@330"6!1@ Available online freely at www.isisn.org
4 2 . .
). Bioscience Research
%GOSBONQQQ? Print ISSN: 1811-9506 Online ISSN: 2218-3973

Journal by Innovative Scientific Information & Services Network

RESEARCH ARTICLE BIOSCIENCE RESEARCH, 2019 16(2): 1913-1924. OPEN ACCESS

In vitro synthetic seed and herbicide resistant sugar
beet varieties (Beta vulgaris L.)

Mohamed I. Masri!, Roba M. Ismail?, Wessam M. Rslan?"and Naglaa A. Abdallah?®

1Agronomy Department, Faculty of Agriculture, Cairo University, Cairo, Egypt:

2Gene Transfer Lab, Plant Genetic Transformation Department, Agricultural Genetic Engineering Research Institute,
Agricultural Research Center, Giza, Egypt

3Genetic Department, Faculty of Agriculture, Cairo University, Cairo, Egypt.

*Correspondence: wessam.raslan@ageri.sci.eg Accepted:.21 May 2019 Published online: 04 June. 2019

This work was carried out to get synthetic seed and herbicide resistant sugar beet genotypes, using
micro-shoot tips encapsulated in 4% (w/v) sodium alginate with 100 mM Ca (NO3) 24H20 as complex
solution. Two solutions were evaluated for their encapsulated vitality efficiency SA1 solution (MS, 3%
sucrose, 4% sodium alginate, 2% sorbitol and 2% mannitol) and SA2 solution (MS, 3% sucrose, 1.3
BAP+4% sodium alginate, 2% sorbitol and 2% mannitol). Synthetic seeds were kept in the dark at 4°C to
slow down all the tissues growth and stored for different time ranging from 1 week to 8 weeks. Synthetic
seeds from different conditions were evaluated for their vitality by germinating on two different media
(SA1 and SA2) the results showed that SA2 was more efficiency on encapsulated re-growth. For
transformation shoot tips of EI-Magary and Farida cultivars were used using agrobacterium carrying the
plant vector PISV 2678. Two methods carried out to select Bialaphos resistant plantlets, culture explants
on media containing Bialaphos (3.5 and 4mg/l) for EI-Magary and Farida respectively. The other method
was carried out to select Bialaphos resistant plantlets with bar gene using PCR and leaf painting test.
Results showed that EI-Magary has higher transformation efficiency (18%) than Farida (12%). Genetic
stability of encapsulated plants was carried out using RAPD-PCR analysis, no significant variability were
observed between encapsulated and control plants. Applying this technique can be recommended for
developing synthetic seeds as cost effective and time saving method.

Keywords: Sugar beet, Artificial seeds, Storage ability, Agrobacterium, Transformation, Basta, and Bialaphos.

INTRODUCTION

Sugar beet (Beta vulgaries) is one of
important resources of sucrose production among
crops and provides about 40% of global

Synthetic seed can be stored at 4C for 12 months
using shoot tips as explant of T. pieninicum
without subculture (Kaminska et al., 2018).
Synthetic seed may be considered as artificially

production of sugar. In Egypt, about 57 % of sugar
is being produced from sugar beet. Sugar beet
seeds are not produced in Egypt due to
requirements in terms of temperature and
sunlight. As a result, Egypt depends on seed
varieties imported from Europe. The technology of
synthetic seed was developed to get the
advantages of seed propagation with clonal
propagation and germplasm storage together.

encapsulated plant propagules i.e. shoot buds,
somatic embryos, cell aggregates or any tissue of
plant can be planted as a seed and have the
ability to turn into whole plant at in-vitro or ex-vitro
conditions, and covert again even after storage
condition (Capuano et al. 1998; Ara et al. 1999).
Shoot tips and axillary buds can also be used for
synthetic seeds (Sarkar and Naik 1998).
Combination of calcium chloride and sodium
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alginate as protective coating for plant propagules
result in a synthetic seed with different structure,
form and translucence. The alginate coating
behaves like an artificial endosperm, which
enables uptake of nutrients to the explant during
re-growth in optimal conditions (Ahmed et al.
2015). The synthetic seed technology has been
applied commercially and various micro-
propagules have been considered for artificial
seed production. Somatic embryos have been
used to produce artificial seeds in crops like sugar
beet (Tsai and Saunders 1999), rice (Kumar et al.,
2005) and groundnut (Padmaja et al., 1995). On
the other hand, in many plant species, such as
banana (Ganapathi et al., 1992), rose (Sharma et
al.,, 1994), Japanese camellia (Ballester et al.
1997), Common gypsophila (Rady and Hanafy
2004) and cauliflower (Siong et al., 2012) the
axillary shoot buds and apical shoot tips have
been encapsulated to produce artificial seeds.
Weed control in sugar beet is more difficult
and expensive than other crops due to its less
competitive against weeds. Sometimes, weed
competition can cause economic yield loss of up
to 100 % (Brants and Harms 1998). Because of
the late canopy closure and the low plant height of
the crop, weeds should be controlled nearly
completely, at least until the eight-leaf stage to
avoid significant yield loss (Mé&rlander 2005). We
usually treated sugar beet fields several times
with mixtures of herbicides during the growing
season. Sugar beet is negatively influenced by the
phyto-toxicity effects of many herbicides. The
most critical period for weed control is within 8
weeks after emergence and timing of treatment is
difficult and could vyield suboptimal results.
Therefore, the availability of herbicide resistant
varieties could improve weed control throughout
resilience in the time of application by reducing
the number of application (D'Halluin et al., 1992).
Lately the transgenic beet H7-1 was developed as
herbicide resistance variety was commercialized
in USA in 2008 and controlled sugar beet
production, about 95% sugar beet plantation area
in USA from H7-1 variety (Park et al., 2011). H7-1
was developed by using agrobacterium
tumefactions transformation (Green 2009). Sugar
beet is very hard species to response for
agrobacterium. So there a few numbers of papers
showed effective transformation and development
of GM plants of sugar beet (Sundar and Sakthivel
2008). Therefore, the objectives of this study are
to produce the synthetic seed from sugar beet
using shoot tip as explants, In vitro germination
rates and the storage ability of synthetic seed

were also evaluated, produce herbicide resistant
plants using agrobacterium transformation
system.

MATERIALS AND METHODS

Plant materials and tissue culture conditions

Sugar beet seeds cultivars (EI-Magary and
Farida) were kindly obtained from Sugar Crops
Research Institute, Agriculture Research Center,
Giza, Egypt. Sugar beet seeds were sterilized with
70% (v/v) ethanol for 1 min followed by 40%
commercial clorox (5.25% sodium hypochlorite)
for 20 min then rinsed with sterile distilled water
several time. Seed were left in the sterile water for
16-20 h at room temperature.

The sterilized seeds were germinated in jars
containing 50 ml of MS medium (Murashige and
Skoog 1962), 30 g/l sucrose and 0.5 mg L-
1,2,3,5-triiodobenzoic acid (TIBA). With seven to
ten days further, shoot apices explant were
excised and transferred to MSB medium (MS
basal medium containing B5 vitamin (Gamborg
1970) and supplemented with 1mg N6-benzyl
adenine (BA), 0.1 mg L—1a-naphthalene acetic
acid (NAA), and 0.5 mg L-1TIBA) (SIM1) for
shoot induction (Mohammadzadeh et al., 2015).
After two weeks further shoots were transferred to
shoot induction medium 2 (SIM2) for optimal
shoot development (MSB, 0.5 BA, 0.1 indole-3-
butric acid (IBA)). After more 2 weeks, shoot were
transferred to fresh shoot induction medium
(SIM2) for optimal shoot development. For root
formation, regenerated sugar beet shoots were
cultured on MS medium with 1mg/L indol-3-acitic
acid (IAA). All tissue culture media were solidified
with 0.7% agar, supplemented with 30 g/l sucrose
and adjusted to pH 5.8 before autoclaving at
121°C and 1.5 Ib/M2 for 25 min. Cultures were
incubated at 25 + 2°C and 16/8( light /dark)hr
photoperiod. For acclimatization, in vitro rooted
plantlets were gently washed with tap water and
disinfected by soaking in topsin solution (1 g/l) for
5 min. Then plantlets were transferred to plastic
pots containing sterile 1,1,1 (bitmos, clay, sand).
The pots were covered with transparent
polyethylene bags containing a few pores to allow
gas exchange and sprayed with water to maintain
a high relative humidity. Covers were completely
removed after seven to ten days.

Artificial Seeds Preparation

Encapsulation was accomplished by mixing
the shoot tip explants with the alginate and
dropping these into the Ca (NO3)24H20 solution.
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Individual shoot tip explants were coated in
sodium alginate solution by transferring them into
either SA1 solution (MS, 3% sucrose, 4% sodium
alginate, 2% sorbitol and 2% mannitol) or SA2
solution (MS, 3% sucrose, 1.3 BAP, 4% sodium
alginate, 2% sorbitol and 2% mannitol). The
droplets of sodium alginate solution containing
one shoot tip each were then slowly dropped into
100 mM Ca (NO3)24H20 solution and stirred
continuously for at least 30 min on a stirrer to
achieve polymerization. Beads were collected and
rinsed with sterile distilled water to wash away Ca
(NO3)24H20 residues. Coated explant were
placed in petri dishes and incubated at dark for
1,2,4,8 weeks at 4°C.

The artificial seeds were then cultivated in a

Sensitivity to Selection Agent (Survival Curve)

Shoot tip explants were excised from
seedling and cultured on SIM1 supplemented with
different concentrations of Bialaphos ;( 0.0, 1.0,
2.0, 3.0 and 4.0 mg/L) (Dovzhenko and Koop
2003). After three weeks, the concentration of
Bialaphos, which Kkill all shoot tips explants, was
used as a selection agent.

Agrobacterium strain and plasmids
Agrobacterium tumefaciens LBA4404 strain
(Horsch et al. 1985) carrying plasmid pISV2678
that harboring gus-intron under the control of
CaMV 35S promoter and nos terminator as well
as bar gene under the control of nos promoter,
AMV leader and pAg7 terminator, provided by Dr.

germination medium (MS medium with 0.5 mg/ | P. Ratet, ISV, CNRS, Gif-Sur-Yvette, France
BA and 0.5 mg B5 vitamin) (Ismail et al., 2016). ~ figure (1), was used in the transformation
They were then kept left in the culture chamber at experiment.
4°C incomplete darkness to slow growth; data
were taken after 6 weeks.

REEE

X W X g

BoII L1 1 | |
BgITI HindI Bgl 11
KPHII | II
— PAg7 bar HPpnos+— e35S RB
AMV

Figure (1): A diagram showing the map of pISV2678 plasmid

Agrobacterium was cultured for 2 days at
28°C on a rotary shaker at 180 rpm in liquid
kanamycin LB medium. The grown bacterial cells
were transferred to 50 ml of LB liquid medium for
3-4 hours at 150 rpm until an OD600 nm of 0.6—
0.7. After that, bacterial cultures were centrifuged
at 3500 rpm at 4 °C for 10 min and pellets were
re-suspended in liquid MS medium before co-
cultivation with explants to obtain a final OD600
nm of about 0.3 (Chilton et al. 1974; Mishutkina et
al. 2010).

Shoot tip explants were emerged in the
agrobacterium culture for 10 min and exceed

liquid was removed by placing the explants on
sterilized filter paper. Shoot tip explants were then
transferred to SIM1 medium for two days.
Thereafter, the explants were rinsed with sterilized
distiled water supplemented with 0.1 mg/l
cefotaxime to remove the remaining traces
Agrobacterium from the surface of explants and
then transferred to selection medium (SIM1+
Bialaphos + 500mg\ | cefotaxime).

Transformation procedure
Sugar beets of cultivars i.e, El-Magary and
Farida were transformed by LBA4404 strain
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carrying plasmid pISV2678. Plants were
transformed as described by (Norouzi et al., 2005;
Mohammadzadeh et al., 2012).

Evaluation of sugar beet plant

Histochemical assay

After Agrobacterium transformation, GUS-
assay detection was carried out for detect the
expression of GUS gene according to (Jefferson
et al. 1987). Two days sugar beet explants were
immersed in 1 m\L GUS buffer and rapped with
aluminum foil, to prevent light effect. The samples
were then incubated for 12 h on a rotary shaker
(150 rpm) at 37°C for color development. To
inhibit plant endogenous GUS activity, the buffer
was removed and 70% ethanol was added.

Bar-gene detection

In order to detect the presence of the bar-
gene, PCR analysis was performed into genomic
DNA that extracted from the plant leaves using
DNeasy Kit (Qiagen). PCR primers specific to the
bar-gene, 5"’ AAAAGCTTCCACCATGAGCCCAGA
ACGACG-3'(Fw) and 5 AAGGATCCTCAGATCT
CGGTGACGG-3'(Rw) were used.

Herbicide resistance tests

Putatively transgenic sugar beet plants were
detected by the Ileaf painting assay. A
concentration of 2 g\l of basta herbicide was used
for painting sugar beet leaves transgenic and non-
transgenic. Ten days after application, leaves of
control plants showed chlorosis or necrosis,
whereas, transgenic plants were showed a mild
toxic reaction.

Sugar beet plants that were grown in pots and
treated with 2 g\l basta herbicide were harvested

6 months old age and growth traits viz., root
length, root diameter, root weight, shoot weight
and leaf area (using leaf area meter) were
measured. Total chlorophylls content was
measured using chlorophyll meter, model SPAD-
502 in which SPAD unit = 10mg/100g fresh weight
of leaves (Netto et al., 2005). Total soluble solids
(TSS) were determined by using digital
refractometer model PR-1, ATAGO, Japan.
Sucrose percentage was determined by using
saccharometer lead acetate extract of fresh
moderated roots according to (Carruthers and
Oldfield 1961). Purity was calculated by dividing
sucrose % by TSS.

RAPD-PCR analysis

A set of 13 primers RAPD table (1) were
used to detection the polymorphism. The
amplification reaction was carried out in 25 pl
reaction volume containing 1X PCR buffer, 1.5
mM MgCI2, 0.2 mM dNTPs, 1 uM primer, 1 U Taq
DNA polymerase and 30 ng template DNA
(Mokhtar et al., 2016). The PCR program was 40
cycles after an initial denaturation cycle for 5 min
at 94°C. Each cycle consisted of a denaturation
step at 94°C for 1 min, an annealing step at 36°C
for 1 min, and an elongation step at 72°C for 1.5
min. The primer extension segment was extended
to 7 min at 72°C in the final cycle. The
amplification  products were resolved by
electrophoresis in a 1.5% agarose gel containing
ethidium bromide (0.5ug/ml) in 1X TBE buffer at
95 volts. A 1kb DNA ladder was used as a
molecular size standard. PCR products were
visualized on UV light and photographed using a
Gel Documentation System (BIO-RAD 2000).

Table (1): The sequence of RAPD primers

Primer Name | Primer Sequence | Primer Name Primer Sequence

c7 GTCCCGACGA C19 GTTGCCAGCC
C9 CTCACCGTCC C20 ACTTCGCCAC
C10 TGTCTGGGTG Gl CTACGGAGGA
Cl1 AAAGCTGCGG G2 GGCACTGAGG
C16 CACACTCCAG o1 GGCACGTAAG
C17 TTCCCCCCAG 05 CCCAGTCACT
C18 TGAGTGGGTG
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RESULTS AND DISCUSSION

Synthetic seed viability as affected by storage
treatments

Synthetic seeds are defined as encapsulated
embryos, shoots, buds, cell aggregates, or any
other tissue that can be used as a seed that
possess the ability to convert into a plant under in
vitro or ex-vitro conditions can retain after storage
(Magray et al, 2017). Germplasm can be
effectively stored in the form of synthetic seeds
that offer several advantages, easy handling,
store ability, reduced size of propagules, and
transport ability (Rizkalla et al., 2012).

The present study illustrates the
implementation of synthetic seed technology for
mass propagation and short-term storage of sugar
beet (El-Magary and Farida) plants. Shoot tip
explants were used to develop synthetic seed, by
using SA1 and SA2 coating media and storing for
1, 2, 4, 8 weeks at 4°C. To determine the
synthetic seeds viability after storage periods,
synthetic seed were germinated on SIM1 medium
table (2).

Results showed that prolongation of storage
period more than one week significantly reduced
germination percentage of synthetic seeds of both
cultivars and coated media. Germination
percentage of synthetic seeds cv. El-Magary
coated with SA1 medium reduced from 100 to 60,
20 and 20 when storage periods werel, 2, 4 and
8weeks, respectively. However, it reduced from
80 to 60, 60 and 40 when storage periods were 1,
2, 4 and 8weeks, respectively in case of SA2
coated medium. On the other hand, germination
percentage of synthetic seeds cv. Farida coated
with SA1 medium reduced from 100 to 60, 60 and
0 when storage periods were 1, 2, 4 and 8weeks,
respectively. However, it reduced from 100 to 80,
40 and 20 when seeds storage periods werel, 2,
4 and 8weeks, respectively in the case of SA2
coated medium. Thus SA2 coated medium was
better than SA1 medium as it preserved the seed

viability to 40% in El-Magary and 20 % in Farida
cv. after 2 months storage table (2) and figure (2).

In the present investigation coated medium
was contained mannitol and sorbitol for enhancing
the viability of synthetic seeds after long storage
period because they work as osmotic agents
which increase plantlet survival when adding to
the medium (Lata et al., 2010). Agreement with
our results Rizkalla et al., (2012) and Nower,
(2014) reported that the culture survival was
increased due to addition of mannitol and/ or
sorbitol to the medium, in Podophyllum peltatum,
sugar beet and Stevia rebaudiana. On the other
hand, (Ismail et al., 2016) reported that the
germination percentage of synthetic seeds of
Farida cv. decreased to 20% in 8 weeks storage
time when they used the same coated medium
without the mannitol and sorbitol. Therefore,
sorbitol and mannitol are considered important
factor in coated storage medium.

Cold temperature is the most efficient way in
cell slowdown growth (Kaminska et al., 2018).
Chand and Singh (2004) were previously reported
that 4°C is the most suitable method for storage
many species for long time. The difference
between Farida and El-Magary cv in its seeds
viability after storage indicating the genotype
effect. This agrees with Gurel (1997) who stated
that sugar beet heterozygous, it is reasonable
large inter-variety variation exists.

Survival curve

Bialaphos is a natural and a non-selective
herbicide produced by the bacteria Streptomyces
hygroscopicus and it is made wup of
two alanine residues and glufosinate. Bialaphos is
used as a gene selector in plants transformed
by bar gene confers resistance to Bialaphos.
Farida and El-Magary cultivars were cultured in
SIM1 medium containing (0, 0.5, 1, 1.5, 2, 2.5, 3,
3.5 and 4mg/l of Bialaphos). Results showed that
cells did not grow in 3.5ug/ml for Farida and
4ug/ml for EI-Magary figure (3).

Table (2): Percentage of synthetic seed germination as affected by Storage media and storage
period of sugar beet varieties EI-Magary and Farida.

o —
Storage media Storage period % Germination _
El-Magary Farida
1week 100% 100%
SAL 2week 60% 60%
4week 20% 60%
8week 20% 0%
1week 80% 100%
2week 60% 80%
SA2
4week 60% 40%
8week 40% 20%
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(SAL): MS, 3% sucrose,4% sodium alginate, 2% sorbitol and 2% mannitol

(SA2): MS, 3% sucrose,1.3 BAP+4% so

dium alginate, 2% sorbitol and 2% mannitol

Figure (2): Encapsulated shoot tips and regeneration of synthetic seed. (a, b) coated shoot tip with
alginate/agar (c, d) germinated of synthetic seeds after 2 weeks on MS medium.

16

T

-=-EL-Mgry

—e—Frida

is N X
\

Number of plants

Concentration of bialaphos

Figure (3): Number of survived ex-plants of EI-Magary and Farida varieties under different
concentrations of Bialaphos.

Agrobacterium-mediated transformation of
sugar beet plants

Agrobacterium-mediated transformation used
to enhance sugar beets tolerance to either
nonselective, broad-spectrum herbicides (i.e.,
active ingredient of Roundup®, glyphosate, active
ingredient of Basta®, glufosinate, and Herbiace®)
or selective herbicides (chlorsulfuron,
imidazolinone and sulfonylurea) (Gurel et al.,
2008).In this investigation shoot tips of developed
plantlet were used as explants for transformation

experiments.

Agrobacterium-mediated transformation of
sugar beet plants using shoot tips as explants has
been reported (Lindsey and Gallois 1990; Konwar
1994; Hisano et al., 2004). To select the best
time for co-cultivation, ten explants of each
cultivar were co-cultivated with Agrobacterium
tumefaciens strain LB4404 harboring pISV2678 in
different time (5, 10, 15 and 20 minute) and
cultured on SIM1 medium. Survived explants were
observed three days further table (3).
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Table (3): The effect of co-cultivation time on explants in both cultivars

. Percentage of
Cultivar ang(u rlr?i\rﬁtteei surviv%l
explants
El-Magary 5 100%
10 100%
15 90%
20 70%
Farida 5 100%
10 100%
15 90%
20 60%

Five or ten minutes were revealed the suitable
co-cultivation times due to the highest percentage
of survival explant (100%). Then, explants were
transferred to SIM2 medium (MSB , 0.5 mg/l BA,
0.1 mg/l IBA, 500 mg /I cefotaxime and 3.5, 4 mg/
| Bialaphos for Farida and El-Magary respectively.
A number of 6 and 9 plants were obtained out of
40 Agrobacterium treated explants representing a
percentage of transformation efficiency 15 and
22.5 in Farida and EI-Magary in respect. Obtained
plants survived and developed a functional root

system on MS medium containing 1 mg/I IBA, 500
mg /I cefotaxime and 3.5, 4 mg/ | Bialaphos as a
selective rooting medium. After 4-6 weeks rooted
plants were successfully acclimatization in soil
under greenhouse conditions figure (4).

Histochemical GUS assay

For study the GUS activity, tissues of obtained
sugar beet plants were incubated with GUS buffer
for 48 h figure (5). All tested tissues were changed
into blue indicating the GUS gene expression.

Figure (4): The process of developed transformed sugar beet plants: (a) transferred shoots tip; (b)
transferred shoot tips after two weak; (c) root formation; (d) plant prepare for acclimation; (e)
plant adaptation in green house; (f) final stage.
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Figure (5): GUS assay of shoot tip explants transformed with Agrobacterium tumefaciens
LBA4404, contain plasmid (pISV).

Evaluation of transformed plant

A total of 13 plants for each cultivar were
subject to the PCR test to confirm the presence of
the transgene. Results of PCR reactions carried
out using primers specific to the Bar-gene, cleared
that the percentage of transformed explants were
18%, 12% of El-Magary and Farida respectively.
Amplified fragments had expected size 540 bp
figure (6).
Leaf painting Assay and its relation to
herbicide resistance

Basta is a versatile non-selective herbicide
registered for the control of over 80 weed species
in a wide range of crops. Basta has a partially
systemic mode of action that provides a higher
level of crop safety than systemic alternatives like
glyphosate (https://crop-solutions.basf.com.au/
products/basta). Ten days after painting sugar
beet plants leaves with a freshly prepared solution
of the Bialaphos (0.2% v/v), leaves of non-
transgenic plants (control) showed chlorosis or
necrosis under the filter paper. Transgenic plants
were resistant to herbicide figure (7).

The effect of herbicide basta on transgenic
sugar beet plants
Data presented in table (4) revealed that

spraying herbicide resistant sugar beet plants with
basta had no significant effect on growth traits in
terms of root length, root diameter, root weight,
shoot weight and leaf area in both cultivars. Also
total chlorophyll content was not affected
significantly with spraying of basta. Quality traits in
terms of total soluble percentage, sucrose
percentage and purity were decreased
significantly by spraying sugar beet plants with
Basta herbicide in both cultivars. Similar result
was reported by Majidi et al., (2017) who found
that Spraying sugar beet plants with broadleaf
herbicides affected significantly on sucrose
percentage.

RAPD analysis

RAPD analysis was performed to verify the
genetic stability of transformed plantlets after
acclimatization. In the total 13 RAPD primers were
used to screening and compering DNA sample of
controls, herbicide resistant and plants developed
from synthetic seeds for both cultivars. The size of
amplified fragments ranged from 50 to 2000 bp
and both herbicide resistant and synthetic seeds
were genetically similar to the control figure (8).

c1 2 3 4 5 6 7

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Figure (6): PCR analysis of transgenic sugar beet plants for Bar-gene by specific primer. First lane
represent 100bp DNA ladder, lane C referred to control plant, lane from 1 to 13 represent Farida
and 14 to 26 represent El-Magary cultivar.
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pot represents control plant and right pot represents herbicide-resistant plant.

Table (4): Some agronomic traits of two sugar beet varieties as affected by Basta herbicide in non-
treated (control) and treated herbicide resistant plants.

El-Magary Farida
Character
Control Transgenic Control Transgenic

Root weight (9) 486.00a+ 460.00a 372.00a 326.00a

Shoot weight (g) 303.00a 313.00a 225.00a 221.00a

Leaf area/plant (cm2) 325.12a 337.05a 314.60a 286.50a

Total Chlorophyll (SPAD-502) 41.30a 37.50a 35.00a 30.20a

Root length (cm) 34.00a 28.00a 26.00a 22.00a

Root diameter (cm) 18.00a 16.00a 15.00a 12.00a

TSS % 18.90a 17.35b 18.30a 16.55b

Sucrose % 16.60a 14.30b 15.00a 13.80b

Purity % 87.83a 82.42b 81.97a 83.38b

+ different litters denote significant difference between treated and non- treated plants
01 c16 ci7 os c20 G1 c19
M EC ET ES EC ET ES EC ET ES

M EC EV. ES EC ET ES EC ET ES EC ET ES

c7 c9o c10 ci1 C16 c19 c20 G1 G2 01
M FC FT FS FC FT FS FC FT FS FC FT FS FC FT FS M FC FT FS FC FT FS FC FT FS FC FT FS FC FT FS

Figure (8): RPAD-PCR analysis of 13 primers against controls (C), herbicide resistant (T), plants developed
from synthetic seeds, (S) for both cultivars Farida (F) and El-Magary (E); (M) 1kb DNA ladder.
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It is considered that the shoot tips are the
stable genetically, in turn, high probability of
genetic change occurs in callus and protoplast
culture and it consistent with other previously
published reports by (Lindsey and Gallois 1990;
Hisano et al. 2004; Krishna et al., 2016). Our
results also showed that the storage does not
produce genetic variation at the resolution
provided by the RAPD analysis and it consistent
with reports of genetic stability of stored synthetic
seed derived plants of Ananus comosus after
2 months at 8°C (Gangopadhyay et al., 2005) and
for 12 months at 4 °C (Kaminska et al., 2018)

CONCLUSION

Our study enabled to established herbicide
resistant's sugar beet plants and producing
genetically sustainable synthetic seeds of sugar
beet shoot tips. Applied conditions provide a
promising, cost-effective and time-saving method.
Successful plant retrieval from synthetic seeds
following 2-months storage at 4 °C indicates that
protocol described in this paper could be used to
long-term preservation of the sugar beet
germplasm.
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