


IDENTIFICATION OF POLYMORPHIC SSR MARKERS FOR RAPID HYBRIDITY CONFIRMATION AND GENETIC PURITY ASSESSMENT OF SUNFLOWER (Helianthus annuus L.) HYBRID KBSH-78


ABSTRACT
The maintenance of genetic purity is a fundamental prerequisite for ensuring the commercial success, seed quality and varietal integrity of hybrid crops. Conventional grow-out tests (GOT) widely employed for genetic purity evaluation are laborious, time-consuming and influenced by environmental conditions highlighting the need for rapid, reliable and reproducible molecular approaches. The present study was undertaken to identify informative polymorphic simple sequence repeat (SSR) markers for rapid hybridity confirmation and genetic purity assessment of sunflower (Helianthus annuus L.) hybrid KBSH-78 and its parental lines. A total of twenty SSR primer pairs were screened to detect polymorphism between the hybrid and its corresponding seed parent (CMS-78A) and pollen parent (RHA-78R). Among the primers evaluated, eighteen produced monomorphic amplification patterns, whereas two primers, HA3640 and HA4011 exhibited clear and reproducible polymorphism capable of effectively distinguishing the hybrid from its parental lines. Primer HA3640 amplified a 200 bp allele specific to the seed parent and a 150 bp allele specific to the pollen parent, while primer HA4011 amplified a 150 bp allele in the seed parent and a 100 bp allele in the pollen parent. The simultaneous presence of both parental alleles in the hybrid unequivocally confirmed its hybridity. Both informative markers exhibited a polymorphic information content (PIC) value of 0.375 demonstrating their effectiveness for hybrid identification and genetic purity assessment. The identified SSR markers provide a rapid, accurate, reproducible and environment-independent alternative to conventional grow-out testing and have significant potential for routine genetic purity testing, seed certification, varietal authentication and quality assurance in commercial sunflower hybrid seed production programmes.
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INTRODUCTION
The increasing global demand for high-quality vegetable oils, driven by rapid population growth, changing dietary habits, expanding food-processing industries and the growing utilization of plant-derived renewable resources, has intensified the need to improve the productivity, quality and sustainability of oilseed crops (FAO, 2024)). Among the cultivated oilseed species, sunflower (Helianthus annuus L.) occupies a prominent position because of its superior oil quality, high proportion of unsaturated fatty acids, broad ecological adaptability and remarkable response to genetic improvement. Sunflower oil is highly valued for its favourable nutritional composition, particularly its high oleic and linoleic acid content and is widely recognized as one of the healthiest edible vegetable oils (Bozorova et al., 2026). Besides its importance as an edible oil crop, sunflower contributes substantially to confectionery production, livestock feed, biodiesel, pharmaceuticals, cosmetics and several industrial applications, thereby playing a significant role in global food, nutritional, energy and economic security (García-Vila et al., 2012 and Guo et al., 2017). Its photo-insensitive nature, relatively short crop duration and adaptability to diverse agro-climatic conditions further enhance its importance as a sustainable oilseed crop under changing climatic scenarios (Pandey, 2018).
The remarkable improvement in sunflower productivity over the past several decades has been largely attributed to the successful exploitation of heterosis through hybrid breeding. The introduction of cytoplasmic male sterility (CMS)-based hybrid technology revolutionized commercial sunflower seed production by enabling economical large-scale production of genetically uniform hybrids (Tyagi et al., 2020 and Meena et al., 2022). Compared with open-pollinated cultivars, commercial hybrids generally exhibit superior seed yield, higher oil content, improved resistance to diseases, enhanced tolerance to abiotic stresses and greater yield stability across diverse production environments. Consequently, hybrid breeding has become the cornerstone of modern sunflower improvement programmes. However, the successful realization of hybrid vigour depends fundamentally on maintaining high genetic purity of both parental lines and commercial hybrid seed lots throughout the seed production chain (Meena, 2015 and Sharma & Shadakshari, 2021).
Genetic purity is one of the most important attributes of seed quality because it ensures the preservation of varietal identity, genetic integrity and phenotypic uniformity from breeder seed production to commercial cultivation (Pallavi et al., 2011). Even minor levels of genetic contamination arising from pollen shedders, unintended cross-pollination, volunteer plants, mechanical admixtures, inadequate isolation or accidental seed mixing during harvesting, processing and storage may adversely affect varietal uniformity, flowering synchrony, crop establishment, seed yield, oil quality and overall agronomic performance (Sendekie, 2020). Such contamination often results in phenotypic segregation, inconsistent maturity and deterioration of hybrid performance, ultimately causing economic losses to seed producers and reducing farmers' confidence in hybrid seed. Therefore, accurate assessment and maintenance of genetic purity have become indispensable components of hybrid seed production, seed certification and quality assurance programmes worldwide (Vanangamudi, 2010 and Sinha et al., 2023).
Conventionally, genetic purity of hybrid seeds has been evaluated through the Grow-Out Test (GOT), which remains the officially recognized method in many seed certification systems. The GOT assesses varietal identity based on morphological descriptors expressed under field conditions and enables the identification of off-type plants through phenotypic observations (Olumide & Bankole, 2025). Although widely accepted, the method is labour-intensive, time-consuming, season-dependent and requires considerable land, skilled manpower and financial resources. Moreover, the expression of morphological traits is frequently influenced by environmental conditions and genotype × environment interactions, thereby reducing the accuracy and reproducibility of genetic purity assessment. Biochemical markers were subsequently introduced to overcome some of these limitations; however, their relatively low polymorphism and limited reproducibility restricted their effectiveness for distinguishing closely related parental lines and hybrids. These shortcomings have accelerated the adoption of DNA-based molecular markers, which provide rapid, precise and environment-independent assessment of genetic variation (Kovincic et al., 2023).
Advances in molecular genetics have revolutionized genetic purity testing by enabling direct detection of DNA polymorphisms independent of environmental influences or developmental stage. Various molecular marker systems, including Restriction Fragment Length Polymorphism (RFLP), Random Amplified Polymorphic DNA (RAPD), Amplified Fragment Length Polymorphism (AFLP), Inter-Simple Sequence Repeat (ISSR), Sequence Characterized Amplified Region (SCAR), Simple Sequence Repeat (SSR), Single Nucleotide Polymorphism (SNP) and genotyping-by-sequencing (GBS), have been successfully utilized for genetic diversity analysis, cultivar identification, hybridity confirmation, marker-assisted breeding and genetic purity assessment in numerous crop species (Smith & Register, 1998; Josia et al., 2021; Bhatia & Bajwa, 2022 and Sinha et al., 2023 ). 
Among these, Simple Sequence Repeat (SSR) markers, also known as microsatellites, are regarded as one of the most informative and reliable marker systems. SSRs are short tandemly repeated DNA sequences consisting of one to six nucleotide motifs distributed throughout plant genomes. Variations in repeat number among genotypes generate length polymorphisms that can be readily detected by polymerase chain reaction (PCR) using locus-specific primers (Kalia et al., 2011; Mason, 2014 and Vieira et al., 2016). Owing to their co-dominant inheritance, high polymorphism, locus specificity, reproducibility and multi-allelic nature, SSR markers enable simultaneous detection of both parental alleles in hybrid progenies, allowing unequivocal confirmation of hybridity and accurate discrimination between parental lines and their hybrids (Kukanur, 2016 and Sherakhane at al., 2025). Furthermore, SSR-based assays require only small quantities of DNA, can be performed at early stages of plant development and are unaffected by environmental conditions, making them highly suitable for routine genetic purity assessment, varietal authentication and quality assurance in commercial hybrid seed production (Singh et al., 2026).
The application of SSR markers for genetic purity testing has been successfully demonstrated in several crop species, including sunflower, where polymorphic loci have facilitated rapid differentiation of hybrids from their parental lines. Nevertheless, the effectiveness of SSR markers is highly genotype-specific and markers capable of distinguishing one hybrid may not necessarily be informative for another. Consequently, identification and validation of hybrid-specific polymorphic SSR markers remain essential for developing reliable molecular protocols for routine genetic purity assessment (Vasile et al., 2022 and Sherakhane at al., 2025). Although sunflower hybrid KBSH-78 is an important commercial hybrid cultivated for its superior agronomic performance and yield potential, validated SSR markers for its rapid molecular authentication are limited. Therefore, the present investigation was undertaken to identify informative polymorphic SSR markers for rapid hybridity confirmation and genetic purity assessment of sunflower (Helianthus annuus L.) hybrid KBSH-78 and its parental lines. The identified markers are expected to provide a rapid, accurate, reproducible and environment-independent molecular approach for seed certification, varietal authentication and quality assurance in commercial sunflower hybrid seed production (Suresha et al., 2017; Dhutmal et al., 2021 and Lavudya et al., 2024).
MATERIAL AND METHODS
Plant Materials:
 The present investigation was conducted to identify polymorphic simple sequence repeat (SSR) markers for rapid hybridity confirmation and genetic purity assessment of sunflower (Helianthus annuus L.) hybrid KBSH-78 and its parental lines. The experimental material comprised the commercial sunflower hybrid KBSH-78 along with its corresponding seed parent (CMS-78A) and pollen parent (RHA-78R). Breeder seed of the parental lines and authenticated hybrid seed were obtained from All India Coordinated Research Project (AICRP) on Sunflower, University of Agricultural Sciences, Bengaluru, India. Healthy seedlings of the hybrid and both parental lines were raised under controlled conditions and young, fresh leaf tissues were collected at the 3-4 leaf stage for genomic DNA isolation.
Genomic DNA Isolation:
Genomic DNA was extracted from young leaf tissues using the DNeasy® Plant Mini Kit (Qiagen, Hilden, Germany) following the manufacturer's protocol. Approximately 100 mg of fresh leaf tissue from each genotype was used for DNA extraction. The quality and integrity of the isolated DNA were assessed by electrophoresis on 0.8 % agarose gel prepared in 1× Tris–Acetate–EDTA (TAE) buffer, while DNA purity and concentration were determined using a NanoDrop spectrophotometer. DNA samples exhibiting an A260/A280 ratio between 1.8 and 2.0 were considered suitable for downstream molecular analysis. The DNA concentration was subsequently normalized to approximately 50 ng µL⁻¹ using nuclease-free water and stored at −20°C until PCR amplification.
SSR Marker Analysis:
A total of twenty sunflower-specific SSR primer pairs were selected based on their reported polymorphism and genome coverage. Polymerase chain reaction (PCR) amplification was performed in a final reaction volume of 20 µL containing genomic DNA, 1× PCR buffer, MgCl₂, dNTPs, forward and reverse primers, Taq DNA polymerase and nuclease-free water. PCR amplification was carried out in a programmable thermal cycler using an initial denaturation at 94°C for 5 min followed by 35 cycles of denaturation at 94°C for 45s, primer annealing at the respective optimized annealing temperature for 45s, extension at 72°C for 1 min, and a final extension at 72°C for 10 min.
PCR products were resolved by electrophoresis on 3.5 % agarose gel prepared in 1× TAE buffer and stained with ethidium bromide (or an equivalent nucleic acid stain). Electrophoresis was performed alongside a 100 bp DNA ladder to estimate fragment size. Amplified DNA fragments were visualized under a UV gel documentation system, and band sizes were determined by comparison with the molecular size marker.
Identification of Polymorphic Markers:
Amplification profiles generated by individual SSR primers were examined for polymorphism between the hybrid and its parental lines. Primers producing identical amplification patterns among all genotypes were considered monomorphic, whereas primers generating distinct parental alleles with simultaneous amplification of both alleles in the hybrid were considered polymorphic and informative for hybridity confirmation. Only clear, reproducible, and scorable amplification profiles were used for subsequent analysis.
Table 1. List of SSR Primers and their sequences used for molecular analysis
	Sl No
	Primer Name
	Nucleotide sequence

	1
	HA77
	F 5 ‘- 3’
	TGTAATCTGTATCACTTCCACC

	
	
	R 5 ‘- 3’
	GTTGTTCTGTTAGGTCGTTCCG

	2
	HA541
	F 5 ‘- 3’
	CAACACACGCTTTGTTGGGTG

	
	
	R 5 ‘- 3’
	CGATAAGGAGGGAGGGGAAGATAG

	3
	HA3878
	F 5 ‘- 3’
	TTTGTTTAGCATCATCATCATC

	
	
	R 5 ‘- 3’
	GAGACCCTAACCATAACATGA

	4
	HA911
	F 5 ‘- 3’
	CAAAGTTCACCTCGTTTTTC

	
	
	R 5 ‘- 3’
	AAGTGGGAAGGTCTACGAGT

	5
	HA920
	F 5 ‘- 3’
	CCCCATGTAATCGCTTTAG

	
	
	R 5 ‘- 3’
	GTGGGGATATAGTGTTCGGC

	6
	HA3640
	F 5 ‘- 3’
	GCCATATCAATAACCAATCCC

	
	
	R 5 ‘- 3’
	CAAAGCATGTGAGGACCAGAATG

	7
	HA3971
	F 5 ‘- 3’
	GGATCTCTCCTGGTCCTAGT

	
	
	R 5 ‘- 3’
	GATCAATATCTTCCATGTTAT

	8
	HA4011
	F 5 ‘- 3’
	ACTTCTACCCTCCCCTTCTT

	
	
	R 5 ‘- 3’
	CTGTACACGTGCTGCTTTAG

	9
	HA4058
	F 5 ‘- 3’
	GATTATGATTCCATGAGCCAAG

	
	
	R 5 ‘- 3’
	CATCCTGTAATCCTGTCAATGTC

	10
	HA4105
	F 5 ‘- 3’
	GGGACTAGTTTGTAATATCTCTC

	
	
	R 5 ‘- 3’
	GTTTGAGAGTGGTGATAGGTTATG

	11
	HA4112
	F 5 ‘- 3’
	TTGACTCTCCTTCTCGTCTC

	
	
	R 5 ‘- 3’
	GCTCTCAAGAAATCGGTTAG

	12
	HA4149
	F 5 ‘- 3’
	TCAATTCATCGTGCATATCG

	
	
	R 5 ‘- 3’
	CCAAAGTCCACCAAATCTTCC

	13
	ORS484
	F 5 ‘- 3’
	CCGAACAACAATCTCCACAA

	
	
	R 5 ‘- 3’
	GGTTTAGGTGTCGCATCACA

	14
	ORS662
	F 5 ‘- 3’
	CGGGTTGGATATGGAGTCAA

	
	
	R 5 ‘- 3’
	CCTTTACAAACGAAGCACAATTC

	15
	ORS679
	F 5 ‘- 3’
	CCCTCCTCCCTCTTCACTTT

	
	
	R 5 ‘- 3’
	CTCATCGGACAACCAGAACC

	16
	ORS691
	F 5 ‘- 3’
	GCATCTGAGCAACTGCGTTA

	
	
	R 5 ‘- 3’
	ACCGTCCTTAGCTCTTGTGAG

	17
	ORS788
	F 5 ‘- 3’
	CTGGATAAAGATGGGATAAAGAGAG

	
	
	R 5 ‘- 3’
	GGACCCACCAAGATTTGTTTT

	18
	ORS934
	F 5 ‘- 3’
	CGTTCCGATCTACAAGGTAAAGG

	
	
	R 5 ‘- 3’
	AACATACACAAATCCACGCAGAG

	19
	ORS993
	F 5 ‘- 3’
	GTGTTACAATCCTTGCGTCGATA

	
	
	R 5 ‘- 3’
	CAAACCACAGGGACCAAAATG

	20
	ORS1065
	F 5 ‘- 3’
	ACCGCTGTCAACACCTTAAACTC

	
	
	R 5 ‘- 3’
	GGCTGGGAATCAACTGCTACTAC


RESULTS AND DISCUSSION
Screening of SSR Markers for Parental Polymorphism and Hybridity Confirmation
Screening of the twenty sunflower-specific simple sequence repeat (SSR) primer pairs revealed considerable variation in their ability to differentiate sunflower hybrid KBSH-78 from its parental lines, CMS-78A (seed parent) and RHA-78R (pollen parent). All primer pairs generated clear and reproducible amplification products, confirming the high quality of the isolated genomic DNA and the suitability of the PCR conditions employed in the present investigation. However, only two primers, HA3640 and HA4011 produced distinct polymorphic amplification patterns between the parental lines, whereas the remaining eighteen primers exhibited identical banding profiles and were therefore classified as monomorphic (Table 2). The polymorphic primers successfully amplified parental-specific alleles and simultaneously detected both alleles in the hybrid, enabling unequivocal confirmation of hybridity.
Table 2: SSR makers showed polymorphism in KBSH-78 sunflower hybrid
	Sl. No.
	Primer name
	SSR markers showed polymorphism

	1
	HA77
	M

	2
	HA541
	M

	3
	HA3878
	M

	4
	HA911
	M

	5
	HA920
	M

	6
	HA3640
	P

	7
	HA3971
	M

	8
	HA4011
	P

	9
	HA4058
	M

	10
	HA4105
	M

	11
	HA4112
	M

	12
	HA4149
	M

	13
	ORS484
	M

	14
	ORS662
	M

	15
	ORS679
	M

	16
	ORS691
	M

	17
	ORS788
	M

	18
	ORS934
	M

	19
	ORS993
	M

	20
	ORS1065
	M


M- Monomorphic                                             P- Polymorphic
The predominance of monomorphic markers (90 %) and the relatively low polymorphism frequency (10 %) observed in the present study are consistent with the genetic constitution of elite sunflower breeding materials. Commercial parental lines are developed through repeated cycles of selfing, selection and genetic stabilization to achieve high levels of homozygosity and phenotypic uniformity (Berry et al., 1994 and Fusari et al., 2008). Consequently, the extent of detectable DNA polymorphism between elite parental lines is often limited, and only a small proportion of SSR loci possess sufficient allelic variation to serve as informative diagnostic markers. Similar observations have been reported in several hybrid breeding programmes where closely related parental lines exhibited extensive genomic similarity despite producing highly heterotic hybrids (Pallavi et al., 2011 and Lavudya et al., 2024).
The identification of informative SSR markers is largely dependent upon the presence of allelic variation at specific genomic loci between the parental genotypes. SSR markers detect polymorphism based on variation in the number of tandem repeat units and because of their co-dominant inheritance, simultaneously amplify alleles inherited from both parents in heterozygous hybrids. Consequently, only markers exhibiting clear parental polymorphism are suitable for hybridity confirmation and genetic purity assessment (Kumar et al., 2014 and Ahmed et al., 2022). The successful identification of HA3640 and HA4011 therefore demonstrates the importance of systematic screening of multiple SSR loci before selecting hybrid-specific diagnostic markers for routine molecular testing (Naresh et al., 2009).
Although only two informative markers were identified, their diagnostic efficiency was exceptionally high because each marker clearly distinguished the seed parent, pollen parent and hybrid through reproducible parental-specific amplification profiles (Fig 1). This observation indicates that the usefulness of an SSR marker is determined by its discriminatory ability rather than by the total number of polymorphic loci detected. Therefore, the identification of a limited number of highly informative markers should be considered sufficient for reliable hybridity confirmation when they consistently differentiate the hybrid from both parental lines (Sundaram et al., 2008 and Gaikwad et al., 2026).
[image: ]
Fig 1. SSR markers HA 3640 and HA 4011 profile confirming hybridity of sunflower hybrid KBSH-78 obtained on Ethidium bromide stained on Agarose gel (3.5 %)
The present findings demonstrate that SSR marker screening provides a rapid, accurate and environment-independent approach for identifying hybrid-specific polymorphisms. Unlike conventional grow-out tests, which require extensive field evaluation and are influenced by environmental conditions, SSR-based assays permit precise identification of parental alleles at the DNA level irrespective of the developmental stage of the plant (Dutta, 2009 and Bunjkar et al., 2024). Consequently, the polymorphic markers identified in the present investigation constitute valuable molecular tools for routine hybridity confirmation, genetic purity assessment, varietal authentication and quality assurance in commercial sunflower hybrid seed production programmes (Pradhan et al., 2026).
The polymorphic markers identified in this investigation exhibited clear and reproducible amplification profiles with distinct parental alleles and simultaneous amplification of both alleles in the hybrid (Ongom et al., 2021). Such co-dominant inheritance represents one of the major advantages of SSR markers over dominant marker systems because it enables direct discrimination between homozygous parental genotypes and heterozygous hybrid individuals. The ability to detect both parental alleles in a single amplification reaction substantially enhances the accuracy of hybridity confirmation while minimizing the possibility of false-positive or ambiguous interpretations (Pallavi et al., 2011; Ramesh et al., 2020 and Amiteye, 2021). Consequently, the identified markers possess considerable potential for routine application in molecular genetic purity testing, hybrid seed authentication and quality assurance programmes.
CONCLUSION
The present investigation identified HA3640 and HA4011 as robust polymorphic SSR markers for rapid hybridity confirmation and genetic purity assessment of sunflower (Helianthus annuus L.) hybrid KBSH-78. These markers exhibited clear co-dominant polymorphism between the parental lines and simultaneously amplified both parental alleles in the hybrid, unequivocally confirming hybrid authenticity. Compared with the conventional grow-out test, the SSR-based approach provides a rapid, accurate, reproducible and environment-independent alternative for genetic purity testing. The validated markers offer an efficient molecular platform for routine hybridity confirmation, varietal authentication, seed certification, and quality assurance in commercial sunflower hybrid seed production. Their adoption in molecular seed testing programmes has the potential to improve the accuracy, efficiency, and reliability of genetic purity assessment while supporting the production and distribution of genetically pure, high-quality hybrid seed.
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