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Abstract

The current study successfully produced callus cultures from hypocotyl
explants of the tomato plant Solanum Ilycopersicum, induced shoot
differentiation, and subjected them to genetic transformation using root-inducing
plasmids (pRi) isolated from Agrobacterium rhizogenes ATCC15834 via direct
injection. The study also aimed to determine the expression activity of the
Chromoplast-specific lycopene beta-cyclase (CYC-B) gene, using Real-time
polymerase chain reaction (RT-PCR) technology, and to measure the
concentration of lycopene and beta-carotene in its different tissues.

The results of tomato seed cultivation on solid Murashige and Skoog (MS)
medium showed good germination at a rate of 100% after 5 days, producing
vigorous seedlings with distinct characteristics on the solid medium. Callus was
induced from hypocotyl explants of the seedlings on solid MS medium
supplemented with 2.0 mg L™ of 2,4-Dichlorophenoxyacetic acid (2,4-D) at a
rate of 100% after seven days of cultivation. Subculturing the developed callus
masses resulted in established cultures after 25 days. Notably, spontaneous
vegetative growth appeared after 6 days of the second subculture of the callus,
which later developed into numerous shoots with an average of seven shoots per
callus and an average length of 3.2 cm, at a rate of 85% (based on 25 callus
pieces that were subcultured) after 20 days.

The current study investigated the ability of Ri plasmids isolated from
Agrobacterium rhizogenes ATTC15834, after different incubation periods alone,
to induce genetic transformation in tomato plants. The results of directly
injecting these plasmids into hypocotyl explants of 15-day-old seedlings using
direct injection led to their response and the emergence of hairy roots. The
concentration of 123.8 ng puL™" of the plasmid vector showed superiority in
stimulating the highest percentage of 75% after 7 days of inoculation. The hairy
roots continued to grow after their individual or clustered excision and
placement on solid MS medium free from plant growth regulators (MSO),
forming good cultures. These roots were characterized by their rapid growth,
white color, and negative gravitropism.

The study also addressed the role of copper oxide nanoparticles in
increasing the rates of genetic transformation, and the data from this axis
showed remarkable results. The addition of 5 ug mL™ of copper oxide to Ri
plasmids at a concentration of 123.8 ng pL™" significantly stimulated hairy root
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formation compared to the addition of 10 pg mL™, with percentage rates of 80%
and 67.5% after 5 and 6 days, respectively

Electrophoretic analysis on 1% agarose gel of Polymerase Chain Reaction
(PCR) products of nucleic acids extracted from different tissues of the tomato
plant showed molecular biological evidence for the presence of the rol A gene.
The gel electrophoresis revealed a single band separation at a molecular weight
of 248 bp, which corresponds to the molecular weight of the specific primer for
the rolA gene. The absence of similar band separation in the amplified DNA
extracted from non-transformed seedling root cell samples provides evidence for
the successful genetic transformation. After determining the nucleotide sequence
of the DNA extracted from the transformed samples and comparing it with the
global gene bank of the National Center for Biotechnology Information (NCBI),
two new tomato plant cultivars were registered for the first time, as follows:
Solanum lycopersicum cultivar Mutant 1 with the accession number PV412943,

and Solanum lycopersicum cultivar Mutant 2 with the accession number
PV412944.

The results revealed variations in the lycopene and beta-carotene content
extracted from different tissues of the tomato plant. The tissues of the vegetative
shoots resulting from the inoculation of hypocotyl explants with the Ri plasmid
vector at a concentration of 123.8 isolated from the bacterium showed the
highest levels, reaching 3.981 and 1.387 mg 100g™", respectively, compared to
other transformed tissues. Furthermore, an increase in their extracted amounts
was found within the third hour of hypocotyl callus growth on solid MS medium
containing 2.0 mg L™ 2,4-D, with values of 3.615 and 1.301 mg 100g™",
respectively, This was confirmed by the expression results of the CYC-B gene.
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