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Genetic transformation of purslane (Portulaca oleracea L.) plants by Ri plasmids isolated from Agrobacterium rhizogenes ATCC 15834


Abstract
This study evaluated the genetic transformation of purslane (Portulaca oleracea L.) using the direct injection of Ri plasmids isolated from Agrobacterium rhizogenes ATCC 15834. Ri plasmid DNA was obtained from bacterial cultures incubated for 24, 48 and 72 hours, producing concentrations of 14.49, 27.75 and 19.59 ng µl-1, respectively, with a purity ratio of 1.8. Fifteen-day-old purslane seedling stems were inoculated with the three plasmid concentrations, while control samples were treated with sterile distilled water. The transformation response was assessed by the formation of tissue masses and hairy roots at the injection sites, followed by the establishment of hairy root cultures on solid MS medium. Among the tested treatments, 27.75 ng µl-1 was the most effective concentration, giving 92% hairy root formation after 10 days, with 3.2 hairy roots per responsive stem and 285 tissue masses. The concentrations of 14.49 and 19.59 ng µl-1 produced lower responses, with hairy root formation percentages of 40% and 64%, respectively, while the control treatment showed no tissue masses or hairy roots. Hairy roots induced by 27.75 ng µl-1 were successfully excised and maintained as dense, branched cultures after subculturing at 20-day intervals. Molecular confirmation was performed by extracting genomic DNA from transformed tissue masses and hairy roots, as well as from non-transformed control roots. Polymerase chain reaction analysis using rolA-specific primers produced a 248 bp amplified band in transformed tissue masses and hairy roots, whereas no corresponding band was detected in the control sample. These findings confirm the genetic transformation of purslane using isolated Ri plasmids.
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1. Introduction
Genetic transformation is defined as the process by which a fragment of chromosomal or plasmid DNA is introduced into a recipient cell, integrated with its genetic material and subsequently expressed (Tripathi and Shukla, 2024). This process enables the introduction of genes that may be used in agriculture, particularly in important crops, through the production of new and genetically diverse plant material (Keshavareddy et al., 2018). One approach for achieving genetic transformation involves Agrobacterium rhizogenes, a Gram-negative, rod-shaped bacterium (Foti and Pavli, 2020). This bacterium carries the Ri plasmid, which is the causative agent of hairy root disease (Malarz et al., 2023). Infection occurs when the bacterium transfers a segment of its plasmid, known as transfer DNA (T-DNA), into wounded plant cells, where it becomes incorporated into the plant cell genome, followed by gene expression and the appearance of the characteristic trait in the infected plant (Ying et al., 2023).
Hairy roots arise through the transfer and stable integration of foreign genetic material carried by the T-DNA region of the bacterial Ri plasmid into the plant genome (Urquiza-López et al., 2025). In plant biotechnology, hairy root cultures serve as an effective system for generating high-value secondary metabolites, expressing recombinant proteins and supporting molecular breeding research (Gad et al., 2025).
Genetic transformation using A. rhizogenes is characterised by ease of application and broad success across various plant species, such as Brassica oleracea var. italica (Sultan and Mohammed, 2020), Brassica napus L. (Qaddawi et al., 2024), Matricaria chamomilla L. (Al-Obaidi, 2024), Helianthus annuus L. (Al-sinjiri, 2022), Raphanus sativus (Mohammed, 2020) and Daucus carota L. (Mohammed and Al-Mallah, 2013). Purslane (Portulaca oleracea L.) belongs to the family Portulaceae. It is an annual herbaceous plant with green to red-tinged stems, obovate leaves and yellow flowers (De Souza et al., 2022). It is found in many regions worldwide because of its ability to tolerate drought and salinity (Ahmed et al., 2025). It is highly valued for its nutritional content, including ω-3 fatty acids, vitamins and minerals, as well as for its medicinal properties in traditional therapeutic practices (Xu et al., 2024).
Although A. rhizogenes-mediated hairy root induction has been reported in several plant species and purslane is recognised for its nutritional and medicinal value, information on the direct use of isolated Ri plasmids from A. rhizogenes ATCC 15834 for transforming purslane remains limited. In particular, the comparative response of purslane seedling stems to different concentrations of isolated Ri plasmids and the molecular confirmation of rolA gene presence in the resulting tissue masses and hairy roots require further clarification.
This study aimed to investigate the potential of purslane (Portulaca oleracea L.) for genetic improvement and to evaluate the efficiency of Ri plasmids isolated from A. rhizogenes ATCC 15834 at three different concentrations in mediating genetic transformation, followed by molecular verification of the transformation.

2. Materials and Methods
2.1 Surface sterilisation of purslane (Portulaca oleracea L.) seeds
The seeds of purslane (Portulaca oleracea L.) were obtained from a local market in Mosul, Iraq, and surface-sterilised by submerging them in 70% ethanol for 45 seconds, followed by immersion in 2% sodium hypochlorite solution for 10 minutes. The seeds were then rinsed three times with sterile distilled water (Moghadam et al., 2013). Ten to twelve sterilised seeds were placed in each 100 ml glass jar containing 30 ml of solid MS medium (Murashige and Skoog, 1962). The samples were maintained at 24 ± 2°C in a dark growth room. After germination, which occurred after three days, the seedlings were transferred to a light regime of 16 hours of light (2000 lux) and 8 hours of darkness.
2.2 Isolation of Ri plasmids
A suspension of A. rhizogenes ATCC 15834 was prepared by inoculating a loopful of bacterial culture into three separate vials, each containing 10 ml of liquid YEB medium (Vincent, 1970). The cultures were incubated separately for 24, 48 and 72 h. Ri plasmid DNA was isolated from 1.5 ml of each bacterial suspension using the method described by Sambrook et al. (1989). The concentration and purity of the isolated plasmid DNA were determined using a NanoDrop spectrophotometer (Biodrop, England) by measuring absorbance at wavelengths of 260 and 280 nm (Dhahi et al., 2011).
2.3 Inoculation of purslane (Portulaca oleracea L.) seedling stems with Ri plasmids derived from Agrobacterium rhizogenes ATCC 15834 using the direct injection method
Fifteen-day-old purslane seedlings were carefully removed, and stem segments approximately 1.5 cm in length were excised. The stem segments were inoculated using the direct injection method with a fine needle (insulin syringe), the tip of which had previously been immersed in Ri plasmid suspensions obtained from A. rhizogenes ATCC 15834 cultures incubated for 24, 48 and 72 hours, respectively. Each stem segment was pierced at both the apical and lateral regions to facilitate plasmid delivery (Al-Mallah and Mohammed, 2012). Control samples were treated in the same manner using sterile distilled water instead of plasmid suspension. Following inoculation, all stem segments were placed vertically on solid MS medium. The cultures were incubated in a growth chamber at 24 ± 2°C under a light intensity of 400 lux.
2.4 Induction of hairy root cultures
Individual hairy roots or small clusters (2–3 cm in length) that developed on the inoculated seedling stems were excised and transferred to 9-cm-diameter Petri dishes containing 25 ml of solid MS medium. The hairy root cultures were maintained by subculturing at 20-day intervals. During each subculture, the roots were divided into several segments and individually transferred to fresh MS medium of the same composition (Mohammed and Masyab, 2020).
2.5 Detection of the genetic transformation of tissue masses and hairy roots at the molecular level by polymerase chain reaction (PCR)
Genomic DNA was extracted from tissue masses and hairy roots that developed on stem segments genetically transformed with 27.75 ng µl-1 of Ri plasmids derived from A. rhizogenes ATCC 15834 after 20 days of growth. Genomic DNA was also extracted from the roots of non-transformed purslane seedlings grown for the same period and used as a control. DNA extraction was performed using the Add Prep Genomic DNA Extraction Kit (Korea). The concentration of the extracted DNA was determined using a NanoDrop spectrophotometer (Dhahi et al., 2011). The quality of the extracted DNA was evaluated by electrophoresis on a 1.0% agarose gel stained with Safe Red dye (Korea) at 80 V for 1 hour (Weigand et al., 1993). The extracted DNA samples were subsequently subjected to polymerase chain reaction (PCR) analysis to confirm the success of the genetic transformation process.
Amplification was performed using rolA-gene-specific primers, which generated an amplicon of 248 bp, according to Rahimi et al. (2008). The nucleotide sequence of the primers is presented below.
F=5΄-CGTTGTCGGAATGGCCCAGACC-3΄, 
 R=5΄-CGTAGGTCTGAATATTCCGGTCC-3΄
The PCR reaction mixture was prepared in premix tubes by adding the required components. DNA amplification was performed using a thermal cycler (T100™ Thermal Cycler, Bio-Rad, USA). The cycling programme included initial denaturation at 95°C for 10 minutes, followed by 35 cycles of denaturation at 95°C for 1 minute, primer annealing at 55°C for 1 minute and extension at 72°C for 1 minute. A final extension step was performed at 72°C for 10 minutes. The amplified products were then separated on a 1.0% (w/v) agarose gel and visualised after staining with Safe Red dye.
3. Results
3.1 Concentration and purity of Ri plasmids isolated from A. rhizogenes ATCC 15834
The results showed differences in the concentrations of Ri plasmids isolated from A. rhizogenes ATCC 15834, which were associated with the duration of bacterial incubation. The highest plasmid concentration, 27.75 ng µl-1, was obtained from cultures incubated for 48 hours, followed by concentrations of 19.59 ng µl-1 and 14.49 ng µl-1 from cultures incubated for 72 hours and 24 hours, respectively. The purity ratio was 1.8 for all isolated plasmid samples.
3.2 Induction of hairy roots from purslane (Portulaca oleracea L.) seedling stems
The results indicated the success of the genetic transformation process in purslane seedling stems when they were directly injected with different concentrations of Ri plasmids isolated from A. rhizogenes ATCC 15834. This was evidenced by the appearance of tissue masses in varying numbers at the inoculation sites, as well as the formation of hairy root protrusions from the inoculated stem sections at different locations. The concentration of 27.75 ng µl-1 was the most effective in stimulating tissue masses, with 285 tissue masses formed and a hairy root formation percentage of 92%, as shown in Table 1 after 10 days. The tissue masses began to appear as small protrusions that developed into clusters surrounding the stems at specific locations, as shown in Figure 1B and D. In contrast, the control samples did not show any appearance of tissue masses or hairy roots, as shown in Figure 1A.
Table 1: Production of hairy roots from purslane (Portulaca oleracea L.) seedling stems after inoculation with different concentrations of Ri plasmids isolated from A. rhizogenes ATCC 15834 and the number of tissue masses
	Ri plasmid
concentration
(ng µl-1)

	Stems
inoculated/
responsive


	Hairy root
production
(%)

	Hairy roots/
responsive stem
	Days to
hairy root
production
	Total tissue
masses
formed

	14.49
	50/20
	40
	1.6
	12
	125

	27.75
	50/46
	92
	3.2
	10
	285

	19.59
	50/32
	64
	2.5
	11
	200

	(control)
	50/0
	0
	0
	0
	0



The data in the table above were obtained based on the changes resulting from inoculation with different concentrations of Ri plasmids isolated from A. rhizogenes ATCC 15834 by direct injection into plant tissues. The values presented represent the cumulative results obtained during the study period for the injected seedlings.
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Figure 1: Tissue masses and hairy roots produced on the stems of purslane seedlings injected with different concentrations of Ri plasmids isolated from A. rhizogenes ATCC 15834 (notice the tissue masses) after 15 days of initiation
A) Control sample. B) Hairy roots produced on seedling stems injected with 14.49 ng µl-1 plasmids. C) Hairy roots produced on seedling stems injected with 27.75 ng µl-1 plasmids. D) Hairy roots produced on seedling stems injected with 19.59 ng µl-1 plasmids.
3.3 Maintenance of hairy root cultures
The results showed that, when the hairy roots formed at the inoculation sites in purslane seedling stems were excised and cultured individually on solid MSO medium in Petri dishes, only the hairy roots induced by inoculation with 27.75 ng µl-1 Ri plasmids isolated from A. rhizogenes ATCC 15834 continued to grow and established dense cultures with new branching upon subculture every 20 days (Figure 2). The other concentrations failed to establish stable cultures.
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Figure 2: Hairy root culture established from roots excised from seedling stems inoculated with 27.75 ng µl-1 of Ri plasmids
The purity and concentration of the extracted DNA
The concentrations of DNA extracted from the tissue masses and hairy roots formed after inoculation with 27.75 ng µl-1, in addition to the roots of control seedlings, were 862, 917 and 634 ng µl-1, respectively, with a purity ratio of 1.8.
3.4 Evidence for the genetic transformation of purslane plants at the molecular biological level
The specific rolA polymerase chain reaction test showed the presence of clear bands in each chromosomal DNA sample recovered from the tissue masses and hairy roots (Figure 3). This band was absent from the DNA of the control sample. It corresponded to a molecular size of 248 bp, which was the same size as the amplified product obtained using the specific primers used in the study. The data show how the genetic transformation process occurred in purslane plants, including the transfer and integration of T-DNA genes from the bacterial strains used into the plant cell genome and the expression of those genes.
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Figure 3: Presence of rolA genes in DNA samples amplified and extracted from genetically transformed tissue masses and hairy roots with A. rhizogenes ATCC 15834 plasmids at concentration:
Lanes (M): DNA lambda; (1): roots of purslane plant seedlings (control); (3): genetically transformed tissue masses with 27.75 ng µl-1; (4): genetically transformed hairy roots with 27.75 ng µl-1.

4. Discussion
The successful genetic transformation of purslane (Portulaca oleracea L.) may be attributed to the efficiency of the direct injection method in transferring plasmids, as well as the tolerance of purslane plant tissues to the inoculation process. The formation of hairy roots represents the first morphological evidence of successful genetic transformation, indicating effective and stable integration of T-DNA from the Ri plasmid into the plant genome (Ma et al., 2022). The wounds induced during inoculation are a critical factor for initiating the genetic transformation process, as they facilitate the entry of foreign T-DNA into plant cells. An increase in the concentration of Ri plasmids used for inoculating plant explants has a direct effect on the efficiency and frequency of genetic transformation, in addition to variation in the response of the plant tissues employed (Khan et al., 2018).
Ri plasmids isolated from A. rhizogenes ATCC 15834 were employed because of their proven effectiveness in achieving successful genetic transformation in several plant species, including sugar beet (Beta vulgaris subsp.) (Al-Mallah and Al-Nema, 2012), cabbage (Brassica oleracea var.) (Masyab and Al-Mallah, 2019) and wormwood (Artemisia herba-alba) (Al-Jubouri, 2024). Furthermore, direct treatment of plant tissues with bacterial cultures may lead to contamination, requiring the application of antibiotics and additional decontamination steps. Conversely, the use of isolated plasmids eliminates the risk of bacterial contamination, thereby reducing processing time and simplifying the transformation procedure (Bahari et al., 2020).
The success of this method may be related to the ability of stem tissues to tolerate the injection process, even at a relatively high DNA concentration. According to Mohammed and Masyab (2020), the introduction of T-DNA genes into the cell genome caused a hormonal imbalance that resulted in the formation of these roots. The increase in DNA quantity in genetically transformed samples supports the efficient transfer of T-DNA genes into the plant cell genome, which facilitated the synthesis of proteins, amino acids and nucleic acids (Park et al., 2010). Overall, the polymerase chain reaction (PCR) results confirmed the success of genetic transformation and provided clear molecular evidence of the integration and expression of the target genes in the purslane cell genome (Balasubramanian et al., 2018; Lacroix and Citovsky, 2019).

5. Conclusions
This study established the successful genetic transformation of purslane (Portulaca oleracea L.) seedling stems using Ri plasmids isolated from Agrobacterium rhizogenes ATCC 15834 through the direct injection method. The response of the plant tissues differed according to plasmid concentration, with 27.75 ng µl-1 producing the highest transformation response. This concentration resulted in 92% hairy root formation after 10 days, with 3.2 hairy roots per responsive stem and 285 tissue masses, while the lower concentrations produced reduced responses and the control treatment showed no transformation-related growth. The hairy roots induced by 27.75 ng µl-1 were capable of continued growth on solid MS medium and formed dense, branched cultures after subculturing at 20-day intervals. Molecular analysis provided further evidence of transformation, as the rolA-specific polymerase chain reaction produced a 248 bp band in transformed tissue masses and hairy roots but not in control roots. These results indicate that the direct injection of isolated Ri plasmids can mediate genetic transformation in purslane under the conditions used in this study. The protocol may provide a useful basis for further work on purslane transformation and hairy root culture establishment, provided that additional optimisation and validation are undertaken in future carefully designed studies.
[bookmark: _Hlk229240739][bookmark: _Hlk221624953]
6. Limitations
This study was limited to the direct injection of three concentrations of Ri plasmids isolated from Agrobacterium rhizogenes ATCC 15834 into purslane seedling stems under controlled culture conditions. Therefore, the results describe the response of the tested explant type and do not compare other transformation methods, explant sources or culture conditions. Stable hairy root cultures were established only from the treatment with 27.75 ng µl-1, while roots induced by the other concentrations did not remain stable after transfer to solid MS medium. Molecular confirmation was based on amplification of the rolA gene using polymerase chain reaction; additional molecular analyses were not conducted to assess copy number, insertion patterns or expression levels. The study also did not evaluate long-term genetic stability, plant regeneration from transformed roots or possible changes in biochemical composition. Further work is required to validate the protocol across broader experimental conditions and to assess its practical applications.
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