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Abstract

:

In this study, the influence of genotype, concentration of thidiazuron (TDZ), and explant position on the culture medium in organogenesis in a somatic tissue culture of two gloxinia cultivars was investigated. Isolated explants cultured on the medium containing TDZ formed adventitious shoots directly without an intervening callus phase. Explant regeneration frequency varied depending on the genotype, TDZ concentration, and explant position on the medium. The analysis of variance revealed that cultivar (C), TDZ concentration (T), position of explant on culture medium (P), and the interaction of C × T, C × P, T × P, and C × T × P significantly influenced the frequency of shoot formation. However, the effect of interface C × P and C × T × P on the number of shoots per explant was not significant. “Snowy” leaf explants manifested a significantly higher mean shoot formation frequency (p ˂ 0.01) in comparison with the cultivar “Midnight Purple”. The medium enriched with 3.5 μM TDZ resulted in the highest organogenesis frequency, while the highest shoot number per explant was acquired on medium supplemented with 4.0 μM TDZ. The explants of the tested cultivars cultured on the medium with the adaxial side down showed a significantly higher (p ˂ 0.01) shoot formation frequency in comparison with explants cultured on the medium with the abaxial side, and they showed a higher mean number of shoots per explant. An effective method for in vitro organogenesis of Sinningia speciosa (Lodd.) Hiern without an intervening callus phase was established.
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1. Introduction


Gloxinia (Sinningia speciosa (Lodd.) Hiern) is very valuable ornamental plant that is widely cultivated worldwide for commercial purposes. It is a plant with large oval leaves and varicolored single or double flowers [1,2]. The mentioned species belongs to the family Gesneriaceae, whose origin is Brazil and currently is widely cultivated as a garden and house plant. For commercial purposes, gloxinias are generally propagated by seed or by vegetative propagation from leaves and stems of mature plants after flowering. However, propagation by seeds is not efficient enough because of a low germination rate and the fact that seed-propagated plants might demonstrate unwanted features and lack homogeneity [3]. Furthermore, vegetative propagation requires considerable space and is slow, taking about 6–7 months [4,5]. Micropropagation by tissue culture enables the production of a large quantity of identical plants year-round without compromising quality. For this reason, plant propagation by biotechnological approaches has been increasing worldwide, and in 2006, more than 156 genera of ornamental plants were propagated by in vitro techniques in plant tissue culture laboratories in many countries [6]. Moreover, the employment of an effective in vitro plant regeneration system might expand genetic diversity through the regeneration and screening of valuable somaclonal variations [3].



In vitro micropropagation has been reported for some species of the Gesneriaceae family, such as Saintpaulia ionantha [7], Aeschynanthus radicans [8], Titanotrichum oldhamii [3], and Primulina tamiana [9]. Organogenesis in Sinningia speciosa has been induced from sepal segments of floral buds [10], petal segments [11], shoot apices [12], and leaf explants [2,13,14,15]. A few research groups have reported indirect shoot regeneration of gloxinia from somatic tissues through callus formation. In some cases, a medium supplemented with cytokonin 6-benzylaminopurine (BAP) and auxin α-naphthalene acetic acid (NAA) has been suggested for callus induction and subsequent adventitious bud formation [1,16]. Xu et al. [13] reported two methods for the regeneration of gloxinia from leaf explants: direct organogenesis in medium containing 2.0 mg L−1 BAP and 0.2 mg L−1 NAA, and indirect organogenesis in medium enriched by 1.0–5.0 mg L−1 NAA.



Thidiazuron (TDZ) is a urea derivative, lacking a purine ring, which has been found to be more effective in comparison with purine type cytokinins [17]. According to a research report, TDZ has both cytokinin and auxin-cytokinin properties [18]. A significant effect of thidiazuron on organogenesis has been reported for many plants, such as Stevia rebaudiana Bertoni [19], Rubus fruticosus L. [20], and Fragaria x ananasa [21]. Guo et al. [22] found that thidiazuron exhibits strong cytokinin activity and induces efficient morphogenesis in in vitro cultures.



Indirect organogenesis through callus formation may result in somaclonal variations which are undesirable for micropropagation of identical plants; therefore, direct organogenesis without a callus phase is very important for commercial micropropagation of gloxinia. In spite of the high ornamental value of Sinningia speciosa, few attempts have been made to multiply this plant through in vitro cultures without an intervening callus phase. Pang and co-authors reported that a combination of 1.0 mg L−1 gibberellin (GA) with 0.4 mg L−1 6-benzyladenine (BA) promoted the increase in flower buds formation from sepal segments [10], while a combination of 1.0 mg L−1 GA with 0.5 mg L−1 BA was more suitable for flower bud regeneration from petal segments [11]. The highest efficiency of shoot organogenesis from leaf explants was determined on Murashige and Skoog (MS) medium with 2.0 mg L−1 BAP and 0.1 mg L−1 NAA in Park with co-authors’ [14] studies. Moreover, this research group found that addition of silver nitrate and putrescine into an induction medium increased the shoot number and length. Sharma and Sharma [15] found that the highest shoot induction frequency from leaf discs was obtained on MS medium supplemented with 2.0 mg L−1 BAP and 0.5 mg L−1 NAA. To the best of our knowledge, the effect of the position of explants on culture medium in gloxinia micropropagation has not been previously reported. Therefore, the aim of this research was to evaluate the effect of TDZ concentration and explant position on the culture medium on direct organogenesis from leaf explants of two gloxinia cultivars.




2. Materials and Methods


2.1. Plant Material


This investigation was performed with the gloxinia cultivars “Snowy” and “Midnight Purple”. Donor plants were maintained in a growth chamber with a 16:8-h photoperiod, 25/22 °C (day/night) temperature, and 100 µmol m−2 s−1 light density.




2.2. Induction of In Vitro Organogenesis from Leaf Explants


Healthy mature young leaves were used as explants, and they were washed thoroughly under running tap water. The surfaces of leaf discs (20 × 20 mm) were disinfected in 70% ethanol for 1 min and then in 1.2% active chlorine solution for 3 min. They were then three times washed with sterile distilled water. For adventitious shoot induction, the explants were placed with the adaxial (Figure 1a) or abaxial (Figure 1b) side on basal Murashige and Skoog (MS) [23] medium either excluding plant growth regulators (PGRs) or with 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, or 4.0 μM of thidiazuron (TDZ). Media were supplemented with 30.0 g L−1 sucrose and solidified with 8.0 g L−1 agar, and the pH was adjusted to 5.5. Culture media (20 mL) were dispensed into Petri dishes 90 mm in diameter and then sealed with parafilm. Explants were cultivated in a growth chamber at 22/18 °C (day/night) under a 16:8-h photoperiod at a light intensity of 50 µmol m−2 s−1. After 28 days of culture, the explant regeneration frequency and adventitious shoot (approximately 5–8 mm) numbers were recorded.




2.3. Root Formation and Plantlet Acclimatization


After three replications from each treatment, 24 to 2604 shoots were obtained depending on the cultivar (C), TDZ concentration (T) and position of the explant on the culture medium (P) interaction. Twenty regenerated shoots from each treatment were removed from the explants, displaced for rooting to the MS medium containing macro- and microsalts with concentrations reduced by 50%, and supplemented with 0.1 μM α-naphthylacetic acid (NAA) and 10.0 g L−1 sucrose. The medium was solidified with 8.0 g L−1 agar, and the pH was adjusted to 5.7. Regenerated shoots were cultivated at 25/22 °C (day/night) under a 16:8-h photoperiod at a light intensity of 50 µmol m−2 s−1. Plantlets with roots were removed from medium, washed with water to remove the medium from the roots, and planted to plastic pots with sterilized soil and vermiculite in a 1:1 ratio. The plants were initially covered with a plastic bag and maintained in a growth chamber at 25/22 °C (day/night) under a 16:8-h photoperiod, at a light intensity of 100 µmol m−2 s−1 for 10 days, and then they were transferred to the glasshouse.




2.4. Statistical Analysis


Experiments were arranged in an absolutely randomized design with three replicates per treatment (C × T × P) and 48 explants per replicate. Percentage of shoot formation frequency ((number of explants with adventitious shoots/total number of explants) × 100%) and the number of adventitious shoots (number of adventitious shoots/number of explants forming adventitious shoots) were computed by STAT 1.55 from “SELEKCIJA” and “IRRISTAT” [24]. The mean value of explant regeneration frequency and SE for every genotype were computed based on the number of independent replications. All percentage values were transformed using the arcsine square root (√P) [25] to normalize the distribution before variance analysis was performed. The effects of the factors (cultivar, TDZ concentration, position of explant on culture medium) and their interaction on direct regeneration were investigated by three-way analysis of variance. Tukey tests were conducted for multiple comparisons.





3. Results and Discussion


3.1. Adventitious Shoot Formation from Leaf Explants


The leaf discs of the investigated cultivars that were grown on medium without growth regulators demonstrated no response, even after 4 weeks of culture, and consequently grew to be necrotic. On the medium supplemented with TDZ, the isolated explants formed adventitious shoots directly without a callus phase. Explant regeneration frequency varied from 6.9 to 96.3% depending on the genotype, TDZ, and explant position on the medium (Figure 2).



Addition to the medium of TDZ at 3.5 μM promoted the highest shoot formation frequency in both studied cultivars placed with the adaxial side on the medium and in the “Snowy” cultivar cultured with the abaxial side on the medium, while TDZ at 4.0 μM promoted the highest shoot formation frequency in the “Midnight Purple” cultivar placed on the abaxial side of the medium.



The highest number of shoots per explant for both cultivars was observed on the medium supplemented with 4.0 μM TDZ, independent of explant position on the culture medium (Figure 3).



The highest number of adventitious shoots was observed from “Snowy” leaf discs placed with the adaxial side on the medium supplemented with TDZ at 4.0 μM (Figure 3a).



The analysis of variance showed significant effect of cultivar (C), TDZ concentration (T), position of the explant on the culture medium (P), and the interactions C × T, C × P, T × P, and C × T × P on the frequency of shoot formation. However, the effect of the interactions C × P and C × T × P on the number of shoots per explant was not significant (Table 1).



Regeneration ability and genotypic difference are primary factors that may impact the responses of plant tissue cultures. There were significant differences in the shoot formation frequency between the tested cultivars in the present study. “Snowy” leaf explants manifested a significantly higher mean shoot formation frequency (38.84%) in comparison with the “Midnight Purple” cultivar (32.49%) (Figure 4a) and exhibited a higher mean number of shoots per explant (Figure 4b). The results showed that shoot regeneration ability was greatly affected by the genotype used. Morphogenetic ability dependence from the genotype has been previously observed for many ornamental plants [7,26,27,28,29].



Culture medium composition, especially growth regulators, is another important factor affecting organogenesis in vitro. The effect of TDZ on shoot organogenesis and somatic embryogenesis has been reported in many plant species [30,31,32]. Mundhara and Rashid [33] observed a correlation between root repression and shoot induction by TDZ in intact seedlings of Linum usitatissimum. Further, they found that BAP also led to root inhibition and shoot formation, but only at a higher (10 mM) concentration. TDZ applied at low concentrations stimulated shoot formation, and at high concentrations it induced somatic embryogenesis in some ornamental plants—for example, Saintpaulia ionantha [7,34] and Ochna integerrima [35].



In this investigation, the percentage of responses of explants forming shoot buds increased in all variants tested, with an increase in TDZ concentration up to a level of 3.5 μM (Figure 3). Further increasing the TDZ concentration only increased the shoot formation frequency from explants of the “Midnight Purple” cultivar placed with the abaxial side on the induction medium (Figure 3b). Moreover, higher levels of TDZ stimulated no somatic embryogenesis or callus formation. Our results showed that the concentration of TDZ in the induction medium had a significant impact on the shoot formation frequency of leaf discs and the number of shoots per explant. Kumar and Reddy [36] reported that the highest shoot formation frequency and number of shoots per explant was found on MS medium supplemented with 2.27 μM TDZ in a somatic tissue culture of Jatropha curcas. The best organogenic response from leaf explants of Primulina tamiana was gained on medium with 2.5 μM TDZ [9]. The present investigation showed that the medium with 3.5 μM TDZ promoted the highest organogenesis frequency (Figure 4a), while the largest shoot number per explant was determined on the medium with 4.0 μM TDZ (Figure 4b).



The present study illustrated that the development of adventitious shoots from leaf explants of the investigated gloxinia cultivars depended not only on the combination of PGRs (plant growth regulators) and their interactions with genotype but also on the orientation of the explant on the culture medium. Leaf discs of the tested cultivars cultured on the medium with the adaxial side down revealed a significantly higher (p ˂ 0.01) shoot regeneration frequency (44.34%) in comparison with those cultured on the medium with the abaxial side down (26.98%) (Figure 4a), which exhibited a higher mean number of shoots per explant (Figure 4b). Similar results were obtained in our earlier study with petunia [29]. In contrast, the leaf discs of Primulina tamiana placed with the abaxial side on the medium generated more shoots compared to those with the adaxial side [9].




3.2. Root Formation and Plantlets Acclimatization


For root induction, elongated shoots were cultured on the MS medium with 0.1 mg L−1 NAA. Root formation was induced within two weeks, and all shoots contained roots after four weeks (Figure 5a). When plantlets with roots were moved to the greenhouse, more than 98% of them survived and were growing normally (Figure 5b). The regenerants developed flowers and were identical to the donor plants.





4. Conclusions


The significant differences in shoot formation frequency between the cultivars were obtained. “Snowy” leaf explants of manifested a significantly higher mean shoot formation frequency as well as a higher mean number of shoots per explants in comparison with the “Midnight Purple” cultivar. The explants of the tested cultivars cultured on the medium with the adaxial side down showed a significantly higher shoot formation frequency in comparison with explants cultured on the medium with the abaxial side down, and they showed a higher mean number of shoots per explant. Both tested cultivars produced the highest number of regenerated shoots by cultured leaf discs on the medium supplemented with 3.5 μM TDZ with the adaxial side down. The efficient in vitro organogenesis system reported in this study which involves a single step of organogenesis could potentially be useful for the micropropagation or transformation of Sinningia speciosa, an economically important ornamental plant.
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Figure 1. The explants placed on medium with the adaxial (a) and abaxial (b) side down (scale bar = 1.0 cm). 
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Figure 2. Effect of thidiazuron (TDZ) concentration on gloxinia shoot formation frequency. Means ± SE of cultivars followed by the same letter were not significantly different at p < 0.01. ((a)—adaxial side down, (b)—abaxial side down). 
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Figure 3. Effect of TDZ concentration on gloxinia number of shoots per explant. Means ± SE of cultivars followed by the same letter were not significantly different at p < 0.01. ((a)—adaxial side down, (b)—abaxial side down). 
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Figure 4. Effect of different factors on mean shoot formation frequency (a) and mean number of shoots per explant (b) in both cultivars. 






Figure 4. Effect of different factors on mean shoot formation frequency (a) and mean number of shoots per explant (b) in both cultivars.



[image: Agronomy 10 01783 g004a][image: Agronomy 10 01783 g004b]







[image: Agronomy 10 01783 g005 550] 





Figure 5. Rooted shoots on the rooting medium (a) and a hardened regenerated plant (b). 
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Table 1. The variance analysis of investigated factors on shoot formation frequency and number of shoots per explant.
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	Effect
	F-Values of Shoot Formation Frequency (%)
	p-Values for Shoot Formation Frequency
	F-Values of Number of Shoots per Explant
	p-Values for Number of Shoots per Explant





	Cultivar (C)
	95.21 **
	<0.001
	20.13 **
	<0.001



	TDZ concentration (T)
	710.67 **
	<0.001
	141.96 **
	<0.001



	Position of explant on culture medium (P)
	279.06 **
	<0.001
	87.89 **
	<0.001



	C × T
	8.08 **
	0.006
	6.62 *
	0.012



	C × P
	4.95 **
	<0.001
	0.48 ns
	0.842



	T × P
	30.95 **
	<0.001
	5.6 **
	<0.001



	C × T × P
	2.45 **
	0.027
	0.19ns
	0.986







ns = not significant, * = significant at the 5% level (p < 0.05), ** = significant at the 1% level (p < 0.01).
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