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Genetic diversity using principal component analysis
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SUMMARY
A set of 100 germplasm lines with four checks viz., BPT-5204, PSB-68, Siri1253 and MGD-101 were evaluated in augmented
block design during Kharif 2020. The observations were documented for 5 quantitative traits viz., days to 50% flowering,
panicle length, number of panicles per square meter, 1000 grain weight and grain yield by principal component analysis
and cluster analysis to determine the relationship and genetic divergence among the individuals. The cumulative variance
of 55.60% was explained by 1st two principal components (PC1 and PC2) with eigen values greater than 1. Component 1
with variance of 32.10% had contribution from days to 50% flowering, panicle length, panicles per square meter and grain
yield while principal component 2 accounting 23.50% total variability has contribution from days to 50% flowering and
panicles per square meter. The remaining variability of 17.68%, 16.10% and 10.60% was consolidated in PC3, PC4 and
PC5. Results from cluster analysis grouped 100 germplasm lines into four clusters with minimum individuals constituted
in cluster 1 and maximum individuals were found in cluster 4. The lines in cluster 1 (2.62) showed maximum divergence
followed by cluster 3 (2.23). The maximum inter cluster Euclidean distance was observed between clusters 2 and cluster
3 followed by cluster 1 and cluster 2 giving a scope for selection of parents for hybridization programme from these
clusters to realize high genetic variation and novel combinations for yield increment.
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Rice is the major cereal crop with 95% of rice
production observed in Asian continent and
consumed by more than 4 billion people in the

world. In India, rice is grown in an area of 43 million
hectares, with 112 mt production and 2.6 tha-1 productivity
(Pathak et al., 2020). The Indus valley civilization is
credited with the domestication of rice in India. In Kerala,
rice is planted below sea level; most rice-growing
locations of the country are located at or near sea level,
as well as at heights above 2000 metres in Kashmir.
However, rice is cultivated in all corners of the world
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except Antarctica (Rathna Priya et al., 2019). After
China, India is the world’s second largest producer of
rice, accounting for 22.5 per cent of global rice
production. Rice grain contains highest lysine content
(4%) and endosperm consists of water soluble albumin,
salt soluble globulin, 8% alcohol soluble prolamine. Rice
protein is preferable over other cereal proteins since it
has balanced amino acid profile due to more lysine content
(Julino, 1993).

The per capita net availability of rice increased from
70.1 kg/year in 2019 to 73.4 kg/year in 2020. From 1960
to 2016 the volume of international rice marketing has
almost increased by six-fold from nearly 8 million tonnes
to 44 million tonnes annually. Plant disease and pest
outbreaks are becoming more common, resulting in lower
crop yields, endangering global food security. The
important diseases include chickpea dry root rot (Talekar
et al., 2017), sorghum downey mildew (Sharma et al.,
2010), chickpea phyllody (Balol et al., 2021), pigeonpea
wilt (Saxena et al., 2012), groundnut leaf spots (Kolekar
et al., 2016) and bud necrosis (Balol and Patil, 2014)
and sunflower necrosis (Sundaresha et al., 2012)
affecting the yield levels significantly. To maintain current
food self-sufficiency and fulfil future food and export
demands, production must increase roughly at a rate of
1.5 mt per year by 2050, and productivity must increase
by about 30% i.e., from current level of 2.56 t/ha to 3.25
t/ha. (Pathak et al., 2021). Hence, there is an urgent
need to increase the rice production with limited land
resource using high yielding varieties/hybrids using
heterosis breeding and other novel breeding methods
(Padmavathi, 2012).

The amount of genetic variability present in the
population is the primary requirement for developing high
yielding rice varieties outperforming present day
cultivated varieties. Thus, studies on genetic diversity to
know the nature and degree of divergence for yield traits
will help in designing efficient breeding programme by
facilitating the selection of elite parental lines which can
be further used in hybridization programme to develop
superior and high yielding varieties. Principle component
analysis (PCA) is an effective approach for quantifying
genetic divergence among germplasm lines with respect

to characters Beena et al., 2020.Also cluster analysis
offers a best method for selecting parents to realize high
heterosis to strengthen hybrid breeding programme in
rice. With this background the present study was carried
out to understand and classify the magnitude and nature
of genetic diversity among the studied germplasm lines.

MATERIAL AND METHODS

Experiment material for the present study comprised
of 100 germplasm lines and four checks viz., MGD-101,
Siri1253, BPT5204 and PSB-68. The genotypes were
sown in Agriculture Research Station, Mugad, University
of Agricultural Sciences, Dharwad. Test entries along
with checks were sown at a spacing of 20×10 cm in
augmented Block Design with four blocks, wherein each
block comprised of 25 genotypes and four checks were
repeated in each block. The data was recorded on a plot
and plant basis at various agronomic stages of the crop
that were appropriate for each measured trait. Data
related to days to 50% flowering, panicle length, panicles
per square metre, 1000-grain weight and grain yield was
collected and analysed to draw valid conclusions.

PCA analysis was done as per the methodology
suggested by Massay (1965) and Jolliffie (1986).  Cluster
analysis was done using mean data following ward method
of diversity analysis. Principal component analysis and
cluster analysis was performed in R software version
4.1.3.

RESULTS AND DISCUSSION

The results obtained from the present investigation
as well as relevant discussion have been summarized
under following heads :

Principle component analysis:
Polygenic variation is evaluated by looking at the

relative contribution of each character to total divergence.
Principal component analysis is a non-parametric,
multivariate technique that analyses a data Table 1 in
which several inter-correlated quantitative dependent
variables describe observations to extract the important
information (Nachimuthu et al., 2014). The first 2

Table 1: Eigen values, Proportion of variance and cumulative effect of five different principal components 
Components PC1 PC2 PC3 PC4 PC5 

Eigen value 1.60 1.17 0.88 0.80 0.53 

Proportion 32.10 23.50 17.68 16.10 10.60 

Cumulative 32.10 55.60 73.30 89.40 100 
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Fig. 1: Principal component analysis of yield and yield
          related traits in rice

Table 2: Contribution of five quantitative traits to different principal components 
Characters PC1 PC2 PC3 PC4 PC5 

Days to 50% flowering 0.35 0.48 -0.70 0.16 -0.34 

Panicle length 0.55 -0.39 0.31 -0.04 -0.65 

Panicles per square meter 0.50 0.26 0.08 -0.73 0.36 

1000 Grain weight -0.24 -0.57 -0.59 -0.49 -0.10 

Grain yield 0.50 -0.45 -0.22 0.43 0.55 

Table 3 : Average intra cluster and inter cluster euclidean distance values 
Clusters Cluster 1 Cluster 2 Cluster 3 Cluster 4 

Cluster 1 2.62    

Cluster 2 4.49 2.10   

Cluster 3 3.01 4.64 2.23  

Cluster 4 3.55 3.90 3.08 2.20 

Table 4: Cluster means for yield and yield related traits in rice 
 Characters Cluster  1 Cluster  2 Cluster  3 Cluster  4 

Days to 50% flowering 101.20 105.52 86.61 102.46 

Panicle length 24.00 22.53 21.47 19.34 

Panicles per square meter 280.20 307.89 269.30 270.63 

1000 Grain weight 25.00 18.26 24.96 21.10 

Grain yield 5665.00 2412.96 1562.68 1625.18 

suggests that the identified traits had a significant impact
on the phenotype of the population and exhibit more
variation among the germplasm lines (Christiana et al.,
2021). PC 1 with eigen value of 1.60 contributed 32.10%
to the total variability, PC2 with eigen value of 1.17
contributed 23.50% of total variation (Fig. 1), while PC3,
PC4 and PC5 with eigen values of less than 1 contributed
17.68%, 16.10% and 10.60% respectively to the total
genotypic variation.  Similar results with six principal
components were reported by Suneetha (2018) and
Pathak et al. (2018). The contribution of traits studied to
different principal components was presented in Table
2. Principal component 1 accounting 32.10% to the total
variability (Fig. 1) has contribution from days to 50%
flowering (0.35), panicle length (0.55), panicles per square
meter (0.50) and grain yield (0.50), while principal
component 2 accounting 23.6% total variability has
contribution only from days to 50% flowering (0.48) and
panicles per square meter (0.26). From the Table 1 it is
clear that PC 1 reported maximum variation than other
principal components studied. Hence individuals selected
from this component (PC1) will be desirable in breeding
programmes for improving the traits contributing high
variability viz., panicle length, panicles per square metre

components in principal component analysis contributed
55.60% of variability with eigen values more than 1
(Table 1).The eigen values greater than 1 in PCA
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and grain yield. Similar results were reported by
Jeevanapriya et al. (2019), Rahangdale et al. (2021) and
Kumari et al. (2021).

Cluster analysis:
There are four clusters which could be framed from

cluster analysis (Fig. 2). Out of 100 germplasm lines,
the cluster 1 is made of individuals five individuals GPM
4, GPM 8, GPM 11, GPM 5 and GPM 6. Cluster 2 have
twenty seven individuals, cluster 3 is formed with twenty
three individuals while cluster 4 have rest of forty five
germplasm lines along with four checks used in the study.
In this study, the genotypes in cluster 1 are characterised
by early maturity, high grain yield, long panicle length
and medium 1000-grain weight. Cluster 2 is characterized
by individuals which are early maturing types with
medium panicle length and low 1000-grain weight. The

individuals in cluster 3 are characterized by very early
flowering and medium 1000-grain weight. The individuals
in cluster 4 are grouped based on early flowering, short
panicle length and more panicles per square meter.

The average intra-cluster and inter-cluster Euclidean
distances were estimated using ward’s minimum variance
and the results were tabulated in Table 3. Among the
four clusters, cluster 1 (2.62) has maximum intra-cluster
distance followed by cluster 3 (2.23), cluster 4 (2.20)
and cluster 2 (2.10). The occurrence of maximum intra-
cluster distance indicated the possibility of high genetic
diversity among the genotypes within the cluster
(Tejaswini et al., 2016). In this study, intra-cluster
distances between clusters is less than inter-cluster
distance suggesting that it is a good clustering algorithm.
Cluster 1 with 5 individuals is far away from cluster 2
(4.49) followed by cluster 4 (3.55) and closer to cluster

Fig. 2: Cluster dendrogram of 100 germplasm lines and 4 controls evaluated for five yield and yield related traits in rice
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3 (3.01). Cluster 2 with twenty seven individuals is far
away from cluster 3 with an inter cluster distance of
4.64 and close to cluster 4 (3.90). While, cluster 3 with
twenty seven individuals is close to cluster 4 (3.08). From
this study crossing genotypes of clusters 2 and cluster 3
followed by cluster 1 and cluster 2 may result in desirable
novel recombinants in rice. The individuals grouped in a
particular cluster were closely related with other
individuals within the cluster in comparison with
individuals of other clusters. So, it can be understood
that the individuals within a cluster were genetically less
diverse while they are highly different from the individuals
of other clusters. Similar results were reported by Khare
et al. (2014) and Tejaswini et al. (2016).

Cluster means of characters studied:
The cluster means for days to 50% flowering ranged

from 86.61 days (cluster 3) to 105.52 days (cluster 2);
panicle length ranged from 19.34 cm (cluster 4) to 24.00
cm (cluster 1); panicles per square meter ranged from
269.30 (cluster 3) to 307.89 (cluster 2); 1000-grain weight
ranged from 18.26 (cluster 2) to 25.00 (cluster 1); and
grain yield ranged from 1562.68 kg/ha (cluster 3) to 5665
kg/ha (cluster 1). Wider range of cluster means values
among the studied germplasm lines indicated the
presence of genetic variation among the germplasm lines
(Table 4). It was discovered that none of the clusters
included at least one genotype that had all of the desirable
traits, ruling out the idea of selecting one genotype for
immediate usage. Therefore to judiciously incorporate
all of the desirable features, hybridization between
selected genotypes from divergent clusters is required.

Conclusion:
In the present study two principal components with

more than 1 eigen value was obtained based on 5
phenotypic traits contributed for 55.60% of the total
variance. The traits days to 50% flowering and panicles
per square meter contributed to both PC1 and PC2 while
panicle length and grain yield contributed only to PC1.
Thus these traits can be effectively used to discriminate
the individuals in the population. From cluster analysis
maximum inter-cluster distance was observed between
clusters 2 and cluster 3 followed by cluster 1 and cluster
2. So the genotypes selected from these clusters can be
used for selecting genetically diverse parents in
hybridization to achieve a useful output from a well
framed breeding programme to develop novel high

yielding varieties and to exploit heterosis.
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