

  agronomy-11-00045




agronomy-11-00045







Agronomy 2021, 11(1), 45; doi:10.3390/agronomy11010045




Article



Field Performance and Genetic Stability of Micropropagated Gooseberry Plants (Ribes grossularia L.)



Danuta Wójcik *[image: Orcid], Aleksandra Trzewik[image: Orcid] and Danuta Kucharska[image: Orcid]





Department of Applied Biology, Research Institute of Horticulture, Konstytucji 3 Maja 1/3 Str., 96-100 Skierniewice, Poland









*



Correspondence: danuta.wojcik@inhort.pl







Received: 6 November 2020 / Accepted: 22 December 2020 / Published: 28 December 2020



Abstract

:

Gooseberry (Ribes grossularia L.) is a small fruit crop producing valuable fruits, which is constantly gaining importance. In vitro propagation of this species can significantly support the production of virus-free planting material and accelerate the introduction of new cultivars to the market. The aim of presented study was to assess field performance and genetic stability of micropropagated plants (MPs) of four gooseberry cultivars, “Captivator”, “Hinnonmaki Rot”, “Invicta”, and “Resika”. The growth vigor and yield of MPs and plants propagated by standard methods from softwood cuttings (ST) were evaluated in a field experiment. Microscopic observations of the number and length of the stomata of MP and ST plants were carried out. Two DNA-based techniques, amplified fragment length polymorphism (AFLP) and inter simple sequence repeat (ISSR), were used to assess genetic stability of MP plants. For analysis of genetic stability of ST plants, the ISSR technique was applied. For three cultivars, Captivator, Hinnonmaki Rot, and Invicta, the plants’ growth vigor and fruit yield were greater in MP plants than in ST plants. In the case of Resika, most of these parameters were higher in ST plants. Microscopic observations of the stomata indicated a lack of differences in the length between MP and ST plants, while the stomata frequency on leaves of MP plants was higher than that of ST plants. The genetic variability of MP plants, assessed by AFLP, ranged from 0.35% for Hinnonmaki Rot to 2.12% for Resika. The results of ISSR analysis of MP plants showed variability from 0% in the case of Hinnonmaki Rot and Resika to 4% and 8.69% for Captivator and Invicta, respectively. No polymorphism was detected among ST plants of all analyzed gooseberry cultivars.
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1. Introduction


Gooseberry (Ribes grossularia L.) is a small fruit crop producing valuable fruits, which is constantly gaining importance. Gooseberry fruits are a rich source of bioactive compounds such as vitamins, especially vitamin C, mineral salts, organic acids, dietary fiber, and antioxidant polyphenols, which are considered beneficial to human health [1,2,3]. Gooseberries are grown on large commercial plantations in some European countries with favorable agroclimatic conditions, including Poland, which is the second largest producer of these fruits in Europe [3].



Gooseberries are propagated vegetatively by cuttings or layering, but the rooting efficiency is below 50% [4]. There are several scientific reports on gooseberry micropropagation [5,6,7,8,9,10,11]. In vitro propagation of this species is difficult due to the appearance of shoot necrosis during initiation and multiplication stages, lack of shoot elongation, leaf yellowing, and hyperhydration. For the rapid multiplication of selected gooseberry clones, an effective method of micropropagation using meta-topolin (m-T) instead of benzylaminopurine (BAP) was developed [12]. This method can significantly support the production of virus-free planting material and accelerate the introduction of new cultivars to the market.



The successful application of in vitro techniques in plant multiplication depends on, among other things, maintaining genetic stability of the genotype. In plant tissue cultures, especially those maintained for a longer time, somaclonal variation (SV) is a common problem [13,14]. SV, either of genetic or epigenetic nature, appearing among clones propagated in in vitro, results either from pre-existing genetic variation within explants or is induced during micropropagation [15]. The character of SV includes, among other things, changes in the number and structure of chromosomes, changes in nucleotide sequences and the number of gene copies, activation of transposons, and alterations in DNA methylation pattern [13,14,16].



SV can be identified by analyzing morphological, biochemical, physiological, and genetic characteristics of plants. Methods based on molecular markers more precisely detect the variability than other techniques, and they are easy in application and guarantee high repeatability of results. Molecular markers such as random amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), inter simple sequence repeat (ISSR), or other microsatellite markers are successfully used as tools to study not only somaclonal variability, but also to identify genotypes, study germplasm genetic diversity, and identify putative DNA markers of valuable traits that might be used in marker-assisted selection in many fruit plant species [4,13,17,18,19], including the genus Ribes [20,21,22,23,24,25,26,27].



There are few reports available concerning gooseberry DNA markers. Lanham and Brennan [21] used RAPD, ISSR, and AFLP markers to estimate the genetic diversity within this species. Unique profiles for each of the 12 tested gooseberry genotypes were generated only by AFLP. The other techniques did not allow the distinguishing of genotypes. Molecular markers based on RAPD and ISSR techniques were applied to characterize gooseberry genotypes collected in the germplasm collection of the Research Institute of Horticulture in Skierniewice, Poland, used in breeding programs [17]. The results confirmed the usefulness of both techniques in estimating the genetic distance between the 12 gooseberry genotypes tested; however, the ISSR analysis was assessed as being more precise and repetitive.



To date, no scientific reports on SV generated by in vitro gooseberry cultures have been published. In our research, we decided to use the AFLP technique, as it was considered to be the most effective in detecting DNA polymorphism in gooseberry [21], and is widely used in other species [28,29,30,31]. In order to increase the reliability of the analysis, a combination of two or more markers was used [32,33,34]. In our research, besides AFLP, ISSR markers were applied. ISSR markers were also used to compare the level of genetic diversity within in vitro-derived and vegetative seedlings.




2. Materials and Methods


2.1. Plant Material


The research was carried out on four gooseberry cultivars: “Captivator”, “Hinnonmaki Rot”, “Invicta”, and “Resika”. Plant material was taken from the gooseberry germplasm collection of the Department of Horticultural Crop Breeding, the Research Institute of Horticulture in Skierniewice, Poland. For experimental purposes, micropropagated plants (MP plants) and those propagated by the standard method from softwood cuttings (ST plants) of each genotype were obtained and planted in an experimental field.



2.1.1. Culture Medium and Growth Conditions


In vitro cultures of gooseberry shoots were initiated and multiplied based on a method developed previously [11,12]. The shoots were multiplied on media containing salts and vitamins set by Murashige and Skoog (MS) [35]: 100 mg L−1 inositol, 85.45 mg L−1 MgSO4, 0.1 mg L−1 gibberellic acid (GA3), 0.1 mg L−1 indole 3-acetic acid (IAA), 0.5 mg L−1 meta-topolin (mT), sucrose 30 g L−1, and Bacto agar 7.0 g L−1 with a pH of 5.8. All nutrient components were purchased from Duchefa (Haarlem, the Netherlands), except the Bacto agar, which was produced by Benton Dikinson (Franklin Lakes, NJ, USA). Shoots were maintained in tissue cultures for two years, the shoots were subcultured every 6 weeks. Rooting was carried out in in vitro conditions on the medium composed of ½ macro and micro elements of MS and 1.0 mg L−1 indole-3-butyric acid (IBA) for five days in the dark, and then transferred to the medium without growth regulators, containing 4 g L−1 of activated carbon. MP plants were acclimatized to ex vitro conditions in a greenhouse for four weeks, then they were transplanted into pots and grown in greenhouse conditions.




2.1.2. Plants Propagation from Softwood Cuttings


In June, softwood cuttings of about 10 cm long were collected from mother plants. Cuttings were rooted in a 1:1 mixture of peat and perlite, using the rooting agent Rhizopon AA (Rhizopon, Rijndijk, the Netherlands) (powder 1%) and high humidity and shading was provided. Rooted ST plants were transplanted into pots and grown in greenhouse conditions.




2.1.3. Conditions of the Field Experiment


The following year, ten-month-old seedlings of MP and ST plants were planted in an experimental field, in a random block system, in three replications, five plants per plot. Standard agrotechnical treatments for the species were used to maintain the experimental plots. Plants were supplied annually with mineral fertilizer containing nitrogen (12% N w/w), phosphorus (12% P2O5 w/w), potassium (36% K2O w/w), and the essential micronutrients (Mila; Yara, Oslo, Norway). The fertilizer was broadcast at soil surface along bush rows at the swollen bud stage at rate of 300 kg ha−1.





2.2. Morphological Measurements and Observations


In the second and third growing seasons, the growth vigor and yield of MP and ST plants were assessed. In the spring and autumn of the second growing season, and in the autumn of the third growing season, the following measurements were carried out: the height and width of bushes and the number of one-year-old shoots. On the basis of these measurements, the increases of the height and width of MP and ST plants in the second and third growing seasons were calculated. In the third year of the field experiment, the fruit yield per plot was also assessed.



Microscopic observations of the number and length of the stomata of MP and ST plants were carried out. The leaves were collected in August in the third year of the experiment. Samples of the abaxial epidermis isolated from the third leaf, 10 cm from the tip, were mounted on microscopic slides and stained with toluidine blue according to the procedure of Dyki and Habdas [36]. For each genotype, the frequency of stomata per 1 mm2 and the length of the stomata (100 stomata/per genotype) were determined. The observations were performed using a Nikon Eclipse 80i microscope (Eclipse 80i, Nikon, Tokyo, Japan) with the NIS-Elements BR program, version 2.30 (Nikon Instruments Inc., Tokyo, Japan), at 100- and 400-times magnification.



Results for the growth parameters, yield, and microscopic observations were statistically analyzed by one-way analysis of variance (Statistica 13.1, StatSoft Inc., Tulsa, OK, USA), separately for each growing season and genotype using Tukey’s test at p = 0.05.




2.3. Genetic Stability Assessment


Genetic stability of 15 Captivator, 13 Hinnonmaki Rot, 12 Invicta, and 14 Resika MP plants were assessed with the use of AFLP markers. ISSR analysis was used to evaluate 10 MP and 10 ST plants of each cultivar. Along with the MP and ST plants, the donor plants were analyzed by both methods.



2.3.1. DNA Extraction


The DNA from gooseberry leaves was isolated using three various commercial kits. For AFLP, the extraction was performed with DNeasy Plant Mini Kit® (Qiagen, Hilden, Germany; first extraction) and NucleoSpin® Plant II (Macherey-Nagel, Düren, Germany; second extraction). For ISSR, the first extraction was done with DNeasy Plant Mini Kit® (Qiagen) and the second with Plant/Fungi DNA Isolation Kit (Norgen Biotek Corp., Thorold, Canada). The extractions were performed according to the instructions provided by the manufacturers. The DNA preparations were analyzed in duplicate, using an Epoch spectrophotometer (BioTek, Winooski, VT, USA). Based on spectrophotometric measurements, the concentration of DNA was calculated and their purity was estimated (260/280 nm factor). The mean concentration of DNA as well as mean value of 260/280 nm factor in the preparations obtained with the use of individual isolation kits was calculated.




2.3.2. AFLP Analysis


AFLP analysis was performed according to Zabeau and Vos [37] and Money et al. [38]. Fifty nanograms of genomic DNA were digested with PstI and MseI restriction endonucleases (Thermo Fisher Scientific™, Waltham, MA, USA) and the restriction fragments were ligated using T4 DNA ligase (Thermo Scientific™, Waltham, MA, USA) to double-stranded 20-mer adapters, specific for either the PstI or the MseI restriction sites. Amplification of DNA fragments was performed in two steps: pre-selective amplification with primers complementary to adapter sequences and selective amplification using primers with an additional two or three nucleotides at the 3′ end as described by Money et al. [38]. Five primer pairs were used in selective amplification: Pst-AT/Mse-CG, Pst-TA/Mse-GA, Pst-AGC/Mse-CT, Pst-CAG/Mse-TG, and Pst-GTC/Mse-AC. Products of amplification were analysed by separation in 6% denaturing polyacrylamide gels run in 0.5 × TBE buffer at 80 W for 2 h in the Dual Dedicated Height Nucleic Acid Sequencer (C.B.S. Scientific, Waltham, MA, USA) and silver stained [39]. Distinct monomorphic and polymorphic bands were scored. The analyses were done in two replications.




2.3.3. ISSR Analysis


Eighteen arbitrary primers of the 800 series (University of British Columbia, Vancouver, BC, Canada) were screened in ISSR-PCR with the DNA of the four tested gooseberry genotypes. Ten of the tested primers which produced rich profiles containing reproducible and polymorphic bands, were selected for analysis (Table 1). For each gooseberry cultivar, amplification reactions were carried out with the use of five ISSR primers that produced the best banding profiles for the genotype. ISSR analyses were performed twice in a T100 Thermal Cycler (Bio-Rad, Hercules, CA, USA). The reaction mixture of 40 µL in volume contained 2 µL DNA at a concentration of 10 ng µL−1, 0.4 µL U Taq polymerase (DreamTaq DNA™ Green Polymerase, Thermo Fisher Scientific) (5 U µL−1), 4 µL 10 × PCR buffer, 1.5 µL dNTPs (10 mM), and 3 µL primer (10 µM). The PCR parameters were as follows: 3 min of initial DNA denaturation at 95 °C, 40 cycles of amplification (30 sec of denaturation at 95 °C, 40 sec of annealing from 50 to 55 °C, 90 sec of elongation at 72 °C), and 5 min of final elongation at 72 °C. The PCR products were separated by electrophoresis on 2% agarose gel (EURx, Gdańsk, Poland) supplemented with Simple Safe fluorescent dye (5 µL 100 m L−1 gel, EURx), in 0.5 × TBE buffer. The ISSR products were observed under UV light and documented with a set consisting of a transilluminator and a camera connected to a computer (Syngen Biotech, Wrocław, Poland). The presence, number, and size of monomorphic and polymorphic ISSR products was evaluated.






3. Results


3.1. Morphological Measurements and Observations


In general, the growth vigor of MP Captivator, Hinnonmaki Rot, and Invicta bushes was stronger compared to ST plants in both the second and third growing seasons: the height and width increases of bushes were greater and they produced more one-year-old shoots (except for height of Captivator in the second growing season) (Table 2). For these three cultivars, the fruit yield from MP plants was higher than that from ST plants (Table 2). For the Resika cultivar, the height and width increase of bushes as well as the fruit yield were higher in ST plants than in MP plants, only the number of one-year-old shoots was higher for the MP bushes (Table 2).



Microscopic observations of the stomata indicated a lack of differences in their length, except for the Invicta cultivar, while the stomata frequency on leaves of MP plants was higher than those of ST plants (Table 3).




3.2. Genetic Stability Assessment


3.2.1. DNA Extraction


The mean concentrations of DNA and mean values of 260/280 nm factor in preparations obtained from gooseberry leaves with the use of different isolation kits were: 26.5 ng μL−1 ± 1.38 and 1.81. ± 0.006 (DNeasy Plant Mini Kit®, Qiagen), 34.1 ng μL−1 ± 2.5 and 1.82 ± 0.02 (NucleoSpin® Plant II, Macherey-Nagel), and 19.3 ng μL−1 ± 0.53 and 1.81 ± 0.007 (Plant/Fungi DNA Isolation Kit, Norgen Biotek Corp.). The purity of DNA obtained with all three isolation kits was satisfactory. DNA concentrations in the preparations were low but sufficient for ISSR and AFLP analyses. The type of kit used did not influence further analyses.




3.2.2. AFLP Analysis


The number of products generated by the AFLP primer pairs ranged from 29 to 81 (Table 4), with an average of 54.9. The highest total number of amplification products was obtained in the analysis of Captivator (291), and the lowest in the reactions with the DNA of Invicta (247) (Table 5). Genetic variability analyzed by the AFLP method in MP gooseberry plants varied for individual cultivars and ranged from 0.35% for Hinnonmaki Rot to 2.12% for Resika (Table 5). An example photo of the electrophoresis of AFLP products is shown in Figure 1.




3.2.3. ISSR Analysis


As a result of polymorphism analysis of four gooseberry cultivars with five ISSR primers, two to eight amplification products per profile were obtained (Table 6). The sizes of the obtained amplification products ranged from 250 to 2900 bp, depending on the primer and cultivar used (Table 6). The ISSR-PCR analysis of MP plants showed a different degree of polymorphism among the studied genotypes, from 0% in the case of Hinnonmaki Rot and Resika to 4% and 8.69% for Captivator and Invicta, respectively (Table 7, Figure 2 and Figure 3). No polymorphism was detected among ST plants of all analyzed gooseberry cultivars (Table 7).






4. Discussion


In vitro plant propagation is one of the most important methods of vegetative reproduction used in horticultural production. The main advantage of micropropagation is the possibility of obtaining, in a short time, a large number of true-to-type, high-quality, and pathogen-free plants. Micropropagation of fruit plants is successfully used for the production of elite nursery material, in breeding work and in the mass production of seedlings of species difficult to reproduce in a traditional way [40,41,42,43].



It has been demonstrated, in many scientific reports, that plants produced in in vitro tissue cultures show greater juvenility and productivity. Berry plants obtained from in vitro cultures are characterized by increased vegetative growth and more intense rhizome and fruit formation than plants obtained by standard multiplication methods. This phenomenon has been observed in strawberry [44,45], raspberry [46], blueberry [47,48,49], cranberry [50], and lingonberry [51].



There are no scientific reports on the growth of in vitro-derived gooseberry plants under field conditions except for one publication by Wainwright and Flegmann [7]. The authors found that in vitro-derived gooseberry plants cv. Invicta developed more shoots at the base of the bushes and had more thorns compared to plants propagated by the standard method. In our field experiment, for three studied cultivars, the plants’ growth vigor and fruit yield were greater in in vitro-derived plants than in plants propagated from softwood cuttings. In the case of one cultivar, Resika, most of these parameters were higher in plants propagated by the standard method. This phenomenon can be explained by the influence of plant growth regulators, mainly cytokinins, used during in vitro propagation; their residues may increase plant vigor and yield in ex vitro conditions [45,52].



Many scientific reports indicate changes in the structure, shape, and density of the stomata in the leaves of plants grown in in vitro cultures compared to those grown in a greenhouse or in the field. Noe and Bonini [53] reported that leaves of Vaccinium corymbosum collected from in vitro shoots had a higher number of smaller stomata (361 mm−2) compared to leaves taken from plants grown in the field (241 mm−2). Brainerd and Fuchigami [54] made similar observations on apple trees and Blanke and Belcher [55] and Capellades et al. [56] on rose. Joshi et al. [57] observed that the leaves of in vitro seedlings showed twice the frequency of stomata compared to traditionally propagated seedlings of Wrightia tomentosa. The opposite results were found for the plum cv. Pixi in a study by Brainerd and co-workers [58]. In our field experiment, a higher frequency of stomata on leaves of MP plants was demonstrated for all studied gooseberry cultivars. Stomatal morphology and structure are highly affected by environmental conditions, such as relative humidity, and light level. In in vitro conditions, these two parameters (high humidity and low light levels) differ significantly from those ex vitro [55,59]. The high humidity in the culture vessel causes the transpiration in in vitro conditions to be low [54]. The water imbalance exhibited by micropropagated plants can result in deformation and malfunctioning of the stomata [55,59,60].



Somaclonal variability appearing in plant tissue cultures depends on many factors, such as the type of explant, the culture conditions, including the composition of the propagation medium, especially the type and concentration of growth regulators and culture age [13,14,15,16]. Of the many factors, genotype is considered to be the most important determinant of variability [14,16]. We did not observe phenotypic variability among the obtained MP plants of all the gooseberry cultivars tested. In order to assess the influence of the applied in vitro propagation method on the appearance of SV among progeny plants, we examined variability at the DNA level. In our research, the level of genetic variability in micropropagated gooseberry plants varied depending on the cultivar. Using both marker systems, the lowest genetic variability was detected in Hinnonmaki Rot and the highest in Invicta. Mohamed and co-workers [61] assessed the genetic stability of in vitro-derived plants of several strawberry cultivars using RAPD markers. The study also revealed that the frequency of genetic variation depends on the cultivar studied; plants of Tudla, depending on the culture conditions, showed polymorphism within 2.86–11.77%, while the variability in the cultivar Festival ranged from 10.35 to 30.77%.



The age of the culture is another factor considered to have a strong impact on inducing variability in in vitro cultures [13,14]. The MP plants used for the research were obtained from stabilized two-year-old shoot cultures, subcultured every 6 weeks. In these plants, the level of genetic variation was low and ranged from 0.35% to 2.12% (AFLP markers) and from 0% to 8.69% (ISSR markers). Nookaraju and Agrawal [62] demonstrated clonal homogeneity of six-month-old tissue culture raised plants of grapevine cv. Crimson Seedless compared to donor plants using ISSR and simple sequence repeat (SSR) markers. In a study by Khan [63], the variability of in vitro shoots of blackcurrant cv. Ben Sark increased significantly when plants were kept in cultures for a long time. As assessed with the use of RAPD markers, micropropagated shoots showed no genetic variation up to the fourteenth subculture, the first polymorphic products were detected in the fifteenth subculture, and the final genetic diversity detected in the study was 13.4% (after 16 subcultures). The same analysis was performed for micropropagated raspberry cv. Autumn Bliss. Genetic variability was already detected in the fifth subculture and the maximum variation observed was 26% [63]. In some plant species, genetic variability can reach a very high level, especially when the conditions of the culture are favorable for this phenomenon. In plants derived from four-year pineapple in vitro cultures, the analysis, with the use of RAPD markers, showed as much as 95.9% variability [64]. On the other hand, Borsai and co-workers [65], using sequence-related amplified polymorphism (SRAP) and RAPD markers, did not detect any polymorphism in plants of blackberry cv. Loch Ness and Chester Thornless propagated for both 3 and 11 subcultures. Similarly, no genetic variability was observed by Negi and Saxena [66] using ISSR markers in Bambusa balcooa plants multiplied up to 33 passages or by Singh and co-workers [67] in Dendrocalamus asper in vitro raised shoots up to the thirtieth passage, checked with the use of RAPD, ISSR, SSR, and AFLP markers.



In research using molecular markers, the quality of the DNA preparations used in the analyses is of great importance. The isolation of genomic DNA from plants of the genus Ribes is most often carried out by the method according to Doyle and Doyle [68], based on an extraction buffer containing CTAB (hexadecyltrimethylammonium bromide) [17,26] or the method developed by Milligan [20,21,22,24,69]. Compared to the technique using commercial DNA isolation kits, these methods are longer and more labor-intensive. All commercial kits used in our study enabled to isolate DNA from small amounts of plant material and to obtain preparations of genomic DNA with sufficient DNA content and purity for AFLP and ISSR analyses. In our study, AFLP markers detected genetic variability in MP plants of all gooseberry genotypes, while ISSR markers only did so in Captivator and Invicta. In order to assess the genetic variability of berry plants, the RAPD and ISSR markers are most frequently used. In several research papers, the use of AFLP, SSR, and SRAP markers was also reported [17,19,21,25,61,62,63,65,70,71,72]. AFLP analysis proved to be more reliable and sensitive than other methods not only in our research, but also in the studies of Lanham and Brennan [21] and Costa and co-workers [31]. The AFLP marker system is believed to be a very sensitive and reproducible method [13,30,31]; no prior knowledge of DNA sequences is required and it can check large fragments of the genome, but it also has disadvantages—it is time-consuming, technically demanding and expensive. In terms of the facility and speed of performing the analysis, microsatellite markers are more advantageous than AFLP. In our research, ISSR analysis proved to be less reliable than the AFLP. Presumably, the reason is that only five primers were used to analyze each gooseberry cultivar; therefore, a small number of products for analysis was obtained.



The results obtained showed that the method of in vitro propagation of four gooseberry cultivars used in our research is suitable for obtaining plants with high genetic fidelity. It supports the opinion that variability is very rare when the technique of shoot regeneration from lateral buds is used in micropropagation and is consistent with the results obtained by Saker et al. [73] and Bhatia et al. [74] for date palm and gerbera.
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Figure 1. The fragment of banding pattern of AFLP-PCR products obtained with primers Pst-AT/Mse-CG and DNA of gooseberry cv. Hinnonmaki Rot extracted with the use of DNeasy Plant Mini Kit® (Qiagen) (A) and NucleoSpin® Plant II (Macherey-Nagel) (B), lane 1–13 micropropagated plants (MP), D—donor plant, M—50 bp DNA Ladder (Thermo Fisher Scientific). 






Figure 1. The fragment of banding pattern of AFLP-PCR products obtained with primers Pst-AT/Mse-CG and DNA of gooseberry cv. Hinnonmaki Rot extracted with the use of DNeasy Plant Mini Kit® (Qiagen) (A) and NucleoSpin® Plant II (Macherey-Nagel) (B), lane 1–13 micropropagated plants (MP), D—donor plant, M—50 bp DNA Ladder (Thermo Fisher Scientific).
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Figure 2. Banding pattern of ISSR-PCR products using primers 823, 825, 834, 840 for cv. Hinnonmaki Rot, lane 1–3 micropropagated plants (MP), 4–6 plants propagated from softwood cuttings (ST), 7—negative control, M—GeneRuler™ 100 bp DNA Ladder Plus (Thermo Fisher Scientific). 
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Figure 3. Banding pattern of ISSR-PCR products using primers 822, 825, 848, 849 for cv. Captivator, lane 1–3 micropropagated plants (MP), 4–6 plants propagated from softwood cuttings (ST), 7—negative control, M—GeneRuler™ 100 bp DNA Ladder Plus (Thermo Fisher Scientific). The arrow indicates a polymorphic band. 
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Table 1. Nucleotide sequences of primers used in inter simple sequence repeat (ISSR) analysis.
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	Code of Primer
	Nucleotide Sequence 5′ to 3′





	821
	(GT)8T



	822
	(TC)8A



	823
	(TC)8C



	825
	(AC)8T



	830
	(TG)8G



	834
	(AG)8YT



	840
	(GA)8YT



	848
	(CA)8RG



	849
	(GT)8YA



	853
	(TC)8RT
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Table 2. Vigor and yield of micropropagated plants (MP) and plants propagated with a standard method (ST) of four gooseberry cultivars in the second and third growing seasons (n = 15, 3 replications, 5 plant per replication).
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Growing Season

	
Height Increase (cm) ± SE

	
Width Increase (cm) ± SE

	
No. of One-Year-Old Shoots/Bush ± SE

	
Fruit Yield (g plot−1) ± SE




	
MP

	
ST

	
MP

	
ST

	
MP

	
ST

	
MP

	
ST






	
Captivator




	
2nd

	
7.3 b* ± 1.50

	
11.1 a ± 1.19

	
11.8 a ± 1.95

	
10.0 a ± 1.62

	
4.6 a ± 1.08

	
3.2 a ± 0.76

	
n.d. **

	
n.d.




	
3rd

	
14.9 a ± 2.57

	
9.8 b ± 2.19

	
16.0 a ± 2.68

	
15.5 a ± 2.36

	
20.0 a ± 1.72

	
11.1 b ± 1.06

	
1485.4 a ± 97.84

	
1215.4 b ± 87.76




	
Hinnonmaki Rot




	
2nd

	
13.1 a ± 2.15

	
10.0 b ± 1.70

	
17.1 a ± 2.14

	
9.2 b ± 1.00

	
7.8 a ± 1.15

	
5.6 b ± 1.08

	
n.d.

	
n.d.




	
3rd

	
10.9 a ± 0.7

	
7.6 b ± 0.8

	
16.9 a ± 3.38

	
13.1 b ± 2.08

	
27.1 a ± 2.67

	
23.0 b ± 3.00

	
3941.0 a ± 150.61

	
1853.4 b ± 115.15




	
Invicta




	
2nd

	
10.8 a ± 2.15

	
5.5 b ± 1.15

	
13.2 a ± 2.19

	
4.9 b ± 1.00

	
5.8 a ± 1.30

	
3.3 b ± 0.70

	
n.d.

	
n.d.




	
3rd

	
12.3 a ± 1.42

	
10.0 b ± 1.40

	
17.5 a ± 3.26

	
8.9 b ± 1.30

	
13.7 a ± 2.10

	
8.8 b ± 2.15

	
1502.0 a ± 90.95

	
607.1 b ± 13.75




	
Resika




	
2nd

	
17.3 a ± 2.26

	
18.1 a ± 2.19

	
9.5 b ± 1.15

	
15.2 a ± 2.80

	
4.4 a ± 1.02

	
2.3 b ± 0.6

	
n.d.

	
n.d.




	
3rd

	
14.3 b ± 2.14

	
17.6 a ± 2.70

	
24.6 a ± 2.99

	
25.2 a ± 2.00

	
17.4 a ± 2.16

	
14.5 b ± 1.72

	
502.1 b ± 10.00

	
636.1 a ± 10.15








* means within the row for each parameter followed by the same letter were not significantly different using Tukey’s multiple range test at p = 0.05, SE—standard error; ** n.d.—not determined.
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Table 3. The frequency and length of stomata of micropropagated plants (MP) and plants propagated with a standard method (ST) of four gooseberry cultivars.
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Stomata Frequency (No. mm−2) ± SE

	
Length of Stomata (µm) ± SE




	
MP

	
ST

	
MP

	
ST






	
Captivator




	
103.0 a ± 1.15

	
99.0 b* ± 0.57

	
30.09 a ± 0.41

	
29.06 a ± 0.38




	
Hinnonmaki Rot




	
92.3 a ± 5.93

	
82.0 b ± 2.64

	
33.90 a ± 0.45

	
32.92 a ± 0.36




	
Invicta




	
141.3 a ± 10.28

	
86.0 b ± 11.37

	
27.24 b ± 0.36

	
32.51 a ± 0.42




	
Resika




	
176.3 a ± 16.40

	
99.3 b ± 11.85

	
31.04 a ± 0.56

	
33.44 a ± 1.21








* means within the row for each parameter followed by the same letter were not significantly different using Tukey’s multiple range test at p = 0.05, ± SE—standard error.
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Table 4. Primer combinations, the size and number of scorable bands and percentage of polymorphic bands obtained in amplified fragment length polymorphism (AFLP) analysis of micropropagated plants (MP) of four gooseberry cultivars in relation to donor plants.
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Cultivar

	
AFLP Primer Combinations

	
The Size of the Products (bp)

	
Number of Amplification Products per Profile

	
% of Polymorphic Bands




	
Total

	
Monomorphic

	
Polymorphic






	
Captivator

	
Pst-AT/Mse-CG

	
320–2300

	
70

	
70

	
0

	
0.00




	
Pst-TA/Mse-GA

	
280–2500

	
76

	
76

	
0

	
0.00




	
Pst-AGC/Mse-CT

	
310–3200

	
41

	
40

	
1

	
2.43




	
Pst-CAG/Mse-TG

	
280–2200

	
60

	
59

	
1

	
1.66




	
Pst-GTC/Mse-AC

	
270–2300

	
44

	
44

	
0

	
0.00




	
Hinnonmaki Rot

	
Pst-AT/Mse-CG

	
330–3200

	
62

	
62

	
0

	
0.00




	
Pst-TA/Mse-GA

	
290–2300

	
81

	
81

	
0

	
0.00




	
Pst-AGC/Mse-CT

	
330–2700

	
29

	
28

	
1

	
3.44




	
Pst-CAG/Mse-TG

	
270–2600

	
60

	
60

	
0

	
0.00




	
Pst-GTC/Mse-AC

	
300–2500

	
46

	
46

	
0

	
0.00




	
Invicta

	
Pst-AT/Mse-CG

	
290–2800

	
65

	
65

	
0

	
0.00




	
Pst-TA/Mse-GA

	
290–2700

	
66

	
66

	
0

	
0.00




	
Pst-AGC/Mse-CT

	
310–2300

	
31

	
30

	
1

	
3.22




	
Pst-CAG/Mse-TG

	
250–2600

	
49

	
49

	
0

	
0.00




	
Pst-GTC/Mse-AC

	
240–2600

	
36

	
32

	
4

	
11.11




	
Resika

	
Pst-AT/Mse-CG

	
290–2600

	
63

	
61

	
2

	
3.17




	
Pst-TA/Mse-GA

	
350–2700

	
78

	
78

	
0

	
0.00




	
Pst-AGC/Mse-CT

	
340–2400

	
33

	
30

	
3

	
9.09




	
Pst-CAG/Mse-TG

	
260–2800

	
72

	
72

	
0

	
0.00




	
Pst-GTC/Mse-AC

	
260–2500

	
36

	
35

	
1

	
2.77
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Table 5. Summary results of AFLP analysis with 5 primers pairs of 15 Captivator, 13 Hinnonmaki Rot, 12 Invicta, and 14 Resika micropropagated plants (MP) in relation to donor plant.
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	Cultivar
	Total No. of Amplified Bands
	Average No. of Band/Primer pairs
	Total No. of Polymorphic Bands
	% of Polymorphism





	Captivator
	291
	58.2
	2
	0.68



	Hinnonmaki Rot
	278
	55.6
	1
	0.35



	Invicta
	247
	49.4
	5
	2.02



	Resika
	282
	56.4
	6
	2.12
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Table 6. Nucleotide sequences of primers, the size and number of scorable bands, and the percentage of polymorphic bands obtained in ISSR analysis of micropropagated plants (MP) and plants propagated from softwood cuttings (ST) of four gooseberry cultivars in relation to donor plants.
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Cultivar

	
ISSR Primer

	
Nucleotide Sequence (5′-3′)

	
The Size of the Products (bp)

	
Total No. of Amplified Bands

	
MP

	
ST




	
Polymorphic

	
% of Polymorphic Bands

	
Polymorphic

	
% of Polymorphic Bands






	
Captivator

	
822

	
(TC)8A

	
650–1300

	
3

	
0

	
0.00

	
0

	
0.00




	
825

	
(AC)8T

	
280–1200

	
6

	
1

	
16.66

	
0

	
0.00




	
830

	
(TG)8G

	
500–1000

	
5

	
0

	
0.00

	
0

	
0.00




	
848

	
(CA)8RG

	
500–2800

	
4

	
0

	
0.00

	
0

	
0.00




	
849

	
(GT)8YA

	
500–2900

	
7

	
0

	
0.00

	
0

	
0.00




	
Hinnonmaki Rot

	
823

	
(TC)8C

	
450–1100

	
4

	
0

	
0.00

	
0

	
0.00




	
825

	
(AC)8T

	
280–1300

	
6

	
0

	
0.00

	
0

	
0.00




	
834

	
(AG)8YT

	
280–1050

	
5

	
0

	
0.00

	
0

	
0.00




	
840

	
(GA)8YT

	
450–1500

	
5

	
0

	
0.00

	
0

	
0.00




	
853

	
(TC)8RT

	
700–1400

	
3

	
0

	
0.00

	
0

	
0.00




	
Invicta

	
821

	
(GT)8T

	
550–2000

	
4

	
1

	
25.00

	
0

	
0.00




	
825

	
(AC)8T

	
250–1200

	
5

	
1

	
20.00

	
0

	
0.00




	
834

	
(AG)8YT

	
260–750

	
2

	
0

	
0.00

	
0

	
0.00




	
849

	
(GT)8YA

	
400–2000

	
8

	
0

	
0.00

	
0

	
0.00




	
853

	
(TC)8RT

	
600–1500

	
4

	
0

	
0.00

	
0

	
0.00




	
Resika

	
821

	
(GT)8T

	
350–2000

	
5

	
0

	
0.00

	
0

	
0.00




	
822

	
(TC)8A

	
650–1250

	
3

	
0

	
0.00

	
0

	
0.00




	
825

	
(AC)8T

	
250–1300

	
4

	
0

	
0.00

	
0

	
0.00




	
834

	
(AG)8YT

	
500–1200

	
6

	
0

	
0.00

	
0

	
0.00




	
849

	
(GT)8YA

	
500–1200

	
4

	
0

	
0.00

	
0

	
0.00
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Table 7. Summary results of ISSR analysis of 10 micropropagated plants (MP) and 10 plants propagated from softwood cuttings (ST) of four gooseberry cultivars in relation to donor plant.
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Cultivar

	
Total No. of Amplified Bands

	
Average No. of Bands per Primer

	
MP

	
ST




	
Total No. of Polymorphic Bands

	
% of Polymorphism

	
Total No. of Polymorphic Bands

	
% of Polymorphism






	
Captivator

	
25

	
5.0

	
1

	
4.00

	
0

	
0.00




	
Hinnonmaki Rot

	
23

	
4.6

	
0

	
0.00

	
0

	
0.00




	
Invicta

	
23

	
4.6

	
2

	
8.69

	
0

	
0.00




	
Resika

	
22

	
4.4

	
0

	
0.00

	
0

	
0.00
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