



Molecular Variability Analysis in Advanced Breeding Lines of Jasminum sambac Using SSR Markers

Abstract

 
This study investigates molecular variability among 30 advanced breeding lines (ABLs) of Jasminum sambac (Mysuru mallige), a commercially significant ornamental and aromatic plant, using 15 Simple Sequence Repeat (SSR) markers. High-quality genomic DNA was extracted using an optimized cetyltrimethylammonium bromide (CTAB) method and amplified with 14 SSR markers producing scorable amplicons. Genetic diversity parameters, including the number of different alleles (Na), number of effective alleles (Ne), Shannon’s information index (I), expected heterozygosity (He) and polymorphic information content (PIC), were analyzed using GenAlEx and POWERMARKER software. The results revealed moderate genetic variability, with mean values of Na = 1.64, Ne = 1.25, I = 0.21, He = 0.12 and PIC = 0.12. Primer Js079 exhibited the highest diversity (Na = 3.00, Ne = 2.43, I = 0.96, He = 0.59, PIC = 0.57), underscoring its utility in genotype differentiation. These findings highlight the effectiveness of SSR markers in assessing genetic diversity and provide critical insights for breeding programs aimed at enhancing genetic variation and improving traits such as flower yield and disease resistance in Jasminum sambac.
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1. Introduction

Jasminum sambac, commonly known as jasmine or Mysuru mallige, is a highly valued ornamental and aromatic plant widely cultivated for its fragrant flowers, which are used in perfumes, garlands and religious ceremonies. Its economic importance in horticulture and floriculture necessitates the development of improved cultivars with enhanced traits such as increased flower yield, disease resistance and environmental adaptability. Genetic diversity is a cornerstone of plant breeding, providing the raw material for selection and hybridization to achieve these goals. However, the genetic base of Jasminum sambac is often narrow due to limited germplasm diversity and repeated use of elite lines in breeding programs (Ghosh et al., 2020).

Agro-morphological characters expression is often strongly influenced by environmental factors and diversity estimates based on such data may poorly reflect actual levels of genetic variance. So better understanding of genetic diversity has been successfully achieved in recent times by applying molecular marker techniques, in many species. Dominant DNA markers like RAPD and ISSR molecular markers were used successfully in jasmine ecotypes/ genotypes and carried out diversity analysis (Shekhar S and Prasad M.P., 2014, Chaithanya et al., 2020, Sanchita Ghosh et al., 2020 & Naeem Akhtar et al., 2021. But the molecular markers, such as Simple Sequence Repeats (SSRs), are powerful tools for assessing genetic diversity due to their high polymorphism, co-dominance and reproducibility (Vieira et al., 2016). SSRs have been successfully employed in various plant species to study genetic variation, population structure and marker-assisted selection (MAS) (Morgante & Olivieri, 1993; Li et al., 2015). In Jasminum sambac, SSR markers offer a reliable approach to evaluate molecular variability in advanced breeding lines, which are selected lines developed through controlled crosses or selections for specific traits. Understanding the genetic diversity within ABLs is critical for identifying superior genotypes and guiding breeding strategies to develop high-performing cultivars.

This study aims to assess the molecular variability among 30 advanced breeding lines of Jasminum sambac using 15 SSR markers. The objectives include: (1) extracting high-quality genomic DNA using an optimized CTAB method, (2) evaluating genetic diversity through SSR genotyping and (3) analyzing genetic parameters to inform breeding strategies. The findings provide valuable insights into the genetic structure of Jasminum sambac advanced breeding lines and highlight the potential of SSR markers in supporting marker-assisted breeding for improved cultivars.

2. Materials and Methods 

2.1 Sample collection and preparation

Plant Material Thirty advanced breeding lines of Jasminum sambac (Mysuru mallige), sequentially numbered from 1 to 30 with corresponding accession numbers, were used in this study. These lines were sourced from a breeding program focused on enhancing flower yield and disease resistance. Leaf samples were collected from fully expanded second or third leaf pairs during early morning hours to ensure optimal tissue quality. Leaves were placed between aluminum foil sheets, rinsed with distilled water to remove contaminants and dried with tissue paper to eliminate residual moisture, following standard protocols to minimize degradation (Doyle & Doyle, 1990).

2.2 DNA isolation protocol

Genomic DNA was extracted from 100 mg of fresh leaf tissue using a modified cetyltrimethylammonium bromide (CTAB) method optimized for Jasminum sambac (Doyle & Doyle, 1990). The modification included the addition of polyvinylpyrrolidone (PVP) to mitigate phenolic interference, which is prevalent in jasmine leaves due to high phenolic and polysaccharide content (Porebski et al., 1997). Leaf tissue was ground into a fine paste in liquid nitrogen with a pinch of PVP. The paste was mixed with 500 μl of CTAB buffer (2% CTAB, 100 mM Tris-HCl pH 8.0, 20 mM EDTA, 1.4 M NaCl) and 10 μl of β-mercaptoethanol (0.2% v/v), then incubated at 60°C for 30 minutes. The mixture was centrifuged at 10,000 rpm for 10 minutes and the supernatant was extracted twice with 500 μl of chloroform/isoamyl alcohol (24:1) (Murray & Thompson, 1980). The aqueous phase was precipitated with 500 μl of cold isopropanol at -20°C for 2–24 hours. After centrifugation at 12,000 rpm for 15 minutes, the DNA pellet was washed with 70% ethanol, air-dried and dissolved in 50 μl of TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0). To remove RNA contamination, 3 μl of RNase A (10 mg/ml) was added, incubated at 37°C for 5 minutes and inactivated at 85°C for 5–10 minutes. DNA samples were stored at -20°C for subsequent analysis.

2.3 DNA quality assessment 
DNA quality was evaluated using 0.8% agarose gel electrophoresis in 1X TBE buffer (89 mM Tris, 89 mM boric acid, 2 mM EDTA) stained with 5 μl of ethidium bromide. A mixture of 7 μl DNA and 3 μl bromophenol blue was loaded and electrophoresis was conducted at 80 volts for 1.5 hours. Gels were visualized under UV light to confirm DNA integrity. DNA purity was assessed using a Nanodrop spectrophotometer, with OD260/OD280 ratios between 1.8 and 2.0 indicating high purity suitable for molecular analysis.

2.4 SSR marker selection and PCR amplification
Fifteen SSR markers, previously developed for Jasminum sambac (Li et al., 2015), were selected based on their polymorphism and reproducibility (Table 1). DNA samples were normalized to 50 ng/μl for PCR amplification. The PCR reaction mixture (10 μl) consisted of 2 μl DNA template (50 ng/μl), 5 μl 2X Master Mix (containing Taq polymerase, dNTPs and MgCl₂), 1 μl each of forward and reverse primers (10 pM/μl) and 1 μl sterile water. Amplification was performed in a thermal cycler with the following conditions: initial denaturation at 94 °C for 5 minutes, followed by 34 cycles of denaturation at 94°C for 1 minute, annealing at 48 °C for 1 minute, extension at 72 °C for 1 minute and a final extension at 72 °C for 5 minutes.
2.5 SSR product visualization 
PCR products were separated on 3% agarose gels in 1X TBE buffer stained with ethidium bromide, following the protocol of Arias et al. (2011). Electrophoresis was conducted at 100 volts for 2 hours and gels were visualized under UV light using a gel documentation system to record band patterns.

2.6 Data analysis

 Alleles were scored as ‘1’ (present) or ‘0’ (absent) based on the presence of bands, treating SSR markers as dominant to minimize allelic misassignment due to potential stuttering or null alleles (Peakall & Smouse, 2012). Genetic diversity parameters, including the number of different alleles (Na), number of effective alleles (Ne), Shannon’s information index (I) and expected heterozygosity (He), were calculated using GenAlEx version 6.5 (Peakall & Smouse, 2012). Polymorphic information content (PIC) was determined using POWERMARKER version 3.0 (Liu & Muse, 2005). 

3. Results 
3.1 DNA extraction and quality 
The modified CTAB protocol yielded high-quality genomic DNA, with OD260/OD280 ratios ranging from 1.8 to 2.0, indicating minimal contamination by proteins or phenolics. Agarose gel electrophoresis revealed intact DNA bands with no smearing, confirming suitability for SSR analysis. The use of PVP and liquid nitrogen effectively mitigated the challenges posed by high phenolic and polysaccharide content in Jasminum sambac leaves, consistent with findings by Porebski et al. (1997).

3.2 SSR marker amplification
Of the 15 SSR markers, 14 produced scorable amplicons across the 30 advanced breeding lines, with amplicon sizes ranging from 143 bp (Js077) to 285 bp (Js021). Primer Js076 failed to amplify consistently, likely due to primer mismatch or low specificity and was excluded from further analysis. The remaining primers exhibited distinct banding patterns, facilitating accurate allele scoring.
3.3 Genetic diversity parameters 
The genetic diversity parameters are summarized in Table 2. The number of different alleles (Na) ranged from 1.00 to 4.00, with a mean of 1.64. Primer Js077 exhibited the highest Na (4.00), followed by Js011 and Js079 (3.00 each). Nine primers (Js064, Js040, Js004, Js085, Js010, Js100, Js020, Js021, Js030) were monomorphic, indicating limited allelic variation at these loci. The number of effective alleles (Ne) ranged from 1.00 to 2.43, with a mean of 1.25, with Js079 showing the highest Ne (2.43). Shannon’s information index (I) ranged from 0.00 

Table 1. List of SSR primer pairs screened, including annealing temperatures, size ranges and repeat motifs.
	Sl. 
No.
	Primer
	Primer Sequence (5’-3’)
	Annealing 
temperature 
(℃)
	Size 
range 
(bp)
	Repeat 
motif

	
	
	
	
	
	

	1
	Js011
	AACATCCAAACAGGCCAAAA
	48
	206
	(CA) 9

	
	
	CAGAAGGAATCCACCCTTCA
	
	
	

	2
	Js012
	GACGGTCGGTCCTCACTTTA
	48
	228
	(GAC) 5

	
	
	ACTTGAATGGATCAAACGGC
	
	
	

	3
	Js020
	ACATGAATCGAGGAAAACCG
	48
	269
	(TTC) 5

	
	
	GAATGGCGAAGGAAAATGAA
	
	
	

	4
	Js021
	GAAGAGGGAACTACCCGGTC
	48
	275-285
	(GT) 6

	
	
	ATGAGAGCAAAGAGGGGACA
	
	
	

	5
	Js004
	CCAAATTGTCATTGGGCTCT
	48
	214
	(CTT) 5

	
	
	GCTAGCTTTGATGGGTTGGA
	
	
	

	6
	Js010
	TGCGAAGACTCTCAGCAGAA
	48
	189
	(AG) 6

	
	
	AACAGCTTCACGCTCTCCTC
	
	
	

	7
	Js030
	AACTCCGTGTACTCCGCAAG
	48
	245-251
	(GA) 6

	
	
	GCGAAAATCAAACTGCCATC
	
	
	

	8
	Js040
	GTAGATTCGGCGTTACTCGG
	48
	204-213
	(AAG) 6

	
	
	CTTTTCTTCATAGCCCGACG
	
	
	

	9
	Js061
	TCTTGGGTTGGCTTCAGAAC
	48
	242
	(AGC) 5

	
	
	CAGCGAAGTGAGTCTGGTCA
	
	
	

	10
	Js064
	TCAACGCCTTAAATTGCTTG
	48
	275-281
	(CT) 6

	
	
	CCACAAACCTTCGAGGAGAC
	
	
	

	11
	Js079
	CAAGAAAATTGACCCCATCG
	48
	157-163
	(TA) 7

	
	
	GACTTGGTCGCCATTGTTTT
	
	
	

	12
	Js077
	TTTGCCATCAATGTCTCCCT
	48
	143
	(GT) 9

	
	
	CCTGTTCCTGTTTCCATCAGA
	
	
	

	13
	Js085
	CCATGGACAAACATTGTGGA
	48
	204-207
	(AAC) 5 (AGC) 5

	
	
	TTTCAAAGAGCGGAACCAGT
	
	
	

	14
	Js100
	AAGCATCGAGAATCGAGCATA
	48
	230
	(AG) 6

	
	
	AACTCATCCTCCCCCACG
	
	
	

	15
	Js076
	TGTAACGCGAAACGGAATTT
	48
	163-172
	(TGG) 6

	
	
	TGTAACGCGAAACGGAATTT
	
	
	


to 0.96 (mean = 0.21), with Js079 being the most informative (I = 0.96). Expected heterozygosity (He) ranged from 0.00 to 0.59 (mean = 0.12), with Js079 again showing the highest value (He = 0.59). Polymorphic information content (PIC) ranged from 0.00 to 0.57 (mean = 0.12), with Js079 having the highest PIC (0.57), followed by Js077 (0.50) and Js011 (0.45).

The pattern indicates that advanced breeding lines with higher allelic diversity at polymorphic loci (Js079, Js077, Js011) are more genetically distinct, making them potential candidates for breeding programs targeting diverse traits.

Discussion 
The effectiveness of DNA extraction using the modified CTAB protocol, incorporating PVP and liquid nitrogen, effectively addressed the challenges of extracting high-quality DNA from Jasminum sambac leaves, which are rich in phenolic compounds and polysaccharides (Porebski et al., 1997). The OD260/OD280 ratios (1.8–2.0) and intact DNA bands on agarose gels confirmed the suitability of the extracted DNA for SSR analysis, aligning with previous studies on aromatic plants (Farooq et al., 2020). The use of β-mercaptoethanol and chloroform/isoamyl alcohol extractions further enhanced DNA purity by removing secondary metabolites, consistent with protocols optimized for woody plants (Murray & Thompson, 1980).

The amplification success of 14 out of 15 SSR markers demonstrates their reliability for genetic diversity studies in Jasminum sambac. The failure of marker Js076 to amplify consistently may be attributed to primer-template mismatches or low annealing specificity, a common issue in SSR studies (Vieira et al., 2016). The five polymorphic markers (Js011, Js077, Js079, Js012, Js061) provided sufficient variation to differentiate genotypes, with Js079 being the most informative due to its high Na, Ne, I, He and PIC values. These findings are consistent with studies on other ornamental plants, where SSR markers with high PIC values (>0.5) are considered highly informative for genetic differentiation (Kalia et al., 2011).

Genetic diversity and breeding implications: The mean genetic diversity parameters. (Na = 1.64, Ne = 1.25, I = 0.21, He = 0.12, PIC = 0.12) indicate a relatively narrow genetic base among the 30 advanced breeding lines, likely due to the use of closely related parental lines in the breeding program. The predominance of monomorphic markers (9 out of 14) suggests a high degree of homozygosity at these loci, which may limit the potential for trait improvement through 
	Locus
	No. of Different Alleles 

(Na)
	No. of Effective Alleles 

(Ne)
	Shannon's Information Index (I)
	Expected Heterozygosity

 (He)
	Polymorphic Information Content 

(PIC)
	Polymorphic/ Monomorphic

	Js011
	3
	2.14
	0.86
	0.53
	0.45
	Polymorphic

	Js077
	4
	1.72
	0.76
	0.42
	0.50
	Polymorphic

	Js079
	3
	2.43
	0.96
	0.59
	0.57
	Polymorphic

	Js012
	2
	1.14
	0.24
	0.12
	0.12
	Polymorphic

	Js061
	2
	1.07
	0.15
	0.06
	0.06
	Polymorphic

	Js064
	1
	1.00
	0.00
	0.00
	0.00
	Monomorphic

	Js040
	1
	1.00
	0.00
	0.00
	0.00
	Monomorphic

	Js004
	1
	1.00
	0.00
	0.00
	0.00
	Monomorphic

	Js085
	1
	1.00
	0.00
	0.00
	0.00
	Monomorphic

	Js010
	1
	1.00
	0.00
	0.00
	0.00
	Monomorphic

	Js100
	1
	1.00
	0.00
	0.00
	0.00
	Monomorphic

	Jso20
	1
	1.00
	0.00
	0.00
	0.00
	Monomorphic

	Js021
	1
	1.00
	0.00
	0.00
	0.00
	Monomorphic

	Js030
	1
	1.00
	0.00
	0.00
	0.00
	Monomorphic

	Mean
	1.64
	1.25
	0.21
	0.12
	0.12
	


 Table 2. Genetic attributes of SSR primer pairs amplified in advanced breeding lines of Jasminum sambac
selection (Mukundan, 2000, Shekhar and Prasad, 2014). However, the polymorphic markers, particularly Js079, revealed moderate variability that can be exploited for breeding purposes. The high PIC value of Js079 (0.57) indicates its potential for marker-assisted selection (MAS) to identify genotypes with desirable traits, such as enhanced flower yield or disease resistance (Powell et al., 1996 & Sanchita Ghosh et al 2020).

This differentiation can guide the selection of diverse parents for hybridization to increase genetic variation and improve agronomic traits. Introducing exotic germplasm or wild relatives of Jasminum sambac could further broaden the genetic base, as demonstrated in other crops like rose and chrysanthemum (Aparna et al., 2019; Mekapogu et al., 2023 and 2025).

The optimization of PCR conditions, including annealing temperature (48 °C) and magnesium concentration (within the 2X Master Mix), was critical for achieving reliable amplification. Variations in these parameters can significantly affect SSR marker performance, as noted by Mukundan (2000). Future studies could explore additional SSR markers or next-generation sequencing (NGS)-based approaches, such as genotyping-by-sequencing (GBS), to uncover additional genetic variation (Elshire et al., 2011).

Comparison with recent studies on genetic diversity in ornamental plants have similarly utilized SSR markers to assess variability and guide breeding. For instance, Mekapogu et al. (2023 and 2025) reported moderate genetic diversity in chrysanthemum cultivars using SSR markers, with PIC values ranging from 0.4 to 0.6, comparable to the findings for Js079 in this study. Similarly, Aparna et al. (2019) demonstrated the utility of SSR markers in identifying diverse rose genotypes for hybridization. These studies underscore the importance of molecular tools in modern plant breeding and validate the approach used in this study for Jasminum sambac.

Conclusion 
This study demonstrates the utility of SSR markers in assessing molecular variability among 30 advanced breeding lines of Jasminum sambac. The modified CTAB protocol effectively yielded high-quality DNA, enabling reliable SSR genotyping. Five polymorphic markers, particularly Js079, revealed moderate genetic diversity, with Js079 being the most informative for genotype differentiation. However, the overall narrow genetic base, indicated by low mean values of Na, Ne, I, He and PIC, highlights the need to introduce diverse germplasm to enhance variability. These findings provide a foundation for marker-assisted selection in Jasminum sambac breeding programs, targeting improved traits such as flower yield, fragrance and disease resistance. Future research should focus on expanding the SSR marker set and integrating genomic approaches to further elucidate the genetic structure of Jasminum sambac and support the development of superior cultivars.
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