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Abstract

This study was aimed to use of plant tissue culture technology to in-
duce callus from grapevine Vitisvinifera and stimulate it to increase
the production of flavonoids. The study was carried out in two stages
after the sterilization process was carried out: The first included es-
tablishing callus farms by cultivating cuttings containing a single
node after completing their sterilization and cultivating them on MS
medium containing 2,4-D and BA at different concentrations (0, 1, 2,
3,4) mg L “and BA in concentrations (0, 0.1, 0.2, 0.4) in independent
experiments. The second phase included studying the effect of
growth regulators on the concentrations of carbohydrates and flavo-
noids in the callus induced from the first experiment. The results of
the study showed the superiority of auxien 2,4-D at a concentration
of 2mg L *as it achieved the highest average fresh and dry weight of
callus, reaching (3.32 and 1.03) mg respectively, while BA at a con-
centration of 0.2 mg L * achieved the highest average fresh and dry
weight of callus was (1.91 and 0.51) mg respectively. The results al-
so showed that the MS medium prepared with a concentration of 4
mg L "of 2,4-D was significantly superior in the average concentra-
tion of the compounds Hesperdine, Nargnine, Proanthocyanin, and
Rutin, reaching (64.94, 62.56, 55.63, and 71.22)% respective-
ly.While the medium prepared with a concentration of 3 mg L -
Youtperformed 2,4-D achieved the highest concentration of Quercetin
compounds reaching 75.36% compared to the neutral treatment,
which achieved the lowest concentrations. The concentration of 0.4
mg L BA achieved the highest concentration of the compounds
Hesperdine, Nargnine, Proanthocyanin, Quercetin, and Rutin, reach-
ing (52.65, 49.95, 47.65, 59.92, 56.70)% respectively.
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Introduction

The grape Vitisvinifera (L.) belongs to the grape family Vitaceae and is one of the
late-maturing table grape varieties, quick to bear fruit and give, with excellent nutri-
tional and medicinal value, and has a palatable taste and a striking aesthetic appear-
ance. Its cultivation has spread in Asia, Africa and Europe [1]. Grapes are a fruit as
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old as history itself. They are mentioned in the Torah, in myths, and in many tales of
the ancients. It is almost difficult for us to enumerate all of their benefits and proper-
ties. Some nutritional scientists equate them with milk, and some of them confirm
that grapes have properties that are not found in milk. How? This has been the case
and it is established that grapes are among the most beneficial and profitable fruits
and that they have an effective role in building the body. Some consider them to be a
complement to enzymes, and others consider them to be an aid to growth and main-
taining the best activity of the coverings of various organs, such as the liver and
stomach, or for various functions such as vision and digestion [2]

Grapes are characterized by containing a good percentage of quickly absorbed
sugars, as glucose and fructose are highly concentrated. They are also rich in vitamins
such as vitamins C and B. They also contain a good percentage of mineral elements
such as potassium, calcium and sodium. Therefore, grapes are given the value of a
sugar multimineral salt because the presence of these Minerals activate ionization and
thus increase the biological activity of these components. As for sugars, fatty sub-
stances and albumins, we find grapes also at the forefront of fruits, as they contain
glucose and fructose, which in themselves constitute a nutritional element because
they are easy to digest and are of high nutritional value because of the other substanc-
es associated with them, especially vitamin B1 and B2, which help nourish tissues
and absorb sugar. Therefore, it is necessary for cardiac muscle function and the func-
tions of the central nervous system, and it also contains flavonoids, phenolic com-
pounds, anthocyanins, and procyanidine that have nutritional and therapeutic value [
3] .Flavonoids, which have been carefully studied in grapes, are known to be organic
compounds that are soluble in water. They belong to the category of polyphenolic
with therapeutic power and have antioxidant and anti-free radical effects in certain
doses. It has been found that proanthocyanin have a role in enhancing the level of
good cholesterol and reducing bad cholesterol in the body. The body reduces the risk
of coronary artery disease and maintains heart health [4,5]. These compounds have al-
so been proven through clinical trials conducted on humans to be effective, including
the Rutin compound, in preventing bleeding from the extremities or from natural ori-
fices, and preventing swelling of the legs as a result of water retention in the body.
They also protect against retinopathy associated with diabetes and also protect against
high blood pressure [6],Flavonoids have been widely used in European countries, in-
cluding hesperidins in particular, to treat alcohol-related liver disorders. Nargnine al-
so plays a role in cancer prevention, as it works to inhibit free radicals that cause
damage to DNA, and this damage can lead to cancer. Quercetin has also been used to
treat allergies, arthritis, and asthma [7, 8].Interest has increased in recent years in the
practical applications of biotechnology. Tissue culture is one of the most important
and most advanced of these technologies. It relies on simple methods that do not re-
quire complex and expensive laboratory equipment. It has many applications, the
most important of which is laboratory vegetative propagation due to the scarcity of
some of them, or for their nutritional value, or Due to the ability of some of them to
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produce substances of high pharmaceutical value in the production of medical drugs
[9, 10, 7],During their growth stages, plants build a group of metabolic substances
that they use in growth and development. These substances include glycosides, phe-
nols, flavonoids, alkaloids, and others. These compounds are important for the plant
to survive and spread in the natural environment, and they are mainly defensive sub-
stances against pathogens. They are also Pharmaceuticals, food flavors, dyes, per-
fumes or pesticides, plants are a continuous source of production of important sec-
ondary metabolites.

From this standpoint and the importance of this plant from a nutritional and medicinal
standpoint, the research aimed to establish tissue farms by cultivating the growing
shoots on MS nutrient medium equipped with different types and concentrations of
growth regulators to study their effect on callus induction and the production of sec-
ondary metabolism, and then detect quantitatively and qualitatively the compounds
using a device High performance liquid chromatography (HPLC) for tissue cultures.

Materials and Methods

This study was carried out in the Plant Tissue Culture Laboratory of the College of
Agriculture / University of Karbala. The study used the Helwani grape variety grown
in plastic bags at two years of age.

Callus induction experiment

Stem cuttings 20-30 cm long were selected from recent growth. The outer leaves
surrounding the nodes were removed and the cuttings were cut into small pieces 2 cm
long so that each piece contained one node. The cuttings were sterilized with sodium
hypochlorite at a concentration of 2% for 15 minutes, after which they were planted
in glass bottles containing Medium prepared with different concentrations (0, 1, 2, 3,
4) mg/L of 2,4-D (0, 0.1, 0.2, 0.4) mg/L of BA in independent experiments with ten
repetitions for each concentration The crops were incubated in the dark at a tempera-
ture of 25°C +_ 2 for four weeks. The fresh and dry weight standard of the induced
callus was used at this stage to determine the best concentration of 2,4-D and BA for
callus induction.

Extraction of flavonoids from grapevine callus

The extraction process was carried out according to what was mentioned in
[12],taking a constant weight of the callus and then drying it until the weight was
constant. The dried samples were ground and 2 ml of methanol was added to them
with continuous stirring. The samples were then placed in the centrifuge at a rotation
speed of 7500 rpm for 15 minutes. The filtrate was treated with chloroform to get rid
of some compounds such as fats and chlorophyll. The samples were placed in a rotary
evaporator. The filtrate was dissolved with 1 ml of methanol and mixed with a vortex
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device. The mixture was filtered through a 2.5 um filter and the filtrate was stored at
4 C for use in subsequent analyses.

Qualitative and quantitative determination of flavonoids using a high-
performance liquid chromatography device

The flavonoids compounds in the grape callus extract were separated according to
what was mentioned [13].20 ml of the filtrate was taken and injected into the HPLC
device under the following conditions: a separation column with dimensions (mml.D.
4.6x50), and a mobile phase methanol: phosphate buffer in a ratio of 40:60. v/v, and a
flow speed of 1.2 ml/min, and the concentration of flavonoids compounds in the cal-
lus extracts was calculated according to the following equation:-
Concentration of the unknown (g/ug) = number of dilutions x measurement concen-
tration x (form package area)/(measurement package area).

Statistical analysis

All experiments were carried out using a completely randomized design (CRD)
and factorial experiments. The results were analyzed using the SAS statistical pro-
gram [14]and the means were compared according to the least significant difference
(AFM) test at the 0.05 probability level.

Results and Discussion
Effect of 2,4-D and BA concentrations on the rate of fresh weight induced by the
developing shoot

The results of Table (1) show that there are significant differences when adding
2,4-D in its different concentrations to the nutrient medium prepared for the induction
of callus from the growing tops of grape plants. 2,4-D was superior at a concentration
of 2 mg L-1 and provide the highest average weight. Callus freshness amounted to
3.32 mg, which differed significantly from the rest of the treatments, compared to the
comparison treatment, which did not record any response. The results of the same ta-
ble indicate that there are significant differences in the average weight of the callus
with different concentrations. The BA added to the medium was significantly superi-
or to the concentration of 0.2 mg L-1 in achieving the highest rate of 1.91 mg, com-
pared to the comparison treatment which achieved the lowest rate of 1.68 mg. As for
the effect of the interaction between the concentrations of auxien and cytokinines on
the average fresh weight of callus, the concentration of 2 mg L-1 of 2,4-D and the
concentration of 0.4 mg L-1 of BA achieved the highest rate of 3.85 mg, while the
comparison treatment for auxien did not achieve the different concentrations of cyto-
kinines No response mentioned.
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Table (1): The effect of 2,4-D and BA concentrations on the fresh weight of cal-
lus induced from the growing shoot after 6 weeks of cultivation on the MS medi-
um.

Con of 2,4- Con of BAmg I Mean
D mg I 0 0.1 0.2 0.4
0 0 0 0 0 0
1 1.70 2.50 2.66 2.75 2.40
2 2.25 3.40 3.80 3.85 3.32
3 2.36 1.76 1.78 1.50 1.85
4 2.10 1.65 1.32 1.20 1.54
L.S.D.(0.05 0.08 0.06
Mean 1.68 1.86 | 1.91 1.86
L.S.D.©.05 0.02

Effect of 2,4-D and BA concentrations on the dry weight rate induced by the
shoot tip

The results of Table (2) show that there are significant differences in the dry
weight rate of callus depending on the concentrations of 2,4-D added to the nutrient
media. 2,4-D was superior at the concentration of 2 mg L-1 and provide the highest
dry weight rate of callus, which reached 1.03 mg which differed significantly from
the rest of the treatments, while comparison treatment did not record any response.
The results of the same table indicate that there are significant differences in the av-
erage dry weight of callus depending on the concentrations of BA added to the nutri-
ent medium. The concentration of 0.2 mg It was significantly superior in achieving
the highest rate of 0.51 mg, compared to the comparison treatment which achieved
the lowest rate of 0.43 mg. As for the effect of the interaction between the concentra-
tions of auxien and cytokinines on the average fresh weight of callus, the concentra-
tion of 2 mg It of 2,4-D and the concentration of 0.4 mg I"*of BA achieved the high-
est rate of 1.18 mg, while the comparison treatment for auxien did not achieve at dif-
ferent concentrations of cytokinines no response mentioned.

Table (2): Effect of 2,4-D and BA concentrations on the dry weight of callus in-
duced from the shoot tip after 6 weeks of cultivation on the MS medium

Con of 2,4- Con of BAmg I! M
D mg I 0 0.1 0.2 0.4 ean

0 0 0 0 0 0
1 0.40 0.48 0.88 0.96 0.68
2 0.71 1.05 1.17 1.18 1.03
3 0.78 0.40 0.40 0.23 0.45
4 0.27 0.16 0.09 0.03 0.14

L.S.D.(005) 0.03 0.02
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043 | 041 | 051 | 048
L.S.D (0.05 0.01

The reason for inducing callus on the surface of shoot tip may be attributed to the
role of the growth regulator, which encourages the formation of callus and increasing
its growth, as it is one of the Auxins that has an important role in the formation and
growth of callus. Increasing the concentration leads to the formation of callus, reach-
ing the optimum concentration, and increasing it beyond the optimum limit leads to
adverse results if Adding growth regulators to the nutrient medium stimulates the
continued division of the callus tissue after it is grown on the nutrient medium. It will
be able to establish an internal hormonal system, and this system determines the di-
rection of subsequent development by interfering with the growth regulators added to
the medium, which are then responsible for maintaining the continuation of cell divi-
sion activity [15]. These results are consistent with [16]. that Auxins 2-4-D in the
growth medium prepared for callus induction from Datura plants provide the best
callus weight compared to other growth regulators.

Effect of 2,4-D and BA concentrations on the concentration of Hesperdine

The results of Table (3) show that there are significant differences in the concen-
tration of the Hesperdine compound that was estimated in grape callus with increas-
ing concentrations of 2,4-D added to the nutrient medium 1, 2, 3, 4 mg I*! reaching
36.56, 44.39, 58.38, and 64.99. mg I respectively, while the comparison treatment
gave the lowest concentration of 25.78 mg I. The results of the same table also indi-
cate that there are significant differences in the concentration of the same compound
with increasing concentrations of BA added to the food media by 0.1, 0.2, and 0.4 mg
I1, amounting to 43.50, 50.84, and 52.65 p g* respectively, while the lowest concen-
tration was achieved in the comparison treatment, amounting to 37.09 p g=. As for
the effect of the interaction between the concentrations of auxien and cytokinein on
the concentration of the Hesperdine compound, the concentration of 3 mg I'* of 2,4-D
at the concentration of 0.4 mg It of BA achieved the highest rate of 71.28 p g%, while
the comparison treatment achieved the lowest response of 20.12. p g™,

Table (3): Effect of 2,4-D and BA concentrations on the concentration of Hes-
perdine compound (ug g?) of grapevine callus after 6 weeks of cultivation on MS
medium

Con of 2,4- Con of BAmg I'! M
D mg I 0 0.1 0.2 0.4 ean
0 20.12 24.05 30.40 28.55 25.78
1 31.00 36.02 38.14 41.10 36.56
2 37.15 40.25 47.18 53.00 44.39
3 43.05 51.11 68.08 71.28 58.38
4 54.13 66.10 70.42 69.33 64.99
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L.S.D .05 3.19 2.09 |

Mean 37.09 | 4350 | 5084 | 5265
L.S.D.©.05 1.87

The effect of 2,4-D and BA concentrations on the concentration of Nargnine

The results of Table (4) show that there are significant differences in the concen-
tration of the Nargnine compound that was estimated in grape callus with increasing
concentrations of 2,4-D added to the nutrient medium 1, 2, 3, 4 mg I"* which reached
34.01, 45.83, 58.05, and 62.56. p g respectively, while the comparison treatment
provide the lowest concentration which amounted to 26.32 1 g*. The results of the
same table also indicate that there are significant differences in the concentration of
the same compound with increasing concentrations of BA added to the medium
which amounted to 0.1, 0.2, and 0.4 mgl. 67.05, 64.30, and 68.77 | g 'respectively,
while the lowest concentration was achieved in the comparison treatment amounting
to 50.21 p g*. As for the effect of the interaction between the concentrations of aux-
ien and cytokinein on the concentration of the Hesperdine compound, the concentra-
tion of 4 mg I'* of 2,4-D at the concentration of 0.4 mg I** of BA achieved the highest
rate of 68.77 p g, while the comparison treatment achieved the lowest response of
20.00 pg™.

Table (4): The effect of 2,4-D and BA concentrations on the concentration of
Nargnine (ug g*) of grapevine callus after 6 weeks of cultivation on MS medium.

Con of 2,4- Con of BAmg I Mean
D mgI? 0 0.1 0.2 0.4

0 20.00 26.70 28.33 30.15 26.29
1 30.63 34.06 35.27 36.09 34.01
2 38.00 42.15 53.17 50.00 45.83
3 46.08 54.40 67.00 64.75 58.05
4 50.21 67.05 64.30 68.77 62.56

L.S.D.©.05 5.46 3.23

Mean 36.98 | 4487 | 4955 | 4995
L.S.D (0.05 2.89

The effect of 2,4-D and BA concentrations on the concentration of Proanthocya-
nin

The results of Table (5) show that there are significant differences in the concen-
tration of the Proanthocyanin compound that was estimated in grape callus with in-
creasing concentrations of 2,4-D added to the nutrient medium 1, 2, 3, 4 mg It which
reached 31.58, 41.78, 52.70, and 55.63. p g* respectively, while the comparison
treatment provide the lowest concentration of 23.43 p g*. The results of the same ta-
ble also indicate that there are significant differences in the concentration of the same
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compound with increasing concentrations of BA added to the food media by 0.1, 0.2,
and 0.4 mg I amounting to 38.70, 43.58, and 47.65 micrograms g-1, respectively,
while the lowest concentration was achieved in the comparison treatment, amounting
to 34.16 p g*. As for the effect of the interaction between the concentrations of aux-
ien and cytokinein on the concentration of the Hesperdine compound, the concentra-
tion of 4 mg I of 2,4-D at the concentration of 0.4 mg I** of BA achieved the highest
rate of 66.00 p g, while the comparison treatment achieved the lowest response of
18.44. u g™

Table (5): Effect of 2,4-D and BA concentrations on the concentration of Proan-
thocyanin (ug g?) of grapevine callus after 6 weeks of cultivation on MS medium

Con of 2,4- Con of BAmg I Mean
D mgI? 0 0.1 0.2 0.4

0 18.44 23.13 25.00 27.15 23.43
1 27.19 30.20 32.17 36.77 31.58
2 35.23 38.08 45.63 48.20 41.78
3 41.60 52.08 57.00 60.13 52.70
4 48.37 50.01 58.14 66.00 55.63

L.S.D.(0.05) 1.23 0.61

Mean 3416 | 3870 | 4358 | 4765
L.S.D.©.05 0.55

The effect of 2,4-D and BA concentrations on the concentration of Quercetin

The results of Table (6) show that there are significant differences in the concen-
tration of the compound Quercetin that was estimated in grape callus with increasing
concentrations of 2,4-D added to the nutrient medium 1, 2, 3, 4 mg I reaching 41.88,
56.91, 75.36, and 71.89. u g respectively, while the comparison treatment provid the
lowest concentration of 26.45 p g*. The results of the same table also indicate that
there are significant differences in the concentration of the same compound with in-
creasing concentrations of BA added to the food media by 0.1, 0.2, and 0.4 mg I
amounting to 52.69, 57.97, and 59.92 micrograms g-1, respectively, while the lowest
concentration was achieved in the comparison treatment, amounting to 47.41 p g™
As for the effect of the interaction between the concentrations of auxien and cyto-
kinein on the concentration of the Hesperdine compound, the concentration of 3 mg I
! of 2,4-D at the concentration of 0.2 mg I of BA achieved the highest rate of 80.15
1 g%, while the comparison treatment achieved the lowest response of 20.85 p g™
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Table (6): Effect of 2,4-D and BA concentrations on the concentration of Quer-
cetin (g gt) of grapevine callus after 6 weeks of cultivation on MS medium.

Con of 2,4- Con of BAmg I! M
D mg I 0 0.1 0.2 0.4 can
0 20.85 26.75 28.10 30.13 26.45
1 38.70 37.55 43.18 48.09 41.88
2 44.16 54.08 63.25 66.17 56.91
3 66.20 75.10 80.15 80.00 75.36
4 67.15 70.00 75.18 75.25 71.89
L.S.D.©.05 3.92 2.76
Mean 4741 | 5269 | 5797 | 59.92
L.S.D.©.05 1.25

Effect of 2,4-D and BA concentrations on the concentration of Rutin

The results of Table (7) show that there are significant differences in the concen-
tration of the Rutin compound that was estimated in grape callus with increasing con-
centrations of 2,4-D added to the medium 1, 2, 3, 4 mgl* reaching 37.37, 52.34,
70.00, and 71.22 p g™ respectively, while the comparison treatment provide the low-
est concentration of 25.37 p g*. The results of the same table also indicate that there
are significant differences in the concentration of the same compound with increasing
concentrations of BA added to the food media by 0.1, 0.2, and 0.4 mg I** amounting
to 49.12, 54.91, and 56.70 p g* respectively, while the lowest concentration was
achieved in the comparison treatment amounting to 44.29 p g*. As for the effect of
the interaction between the concentrations of auxien and cytokinein on the concentra-
tion of the Hesperdine compound, the concentration of 4 mg I of 2,4-D at the con-
centration of 0.4 mg It of BA achieved the highest rate of 80.66 p g, while the
comparison treatment achieved the lowest response of 20.85 ug g.

Table (7): Effect of 2,4-D and BA concentrations on the concentration of Rutin
(ug g1) of grapevine callus after 6 weeks of cultivation on MS medium.

Con of 2,4- Con of BAmg I! M
D mg I 0 0.1 0.2 0.4 ean
0 21.25 25.18 26.75 28.30 25.37
1 34.00 38.26 39.05 38.18 37.37
2 43.18 47.00 60.05 59.13 52.34
3 60.14 67.05 75.55 77.27 70.00
4 62.92 68.12 73.18 80.66 71.22
L.S.D.©.05 3.28 2.64
Mean 4429 | 4912 | 5491 | 56.70
L.S.D.©.05 1.36
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From the results of the previous tables presented on the effect of adding different
concentrations of growth regulators to the medium prepared to stimulate increased
production of metabolic compounds, it was found that there is a significant effect of
the growth regulators 2,4-D and BA in increasing the concentrations of flavonoids
compounds. The reason may be due to the role of growth regulators. In increasing
fresh and dry weight, as well as the concentration of carbohydrates, as it leads to an
increase in nitrogen, the basic component for building amino acids, from which effec-
tive compounds are built through the processes of biosynthesis of essential amino ac-
ids, which are considered as initiators or raw materials, not their products. Alsothe
role of growth regulators in the enzymatic activity of cells and maintaining stability.
Cell membranes, increased CO, assimilation, and increased absorption of nutrients,
minerals, and water, causing an increase in metabolic processes and the production of
secondary compounds [17]. These results agreed with the results of [18] in that there
was a significant increase in the concentration of alkaloids in the Withania somnifera
plant with increasing concentrations of Plant growth regulators added to the medium
and with the results of [19] which found that there was a significant superiority in
the concentration of the volatile oils of the Rosmarinus officinalis plant by increasing
the concentrations of growth regulators added to the medium. The study agreed with
the findings of [20] in their study on the effect of growth regulators in increasing the
production of flavonoids compounds in the callus of the plant (Nepetacataria), as well
as with the findings of [21] when they studied the role of growth regulators in induc-
ing callus and increasing the production of flavonoids compounds in the Centellaasi-
atica plant.

Growth regulators added to the media have a major role in inducing callus from
the growing apex of grape plants, as well as in increasing the formation of luminous
compounds that were estimated in grape callus using HPLC technology .
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