Estimation of Genetic Diversity Through k-Mean Cluster Analysis for Yield and Yield Attributing Traits in Mungbean Genotypes

ABSTRACT
This study aimed to estimate the genetic diversity among 94 mungbean genotypes using K-means cluster analysis. The studied genotypes were grouped into seven clusters. Cluster VII (3.57) showed maximum intra-cluster distance, while minimum distance was exhibited in cluster III (2.14). The highest inter-cluster distance was observed between cluster VI and VII (13.29) followed by clusters I and VII (12.96), clusters II and IV (12.71), clusters II and VI (12.58) and cluster IV and VII (11.97). Minimum Inter-cluster distance was observed between cluster III and V (3.09). Cluster mean for number of clusters per plant, number of pods per plant, biological yield per plant and seed yield per plant were recorded to be highest in cluster VII. The K-means clustering analysis revealed no relationship between geographic origin and genetic diversity. The Intra and inter cluster distance was adequate for the determining of diversity among the genotypes. The genotypes of clusters VI and cluster VII can be used as a parent in hybridization for obtaining heterotic response and better segregants in mungbean.
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1. Introduction
Mungbean (Vigna radiata L. Wilczek) is an important short season legume, well suited to small holder production under adverse climatic conditions and commonly used in Indian cuisine (Vijayalaksmi et al., 2003). Mungbean is a semierect to erect, fast-growing annual, herbaceous legume reaching 25-100 cm in height. It has a well-developed deep rooted and its stems are diffusely branched from the base. The leaves are alternate and trifoliate with five leaflets 5.0-12.0 cm long and 2.0-10.0 cm wide. Around 10.0-25.0 flowers are borne in axillary clusters or racemes. The flowers are greenish to bright yellow with a grey tinged keel, 1.00-1.75 cm in diameter. The flower is a typically papilionaceous with 05 sepals, 05 petals, 10 diadelphous (9+1) stamen and monocarpellary with hairy stigma. It is an excellent source of easily digestible proteins with low flatulence, which complements the staple rice diet in Asia. The major portion of seeds is utilized in making dal, curries, soup, sweets and snacks. The sprouted seeds contain an increased amount of thiamine, niacin and ascorbic acid; thus, its sprouts are increasingly becoming popular in certain vegetarian diets. The grains contain approximately protein (25 -28%), oil (1.02-1.05%), fiber (3.5 - 4.5%),  ash (4.5 - 5.5%) and carbohydrates (60 - 65%) on dry weight, mungbean also contains vitamin-A (94 mg/100g), vitamin-C (8 mg/100g), iron (7.3 mg/100g), calcium (124 mg/100g), magnesium (189 mg/100g), phosphorus (367 mg/100g) potassium (1246 mg/100g), zinc (3 mg/100g) and foliate (549 mg/100g) (Udayasri et al., 2022). 
Mungbean is widely cultivated throughout South Asia including India, Pakistan, Bangladesh, Srilanka, Thailand, Cambodia, Vietnam, Indonesia, Malaysia and South China. In India, it is a third most important pulse crop after chickpea and pigeon pea. Over 70% of the world's mungbean production comes from India. In spite of that, the production and productivity of Indian varieties are far below the world average. In India, it was grown on an area of 5.19 million hectare with a total production of 3.10 million tones and productivity of 344 kg/ha. Rajasthan is the leading state followed by Karnataka, Madhya Pradesh, Odisha, Telangana, and Maharashtra (Anonymous, 2024). Though the crop can be grown in spring as well as in summer under irrigated northern plains and as rabi crop in southern and south-eastern parts where the winter is quite mild, but it is mainly grown during the kharif season. Therefore, extensive breeding programme is urgently needed for developing lines suited to different crop seasons and simultaneous improvement in yield of the crop. The success of the hybridization followed by selection depends largely on the selection of parents showing high genetic diversity for traits of interest (Murthy and Arunachalam, 1966). A large amount of genetic diversity has been reported in mungbean (Sinha et al., 1996; Francisco and Maeda, 1989) which indicates potential for genetic improvement of the crop. The genetic variability present among the different genotypes of a species may arise either due to geographical separation or due to genetic barriers to cross ability (Simsek et al., 2010; Simsek and Demirkiran, 2010). 
One of the potent techniques of assessing genetic divergence is K-means cluster analysis. Cluster analysis or clustering is the process of grouping, categorizing or classifying a set of objects into many subsets called clusters in such a way that items within one subset are more “similar” to each other, while items within other subsets are “dissimilar.” As a result, there must be a way to differentiate between “dissimilar” and “similar” items. K-means clustering is a fundamental clustering technique that is used to analyze data points. K-means is a most widely used algorithm for clustering with known sets of median points. Clustering can be used to discover meaningful groupings within a data set in an exploratory manner or it can serve as the starting point for more advanced analysis (Wanga et al., 2017). Cluster analysis is one of the methods of data reduction technique. Other data reduction techniques, like principal component analysis, reduce data in columns, i.e., it reduces the number of variables, whereas cluster analysis reduces the number of observations. This analysis has some similarities with discriminant analysis concerning the classification of observations, but there are key differences. 
Discriminant analysis allocates an object to a population based on prior information, while cluster analysis identifies homogeneous groups without assumptions about group membership or structure. Cluster analysis is used to identify groups or subsets of closely associated individuals based on similarities in recorded observations. Objects that share similar characteristics are grouped, while dissimilar ones are placed in different groups. K-means clustering is a machine learning algorithm that is hearsay because it is a powerful genetic diversity assessment technique that generates genetically diverse clusters / heterotic groups based on genetic distances between germplasm accessions. Once the heterotic groups are created, then it is simple to identify clusters that are genetically distant and the germplasm accessions that fall into these clusters are also genetically diverse. Germplasm enhancement embraces those activities required to aggregate useful genes and gene combinations into usable phenotypes (Evgenidis et al., 2011). 
Thus, this study is important because it reveals substantial genetic diversity among mungbean genotypes. The identification of genetically distant clusters with superior yield traits provides valuable guidance for hybridization strategies aimed at developing high-yielding and heterotic mungbean varieties.
2. Materials and Methods
The experiment was conducted at All India Coordinate Research Project on MULLaRP, Agriculture Research Station, Ummedganj, Kota, Rajasthan during summer 2024. Agro-climatically, the district falls in Zone-V (Humid South-Eastern Plains) of Rajasthan. The experiment was laid out in Augmented Randomized Complete Block Design. The experimental material of the study comprised of 94 genotypes including 4 checks (Shikha, Virat, MH 1142 and Pusa 9531) of mungbean (Table-1). The material was sown in 5 blocks. Each block had 4 meter long 2 rows of 22 plots placed 30 cm apart. Thus 18 genotypes and 4 checks were sown in each block. All the recommended package of practices was followed to establish a good plant stand. The observations were recorded on five randomly selected plants from each genotype in each block for all studied traits viz., plant height (cm), number of clusters per plant, number of pods per plant, pod length, number of seeds per pod, 100 seed weight (g), biological yield per plant (g), harvest index (%), protein content (%) and seed yield per plant (g), except days to 50% flowering and days to maturity which were recorded on plot basis. 
The mean data of each trait were subjected to statistical analysis and genetic divergence among genotypes was assessed using K-means cluster analysis (MacQueen,1967). The K-means clustering algorithm (a non-hierarchical method) is used to create desired partitions of a dataset. The goal is to divide a dataset into k clusters, with each cluster having a centroid that minimizes the distance between itself and all individual points within the cluster. The Cluster analysis was carried out using Origin Pro software.
K-Means Clustering Algorithm
Input:  D = {d1, d2, ......, dn} //set of n data objects. k// number of required clusters.
Output: k clusters 
Steps:
1. Randomly select K data objects as initial centroids from D. 
2. Calculate the distance between each data object di(1<=i<=n) and all k cluster centroids cj(1<=j<=k), then allocate data object di to the cluster which has closest centroid.
3. Calculate new mean for each cluster. //new mean is the updated centroid of cluster.
4. Repeat step 2 and 3 until no change in the centroid of cluster.
Choosing the Optimal Number of Clusters
The Elbow Method is used to determine the best number of clusters by plotting the total within-cluster sum of squares (WSS) against the number of clusters and selecting the "elbow" point, where adding more clusters does not significantly reduce WSS.
Steps:
1. Run the clustering algorithm for different values of k (e.g., 1 to 10).
2. Calculate the WSS for each value of k.
3. Plot WSS versus k and find the elbow point


3. Results and Discussion
Cluster analysis was grouped ninety-four genotypes of mungbean into seven clusters based on studied traits (Table-2 and Figure 1). Cluster III comprised the highest number of 19 genotypes, followed by cluster IV (18 genotypes), cluster VI (15 genotypes), cluster I and V (14 genotypes), cluster II (9 genotypes) and cluster VII (5 genotypes). The genotypes belonging to the same cluster indicate to be more closely related than those belonging to different clusters indicate that such genotypes might have completely different genetic makeup from the remaining genotypes and from each other, thus leading to the formation of separate cluster. Implementation of genetic divergence studies for crop improvement programs prior to initiation of breeding programs to reduce costs and time (Meena et al., 2015).  
Average intra-cluster distance among 94 genotypes of mungbean ranged between 2.14 and 3.57 (Table 3 and Figure 2). The intra-cluster distance values indicate the closeness of the genotypes falling in the same cluster; on the other hand, high intra-cluster values indicate more genetic divergence between genotypes belonging to the same cluster and therefore more heterogeneous. Perusal of Table 3 and Figure 2 indicated that the maximum intra-cluster distance was recorded in cluster VII (3.57) followed by cluster IV (2.57), cluster V (2.33), cluster I and II (2.27) and cluster VI (2.23) while minimum intra-cluster distance was recorded in cluster III (2.14). According to Murthy and Arunachalam (1966) success of the hybridization followed by selection depends largely on the choice of parents showing high genetic diversity for traits of interest. Therefore, such intra-cluster heterogeneity among the constituents’ genotypes obtained in the present experiment might serve as guideline to choose parents for the recombination breeding programme. The average of inter-cluster distance, however, varied from 3.09 to 13.29. The highest distance was observed between clusters VI and VII (13.29) followed by clusters I and VII (12.96), clusters II and IV (12.71), clusters II and VI (12.58) and cluster IV and VII (11.97). Minimum Inter-cluster distance was observed between cluster III and V (3.09).  It indicated that these cluster pairs were most divergent or in other words, the genotypic constituent of these cluster pairs comprised the genes from most distantly related parents in respect of the traits studied. Genotypes fall in higher inter-cluster distance gives more segregates (Singh and Upadhyay, 2013). The lowest inter-cluster distance indicated that the genotypes contained in these clusters were less genetically diverse. It indicated a close relationship and similarity among the genotypes for the majority of the characters. The genotypes belonging to different clusters separated by high estimated statistical distance may be used in the hybridization programme for crop improvement as well as for studying the inheritance pattern of different characters in mung bean. The above results further reveal that considering individual trait the genotypes were more divergent than that considering a constellation of traits. These findings were in agreement with prior studied by Garg et al. (2017) and Sen and De (2017).
Since improvement in yield and other related characters is a basic objective in any breeding programme, cluster means for seed yield per plant and its major components need to be considered for selection of genotypes. The means for number of clusters per plant varied from 1.59 in cluster VI to 3.36 in cluster VII (Table 4). Cluster means for number of clusters per plant, number of pods per plant, biological yield per plant and seed yield per plant were recorded to be highest in cluster VII comprising five genotypes viz., BCM 20-60, BRM 15-1, SKNM 2210, SML 2108 and SML 668. The cluster means for different traits further indicate that cluster IV comprising the eighteen genotypes viz., MH-1142, MH 1762, MH 18-100, MH 1918, MH 1921, MH 1923, NVL 1337, PM 2031, PMD 11, PMS-10, PMS 8(9), Pusa M 22-41, RMG 1191, RMG 1196, Shikha, TCA DM-1, VGG 20-255 and Virat recorded highest cluster mean for number of seeds per pod, 100 seed weight and harvest index; cluster II comprising nine genotypes viz., COGG 22-03, COGG 7/912, GM 6, HUM 16, JLPM 707-27, MGG 389, RMG 1148, SML 1115 and SVM 55 had similar mean for two different characters like plant height and pod length and cluster VI comprising fifteen genotypes viz., IPM 410-3, MH18-189, MH 421, OBGG 103, PM 2015, PMS 13, Pusa M 22-31, Pusa M 23-42, RMG 1169, RVSM 22-14, SML 2159, SVM 66, SVM 88, TGM 130 and VGG 20-157 had highest cluster mean for protein content. The above results thus indicated that there was no cluster containing genotypes with all the desirable traits which could be directly selected and utilized. Interestingly, most of the minimum and maximum mean values were distributed in relatively distant clusters. Recombination breeding between genotypes of different clusters has been suggested by Sonawane and Patil (1991). The similar results are in conformity to the prior results of Nalajala et al. (2022) for number of clusters per plant, number of pods per plant, biological yield per plant and seed yield per plant, Nayak et al. (2022) for days to 50 per cent flowering and days to maturity and Rahangdala et al. (2023) for pod length, number of seeds per pod, 100-seed weight, harvest index, protein content and plant height.
4. Conclusion
On the basis of intra and inter-cluster distance, dendrogram and by comparing the mean values of genotypes, no relationship between geographic origin and genetic diversity was exhibited. Five genotypes viz., SKNM 2210, SML 2108, SML 668, MH 1923 and BCM 20-60 of cluster VII and fifteen genotypes viz., IPM 410-3, MH18-189, MH 421, OBGG 103, PM 2015, PMS 13, Pusa M 22-31, Pusa M 23-42, RMG 1169, RVSM 22-14, SML 2159, SVM 66, SVM 88, TGM 130 and VGG 20-157 of cluster VI would be the most useful in future breeding programme for obtaining high heterosis response and better segregants in the subsequent generations.
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Table 1: Details of mungbean genotypes along with their sources.
	S. No.
	Genotypes
	Source
	S. No.
	Genotypes
	Source
	S. No.
	Genotypes
	Source

	1
	BCM 20-45
	BCKV, Mohanpur
	33
	MH 18-100
	CCS HAU, Hisar
	65
	SML 2147
	PAU, Ludhiana

	2
	BCM 20-49
	BCKV, Mohanpur
	34
	MH 1921
	CCS HAU, Hisar
	66
	OBGG 105
	OUAT, Berhampur

	3
	BCM 20-50
	BCKV, Mohanpur
	35
	MH 1923
	CCS HAU, Hisar
	67
	SML 2159
	PAU, Ludhiana

	4
	BCM 20-52
	BCKV, Mohanpur
	36
	MH 18-181
	CCS HAU, Hisar
	68
	SVM 66
	SVHS Pvt.Ltd, Hisar

	5
	BCM 20-55
	BCKV, Mohanpur
	37
	MH 421
	CCS HAU, Hisar
	69
	SVM 88
	SVHS Pvt. Ltd, Hisar

	6
	SML 1082
	PAU, Ludhiana
	38
	NVL 1337
	NSPL, Pachora
	70
	TAKM 140
	BARC, Mumbai

	7
	BCM 20-60
	BCKV, Mohanpur
	39
	OBGG 103
	OUAT, Berhampur
	71
	TCA DM -1
	TCA, Dhali

	8
	BCM 20-74
	BCKV, Mohanpur
	40
	OBGG 113
	OUAT, Berhampur
	72
	SVM 55
	SVHS Pvt. Ltd, Hisar

	9
	BRM 15-1
	BAU, Sabour
	41
	PM 1803
	GBPU&T, Pantnagar
	73
	TGM 130
	COA, Sehore

	10
	BRM 14
	BAU, Sabour
	42
	PM 1711
	GBPU&T, Pantnagar
	74
	VGG 20-157
	NPRC, Vamban

	11
	CGG 20008
	TNAU, Coimbatore, 
	43
	PM 2015
	GBPU&T, Pantnagar
	75
	VGG 20-234
	NPRC, Vamban

	12
	SML 668
	PAU, Ludhiana
	44
	PM 2031
	GBPU&T, Pantnagar
	76
	VGG 20-153
	NPRC, Vamban

	13
	COGG 22-03
	TNAU, Coimbatore
	45
	PMD 11
	IIPR, Kanpur
	77
	Pusa M 22-41
	IARI, New Delhi

	14
	COGG 7/912
	TNAU, Coimbatore
	46
	PMS 13
	IARI, New Delhi
	78
	RMG 1169
	RARI, Durgapura

	15
	DGG 96
	UAS, Dharward
	47
	PMS 9
	IARI, New Delhi
	79
	VGG 20-255
	NPRC, Vamban

	16
	GM 6
	SDAU, S.K. Nagar
	48
	PMS 12
	IARI, New Delhi
	80
	Pusa M 22-31
	IARI, New Delhi

	17
	HUM 16
	BHU, Varanasi
	49
	PMS-10
	IARI, New Delhi
	81
	IPM 410-3
	IIPR, Kanpur

	18
	BM 4
	ARS, Badnapur
	50
	PMS-11
	IARI, New Delhi
	82
	MH 1918
	CCS HAU, Hisar

	19
	IPM 02-3
	IIPR, Kanpur
	51
	Pusa M 23-31
	IARI, New Delhi
	83
	MH 18-189
	CCS HAU, Hisar

	20
	IPM 1604-1
	IIPR, Kanpur
	52
	Pusa M 23-32
	IARI, New Delhi
	84
	Pusa M 21-31
	IARI, New Delhi

	21
	IPM 1707-1
	IIPR, Kanpur
	53
	Pusa M 23-41
	IARI, New Delhi
	85
	PusaM 22-42
	IARI, New Delhi

	22
	Pusa M 19111
	IARI, New Delhi
	54
	Pusa M 23-42
	IARI, New Delhi
	86
	Pant Mung 2
	GBPU&T, Pantnagar

	23
	IPM 2-14
	IIPR, Kanpur
	55
	Pusa M 2431
	IARI, New Delhi
	87
	MH 1703
	CCS HAU, Hisar

	24
	Kopergeon
	Nagpur
	56
	Pusa M 2441
	IARI, New Delhi
	88
	MH 1762
	CCS HAU, Hisar

	25
	IPMD 101-2
	IIPR, Kanpur
	57
	RMG 1191
	RARI, Durgapura
	89
	MH 1850
	CCS HAU, Hisar

	26
	IPM 512-1
	IIPR, Kanpur
	58
	RMG 1196
	RARI, Durgapura
	90
	PMS 8 (9)
	IARI, New Delhi

	27
	Jawahar M5
	JNKVV, Jabalpur
	59
	RVSM 22-14
	COA, Sehore
	91
	Shikha
	IIPR, Kanpur

	28
	Jawahar M6
	JNKVV, Jabalpur
	60
	RMG 1148
	RARI, Durgapura
	92
	Virat
	IIPR, Kanpur

	29
	JLPM 707-27
	MPVK, Jalgaon
	61
	SKNM 2107
	SDAU, S.K. Nagar
	93
	Pusa 9531
	IARI, New Delhi

	30
	IPM 1704-14
	IIPR, Kanpur
	62
	SKNM 2210
	SDAU, S.K. Nagar
	94
	MH 1142
	CCS HAU, Hisar

	31
	MGG 389
	ARS, Madhira
	63
	SML 1115
	PAU, Ludhiana
	
	
	

	32
	MGG 519
	ARS,Madhira
	64
	SML 2108
	PAU, Ludhiana
	
	
	




Table 2: Distribution of mungbean genotypes into seven clusters
	Cluster group
	No. of genotype
	Details of genotype

	Cluster I
	14
	Jawahar M6, MH1703, MH18-181, MH1850, OBGG 105, PM 1711, PM 1803, PMS-11, PMS 12, Pusa 9531, Pusa M 21-31, Pusa M23-41, SKNM 2107 and TAKM 140

	[bookmark: _Hlk219093257]Cluster II
	9
	COGG 22-03, COGG 7/912, GM 6, HUM 16, JLPM 707-27, MGG 389, RMG 1148, SML 1115 and SVM 55

	Cluster III
	19
	CGG 20008, DGG 96, IPM 02-3, IPM 1704-14, IPM 1707-1, IPM 2-14, IPM 512-1, IPMD 101-2, OBGG 113, PMS 9, Pant Mung 2, Pusa M 19111, Pusa M 22-42, Pusa M 23-32, Pusa M 2441, SML 1082, SML 2147, VGG 20-153 and VGG 20-234

	Cluster IV
	18
	MH-1142, MH 1762, MH 18-100, MH 1918, MH 1921, MH 1923, NVL 1337, PM 2031, PMD 11, PMS-10, PMS 8(9), Pusa M 22-41, RMG 1191, RMG 1196, Shikha, TCA DM-1, VGG 20-255 and Virat

	Cluster V
	14
	BCM 20-45, BCM 20-49, BCM 20-50, BCM 20-52, BCM 20-55, BCM 20-74, BM 4, BRM 14, IPM 1604-1, Jawahar M5, Kopergeon, MGG 519, Pusa M 23-31 and Pusa M 2431

	Cluster VI
	15
	IPM 410-3, MH18-189, MH 421, OBGG 103, PM 2015, PMS 13, Pusa M 22-31, Pusa M 23-42, RMG 1169, RVSM 22-14, SML 2159, SVM 66, SVM 88, TGM 130 and VGG 20-157

	Cluster VII
	5
	BCM 20-60, BRM 15-1, SKNM 2210, SML 2108 and SML 668



Table 3: Intra and inter-cluster distance among seven clusters of mungbean genotypes 
	Cluster
	Cluster-I
	Cluster-II
	Cluster-III
	Cluster-IV
	Cluster-V
	Cluster-VI
	Cluster-VII

	Cluster-I
	2.27
	11.39
	4.87
	8.84
	5.17
	7.49
	12.96

	Cluster-II
	
	2.27
	8.26
	12.71
	9.23
	12.58
	10.20

	Cluster-III
	
	
	2.14
	9.15
	3.09
	6.24
	11.53

	Cluster-IV
	
	
	
	2.57
	7.13
	6.50
	11.97

	Cluster-V
	
	
	
	
	2.33
	4.94
	11.37

	Cluster-VI
	
	
	
	
	
	2.23
	13.29

	Cluster-VII
	
	
	
	
	
	
	3.57



Table 4: Cluster mean for seed yield and its contributing traits. 
	Cluster

	Days to 50% flowering
	Days to maturity
	Plant height (cm)
	Number of clusters per plant
	Number of pods per plant
	Pod length (cm)
	Number
of
seeds per pod
	100 – seed weight (g)
	Biological
yield
per
 plant (g)
	Harvest     index
(%)
	Protein content (%)
	Seed yield per plant (g)

	Cluster-I
	47.36
	71.99
	28.04
	1.72
	11.55
	7.60
	7.95
	2.83
	15.47
	17.47
	19.96
	2.67

	Cluster-II
	45.56
	69.89
	38.93
	1.65
	11.39
	7.80
	7.80
	2.59
	16.51
	16.05
	19.51
	2.51

	Cluster-III
	46.26
	70.00
	31.01
	1.64
	12.02
	6.78
	7.30
	2.93
	15.74
	14.61
	20.10
	2.19

	Cluster-IV
	43.14
	65.33
	28.73
	1.96
	12.59
	7.79
	8.23
	2.95
	15.30
	21.21
	20.31
	3.22

	Cluster-V
	43.86
	69.43
	30.00
	2.00
	11.99
	6.93
	7.38
	2.23
	15.75
	15.87
	19.75
	2.40

	Cluster-VI
	44.13
	65.87
	27.24
	1.59
	11.92
	7.61
	7.57
	2.91
	16.72
	15.32
	21.01
	2.47

	Cluster-VII
	45.00
	69.00
	35.86
	3.36
	18.26
	6.80
	7.65
	2.64
	21.42
	19.94
	19.90
	4.21
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Figure 1: Diagrammatic representation of formation of clusters
                        Figure 2: Diagrammatic representation of cluster distance
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