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Abstract:

This study investigates the genetic divergence and yield and quality-related attributes of
hybrid rice (Oryza sativa L.) through principal component analysis (PCA) and genetic
divergence studies. Conducted during the Kharif 2022 season at the Seed Breeding Farm,
Rice Improvement Project, Department of Plant Breeding & Genetics, INKVV/, Jabalpur, the
research focused on 98 genotypes, evaluating 30 agronomic attributes based on DUS
guidelines. Genetic variability, heritability, genetic advance, correlation, ‘path coefficient, D2
analysis, and PCA were employed to analyze the data. The findings reveal significant genetic
panicle weight contributing notably to genetic divergence. PCA .identified eight principal
components accounting for 81.97% of the total variability, ‘with the first component alone
contributing 22.34%. The study emphasizes the importance of understanding genotypic and
phenotypic characteristics for effective:selection. and breeding of diverse genotypes,
ultimately enhancing hybrid rice technology and regional adaptability. The research highlights
key traits contributing to genetic divergence and provides insights into the genetic architecture
of hybrid rice, aiding .in=the development of high-yield, quality rice varieties. The
comprehensive analysis ofuyield and quality traits offers a valuable resource for breeders
aiming to improve hybrid rice cultivars, ensuring food security and nutritional value for the
global population.
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Introduction

Rice, a key staple food worldwide, belongs to the genus Oryza, which includes two cultivated
species, 14 are diploid with 24 chromosomes, while 8 are tetraploid with 48 chromosomes.
Both cultivated species are diploid with 24 chromosomes. Oryza sativa is particularly
significant, serving as the primary dietary staple for approximately 3.5 billion people globally.
Rice is crucial for global nutrition, providing carbohydrates, protein, vitamins, essential fatty

acids, minerals, zinc, and iron. It holds symbolic importance in various cultures and is the
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only cereal crop that can thrive in submerged conditions. With over 100,000 distinct landraces
and improved cultivars, rice exhibits exceptional genetic diversity. In 2022—-2023, global rice
sector is expanding, with an increase in hybrid rice cultivation and seed production expected.
Ensuring genetic purity and developing regionally adaptive hybrids are essential for the

success of hybrid rice technology.

Materials and method

A

quality-related attributes of hybrid rice " was conducted during. Kharif 2022 at the Seed
Breeding Farm, Rice Improvement Project, Department 'of Plant. Breeding & Genetics,
JNKVV, Jabalpur. This chapter reviews and presents literature on various aspects, including
morphological characterization (following DUS recommendations), genetic variability,
heritability, genetic advance, correlation coefficient, path.coefficient analysis, D? analysis,
principal component analysis, combining.ability,:and heterosis. It also covers biochemical and
molecular analysis for genetic purity.testing of rice hybrids. Thirty agronomic attributes were
assessed to evaluate the geneticdiversity and rank the variability of restorer lines, based on
DUS guidelines. These attributes:included days to fifty percent flowering (DFF), days to
maturity (DTM), flag leaf length (FLL) and width (FLW), total tillers per plant (TT/P),
productive tillers per plant (PT/P);.stem thickness (ST) and length (SL), plant height (PH),
number of panicles perplant (Pa/P), panicle length (PL), biological yield per plant (BY/P),
panicle weight (PaWt/P), number of fertile spikelets per panicle (Fsp/pa), total spikelets per
panicle (TSp/pa);. spikelet fertility (SF) and density (SD), thousand seed weight (ThSWt),
panicle index (P1), harvest index (HI), grain length (GL) and width (GW), decorticated grain
length (DGL) and width (DGW), length to breadth ratio (L/B), hulling percentage (H), milling
percentage (M), and head rice recovery percentage (HRR). Observations were recorded on 10
randomly selected plants from each replication and analyzed using mean values and statistical
methods, including D’statistics by Mahalanobis (1936). Inters- and intraclusterD? mean
values were estimated following Singh and Chaudhary (1977), genotypes were grouped using
Tocher’s method, and PCA analysis was conducted based on methodologies by Massay
(1965) and Jolliffe (1986).Understanding a crop's genotypic, phenotypic, and other relevant

characteristics is essential for developing a successful breeding system. The amount of

The study titled " Principal component analysis and genetic divergence studies for yield and
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heritable variation in crop material determines the effectiveness of selection in breeding. The
primary goal of plant breeding is to select, develop, and maintain diverse genotypes, making

variability crucial for the selection process and identifying diverse parents.,

Results and discussion

A Y Y A

Assessment of genetic divergence

Mahalanobis D? analysis, a quantitative method for measuring the relationship between
geographic and genetic diversity, evaluates genetic differences across biological populations
using a generalized distance (Mahalanobis, 1936). By converting character-based correlated
means into uncorrelated means through Tocher's approach, D values are obtained. Genetic

divergence between pairs of genotypes is then calculated by summing the squares of the
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differences between the corresponding uncorrelated values of the two genotypes. This study

used seed yield and related variables to measure genetic divergence across 98 genotypes.

Regarding the contribution of individual characters towards genetic divergence, most
characteristics played a role except for flag leaf length, stem length, panicle length, plant
height, number of effective tillers, panicle weight, biological yield per plant, spikelet density,
grain width, hulling percentage, milling percentage, and length-to-breadth ratio for
decorticated grain. The collective percentage contributions to genetic divergence were
significant for stem length (60.38%), fertile spikelets (11.35%), panicle<weight (9.13%),
thousand-grain weight (5.75%), sterile spikelets (3.7%), grain yield per plant (2.99%), panicle
index (2.6%), harvest index (1.34%), and stem weight per plant (1.29%). Some traits,
including days to flowering (0.24%), total number of spikelets (0.19%), grain length (0.09%),
decorticated grain length (0.04%), head rice recovery percentage.(0.04%), decorticated grain
width (0.02%), and flag leaf length (0.02%), contributed less than 1% to genetic divergence.
Other traits such as flag leaf length, stem length, panicle length; plant height, number of
tillers, number of productive tillers per plant, panicle weight, biological yield, spikelet density,
grain weight, hulling percentage, milling percentage, and length-to-breadth ratio for

decorticated grain did not contribute to divergence.

Table 2: Distribution of rice hybrid ‘in different clusters

No. genotype

WGL 32100,97 x NPT 29 56Ax NPT 13-01,3A X MTU 1081 x NPT
13-01,3AX MTU 1081 x PS-4, 3A X JNPT 514-22, 3A X AVT 1 IME
3535,3A X AVT-1 IME-3536, 3A X IVT- 1 IME-3664, 3A X Pusa
tarangini 97A x NPT 65, 3A X MTU 1010 x25B x NPT 101, 3A X
JNPT 23-1, R-671 x WGL 32183, NPT 10-24 x WGL 32183, Kranti
1 83 xWGL 32183,31A X JNPT 1059-10,25A X JNPT 1059-9

32A X AVT-1 IME-3531,Sonam ,Pusa tarangini

,Swarnyapriya, R 712, R 671, NPT-29, NPT 13-01, NPT-25,NPT
65,NPT 10-24, NPT 10-65 , JNPT 1058, JNPT 23-01, JNPT 514-22,
JNPT 1059-9, INPT 1059-10, MTU 11320, P 3123, MC -13, RTCNP
-28, WGL 32100,MTU 1081 X NPT 111, MTU 1010 x25B x NPT

IR 64,Kranti x WGL 32100,IR 64 x Pusa tarangini ,NPT 10-24 x

25A X Sonam,32A X MTU 1081 x NPT 111, 32A X JNPT 1059-10,
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101, AVT- 1 IME- 3531, AVT -1 IME- 3535, AVT -1 IME- 3536, IVT
IME-3624,JR 206,3B,99B, 22B, 25B,31B,56B, WGL 32183, WGL
14, MTU 1010xPS-5, MTU 1081 X PS-4, MTU 1081 X NPT 13-01,
56A X NPT 23, 56 A XIJNPT 1058, 56A X WGL- 14, 56 A X RTCNP-
28, 97A X JR 206, 97A X P 3123, 99A X NPT- 25, 99A X JNPT-
1058, 99A X MTU 1010xPS-5, 99A X MTU 11320, 99A X MC-
13,Kranti ,IR 64, 22A X Pusa tarangini , 22A X Swarnyapriya ,29A
XR712,29 A X P3123,31AX MTU 1081 x PS-4, JRH 19

Kranti x JNPT 1058,Kranti x WGL -14, Kranti x NPT 26-1,

2 | 9 | Shyamla x IR 64,32A X MTU 1081 x NPT 13-01 NPT, 23,NPT.
26-1,JNPT-58,NPT 14-7
3| 1 ] L2 . . ¥ . S
R 1 ] Shyamla . ol
, 6 NPT 10-24 x R 712 , NPT 10-65 x%.JNPT 58,3A X NPT 13- /
N “01,3A X Swarmnyapriya,29B;97B "
S | 2 | R671x NPT29,3IAXMTU 1081 xNPT111 =
Jo ] 2 ] 25AX NPT 26-1, 25AX NPT 14-7 =
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Principal componentanalysis

Principal::component analysis (PCA) evaluates the relevance and contribution of each
component to the:total variance, with each coefficient of proper vectors reflecting the degree
of contribution of each original variable related to each principal component (Sanni et al.,
2012). This.mathematical process converts potentially linked variables into a smaller number
of uncorrelated variables known as principal components. The first principal component
accounts for as much variability in the data as possible, and each subsequent component
accounts for as much of the remaining variability as possible. PCA aims to identify the fewest
components that explain the most variability (Anderson, 1972; Morrison, 1978) and rank
genotypes based on PC scores. Principal components are generally calculated using a

correlation or covariance matrix. When variables are measured in various units and scaling




effects occur, the composition of derived components might be influenced, making it

desirable to standardize the variables. Table 4.14 shows the results of PCA for yield and

quality contributing variables of fertility restorer rice lines studied. For rice genotypes, PCA

was performed using yield and attributing components. Eight principal components (PCs)

showed more than 1.00 Eigenvalues, accounting for approximately 81.97% of the total

cumulative variability across all characteristics tested. PC 1 accounted for 22.34% of the
variability, while PC 2, PC 3, PC 4, PC 5, PC 6, PC 7, and PC 8 accounted for 14.81%,
11.51%, 9.71%, 7.85%, 6.10%, 5.25%, and 4.38% of the variability, respectively, across the

genotypes for

the variables under investigation.

Table 4. Interpretation of rotated component matrix for 29 yield attributing and quality-

relatedtraits.

Principal
Component (PC)

Dominated by

Contribution

Stem length (0.543), Plant height (0.598), Stem weight per
plant (0.711), Panicle weight (0.711), Biological yield (0.790),

PC 1 Fertile spikelets per panicle (0.661), Total number of spikelets | High
”””””””””””””” (0.657), Spikelet density (0.527), Grain width (0.548), Head |
rice recovery percentage (0.525), Grain'yield per plant (0.694)
Number of effective tillers per plant (0.659), Number of tillers
PC 2 per plant (0.687), Panicle weight (0.570), Biological yield Moderate
”””””””””””””” ©O517). . o~
PC 3 Hulling:perecentage (0.600) Single
"""""""""""""" Stem Iength (0.552), Plant height (0.607), Grain length (0.674), |
PC4 1000 grain Weight (0.572) | igh
PC 5 Fertile spikelets (0.507), Fertility percentage (0.717) Moderate

PC3 PC3 PC4 PCu
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Fig 1. Scree plot of PCA
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The candidate manuscript does not have a robust scientific discussion, | suggest the

authors incorporate the suggested paragraphs, in this way, it would improve the scientific
quality of the manuscript:

A

{ Formatted:
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This_study offers_significant scientific and contemporary relevance by advancing _our .--{ Formatted: Font: Not Bold ]
understanding of the genetic architecture of hybrid rice, a critical crop for global food security
(Guevara et al. 2013; Cortez et al. 2016b), Through the application of Principal Component .-{ Formatted: Font: Not Bold ]
Analysis (PCA) and genetic divergence studies, the research identifies key-agronomic traits
that contribute to genetic variability, thereby enhancing the potential. for targeted. breeding
programs. Identifying traits such as stem length, fertile spikelets, and panicle weight as major
contributors to genetic divergence provides a strateqgic basis for selecting, genotypes that can - -{ Formatted: Font: Not Bold ]
yield more robust, high-quality rice varieties (Guevara et al. 2012a; 2012b), These findings .-{ Formatted: Font: Not Bold )
are particularly valuableprecious in the context of climate.change (Cortez et al. 2016a; Cortez _.-{ Formatted: Font: Not Bold ]
et al. 2018; Viloria et al. 2023), where the ability.to breed resilient crops with optimized yield _{ Formatted: Font: Not Bold )
and quality is paramount for sustaining.agricultural productivity (Hernandez et al. 2020;
Hernandez and Olivares, 2020), —{ Formatted: Font: Not Bold )
The importance of this research is underscored when compared to similar studies conducted in
tropical regions of Latin America, where rice is also a staple crop (Hernandez et al. 2018a;
Hernandez and Olivares,~2019). Studies in these regions have similarly utilized genetic { Formatted: Font: Not Bold ]
analysis to improve crop resilience and yield, often focusing on traits such as drought
tolerancezand disease resistance (Hernandez et al. 2018b), which are critical in tropical _.--{ Formatted: Font: Not Bold ]
environments (Hernandez et al. 2018c), However, the current study distinguishes itself by its { Formatted: Font: Not Bold ]
comprehensive approach, evaluating a wide range of agronomic traits and employing
advanced statistical methods such as PCA to distill complex genetic data into actionable
insights (Olivares et al. 2012; Olivares et al. 2013a; 2013b), This approach not only broadens .-{ Formatted: Font: Not Bold ]
the scope of genetic improvement but also aligns with global efforts to enhance the
adaptability of crops to diverse agro-environmental conditions, including those found in Latin
America (Olivares et al. 2018; Olivares and Zingaretti, 2019), ~{ Formatted: Font: Not Bold ]




In comparison to other studies in tropical territories, this research contributes to a growing

body of knowledge that emphasizes the need for region-specific breeding strategies

(Rodriguez et al. 2013; Rodriguez et al. 2015). The genetic diversity identified in this study -

{ Formatted: Font: Not Bold

offers a valuable resource for breeders not only in India but also in other tropical regions

where similar_environmental challenges and crop demands exist (Olivares et al. 2022a;

2022b), By understanding the genetic underpinnings of key traits, this research supports the .-

{ Formatted: Font: Not Bold

development of hybrid rice varieties that are better suited to the agro-environmental

conditions of tropical regions in Latin America (Campos et al. 2022; Campos,.2023; Campos

et al. 2023), The implications for productivity and sustainability are profound, as improved -

{ Formatted: Font: Not Bold

rice varieties can lead to higher yields, better quality grains, and enhanced food security,

directly benefiting millions of people who rely on rice as a dietary staple (Olivares et al.

2020),

{ Formatted: Font: Not Bold

A

Conclusion

The research highlights key traits contributing to genetic divergence and provides insights
into the genetic architecture of hybrid rice, aiding in the development of high-yield, quality
rice varieties. The comprehensive, analysis of yield and quality traits offers a valuable
resource for breeders aiming to improve hybrid rice cultivars, ensuring food security and

nutritional value forithe global population.
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