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Pteris vittata L. is very common and a widely distributed species belongs to the family Pteridaceae. Various cytotypes from diploid to octaploid is available in this fern species. The present work has been carried out for genetic diversity in this fern both within and between the cytotypes. The molecular analysis at inter- as well as intra-species has been carried out with 57 accessions of P. vittata as well as of other species of Pteris with Microsorium punctatum considered as an out group taxon. For the present study 48 P. vittata (36 tetraploid and 12 pentaploid) and five of other species (four P. cretica, one P. pellucida, one P. tremula, one P. quadriaurita, and two P. ensiformis) accessions were used. The UPGMA (unweighted pair group method with arithmetic mean) dendrograms were generated for each method separately, as well as for all methods cumulatively, after a 1000 replicate bootstrap analysis. In order to determine the utility of each of the method, a comparative statistical assessment was done and marker index (MI), expected average heterozygosity, fraction of polymorphic loci and effective multiplex ratio (EMR) were calculated in case of each of the methods used in the present study. At the level of individual methods highest MI was obtained for directed amplification of minisatellites DNA (DAMD) method. Our findings of the present study concluded that out of the three methods Random Amplified Polymorphic DNA (RAPD), Inter-Simple Sequence Repeat (ISSR), and Directed Amplification of Minisatellite DNA (DAMD), DAMD was the best in term of polymorphism and heterozygosity as scores exhibited highest MI. The different accessions of P. vittata collected from different phytogeographical regions falls into six groups. Out of six clusters, one cluster is of pentaploid cytotype, four clusters are of tetraploid cytotype and one for outgroup taxon (M. punctatum). The result thus showed that within tetraploid, heterozygosity with variable genomic structure exists.
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INTRODUCTION

The pteridophytes are amongst the oldest existing land plants and include the largest proportion of polyploid species (Ramsey and Schemske, 1998; Soltis and Soltis, 2000; Leitch and Bennett, 2004). Polyploidy have been considered as one of the factors for long survival of the ferns as well as for their global distribution from more than 360 million years ago till date. Polyploidy helps the pteridophytes in overcoming not only the negative effects of inbreeding due to isolation of populations but also the buffering effects for variations and this in turn helps in successful colonisation by the plants (Soltis et al., 2004; Otto and Sauquet, 2018). The pteridophytes include ferns and fern allies of which the ferns are the dominant group extant today. Amongst the common ferns, Pteris L. is an almost exclusively tropical fern genus with 330 species and 3 hybrids (Hassler and Swale, 2001). The genus includes terrestrial and perennial species that grow well in both xeric and moist shady habitats. In India, about 45 species of Pteris have been reported; however, there are no reports of any comprehensive survey and analysis of their diversity and biosystematics of the genus (Aulakh et al., 2019). The Brake Fern or Pteris vittata L. is very common and a widely distributed species occurring at higher altitudes up to 1600 m also. This fern is actually a “species complex” in India and includes five cytotypes viz. diploid, triploid, tetraploid, pentaploid, and hexaploid (Khare and Kaur, 1983a) with the basic number being 29 chromosomes. Other such species complexes with multiple ploidy levels such as Adiantum raddianum Presl. with a range of ploidy from diploid to octoploid and Diplazium subsinuatum (Wall.) Tagawa with tetra-, penta-, and hexaploid cytotypes are also known (Bir and Irudayaraj, 2001; Kuo et al., 2018).

Polyploidisation has apparently played an important role in the distribution of P. vittata and other cytotypes have also been reported in India. All the cytotypes, however, do not occur in all the regions. A study of the distribution status and occurrence of the different cytotypes suggested that some of them may have become scarce if not altogether extinct in the country (Srivastava et al., 2007). The successful colonisation of the P. vittata cytotypes over a wide distribution range (from Himalayas to South India) indicates the existence of wide adaptability of the genus with genetic variability. Studies on spore germination, gametophyte differentiation and reproductive biology of the different polyploid cytotypes of P. vittata have been carried out by Khare and Kaur (1992) and Khare (1995). However, not much work has been reported on the genetic diversity in this fern both within and between the cytotypes. We have earlier reported the Random amplified polymorphic DNA (RAPD) profile differences among 23 accessions of P. vittata and have observed average 52% similarity (range 0.12–0.82 similarity coefficients) amongst the accessions based on the profiles generated with 11 RAPD primers (Srivastava et al., 2008). A few other reports are available about the use of molecular markers including nuclear gapCp markers (Schuettpelz et al., 2008) and minisatellites (Yang et al., 2010) for determining polymorphism in case of Pteridophyte DNA profiles. In other studies, Schuettpelz et al. (2007) have determined the molecular phylogeny of the Pteridaceae family while recently Chao et al. (2012) have investigated polyploidy and speciation in Pteridaceae, albeit at the cytological levels. The Single Primer Amplification Reaction (SPAR) methods including Inter-Simple Sequence Repeat (ISSR), Directed Amplification of Minisatellite DNA (DAMD) and Random Amplified Polymorphic DNA (RAPD), are powerful methods capable of even individual-specific resolution and are routinely used in our laboratory to determine genetic variation at both intra- as well as inter-species level in several flowering plants including mango (Srivastava et al., 2007); mungbean (Lavanya et al., 2008); pomegranates (Ranade et al., 2009; Narzary et al., 2010); Jatropha curcas (Ranade et al., 2008); species of Sapindus and Murraya (Verma et al., 2009; Mahar et al., 2011, Mahar et al., 2012) to name a few and pteridophytes P. vittata and Equisetum species (Srivastava et al., 2008, 2009). The SPAR methods have been used in case other polyploidy plants to resolve genetic diversity (Fjellheim et al., 2001; Bhattacharya et al., 2005; Peirson et al., 2013). In this paper we report on the genetic diversity among several tetraploid and pentaploid accessions of P. vittata collected from different places in India using three different SPAR methods that cumulatively reveal genetic diversity amongst the P. vittata accessions independent of their geographical habitat as well as their ploidy levels. P. vittata is species complex and with the help of molecular studies the genome analysis of the gene pool of different ploidy and their correlation within may be assessed and evolutionary status can be assessed. The study will reveal the clear-cut evolution of genotypes of different ploidy can so that the taxonomic confusions may be addressed with the help of present analysis.



MATERIALS AND METHODS


Plants

A number of plants were collected from different locations in India (Figure 1) and of these only tetraploid and pentaploid accessions were selected (Table 1) for the present study since multiple accessions for each cytotype were available. It is pertinent to note here that the pentaploid plants are maintained in NBRI fernery for more than two decades and their exact provenance in the wild is not known. Young fronds were harvested from the plants, washed free of dust, mopped dry and quickly frozen and powdered in liquid nitrogen. The powders were either used for isolation of DNA immediately, or were stored in a deep freezer (–80°C) for long-term storage.
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FIGURE 1. Map of India showing different locations of collected Pteris accessions.



TABLE 1. Pteris vittata and other Pteris species included for the studies on PCR-based profiling analysis are given below.
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Determination of Ploidy Level

For chromosome analysis young sporophylls, harvested at the time that the tissue was collected for DNA isolation, were fixed in 3:1 (v/v) absolute alcohol and acetic acid (Carnoy’s fixative) for at least 24 h, following which these were squashed in 2% (w/v) acetocarmine solution for determining the numbers of chromosomes, according to method of Manton (1950).



Isolation of DNA

Total genomic DNA was isolated from the powdered and frozen tissue using Cetyl Trimethyl Ammonium Bromide (CTAB) detergent according to the procedure of Rogstad (1993) with minor modifications. At least three independent DNA preparations were made from tissues collected from each accession. The quantity and quality of DNA samples were estimated by agarose gel method (Sambrook et al., 1989).



Polymerase Chain Reaction Using SPAR Primers

The different SPAR primers used in the present study are listed in Table 2. The tabulated lists of primers are those selected after such preliminary pilot studies. DNA was amplified essentially following Gupta et al. (1994) in the ISSR method, Zhou et al. (1997) in the DAMD method and Williams et al. (1990) in the RAPD method. The entire sets of DNAs were tested with the selected primers to generate profiles for this study. The optimised ISSR reaction conditions included 50 ng template DNA, 10 pmoles primer, 0.2 mM each dNTP, 1.5 Units of Taq DNA polymerase in suitable reaction buffer (both enzyme and buffer were procured from Bangalore Genei, Bangalore, India) with 2.0 mM magnesium ion concentration in a total reaction volume of 25 μl. The thermal cycler was programmed to allow pre-denaturation for 180 s at 94°C followed by 45 cycles of denaturation for 45 s at 94°C, annealing for 45 s at 50°C, extension for 60 s at 72°C. The final cycle allowed additional extension for 300 s at 72°C. In case of the DAMD reaction conditions were same as for ISSR except that the 20 pmoles primer and 2.5 mM magnesium ion concentration was used in each reaction. The thermal cycler was programmed to allow pre-denaturation for 60 s at 94°C followed by 40 cycles of denaturation for 60 s at 94°C, annealing for 120 s at 55°C, extension for 120 s at 72°C. The final cycle allowed additional extension for 300 s at 72°C. In case of RAPD reaction conditions were the same as for DAMD except that the thermal cycler was programmed to allow pre-denaturation for 180 s at 94°C followed by 45 cycles of denaturation for 45 s at 94°C, annealing for 45 s at 35°C, extension for 60 s at 72°C. The final cycle allowed additional extension for 300 s at 72°C.


TABLE 2. List of primers used for all PCR based profiling methods.
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Agarose Gel Electrophoresis

Amplification products were separated by gel electrophoresis (at a constant current of 50 mA) through 1.5% agarose gels in 0.5x TBE buffer, with DNA size standard (Low range DNA ruler, Bangalore Genei, Bangalore, India). After staining in ethidium bromide the gels were visualised and imaged using gel documentation system (Vilber Lourmat, France).



Data Analysis

Data (fragment sizes of all the amplification products, estimated from the gel by comparison with standard molecular weight marker) were scored as discrete variables, using “1” to indicate presence and “0” to indicate absence of a band. From the band data, monomorphic and polymorphic bands were identified. A pair wise matrix of similarity between genotypes was determined for the band data using Jaccard’s similarity coefficient (Jaccard, 1908) for UPGMA method in the Free Tree programme (ver. 0.9.1.5; Pavlicek et al., 1999) for each SPAR method individually. In order to determine the utility and relative efficiency of each SPAR methods used, the similarity indices were averaged for the comparison between P. vittata and other Pteris species by all three methods. The polymorphic fraction, average heterozygosity of polymorphic bands, EMR and MI were calculated according to Powell et al. (1996) and Belaj et al. (2003). Expected heterozygosity Hn for genetic markers was calculated from the sum of the squares of the allele frequency using the formula Hn = 1 - Σpi2 where pi is the allele/band frequency of the “ith” allele and “n” is the total number of loci. The arithmetic mean heterozytgosity Hav was calculated for each marker class using the formula Hav = ΣHn/n where n is the number of markers (loci) analysed. The fraction of polymorphic loci β was calculated from the relationship β = np/(np + nnp) where np and nnp are the numbers of polymorphic and non-polymorphic loci analysed. The average heterozygosity for all markers equals to the average heterozygosity for polymorphic markers multiplied by the fraction of markers that are polymorphic, β. If n independent loci are analysed simultaneously and the average expected heterozygosity (probability that two different alleles are observed for each of loci, averaged over all loci considered) is Hav. Then for a pair of genotype being compared, the number of polymorphic marker per gel lane called marker index (MI), is determined from the relation MI = n Hav or MI = n βHav(p) where βHav(p) is average or mean heterozygosity of polymorphic loci. The number of polymorphic loci in the germplasm set, analysed per experiment, called effective multiplex ratio E is defined as: E = n β and MI = E Hav(p). The marker index, therefore, is simply the product of effective multiplex ratio and the average expected heterozygosity for the polymorphic markers. The band data for all the methods was also combined together for a cumulative analysis for the three methods in the same way as for individual methods. From the pair wise similarity data, the UPGMA phenogram was computed after allowing a 1000 replicate bootstrap test using the same programme. The phenogram was viewed, annotated and printed using Tree View (ver. 1.6.5; Page 2001). The AMOVA, Mantel correlations and PCA were computed using the programmes GenAlEx (ver. 6.5, Peakall and Smouse, 2006) while Shannon indices of diversity and geneflow were computed using POPGENE (ver. 1.32, Yeh et al., 1997) for the cumulative SPAR profile data by considering groups of tetraploid, pentaploid and other species of Pteris as discrete “populations.”



RESULTS

A total of fifty seven (Table 1) Pteris genotypes which include PV1 to PV48 (all genotypes of P. vittata) and five other species (PC1 to PC4, PP1, PT1, PQ1, PE1, and PE 2) along with Microsorum punctatum as non-Pteris outgroup (Table 1) were selected for the diversity analysis. The chromosome numbers were determined as described and is listed in Table 1 corresponding to the sample studied. The SPAR analysis was carried out after a preliminary pilot study to test a number of primers as well as the PCR conditions in small sets before the entire set of accessions were studied (data not shown). The pilot study allowed us to optimise the various reaction parameters and assay conditions such that the profiles could be consistent and reproducible. From such profiles for the primers listed in Table 2, band data was scored individually for each primer in each method prior to analysis. Additionally for the cumulative analysis, the band data for all the primers in all the methods were combined into a single matrix prior to analysis. Typical PCR profiles obtained with one primer by each method are shown in Figure 2 as a representative. The UPGMA dendrograms for the band data by each method individually as well as by all three methods considered cumulatively are given in Figure 3 while the UPGMA dendrogram for the cumulative band data for the three methods is also depicted as a radial dendrogram as given in Figure 4. The PCA plot is given in Figure 5 for the data that considers groups of “tetraploid,” “pentaploid,” and “Other species” accessions as discrete “populations.”
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FIGURE 2. SPAR profile obtained in case of 57 genotypes of Pteris DNAs with the ISSR primer UBC-825 (A); PAMD primer HVR (B), and RAPD primer OP-H02 (C). The Lines are marked with sample names as abbreviated in Table 1. The lanes where DMA molecular size marker (Low Range Rnlei) was loaded are marked as MARKER. Sizes of the marker fragments (in bp) are indicated on the scale to the left of the first gel image in all three panels. All agarose gels for the profiles are 1.2% (w/v) in TBE 0.5X.
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FIGURE 3. The UPGMA dendrogram with 1000 replicate bootstrap analysis based on the Jaccard coefficient of similarity for all three SPAR methods (ISSR) were considered cumulatively. PV 1–PV 23: UP – Uttar Pradesh State except PV 3, that was from UKD - Uttarakhand State; PV 24 and PP 1: KER – Kerala State; PV 25–PV 26: MAH - Maharashtra State; PV 27– PV 29: TN – TamilNadu State; PV 30–PV 35: MEG - Meghalaya State; PV 36: SKM - Sikkim State; PV 37 and PV 39 PV 48: UP – Uttar Pradesh state; PV 38: MP – Madhya Pradesh State; PC 1–PC 4 and PE 2: UP – Uttar Pradesh State; PE 1: TN – TamilNadu State; PP 1: KER – Kerala State; PQ 1 and PT 1: TN – TamilNadu State. MP: Microsorum punctatum, used in the present study as an outgroup.
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FIGURE 4. UPGMA dendrogram of cumulative band data for 57 genotypes of Pteris depicted in a radial form after 1000 replicate bootstrap. PV1–PV 57 –57 genotypes of P. vittata from various locations of India (Table 1). PE: P. ensiformis, PQ: P. quadriaurita, PT: P. tremula, PC: P. cretica, PP: P. pellucida, MP: Microsorum punctatum (outgroup).
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FIGURE 5. PCA analysis of Pteris vitata.



ISSR Analysis

DNA from 57 different varieties of Pteris, were amplified using the microsatellite primers (oligonucleotides from 15 to 18 nucleotides long, with a few degenerate nucleotides) as given in Table 2. The typical ISSR profiles obtained for 57 Pteris genotypes with UBC-825 are depicted in Figure 2A. Primer UBC-825 seemed to generate a single band in all accessions of P. vittata. A total of 127 bands in the size range of 200–2400 bp were scored with the eight primers used. The bands obtained with all the primers were cumulatively considered for determining the Jaccard coefficient and the UPGMA dendrogram after a 1000 replicate bootstrap analysis of the data is shown in Figure 3A. The outgroup M. punctatum was clearly separated from the rest of the Pteris species. P. vittata is also well separated from other species but the group of accessions of P. vittata could be resolved into three prominent subclusters that included 27 (PV2, PV4, PV7, PV11-12, PV25-43), 19 (PV1, PV3, PV5-6, PV8-10, PV13-24), and two (PV47-48) accessions, respectively. The distribution of accessions in different sub-clusters in the UPGMA dendrogram was not congruent to their geographic provenance or their ploidy status.



DAMD Analysis

A distinctly polymorphic banding pattern was obtained with four minisatellite primers HVR(-), HBV, 33.6 and M13 after amplification of the Pteris genotypes and typical amplification profiles with the DAMD primers HVR are depicted in Figure 2B. Though no individual specific profile was obtained with the four DAMD primers, these exhibited a high extent of polymorphism across all the genotypes and a total of 194 bands were scored in the range of 200–3500 bp with the four DAMD primers. From the band data, Jaccard similarity coefficients and UPGMA dendrograms were computed as described for the ISSR method. The UPGMA tree after 1000 replicate bootstrapping is shown in Figure 3B. The dendrogram for the DAMD data could be resolved into five subclusters for the P. vittata accessions that included one (PV12), 24 (PV2, PV4, PV7, PV11, PV25-29, PV32-46), 19 (PV1, PV3, PV5-6, PV8-10, PV13-24), two (PV47-48), and two (PV30-31) accessions, respectively.



RAPD Analysis

A total of 16 RAPD primers (Table 2) were used for analysis of the P. vittata accessions. Typical RAPD profiles obtained with the primers OP-H02 in these fifty seven genotypes of Pteris and one outgroup M. punctatum are shown in Figure 2C. Cumulatively, these primers have resulted in a total of 390 bands in size from 200 to 3500 bp. The UPGMA dendrogram was generated after a 1000-replicate bootstrap analysis and is shown in Figure 3C. In the dendrogram, the outgroup M. punctatum is separated from the rest of the Pteris accessions with P. vittata also being separated from the cluster of other Pteris species. All the P. vittata accessions are grouped into three sub-clusters such that the first subcluster included 24 (PV1-24) accessions, the second included 22 (PV25-46) accessions, and the third subcluster included two (PV47-48) accessions.



Cumulative Analysis of the Data by All Three SPAR Methods

In all three methods, the pentaploid genotypes PV47 and PV48 were always separated out from rest of the genotypes indicating that these were substantially different from the rest of P. vittata accessions. Each of the individual SPAR methods resulted in a robust assessment of the diversity since the outgroup taxa (both non-vittata as well as non-Pteris outgroups) always separated from the genotypes of P. vittata. In all three cases, the clusters were not specific to any group of genotypes in terms of ploidy status or geographical provenance of the genotypes (Figures 3A–C). In order to, therefore, have a comprehensive description of the relative affinities of the genotypes to each other, the band data for all primers in the three methods were considered cumulatively and the resultant UPGMA dendrogram is shown in Figures 3D, 4 where it is depicted in a radial form to better illustrate the numbers and nature of the subclusters. This UPGMA dendrogram, after 1000 replicate bootstrap of the data results in a much clearer picture about the relative affinities of the genotypes to each other. The outgroup taxon M. punctatum is well separated from all the taxa. The group of taxa represented by P. ensiformis, P. quadriaurita, P. tremula, P. cretica, and P. pellucida is also well separated from all other Pteris genotypes. In the latter broad group, the P. vittata genotypes are included in three distinct subclusters well supported by a strong bootstrap values (Figure 3D). The radial tree illustrates these subclusters distinctly with the pentaploid accessions of P. vittata namely PV47 and PV48 again forming a distinct sub-cluster while the other two subclusters include 22 (PV25-46) and 24 (PV1-24) accessions, respectively. The cumulative dendrogram is most congruent to the RAPD data dendrogram than to DAMD and ISSR data dendrograms. The average similarities as well as the range of similarity values in case of each method as well as for all methods together are given in Table 3 which shows that the ISSR method detected the highest average similarities within the P. vittata genotypes while the RAPD and DAMD methods reveal almost similar averages. In general even when compared across other species of Pteris ISSR method always revealed the highest average similarities suggesting more similarities across the taxa in their SSR sequences. In order to determine the utility of each of the method used to assess the diversity in Pteris, at the intra- as well as inter-species levels, a comparative statistical assessment was done and MI, expected average heterozygosity, fraction of polymorphic loci and EMR were calculated in case of each of the methods used in the present study, as already described in the materials and methods. In case of ISSR-PCR within P. vittata accessions, the MI was 4.42, EMR was 12.3 and expected average heterozygosity was 0.36. At the other species level, the corresponding values for MI, EMR and expected heterozygosity were 9.36, 23.41, and 0.40, respectively (Table 4). Similarly, DAMD had MI as 11.55 (within P. vittata) and 8.38 (within other species), EMR as 27.5 and 21.25 within P. vittata and other species, respectively. DAMD method resulted in the highest marker index value 11.55 for P. vittata group and ISSR for other species group having the MI value 9.36. These results confirm that DAMD method results in the highest marker index as well as the least probability of a random match. RAPD method, at the intra species level, showed values of MI 6.34 (within P. vittata) and 4.67 (within other species), EMR 16.7 (within P. vittata) and 13.72 (within other species), expected average heterozygosity within P. vittata was 0.38 and within other species 0.34. Though the individual methods had high MI and related statistics, overall, the cumulative analysis of more than one SPAR method data seems to be more efficient and robust in describing inter- as well as intra-species relationships.


TABLE 3. Comparison of the average similarity determined by three SPAR methods as well as primer-combination PCR, within P. vittata and other species in the species set.
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TABLE 4. Comparison of efficiency of three SPAR methods for 57 genotypes of Pteris.
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The cumulative data for all three methods was resolved to indicate three groups or “populations,” respectively, for the 36 tetraploid, 12 pentaploid, and nine species accessions for the analysis of parameters like AMOVA, PCoA, and the other “population” parameters (Table 5). The AMOVA values clearly indicated a more than 3.5x fold greater variation within the accessions in the three groups than among the groups themselves (Table 6). The computed Nei’s original estimates for genetic distances among the populations are least between tetra- and pentaploids than between either of these with the other species (Table 7).


TABLE 5. Analysis of “population” similarity coefficients for the cumulative band data for all accessions considered as groups of tetraploid, pentaploid, and other species accessions.
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TABLE 6. AMOVA analysis of cumulative band data for all accessions considered as groups of tetraploid, pentaploid, and other species accessions.
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TABLE 7. Nei’s Original measure of genetic distance (above diagonal) calculated according to [see Nei (1973) Am. Nat. 106:283–292] and Unbiased Measures of genetic distance (below diagonal) calculated according to [see Nei (1978) Genetics 89:583–590].
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DISCUSSION

The use of molecular methods, especially PCR methods (SPAR methods) for the determination and analysis of genetic diversity in higher plants is very common and prolific over the past two decades since the RAPD method was first described by Welsh and McClelland (1990) and Williams et al. (1990). However, the use of SPAR methods in case of pteridophytes is not as prolific as in the case of the higher plants. The RAPD analysis method was found to be highly informative in case of other ferns or fern allies such as Dryopteris remota (A. Braun) Druce (Schneller et al., 1998), two species of Botrychium Swartz, namely B. minganense Vict. and B. crenulatum Wagner (Swartz and Brunsfeld, 2002), and Archangiopteris itoi Shieh (Hsu et al., 2000). In case of Alsophila spinulosa, Wang et al. (2004) have studied the population structure of this relict fern using RAPD and other PCR methods. We have earlier reported the use of SPAR methods for diversity analysis in case of P. vittata (Srivastava et al., 2008) and Equisetum species (Srivastava et al., 2009).

The occurrence of different cytotypes and possible subspecies in P. vittata suggests diversity of not only reproductive success in the P. vittata but also of the genetic diversity extant amongst the different genotypes. The molecular assessment of genetic diversity using SPAR methods can be determined easily and with these considerations, inter- as well as intra-species analysis was carried out in with 57 accessions of P. vittata as well as of other species of Pteris with M. punctatum considered as an out group taxon. The three SPAR methods individually as well as collectively did not distinguish the two polyploid cytotypes of P. vittata from each other. The SPAR profiles have revealed mostly polymorphic bands and no two profiles were identical. In the individual methods, the range of similarity coefficients amongst the P. vittata accessions was 0.61, 0.67, and 0.59, respectively, for ISSR, DAMD, and RAPD methods (Table 3). The corresponding values for accessions of different species of Pteris used in the study are 0.81, 0.94, and 0.83, respectively, for the three methods. In both cases the DAMD method seemed to resolve the wider range indicating that this method may a better resolution of the polymorphism in the profiles. This is clearly supported by the computation of marker index (Table 4) that was the highest among all three methods in case of accessions of P. vittata while in case of the accessions of the other species Pteris the ISSR and DAMD had relatively higher values of MI though the MI for ISSR was higher than that for DAMD. Clearly, for intra-species comparison, the DAMD was superior to all other methods while for the inter-species comparison, ISSR method was more informative. In case of mulberry Bhattacharya et al. (2005) have observed that DAMD had the higher MI than ISSR and RAPD in a set that included exotic and indigenous accessions of mulberry. On the other hand, in case of accessions of betelvine (Piper betle L.), when these were compared using SPAR methods to distinguish between genders, the ISSR method was found to have the higher MI (Ranade et al., 2011). The marker index is a measure of the ability of the method to resolve the greatest polymorphism and the fact that DAMD method has such a resolving power is also borne out by the observations made in case of papaya (Saxena et al., 2005), mango (Srivastava et al., 2007). This resolving power of the method may be due to the possibility that the minisatellite sequences in a genome are more frequently subjected to inversions due to which the SPAR profile can be obtained with the minisatellite primers in DAMD method. These profiles are actually of regions between successive minisatellite regions and thus represent length polymorphism for these regions across a set of accessions compared.

The cumulative band data was resolved to reflect three groups as discrete “populations” and included all tetraploid accessions in one group, all pentaploid accessions in another and accessions of different species in the third group. In this case the tetraploid accessions showed the highest range of similarities for all three methods cumulatively while the least range was in case of the pentaploid accessions. Thus the pentaploid accessions differed from each other in a narrower range than the tetraploid accessions. The greater range of similarity values in the tetraploid accessions indicates a greater diversity amongst these accessions and this is supported by estimates of mean Shanon’s Informative index as well as mean estimate of Nei’s gene diversity (Table 8). The schema for generation of higher polyploid cytotypes of P. vittata (Khare and Kaur, 1983a) involves hybridisation between diploids, triploids, and tetraploids. According to this the pentaploid cytotypes are thought to have derived from some of the tetraploid. Since the hybridisation is suggested as the dominant route for polyploidisation the different genomes involved are not necessarily multiple copies of each other. If this is true we will not obtain any high similarities between and amongst the different polyploidy accessions of P. vittata. However, considering that the schema for pentaploid accessions to be formed invokes only a common hybridisation approach it is possible that the mechanisms for generating the different pentaploid accessions used in the present study are more similar than they are different. Hence more pentaploids are similar to each other to a greater extent than the tetraploids are similar to each other. The UPGMA dendrogram based on the Jaccard coefficient of similarity showed that the accessions were clustered into four major clades with no specific correlation between ploidy types or geographical origin. The accessions of different species of Pteris formed a separate clade (Figures 3, 4). The dendrogram was robust in separating out the non-Pteris outgroup taxon, M. punctatum. The UPGMA dendrogram reveals that 48 P. vittata accessions are resolved into three subclusters (Figure 4) and does not show any ploidy specific distribution of the genotypes. These results are consistent with the complexity of the species. However, since no correlation was obtained with the polyploidy types and their relative affinities to each other, it is not possible to state with any certainty that the greater diversity in P. vittata genotypes is due to the polyploid cytotypes that they include. In other pteridophytes like Adiantum pedatum L., incipient polyploidisation has also been reported (Rabe and Haufler, 1992) and this mechanism could operate in P. vittata too.


TABLE 8. Analysis of “population” parameters for the cumulative band data for all accessions considered as groups of tetraploid, pentaploid, and other species accessions.

[image: Table 8]

For the present study 48 P. vittata (36 tetraploid and 12 pentaploid) and five of other species (four P. cretica, one P. pellucida, one P. tremula, one P. quadriaurita, and two P. ensiformis) accessions were used. The UPGMA dendrograms were generated for each method separately (Figures 3A–C), respectively, as well as for all methods cumulatively (Figures 3D, 4), after a 1000 replicate bootstrap analysis. In each case the outgroup taxon, M. punctatum was well separated from the Pteris species clusters. Further in each method as well as collectively by all methods, the three different species of Pteris always separated. The dendrogram clearly shows that the P. vittata accessions were resolved into three subclusters suggesting that many possible genetic lineages since the sub-clusters were not based on any geographical or polyploidy status of the accessions.

The increased number of genotypes particularly in case of P. vittata resulted in assessment of a wide range of average similarities for each method individually as well as for the cumulative data (Table 4). A similar trend was observed even for within Pteris species comparison. This is an important observation. In order that the best estimate of diversity is determined, it is essential that an adequately large number of genotypes are sampled. This is further illustrated from comparison of different methods. Thus we observed that marker index determined by RAPD, DAMD, and ISSR methods increased from 5.1 to 6.34, 11.31 to 11.55, and 3.51 to 4.22, respectively, in case of larger number of genotypes relative to smaller number of genotypes used (Table 4). At the level of individual methods highest MI was obtained for DAMD method. This suggest that DAMD analysis can differentiate more genotypes per assay in P. vittata, however, when other species are also considered in the same analysis we found ISSR to have the highest MI (Table 4). The parameters of MI or EMR have been assessed in a large number of plants as well as for two or more PCR methods used in the same set of genotypes. However, the values determined for a given set of methods and for a given set of genotypes, reveal a relatively better or the best method for the comparative studies. In case of pteridophytes, however, no such calculations have ever been made to our knowledge.

In higher plants there are several reports of more than one SPAR method used for determining the genetic diversity. The different SPAR methods generate genome-wide profiles in the sense that the profiles originate from several discrete regions spread through the genome. However, the nature of amplifiable sequences in each method differs considerably. For example, RAPD profiles originate from randomly distributed sequences to which the primers can anneal; the ISSR profiles originate from regions rich in microsatellite sequences while the DAMD profiles are due to the minisatellite-rich regions of the genomes. In a few cases any or all of these regions could overlap due to interspersion of sequence types or classes. Hence the genotype affinities to each other may not always be the same by all methods. Under these circumstances a cumulative analysis of the data generated in each method may enable the most comprehensive assessment of the genomic affinities of the genotypes used in the study. Recently two studies in case of horticultural crops papaya and mango have shown that a combined analysis using two or more SPAR methods also enable the correlation with genotypes studied; as was found in case of papaya for pulp colour and incase of mango for pedigree on parentage of the genotypes (Saxena et al., 2005; Srivastava et al., 2007). The separate analysis of data generated by each method, however, allows the determination of parameters such as MI and average heterozygosity that in turn qualify a given method as the most useful or informative method for a given set of genotypes or for a given set of the taxa.

These analyses in the present study also have enabled conclusion about the most useful methods for diversity analysis in the fern P. vittata L. Interestingly, such a study is unique in case of the ferns to our knowledge. DAMD method in most cases resulted in the highest MI values indicating that the minisatellite sequences may have a greater role in genome diversification.
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SPAR method Primer name Primer sequence from 5’ to 3’

(primer source) (length)
RAPD (QOP) OP-FO7 CCGATATCCC (10 mer)
OP-F08 GGGATATCGG (10 mer)
OP-GO7 GAACCTGCGG (10 mer)
OP-G09 CTGACGTCAC (10 mer)
OP-G12 CAGCTCACGA (10 mer)
OP-G15 ACTGGGACTC (10 mer)
OP-G17 ACGACCGACA (10 mer)
OP-H02 TCGGACGTGA (10 mer)
OP-HO3 AGACGTCCAC (10 mer)
OP-HO06 ACGCATCGCA (10 mer)
OP-HO7 CTGCATCGTG (10 mer,
OP-HO08 GAAACACCCC (10 mer)
OP-H11 CTTCCGCAGT (10 mer,
OP-M05 GGGAACGTGT (10 mer)
OP-MO07 CCGTGACTCA (10 mer)
OP-M11 GTCCACTGTG (10 mer)
OP-U06 ACCTTTGCGG (10 mer,
OP-U08 GGCGAAGGTT (10 mer)
OP-U11 AGACCCAGAG (10 mer)
OP-U13 GGCTGGTTCC (10 mer)
OP-U15 ACGGGCCAGT (10 mer)
OP-WO1 CTGAGTGTCC (10 mer)
OP-W03 GTCCGGAGTG (10 mer)
OP-Z09 CACCCCAGTC (10 mer)
OP-Z10 CCGACAAACC (10 mer)
DAMD (BGE) HVR CCTCCTCCCTCCT (13 mer)
HBV GGTGTAGAGAGGGGT (15 mer)
33.6 GGAGGTGGGCA (11 mer)
M13 GAGGGTGGCGGTTCT (15 mer)
ISSR (UBC) 825 (AC)gT (17 mer)
854 (TC)sRG (18 mer)
855 (AC)sYT (18 mer)
868 (GAA) (18 mer)
873 (GACA)4 (16 mer)
879 (CTTCA)3 (15 mer)
888 BDB(CA)7 (17 mer)
889 DBD(AC)7 (17 mer)

Initially larger numbers of primers were screened.

From amongst these those giving clear, reproducible profiles with all template DNAS
tested are detailed below.

Data from these primers was used for all further analyses.

B=(C, G, T),ie,notA;D=(A G, T),ie,notC,R=(A G),Y=(C,T).

BGE = Bangalore Genei, India; QOP = Qiagen Operon Company, United States,
UBC = University of British Columbia, Canada.
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In all cases, leaf tissue was harvested, mopped free of dirt and stored over silica-gel

in dry form in packets as described.

The sample number refers to the numbers assigned to the tissue samples.

MP2: Microsorum punctatum, used in the present study as an outgroup; NA:
voucher number not available; ND: Ploidy not determined; LP: Live plants, FH,
NBRI, Lucknow, UP; DNS: Did not survive.
Planting materials was collected at the referred locality and planted at the FH, NBRI,
Lucknow, UR However, plants died within a couple of months.
Location Abbreviations: AP — Arunachal Pradesh State; ASM — Assam State; FH,
NBRI, Lucknow, UP — Fern House at National Botanical Research Institute (NBRI),
Lucknow, Uttar Pradesh; KER — Kerala State; MAH - Maharashtra State; MEG -
Meghalaya State; MP — Madhya Pradesh State; TN — TamilNadu State; UKD —
Uttarakhand State; UP — Uttar Pradesh State; SKM — Sikkim State.
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Genic Variation Statistics for 711 loci when single populations are considered were determined according to Saitou and Nei (1987) [Molecular Evolutionary Genetics
(p. 176-187)], where na* = Observed number of alleles; ne* = Effective number of alleles according to Kimura and Crow (1964); h* = Nei's gene diversity (1973), and
I* = Shannon’s Information index according to Lewontin (1972).
Nm* = estimate of gene flow from Gst as Nm = 0.5(1-Gst)/Gst according to McDermott and McDonald (1993).

Nei's Analysis of Gene Diversity in Subdivided Populations were computed basically according to Saitou and Nei (1987).
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