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HE effect of Gallic acid (GA) at 200, 300, and 350 mg L', on the genetic stability of

SO4 and Freedom micropropagated grape rootstocks was studied through two subcultures.
Plantlets’ vegetative parameters didn’t differ significantly between both primary subcultures.
An inverse correlation occurred between elevated GA concentration in culture medium and
plantlets’ vegetative growth, meanwhile, it was a promoter by a moderate concentration of 200
mg L. Furthermore, when GA exceeded 350 mg L caused plantlets’ breakdown. Moreover,
fingerprinting analysis, RAPD-PCR has been performed to investigate relationships among GA
presences in culture media during subcultures and their genetic profile. It detected 93 mono-
morphic bands with a ratio of 73.8 % and 18 polymorphic bands with a ratio of 16.2 %, out of
them, 11 in the 1* subculture, while 7 in the 2™ subculture were detected. Under GA concentra-
tions with a total ratio of 16.2 %, the polymorphism ratio was 61.1 % in the 1* subculture and
decreased to 38.9 % in the 2" subculture using 350 mg L! of GA. Gallic acid concentrations,
of 200, 300 and 350 mg L' in growth medium preserved both micro-propagated rootstocks’
genetic stability through two subcultures.
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Introduction

Grapevines are usually propagated by cuttings,
thus, the resulting clones of a population are
genetically identical to each other (except for
somatic mutations) and to the mother plant (Rita
Vignani et al., 2002). However, years ago plants
micro-propagation via tissue culture technique
became the main part of modern agriculture, but
it is known that the repetitive in vitro subcultures
alter plantlet’s genetic structure due to several
reasons such as the species or the tissue culture
technique itself. This restricts the use of in vitro
propagation, so preserving a growing plant from
mutations has a great value, as the edible and
economic importance of (Vitis sp.) production
mitigation is well known (Ritschel et al., 2010).

Gallic acid is a natural secondary plant
metabolite, it’s a triphenole with low molecular
weight and an auxin synergist that has been
long proven as a cutting root growth promoter
promoted Eranthemum tricolor cuttings root
growth (Randhawa and Mukhopadhyay 1986).
GA, its derivatives, and other phenolic acids
affected seedling and early plant growth of
rye, barley, oats, sorghum, corn, and wheat
(Krogmeier and Bremner, 1989, Bhattacharya,
2005). Furthermore, GA has the potency to
prevent cell DNA damage (Ferk et al., 2011). A
study of gallic and pyrogallic acids impact on
cucumber seeds at five concentrations pointed out
that, they significantly decreased growth, fresh
and dry weights, where the high concentrations
like 103 M and 5 uM caused the maximum
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inhibition (Barket et al., 2012 and Liu et al,,
2013). Also, GA was found to have an inhibitory
effect on human cells’ tumor growth (Ho et al.,
2013, Locatelli et al., 2013). It can stabilize cells
a- synuclein structure (Liu et al., 2014). Megan
Sylvia et al. (2015) noticed that GA can play a
role in Rubus callus plant growth developmental
regulation. Moreover, GA mitigated toxin-
induced injury tolerance, having a beneficial effect
against salinity and osmotic stresses (Konakcei et
al., 2015a and Konakeci et al., 2015b). Exogenous
GA can be used as an effective growth promoter
that affected plants’ physiology and reduced free
radicals Singh et al. (2017). Furthermore, it was
proven that, GA act as a strong antioxidant can
protect biological cells since it has the capability
to restore antioxidants’ statues to their normal
levels through gene involving in cell oxidative
mechanism pathway activation (Gao et al., 2019
and Radan et al., 2019).

Traditional methods for fruit characterization
recognition depend on the morphological
properties whicharealso affected by environmental
and growth factors, and subsequently decrease
markers efficiency (Ohmi et al., 1993). So,
DNA molecular markers have been widely
used to assess genetic diversity and germplasm
characterization. The use of RAPD markers
for studying genetic divergence was efficient,
despite their lower reproducibility in comparison
to other molecular markers (Herrera et al., 2002,
Ulanovsky et al., 2002, PintoCarnide et al., 2003,
Kocsis et al., 2005). In this respect, Modgil et al.
(2005) and Lakshmanan et al. (2007) assessed the
genetic stability of 10 micro-propagated apple and
long-term micro-propagated banana plants using
RAPD to analyze DNA genetic similarities and
dissimilarities, if any, between mother plants and
in vitro plants. However, Alizadeh et al. (2008)
subjected three grape rootstocks and their 30 in
vitro regenerates to ISSR to ascertain their genetic
stability. The amplification size of each ranged
from 100 to 1800 bp. When nodal segments were
utilized as an in vitro culture initiation source,
no variation was detected among the regenerated
plantlets and their mother plants. Again, micro-
propagated plantlets derived from three rootstocks
were subjected to RAPD and ISSR analyses.
RAPD had polymorphisms other than ISSR,
and both techniques generated profiles that were
highly uniform and monomorphic (Alizadeh and
Singh, 2009). Singh et al. (2017) used ISSR as an
efficient tool for the genetic stability assessment
of varieties at mass multiplication protocols such
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as rootstock genotypes under in vitro conditions
with a high-reliability degree.

Therefore, this study aimed to detect the
genetic variability when two grape in vitro
cultured lines, SO4 and Freedom, were cultured
on GA-containing media over two subcultures.
Fingerprint analysis via RAPD-PCR was used to
investigate GA effects on both rootstocks.

Materials and Methods

Experimental steps
Culture establishment
Plant material

Shoot tips of two rootstocks’ namely, SO4 (V.
berlandieri x V. riparia Michx.) and Freedom (V.
champinii Planch. x (V. solonis hort. Berol. ex
Planch. x V. othello)) were collected and sterilized
to start culture. The explants were cultured on
various following media concentrations for the
two subcultures:

Chemicals

Free MS (Morashige and Skoog 1962) medium,
MS+ gallic acid (3, 4, 5- trihydroxybenzoic acid)
were prepared with the concentrations of 200,
300, and 350 mg L.

Subcultures

After a month of each culture, plantlets were
sub-cultured on fresh medium with the same
previous concentration reaching the last one
(according to plantlet survival) and the following
measurements’ were taken:

Plant vegetative measurements

Plantlets height (cm), No. of leaves per plant-
let, average leaf area (cm?), average root length
(cm), roots fresh weight (g), and roots dry weight
(g) were measured at the end of each subculture
for all treatments.

Molecular study

Mother plant samples were genetically
analyzed through fingerprinting at the start.
Then monthly samples were taken from different
plantlets during each subculture to be compared
to the mother plants for any alteration detection
using the RAPD technique.

DNA: was extracted from the two rootstock leaves
for both subcultures by bio basic kits protocol.

PCR- Amplification of RAPD: Amplification
reaction was done in 25pl reaction mixture
containing 2ul of genomic DNA, 3ul of the
primer, 2.5ul of 10X Taq DNA polymerase
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reaction buffer, 1.5 units of Tag DNA polymerase,
and 200 mm of each dNTPs. The following PCR
program was used in a DNA Thermocycler (PTC-
100 PCR version 9.0-USA). Initial denaturation
was detected at 94°C for 5 min, followed by
35 cycles of 94°C for 30 sec., 42°C for 90 sec.
for annealing temperature, 72°C for 90 sec. and
finally extended at 72°C for 2 min.

RAPD- PCR products were separated on 1.5
% agarose gels in 1X TAE buffer and ethidium
bromide (Sambrook et al., 1989). DNA ladder
100bp was used and PCR products were visualized
by UV-transilluminator and photographed by
gel documentation system, Biometra - Bio
Documentations, the amplified bands were scored
as (1) for the presence and (0) for the absence
of all studied grape genotypes as gel analyzer
protocol.

RAPD analysis: A set of 9 random 10-mer
primers (Table 1) was used in polymorphism
detection among the 2 grape accessions.

TABLE 1. Code and sequences of nine RAPD primers.

Primer code Sequence (5—3")  Program analysis

OPA-02 CAGGCCCTTC Gel analyzer3.
OPA-04 AATCGGGCTG  SpSS Version20.
OPA-07 GAAACGGGTG PCR program.

OPB-07 GGTGACGCAG

OPB-10 CTGCTGGGAC

OPO-10 TCAGAGCGCC

OPO-13 GTCAGAGTCC

OPO-14 AGCATGGCTC

OPO-19 CAATCGCCGT

Statistical analysis

Collected data were arranged in a completely
randomized design (CRD). Data statistical
analysis was done according to Snedecor and
Cochran (1980). Comparisons among the means
of the treatments were held using the new L.S.D.
values at a 5 % level.

Results

Vegetative measurements

Plantlets height

As illustrated in (Table 2), plantlets’ heights
didn’t differ significantly in the two subcultures
for both rootstocks, since SO4 height recorded
11.60 cm in the first one and 12.07 c¢cm in the
second subculture to. Also, Freedom heights
were 9.34 and 9.66 cm in the first and second
subcultures, respectively.

Regarding GA concentrations, there was
a significant reverse relationship between the
concentration and the height since the tallest
SO4 plantlets (13.92 cm) were recorded with the
control, whereas the shortest (10.34 cm) were
measured with 350 mg L' of GA. Similarly,
Freedom control plantlets were the highest (10.33
cm) while 350 mg L' of GA plantlets were the
shortest (8.92 cm) with significant difference
between them.

Gallic acid concentrations under the two
subcultures significantly affected plantlets’
height. The tallest SO4 plantlets (14.67 cm)
were measured with the control in the second
subculture, while the shortest ones (10.17 cm)
were found with 350 mg L' of GA in the first
subculture. Freedom’ tallest plantlets (10.35 cm)
were recorded with the control and 200 mg L'
GA in the second subculture, and the shortest ones
(8.67 cm) were found with 200 mg L' GA in the
first subculture.

No. of leaves per Plantlet

It is clear from the results of Table 2 that
subcultures didn’t affect the leaves number
significantly of both rootstocks.

Regarding GA concentrations effect, SO4
number of leaves did not differ significantly than
the control. On the contrary, GA affected Freedom
leaves number significantly as the highest number
(10.50) was counted with 350 mg L' of GA, while
the lowest (6.33) was recorded with the control.

Moreover, various GA concentrations during
both subcultures had no significant effect on SO4
leaves number.—Whereas, Freedom showed the
highest number of leaves (11) with 350 mg L' of
GA plantlets that sub-cultured twice but recorded
the lowest number of leaves (6) in the first
subculture plantlets with the control and 300 mg
L' GA concentrations with significant differences
among them.
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TABLE 2. Plantlet height, No. of leaves per plantlet and average leaf area as affected by GA at different

concentrations through two subcultures.

Plantlet height (cm)

SO4 Freedom

GA
Cont. 200 300 350 Mean A Cont. 200 300 350 Mean A
(mg L)
Subl 13.17 11.40 11.67 10.17 11.60 10.30 8.67 9.65 8.75 9.34
Sub2 14.67 11.88  11.23 10.51 12.07 10.35 10.35  8.86 9.08 9.66
Mean B 13.92 11.64 1145 10.34 10.33 9.51 9.25 8.92
LSD (A)= N.S LSD (A)= N.S
LSD (B)= 1.39 LSD (B) = 1.06
LSD (AXB) = 1.96 LSD (AXB) = 1.50
No. of leaves per Plantlet

S04 Freedom

GA
4 Cont. 200 300 350 MeanA Cont. 200 300 350 Mean A
(mg L)
Subl 11.03 12.00 12.67 13.67 1234 6.00 7.67 6.00 10.00 7.42
Sub2 10.67 10.67 11.67 11.00 11.00 6.67 8.33 7.00 11.00 8.25
Mean B 10.85 11.33  12.17 12.33 6.33 8.00 6.50 10.50
LSD (A)= N.S LSD (A)= N.S
LSD (B)= N.S LSD (B) = 2.09
LSD (AXB)= N.S LSD (AXB) = 2.96
Average leaf area (cm?)
S04 Freedom
GA
B Cont. 200 300 350 Mean A Cont. 200 300 350 MeanA
(mg L)

Subl 5.10 3.88 3.68 1.49 3.54 4.32 380 280 220 3.28
Sub2 6.63 4.48 396  3.65 4.68 5.14 3.45 278 2.57 348
Mean B 5.87 4.18 3.82 257 4.73 3.63 2.79 2.38
LSD (A)= 0.29 LSD (A)= N.S
LSD (B)= 0.42 LSD (B)= 0.59

LSD (AXB) = 0.59

LSD (AXB) = 0.84

Average leaf area

It could be seen in Table 2 that the average
leaf area of SO4 plantlets differed significantly
between subcultures where it was 3.54 cm? in the
first subculture while it was large (4.68 cm?) in the
second one. On the contrary, Freedom leaves area
lacked significance between the two subcultures
and recorded 3.28 and 3.48 cm? in first and second
subcultures, successively.

Considering GA concentrations’ effect on both
rootstocks, it was significant and inhibitor when
increased in the medium. SO4 largest leaves (5.87
cm?) were scored with the control and the smallest
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(2.57 cm?) were recorded with 350 mg L' of GA,
while Freedom’s largest leaves (4.73 cm?) were
measured with the control but the smallest (2.38
cm?) were obtained with 350 mg L' of GA.

The interaction between subcultures and GA
concentrations was significant, the largest leaf area
(6.63 cm?) with SO4 and (5.14 ¢cm?) in Freedom
was obtained with free MS medium in the second
subculture. Whereas, the smallest leaf areas (1.49
cm?) in SO4 and (2.20 ¢cm?) with Freedom were
recorded with 350 mg L' GA containing medium
in the first subculture.
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Average root length

Results of Table 3 show that the average
root length of both rootstocks did not differ
significantly between the two subcultures.

Concerning the GA concentrations’ effect on
SO4 plantlets, the tallest roots (29.83 c¢cm) were
scored with 200 mg L', while the shortest (24.25
cm) was significantly recorded with the control.
Similarly, in Freedom significant differences were
found among treatments since the tallest roots
(28.50 cm) were measured with 200 mg L of GA
and the shortest (23.42 c¢cm) were measured with
the control.

Considering the interaction between both
subcultures and GA concentrations on SO4
plantlets, it could be seen that there were
significant differences among treatments. The
tallest roots (30.33 cm) were measured with 200
mg L' of GA in the second subculture whereas
the shortest (23.33 cm) were measured with
the control in the second subculture. On the
other hand, Freedom roots length was differed
significantly among treatments since the tallest
ones (29.67 cm) were measured with 200 mg L
of GA in the first subculture, while the shortest
(23 cm) were measured with the control in the
second subculture.

Roots Fresh weight

Table 3 illustrate that the subculture had no
significant effect on SO4 or Freedom roots fresh
weight.

As for GA concentration, it did not affect SO4
fresh weight significantly. However, its’ presence
significantly affected Freedom roots’ fresh weight
where GA at 200 mg L' gave the heaviest ones
(7.82 g) while the control showed the lightest
roots (4.09 g).

The interaction between the two subcultures
and GA concentrations on SO4 rootstock didn’t
show significant differences among the treatments.
However, it differed significantly in Freedom
where the highest roots weight (8.63 g) was found
with 200 mg L' GA in the second subculture, but
the lowest weight (3. 74 g) was recorded with the
control in the second subculture.

Roots Dry weight

As shown in Table 3 it is clear that both
rootstocks roots’ dry weight weren’t affected
significantly due to the subculture.

The two rootstocks show similar significant
responses to GA concentrations, where SO4 and
Freedom scored the heaviest dry roots weights
(2.30 and 2.37 g) with GA at 200 mg L' while
they had the finest weights (1.51 and 1.05 g),
successively with the control.

Moreover, the interaction between the two
subcultures and GA concentrations on root
dry weight showed a significant effect as SO4
heaviest root (2.51 g) was recorded with 200
mg L' GA plantlets in the second subculture,
meanwhile the heaviest weight in Freedom (2.39
g) was weighed with 200 mg L' GA in the first
subculture. The finest weight of SO4 (1.42 g)
was measured with the control plantlets sub-
cultured twice, while was (1 g) for Freedom
control plantlets sub-cultured once.

Molecular screening

Fig. 1 a-d and 2 and Table 4 clear that, out of
the 12 RAPD primers tested, only nine produced
reproducible and polymorphic bands. One
hundred and eleven loci were identified, which
represented 83.8 % of total monomorphic bands.
The number of loci for each primer ranged from
eight to 19 with an average of 12.3 per primer. The
size of amplification products ranged from 300 to
1400 bp. The patterns obtained by RAPD analysis
were sample-dependent (Luo et al., 2001).

The present study revealed 162 %
polymorphism as a low ratio, while Tamhankar et
al. (2001) showed that the polymorphism levels
depend on the analyzed species, these authors
obtained 94 % of polymorphism for wild vine
species and rootstocks and more than 90 % for
V. vinifera genotypes, however, almost all bands
were monomorphic among V. labrusca. RAPD-
PCR technique of nine primers revealed 111
different bands, 93 of them were monomorphic
bands (83.8 %) and 18 polymorphic bands (16.2
% polymorphism) as shown in Table 4.

Results in Table 5 revealed 11 generic markers
since three markers of them detected in the first
subculture as two out of them were positive
markers and one was a negative marker. While
eight molecular markers were found with the
second subculture, three of them were negative
and five were positive markers by ratio over all
markers reached 63.63%.
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TABLE 3. Average root length, roots fresh weight, and roots dry weight as affected by GA at different concentrations
through two subcultures.

Average root length (cm)

S04 Freedom
GA ~ Cont. 200 300 350 MeanA  Cont. 200 300 350 MeanA
(mg L)
Subl 25.17 2933  24.00 24.00 25.63 23.83 29.67 2733 2500 26.46
Sub2 2333 3033 28.67 2797 27.58 23.00 27.33 27.00 25.00 2558
Mean B 2425 29.83 2633  25.98 23.42 28.50 27.17 25.00
LSD (A)= N.S LSD (A)= N.S
LSD (B) = 2.88 LSD (B) = 4.32
LSD (AXB) = 4.07 LSD (AXB) = 6.11
Roots fresh weight (g)
S04 Freedom
GA_I Cont. 200 300 350 Mean A Cont. 200 300 350 Mean A
(mg L)
Subl 4.08 8.52 7.28 6.40 6.57 4.45 7.00 6.76  6.67 6.22
Sub2 5.68 6.00 6.08 6.38 6.04 3.74 8.63 7.60 691 6.72
Mean B 4.88 7.26 6.68 6.39 4.09 7.82 7.18 6.79
LSD (A)= N.S LSD (A)= N.S
LSD (B)= N.S LSD (B)= 1.39
LSD (AXB)= N.S LSD (AXB) = 1.96
Roots dry weight (g)
S04 Freedom
GA " Cont. 200 300 350 MeanA  Cont. 200 300 350 Mean A
(mg L)
Subl 1.60 2.09 1.96 2.04 1.92 1.00 2.39 2.10 1.96 1.86
Sub2 1.42 2.51 2.02 1.89 1.96 1.11 2.35 233 220 2.00
Mean B 1.51 2.30 1.99 1.96 1.05 2.37 222 2.08
LSD (A)= N.S LSD (A)= N.S
LSD (B)= 0.42 LSD (B)= 0.40
LSD (AXB) = 0.59 LSD (AXB) = 0.56

TABLE 4. Total number, monomorphic, polymorphic, unique bands in sub culturel, and unique bands in sub
culture2 and polymorphism % as revealed fewer than 3 concentrations of GA using 9 RAPD primers
on SO4 and Freedom grape rootstocks.

Primer Total Monomorphic  Polymeorphic Unique bands Unique bands polymor-
code bands bands bands (Sub culturel) (Sub culture2) phism%
OPA-02 19 16 3 2 1 15.8%
OPA-04 15 13 2 1 1 13.3%
OPA-07 10 8 2 1 1 20%
OPB-07 13 11 2 1 1 15.4%
OPB-10 11 9 2 1 1 18.2%
OPO-10 15 13 2 2 0 13.3%
OPO-13 10 2 1 1 20%
OPO-14 10 1 1 0 10%
OPO-19 8 2 1 1 25%
Total 11 93 (83.8%) 18 (16.2%) 11 (9.9%) 7(6.3%) 16.2%

bands (100%)
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350mg1 300mgl 200mgl Omgl M Omgl 200mg1 300mgl 3350mgl
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Fig. 1. a- d. Banding patterns using 4 primers for Freedom rootstock under 200, 300 and 350 mg L' of GA
concentrations during subculture 1 (S1) and subculture 2 (S2)- a. OPA-02, b. OPA-04, c. OPA-07, d.
OPB-07.

0 mg/I 200 mg/| 300 mg/| 350 mg/I
1 2 1 2 1 2 1 2

M

3000b

2000bp
1500b

1000bp
500bp

100bp

OPA-02

Fig. 2. DNA fingerprinting using RAPD markers with OPA-02 primer for SO4 rootstock under 200, 300 and 350
mg L' of GA concentrations during subculture 1 (S1) and subculture 2 (S2).
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TABLE 5. Markers assisted selection with GA using 9 RAPD primers.

Primer code No. (l))fal:(;ique MOle(cl\l/l[ls; size Subculture 1 Subculture2 N ozfdl\;[’a‘;)kers
OPA-02 2 710 and 350bp 1 1 P
OPA-04 1 510bp 0 1 P
OPA-07 1 910 0 1 N
OPB-07 1 560 0 1 P
OPB-10 1 230 0 1 N
OPO-10 2 620 and 170bp 1 1 N
OPO-13 1 310bp 0 1 P
OPO-14 1 680bp 1 0 P
OPO-19 1 430bp 0 1 N

Total 3=(2p+lin) 8= ( 5p+3n) 63.63%
Discussion Conclusion

The two rootstocks under this study showed
similar patterns of responses to various tested
treatments, but SO4 plantlets seemed more
sensitive, or in another word, less stable
genetically than Freedom plantlets which may be
due to the genetic structure itself of each one of
them. Those results go with Alizadeh et al. (2008)
and Alizadeh and Singh (2009) findings.

Non-significant differences in vegetative
characters among plantlets under various
treatments reflect the beneficial role of GA
in promoting in vitro growth and its ability to
suppress some genetic variations that may occur
through micro- propagation. This may be due to
GA'’s contribution in preventing DNA oxidative
damage depending on its ability to restore cell
DNA methyltransferase. These results are in
harmony with those of (Kam et al., 2014, Konakci
et al., 2015a, Konakci et al., 2015b, Gao et al.,
2019, Radan et al., 2019). Meanwhile, the high
GA concentrations (400- 1000 mg L) were
growth inhibitors and later lethal for the plantlets
because they are a type of phenolic acid (Barket
etal., 2012, Kam et al., 2014, Singh et al., 2017).
A moderate dose of it can stimulate rapid tissue
proliferation and cell cycle changes, while a high
dose will damage the tissue, GA monitored gene
regulation in fact (Megan Sylvia et al., 2015).

Moreover, RAPD-PCR is useful in genetic
variation examination, if occurred, as it cleared the
homomorphism and polymorphism percentages
(Alizadeh and Singh, 2009, Herrera et al., 2002,
Ulanovsky et al., 2002, PintoCarnide et al., 2003
and Kocsis et al., 2005).
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This trial depended on GA as a cryopreserving
agent for micro propagated grapes namely, SO4
and Freedom sub-cultured twice on MS medium.
Gallic acid presence at moderate concentrations
such as 200 and 300 mg L' in micro propagation
culture medium of SO4 and Freedom rootstocks
has a positive influence since it demands
acceptable vegetative growth parallel with genetic
stability during two subcultures.

In addition, molecular markers as efficient
breeding approaches were successfully used
to estimate the genetic variability between
the studied samples. Moreover, RAPD was
a successful technique and very important in
explaining genetic variability. In this study, the
best GA concentration was 300 mg L' that helps
with genetic stability in different isolations.

Abbreviations

GA'gallic acid, RAPD: Random amplification
of polymorphic DNA, PCR: polymerase chain
reaction, SSC: soluble solids content, PGRs: plant
growth regulators.

Acknowledgments

We are thankful to the Horticulture Research
Institute tissue culture laboratory in Agricultural
Research Centre, Pomology and Genetics and
Cytology Departments in the National Research
Centre where this work was held for their facilities.

Funding statements
No funding.

Conflict of interests
No conflict of interests appeared among
authors during this work.



RELATIONSHIP BETWEEN THE USE OF GALLIC ACID AND GENETIC STABILITY OF GRAPES 131

References

Alizadeh, M. and Singh, S.K. (2009) Molecular
assessment of clonal fidelity in micropropagated
(Vitis spp.) rootstock genotypes using RAPD and
ISSR markers. fran. J. Biotechnol., 7 (1), 37- 44.

Alizadeh, M, Singh, S.K, Jhang, T. and Sharma, T.R.
(2008) Inter simple sequence repeat analysis to
confirm genetic stability of micropropagated
plantlets in three (Vitis spp) rootstock genotypes. J.
Plant Biochem. & Biotechnol., 17 (1), 77- 80.

Bhattacharya, A.K. (2005) Gallic acid derivative and
process of preparing the same. Retrieved from
http://www.google.com/patents/ WO2005063677A.

Barket, A, Shafiga, Muzaffar and Wani, N.A. (2012)
Effect of catechol, gallic acid and pyrogallic acid
on the germination, seedling growth and the level
of endogenous phenolics in cucumber (Cucumis
sativus L.). Intl. J. Life Sci. Bot. & Pharm. Res., 1
3), 1-6.

Ferk, F, Chakraporty, A, Jager, W, Kundi, M, Bichler, J,
Misik, M, Wagner, K.H, Kraupp, B.G, Sagmeister,
S, Haidinger, G, Hoelzel, C, Nersesyan, A,
Dusinska, M, Simi¢, T. and Knasmiillr, S. (2011)
Potent protection of gallic acid against DNA
oxidation: results of human and animal experiments.
Mut. Res., 715, 61-71.

Gao, J, Hu, J, Hu, D. and Yan, X. (2019) A role
of gallic acid in oxidative damage diseases:
A comprehensive review.  Natural — Product

Communications, August: 1- 9.

Herrera, R, Cares, V, Wilkinson, M.J. and Caligari,
PD.S. (2002) Characterization of genetic variation
between Vitis vinifera cultivars from central Chile
using RAPD and Inter simple sequence repeat
markers. Euphytica, 124, 139 145.

Ho, H.H, Chang, C.S, Ho, W.C, Liao, S.Y, Lin, W.L.
and Wang, C.J. (2013) Gallic acid inhibits gastric
cancer cells metastasis and invasive growth via
increased expression of RhoB, down regulation of
AKT/ small GTPase signals and inhibition of NF-
«B activity. Toxicol. Appl. Pharm., 266, 76- 85.

Kam, A, Li, K.M, Naumovski, V.R, Nammi, S, Chan,
K. and Li, G.Q. (2014) Gallic acid protects against
endothelial injury by restoring the depletion of
DNA methyltransferase 1and inhibiting proteasome
activities. Intl. J. Cardiol., 171, 231-242.

Kocsis, M, Jaromi, L, Putnoky, P, Kozma, P. and
Borhidi, A. (2005) Genetic diversity among twelve
cultivars indigenous to the Carpathian Basin
revealed by RAPD markers. Vitis, 44, 87 91.

Konakei, O.C, Yildiztugay, E. and Kucukoduk, M.
(2015a) Protective roles of exogenously applied
gallic acid in Oryza sativa subjected to salt and
osmotic stresses: effects on the total antioxidant
capacity. Plant Grow. Regul., 75 (1), 219- 234.

Konakci, O.C, Yildiztugay, E. and Kucukoduk, M.
(2015b) Upregulation of antioxidant enzymes
by exogenous gallic acid contributes to the
amelioration in Oryza sativa roots exposed to salt
and osmotic stress. Environ. Sci. Pollut. Res., 22
(2), 1487- 1498.

Krogmeier, M.J. and Bremner, J.M. (1989) Effects of
phenolic acids on seed germination and seedling
growth in soil. Biol. Fert. Soils, 8, 116- 122.

Lakshmanan, V, Venkataramareddy, S.R. and
Neelwarne, B. (2007) Molecular analysis of genetic
stability in long-term micropropagated shoots of
banana using RAPD and ISSR markers. Electron.
J. Biotechnol., 10 (1), 106- 113.

Liu, Y, Pukala, T.L, Musgrave, L.F, Williams, D.M,
Dehle, F.C. and Carver, J.A. (2013) Gallic acid is
the major component of seed extract that inhibits
amyloid fibril formation. Bioorgan. & Medic.
Chem. Lett., 23, 6336- 6340.

Liu, Y, Carver, J.A, Calabrese, A.N. and Pukala, T.L.
(2014) Gallic acid interacts with a- synuclein to
prevent the structural collapse necessary for its
aggregation. Biochim. Biophysi. Acta, 1844, 1481-
1485.

Locatelli, C, Monteiro, F.B.F. and Pasa, T.B.C. (2013)
Alkyl esters of gallic acid as anticancer agents: A
review. Euro. J. Medic. Chem., 60, 233- 239.

Luo, S. and He, P. (2001) Discrimination of wild s
native to China by RAPD markers. Vitis, 40, 163-
168.

Megan S, Trzasko, M. and Swanson, J.D. (2015) The
effect of gallic acid treatment on Rubus callus.
ASHS, New Orleans, August 4- 7.

Modgil, M, Mahajan, K, Chakrabarti, S.K, Sharma,
D.R. and Sobti, R.C. (2005) Molecular analysis of
genetic stability in micropropagated apple rootstock
MM106. Scientia Hort., 104, 151- 160.

Egypt. J. Hort. Vol. 50, No. 1 (2023)



132 EL SHAIMA M. EL BOTATY et al.

Ohmi, C, Wakana, A. and Shiraishi, S. (1993) Study
of the parentage of grape cultivars by genetic
interpretation of GPI-2 and PGM-2 isoenzymes.
Eyphytica, 65, 195- 202.

PintoCarnide, O, Martin, J.P, Leal, F, Castro,
I., GuedesPinto, H. and Ortiz, J.M. (2003)
Characterization of vine (Vitis vinifera L.)
cultivars from Northern Portugal using RAPD and
microsatellite markers. Vitis, 42, 23 25.

Radan, M, Dianat, M, Badavi M, Mard, S. A, Bayati,
V. and Goudarzi, G. (2019) In vivo and in vitro
evidence for the involvement of Nrf2-antioxidant
response element signaling pathway in the
inflammation and oxidative stress induced by
particulate matter (PM10): the effective role of
gallic acid. Free Radic. Res., 53 (2), 210- 225.

Randhawa, G.S. and Mukhopadhyay, A. (1986)
Floriculture in India. New Delhi, India: Allied
Publishers Pvt. Ltd., p. 51.

Rita, V, Monica, S, Elisa, M. and Cresti, M.
(2002) Genomic variability in Vitis vinifera L.
“Sangiovese” assessed by microsatellite and non-
radioactive AFLP test. Electron. J. Biotechnol., 5
(1), 1-11.

Ritschel, P.S, Camargo, U.A, Maia, J.D.G. and Revers,
L.F. (2010) Towards the developing of well adapted
s for tropical regions. Acta Hort., 872, 421 425.

Egypt. J. Hort. Vol. 50, No. 1 (2023)

Sambrook, J, Fritsch, K.F. and Maniatis, T. (1989)
Molecular cloning, second edition (cold spring
Harbor, New York).

Singh, A., Gupta, R. and Pandey, R. (2017) Exogenous
application of rutin and gallic acid regulate
antioxidants and alleviate reactive oxygen
generation in Oryza sativa L.. Physiol. Mol. Biol.
Plants, 23 (2), 301- 309.

Snedecor, G.W. and Cochran, W.G. (1980) Statistical
Methods. 7" ed., Iowa State Univ. Press. Ames ,
Iowa, U.S.A., pp. 593.

Tamhankar, S.A, Patil, S.G. and Rao, V.S. (2001)
Assesment of the genetic diversity of some
important grape genotypes in India using RAPD
markers. Vitis, 40 (3), 157- 161.

Ulanovsky, S., Gogorcena, Y., Toda, F.M. and Ortiz,
J.M. (2002) Use of molecular markers in detection
of synonymies and homonymies in vines (Vitis
vinifera L.). Scientia Hort., 92,241 254.

Williams, J.K, Kubelik, A.R, Livak, K.J, Rafalski, J.A.
and Tingey, S.V. (1990) DNA polymorphisms
amplified by arbitrary primers are useful as genetic
markers. Nucl. Aci. Res., 18, 6531- 6535.



RELATIONSHIP BETWEEN THE USE OF GALLIC ACID AND GENETIC STABILITY OF GRAPES 133

dadlad) quind) Jgual (pa Y A1) 1) Ll g llad) aaa aladia ¢y ABMal)

Tda Al e e el g Trdle S jale daaa bl deaa plasdl)
e B deelpll gl 38 0 ol gy s g 2o uiell Gigy gand
e B g Y 09 all 35,10 A g SLall g and |

e B g I o il 3, 2o lgtisnlly diljgll @und "

L ) (mas (e 1l aala 350 5 Yoe oY ee o S i Adla) il Al Gl 13 s
il (g adll saill of Jas 5l Jamalls Gusalill a3y 3 5 SO4 inll Lol 15l il e de )30
I3 ey By &) sai Lain Sl Gl Bas sei A ol (e gl s 0 pall IS Lgina il o
DAl IS ) mas g 1 pale e Jaus gial) 58 1 o) LS JRSH bl g gl Y gams
o365 5stai sl a5 4a saclaal iy shesal) (e 3Bl & jels 5 il s e Sina
RAPD-PCR #aul 53 cilinill 231 ) 5l) dacad) dilaty 5 il &gl sl 15 aale 350 2l &
% 16.2 sl Ailsia 18 5% 73.08 dawsy Alilaie 93 pgia Al 5 A i 111 da g iy 9 plaiadly
Lon 5l LS A1 5 ) b Al e J5ill 0l 7 5850 JY Al e Jaill Adlite 2l [] peie < pela
waad Jgl (B 710, &l s ol dade 1l aale 350 58 i Al & ) Gaes dsa s
<l S5 aladiagon 4l A A jall cauals 5 Al s pall Al aaas die 7 FALS ) (idll g Al
Coaldl (la¥ ) SIS 1 sl il B (g sl A 8 Ll e (ge 1 p2le 350 5300 Y - -
sl Ay A1 il aale Yov 58 5 GlA) (ans 3gas G 1Al 5 el A3l e Jil) IS Jerally

el sl S e Jalial) e clipill Talia f sai 3 8 (e

PCR RAPD ¢l jilall ¢ clllall imea ccuiall sadialf culalslf

Egypt. J. Hort. Vol. 50, No. 1 (2023)



