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Abstract
Jasminum sambac (Mysuru Mallige), a Geographical Indication-tagged medicinal-aromatic flower crop, is vital for India's floriculture industry. This study characterized 30 advanced breeding lines (ABLs) for morphological, molecular, and phytochemical diversity to identify elite genotypes for yield and quality enhancement. Analysis of 16 quantitative floral traits revealed high genotypic coefficient of variation (GCV > 20%) for bud length (21.41%), corolla tube length (19.63%), number of whorls (74.31%), number of petals (47.31%), and bud weight (63.73%), coupled with very high broad-sense heritability (h²_bs > 80%) and genetic advance as percent of mean (GAM > 20%). Principal component analysis (PCA) captured 87.01% variance, primarily through whorls and petals. Mahalanobis D² statistics grouped ABLs into five clusters, with maximum inter-cluster distance (D² = 9063.85) between Clusters I and V; bud weight contributed 23.50% to divergence. Phenotypic correlations showed strong positive associations of bud weight with whorls (r_p = 0.92) and petals (0.84); path analysis confirmed whorls (direct effect = 0.55) and petals (0.32) as key yield drivers. Fifteen SSR markers detected low polymorphism (mean Na = 1.64, PIC = 0.12), forming two clusters aligned with whorl phenotypes. Phytochemical profiling indicated significant variation: total phenols (174.98–260.83 mg/100 g FW), flavonoids (73.21–117.08 mg/100 g FW), tannins (22.92–47.81 mg/100 g FW), and terpenoids (18.27–27.95 mg/100 g FW). Superior genotypes (e.g., COHM-UHSB-25 for yield, COHM-UHSB-14 for phenols) were pinpointed. Compared to prior jasmine studies, these ABLs exhibit enhanced heritability and phytochemical diversity, supporting targeted breeding for fragrant, high-yield cultivars.
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Introduction
Jasminum sambac L. (family Oleaceae), known as Arabian jasmine, is an evergreen shrub valued for its intensely fragrant white flowers used in perfumes, garlands, and traditional medicine. The Mysuru Mallige cultivar, granted Geographical Indication (GI) status in 2005, is a cornerstone of Karnataka's floriculture sector, generating over INR 500 crore annually through exports and domestic markets (APEDA, 2023). Despite its economic significance, challenges like low yield (2–3 t/ha) and variable fragrance persist due to limited genetic diversity in cultivated lines.
Previous research on J. sambac highlighted moderate morphological variability (GCV 15–35% for petal traits; Venkatesha et al., 2022; Sarma, 2012; Champa, 2012) and low SSR polymorphism (PIC ~0.45; Naveen et al., 2025; Li et al., 2015). Phytochemical studies underscore terpenoids and phenols as key fragrance/antioxidant contributors (Venkatesha et al., 2025; Yu et al., 2017; Thakur et al., 2024). However, integrated assessments of advanced breeding lines (ABLs) from Mysuru's agro-climatic zone are scarce, hindering targeted improvement.
This study evaluates 30 ABLs for 16 quantitative/4 qualitative floral traits, SSR-based molecular diversity, and leaf phytochemicals (phenols, flavonoids, tannins, terpenoids). Objectives: (1) quantify genetic variability and heritability; (2) assess multivariate diversity; (3) elucidate trait associations via correlation/path analysis; (4) profile molecular and biochemical markers. Findings aim to guide hybridization for high-yield, fragrant genotypes, with comparisons to global jasmine literature.
Materials and Methods
Plant Material and Site Description
Thirty ABLs (COHM-UHSB-1 to -30) were sourced from farmer fields in Mysuru and neighboring districts (Mandya, Ramanagara, Hassan, Chamarajanagara) and wild populations in Veerengere/Bogadhi. Plants were established at the College of Horticulture, Mysuru (12.36°N, 76.55°E, 770 m asl) in red sandy loam soil (pH 6.5). The experiment used RCBD with two replications, 30 treatments, 1.2 × 1.2 m spacing, during Rabi-Summer 2023–2024. Climate: max/min temperature 26.8–36.4 °C/16.5–22.3 °C; rainfall 450 mm. Taxonomic identification followed Rahul et al. (2021) and PPV&FR DUS guidelines (Table 1).


Table 1. List of advanced breeding lines of Jasminum sambac and genotype codes used in the current study
	Sl. No.
	Genotype code
	Genotype number

	1
	COHM-UHSB-1
	T1

	2
	COHM-UHSB-2
	T2

	3
	COHM-UHSB-3
	T3

	4
	COHM-UHSB-4
	T4

	5
	COHM-UHSB-5
	T5

	6
	COHM-UHSB-6
	T6

	7
	COHM-UHSB-7
	T7

	8
	COHM-UHSB-8
	T8

	9
	COHM-UHSB-9
	T9

	10
	COHM-UHSB-10
	T10

	11
	COHM-UHSB-11
	T11

	12
	COHM-UHSB-12
	T12

	13
	COHM-UHSB-13
	T13

	14
	COHM-UHSB-14
	T14

	15
	COHM-UHSB-15
	T15

	16
	COHM-UHSB-16
	T16

	17
	COHM-UHSB-17
	T17

	18
	COHM-UHSB-18
	T18

	19
	COHM-UHSB-19
	T19

	20
	COHM-UHSB-20
	T20

	21
	COHM-UHSB-21
	T21

	22
	COHM-UHSB-22
	T22

	23
	COHM-UHSB-23
	T23

	24
	COHM-UHSB-24
	T24

	25
	COHM-UHSB-25
	T25

	26
	COHM-UHSB-26
	T26

	27
	COHM-UHSB-27
	T27

	28
	COHM-UHSB-28
	T28

	29
	COHM-UHSB-29
	T29

	30
	COHM-UHSB-30
	T30





Morphological Characterization
Quantitative traits (n=16: bud length/breadth, pedicel length, etc.) measured on six random buds/flowers per replication. Qualitative traits (bud shape, flower color, season, fragrance) scored per DUS. Data analyzed with Windostat 9.3.
Statistical Analyses
ANOVA per Gomez and Gomez (1984); variances: σ²_g = (TrMS - EMS)/r, σ²_p = σ²_g + σ²_e; GCV/PCV per Burton (1953); h²_bs per Hanson et al. (1956); GA per Robinson et al. (1949); GAM per Johnson et al. (1955). PCA (Pearson, 1901); D² clustering (Tocher's method, Rao, 1952); distances per Singh and Chaudhary (1977). Correlations (Al-Jibouri et al., 1958); path coefficients (Dewey and Lu, 1959) with bud weight as dependent.
Molecular Analysis
DNA extracted from young leaves via CTAB (Doyle and Doyle, 1990) with PVP/β-mercaptoethanol; quality via NanoDrop (A260/280 = 1.8–2.0) and 0.8% agarose gel. Fifteen SSR primers (Li et al., 2015) amplified (94°C/5 min; 34 cycles at 48°C; 72°C/5 min). Bands scored binary on 3% gels (Arias et al., 2011). Metrics: Na, Ne, I, He (GenAlEx 6.5); PIC (PowerMarker 3.0). 
Phytochemical Profiling
0.5 g leaves extracted in 80% methanol; assays: phenols (Folin-Ciocalteu, Singleton and Rossi, 1965); flavonoids (Chun et al., 2003); tannins (vanillin-HCl, Broadhurst and Jones, 1978); terpenoids (Ghorai et al., 2012). Standards: gallic acid, quercetin, tannic acid, linalool. ANOVA via OPSTAT; expressed as mg/100 g FW.
Results
Variability in Quantitative Traits
ANOVA indicated highly significant (P < 0.01) genotypic effects for all traits (Table 2). Means/ranges: bud length 1.01 ± 0.04 cm (0.73–1.52); petals 14.94 ± 0.41 (7–33); bud weight 0.25 ± 0.01 g (0.07–0.80) (Table 3).
High GCV/PCV (>20%) and h²_bs (>80%), GAM (>20%) for bud length, corolla tube, whorls, petals, bud weight; moderate for others (e.g., calyx teeth GCV = 4.61%).


Table 2.	Variance analysis (mean sum of squares) for floral quantitative parameters in advanced breeding lines of Jasminum sambac
	Sl. No.
	Characters
	Treatments
	Error
	S.Em±
	CD @ 5%

	1
	Bud length
	0.095**
	0.003
	0.04
	0.10

	2
	Bud breadth
	0.028**
	0.002
	0.03
	0.08

	3
	Pedicel length
	0.058**
	0.003
	0.04
	0.12

	4
	No. of calyx teeth
	0.561**
	0.305
	0.39
	1.13

	5
	Calyx length
	0.029**
	0.003
	0.04
	0.12

	6
	Corolla tube length
	0.105**
	0.004
	0.05
	0.13

	7
	No. of whorls
	3.461**
	0.010
	0.07
	0.21

	8
	No. of petals
	100.258**
	0.331
	0.41
	1.18

	9
	Petal size
	0.077**
	0.003
	0.04
	0.11

	10
	Flower diameter 
	0.257**
	0.031
	0.13
	0.36

	11
	No. of stamen
	0.178**
	0.010
	0.07
	0.20

	12
	Length of anther
	0.007**
	0.001
	0.02
	0.05

	13
	Length of filament
	0.038**
	0.002
	0.03
	0.09

	14
	Length of style
	0.008**
	0.000
	0.01
	0.04

	15
	Length of stigma
	0.008**
	0.001
	0.02
	0.06

	16
	Bud weight
	0.051**
	0.000
	0.01
	0.03


**Significant at 1% (P=0.01) 		NS-Non-significant	 	‘N’= 30 	df = 29










Table 3.	Estimates of mean, range, variance components, heritability and genetic advance for floral quantitative traits in ABLs of Jasminum sambac
	Characters
	Mean ± S.Em
	Range
	GV
	PV
	GCV 
(%)
	PCV 
(%)
	(h2bs)
 (%)
	GA
	GAM 
(%)

	
	
	Minimum 
	Maximum
	
	
	
	
	
	
	

	Bud length (cm)
	1.01 ± 0.04
	0.73
	1.52
	0.046
	0.049
	21.41
	21.99
	94.81
	0.43
	42.94

	Bud breadth (cm)
	0.73 ± 0.03
	0.53
	1.00
	0.013
	0.015
	15.87
	16.84
	88.82
	0.22
	30.82

	Pedicel length (cm)
	0.94 ± 0.04
	0.54
	1.30
	0.027
	0.031
	17.52
	18.59
	88.80
	0.32
	34.01

	No. of calyx teeth
	7.76 ± 0.39
	7.00
	9.00
	0.128
	0.433
	4.61
	8.48
	29.55
	0.40
	5.16

	Calyx length (cm)
	0.84 ± 0.04
	0.62
	1.08
	0.013
	0.016
	13.47
	15.07
	79.94
	0.21
	24.81

	Corolla tube length (cm)
	1.15 ± 0.05
	0.65
	1.82
	0.051
	0.055
	19.63
	20.42
	92.40
	0.45
	38.87

	No. of whorls
	1.77 ± 0.07
	1.00
	7.00
	1.726
	1.736
	74.31
	74.53
	99.41
	2.70
	152.62

	No. of petals
	14.94 ± 0.41
	7.00
	33.00
	49.964
	50.294
	47.31
	47.47
	99.34
	14.51
	97.14

	Petal size (cm)
	1.25 ± 0.04
	0.86
	1.84
	0.037
	0.040
	15.41
	15.97
	93.05
	0.38
	30.62

	Flower diameter (cm)
	2.93 ± 0.13
	2.13
	4.25
	0.113
	0.144
	11.46
	12.95
	78.25
	0.61
	20.88

	No. of stamen
	2.11 ± 0.07
	2.00
	3.00
	0.084
	0.094
	13.74
	14.53
	89.38
	0.56
	26.75

	Length of anther (cm)
	0.37 ± 0.02
	0.22
	0.48
	0.003
	0.004
	14.90
	16.54
	81.22
	0.10
	27.67

	Length of filament (cm)
	0.84 ± 0.03
	0.46
	1.09
	0.018
	0.020
	16.01
	16.80
	90.80
	0.26
	31.43

	Length of style (cm)
	0.34 ± 0.01
	0.19
	0.51
	0.004
	0.004
	18.61
	19.37
	92.30
	0.13
	36.82

	Length of stigma (cm)
	0.40 ± 0.02
	0.31
	0.54
	0.003
	0.004
	14.78
	16.60
	79.27
	0.11
	27.10

	Bud weight (g)
	0.25 ± 0.01
	0.07
	0.80
	0.030
	0.030
	63.73
	63.99
	99.20
	0.33
	130.76
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GV = Genotypic variance	GCV = Genotypic coefficient of variation	GA = Genetic advance      h2 = Heritability (broad sense) PV = Phenotypic variance	PCV = Phenotypic coefficient of variation	GAM = Genetic advance (as per cent of mean)

Multivariate and Association Analyses
PCA: PCs 1–5 (eigenvalues >1) explained 87.01% variance; PC1 (45.68%) loaded heavily on whorls (0.34), petals (0.29), bud weight (0.33).
D²: Five clusters; Cluster I (20 genotypes), V (1, superior for whorls/petals/bud weight); max intra D² = 800.90 (IV), inter = 9063.85 (I–V) (Tables 1–2). Bud weight top contributor (23.50%).
Correlations: Bud weight positively correlated (P<0.01) with whorls (0.92), petals (0.84); (P<0.05) with calyx teeth (0.40), diameter (0.28).
Path: Whorls (0.55 direct), petals (0.32); residual = (0.216).
Molecular Diversity
Five polymorphic SSRs: Na 1–4 (mean 1.64), Ne 1–2.43 (1.25), I 0–0.96 (0.21), He 0–0.59 (0.12), PIC 0–0.57 (0.12) (Table 4).
Phytochemical Content
Significant variation (P<0.05): phenols mean 208.89 mg/100 g FW (range 174.98–260.83); flavonoids 90.26 (73.21–117.08); tannins 35.78 (22.92–47.81); terpenoids 23.02 (18.27–27.95) (Table 5).
Discussion
High GCV/PCV for yield traits (e.g., petals 47.31%) exceeds Sarma (2012; 30%) and Champa (2012; 25–35%), attributable to wild germplasm inclusion, broadening the genetic base vs. Khan et al. (1970; GCV ~20%). Very high h²_bs (>95% for whorls/petals) and GAM (>90%) surpass Raman (1969; h²_bs 70–80%), indicating additive gene dominance and selection efficacy, akin to Gobade et al. (2017) in marigold.
PCA variance (87.01%) Tuppad et al. (2017; 75% in Jivanti), with whorls/petals loadings mirroring Shruthi et al. (2018) in Vidanga, prioritizing these for diversity indices. D² divergence (max 9063.85) Rameshbabu and Patil (2002; 3000 in jasmine), with bud weight's dominance (23.50%) Karmakar and Srivastava (1986; petals 15%), favoring Cluster V (e.g., COHM-UHSB-25) × I hybrids for yield gains.









Table 4. Genetic attributes of SSR primer pairs amplified in advanced breeding lines of Jasminum sambac
	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 5. Phytochemical content in 30 jasmine plant leaves
	Sl. No.
	Genotypes
	Phenols (mg/100 g FW)
	Flavonoids (mg/100 g FW)
	Tannins (mg/100 g FW)
	Terpenoids (mg/100 g FW)

	1
	COHM-UHSB-1
	209.37
	78.19
	44.03
	27.95

	2
	COHM-UHSB-2
	193.71
	93.55
	32.29
	19.33

	3
	COHM-UHSB-3
	186.88
	84.93
	33.71
	20.83

	4
	COHM-UHSB-4
	253.35
	99.98
	31.95
	24.23

	5
	COHM-UHSB-5
	193.45
	106.03
	35.22
	20.56

	6
	COHM-UHSB-6
	204.04
	99.65
	37.21
	27.47

	7
	COHM-UHSB-7
	194.65
	88.80
	29.83
	23.38

	8
	COHM-UHSB-8
	190.34
	86.23
	47.81
	23.99

	9
	COHM-UHSB-9
	220.12
	111.26
	29.12
	18.99

	10
	COHM-UHSB-10
	210.89
	88.45
	47.57
	25.91

	11
	COHM-UHSB-11
	248.71
	91.56
	24.13
	26.33

	12
	COHM-UHSB-12
	196.47
	73.21
	35.89
	26.11

	13
	COHM-UHSB-13
	218.20
	76.91
	26.57
	27.08

	14
	COHM-UHSB-14
	260.83
	96.08
	41.41
	19.40

	15
	COHM-UHSB-15
	174.98
	84.25
	30.33
	21.74

	16
	COHM-UHSB-16
	228.83
	81.86
	33.32
	22.07

	17
	COHM-UHSB-17
	220.09
	85.53
	27.41
	21.19

	18
	COHM-UHSB-18
	188.70
	86.04
	44.90
	23.83

	19
	COHM-UHSB-19
	200.04
	98.97
	44.90
	18.27

	20
	COHM-UHSB-20
	242.41
	93.26
	38.19
	24.57

	21
	COHM-UHSB-21
	200.43
	86.42
	43.33
	25.36

	22
	COHM-UHSB-22
	190.18
	101.84
	47.68
	23.73

	23
	COHM-UHSB-23
	183.70
	94.41
	27.99
	20.11

	24
	COHM-UHSB-24
	238.98
	103.75
	36.76
	21.63

	25
	COHM-UHSB-25
	208.07
	73.73
	39.91
	24.97

	26
	COHM-UHSB-26
	191.67
	88.44
	37.31
	27.51

	27
	COHM-UHSB-27
	233.18
	83.18
	39.69
	18.97

	28
	COHM-UHSB-28
	193.41
	77.88
	24.35
	23.05

	29
	COHM-UHSB-29
	208.05
	76.30
	37.56
	23.33

	30
	COHM-UHSB-30
	183.02
	117.08
	22.92
	18.75

	Mean
	208.89
	90.26
	35.78
	23.02

	S.Em±
	3.88
	2.08
	0.70
	0.47

	CD @ 5%
	11.22
	6.08
	2.01
	1.36




Bud weight-whorls correlation (0.92) stronger than Indiresha (1982; 0.65), while negative bud-anther (-0.20) echoes More (1980), suggesting pleiotropy. Path effects (whorls 0.55) validate Dewey and Lu (1959), emphasizing indirect selection over calyx teeth (negligible direct).
SSR low PIC (0.12) Li et al. (2015; 0.45), reflecting inbreeding vs. Carriero et al. (2002; PIC 0.60 in olives)
Phytochemical means of phenols 208.89 mg/100 g match Thakur et al. (2024; 150 mg in J. officinale); terpenoids (23.02) match Yu et al. (2017; 20 mg), with COHM-UHSB-1's high levels (>27 mg) Dudareva et al. (2013) baselines, ideal for essential oil breeding. Variability (CV 15–20%) Kurniawan et al. (2024; tannins in sorghum), enabling antioxidant selections (Balasundram et al., 2006; Heim et al., 2002).
Collectively, Mysuru mallige Advanced Breeding Lines outperform prior studies in heritability/divergence but lag in molecular breadth, recommending diverse crosses and expanded markers for sustainable improvement.
Conclusion
This study unveils robust genetic and phytochemical diversity in J. sambac Advanced Breeding Lines, with high heritability for yield traits and identifiable elites (COHM-UHSB-25, -14). Integrated analyses highlight whorls/petals as selection foci, supporting hybridization for enhanced Mysuru Mallige. 
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