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Abstract

Callus cultures of Silybum marianum L. have been produced from their
different parts using sterilized and healthy seedlings 20-day age. Overlapping
concentrations of benzyladenine (BA) and naphthaleneacetic acid (NAA) have
already been used. MS medium containing 0.5 mg.L" of BA and 2.0 mg.L"' of
NAA is selected in this study as it outperforms the other concentrations in its callus
induction rates for all parts. Callus has been characterized by its semi-brittle
texture and green color, ranging from white to yellowish or brown.

The bacterium Agrobacterium rhizogenes ATCC 13332 achieved success in this
study, as indicated by the response shown by the leaves explants, cotyledonary
leaves and hypocotyls to the direct injection process with its suspension, and the
formation of hairy roots from the injection sites. Hairy roots are characterized by
being sometimes single or appearing in the form of tufts consisting of four to five
white, clustered roots, it is thin and has soft hair. These roots are characterized by
their negativity to gravity and their continued growth compared to the normal
roots. The leaves outperform the rest of the parts in their rapid response to direct
injection and produced hairy roots six days after the injection process. They also
produce the highest percentage of hairy roots production, reaching 55.86%, while
hairy roots appear at the injection sites in the cotyledonary leaves and hypocotyls
10 days after their injection and cultivation on MSO medium free of growth
regulators, with percentages reaching 24.44 and 36.84%, respectively. One of the
distinctive results is the appearance of small green growths directly from the
injected leaves explants after their hairy roots have turned into callus after a week
of periodic maintenance on MS medium supplemented with 0.5 mg L™ of NAA.
These develop later into green branches bearing true leaves within one month of
starting to grow them on the maintenance medium. No suitable medium is found
for rootsing these branches, whether on MS medium at full or half its structural
strength.

The study proves the ability of producing hairy roots callus cultures, as the
hairy roots are produced from leaves and cotyledonary leaves outperformed by
100% in callus production in three nutritional media represented by the medium
(MS + 1.0 mg.L" BA + 0.1 mgL" IBA), (MS + 3.0 mgL"' BA + 0.5 mg.L"
NAA), and (WP + 1.0 mg.L"' NAA). The last medium has been used to maintain
the hairy roots callus cultures due to its recording the highest induction rates.

In addition to all the morphological characteristics indicating the success of the
genetic transformation process of Silybum marianum L. in this study, the
Polymerase Chain Reaction (PCR) tests and electrophoresis of amplified nucleic
acids results By using specialized primers for the ro/ B genes carried on the T-
DNA fragment of the Ri plasmid, it is worth confirming this success, and
demonstrate that the tissues of Silybum marianum L., whether hairy roots, callus,
or the resulting shoots, retain the 7o/ B genes and include them within the genome
of their cells.
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Zinc oxide nanoparticles at concentrations from (25 — 300) pg.ml" were used to
stimulate callus production. The concentration of 300 pg.ml” is able to increase
the percentage of leaves callus induction compared to the control samples, and in a
record time period of 5 days, compared to 12 days on the control media . In
addition to the rest of the parts, the induction rate is 100%, also at the same rate in
the control samples, but the growth of callus is better, as it has been distinguished
by its bright green color and its rapid ability to be induced. Among the results
realized by this study is the success of zinc oxide nanoparticles in increasing the
rate of hairy roots induction from leaves explants injected with A. rhizogenes
ATCC 13332. The concentration of 150 pug.ml” shows an induction rate of 100%
compared to the control samples, which have a hairy roots induction rate of
55.86% This occurs over a period of only three days, while the control samples has
a six-day induction period. This concentration is therefore considered as the best
among the other concentrations. The 100 pg.ml’ concentration also plays a
positive role in raising the induction rate to 90.34% Over a period of four days, it is
generally observed that high concentrations, especially the concentration of 300
pg.ml’, for all samples studied, whether in leaves, cotyledonary leaves, or
hypocotyls injected with bacteria, are inhibitory to the induction of hairy roots
compared to the control samples or the remaining concentrations. No response is
shown in cotyledonary leaves at concentrations of 150, 200, and 300 pg.ml™.

A concentration of 100 pg.ml”' of ZnO-NPs proves to be superior to other
concentrations in stimulating the formation of hairy roots callus in Silybum
marianum L. by 100% for leaves, cotyledonary leaves, and hypocotyls. The results
show that the lower concentrations were the better in response, reaching the
highest concentration of 200 pg.ml”', where the response of hairy roots tufts to
callus production begin to decrease compared to other concentrations. Many active
compounds have been identified in the various extracts of Silybum marianum L.
parts and the callus cultures emerging from them. The types and concentrations of
the compounds varied among them using the GC-MS technique. Many compounds
have also been identified in the extracts of the genetically transformed hairy roots
cultures of the leaves, cotyledonary leaves, hypocotyls, and callus cultures . And ,
many active compounds also appear in the extracts of callus of leaves,
cotyledonary leaves, hypocotyls, and roots growing on the selected MS medium
supplied with a concentration of 150 pug. ml" of ZnO-NPs, and the positive effect
of both the genetic transformation process using A. rhizogenese ATCC 13332 and
zinc oxide nanoparticles in enhancing the content of many compounds and
producing new compounds was observed. Twelve different phenolic compounds
have been identified in extracts of different parts of Silybum marianum L. and
callus cultures emerging from them using the HPLC technique, namely: (Rutin,
Quercetin, Kaempferol, Ferulic acid, Caffeic acid, Apigenin, Gallic acid, Luteolin,
P-coumaric acid, Chlorogenic acid, Syringeic acid, Sinapic acid). In the present
study it is possible to identify the Silymarin compound, known for its high
effectiveness in treating all types of liver diseases, in extracts of hairy roots
cultures and the callus emerging from them. The tissues resulting from the genetic
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transformation process and growing under the influence of ZnO-NPs are
characterized by an increased concentration of phenolic content in their extracts.

Finally, the present study demonstrates the antioxidant activity of the identified
active compounds in extracts of different tissues of the plant. In general, all
extracts outperform the standard ascorbic acid values at concentrations above 30
ppm. This confirming the high effectiveness of Silybum marianum L. as a powerful
antioxidant and effective against free radical accumulation.
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