant growth regulators are important
for callus, shoot and root proliferation in-vitro. TDZ was
found to be the most active cytokinin requirement for in
vitro manipulation. Over expression of the abiotic stress
P5CS gene enhanced synthesis of proline in transgenic
plants and associated with providing abiotic stress tolerance.

Acknowledgements

This project was funded by the Deanship of Scientific
Research (DSR) at University of Jeddah, Jeddah, under
grant no. (73/965/1436/G). The authors, therefore,
acknowledge with thanks DSR technical and financial
support.

References

Alhasnawi, A., A. Kadhimi, A. Ibrahim, A. Isahak, A. Mohamed, W.
Yusoff and C. Zain, 2014. Salinity tolerant enhancement, tissue
culture in vitro biochemical procedures. J. Plant Biol. Res., 3: 51-64

Almeida, W., F. Filho, B. Mendes and A. Rodriguez, 2002. In vitro
organogenesis optimization and plantlet regeneration in Citrus
sinensis and C. limonia. Scientia Agricola, 59: 35-40

Armengaud, P., L. Thiery, N. Buhot, G. March and A. Savoure, 2004.
Transcriptional regulation of proline biosynthesis in Medicago
truncatula reveals developmental and environmental specific
features. Physiol. Plant, 120: 442-450

Ashraf, M. and R. Foolad, 2007. Roles of glycine betaine and proline in
improving plant abiotic stress resistance. Exp. Environ. Bot., 59:
206-216

Baneh, H.D., H. Attari, A. Hassani and R. Abdollahi, 2013. Salinity Effects
on the Physiological Parameters and Oxidative Enzymatic Activities
of Four Iranian Grapevines (Vitis vinifera L.) Cultivars. Int. J. Agric.
Crop. Sci., 5: 1022-1027

Carimi, F., R. Pathirana and A. Carra, 2012. Biotechnologies for grapevine
germplasm management and improvement. In: Grapevines:
Varieties, Cultivars, pp: 199-249. Szabo, P.V. and J. Shajania (eds.).
NovaScience Publishers, Inc

Chaewan, L., K. Sunggil, C. Yeonok, K. Park and S Soon-Kee, 2007.
Utilization of the bar gene to develop an efficient method for
detection of the pollen mediated gene flow in Chinese cabbage.
Plant, 22: 19-25

Chen, J.B., S.M. Wang, R.L. Jing and X.G. Mao, 2009. Cloning the
PvP5CS gene from common bean (Phaseolus vulgaris) and its
expression patterns under abiotic stresses. J. Plant Physiol., 166:
12-19

Chen, R., G. Xue, P. Chen, B. Yao, W. Yang, Q. Ma, Y. Fan, Z. Zhao, M.C.
Tarczynski and J. Shi, 2008.Transgenic maize plants expressing a
fungal phytase gene. Transgenic Res., 17: 633-643

Cong, L., X. Zhang, F. Yang, S. Liu and Y. Zhang, 2014. Isolation of the
P5CS gene from reed canary grass and its expression under salt
stress. Genet. Mol. Res., 13: 9122-9133

668

de Carvalho, K., M.K.F. de Campos, D.S. Domingues, L.F.P. Pereira and
L.G.E. Vieira, 2013. The accumulation of endogenous proline induces
changes in gene expression of several antioxidant enzymes in leaves
of transgenic Swingle citrumelo. Mol. Biol. Rep., 40: 3269-3279

Debnath, S.C., 2005. A two-step procedure for adventitious shoot
regeneration from in-vitro-derived lingonberry leaves: Shoot
induction with TDZ and shoot elongation using zeatin. Hort. Sci., 40:
189-192

Dedicova, B., C. Bermudez, M. Prias, E. Zuniga, C. Brondani, 2015. High-
throughput transformation pipeline for a Brazilian japonica rice with
bar gene selection. Protoplasma, 252: 1071-1083

Dellaporta, S.L., J. Wood and J. Hick, 1983. A plant DNA minipreparation.
Version Ill. Plant Mol. Biol., 1: 19-21

Dhekney, S.A., Z.T. Li and D.J. Gray, 2011. Factors influencing induction
and maintenance of Vitis rotundifolia Michx. embryogenic cultures.
Plant Cell Tiss. Organ. Cult., 105: 175-180

Duncan, D.B., 1955. Multiple range and multiple F tests. Biometrics, 11:
1-42

Fang, Y.L, D. Liu and S.R. Song, 2007. In vitro regenerating system of
Vitis rotundifolia cv. ‘Alachua’with its petioles. Acta Bot. Boreal. -
Occident. Sin., 27: 1777-1781

Faroog, M., M. Hussain, A. Wakeel and K.H.M. Siddique, 2015. Salt stress
in maize: effects, resistance mechanisms and management. A review.
Agron. Sustain. Dev., 35: 461-481

Fichman, Y., S. Gerdes, H. Kovacs, L. Szabados and A. Zilberstein, 2014.
Evolution of proline biosynthesis: enzymology, bioinformatics,
genetics, and transcriptional regulation. Biol. Rev. Camb. Philos.
Soc., 90: 1065-1099

Gamage, N. and T. Nakanishi, 2000. In vitro shoot regeneration from leaf

tissue of apple (Cultivar "Orine"): high shoot proliferation using

carry over effect of TDZ. Acta Hort., 520: 291-298

C., S. Zhu, X. Li and X. Zhang, 2006. Hormone-regulated

inflorescence induction and TfI1 expression in Arabidopsis callus in

vitro. Plant Cell Rep., 25: 1133-1137

Guan, X., H. Zhao, X. Xu and Y. Wang, 2013. Studies on gene transfer of
shoot apical meristems by Agrobacterium-mediated genetic
transformation in a progeny of Chinese wild Vitis pseudoreticulata.
Vitis, 52: 185-192

Guerzoni, S., G. Belintan, P. Moreira, A. Hoshino, S. Domingues, C.
Bespalhok and G. Vieira, 2014. Stress-induced Al-pyrroline-5-
carboxylate synthetase (P5CS) gene confers tolerance to salt stress in
transgenic sugarcane. Acta Physiol. Plant., 36: 2309-2319

Guo, B., H. Abbasi, A. Zeb, L. Xu and Y. Wei, 2011. Thidiazuron: A
multidimensional plant growth regulator. Afr. J. Biotechnol., 10:
8984-9000

Gupta, B. and B. Huang, 2014. Mechanism of salinity tolerance in plants:
physiological, biochemical, and molecular characterization. Int. J.
Genom., doi: 10.1155/2014/701596

Hare, P.D. and J. Van Staden, 1994. Inhibitory effect of thidiazuron on the
activity of cytokinin oxidase isolated from soybean callus. Plant Cell
Physiol., 35: 1121-1125

Hasegawa, P.M., R.A. Bressan, J.K. Zhu, H.J. Bohnert, 2000. Plant cellular
and molecular responses to high salinity. Annu. Rev. Plant Physiol.
Mol. Biol., 51: 463-499

Herouet, C., D. Esdaile, B. Mallyon, E. Debruyne, A. Schulz, T. Currier, K.
Hendrickx, R. van der Klis and D. Rouan, 2005. Safety evaluation of
the phosphinothricin acetyltransferase proteins encoded by the pat
and bar sequences that confer tolerance to glufosinate-ammonium
herbicide intransgenicplants. Regul. Toxicol. Pharmacol.,41: 134-149

lgarashi, Y., Y. Yoshiba, Y. Sanada, K. Yamaguchi-Shinozaki, K. Wada
and K Shinozaki, 1997. Characterization of the gene for delta-
pyrroline-5- carboxylate synthetase and correlation between the
expression of the gene and salt tolerance in Oryza sativa L. Plant
Mol. Biol., 33: 857-865

Iskandar, H.M., D. Widyaningrum and S. Suhandono, 2014. cloning and
characterization of and genes from P5CS1 P5CS2 Saccharum
officinarum L. under drought stress. J. Trop. Crop Sci., 1: 23-30

Janick, J., R. Zimmerman, H.C. Theiler and H.R. Theiler, 1990. Influence
of TDZ and BA on adventitious shoot regeneration from apple
leaves. Acta Hort., 1: 240

Guan,



Cloning Abiotic-resistance P5CS Gene in Grape / Int. J. Agric. Biol., Vol. 18, No. 4, 2016

Karimi, H. and 1. Yusef-Zadeh, 2013. The effect of salinity level on the
Morphological and Physiological Traits of Two Grape (Vitis vinifera
L.) Cultivars. Int. J. Agron. Plant Prod., 4: 1108-1117

Kavi-Kishor, P.B.K., Z. Hong, G.H. Miao, C.A. Hu and D.P. Verma, 1995.
Overexpression of Al-pyrroline-5carboxylatesynthetaseincreases
proline production and confers osmotolerance in transgenic plants.
Plant Physiol., 108: 1387-1394

Kesari, R., J. Lasky, J. Villamor, D. Des Marais, Y. Chen, T. Liu, W. Lin, T.
Juenger and P. Verslues, 2012. Intronmediated alternative splicing of
Avrabidopsis P5CS1 and its association with natural variation in
proline and climate adaptation. Proc. Natl. Acad. Sci. USA, 109:
9197-9202

Khan, A., I. IRram, I. Ahmad, H. Nawaz and M. Nawaz, 2014. Role of
proline to induce salinity tolerance in sunflower (Helianthus annus
L.). Sci. Tech. Dev., 33: 88-93

Khorami, R., A. Safarnejad and M. Shourvarzi, 2011. Effect of salt stress on
ion distribution and proline accumulation in Foeniculum vulgare
using in vitro technique. Inter. J. Sci. Nat., 2: 168-175

Kishor, P. and N. Sreenivasulu, 2014. Is proline accumulation per se
correlated with stress tolerance or is proline homeostasis a more
critical issue? Plant Cell Environ., 37: 300-311

Kurmi, S., D. Sharma, M. Tripathi, R. Tiwari, B. Baghel and S. Tiwar,
2011. Plant regeneration of Vitis vinifera (L) via direct and indirect
organogenesis from cultured nodal segments. J. Agric. Technol., 7:
721-737

Li, Z., K. Kim, S. Dhekney, J. Jasinski, M. Creech and D. Gray, 2014. An
optimized procedure for plant recovery from somatic embryos
significantly facilitates the genetic improvement of Vitis. Hort. Res.,
doi: 10.1038/hortres.2014.27

Li, Z., S. Dhekney, M. Dutt, M. VVan Aman, J. Tattersall, T. Kelley and D.
Gray, 2006. Optimizing Agrobacterium-mediated transformation of
grapevine. In Vitro Cell Dev. Biol. Plant, 42: 220-227

Li, Z., S. Jayasankar and D. Gray, 2004. Bi-directional duplex promoters
with duplicated enhancers significantly increase transgene expression
in grape and tobacco. Trans. Res., 13: 143-154

Luth, D. and G. Moore, 1999. Transgenic grapefruit plants obtained by
Agrobacterium tumefaciens-mediated transformation. Plant Cell
Tiss. Organ Cult., 57: 219-222

Ma, G., J. Lu, J. Teixeira da Silva, X. Zhang and J. Zhao, 2011. Shoot
organogenesis and somatic embryogenesis from leaf and shoot
explants of Ochna integerrima (Lour). Plant Cell Tiss. Organ. Cult.,
104: 157-162

Maggio, A., S. Miyazaki, P. Veronese, T. Fujita, J. Ibeas, B. Dasm, M.
Narasimhan, M. Hasegawa, R. Joly and R. Bressan, 2002. Does
proline accumulation play an active role in stress-induced growth
reduction? Plant J., 31: 699-703

Mani, S., B. Van de Cotte, M. Van Montagu and N. Verbruggen, 2002.
Altered levels of proline dehydrogenase cause hypersensitivity to
proline and its analogs in Arabidopsis. Plant Physiol., 128: 73-83

Mau, C.H., N.T. Huong, N.T. Anh, C.H. Lan, L.V. Son and C.H. Ha, 2010.
“Characteristics of the gene encoding pyrroline- 5-carboxylate
synthase (P5CS) in Vietnamese soybean cultivars (Glycine max L.
Merrill)”. In: Proceedings of the International Conference on
Biology, Environment and Chemistry, pp: 319-323

McMannus, M.T., R.I. Bielesk, J.R. Caradus and D.J. Barker, 2000. Pinitol
accumulation in mature leaves of white clover in response to water
deficit. Environ. Exp. Bot., 43: 11-18

Moemen, H., P. Thomas, K. Heiko and J. Hans-Joerg, 2005.
Agrobacterium-mediated transformation of faba bean (Vicia faba
L.). Euphytica, 142: 227-273

Moghaddam, S., H. Jaafar, M. Abdulaziz, R. Ibrahim, A. Rahmat and E.
Philip, 2011. Optimization of an efficient semi-solid culture protocol
for sterilization and plant regeneration of Centella asiatica (L.) as a
medicinal herb. Molecule, 16: 8981-8991

Mullaw, T.B., C.P. Kubicek and I.S. Druzhinina, 2010, The rhizosphere of
Coffea Arabica in its native highland forests of Ethiopia is associated
with a distinguished diversity of Trichoderma. Diversity, 2: 527-549

Mulwa, R., M. Norton, S. Farrand and R. Skirvin, 2007. Agrobacterium-
mediated transformation and regeneration of transgenic ‘Chancellor’
wine grape plants expressing the tfdA gene. Vitis, 46: 110-115

669

Murashige, T. and F. Skoog, 1962. A revised medium for rapid growth and
bioassays with tobacco tissue cultures. Physiol. Plant., 15: 473-497

Nakajima, 1., S. Kobayashi and Y. Nakamura, 2000. Embryogenic callus
induction and plant regeneration from unfertilized ovule of ‘Kyoho’
grape. J. Jpn. Soc. Hortic. Sci., 69: 186-188

Neffar, F., C. Mare and B. Hamenna, 2011. Study of barley (Hordeum
vulgare L.) transcript profiles under water stress conditions. Aust. J.
Basic Appl. Sci., 5: 14811488

Nitsch, J.P. and C. Nitsch, 1969. Haploid plants from pollen grains. Science,
163: 85-87

Ogawa, Y., M. Shirakawa, Y. Koumoto, M. Honda, M. Asami, Y. Kondo and
I. Nishimura, 2014. A simple and reliable multi-gene transformation
method for switchgrass. Plant Cell Rep., 33: 1161-1172

Ola’h, R., E. Szegedi, S. Ruthner and J. Korbuly, 2003. Thidiazuron-
induced regeneration and genetic transformation of grapevine
rootstock varieties. Vitis, 42: 133-136

Parida, A. and S. George, 2015. Sustaining and enhancing crop productivity
in an era of climate change. Curr. Sci., 109: 462-473

Patade, V., V. Lokhande and P. Suprasanna, 2014. Exogenous application
of proline alleviates salt induced oxidative stress more efficiently
than glycine betaine in sugarcane cultured cells. Sugar Technol., 16:
22-29

Patade, V.Y., D. Khatri, M. Kumari, A. Grover, S. Gupta and Z. Ahmed,
2013. Cold tolerance in Osmotin transgenic tomato (Solanum
lycopersicum L.) is associated with modulation in transcript
abundance of stress responsive genes. Springer Plus, 2: 17

Pérez, O., J. Egea, L. Vanoostende and L. Burgos, 2000. Assessment of
factors affecting adventitious shoot regeneration from in vitro
cultured leaves of apricot. Plant Sci., 158: 61-70

Perl, A. and Y. Eshdat, 1998. DNA transfer and gene expression in
trangenic grapes. In: Biotechnology and Genetic Engineering
Reviews, Vol. 15, pp: 365-389. Tombas, M.P. (ed.). Intercept Ltd.
Andover

Rubio, J., C. Montes, A. Castro, C. Alvarez, B. Olmedo, E. Tapia, F. Reyes,
M. Ortega, E. Sanchez, M. Miccon, L. Costa, L. Martinelli, M.
Malnoy and H. Prieto, 2015. Genetically engineered Thompson
Seedless grapevine plants designed for fungal tolerance: selection
and characterization of the best performing individuals in a field trial.
Trans. Res., 24: 43-90

Sadak, M., A. Hisham and M. Mostafa, 2015. Physiological role of pre-
sowing seed with proline on some growth, biochemical aspects, yield
quantity and quality of two sunflower cultivars grown under
seawater salinity stress. Sci. Agric., 9: 60-69

Sadeghi, F., B. Yadollahi, M. Kermani and M. Eftekhari, 2015. Optimizing
culture media for in vitro proliferation and rooting of Tetra (Prunus
empyrean 3) rootstock. J. Genet. Eng. Biotechnol., 13: 19-23

Sawahel, W.A. and A.H. Hassan, 2002. Generation of transgenic wheat
plants producing high levels of the osmoprotectant proline. Biotech.
Lett., 4: 721-725

Sharma, S., J.G. Villamor and P.E. Verslues, 2011. Essential role of tissue-
specific proline synthesis and catabolism in growth and redox balance
at low water potentiall [W][OA]. Plant Physiol., 157: 292-304

Sirous, B., H. Abdollah and A. Ebrahim, 2012. The study effect of IBA
hormone levels on rooting in micro cuttings of Tea (Camellia
sinensis L.). World Appl. Sci. J., 20: 1051-1054

Soliman, H., S. Omar, A. El-Awady, S. Al-Assal and Y. Gamal EI-Din,
2009. Transformation and expression of Na*/H* antiporter vacuolar
(AtNHX1) gene in tobacco plants under salt stress. Arab. J.
Biotechnol., 12: 99-108

Su, M., X. Li, X. Ma, X. Peng, A. Zhao, L. Chenga, S. Chena and G. Liua,
2011. Cloning two P5CS genes from bioenergy sorghum and their
expression profiles under abiotic stresses and MeJA treatment. Plant
Sci., 181: 652-659

Szabados, L. and A. Savoure, 2010. Proline: a multifunctional amino acid.
Trends Plant Sci., 15: 89-97

Székely, G., E. Abraham, A. Cseplo, G. Rigo, L. Zsigmond, J. Csiszar, F.
Ayaydin, N. Strizhov, J. Jasik, S.E. Chmelzer, C. Koncz and L.
Szabados, 2008. Duplicated P5CS genes of Arabidopsis play distinct
roles in stress regulation and developmental control of proline
biosynthesis. Plant J., 53: 11-28


http://www.nature.com/articles/hortres201427?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+hortres%2Frss%2Fcurrent+(Horticulture+Research)
http://www.nature.com/articles/hortres201427?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+hortres%2Frss%2Fcurrent+(Horticulture+Research)
http://www.nature.com/articles/hortres201427?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+hortres%2Frss%2Fcurrent+(Horticulture+Research)
http://www.nature.com/articles/hortres201427?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+hortres%2Frss%2Fcurrent+(Horticulture+Research)

Metwali et al. / Int. J. Agric. Biol., Vol. 18, No. 4, 2016

Takano, K., R. Higashi, J. Okada, A. Mukaiyama, T. Tadokoro, Y. Koga
and S. Kanaya, 2009. Proline Effect on the Thermostability and Slow
Unfolding of a Hyperthermophilic Protein. J. Biochem., 145: 79-85

Tripathi, S.B., K. Gurumurthi, A.K. Panigrahi and B.P. Shaw, 2007.
Salinity induced changes in proline and betaine contents and
synthesis in two aquatic macrophytes differing in salt tolerance. Biol.
Plant., 51: 110-115

Vendruscolo, E.C.G., |. Schuster, M. Pileggi, C.A. Scapim, H.B. Molinari,
C.J. Marur and L.G. Vieira, 2007. Stress-induced synthesis of proline
confers tolerance to water deficit in transgenic wheat. J. Plant
Physiol., 164: 1367-1376

Verbruggen, N. and C. Hermans, 2008. Proline accumulation in plants: a
review. Amino Acids, 35: 753-759

Verma, K., R. Sainin and A. Rani, 2014. Recent advances in the

regeneration and genetic transformation of soybean. J. Innovative

Biol., 1: 15-26

RJ., J. Rama and L. Taboada, 2009. Improved somatic
embryogenesis of grapevine (Vitis vinifera) with focus on induction
parameters and efficient plant regeneration. Plant Cell Tiss. Organ

Cult., 96: 85-94

Vivier, M.A. and |.S. Pretorius, 2000. Genetic improvement of grapevine:
tailoring grape varieties for the third millennium. S. Afr. J. Enol.
Vitic, 21: 5-26

Wang, W.G,, R. Li, B. Liu, L. Li, S. Wang and F. Chen, 2011. Effects of low
nitrogen and drought stresses on proline synthesis of Jatropha curcas
seedling. Acta Physiol. Plant, 33: 1591-1595

Vidal,

670

Wang, Z.Q., Y.Z. Yuan, J.Q. Ou, Q.H. Lin and C.F. Zhang, 2007. Glutamine
synthetase and glutamate dehydrogenase contribute differentially to
proline accumulation in leaves of wheat (Triticum aestivum) seedlings
exposed to different salinity. J. Plant Physiol., 164: 695-701

Wedzony, M., M. Szechynfiska-Hebda, 1. Zur, E. Dubas and M. Krzewska,
2013. Tissue culture and regeneration: a prerequisite for alien gene
transfer. In: Alien Gene Transfer in Crop Plants, Vol. |, p: 364.
Pratap, A. and J. Kumar (eds.). Innovations, methods and risk
assessment. Indian Institute of Pulses Research, Kanpur, India

Xin, G., Z. Heging, X. Yan and W. Yuejin, 2013. Studies on gene transfer of
shoot apical meristems by Agrobacterium-mediated genetic
transformation in a progeny of Chinese wild Vitis pseudoreticulata.
Vitis, 52: 185-192

Xue, X., A. Liu and X. Hua, 2009. Proline accumulation and transcriptional
regulation of proline biosynthesis and degradation in Brassica napus.
BMB Rep., 42: 28-34

Zhang, L. and D.F. Becker, 2015. Connecting proline metabolism and
signaling pathways in plant senescence. Front. Plant Sci., 6: 552

Zhi-ying, Y., Z. Ping, R. Jun-peng, Z. Zhen, Y. Hong-yan and T. Jian-min,
2011. Regeneration of grape‘Manicure Finger’ (Vitis vinifera) from
its isolated explants. Acta Agric. Jiangx., 23: 44-49

Zhuang, G.Q., B. Li, H.Y. Guo, J.L. Liu and F. Chen, 2011. Molecular
cloning and characterization of P5CS gene from Jatropha curcas L.
Afr. J. Biotechnol., 10:14803-14811

(Received 11 November 2015; Accepted 09 December 2015)



