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Results 

Plant species Variety Types of 

explants

Age of explants

Physalis peruviana cotyledons 7-10-day old

P.ixocarpa Likhtaryk. cotyledons 7-10-day old

P. pubescence Zharynka cotyledons 7-10-day old

Petunia hybrida M1 leaves 21-day old

Petunia hybrida 5P leaves 21-day old

Nicotiana tabacum Wisconsin leaves 21-day old

Nicotiana 

benthamiana

leaves 21-day old

Transient expression (pink color) was observed from the 3rd day; the maximum expression was observed on

the 5th day after cocultivation of explants with Agrobacterium.

The efficiency of transformation was determined by calculating the percentage of explants with areas stained

pink from the total number of explants used in each variant of the experiment. The efficiency of transformation

for experimental plants presented in the table.

Introduction. Agrobacterium tumefaciens-mediated transformation is currently the most widely applied method

for introducing foreign genes into plant cells, enabling both stable genomic integration and transient expression

of transgenes. Transient expression assays offer particular advantages for rapid assessment of vector

functionality, gene regulatory elements, and transformation efficiency prior to establishing stable transgenic

lines, as foreign gene expression occurs within several days post-inoculation without requirement for T-DNA

integration into the host genome . However, the effectiveness of Agrobacterium-mediated transformation varies

considerably across plant species and even among genotypes within the same species, necessitating species-

specific protocol optimization .

The RUBY reporter system, constructed on the basis of the betalain biosynthesis pathway, has emerged as a

highly effective visual marker for monitoring genetic transformation and gene expression in plant tissues .

Unlike classical reporters such as GUS, luciferase, or fluorescent proteins, RUBY drives the conversion of

tyrosine to vividly red-pink betalain pigment, which is detectable by the naked eye without specialized

equipment, chemical substrates, or destructive sample processing. The 35S::RUBY vector, driven by the

constitutive CaMV 35S promoter, encodes three enzymes — CYP76AD1, DODA, and glucosyltransferase —

organized as a single polyprotein linked by 2A peptides, making it a convenient tool for screening transformation

events across diverse plant species .

Representatives of the family Solanaceae — including Nicotiana, Petunia, and Physalis — differ substantially

in their susceptibility to Agrobacterium-mediated transformation. Therefore, comparative evaluation of

Agrobacterium-mediated transformation efficiency across these species using a reliable visual reporter is of both

methodological and practical significance.

The aim of was to compare effectiveness of Agrobacterium-mediated transformation and evaluation of Ruby

gene transient expression in tissues of Physalis peruviana, P.ixocarpa (variety Likhtaryk), P. pubescence (variety

Zharynka), Petunia hybrida M1, Petunia hybrida 5P, Nicotiana tabacum cv. Wisconsin, Nicotiana benthamiana.
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The aim of this work was to compare effectiveness of Agrobacterium-mediated transformation of

Physalis peruviana and Amaranthus caudatus cultivars, using different genetic vectors and to

obtain lines of «hairy roots» of P. peruviana and A. caudatus with selective genes: the

phosphinothricin-N-acetyltransferase gene (bar), the neomycin phosphotransferase II (nptII) gene

and the target gene of human interferon (ifn-a2b).

Agrobacterium tumefaciens strain GV3101 carrying the 35S::Ruby genetic vector (He at al., 2020; Volmer et al.,

2026) was grown in Luria-Bertani (LB) medium with antibiotics (50 mg/L rifampicin, 25 mg/L gentamicin, 50

mg/L spectinomycin) for 24 h with shaking. Agrobacterial suspension was centrifuged (5000 rpm, 12 min) and

resuspended in ½ MS medium supplemented with 15 g/L sucrose (½ MS15). Acetosyringone was added to a final

concentration of 200 μM in 50 mL of Agrobacterium suspension.

Explants of Physalis species, Petunia, N. tabacum, and N. benthamiana, were co-cultivated with the

Agrobacterium suspension for 30 min. Explants were then transferred to MS medium with 30 g/L sucrose

(MS30) without antibiotics for 24 h, followed by transfer to MS30 with 650 mg/L cefotaxime (to inhibit

Agrobacterium) and 25 mg/L hygromycin (for plant selection). Petri dishes with control explants and with

explants that were transformed were cultivated at 22–25°C, 3000–4500 lx, and a 14-h photoperiod. Transient

Ruby expression was assessed visually; positive results were indicated by a color change from green to bright

pink.

1. The 35S:RUBY vector is suitable for use in experiments aimed at obtaining transient expression of marker

transgenes and genes of interest in transformed plants.

2. The efficiency of transformation was depended on genotypes, used types of explants and age of explants.

3. The highest efficiency of transformation in our experiments was detected for N. tabacum,

N. benthamiana, P. hybrida M1 (100%, 56,4% and 79% respectively).

Species / Line Variety / Line Transient Expression (%)

Nicotiana tabacum Wisconsin 100.0

Nicotiana benthamiana — 56.4

Petunia hybrida M1 79.0

Petunia hybrida 5P 26.3

Physalis peruviana — 31.7

Physalis ixocarpa Likhtaryk 8.6

Physalis pubescens Zharynka 21.16

Acknowledgements

We are thankfull to Dr. He and Dr. Goetz Henzel for giving permission and providing 35S::Ruby genetic vector;

to deputy director, head of department of Cultural flora M.M. Gryshko National Botanical Garden, Dr., Prof.,

Rakhmetov Dzhamal Bakhlul Ogly and PhD Olha Ovcharenko for providing seed and plant material used in this

research.

This research was carried out within the framework of the implementation of the grant project Stress-induced

increase in the efficiency of plant genetic transformation as part of a post-war agricultural recovery, state

registration number 0126U002273, which is financed by the NASU.

A1 A2 A3

B1 B2 B3

C1 C2 C3

D1 D2 D3

E1 E2 E3

Transient expression after 3rd day of experiment. A1-B1 – P. peruviana; B2 - P. pubescence (variety

Zharynka); B3 - P.ixocarpa (variety Likhtaryk); C1, C3 and E2 - Petunia hybrida M1; C2 and E3 -

Petunia hybrida 5P, D1 and E1 - Nicotiana tabacum cv. Wisconsin,D2 and D3 - Nicotiana

benthamiana.
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