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Abstract

Gurjari, a widely cultivated high-yielding potential variety popular among the farmers of Gujarat, is highly susceptible to the blast disease.
To improve its blast resistance, GNR-9 and Tetep, which carry major broad-spectrum resistance genes, were used as donors in a marker-
assisted breeding program, combined with phenotypic selection for key agro-morphological traits. Foreground selection in F; generation
confirmed the presence of blast resistance genes Pikh/Pi54, Pitp(t) and Pita-2/Pi67 in 36 of 178 breeding lines. These 36 lines, along with 4
checks, were further evaluated in a Randomized Block Design (RBD) during Kharif 2022 for variability, correlation, Principal Component
Analysis (PCA) and Multi-Trait Genotype-ldeotype Distance Index (MGIDI) for selecting the best lines and molecular screening of blast
resistance. Analysis of variance revealed significant variation for all 13 traits, with moderate GCV for plant height, produdive tillers, 100-
grain weight, grain yield, straw yield and harvest index. Grain yield showed positive correlations with panicle length, grairs per panicle,
100-grain weight, straw yield and harvest index. PCA explained 82.13 % of total variation across traits, while MGIDI identified four high-
performing lines; 22KSMF4-8, 22KSMF4-5, 22KSMF4-6 and 22KSMF4-14. Molecular screening of F, progenies identified nine F, derivatives
carrying three blast resistance genes, with two (Gurjari x GNR-9) exhibiting superior grain yield and quality over Gurjari, making them
promising candidates for developing high-yielding, blast-resistant varieties.
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Introduction cultivation. Therefore, it is crucial to identify durable blast-
resistant cultivars and explore new resistance sources against

Rice (Oryza sativa L.) is the primary and most valuable staple the prevailing virulent strains (4).

food crop in the world. By 2050, rice output must increase by _ _ _ _ ) ) )
42 % from its current level to feed the world's expanding Conventional breeding for disease resistance is labor-intensive,

population. Numerous biotic and abiotic factors can greatly —time-consuming and largely influenced by environmental
affect rice yield. The impact of various biotic stresses on crop ~ factors. In contrast, molecular breeding, particularly Marker-
yields is estimated to cause reductions of around 52 %. Among ~ Assisted Selection (MAS) is environment-independent, more
these stresses, diseases such as bacterial blight, blast, sheath efficient, precise and relatively easier to implement. Several
blight and tungro disease contribute to nearly 31 % of the ~8enes, such as Pi-1(t), Pi2, P9, Pi20(t), Pi27(t), Pi39(t), Pi40(t) and
overall yield loss. (1). Rice blast is a significant disease affecting P ikh, have been reported to provide Broad-Spectrum
rice cultivation worldwide (2). It is caused by Pyricularia oryzae ~ Resistance (BSR). Additionally, certain genes, including Pia,
Cavara (teleomorph: Magnaporthe oryzae) and is among the Pib, Pi1, Pi-km, Pi-t, Pil2(t) and Pi9(t), are known to confer race-
most destructive diseases, leading to yield losses of up to 50 %  SPecific resistance (RSR) (5-7). The major resistance gene Pi54,
(3). The pathogen infects various parts of the rice plant, derived from the rice landrace Tetep, was the third R-gene
including leaves (leaf blast), panicles (panicle blast), nodes cloned for blast resistance after Pib and Pitl6. Pi54 confers
(node blast) and necks (neck blast), resulting in substantial broad-spectrum  resistance against various strains of
yield losses in rice-producing regions. The pathogen exhibits Magnaporthe oryzae. The rice cultivar Tetep has been found to
high genetic variability, causing blastresistant varieties to be resistant to most of the pathogenic races occurring in India

become susceptible within a short time after commercial (8). MAS utilizing DNA markers enhances the precision and
efficiency of breeding while reducing overall costs in the
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selection process. Markers closely associated with resistance
genes can be utilized to monitor the inheritance of specific
target genes or alleles in segregating populations, a process
known as foreground selection. SSR markers linked to target
genes can be effectively utilized for introgression of desired
genes from one genetic background to another and for
pyramiding multiple genes or alleles from different donor
genotypes. The current study aims to incorporate the blast
resistance genes Pi-1(t), Pikh/Pi54, Pitp(t) and Pita-2/Pi67 from
Tetep and GNR-9 to enhance the resistance of the rice cultivar
Gurjari.

The selection of lines with target trait introgression and
desired agro-morphological traits which result in the creation
of cultivars is necessary for the success of any MAS (9).
Selection within a segregating generation can partially achieve
the goal of enhancing polygenic traits such as yield. This
requires field evaluation in replicated trials. A thorough
understanding of the genetic nature of the target trait, along
with careful selection of parents to generate and predict
genetic variability in subsequent generations, is essential for
the success of a breeding program. Assessing genetic
variability through parameters such as genotypic and
phenotypic coefficients of variation (GCV, PCV), heritability (19
and genetic advance as a percentage of the mean (GAM) is
crucial for accurately evaluating the extent of genetic variation
within a population. Understanding the degree of correlation
between yield and its associated traits is crucial for identifying
and selecting promising cultivars (10-12).

As a result, multivariate analytic methods such as PCA
and MGIDI can be used as a model instrument for testing and
identifying the causes of variance (13-15). PCA, for example,
reduces the dimensionality of a data set by decreasing the
number of variables while preserving as much information as
possible. It utilizes orthogonal transformation to convert a set
of potentially correlated variables into a set of uncorrelated
variables, referred to as principal components. Breeders
frequently seek to generate an ideotype, which is a genotype
that combines many traits for optimal performance. The goal
of ideotype design is to improve crop performance by
considering multiple attributes at the same time while
selecting genotypes (16).

The goal of the investigation was to screen F; and Fs4
segregating generations for blast resistance using molecular
markers; analyses of genetic variability, correlation, PCA and
MGIDI for yield and its components in F4 progenies; and identify
blast-resistant lines with high grain yield and superior grain
quality compared to Gurijari.

Material and Methods
Experimental material

In the present investigation, 178 Fsprogenies were derived
from two crosses viz, Gurjari x GNR-9 and Gurjari x Tetep. Fs
progenies including 100 progenies of Gurjari x GNR-9 cross and
78 progenies of Gurjari x Tetep cross were used to reveal the
presence of blast resistance genes linked to the earlier
reported molecular markers. Gurjari is derived from Asha x
Kranti. It is a well-established and high yield potential variety
popular among the farmers of Gujarat but is highly susceptible
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to the blast disease. Tetep, a local Vietnam landrace, is a tall
type, resistant to blast and sheath blight disease. Tetep has
been found resistant to most of the blast pathogenic races
occurring in India. GNR-9 (Lalkada Gold) is derived from IR28 x
Lalkada and its features are non-lodging, bio-fortified
(enriched with protein) and resistant to blast disease.

Location, experimental site and environments

The field experiment was conducted at the Regional Rice
Research Station, Navsari Agricultural University, Vyara, located
at21°04' N latitude and 73° 03' E longitude. The research station
is positioned at an elevation of 69 meters above mean sea level
and falls within the South Gujarat agro-climatic zone, which is
characterized by high rainfall. The experimental trials were
carried out during the summer and kharif seasons of 2022 to
evaluate the Fs and F, segregating generations.

Genomic DNA isolation

Genomic DNA of all Fs and F, progenies along with parents
were isolated from tender fresh leaves by using CTAB (Cetyl
Trimethyl Ammonium Bromide) extraction method described
(17) with some modifications. The quantity and quality of the
purified DNA were assessed using 0.8 % agarose gel
electrophoresis and a Nano Drop spectrophotometer (Thermo
Fisher Scientific, USA). The DNA samples were subsequently
diluted with nuclease-free water for PCR amplification.

Parental polymorphism and screening of segregating
populations

A set of nine primers linked to the blast resistance genes
present in Tetep and GNR-9 were used to screen the parents to
identify polymorphic markers (Table 1). Only primers that
showed polymorphism between the parents were used for
screening the Fs; and Fs progenies for blast resistance. PCR
reactions for SSR primers were carried out in a reaction volume
of 10 pL containing, 5 uL Emerald AmpGT PCR master mix, 2 pL
RNase-free water, 1 pL forward primer, 1 L reverse primer and
1 pL DNA. The reagents were mixed thoroughly with a mini
centrifuge. Then PCR tubes were placed in the thermal cycler
for amplification. All the PCR reactions were performed in 200
pL thin-walled PCR tubes. Amplification was carried out using a
thermal cycler (BIORAD, USA) and PCR program was set up a
follow: initial denaturation was carried out at 94 °C for 5
minutes, followed by 35 cycles consisting of denaturation at 94
°C for 45 seconds, primer annealing at different temperatures
(ranging from 54 °C to 58 °C) for 45 seconds and extension at
72 °C for 2 minutes. The process concluded with a final
extension at 72 °C for 10 minutes. The amplified products were
analyzed by horizontal electrophoresis on 3 per cent agarose
gel stained with ethidium bromide (0.5 pg/mL) at 100 V for 2
hrs and 30 minutes. A 100-bp ladder was used to assess the size
of PCR products. The gel was visualized under UV in the gel
documentation system (Gel Doc™ XR* Imaging system).

SSR marker analysis

A total of 178 F; lines along with parental lines were screened
using markers listed in Table 1. The aim of this was to identify
the genotype showing the allele as that of the resistant parent
(Tetep and GNR-9). The plants showing similar alleles as that of
Tetep and GNR-9 as well as heterozygous plants were
identified and were selfed and Fs4 seeds derived from such
plants advanced further or used for field evaluation of F4
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Table 1. List of primers used during the investigation

Sr. No. Gene Ch. No. Marker Primer sequence (5' to 3') References
L e om s ST OseeTe
;0w e Ao
3 MU TRS33 R GTCCTOAGGRAGCAG. 20
4 S RLea R GCTACAGGAGATCAGATGGTA GTGCATG 2
s £ St o
g Mo ow R R COTTCCATCGATCCGTATGS @0
r e R
s pwyeer 1 v - CTACCACMGTTCATCAR 23,20
9 Pita-2/ pi67 12 RRS8 F- GGAGAAGATGGAGCAATTCG (24)

progenies along with checks for various variability parameters
and blast resistance.

Phenotyping for yield and yield attributing traits of F,
progenies

Based on agro-morphological traits and molecular screening
results, a subset of 36 F; progenies with 4 checks (Gurjari, GNR-
9, Tetep and Lalkada) was carefully selected for further
evaluation to study variability parameters and blast resistance.
Atotal of 40 lines including 36 blast resistant F; progenies and 4
checks planted in RBD during Kharif 2022 for evaluating
variability parameters and molecular screening of blast
resistance (Supplementary Table 1). Mean values were used for
statistical analysis and the traits assessed to obtain
information included Days to 50 % Flowering (DFF), Days to
Maturity (DM), Plant Height (cm) (PH), Panicle Length (cm) (PL),
Productive Tillers per Plant (PTP), Grains per Plant (GP), 100-
grain weight (g) (100 GW), Straw Yield per Plant (g) (SYP),
Harvest Index (%) (HI), Kernel Length (mm) (KL), Kernel
Breadth (mm) (KB) and the L/B ratio (L/B), Grain Yield per Plant
(g) (GYP).

Data analysis

Variance analysis and variability parameters for all
morphological and quality attributes were calculated using the
package in R software. A categorization scheme for variations
was proposed (25). For the categorization of GCV and PCV a
method based on a range of values was used, as follows: 0- 10
(Low), 10 - 20 (Moderate), > 20 (High). The Broad-sense
heritability (H?b) was categorized following the procedure
given (26). For the categorization of H?b, a method based on a
range of values was used, as follows: low Hb had a <30 %
value, medium H?b values range between 30 and 60 % and
high H?b values above 60 %. The expected genetic advance as
per cent of mean was categorized as suggested (26) as follows:
0 - 10 (Low), 10 - 20 (Medium) and 20 (High). Correlation
analysis was performed for each environment using the corr
plot function of the “metan” package in R software.
Additionally, PCA and biplot diagrams were developed using
Grapes software. The MGIDI was analysed using the R Package
‘metan’ (27). Normalisation, factor analysis, ideotype planning
and computing genotype distance to ideotype were the four
procedures used to create the MGIDI index (16).

Results and Discussion

Genotypic characterization of F; progenies for introgression
of blast genes

The parental lines Gurjari, Tetep and GNR-9 were initially
screened using nine primer pairs associated with four distinct
blast resistance genes present in Tetep and GNR-9 to assess
polymorphism. Among the nine primers screened in the
parental survey (RM1233, RM224, TRS26, TRS33, RM144,
RM206, RM246, RRS8 and YL87/155), three markers RM206
(linked to PiKh/Pi54), YL87/155 (linked to Pi67) and RM246
(linked to Pitp(t)) exhibited polymorphism between the
parents, while the remaining markers were monomorphic.
RM206 marker that has been reported to be linked to the blast
resistant gene PiK"/Pi54 on chromosome 11 in rice (20). Marker
RM206 amplified two distinct alleles: one specific to Gurjari and
the other shared by Tetep and GNR-9. Among the 178 F, plants
screened with RM206, 73 progenies exhibited the Gurjari allele,
64 carried the allele from Tetep and GNR-9, while 41 were
heterozygous, amplifying both alleles (Supplementary Fig. 1).
The YL87/155 marker, associated with the blast resistance
gene Pi67 on chromosome 12 in rice (24), is a dominant marker
that amplified a single allele in F; plants, representing the allele
of Tetep and GNR-9. Among the 178 F, plants screened, 87
progenies exhibited the Tetep and GNR-9 allele, while 91
resembled Gurjari (Supplementary Fig. 2). The RM246 marker,
linked to the blast resistance gene Pitp(t) on chromosome 1in
rice (22), amplified two distinct alleles in F; plants from the
Gurjari x Tetep and Gurjari x GNR-9 crosses: ~128 bp for Gurjari
and ~106 bp for Tetep and GNR-9. Among the 178 F, plants
screened, 85 carried the Gurjari allele, 46 exhibited the Tetep
and GNR-9 allele and 47 were heterozygous, amplifying both
alleles (Supplementary Fig. 3). The status of blast resistance
genes in F, progenies is presented in Supplementary Table 2.
Among the 178 progenies screened, 16 carried all three
resistance genes, while 20 exhibited a combination of two
resistant genes and one in a heterozygous state. Based on agro
-morphological traits (resemblance to Gurjari) and molecular
screening results, a subset of 36 F; [(15 Gurjari x GNR-9), (21
Gurjari x Tetep)] progenies, along with four checks, were
carefully selected for further evaluation of variability
parameters and blast resistance.
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Phenotypic evaluation of F4 Lines for yield and yield related
traits

Mean performance of different traits

Descriptive statistics of morpho and quality traits were
visualized using a box plot (Fig. 1). Among the 36 selected F4
breeding lines, the line 22KSMF4-4 exhibited significantly
earlier flowering (64 days) and maturity (96 days) compared to
all four check varieties. Additionally, two breeding lines,
22KSMF4-29 (83 cm) and 22KSMF4-4 (91.6 cm), displayed
significantly shorter plant height compared to the checks (92.3
cm). Notably, several lines, including 22KSMF4-31, 22KSMF4-
14, 22KSMF4-36, 22KSMF4-2 and 22KSMF4-8, recorded
significantly longer panicle lengths than the checks. Moreover,
the breeding lines 22KSMF4-22, 22KSMF4-20, 22KSMF4-26,
22KSMF4-25, 22KSMF4-14 and 22KSMF4-27 produced
significantly higher numbers of productive tillers than the
checks. Four breeding lines, namely 22KSMF4-36, 22KSMF4-1,
22KSMF4-12 and 22KSMF4-31, demonstrated a higher number
of grains per panicle compared to the checks. Furthermore,
two lines, 22KSMF4-1 and 22KSMF4-33, exhibited significantly
higher 100-grain weights. Six breeding lines-22KSMF4-14,
22KSMF4-31, 22KSMF4-6, 22KSMF4-36, 22KSMF4-34 and
22KSMF4-2 were significantly superior in grain yield compared
to the checks. Additionally, the breeding lines 22KSMF4-10,
22KSMF4-26, 22KSMF4-8, 22KSMF4-5, 22KSMF4-24 and
22KSMF4-25 were identified as having long and bold kernels
with a high length-to-breadth (L/B) ratio.

Genetic variability

Variability components were estimated for yield and their
attributes in F4 progenies as presented in Table 2. The PCV
values were slightly higher than the GCV values for all thirteen
traits, indicating some influence of environmental factors.
However, the small differences between GCV and PCV
suggest that the environmental impact on these traits was
minimal. Moderate GCV was recorded for PTP, PH, SYP, HlI

and GYP. The results indicated the presence of inherent
variation for these traits and its further improvement is
possible by applying judicious selection to the individual
traits; while days to 50 per cent flowering, days to maturity,
grains per panicle, panicle length, 100-grain weight, kernel
length, kernel breadth and L/B ratio recorded lower value of
GCV indicating the need to create variability -either
hybridization or by selection. These types of finding were also
reported for SYP, PH and HI (28-30); for grain yield per plant
and productive tillers per plant (31, 12). High heritability
estimates accounted for the traits viz., DFF, DM, PH and 100
grain weight showing the least environmental influence.
Heritability estimates, when combined with genetic advance
as a percentage of the mean, provide a more reliable
prediction of yield under phenotypic selection than
heritability estimates alone. Higher heritability, combined
with a high genetic advance as a percentage of the mean,
was observed for plant height and 100-grain weight
indicating the role of additive gene effects and less effect of
environmental factors on the expression of the traits. Thus,
the improvement of these traits could be achieved through
direct phenotypic selection. Similar kinds of results were
reported for HIl and 100 grain weight (29, 10, 12).

Correlation coefficient analysis

The correlation matrix is presented in Fig. 2. The correlation
studies indicated that GYP was positive and significantly
correlated with the yield components like PL, GP, 100 grain
weight, SYP and HI. Therefore, enhancing all the traits may
contribute to a simultaneous improvement in GYP. Hence,
these traits can be considered key yield-attributing factors.
This is very helpful to plant breeders for practicing selection
based on phenotypic expression of the linked traits for the
improvement in grain yield. These results are in accordance
with the findings reported earlier (32-35) for GP, PL, 100 grain
weight, SYP and HI.

Table 2. Variability, heritability and genetic advance as per cent of mean for rice yield and its component traits

Sr.

Components of variance

Coefficient of

variation Heritability

No. Traits broad sense (%) GAM
o% 0% 0% GCV (%) PCV (%)
1 Days to 50 % flowering 60.96 69.35 8.39 9.22 9.83 87.90 17.79
2 Days to maturity 56.37 65.95 9.57 6.53 7.06 85.48 12.44
3 Plant height (cm) 264.59 324.73 60.14 14 15.51 81.48 26.04
4 Panicle length (cm) 1.41 4.18 2.76 5.1 8.77 33.89 6.12
5 Productive tillers per plant 1.24 2.39 1.14 16.6 23.04 52.06 24.71
6 Grains per panicle 203.17 459.76 256.59 13.28 19.98 44.19 18.19
7 100 grain weight (g) 0.08 0.09 0.01 12.25 12.83 91.13 24.09
8 Grain yield per plant (g) 3.46 11.13 7.67 13.59 24.39 31.07 15.61
9 Straw yield per plant (g) 5.72 13.5 7.78 15.71 24.14 42.35 21.06
10 Harvest index (%) 23.05 49.83 26.77 11.06 16.25 46.27 15.50
11 Kernel length (mm) 0.05 0.13 0.08 3.43 5.41 40.14 4.47
12 Kernel breadth (mm) 0.01 0.04 0.03 4.52 8.77 26.61 4.81
13 L/B ratio 0.03 0.08 0.05 5.77 9.43 37.47 7.27

Where 0%, 0% and 0% are the genotypic, phenotypic and environmental variance, respectively. GCV % and PCV % are the genotypic and

phenotypic coefficients of variation, respectively.
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Fig. 1. Box plots displaying mean performance of the studied traits.

DFF - Days to 50% Flowering; DM - Days to Maturity; PH - Plant Height; PL - Panicle Length; PTP - Productive Tillers per Plant; GP - Grains per
Plant; 100 GW - 100-Grain Weight; SYP - Straw Yield per Plant; HI - Harvest Index; KL - Kernel Length; KB - Kernel Breadth; L/B - L/B ratio; GYP -
Grain Yield per Plant
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Principal component and biplot analysis

PCA, a sophisticated multivariate data analysis tool, was
specifically utilized in this study to simplify and interpret
complex, high-dimensional datasets. We applied PCA to
enhance our ability to differentiate between the measured
traits based on their relationships. This method enabled the
identification of key traits that contributed the most to
overall variability, providing deeper insights into trait
interactions. Among the 13 principal components (PCs), five
components exhibited Eigenvalues greater than 1,
accounting for 82.13 % of the cumulative variability for the
traits under investigation (Supplementary Table 3) and Fig.
3A.

The cumulative contribution rate was 82.13 %.
Principal Component | (PC 1) had an Eigenvalue of 3.76,
contributing 29 % of the total variability. Germplasm in PC |
had the most significant positive impact on DFF, DM and SYP.
Principal Component Il (PC Il) exhibited an Eigenvalue of
2.407, explaining 18.51 % of the variability. The germplasm in
PC Il showed positive effects on PL, GP, 100GW, HI, L/B and
GYP. Principal Component Il (PC Ill) had an Eigenvalue of
1.91, accounting for 14.69 % of the variability. Germplasm in
PC lll positively influenced KB. Principal Component IV (PC IV)
showed an Eigenvalue of 1.42, contributing 10.92 % of the
total variability, with a favorable impact on PTP and KL.
Principal Component V (PC V) had an Eigenvalue of 1.175,
explaining 9.03 % of the variability, with positive results for
PH (Supplementary Table 3). Germplasm lines exhibiting
maximum positive PC scores and common presence in PC1,
PC2, PC3, PC4 and PC5 are lines 22KSMF4-6, 22KSMF4-8,
22KSMF4-14, 22KSMF4-19, 22KSMF4-23 and 22KSMF4-31
(Supplementary Table 4). Selecting these lines can contribute
significantly to the further development of new high yielding
with grain quality varieties. The cos® (squared cosines or
squared coordinates) values are used to assess the quality of
variable representation on the factor map. A high cos’ value
signifies a strong representation of the variable on the
principal component, whereas a low cos® value indicates that
the variable is not well represented by the PCs (Fig. 3B).

The PC-1-2 biplot in Fig. 3C illustrates trait variability,
inter-trait correlations and genotype dispersion. Most traits
displayed relatively long vector lengths, except for L/B, KL
and KB, suggesting significant variability. The acute angle
(<90°) between the vectors indicates a strong positive
correlation among the traits. So, the traits like GYP, PL, GP, HI,
100 GW and SYP were positively correlated with each other.
Similarly, DFF, DM, PH, PTP and SYP exhibited a positive
correlation among themselves. Conversely, an obtuse angle
(>90°) between the vectors signifies a negative correlation,
indicating that GYP was negatively correlated with KB.
Similarly, the traits SYP, HI, KL, KB, 100GW, DFF, DM and L/B
were negatively correlated among themselves. The
genotypes 22KSMF4-4, 22KSMF4-10, 22KSMF4-31, 22KSMF4-
36, 22KSMF4-27, 22KSMF4-20 and 22KSMF4-16 exhibited the
highest diversity for various traits, as they were positioned far
from the origin (Fig. 3D).

Selection of high yielding and good grain quality genotypes
using MGIDI

6

There are various drawbacks to PCA that can make it difficult
to pick high yielding genotypes. These include subjective
interpretation,  difficulties managing missing data,
inadequate dimensionality reduction, the inability to
consider interaction effects and lack of statistical rigor. To
address these constraints, it is critical to incorporate
additional analytical approaches. PCA can be integrated with
quantitative indicators such as the MGIDI to help identify
short duration, high yielding with good grain quality
genotypes. The MGIDI is an ideal and innovative method for
genotypic selection due to its ability to address
multicollinearity and eliminate the need for assigning
economic weights (27).

Selection of genotypes using MGIDI

The MGIDI index identified four lines 22KSMF4-8, 22KSMF4-5,
22KSMF4-6 and 22KSMF4-14 as high-performing for multiple
traits, demonstrating significant potential for simultaneously
improving the 13 measured traits in rice breeding programs
(Fig. 4A). These genotypes were particularly notable for traits
such as early flowering, short stature and early maturity.
Among them, 22KSMF4-14, positioned near the cut-off point
indicated by the red line, displayed intriguing characteristics
warranting further investigation, as suggested (16).
Successful applications of this selection index had been
demonstrated in evaluating ideal yield and yield-related
traits across various crops including guar (36), wheat (37) and
brinjal (38). These different studies demonstrated the
effectiveness of multivariate selection indices for
simultaneous trait selection. The MGIDI is the most efficient
index for choosing genotypes with desirable features,
demonstrating its relevance and usefulness in crop
development (16). These selected derivatives serve as the
foundation for establishing recombinant populations
through judicious crossings, ensuring maximum genetic
diversity for the breeding of novel rice lines.

Strength and weakness

Fig. 4B illustrates the relative strengths and weaknesses of
the examined genotypes, as determined by total of five
factors (FA1, FA2, FA3, FA4 & FA5) each factor's contribution
to the MGIDI score for each genotype. MGIDI serves as a
valuable graphical tool that highlights the strengths and
weaknesses of genotypes, offering insights into how they
perform in traits that require enhancement. A strength-
weakness analysis revealed that FA1 had the greatest
influence on 22KSMF4-14, FA2 on 22KSMF4-8 and FA3 on
22KSMF4-6. FA4 contributed most significantly to 22KSMF4-5,
while FA5 had the highest impact on 22KSMF4-14. A similar
methodology was employed to assess the performance of 13
strawberry cultivars (16). In another study, (36) utilized MGIDI
to identify promising guar genotypes with high gum and seed
yield across three seasons. Likewise, MGIDI as an effective
tool for enhancing selection methods in breeding climate-
resilient maize hybrids, evaluating their performance under
varying moisture and drought conditions (39). Furthermore,
MGIDI was applied in quinoa to analyze the effects of different
plant spacing strategies (40).

In our study, MGIDI is applied to upland cotton,
providing a comprehensive framework for identifying
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genotypes with both high yield and superior quality traits,
which are well-suited for hybrid development. The detailed
examination of strengths and weaknesses yielded useful
insights, emphasising the importance of selecting the best
rice genotype with superior quantitative traits. These
selected genotypes stood out as promising candidates for
future breeding projects, establishing MGIDI as a
revolutionary technique for improving rice varieties with
early maturity and yield attributes.

Molecular screening of F, progenies for blast resistance

Among the 36 selected F, progenies, a single plant was
chosen from homozygous blast-resistant lines, while three
plants were selected from heterozygous blast-resistant lines
for further molecular analysis of blast resistance genes. A
total of 76 F, plants, including 27 from Gurjari x Tetep and 49
from Gurjari x GNR-9, were selected from 36 progenies for

LP.P PP
1 2 3 4

— -

g 81

E.plpz P ———————————— F4 - 63 to 76

molecular screening, along with four check varieties (Gurjari,
GNR-9, Tetep and Lalkada). The molecular analysis was
conducted using markers RM206, RM246 and YL87/155,
linked to PiKh/Pi54, Pitp(t) and Pi67, respectively
(Supplementary Table 5).

Molecular screening with RM206 revealed that 29
plants exhibited genetic similarity to Gurjari, 32 carried the
allele of Tetep and GNR-9 and 20 were heterozygous,
amplifying both alleles (Fig. 5). Similarly, screening with
RM246 identified two plants resembling Gurjari, 48 carrying
the Tetep and GNR-9 allele and 26 as heterozygous (Fig. 6).
Analysis using YL87/155 showed that 51 plants exhibited
genetic similarity to Tetep and GNR-9, while 25 resembled
Gurjari (Fig. 7). Among the 76 F, plants derived from 36
progenies, 17 plants possessed all three blast resistance
genes, while 14 plants carried two resistance genes with one
in a heterozygous state.

PPN Fa -32t062. >

e Ve S

Fig. 5. Genotyping of F4 progenies for blast resistant gene Pi54/Pik" along with parents using marker RM206. Where, L: 100 bp ladder, P.: Parent
1 (Gurjari), P2: Parent 2 (Tetep), Ps: Parent 3 (Lalkada), P4: Parent 4 (GNR-9), F4: 76 F4 plants selected from a cross Gurjari x Tetep and Gurjari x

GNR-9in Fs population.
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Fig. 6. Genotyping of F,4 progenies for blast resistant gene Pitp(t) along with parents using marker RM 246. Where, L: 100 bp ladder, Py: Parent 1
(Gurjari), P2: Parent 2 (Tetep), Ps: Parent 3 (Lalkada), P4 Parent 4 (GNR-9), Fa: 76 F4 plants selected from a cross Gurjari x Tetep and Gurjari x

GNR-9 in F; population.
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Fig. 7. Genotyping of F4 progenies for blast resistant gene Pi67 along with parents using marker YL87/155. Where, L: 100 bp ladder, Py: Parent 1
(Gurjari), P2: Parent 2 (Tetep), Ps: Parent 3 (Lalkada), P4+ Parent 4 (GNR-9), Fa: 76 F4 plants selected from a cross Gurjari x Tetep and Gurjari x

GNR-9 in F; population.
Conclusion

Molecular screening of F; and F, progenies identified nine F,
lines (22KSMF4-1, 22KSMF4-2, 22KSMF4-6, 22KSMF4-8,
22KSMF4-9, 22KSMF4-16, 22KSMF4-17, 22KSMF4-22 and
22KSMF4-32) carrying all three blast resistance genes (PiKh/
Pi54, Pitp(t) and Pi67). Among them, 22KSMF4-6 and 22KSMF4-
8 (Gurjari x GNR-9) exhibited superior yield potential while
maintaining resistance to blast, outperforming all checks.
These lines hold promise as potential donors for blast
resistance in breeding programs and could be developed into
high-yielding, disease-resistant varieties for cultivation in blast-
prone regions of Gujarat, following extensive multi-location
and multi-year evaluations.
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