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This study uses inflorescence stalk node as explants to establish an efficient and quick Phalaenopsis orchids cloning procedure for the most significant monopodial orchid in floriculture, without callus formation. The current study aimed to develop a rapid and easy regeneration process utilizing flower stalk nodes as explants, while also evaluating the clonal fidelity of the in vitro micropropagated plants through the analysis of RAPD markers. The tissue-cultured plantlets were grown on a solidified half-strength Murashig and Skoog (MS) base medium enriched with 15% coconut water (CW), 150 mg L−1 activated charcoal, and a mixture of 6-benzylaminopurine, BAP (cytokinins) and α-napthalene acetic acid, NAA and indole 3-butyric acid, IBA (auxins). After 14 weeks of growth, the early production of shoot bud was reported in ½ MS medium enriched with 2.5 mg L−1 BAP alone. Maximum shoot bud multiplication was observed in ½ MS fortified with BAP (2.5 mg L−1) + NAA (1.0 mg L−1), while the lowest was observed in 1.5 mg L−1 BAP + 0.5 mg L−1 IBA after 4 months of culturing. In this investigation, roots emerged simultaneously with shoot elongation from the axil, indicating the absence of a distinct rooting stage. The largest number of roots (3.25) was produced by BAP (2.5 mg L−1) + IBA (1.0 mg L−1) compared to NAA. Control, on the other hand, displayed no signs of root growth. Tissue cultured plantlets with well developed root systems while planted in a potting mixture of brick and charcoal (1: 1) resulted in a 70% survival rate during hardening. The clonal faithfulness of in vitro regenerated crop plantlets to the mother plant was demonstrated by the DNA extraction method with ten micropropagated plants’ young leaves as well as the mother plant using random amplification of a polymorphic DNA marker.
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1 Introduction

The world’s most exquisite flowers are orchids. It belongs to the Orchidaceae family, which has 25,000–35,000 species worldwide and 600–800 genera (Ninawe and Swapna, 2017). Orchids can be found in any ecological circumstance and kind of habitat (Zhang et al., 2022; Xue et al., 2023). Orchids are said to contribute a substantial proportion of the global floriculture trade in both potted plants and cut flowers. De et al. (2014) reported that the worldwide orchid business is valued at US$ 504 million, with over 40 nations exporting and 60 importing orchids. Owing to ease in cultural operations, variation in size and form, bloom color, availability throughout the year, delicateness, and extended shelf life, Phalaenopsis orchids is considered as 2nd most favorite flower in both potted plant and cut flower. Phalaenopsis orchids is a monopodial orchid species, meaning that it neither branches nor produces new shoots. Phalaenopsis orchids is a plant that grows in a monopodial manner on a single stem which grows vertically and produces flowers on lateral branches. Phalaenopsis orchids have a 2–3 years growth cycle. Traditionally, Phalaenopsis orchids are propagated by cutting or division of offshoots. However, these techniques have a limited rate of multiplication and hinder the growth of the mother plant, making them unsuitable for large-scale production. Their vegetative propagation is so challenging, and the features of their seedlings vary. One of the main issues with commercial Phalaenopsis orchid production is that it takes at least three years for it to flower in a greenhouse. Therefore, it is of utmost importance to propagate through tissue culture.

Even though a vast majority of orchids are frequently multiplied using tissue culture, Phalaenopsis orchids are one of the few economically significant genera that is reticent and causes difficulties for rapid clonal propagation (Singh et al., 2007; David et al., 2022). In addition to meristem culture, flower stalks, internodal segments of flower stalks, flower stalks with axillary bud, root tip (Park et al., 2002), and leaf segments (Park et al., 1996), numerous tissue culture procedures have been established for Phalaenopsis orchids. Despite these challenges, the mentioned approaches have limitations in vegetative proliferation. While many protocorms were produced by some of these techniques, most of these structures matured slowly or poorly into vital plants. The appropriate concentration and combination of the hormones 6-benzylamino purine (BAP) and α-napthalenacetic acid (NAA) in the culture medium is thought to be crucial for the commercial micropropagation of Phalaenopsis orchids (Tokuhara and Mii, 1993). Kosir et al. (2004) reported that direct regeneration without callus formation reduces somaclonal variability occurrence and shortens the regeneration time. The genetic preservation of the mother plant is an advantage of this propagation technique, and it’s essential that the parent plant itself not be destroyed during the tissue harvesting procedure (Holmes et al., 2021).

Bhatia et al. (2011) stated that synthetic plant growth regulators occasionally cause alterations to the micropropagated plants’ genome that could result in DNA methylation, point mutations, and rearrangements. In the context of micropropagation, maintaining genetic homogeneity is crucial for ensuring the uniformity of the propagated plants. To ensure genetic homogeneity, it is of the utmost importance to check the genetic fidelity of in vitro micropropagated plants. Chromosome counts and polymerase chain reaction (PCR)-based molecular markers such as inter simplified sequence repeats (ISSR) and random amplified polymorphic DNA (RAPD) can be used to evaluate clonal stability (Li et al., 2019). Molecular techniques are a more reliable and useful tool than other methods to check the genetic stability of in vitro micropropagated plants because they are not affected by environmental conditions (Xiang et al., 2021; Huang et al., 2022). As it is very easy to use, quick, profitable, highly discriminative, and authentic, random amplified polymorphic DNA (RAPD) is a commonly used molecular marker for determining the genetic fidelity of in vitro micropropagated plantlets (Razaq et al., 2013; Bhattacharyya et al., 2014; Dey et al., 2021). RAPD and ISSR markers are incredibly easy to use, quick, affordable, highly discriminating, and reliable. To design the primer, they only need a minimal amount of DNA material and no prior sequencing information. Since they do not use radioactive probes like restriction fragment length polymorphism (RFLP) does (Lakshmanan et al., 2007), they can be used to evaluate the genetic integrity of clones that were produced in vitro.

In a distinctive approach, this study not only focuses on the successful regeneration but also delved into the clonal faithfulness of the in vitro micropropagated plants. The objective of the current work was to create an efficient regeneration process using flower stalk nodes as explants. In order to assess the effectiveness of the approach, clonal faithfulness of the in vitro micropropagated plants was also investigated using RAPD markers. Consequently, DNA fingerprinting aids in verifying, through RAPD results, that the micropropagated clones generated in vitro retained their integrity. The primary advantage of using this propagation technique is the genetic preservation of the mother plant. This study provides a crucial means to verify and ensure the integrity of the in vitro micropropagated clones, contributing to the advancement of reliable and efficient micropropagation methods.



2 Materials and methods


2.1 Plant material and processing of explants

For experimentation inflorescence stalks as explants were taken from Phalaenopsis orchids (variety: P21-L-34-1033 having white color flower, suitable for both as potted plant and cut flower) which was presented at the orchidarium, AICRP on floriculture, at Mondouri Farm, Bidhan Chandra Krishi Viswavidyalaya, West Bengal. It is one of the most popular commercial potted orchid in West Bengal because of its long-lasting flower, delicate texture and durability. The orchidarium has vast collection of different genera of orchid under All India Coordinated Research Project on Floriculture. When the first flower bud appeared during the first bloom stage, inflorescence stalk explants were gathered. Cotton dipped in 70% alcohol was used to swab the surface of fresh, vigorous, healthy flower stalks. The explant was split into pieces of 2 cm long, each with single node. The segments were then cleaned in distilled water and teepol water. After the removal of the bracts from the buds, fungicidal and antibiotic treatments were applied to the sections. The items were dried with sterile blotting paper, cleaned with cotton dipped in 70% alcohol, and placed in the sterile room. The node was disinfected for 5 min with a 0.1% (v/v) sodium hypochlorite solution, and then for 10 min with a mixture of bavistin (0.5%) and streptomycin (0.1%) as a sterilant (Long et al., 2022).



2.2 Shoot bud induction

In order to initiate the shoot bud, the inflorescence stalk node was placed on ½ MS medium that was supplemented with 30 g sucrose, 150 mg L−1 activated charcoal, 15% coconut water (CW), and BAP (1.0, 1.5, 2.0, 2.5, and 3.0 mg L−1) alone or with auxin, i.e., NAA, at a concentration of 0.5–1.0 mg L−1. Even though many plant species grown in tissue culture can withstand a broad pH range of 4.0–7.2, slightly acidic media, typically around pH 5.8 usually give the best growth result. Thus, the pH of the entire medium was brought to 5.6–5.8 using 0.1 N NaOH. For 17 min, all media were autoclaved at 0.1 MPa and 121°C. The cultures were maintained at 26 ± 2°C in a growth chamber with a 16-h light or 8-h dark photoperiod (Piątczak et al., 2015). Every experiment was conducted under the same incubation conditions. The shoot bud induction response was seen after a 14-week culture period.



2.3 Proliferation of shoot buds and root formation

For shoot proliferation and elongation, well-responding shoot buds (2 cm in length) from nodal explants were grown on ½ MS media supplemented with 1.5–2.5 mg L−1 BAP and 0.5–1.0 mg L−1 NAA and IBA (For specifics, refer Table 1). In this investigation, with the elongation of shoot, roots were found to develop simultaneously from the axil. The number of shoots, leaves, root per explants was recorded after 20 weeks of culture.



TABLE 1 Effect PGRs on axillary shoot bud proliferation of Phalaenopsis.
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2.4 Hardening

After 40 weeks of development, shoots firm, round and silvery white air roots which is called as velamen were taken away from the culture medium and cleaned with sterile water to get removal of agar. Plantlets were then transplanted to a plastic pot with holes in it that held potting medium of uniformly autoclaved bricks and charcoal pieces (1.1), because during the early stages of plant growth, brick and charcoal offer improved moisture and nutrient retention capacity. This process allowed for in vitro hardening.



2.5 Genetic fidelity study of the in vitro micropropagated plantlets with their parents

Ten micropropagetd plants’ young leaves, as well as the mother plant, were used to obtain total genomic DNA. Murray and Thomson (1980) DNA extraction method was followed for standardization of the crop in laboratory condition. A UV spectrophotometer was used to quantify and examine the amount and purity of the extracted DNA at 260 nm. A comparison was made between the absorbance ratios at two wavelengths (A260 and A280) and the standard ratio of pure DNA. It was found that the extracted DNA amounts were optimal for further PCR amplification.

Each 0.2 mL microfuge tube (Dialabs) had 40 ng template of DNA, 2 μM of each of the four dNTPs, 1× PCR buffer (10 mM Tris pH 9.0, 50 mM KCl), 1 U of Taq polymerase (Bangalore Genei, India), 2.5 mM of MgCl2, and 20 pmol of primer. These were used for all PCR processes. In a Veritti Thermal Cycler (Applied Biosystems, USA), the RAPD reaction program was set to 94°C for 3 min. This was followed by 45 cycles of 94°C for 45 s, 36°C for 30 s, 36°C for 45 s, and 72°C for 5 min. After the amplified product was mixed with 2.5 μL of 10 × blue dyes, it was tested on a 1.5% agarose gel in 1× TAE buffer at 65–70 V for 3–4 h. DNA fragments were visible under UV light, and photos were obtained with the Gel Documentation System.



2.6 Data analysis

Each treatment was conducted three times, with the mean ± standard error of the data replicated four times. Version 7.5 of the SPSS (Statistical Package for Social Science) was used to statistically analyze quantitative data at the 5% level. Banding profiles were created based on whether bands were present (1) or absent (0). When scoring the data, only distinct and repeatable amplified bands were taken into account. Non clear, weak and smeared were discarded. Prevost and Wilkison (1999) determined that a primer’s resolving power was determined by its capacity to differentiate between individuals.




3 Results


3.1 Axillary shoot bud initiation

For initiating shoot bud, nodal explants were cultured on half strength Murashig and Skoog (MS) basal media supplemented with BAP alone and in combination with NAA and IBA (Table 2). Among all the treatments BAP 2.5 mg L−1 showed earliest swelling of node, bud development (26 days) (Figures 1A,B) and multiple bud development (35 days) (Figure 1C). On the same treatment, the earliest observations of leaf initiation (84 days) and shoot induction (60 days) (Figure 1D) were recorded (Figure 1E). Nodal explants cultured on 2.0 mg L−1 BAP + 1.0 mg L−1 IBA delayed shoot induction (89.33 days) and bud development (78.66 days) as well as leaf initiation (107 days) after 14 weeks of culture (Table 2).



TABLE 2 Effect PGRs on shoot bud induction from nodal explants of Phalaenopsis orchids.
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FIGURE 1
 Effect of BAP (2.5 mg L−1), sucrose (30 g L−1) and + NAA 1.0 mg L−1 on shoot bud induction from nodal explants (A) Node swelling at advanced stage, (B) Bud development, (C) Multiple bud development, (D) Shoot induction, (E) Leaf initiation, (F) Shoot induction, (G) Shoot development, (H) Multiple shoots induction, (I) At initiation stage, (J) At development stage, and (K) Hardening of plantlets.




3.2 Proliferation of axillary shoot buds

The shoot buds that were extracted from the nodal segments were placed in half-strength MS medium that was enhanced with BAP along with NAA and IBA (Table 1). The maximum number of shoots (4.15) (Figure 1F) and leaves (7.00) per explant (Figures 1G,H) were produced by shoot buds cultured on 2.5 mg L−1 BAP + 1.0 mg L−1 NAA. Up to a certain point, the number of shoots and leaves increased with increasing concentrations of BAP (1.5–2.5 mg L−1) and NAA (0.5–1.0 mg L−1). At higher concentrations, BAP (3.0 mg L−1) and NAA (1.5 mg L−1) were seen to have an inhibitory response on the number of shoots and leaves.



3.3 Rooting and acclimatization

The current study did not find a distinct rooting stage; instead, roots were found to form concurrently from the axil during the initiation stage (Figure 1I) and development stage (Figure 1J), along with the elongation of a normal shoot. Every examined culture medium reacted favorably to the growth of roots. After 20 weeks of culture, the highest (3.25) and lowest (2.85) number of roots were found on 2.5 mg L−1 BAP + 1.0 mg L−1 IBA and 2.5 mg L−1 BAP + 1.0 mg L−1 NAA, respectively (Table 1).

A method of acclimatization was developed to increase the survival rate. Individually separated and healthy rooted plants were removed from the media before being placed in the acclimatization chamber. The three to four primary leaves of the marginally acclimated plantlets were moved to the greenhouse. After 2 months of hardening of plantlets using potting medium of brick and charcoal bits (1:1), resulted in more than 70% of success while transplanted (Figure 1K).

[image: Figure 2]

FIGURE 2
 Polymerase chain reaction (PCR) amplification products obtained with random amplified polymorphic DNA (RAPD) (A) Primer (OPU-13) (B) Primer (OPU-16). Lane L represents100-bp ladder, lane M represents the mother plant and lanes 1–10 represent in vitro raised clones derived from nodal explant.




3.4 Genetic fidelity of in vitro micropropagated plantlets to their parents

The mother plant from which the in vitro micropropagated plantlets initially developed showed no differences in morphogenetic and phenotypic expression when compared to the source from which they were derived. Their morphology was true to type, indicating their genetic stability. Afterwards, they underwent molecular analysis using DNA fingerprinting in order to verify genetic fidelity.



3.5 Assay for RAPD markers

OPU 09, 10, 11, and 12 were the only three of the ten RAPD primers that did not amplify when tested in a PCR using Phalaenopsis orchids DNA. While OPU 13 and OPU 16 demonstrated positive reproducible bands, the primers OPU 14, OPU 15, P 14 and P 16 exhibited a positive reaction in PCR but were unable to replicate any substantial scorable bands (Table 3). In vitro micropropagated plantlets exhibited 55 repeatable monomorphic amplicons, including their mother. Distinctive amplicons were assessed in this study between 220 and 500 base pairs. The same banding patterns displayed by all the primers (Figure 2) suggest that the in vitro regenerated clones’ purity was preserved.



TABLE 3 List of primer code, sequences, reaction to DNA, number, and size of the amplified fragments generated by random amplified polymorphic DNA (RAPD) primers.
[image: Table3]




4 Discussion

Phalaenopsis orchid is ranked 2nd most popular potted plant and cut flower in global market due to its variation in flower color, shape, and size, durability. Variety: P21-L-34-1033 is one of the highly demand potted flower in West Bengal because of its durability. The current study has contributed to the development of an improved nodal explant cloning protocol for Phalaenopsis orchid. In this experiment, after 14 weeks of culture on ½ MS medium supplemented with BAP alone and in combination with NAA and IAA, shoot bud initiation happened straight from the nodal explants. No protocrom-like bodies (PLB) production or intervening callus was seen during the bud development process. Initially, the nodes began to enlarge and developed green buds that later transformed into shoots. 2.5 mg L−1 caused the commencement of early shoot buds. Since BAP is a major cytokinin that stimulates organ development and cell division, this may be the cause. Moreover, Kumari et al. (2013) found that early bud break was promoted in Dendrobium Sonia “Earsakul” by culture medium of half-strength MS media supplemented with 4 mg L−1 BAP.

According to Asghar et al. (2010), adding cytokinin to the culture media promotes the growth of multiple shoots. The combination that was shown to be most beneficial for shoot reproduction was BAP 2.5 mg L−1 + NAA 1.0 mg L−1. While the control group did not respond to the increased concentration of BAP in terms of shoot bud proliferation, the number of shoots, leaves, and roots per explant increased up to a certain point when the concentration of BAP was increased. Shoot growth is inhibited by the external application of cytokinins at levels over the optimum threshold (Roy and Banerjee, 2003; Bhattacharyya et al., 2023). Due to its potent properties, it decreases shoot length by promoting the proliferation of axillary buds. Poor growth with yellow and necrotic shoots was the result of higher concentrations of BAP and KIN (Asghar et al., 2010). Higher ratios of cytokinins are in responsible for enhancing the ethylene synthesis leading to plant tissue senescence (Iqbal et al., 2017). Neither PLB development nor callusing was observed for any combination of treatments. BAP 2.5 mg L−1 + NAA 1.0 mg L−1 showed the largest number of shoots and leaves per explant after 20 weeks of culture. According to Yakimova et al. (2000) and Ron'zhina (2003), it may be explained by the fact that BAP stimulates rapid cell division, which leads to shoot multiplication. Comparable results were found by in Dendrobium primulinum Lindl. (Pant and Thapa, 2012), Aerides odorata (Devi et al., 2013), Dendrobium orchid (Talukdar et al., 2003), and Cymbidium aloifolium (Rajkarnikar, 2011). After 60 days of growth, Suntibala and Rajkumar (2009) counted 7.5 shoots from the nodal part of in vitro Dendrobium tranparens L. seedlings grown in half strength MS media supplemented with 2.0 mg L−1 BAP and 1.0 mg L−1 NAA.

When it came to the rooting stage, 2.5 mg L−1 BAP + 1.0 mg L−1 IBA produced more roots than NAA out of all the treatments. After receiving combinations of 1.5–2.0 mg L−1 BAP and 0.5–1.5 mg L−1 IBA, the roots showed the greatest number of long, dark green, strong, and healthy roots which are the attributes of physiologically sound plant. By increasing the amount of endogenous enzymes, auxins—an effective plant growth regulator increase the root initiation process. Auxins have a significant influence on the processes of cell division, elongation, and differentiation (He et al., 2023). The processes of root induction and development are accelerated by auxins, which are considered to be effective plant growth regulators that differentiate vascular bundles. They promote rooting by changing the plant biochemical system (Henrique et al., 2006). According to Han et al. (2009), auxin causes shoot buds to sprout, which in turn promotes the growth substances present in roots allowing them to expand and elongate (Sherif et al., 2020). Through repeated cell divisions, auxin administration causes the complex processes of lateral root development (Liu et al., 2002). According to George et al. (2008), they are so significant that they are considered to be necessary for the polarity of plants and their organs to be established and maintained (vascular system). Because it functions as a precursor to endogenous IAA, IBA is biologically a more active auxin for root initiation and produces a greater number of roots than NAA and IAA (Liu et al., 2002; Oliya et al., 2020). IAA and IBA developed more roots than NAA in Dendrobium primulinum (Stephin et al., 2020; Pradhan et al., 2023). Compared to IBA, NAA produced fewer roots, most likely because it accumulates and cannot be quickly catabolized, especially at greater levels than IBA (Vuylsteker et al., 1997). IBA is recognized to promote rooting more effectively than other auxins because of its low toxicity and increased stability for root induction (Han et al., 2009). It is very effective at raising endogenous auxin amounts and demonstrating increased stability against catabolism and inactivation through conjugation with growth inhibitors, it produced good root number results (George et al., 2008). Orchid potting media should have good drainage capacity, good water holding capacity and aeration for better growth. Over 70% of the transplanted seedlings survived through the 60-day hardening period in a potting mixer filled with brick and charcoal pieces (1:1). The observation that Dendrobium Sonia “Earsakul” survived 66.67% of its transplantation in a greenhouse with charcoal and brick pieces (1:1) media suggests that the reason for this could be appropriate drainage and aeration of the medium, which is primodial importance in orchid culture. Kumari et al. (2013) corroborates this conclusion. Being an epiphyte, in the natural environment, their exposed roots take up moisture from dew and wet environments. As a result, when growing in artificial conditions, the subsrate’s capacity to hold nutrients, water, capillary action, and aeration should all be taken into account. It’s also necessary to take into account the medium components’ weight and stability, ease of availability, prices, and consistency. Conversely, under greenhouse conditions, a 90% survival rate of Dendrobium tranparens L. was demonstrated by a 2:1 potting mixture of brick and charcoal (Vilcherrez-Atoche et al., 2023).

One of the most crucial prerequisites for crop species micropropagation is true-to-type clonal fidelity. The broader utility of the micropropagation method may be severely limited by the incidence of cryptic genetic defects resulting via somaclonal variation in the regenerates (Salvi et al., 2001). Therefore, in order to verify the quality of the plantlets for their commercial utility, it is essential to achieve genetic uniformity of micropropagated plants. The RAPD markers in this study exhibit a consistent banding pattern with no variation. All of the amplified bands on the mother and its tissue culture-raised offspring were monomorphic in nature. Several in vitro micropropagated plants viz. bananas by Alizadeh and Singh (2009), gerberas by Bhatia et al. (2011), Dendrobium densiflorum by Mohanty and Das (2013), Spilanthes calva by Razaq et al. (2013), and Rauvolfia hookeri by Ranjush and Gangaprasad (2014) cleared the genetic fidelity test using RAPD primers. But when clonality tests were performed on the mother and in vitro micropropagated seedlings, two of the ten selected RAPD primers showed clear monomorphic bands (Joshi et al., 2023). It was determined that genetic clonality was preserved by taking into consideration the monomorphic banding pattern that the mother and the in vitro cloned plant both displayed.



5 Conclusion

Phalaenopsis orchids are commonly known as moth orchid greatly appreciated for its attractive foliar venation which resemblance to moths but is still underexplored for its ornamental potential. The resplendent allure of these orchids lies in their exquisite and intricate floral design, characterized by graceful arching stems adorned with vibrant, delicate blossoms. Beyond their visual appeal, Phalaenopsis orchids exhibit a captivating fragrance, filling the surroundings with a delightful scent. Considering the rare and threatened status of this orchid, a protocol for in vitro regeneration of Phalaenopsis orchids has been successfully established. It avoids the production of callus and can be readily used for commercial micropropagation. In a short amount of time, this approach effectively produced a high frequency of plantlets. It has been found that growing seven well-hardened plants from a single nodal segment would require around 186 days, or nearly 27 weeks (from bud initiation to complete the acclimatization of plantlets). This study aims to underscore the significance of the micropropagation protocol in Phalaenopsis, demonstrating its efficacy in expediting plantlet development without the occurrence of callus formation. This protocol has diverse applications and commercial implications, ranging from meeting market demand and ensuring consistent quality to exploring new genetic possibilities and international trade opportunities. Furthermore, this study not only contribute to the specific understanding of Phalaenopsis orchid biology but also serve as a valuable model for advancing conservation strategies for endangered orchid biodiversity. The application of these findings to broader conservation efforts underscores the potential of in vitro techniques in preserving and restoring threatened orchid species on a global scale.
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