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ABSTRACT

Tomato (Solanum lycopersicum L.), a major crop of the Solanaceae family, is highly sensitive to
environmental stresses, particularly drought and osmotic imbalances. Enhancing stress tolerance
through genetic transformation represents a promising approach to ensure sustainable production. In
this study, two tomato cultivars, CH and Rio Grande, were investigated for optimization of in vitro
regeneration conditions and subsequent introduction of the betaine aldehyde dehydrogenase (BADH)
gene from spinach, which is involved in the biosynthesis of glycine betaine, a known osmoprotectant.
To establish reliable in vitro protocols, cotyledonary and hypocotyl explants from 10-day-old seedlings
were cultured on media supplemented with different concentrations of benzyl adenine (BA) and indole
acetic acid (IAA). In cultivar CH, cotyledon explants exhibited the highest regeneration frequency
(96.26%) and hypocotyl explants 92.53% when cultured on 3 mg It BA with 0.1 mg I* IAA. In Rio
Grande, the best regeneration rates were recorded at 73.0% for cotyledon explants on 2.5 mg It BA +
0.1 mg I* IAA, and 66.6% for hypocotyl explants on 3 mg I'* BA. Across all treatments, cotyledons
consistently produced more shoots than hypocotyls. For shoot development, regenerated shoots were
transferred to media containing different concentrations of gibberellic acid (GAs) combined with IAA.
Increasing GAs concentrations enhanced shoot multiplication in both cultivars, with cotyledon-derived
shoots signiﬁcantI%/ outperforming those derived from hypocotyls. The most effective medium
contained 3 mg I* GAs with 0.1 mg I IAA, producing an average of 6.67 shoots per cotyledon
explant in CH and 6.33 in Rio Grande. For transformation, Agrobacterium tumefaciens (LBA4404)
carrying the expression vector pRI201-AN harboring the BADH gene was employed. Hypocotyl
explants were infected for 30 seconds, followed by co-cultivation in darkness at 28°C for 48 hours in
the presence of 40 mg I acetosyringone. The green plants resistant to 15 mg/L kanamycin were
regenerated in the shoot induction medium and then subcultured. This condition provided the highest
transformation efficiency, whereas deviations resulted in bacterial overgrowth or reduced
transformation. To control bacterial proliferation during regeneration, 250 mg I cefotaxime and 250
mg I vancomycin were incorporated, while selection for transgenic tissues was achieved on
kanamycin-containing medium (15 mg I%). Interestingly, in transformed cultures, hypocotyl explants
showed higher regeneration rates than cotyledons, a reversal from patterns observed in the non-
transformed state. Putative transgenic shoots were confirmed molecularly using PCR, which
consistently amplified a 1668 bp product corresponding to the BADH transgene in kanamycin-resistant
plants, while absent in non-transformed controls.Functional evaluation of osmotic stress tolerance was
conducted using mannitol-induced osmotic stress. Non-transformed controls exhibited chlorosis,
dwarfing, and eventual mortality at —6 bar osmotic pressure. By contrast, BADH-expressing plants
from both cultivars survived and maintained growth under this condition, confirming enhanced
osmotic adjustment. Overall, these results demonstrate that optimization of regeneration protocols and
successful transfer of the spinach BADH gene conferred improved tolerance of tomato plants to
osmotic stress. This study highlights BADH as a valuable candidate gene for molecular breeding of
stress-resilient tomato cultivars.
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Figure 1. (a) Expression vector pRI201-AN containing the cloned BADH gene for transformation into
Agrobacterium. (b) Confirmation of the presence of the synthetic BADH gene within the pRI201-AN vector. Lanes 1-3:
colony PCR products amplified using universal M13 primers; lane 4: negative control (PCR without template DNA); lane
5: positive control (PCR product from pUC57 plasmid containing BADH gene); lane 6: 1 kb DNA molecular weight
marker; lane 7: undigested recombinant plasmid; lanes 8 and 9: recombinant pRI201-AN vector digested with Sall and

Ndel restriction enzymes. Detection of a 1668 bp fragment confirms the presence of the BADH gene within the
expression vector.
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Table 1. Specific primer sequences of the BADH gene

Primer Name Primer sequence ™

F-BADH 5-GCGTTCCCAATTCCTGCTC-3" 53.2°C

R-BADH 5 -TCAAGGAGACTTGTACCATCCC-3° 54.8°C
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c: CH cotyledon, d: Rio Grande cotyledon.
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Figure 4. Growth of shoots derived from cotyledon leaf and hypocotyl explants in tomato cultivars. a: Cultivar CH; b:
Cultivar Rio Grande.
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Figure 6. Percentage of transgenic green plants obtained from two hypocotyl and cotyledon leaf explants in tomato
cultivars. a: CH, b: Rio Grande cultivar.
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Figure 7. Analysis of BADH gene expression in
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Rio Grande cultivar; Well 3: control plant of Rio
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