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 The research was conducted at the Vegetable Research Centre, Department of Horticulture, Biotechnology Centre and Department of Food Science and Technology, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, Madhya Pradesh, India. Twenty Four Genotypes were taken for Molecular characterization. Simple sequence repeat (SSR) markers are highly effective co-dominant markers that target specific loci within the genome and are commonly employed in molecular studies. Total 29 previously reported SSR primer from different linkage groups, all are of the series ‘FV’ and SSR1015 designs in Fennel were used for initial screening to amplify DNA from these twenty- four Fennel genotypes to screen the candidate markers for divergence and phylogeny of Fennel genotypes. Out of 13 amplified SSR marker, 12 SSR marker were found polymorphic and one primer was found monomorphic. A total of 30 alleles were amplified by these 13 primers and 29 alleles were found to be polymorphic and one allele was found monomorphic. The SSR primer, SSR1015-66 revealed highest PIC value i.e. 0.4878 followed by FV-30720 (0.4705), FV-253 (0.3968) and FV-181677 (0.3633); whereas the primer FV-65 revealed the lowest (0.0767) PIC value followed by FV-18902 (0.292), FV-6 (0.328) and FV-144120 (0.3589). Thus, PIC values of 12 primers ranged from 0.0767 to 0.4878. Nine distinct clusters were found to represent the unique grouping of 24 genotypes.  In cluster-I, was evolved as the largest one with sixteen accessions i.e. FNL-131, FNL-139, FNL-141, FNL-133, FNL-138, FNL-134 and FNL-140 were found to be similar to each other. The cluster-II, six accessions namely JF-1, JF-2, JF-3, Jagudan-1, Jagudan-2 and RF-178. The cluster-III six accessions namely FNL-135, FNL-137 and FNL-136. The cluster-IV and cluster-V was evolved as the moderate two accessions FNL-130, FNL-132 and RF-205, RF-281. The cluster-VI, VII, VIII and IX was evolved as the smallest cluster with four accessions i.e. RF-143, RF-125, RF-101 and FNL- 142.
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Introduction: 
Fennel (Foeniculum vulgare Mill.), a flowering plant of the Apiaceae family, holds a prominent place in global agriculture and ethnomedicine. It is a traditional and popular herb with a long history of use as a medicine.It is a traditional and popular herb with a long history of use as a medicine. A series of studies showed that fennel (Foeniculum vulgare Mill.) effectively controls numerous infectious disorders of bacterial, fungal, viral, mycobacterium, and protozoal origin. It has antioxidant, antitumor, chemo preventive, cytoprotective, hepatoprotective, hypoglycemic, and oestrogenic activities some of the scientist stated that Foeniculum vulgare has a special kind of memory-enhancing effect and can reduce stress (Badgujar  et al., 2014).  In India, Gujarat is the leading state in fennel production, which contributes about 80-85% of total production in India. (Anonymous, 2017) In India, fennel is grown over approximately 76,000 hectares, yielding an annual production of 129,350 tonnes. However, given that the majority of traits contributing to yield are quantitatively inherited and significantly influenced by environmental factors, determining the heritability of observed variability presents a challenge (Rajput et al., 2022). Fennel is a perennial herb. Its seeds are anise like in aroma and are used as flavourings soups, sauces, pastries, confectionaries, baked goods, meat and fish dishes, ice-cream, cordials, alcoholic beverages and in seasoning pickles. Seed spices represent a very unique category of agricultural commodities that are low in volume yet high value and export-oriented. Cultivation of seed spices is increasingly recognized for its profitability, rapid growth cycle, and remarkable adaptability to arid regions with minimal rainfall. Owing to its domestication, fennel has disseminated globally, establishing itself as a significant crop harnessed in both culinary and medicinal applications (Krizman et al., 2022). The volatile oil is used in the manufacture of cordials and enters into the composition of fennel water, which in commonly given to infants as medicine. Essential oil composition depends upon internal and external factors affecting the plant such as genetic structures and ecological conditions; agricultural practices also have critical effects on yield and oil composition in the essential oil crops, although essential oil has some main components that can vitiate significantly according to the maturation period (Yadav et al., 2013).The edible fruit or seeds of the fennel plant are grown extensively. These are dry and sweet, and the fruit is wonderful when completely ripe. The fruit is frequently stored for later use, and fennel, a dried fruit, is a widely traded product. One of the plant foods with the highest concentrations of potassium, salt, phosphorus, and calcium is fennel. The Mission variety of fennel has the highest levels of dietary fiber and vitamins in relation to human needs. For production more in less area varietal improvement is an important aspect.  Genetic diversity plays a crucial role in varietal improvement. Genetic diversity is an essential raw material for evolution, which enables the population of the crop species to survive, adapt to new circumstances, and evolve to produce new genetic variants, where some of them may become the fit variants that meet long-term changes in the environment. Genetic diversity can be measured using different approaches within and between populations as the number of organisms differing from others and the relationships among individuals of the relative frequency at genus, species, population, individual, genome locus and DNA base sequence levels.
 Since past several years, various molecular markers were used to analyze genetic diversity among different cultivars and land races of fennel. At present for characterization of genome a variety of molecular markers like Sequence Tagged Sites (STSs), Amplified Fragment Length (AFLPs), Simple Sequence Repeats (SSRs), Genomic SSRs, Single Nucleotide Polymorphism (SNPs) and Genotyping-by-Sequencing (GBS) were used. Among them Simple Sequence Repeats (SSRs) have received extensive attention owing to their advantage of higher reproducibility, co-dominant inheritance and high information content. SSRs are abundant in the genome and are often associated with low copy, transcribed fractions of plant genomes (Morgante et al. 2002). The codominant nature of SSR loci allows distinguishing homozygote and heterozygote genotypes and a single SSR marker can produce a large number of alleles. More over, basic molecular biology lab equipment is sufficient to genotype SSRs (Zhang et al. 2016). In view of the above facts, the present experiment entitled “Molecular Characterization and Divergence	Analysis of Fennel (Foeniculum vulgare) Genotypes   using SSR Markers” was planned and executed.

Materials and Methods:
The research was conducted at the Vegetable Research Centre, Department of Horticulture, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, Madhya Pradesh, India. The experimental site is in the Kymore Plateau and Satpura Hills region at an altitude of 411.78 meters above mean sea level. Geographically, Jabalpur is situated at 23.9°N latitude and 79.58°E longitude. The genotypes utilized in the study, are listed in  Table no. 01.
Table 1. Names of the Fennel Genotypes used for the study
	S. No.
	Name of 
Genotypes
	Source of Collection
	S. No.
	Name of 
Genotypes
	Source of Collection

	1
	FNL 130
	AICRP ON SPICES
	13
	FNL 142
	AICRP ON SPICES

	2
	FNL 131
	AICRP ON SPICES
	14
	RF 101
	SKNAU, JOBNER

	3
	FNL 132
	AICRP ON SPICES
	15
	RF 125
	SKNAU, JOBNER

	4
	FNL 133
	AICRP ON SPICES
	16
	RF 143
	SKNAU, JOBNER

	5
	FNL 134
	AICRP ON SPICES
	17
	RF 205
	SKNAU, JOBNER

	6
	FNL 135
	AICRP ON SPICES
	18
	RF 281
	SKNAU, JOBNER

	7
	FNL 136
	AICRP ON SPICES
	19
	RF 178
	SKNAU, JOBNER

	8
	FNL 137
	AICRP ON SPICES
	20
	JF 1
	JAIPUR LOCAL

	9
	FNL 138
	AICRP ON SPICES
	21
	JF 2
	MANDSAUR LOCAL

	10
	FNL 139
	AICRP ON SPICES
	22
	JF 3
	MANDSAUR LOCAL

	11
	FNL 140
	AICRP ON SPICES
	23
	JAGUDAN 1
	Spice	Research
Station Jagudan, Gujarat	

	12
	FNL 141
	AICRP ON SPICES
	24
	JAGUDAN 2
	Spice	Research
Station Jagudan, Gujrat



Molecular Characterization: 
Collection of leaf samples: Fresh young tender leaves were collected from field and washed with distilled water, weighed and crushed with liquid nitrogen on a sterilized mortar and pestle and care was taken to avoid thawing of material.
DNA Extraction: Genomic DNA was isolated using a modified version of the protocole developed by Saghai-Maroof et al., (1984). This method is based on the formation of a complex between nucleic acids and the detergent cetyltrimethylammonium bromide (CTAB) in a high salt environment. At a NaCl concentration of 0.4 M, the CTAB-DNA complex precipitates, enabling DNA recovery. The RNase treatment was performed at 37oC for 40 minutes to degrade any RNA that might be co-isolated with the DNA. A solution of 70% ethanol with 30 ml of sterile distilled water. It was used to wash the DNA pellet and remove any residual salts after the precipitation step.
Table2: Composition of DNA Extraction buffer
	Reagents
	Concentration

	Tris HCl (pH 8.0)
	100 mM

	EDTA (pH 8.0)
	20 mM

	NaCl
	1.4 M

	CTAB
	2%

	β-mercaptoethanol
	0.1%



DNA Extraction buffer (Table2) was made without β-mercaptoethanol on a magnetic stirrer to avoid foaming. β-mercaptoethanol was added to the cooled solution at room temperature just before DNA extraction.
DNA purification:  DNA purification was performed to eliminate impurities such as RNA, proteins, and polysaccharides, which can interfere with DNA amplification in PCR. To remove RNA contamination, 5 µl of RNase (10 mg/ml) was added to the sample.The aqueous phase was carefully transferred to a fresh tube, and an equal volume of ice-cold isopropanol was added. The solution was gently mixed by inverting the tube several times and allowed to stand undisturbed for 10 minutes to facilitate DNA precipitation. . The DNA pellet was washed with 70% ethanol to remove residual contaminants and allowed to air-dry at room temperature. Finally, the dried DNA pellet was dissolved in 200 µl of TE buffer and stored at -20oC for subsequent use. The concentration of purified DNA was determined using a 0.8% agarose gel. The DNA concentration in each sample was estimated by comparing the intensity of the bands. Based on this quantification, the DNA was diluted with sterile double-distilled water to a final concentration of 25 ng/µl, preparing it for PCR amplification. This method effectively yields high-quality genomics DNA suitable for downstream molecular applications. 
Molecular characterization using SSR markers:
Molecular markers are important tool for various aspects of rice research (Yogendra Singh, 2011 and Yogendra Singh 2013). Simple sequence repeat (SSR) markers are highly effective co-dominant markers that target specific loci within the genome and are commonly employed in molecular studies. These markers are widely utilized in various applications, including genotypic analysis, molecular mapping, cultivar identification, hybridity assessment, and the evaluation of gene pool diversity. SSR markers are particularly valuable in the identification of traits with economic significance due to their high reproducibility and species-specific nature. In this study, 29 SSR markers (Table 03) were utilized to perform PCR-based molecular analysis of 24 Fennel Genotypes.
Table 3: SSR Primers used in study (with sequence)	
	S.N
	Primer code
	 Forward Sequence
	Reverse Sequence

	1
	FV-253
	TTGTAGAGATACAGGGTCGAA
	GAGGGGAGTCAGTTAAACAAC

	2
	FV-290063
	TGATTTCTCAAAGGCATTCTA
	TCTTCCTGTCATCTCAAGGTA

	3
	FV-6
	TATGTTCTCAGATTCGGGTTA
	GTTCATCAAACTGTGTCATTGT

	4
	FV-9919
	GCCTATGTATTTGCAAGAATG
	TGCAACATTCAATTGTGTAGA

	5
	FV-9919
	AGTAAAGGCATAATCTGTTGGTGG
	TCATATTATCAACCTCAGGCACAG

	6
	FV-11537
	TTCATGTATCAACTACGCACAC
	CTCTGGGATTGGATTCAAGGAG

	7
	FV-15981
	CTAGCGTTTCCATCTCGTCTC
	AACCCGTAACTTTAACCACCAC

	8
	FV-18902
	 GTTTGAACTCGAATGACCACCT
	GGGTCTATCATCACTCTCGC

	9
	FV-30720
	TTCAAATCTCATTAACCACGTA
	TTTCTGATTGGTTAACTGTGTC

	10
	FV-30919
	CGAGTCATGGCAATGTATAAG
	AACATTGATACCTGAACTCCA

	11
	FV-144120
	CTCTTTTCCAAAAATATCACG
	GATGAAAAAGGGTAATTGGTT

	12
	FV-155794
	CAAAGAATGGAAAACATGCTG
	CTTTCCCATTGTCAATTTGC

	13
	FV-179837
	ATTCACCATGACATCACCTC
	ACAGTGTGGGTTTGTATGTGT

	14
	FV-181677
	GCTTACAATTAAGAAGCGAAA
	CATCTTACGGCATATGTTTGT

	15
	SSR1015-057F SSR1015-058R
	TGACTGTGCCAAGGAAGTTAAT
	TTCAGACCAAGTATCGCATTTC

	16
	SSR1015-059F SSR1015-060R
	TCATTGTTGAATCCTGCCATAG
	GTTGTGGAGAGTCATTTGGT

	17
	SSR1015-061F SSR1015-062R
	TGAAGTCGGGACCTAAAAGATT
	ACTCAAGTTACCAGCGAAGACC

	18
	SSR1015-063F SSR1015-064R
	TAAAGATCAGGGAGGGTGAGAA
	CTAAAATTCCATCTGCGCTCTT

	19
	SSR1015-065F SSR1015-066R
	CCCAGCAAGGAGAAAGATAGA
	GATCAAACTCGTCCACCTCA

	20
	SSR1015-067F SSR1015-068R
	GTTCCCCAGGAGTTCTCTACCT
	AGGGCAAAACCAAAATACAC

	21
	SSR1015-069F SSR1015-070R
	AAAACOATACAATCAATCTCOGG
	ACTGTCTGCTGAAAACTCAT

	22
	SSR1015-073F SSR1015-074R
	GCTGTAGGGCTTGCTTCTATTG
	TATACCAATTCCTCATCCGCA

	23
	BSSR-8F
 BSSR-8R
	TGAAGCTAATATCCAACAAAGGAAA
	AGGAGCATGTTATGCTATTACCAACA

	24
	SSR1015-077F SSR1015-078R
	TGGAAGAGATGAAGAAGATGAG
	AGCGAGTCCAAACATAAGGC

	25
	GSSR-43F 
GSSR-43R
	TTCTTCACCTATGTTGGGGC
	CGTTCATATGCACAACACTCA

	26
	GSSR-96F 
GSSR-96R
	AGCGTCGTTTTCGCGAGT
	CGCGGTTAAAGCAAAGCTAAT

	27
	GSSR-113F 
GSSR-113R
	AGTGGTTGTGAGGTTGATTGTG
	TATGTCGGAAAGGTTCAATGCT

	28
	GSSR-111F 
GSSR-111R
	GAGGAAGGGTAGATCCAGTCA
	ATGGGATGTCTTTCCCCTCTAT

	29
	GSSR-138F
 GSSR-138R
	CGCTCGAGTTTCGTAGAGT
	CCTCCCCAACTCAATCCAAT



The PCR reaction mixture for SSR marker detection was prepared using specific components. A 2x concentration of PCR buffer was used, along with 1.5 mM magnesium chloride (MgCl2) and 100 µM of dNTPs. Primers were added at a concentration of 10 pmol each, and 1 unit of Taq polymerase was included in the reaction. The volume was adjusted with double-distilled with double-distilled water, and 25 ng of DNA was added as the template.
The PCR conditions for SSR amplification were optimized by adjusting various parameters such as denaturation, annealing and extension temperatures. The reaction started with an initial denaturation step at 94oC for 4 min. This was followed by 35 cycles of denaturation at 94oC for 30 sec, annealing at a temperature ranging from 55oC to 58oC for 30 sec and extension at 72oC for 30 sec. After the cycles, a final extension was carried out at 72oC for 5 min. The PCR products were then stored at 4oC. The SSR-PCR products were separated on 2% agarose gel to generate microsatellite profiles. Following electrophoresis, the gel was stained with ethidium bromide to visualize the DNA bands. The gel images were captured and documented using Syngene gel documentation system. 
Result and discussion: 
DNA polymorphism by Simple Sequence Repeat (SSR) markers: Total 29 previously reported SSR primer from different linkage groups, all are of the series ‘FV’ and SSR1015 designs in Fennel were used for initial screening to amplify DNA from these twenty- four Fennel genotypes to screen the candidate markers for divergence and phylogeny of Fennel genotypes. Out of 13 amplified SSR marker, 12 SSR marker were found polymorphic and one primer was found monomorphic. A total of 30 alleles were amplified by these 13 primers and 29 alleles were found to be polymorphic and one allele was found monomorphic.
The polymorphic information content (PIC) value is a measure of variability at a specific locus. The higher the PIC value of the locus, the higher is the probability that polymorphism will exist between two randomly selected genotypes at the locus (Rajwade et al., 2010). The polymorphism information content (PIC) values were calculated to find out the effectiveness of primers in distinguishing individual accession (Table 4). The polymorphic information content (PIC) values were ranged between 0.0767 to 0.4878 with an average PIC value of 0.6153 per primer.
The SSR primer, SSR1015-66 revealed highest PIC value i.e. 0.4878 followed by FV-30720 (0.4705), FV-253 (0.3968) and FV-181677 (0.3633); whereas the primer FV-65 revealed the lowest (0.0767) PIC value followed by FV-18902 (0.292), FV-6 (0.328) and FV-144120 (0.3589). Thus, PIC values of 12 primers ranged from 0.0767 to 0.4878.
Table 4:PIC (Polymorphic Information Content) values 

	Primer
	Number of alleles
	PIC

	FV-290063
	3
	0.42

	FV-9919
	2
	0.375

	FV-15981
	2
	0.375

	FV-6
	2
	0.328

	FV-65
	2
	0.0767

	FV-18902
	2
	0.292

	FV-30919
	2
	0.3629

	FV-253
	3
	0.3968

	FV-144120
	2
	0.3589

	FV-181677
	3
	0.3633

	FV-30720
	3
	0.4705

	65F,66R
	3
	0.4878


Clustering analysis based on SSR markers: The cluster analysis based on SSR markers across various linkage groups data revealed a relatively broad genetic background of the indigenous fennel germplasm. This approach study was performed to validate the diversity of QTLs/ allelic loci/genes in said set of accessions under the study. Nine distinct clusters were found to represent the unique grouping of 24 genotypes. (Fig.01) In cluster-I, was evolved as the largest one with sixteen accessions i.e. FNL-131, FNL-139, FNL-141, FNL-133, FNL-138, FNL-134 and FNL-140 were found to be similar to each other. The cluster-II, six accessions namely JF-1, JF-2, JF-3, Jagudan-1, Jagudan-2 and RF-178. The cluster-III six accessions namely FNL-135, FNL-137 and FNL-136. The cluster-IV and cluster-V was evolved as the moderate two accessions FNL-130, FNL-132 and RF-205, RF-281. The cluster-VI, VII, VIII and IX was evolved as the smallest cluster with four accessions i.e. RF-143, RF-125, RF-101 and FNL- 142.
When the clustering was performed considering SSR primers corresponding to reveal their utility in discriminating present population of fennel, it was observed that all these fennel accessions were grouped in different nine major clusters in respective of their pedigree and also geographic origins. Thus, the study also illustrates an approach to perform such specific biochemical, nutritional, diverse genetic studies using linked DNA markers in crops like fennel. Similar results in fennel were also reported Kumar et.al (2014), Deswal et.al (2017) Nag et al. (2017), Cholin et al (2018).

Fennel (Foeniculum vulgare Mill.) holds substantial economic significance due to its dual utility – both its seeds and leaves are valuable for domestic consumption and contribute to foreign exchange earnings. Despite its economic importance, fennel production has faced consistent challenges marked by persistently low yields. Molecular marker Technology can become an effective tool to overcome these constraints. (Singh Yogendra 2011, Singh Yogendra 2013)
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Figure 01:  UPGMA dendrogram for the fennel accessions based on       SSR analysis








References:
	
1. Anonymous (2017). Horticulture Database, National Horticulture Board, Ministry of Agriculture and Farmers Welfare, Government of India, Gurugram, Haryana, India
2. Badgujar SB, Patel VV and Bandivdekar, AH. 2014. Foeniculum vulgare Mill: a review of its botany, phytochemistry, pharmacology, contemporary application, and toxicology. Biomed Research International.
3. Cholin SS, Poleshi CA, Manikanta DS and Cristopher C. (2018) Exploring the genomic resources of carrot for cross genera transferability and phylogenetic assessment among orphan species and vegetables of Apiaceae family. Horticulture, Environment, and Biotechnology 60(1): 81-93.
4. Deswal S; Malik TP; Tehlan SK and Mekala S. (2017). Diversity Analysis Based Upon Yield and its Contributing Traits in Fennel (Foeniculum vulgare L.). International Journal of Current Microbiology and Applied Sciences 6 (7): 982-989.
5. Križman, M., and Jakše, J. (2022). Chemical and Genetic Variability of Istrian Foeniculum vulgare Wild Populations. Plants (Basel). 29;11(17):2239. doi: 10.3390/plants11172239. PMID: 36079624; PMCID: PMC9460853.
6. Kumar S., Asamadi M., Fougat R., Sakure A. and Mistry J. (2014). Transferability of carrot (Daucus carota) microsatellite markers to cumin (Cuminum cyminum). International Journal. Seed Spices 4(1): 88-90.
7. Morgante M, Hanafey M and Powell W. 2002. Microsatellites are preferentially associated with nonrepetitive DNA in plant genomes. National Genetics 30(2):194–200.
8. Rajput, S.S., Sharma, S.K., Kumari, V., Kunwar, R., Kumawat, G.L., Yadav, G.L., Kulheri, A., Meena, A.K., S.S. Punia. (2022). Studies on genetic variability parameters and character association in fennel (Foeniculum vulgare Mill.) under semiarid conditions of Rajasthan. Pharma Innovation. 11(4):1828-1833.
9. Rajwade AV, Arora RS, Kadoo NY. (2010). Relatedness of Indian Flax Genotypes (Linum usitatissimum L.): An Inter-Simple Sequence Repeat (ISSR) Primer Assay. Mol Biotechnol 45(2): 161–170.
10. Saghai-Maroof, M.A., Soliman, K.M., Jorgensen, R.A. and Allard, R.W. 1984. Ribosomal DNA spacerlength polymorphism in barley: Mendelian inheritance, chromosomal location, and population dynamics. Proc. Natl. Acad. Sci. USA, 81: 80148019. 
11. Singh Yogendra (2011): Molecular approaches to assess genetic divergence in Rice. GERF Bulletin of Biosciences .02(01): 41-48.
12. Singh Yogendra (2013): Molecular Markers Technology for Abiotic Stress management in rice. International Journal of Advanced Biotechnology & Research. 04(04):542-552.
13. Yadav PS, Pandey VP, Yadav Y. Variability studies in fennel (Foeniculum vulgare Mill.). Journal of Spices and Aromatic Crops. 2013;22(2):203-208. 
14. Zhang XF, Sun HH and Xu Y. (2016). Development of a large number of SSR and In Del markers and construction of a high-density genetic map on a RIL population of pepper (Capsicum annuum L.). Molecular Breeding 36(7): 1-10.
12

image1.jpeg
FL-142:

RF 101

RF 125

RF 143

FLA%
FENL137  geipy P

— a1

sJ3gudan?




