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Abstract

:

A high throughput regeneration protocol has been developed for Lagerstroemia speciosa through node explants under the regime of various plant growth regulators (PGRs). This protocol can provide an alternative mode to seed-grown plants and minimize the cost–time of regeneration, significantly. Murashige and Skoog (MS) medium containing various combinations of PGRs exhibited a marked stimulatory effect on morphogenesis. Of the various combinations tried, node explant pretreated with thidiazuron (TDZ; 5.0 µM) for 4 weeks and followed with transfer into MS medium containing 1.0 μM 6-benzyladenine (BA) and 0.25 μM α-naphthalene acetic acid (NAA) was reported to be the best treatment as it resulted in a maximum number of 24.5 shoots with an average shoot length of 7.1 cm per explant in 90% of cultures after 12 weeks of incubation. The in vitro-generated shoots rooted satisfactorily in the adopted ex vitro method of rooting, which saves time and cost. Among the different treatments, the greatest rooting percentage (85%) was observed in the 200 μM IBA-treated shoots, with the highest root number (8.7) and length (3.4 cm) occurring after 4 weeks. Four months after being transferred to ex vitro, some of the physiological attributes of the in vitro-propagated plants were examined and compared to the ex vitro plants. Further, analysis of the genetic integrity in tissue culture-raised plantlets along with the parental tree was accomplished through DNA-based RAPD technique. The monomorphic banding pattern obtained by the RAPD primers resulted in a high level of genetic uniformity in regenerated plants.






Keywords:


shoot bud induction; chlorophyll; carotenoids; genetic fidelity; micropropagation; plant growth regulator; synergistic effect; thidiazuron












1. Introduction


Lagerstroemia speciosa (L.) Pers., commonly known as ‘Pride of India’ or ‘Banaba’, belongs to the family Lythraceae and is a tropical deciduous tree widely distributed in the Philippines, Malaysia, India, Vietnam, and China [1,2]. It is commonly planted in gardens for its aesthetic and ornamental value, with long-lasting gorgeous blossoms of various colors, and has been explored in current research for vital medicinal properties such as anti-diabetic [1,3], hyperuricemia [4], anti-obesity [5,6], anti-septic [7], and anti-cancer [8,9].



Due to its numerous applications in the pharmaceutical, paper, pulp, small-scale building, and wood industries [10,11], L. speciosa is in great demand and is continually overexploited. Although the multiplication of this species is accomplished through seeds, they have a short lifespan of viability (approximately 1–2 months); after this period germination is too difficult [12]. Due to its significant ethnomedicinal applications and unsustainable exploitation, the tree is on the verge of becoming extinct at both the national and international levels if appropriate conservation measures are not implemented immediately. Thus, it is important to provide a standardized micropropagation methodology for this multipurpose tree. This technique is currently used for multiplication of the planting stock of such types of tree species by several conversationalists [13,14]. In vitro clonal multiplication via axillary bud differentiation offers immense potential for the regeneration of healthy plantlets in a short period of time and space.



TDZ is an artificially modified phenyl urea (N-phenyl-N′-1, 2, 3-thidiazol-5-yl-urea) or non-purine cytokinin that has been commonly utilized in the in vitro regeneration of many tree species [13,15,16]. In general, the morphogenic response to TDZ is varied and depends on the concentration, exposure period, explant type, and genotype of the cells. It possesses the unique property of high efficacy at low concentrations with short exposure times, and it is less susceptible to enzymatic degradation in vivo than other naturally occurring aromatic cytokinins, and has been found to be most responsive at very low concentrations for the micropropagation of woody plants [17]. In plant tissues, it may exist in a variety of forms, including TDZ-free molecules, sequestered TDZ molecules, conjugated forms coupled to proteins or cell wall components, and TDZ-free molecules connected to cell wall components. Shoot regeneration was noted in other tree species on culture media with TDZ [18,19]. However, in many cases, a major problem is allied with micropropagated plantlets is the occurrence of somaclonal variation among the regenerants [20,21]. According to Fatima and Anis [22], somaclonal variation is a main disadvantage during the in vitro cultivation practice of any elite parental line. A number of scientific studies have also shown that it inhibited shoot elongation, created fasciated shoots (causing hyperhydricity), and induced other physiological abnormalities [23,24,25,26]. Therefore, it is important to evaluate the genetic fidelity of tissue culture-raised plantlets. Polymerase chain reaction (PCR)-based techniques, such as random amplified polymorphic DNA (RAPD), have been successfully used to investigate genetic diversity and clonal fidelity in several woody or perennial species such as Morus alba [21], Arbutus spp. [27], Canna indica [28], Calycophyllum spruceanum [29], and Paulownia [30]. Such study will provide a guarantee towards the in vitro propagation of normal, healthy, and true-to-type plantlets. Up to now, a few reports on in vitro regeneration in L. speciosa have been described using different explants [12,15] with limited success in terms of number of shoots per explant, and further efforts are needed to establish a practicable approach. To date there is no report available on in vitro regeneration using the highly active plant growth regulator (PGR) thidiazuron (TDZ). The major aim of the present study was to develop an efficient and reproducible in vitro regeneration and shoot multiplication protocol from nodal explant using thidiazuron with ex vitro rooting, acclimatization, assessment of physiological attributes like photosynthetic pigments, net photosynthetic rate, stomatal conductance, water use efficiency, transpiration rate, and genetic fidelity of regenerated plants using DNA-based RAPD markers.




2. Materials and Methods


2.1. Explants Source, Media and Culture Conditions


Newly sprouting shoots of L. speciosa were collected from an approximately 20-year-old mature tree growing in the Department of Botany, AMU, Aligarh, India (27°54′52.0″ N 78°04′21.8″ E). The harvested sprouting shoots were washed under running tap water for up to 10 min and then treated with fungicide (1% w/v Bavistin™, Mumbai, India) and again rinsed with running tap water for 15 min. Thereafter, they were treated with laboratory detergent (5% v/v Labolene™, Qualigens, Mumbai, India) for 8 min followed by being rinsed 5 to 6 times with autoclaved distilled water. Surface disinfection took place using 0.1% HgCl2 (w/v) for 5 min in aseptic conditions followed by thorough washing with sterile distilled water to remove the disinfectant. Sterile node explants (0.5–1.0 cm) excised under laminar flow hood were used as the starting materials in all the experiments. Murashige and Skoog [31] (MS) medium (Himedia®, Mumbai, India) was used as a nutrient–substrate in all the culture experimental setups with exogenously applied sucrose (3%, w/v) (Qualigens, Mumbai, India) and agar (0.8%, w/v) (Qualigens, Mumbai, India). The pH was adjusted (5.75 to 5.85) before autoclaving at 121 °C for 20 min. The cultures were maintained at 24 ± 2 °C during a 16 h light photoperiod with a light intensity of 50–150 µmol m−2 s−1 photon flux density provided by cool white fluorescent lamps. Relative humidity was adjusted up to 55 ± 5% and regularly monitored by thermo-hygrometer (Testo, India Pvt. Ltd., Pune, India). The sub-culturing was carried out by transfer of the cultures onto fresh medium after every 3–4 week of incubation. Data were collected on the percent response, shoot numbers, and shoot lengths per explant, after 4, 8, and 12 weeks of culture incubation.




2.2. Shoot Induction


The induction of multiple shoots from node explants was carried out in two different sets of experiments. In the first phase, node explants were grown for four weeks in a broad range of TDZ concentrations (1.0, 5.0, 10.0, 15.0, 20.0 µM) supplemented MS medium to determine the optimal concentration at which maximal bud induction could be achieved. In order to determine the optimal TDZ dosage, the shoot formation was carefully monitored in each tube. In the second step, based on the results of the experiment, the best TDZ dose among those listed in Table 1 was refined at a narrow level (3.5, 4.0, 4.5, 5.0, 5.5, 6.0, and 6.5 µM) for 4 weeks in a separate experiment to determine the optimal concentration of TDZ for further shoot bud induction from node explants.




2.3. Shoot Multiplication


After four weeks of bud induction period on culture medium with TDZ, responsive explants were transferred to MS culture medium (in glass tubes of 25 × 150 mm) supplemented with various cytokinins, such as 6-benzyladenine (BA), kinetin (Kin), and 2-isopentenyl adenine (2iP), each at a concentration of 0.25, 0.5, 1.0, 2.0, or 4.0 µM either singly or in combination with auxins, which included indole-3-acetic acid (IAA), indole-3-butyric acid (IBA), and α-naphthalene acetic acid (NAA) at three different concentrations (0.10, 0.25, and 0.50 µM) for shoot multiplication.




2.4. Ex Vitro Rooting and Acclimatization


Healthy in vitro-regenerated shoots of about 4–5 cm in length with 3–5 fully expended leaves were selected for the rooting experiment. The basal cut end of the shoots was dipped in different concentrations (200, 400, 800, or 1000 µM) of various auxins (IBA, IAA, or NAA) for about 30 min. The treated shoots were washed thrice with sterile distilled water and transplanted into plastic/thermocol cups full of a sterile potting mixture called Soilrite™ (Keltech Pvt. Ltd., Bangalore, India), and these cups were covered with transparent polybags to ensure high humidity up to a couple of weeks. The plantlets were irrigated with quarter-strength MS liquid medium without organic supplements at every alternate day for 2 weeks. The polybags were removed after each second day with increasing time period for the purpose of hardening. The percentage of rooting response, root numbers per shoot, and root length was noted after 4 weeks of rooting culture. Furthermore, these semi-acclimatized plantlets were again transplanted into a mixture of vermiculated garden soil with Soilrite (1:1) for the next 2 weeks. Thereafter, the healthy, acclimatized plants were transplanted on garden soil for the next 2 weeks under the same conditions. The acclimatized plants were transferred to greenhouse conditions for another couple of weeks, and, finally, they were successfully established in natural conditions.




2.5. Growth and Photosynthetic Traits


Plant height (in centimeters) and the number of branches on each plant were measured for five randomly selected micropropagated plants and ex vitro plants that were maintained in a greenhouse. At the same time, leaves from each plant were taken and analyzed spectrophotometrically to estimate the chlorophyll a and b concentrations, as well as the carotenoids content, using 80% acetone following the procedure described by Lichtenthaler and Wellburn [32]. The absorbance of the samples was measured at 645, 663, and 440 nm using a UV spectrophotometer for the determination of chlorophyll a, b, and carotenoid contents. Photosynthetic traits, i.e., net photosynthetic rate (Pn), stomatal conductance (gs), internal CO2 (Ci), and transpiration rate (E), were measured on the fully expanded leaves of the in vitro propagated plants and ex vitro plants with a portable photosynthetic system (LI-COR 6200, Lincoln, NE, USA) on a sunny day between 10 a.m. and 12 p.m. The measurement was repeated thrice. Water use efficiency (WUE) was calculated using the data of photosynthetic rate and stomatal conductance [33]. Five samples were used for each measurement, which was repeated twice.




2.6. Genomic DNA Isolation and Molecular Screening


Screening of the genetic fidelity in micropropagated plants was achieved using a PCR-based RAPD technique. Genomic DNA was extracted from young leaf tissues of the mother plant and 10 randomly selected 3-month-old tissue culture-raised plants using a slightly modified cetyl-trimethyl ammonium bromide (CTAB) technique established by Doyle and Doyle [34]. The quantification of genomic DNA was accomplished by Nanodrop Spectrophotometer (Implen, München, Germany). The preliminary screenings of the DNA samples were done by 20 RAPD primers (Operon Kit B primer). Of these, 11 primers were chosen based on their unambiguous, reproducible, and clear banding pattern and were employed for final screening. Polymerase chain reactions (PCR) for RAPD primers were completed in a thermocycler machine (Biometra, Göttingen, Germany). About 25 µL of DNA amplification reaction mixture consisted of various major components including 10× (NH4)2SO4 buffer, MgCl2 (25 mM), dNTPs (10 mM), primers (10 µM), Taq pol (2 Unit), and 50 ng/µL DNA template. The program of DNA amplification initially started with a denaturation step at 94 °C for 5 min followed by 38 repeated cycles of denaturation at 94 °C (1 min), annealing at 45–60 °C (1 min), and elongation at 72 °C (2 min), and final extension of DNA was carried out at 72 °C (8 min). The PCR assays were performed twice in order to eliminate the possibility of false positive results and to confirm the reproducibility of the RAPD markers. These amplified DNA fragments were separated by electrophoresis technique in agarose (1.2%, v/w) gel containing 4 µL ethidium bromide in TAE buffer run at 65 V (110 min) and imaged on a UV transilluminator (Bio Rad, Hercules, CA, USA). Thereafter, clear and well-distinct and reproducible bands were scored as present (1) or absent (0) for RAPD primers in each DNA sample. The relative size of each amplified DNA fragment was compared with 1 kb DNA ladder (Gene Ruler™ 1 kb DNA ladder, Thermo Scientific, Waltham, MA, USA). The amplification of each RAPD primer was repeated thrice to confirm the reproducibility pattern.




2.7. Statistical Analysis


All research experiments were followed on a completely randomized block design. Each treatment was repeated three times with 10 replicates. The data on different parameters were subjected one-way analysis of variance (ANOVA) using SPSS ver. 16 (SPSS Inc., Chicago, IL, USA). The significance of variances among mean values was calculated using Duncan’s multiple range tests at p = 0.05. The results of each treatment are represented as the mean ± SE (standard error) in 3 repeated experiments.





3. Results and Discussion


3.1. Shoot Induction


A node explant procured from a mature tree produced a single shoot when cultured on a PGR-free medium even after 4 weeks of incubation. However, a response in bud induction was recorded within 4 weeks when the node explants were grown in TDZ-fortified culture medium. The TDZ treatment on node explants significantly improved the rate of shoot bud induction. Among different concentrations, the optimal medium for the highest shoot bud induction was recorded as MS medium containing 5.0 μM TDZ (Figure 1A). At this level, a maximum of 75% shoot induction, a highest number of 14.5 shoots per node explant and a mean shoot length of 2.1 cm were recorded within 4 weeks of incubation (Table 1 and Table 2). However, it was noted that an increased dose of TDZ inhibited the elongation of shoots when compared to a lower dose of TDZ individually after a period of 4 weeks of culture. The MS medium enriched with 3.5 μM TDZ exhibited 6.2 shoots per explant with a mean shoot length of 2.8 cm after 4 weeks of culture (Table 2). The bud induction response declined with increased concentrations of TDZ beyond the optimal dose resulted in small, condensed shoots and most of them showed bunching of shoots with no further shoot growth even after 4 weeks of culture. According to Liu et al. [35], shoot multiplication and growth are varying in response to TDZ exposure because TDZ is a more biologically active PGR than others. However, Matand and Prakash [36] suggested that TDZ-pretreated explants subsequently transferred to secondary medium or TDZ-free medium exhibited better response in stimulations of shoot multiplication across a large number of plants species. Murch and Saxena [37] suggested that TDZ may exist in different forms such as free molecules of TDZ, sequestrated molecules of TDZ, conjugated molecules with proteins, or cell wall in TDZ-pretreated cultures. Overall, these studies indicated that TDZ molecules promotes a high rate of shoot bud induction by stimulating cell division and multiplication in apical meristem while also reprograming cells to the appropriate developmental stage for shoot bud differentiation. In many plant species, long duration exposure and high dose TDZ pretreatment exhibited morphological abnormalities such as hyper-hydricity and suppressed shoot growth [26,38,39]. Similarly, in the present study, the shoot numbers per node explant were quite high in TDZ-pretreated samples, but their shoot elongation was not obvious even after 4 weeks of incubation (Table 1). Hence, it was clear that TDZ exhibited inhibitory results on the elongation and growth of shoots. However, it shows a promoting effect on shoot bud induction from node explants. Similar kinds of TDZ effects have also already been documented in a large number of trees [13,40,41]. Although their studies suggested such problems could be overcome via a two-fold culture approach. Similarly, in the present study, when TDZ-pretreated node explants were subsequently transferred to a secondary medium (or one without TDZ) containing another cytokinin alone or in combination with auxins, it successfully improved L. speciosa cultures’ protocol. This type of strategy using primary medium (for shoot bud induction) and secondary medium (for shoot elongation) was successfully applied in several tree species [26,42,43].




3.2. Shoot Multiplication


The TDZ-pretreated node explants were sub-cultured onto secondary MS medium containing different concentrations of cytokinins (Table 3) for 8 weeks. A maximum of 18.6 shoots per node explant and a subsequent shoot length of 5.8 cm was recorded in 80% of cultures containing 1.0 µM BA, whereas, pretreated node explants sub-cultured on hormone-free MS medium (or control medium) exhibited a remarkable declination in shoot multiplication (12.0) and elongation (2.4 cm) per node explant. Similarly, the positive response of BA over other cytokinins (Kin and 2iP) on shoot elongation and multiplication has been already documented in various plants [22,44]. Meanwhile, the subsequent transfer of TDZ-pretreated node explants onto a secondary medium having an optimal dose of BA exhibited a better effect on the rate of shoot multiplication and their subsequent elongation. This means that TDZ exposure at appropriate concentration is sufficient to induce better shoot multiplication rates in pretreated node explants. The possible reason for better shoot growth in TDZ-pretreated node cultures on secondary medium augmented with an optimum dose of BA may be its capability of changing to an active form of cytokinin from non-active storage forms at a later stage of culture through the modulation of the endogenous PGRs level, either directly or as a result of induced stress [15]. Similar results have been reported by different researchers in several woody plant species [16,45]. Furthermore, we examined the combined effect of an optimum dose of BA (1.0 µM) with auxins (IAA, IBA and NAA) at different combinations for improving the rate of shoot multiplication as well as proliferation. Among different cytokinin–auxin combinations, the highest shoot numbers (24.5) with an average shoot length of 7.1 cm per node explant were noted on 1.0 µM BA and 0.25 µM NAA supplemented MS medium in 90% node cultures after 12 weeks (Table 4; Figure 1B). Whereas 1.0 µM BA and 0.50 µM IBA yielded lesser shoot numbers (16.9) per node explant with a mean shoot length of 4.7 cm in 75% cultures after 12 weeks. Interestingly, in the present study, the rates of shoot multiplication and proliferation were positively correlated with a combination of cytokinin–auxin concentrations.



However, the growth of shoots was inhibited when the levels of auxin were increased beyond the 0.25 µM in the culture medium. Besides this, after 2 weeks of culture, the new shoots emerged directly from the axillary node of node explants and were further sub-cultured onto the same fresh medium for further shoot growth. In the present study, these positive results (in vitro shoot proliferation from nodal explants of L. speciosa may be due to a suitable combination of cytokinin–auxin in a synergistic, additive, or antagonistic manner to get an effective proliferation response on post-TDZ pretreated cultures) are in agreement with several earlier reports such as Husain and Anis [41] in Melia azedarach, Siddique and Anis [46] in Balanites aegyptiaca, Javed, et al. [47] in Acacia ehrenbergiana, Ahmad et al. (2018) in Pterocarpus marsupium, and in Tecoma stans Hussain, Ahmad, Anis, and Hakeem [45].




3.3. Ex Vitro Rooting and Acclimatization


The efficacy of the established micropropagation protocols is determined by the proportion of rooting and acclimation success with the transfer of regenerants under natural environmental conditions. The ex vitro rooting approach has been proven to be the most efficient among the numerous methods of rooting in isolated shootlets from culture and may be utilized as an alternative method [25,48]. Among the several treatments used, 200 µM (IBA) was shown to be the most successful in promoting rooting, with 85% of shoots rooted effectively with a mean number of 8.7 and length of 3.4 cm per shootlet after 4 weeks (Table 5, Figure 2A). The applications of exogenous auxins, namely IBA, IAA, and NAA, in culture medium are commonly utilized for in vitro rooting in micropropagated shootlets.



It has also been reported that IBA showed superior effect over other auxins on adventitious roots formation in a large number of plants. According to Elmongy et al. [49], IBA is an important plant hormone for in vitro rhizogenesis, because it shows more stability towards photo-degradation, adherence to shootlets, and, most importantly, activates the meristematic region of pericycle. Furthermore, IBA shows an active role in the formation of adventitious roots and acts as a signaling molecule that controls gene expression and the root development process. Similar effects of IBA treatment on in vitro root formation have been established in many scientific reports [41,47,50]. By combining rooting and hardening, the ex vitro approach not only aids in the creation of appropriate root systems without basal callusing, but also aids in the removal of one extra stage of in vitro rooting. The efficiency of IBA in comparison to all other auxins has previously been documented in Vitex negundo [51]. After 4 weeks, well-developed rooted juvenile plants were transplanted to sterilized Soilrite for a couple of weeks and artificial light irradiated with 50 µmol m−2 s−1 PPFD. Thereafter, these juvenile plants were transplanted into a mixture of Soilrite–vermiculated garden soil (1:1) for the next couple of weeks under 100 µmol m−2 s−1 PPFD light irradiance in order to harden. Subsequently, the acclimatized plants were shifted to normal garden soil for the next couple of weeks under 150 µmol m−2 s−1 PPFD light irradiance (Figure 2B). The constructive effect of Soilrite on the acclimatization process during the early stages is because it is a spongy material, meaning it holds more nutrients along with water content, and thus it supports the development of adventitious tender roots. Also, the gradual increment of light intensity helps with the hardening process of juvenile plants during acclimatization. Later, these juvenile plantlets were further nourished under greenhouse conditions for the next couple of weeks. Finally, the 8-week-old acclimatized plants were transplanted under field conditions where they grew normally with a 93% of survival rate.




3.4. Growth and Photosynthetic Traits


Four months after being transferred to ex vitro growth, the physiological traits of the in vitro-propagated plants were examined and compared to ex vitro plants maintained in the greenhouse. Table 6 shows the comparative data on plant height, branch number, chlorophylls, carotenoids, photosynthetic rate, stomatal conductance, water use efficiency, and transpiration rate. When comparing ex vitro plants to micropropagated plants, the height of the plants and the number of branches on each plant were both slightly higher in ex vitro plants. In contrast, the net photosynthetic rate, chlorophyll a, and chlorophyll b concentration were found to be very similar in both plants, while the carotenoids content was found to be higher in in vitro plants. The results are in agreement with the findings in Tylophora indica [52] and Clitoria ternatea [53]. The stomatal conductance of in vitro-regenerated plants was found to be lower than that of ex vitro plants. In vitro plants, on the other hand, showed a substantial improvement in water use efficiency compared to ex vitro plants. Meanwhile, ex vitro plants transpired at a higher rate than micropropagated plants.




3.5. Molecular Screening


The plants raised from node explants of L. speciosa through the micropropagation technique were assessed for their clonal fidelity by DNA-based RAPD primers. Out of 20 IRAPD primers of Kit-B, 11 were selected because of their unambiguous, reproducible, and clear banding pattern results to evaluate the genetic fidelity in nine randomly selected micropropagated plantlets along with the mother plant. Monomorphic RAPD banding pattern exhibited a total of 70 DNA bands with an average of 6.3 DNA fragments per primer, indicating homogeneity among regenerants with the donor tree (Table 7). Meanwhile, no polymorphism was detected, revealing the complete genetic fidelity among the regenerated clones. The monomorphic banding patterns among regenerated plants were amplified by OPB1 and OPB10 and are depicted in Figure 3A,B.



Larkin and Scowcroft [54] reported that culture conditions during in vitro propagation practice are stressful and may sometimes exhibit genetic variations in the tissue cultured plants, known as somaclonal variations. The occurrence of somaclonal variations is more frequent when the in vitro cultures are exposed to stress. Thus, it is important to assess genetic integrity among micropropagated plantlets through DNA-based molecular markers. Such kinds of study provide a guarantee towards the regeneration of true-to-type plantlets. Generally, DNA-based molecular markers are not affected by any kind of environmental factors [55]. Although RAPD markers have become a more popular DNA-based molecular technique as they do not require any prior information on DNA sequences. Therefore, in the present study, RAPD primers exhibited a monomorphic DNA-banding pattern suggesting high-level genetic integrity among micropropagated plants. Consequently, the mode of clonal propagation using TDZ was appropriate for gaining true-to-type plantlets. There are a number of studies confirming the genetic fidelity of regenerated plants using DNA-based RAPD makers when cytokinin and auxin is optimized for micropropagation via axillary shoot proliferation in several plant species, such as Terminalia bellerica [20], Morus alba [21], Withania somnifera [25], Rauvolfia tetraphylla [56], Ruta chalepensis [57], Vitex negundo [58], Zanthoxylum armatum [59] Carnation [60], and Humulus lupulus [61].





4. Conclusions


The present work describes a reproducible and efficient in vitro protocol useful for scaling up the propagation of L. speciosa using mature nodal explants. Different concentrations of TDZ were optimized, and it was found that 5.0 µM TDZ is the most effective concentration for the induction of shoot buds from node explants. However, these buds showed stunted shoots and did not grow further. To overcome this problem, 4 weeks of TDZ exposure is optimum followed by their transfer to a secondary medium for maximum shoot elongation and multiplication. It is concluded that a two-step procedure is necessary for clonal propagation. Ex vitro rooting helps in the reduction of time period as it combines both the additional steps of in vitro rooting and acclimatization. From the physiological and molecular data, it can be postulated that the regenerated progeny is true to type. Thus, the developed clonal propagation system through node explant of L. speciosa will not only help in low-cost multiplication but also their conservation and commercial propagation.
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Figure 1. (A) Multiple shoot bud induction from node explants of L. speciosa on MS medium supplemented with 5.0 µM TDZ after 4 weeks of culture (Bar = 0.8 cm); (B) proliferation of shoots from TDZ-pretreated node explants on MS medium supplemented with 1.0 µM BA + 0.25 µM NAA after 12 weeks of culture (Bar = 1.3 cm). 
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Figure 2. (A) Ex vitro rooted shoots of L. speciosa after pulse treatment with 200 µM IBA (Bar = 0.6 cm); (B) 1-month-old, acclimatized plantlets of L. speciosa (Bar = 0.6 cm). 
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Figure 3. Showing genetic stability between randomly selected in vitro plants and donor plants using RAPD markers in L. speciosa. (A) Amplified profile from primer OPB-01; (B) amplified profile from primer OPB10. DL—DNA ladder; lanes 1–5: randomly selected in vitro plants; lane E: donor plant. 
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Table 1. Primary (or wide) screening of TDZ on multiple shoot induction from node explants of L. speciosa after 4 weeks of incubation.
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	TDZ

(µM)
	Percent (%)

Response
	No. of Shoots per

Explant

Mean ± SE
	Shoot Length (cm)

Mean ± SE





	0.0 (C)
	25
	1.00 ± 0.00 e
	1.58 ± 0.05 c



	1.0
	45
	3.48 ± 0.08 c
	2.63 ± 0.06 a



	5.0
	75
	14.52 ± 0.38 a
	2.17 ± 0.13 b



	10.0
	55
	6.05 ± 0.14 b
	0.86 ± 0.08 d



	15.0
	30
	2.08 ± 0.12 d
	0.40 ± 0.06 e



	20.0
	00
	0.00 ± 0.00 f
	0.00 ± 0.00 f







Mean values (n = 30) followed by the same letter within a column are not significantly different (p = 0.05) using Duncan’s multiple range test. (C, control; TDZ, thidiazuron).
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Table 2. Secondary (or narrow) screening of TDZ for multiple shoot induction from node explants of L. speciosa after 4 weeks of incubation.
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	TDZ

(µM)
	Percent (%)

Response
	No. of Shoots per

Explant

Mean ± SE
	Shoot Length (cm)

Mean ± SE





	0.0 (C)
	25
	1.00 ± 0.00 g
	1.58 ± 0.06 d



	3.5
	50
	6.25 ± 0.18 f
	2.86 ± 0.09 a



	4.0
	60
	9.10 ± 0.33 e
	2.51 ± 0.09 b



	4.5
	70
	12.83 ± 0.15 b
	2.24 ± 0.05 bc



	5.0
	75
	14.52 ± 0.38 a
	2.17 ± 0.13 c



	5.5
	65
	11.58 ± 0.32 c
	2.05 ± 0.08 c



	6.0
	60
	10.14 ± 0.11 d
	1.49 ± 0.06 d



	6.5
	55
	8.69 ± 0.21 e
	1.06 ± 0.17 e







Mean values (n = 30) followed by the same letter within a column are not significantly different (p = 0.05) using Duncan’s multiple range test. (C, control; TDZ, thidiazuron).
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Table 3. Effect of different concentrations of cytokinins on 5.0 µM TDZ-exposed node explants of L. speciosa for shoot multiplication and elongation after 8 weeks of culture.
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Cytokinins (µM)

	
Percent (%)

Response

	
No. of Shoots per

Explant

Mean ± SE

	
Shoot Length (cm)

Mean ± SE




	
BA

	
Kin

	
2iP






	
0.0 (C)

	
0.0

	
0.0

	
60

	
12.06 ± 0.47 i

	
2.43 ± 0.18 h




	
0.25

	

	

	
70

	
15.16 ± 0.28 fg

	
4.32 ± 0.24 cd




	
0.5

	

	

	
70

	
15.85 ± 0.24 cde

	
4.94 ± 0.31 b




	
1.0

	

	

	
80

	
18.62 ± 0.75 a

	
5.87 ± 0.23 a




	
2.0

	

	

	
75

	
16.26 ± 0.31 bc

	
5.12 ± 0.28 b




	
4.0

	

	

	
70

	
15.06 ± 0.37 fgh

	
4.56 ± 0.19 c




	

	
0.25

	

	
55

	
14.68 ± 0.16 gh

	
3.85 ± 0.21 e




	

	
0.5

	

	
60

	
15.82 ± 0.41 cde

	
4.08 ± 0.21 de




	

	
1.0

	

	
70

	
16.56 ± 0.44 b

	
5.26 ± 0.20 b




	

	
2.0

	

	
65

	
16.04 ± 0.26 bcd

	
4.52 ± 0.22 c




	

	
4.0

	

	
60

	
15.48 ± 0.21 def

	
4.36 ± 0.21 cd




	

	

	
0.25

	
50

	
14.62 ± 0.11 gh

	
3.04 ± 0.11 g




	

	

	
0.5

	
55

	
15.22 ± 0.32 efg

	
3.43 ± 0.17 f




	

	

	
1.0

	
60

	
15.95 ± 0.38 bcd

	
3.74 ± 0.20 ef




	

	

	
2.0

	
55

	
14.98 ± 0.41 fgh

	
3.02 ± 0.23 g




	

	

	
4.0

	
50

	
14.43 ± 0.12 h

	
2.90 ± 0.21 g








Mean values (n = 30) followed by the same letter within a column are not significantly different (p = 0.05) using Duncan’s multiple range test. (C, control; TDZ, thidiazuron).
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Table 4. Combined effect of different concentrations of auxins in combination with optimal cytokinin (1.0 µM BA) on multiple shoot proliferation from node explants of L. speciosa after 12 weeks of culture.
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Auxin (µM)

	
Percent (%)

Response

	
No. of Shoots per

Explant

Mean ± SE

	
Shoot Length (cm)

Mean ± SE




	
IAA

	
IBA

	
NAA






	
0.10

	

	

	
75

	
19.45 ± 0.40 de

	
5.68 ± 0.09 c




	
0.25

	

	

	
80

	
20.38 ± 0.48 cd

	
6.04 ± 0.08 b




	
0.50

	

	

	
85

	
18.62 ± 0.42 ef

	
5.27 ± 0.15 de




	

	
0.10

	

	
80

	
17.36 ± 0.28 g

	
5.05 ± 0.06 ef




	

	
0.25

	

	
80

	
17.55 ± 0.22 fg

	
5.34 ± 0.07 de




	

	
0.50

	

	
75

	
16.93 ± 0.34 g

	
4.76 ± 0.15 f




	

	

	
0.10

	
85

	
22.08 ± 0.22 b

	
6.25 ± 0.10 b




	

	

	
0.25

	
90

	
24.53 ± 0.61 a

	
7.16 ± 0.12 a




	

	

	
0.50

	
80

	
20.85 ± 0.32 c

	
5.50 ± 0.09 cd








Mean values (n = 30) followed by the same letter within a column are not significantly different (p = 0.05) using Duncan’s multiple range test. (C, Control).
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Table 5. Effect of different auxins on ex vitro root induction in tissue culture-raised microshoots of L. speciosa after 4 weeks of culture.
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PGRs (µM)

	
Percent (%)

Rooting

	
No. of Roots per

Microshoot

Mean ± SE

	
Root Length (cm)

Mean ± SE




	
IAA

	
IBA

	
NAA






	
0.0 (C)

	

	

	
0

	
0.00 ± 0.00 i

	
0.00 ± 0.00 h




	
200

	

	

	
60

	
3.62 ± 0.07 f

	
2.10 ± 0.10 de




	
400

	

	

	
75

	
5.84 ± 0.12 c

	
2.65 ± 0.09 b




	
600

	

	

	
65

	
4.78 ± 0.13 e

	
2.37 ± 0.07 cd




	
800

	

	

	
55

	
2.93 ± 0.09 g

	
1.76 ± 0.09 f




	

	
200

	

	
70

	
5.35 ± 0.07 d

	
2.50 ± 0.08 bc




	

	
400

	

	
85

	
8.72 ± 0.20 a

	
3.48 ± 0.10 a




	

	
600

	

	
75

	
6.45 ± 0.11 b

	
2.63 ± 0.11 b




	

	
800

	

	
60

	
4.84 ± 0.12 e

	
2.35 ± 0.06 cd




	

	

	
200

	
35

	
2.92 ± 0.14 g

	
1.85 ± 0.11 ef




	

	

	
400

	
50

	
4.65 ± 0.05 e

	
2.32 ± 0.12 cd




	

	

	
600

	
40

	
3.47 ± 0.08 f

	
2.05 ± 0.05 e




	

	

	
800

	
30

	
2.25 ± 0.4 h

	
1.50 ± 0.06 g








Mean values (n = 30) followed by the same letter within a column are not significantly different (p = 0.05) using Duncan’s multiple range test. (C, control).
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Table 6. Comparison of plant height, number of branches per plant, chlorophylls, carotenoids, net photosynthetic rate, stomatal conductance, water use efficiency, and transpiration rate between in vitro plants and ex vitro grown plants of L. speciosa.
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	Plants
	Plant Height
	Branches per Plant
	Chl a

(mg g−1 Fresh Mass)
	Chl b

(mg g−1 Fresh Mass)
	Car

(mg g−1 Fresh Mass)
	Pn

(µmol m−2 s−1)
	gs

(mol m−2 s−1)
	WUE

(mol m−2 s−1)
	E

(mmol m−2 s−1)





	In vitro
	8.5 ± 0.52
	4.10 ± 0.20
	0.83 ± 0.05
	0.64 ± 0.07
	0.49 ± 0.03
	5.3 ± 0.21
	0.43 ± 0.03
	30.1 ± 1.15
	0.43 ± 0.03



	Ex vitro
	9.5 ± 0.65
	4.52 ± 0.17
	0.90 ± 0.03
	0.57 ± 0.02
	0.41 ± 0.02
	5.7 ± 0.17
	0.47 ± 0.07
	28.3 ± 0.88
	0.57 ± 0.05







Chl a = chlorophyll a; Chl b = chlorophyll b; Car = carotenoids; Pn = photosynthetic rate; gs = stomatal conductance; WUE = water use efficiency; E = transpiration rate.
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Table 7. Randomly amplified polymorphic DNA primers (Kit B) used to assessed in vitro-propagated L. speciosa plantlets.
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	S. No.
	Primers
	Sequence (5′-3′)
	No. of Bands





	1
	OPB01
	GTTTCGCTCG
	10



	2
	OPB02
	TGATCCCTGG
	0



	3
	OPB03
	CATCCCCCTG
	6



	4
	OPB04
	GGACTGGAGT
	0



	5
	OPB05
	TGCGCCCTTC
	6



	6
	OPB06
	TGCTCTGCCC
	9



	7
	OPB07
	GGTGACGCAG
	3



	8
	OPB08
	GTCCACACGG
	0



	9
	OPB09
	TGGGGGACTC
	0



	10
	OPB10
	CTGCTGGGAC
	10



	11
	OPB11
	GTAGACCCGT
	0



	12
	OPB12
	CCTTGACGCA
	7



	13
	OPB13
	TTCCCCCGCT
	2



	14
	OPB14
	TCCGCTCTGG
	5



	15
	OPB15
	GGAGGGTGTT
	0



	16
	OPB16
	TTTGCCCGGA
	10



	17
	OPB17
	AGGGAACGAG
	0



	18
	OPB18
	CCACAGCAGT
	0



	19
	OPB19
	ACCCCCGAAG
	2



	20
	OPB20
	GGACCCTTAC
	0
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