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Abstract

The study aimed to improve phosphorus use efficiency in rice through the introgression of thePup1 QTL from Swarna into MTU1121 using
a marker-assisted backcross breeding strategy. Forty F, plants were generated and 25 true F, plants were identified using markers K20-
2ssper and K46-1. These were backcrossed with MTU1121 to produce 180 BC;F; plants, of which 86 were Pupl positive. Eight BC;F; plants
phenotypically resembling MTU1121 were selfed to produce 320 BGF; plants, with 25 homozygous plants advancing to BC;Fs, BC;F4 and
BC;Fs generations. Under normal phosphorus conditions, BC;Fs lines demonstrated a 24.68 % yield increase over MTU1121. Under low
phosphorus conditions, WGL-1495 (IET 30233) showed superior performance, with traits such as higher grain yield, panicle length and
1000-grain weight compared to MTU1121. In AICRP trials (2021-2023), WGL-1495 consistently outperformed checks under stress-prone
conditions both in 0 % and 50 % recommended dose of phosphorus conditions. It achieved 34 % higher yields than Swarna under zro
phosphorus conditions in Zone VII during Kharif 2023. WGL-1495 also exhibited exceptional yields in Karnataka, Telangana and
Jharkhand, demonstrating its adaptability and efficiency under phosphorusstress environments. The potential of WGL-1495 as a
promising phosphorus-efficient rice culture for sustainable cultivation in low-phosphorus soils.
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transfer, root development and nitrogen uptake, which
together contribute to increased grain protein content (5).
However, approximately 5.7 billion hectares of land worldwide
facing from insufficient plant-available P due to its limited
mobility in soil (6). In India, many rice-growing regions
experience moderate to severe P deficiency (7). Plants
cultivated in P-deficient soils often exhibit stunted growth,
dark green leaves, reduced root development and fewer tillers,
ultimately causing significant yield losses (8). To address P
deficiency, farmers typically resort to applying additional
fertilizers. However, this is not a viable solution for low-input
farming systems, where farmers may lack the financial
resources or access to P fertilizers (9). The issue becomes more
critical as the cost of fertilizers continues to rise. This is largely
due to the finite availability of natural phosphorus reserves,

Introduction

Rice (Oryza sativa L.) is a fundamental staple crop, sustaining
more than half of the global population and serving as a
cornerstone of global food security. India is the largest
cultivator of rice, covering 46.5 million hectares and ranks
second in production, with an output of 137.8 million metric
tons (MMT) in 2023-2024 (1, 2). With the global population
expected to reach 9.6 billion by 2050, a 70 % increase in cereal
food supply will be required to meet demand (3). Despite the
advancements of the Green Revolution, rice productivity has
stagnated due to various biotic and abiotic stresses. Among
these, low soil phosphorus (P) availability is a critical
constraint, severely affecting rice growth at all phenological
stages (4).

Phosphorus (P) is the second most vital inorganic
nutrient for plants after nitrogen, playing a key role in energy

which restricts access to sufficient fertilizer resources (10).
Moreover, excessive use of P fertilizers can lead to groundwater
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contamination, algal blooms and eutrophication (11).

Rice shows substantial genetic diversity for adapting to
low-phosphorus (P) soils (12). A major quantitative trait locus
(QTL) named Pupl and several minor QTLs have been
associated with tolerance to P deficiency (13). Pupl,
discovered in the Indian upland rice genotype Kasalath, has
been extensively studied for its contribution to improving
phosphorus uptake efficiency. This QTL enhances root
development and biomass production under conditions of low
soil phosphorus making it a key focus in breeding programs
aimed at developing P-efficient rice varieties. Over the years,
Pup1 has been fine-mapped and cloned (14-16). The Pupl1 QTL
is common in upland rice, adapted to phosphorus-deficient
soils, but rare in lowland varieties grown in nutrientrich
conditions (17). Closely and functional markers linked to Pup1
have also been developed, enabling its use in marker-assisted
selection to breed P-efficient rice varieties (18, 16).

Marker-Assisted Backcross Breeding (MABB) has
emerged as an effective method for introgression Pupl By
using molecular markers during backcrossing, this approach
ensures precision in transferring target traits while maintaining
the desirable genetic background of the recipient parent.
Several rice breeders have utilized the Pupl and successfully
introduced into elite rice varieties and hybrid rice parental lines
(19-22).

MTU 1121 (Sri Druthi), a mega rice variety released by
APRRS, ANGRAU, Maruteru, Andhra Pradesh, is highly valued
for its medium-slender grain quality and adaptability to both
wet and dry seasons. Known for its excellent grain quality, high
yield potential, non-lodging nature, low shattering, and
resistance to BPH (Brown Planthopper) and blast disease, MTU
1121 has gained significant popularity among farmers.
However, MTU1121 is sensitive to low soil phosphorus
condition. The present study aimed to improve the low
phosphors tolerance of a high-yielding MTU1121 by deploying
restricted marker-assisted selection combined with stringent
phenotypic selection to introgression Pupl QTL.

Materials and Methods
Plant material

MTU 1121, is high-yielding variety (7.5 t/ha) developed from the
cross BPT-5204 x MTU BB 8-24-1, was used as the recurrent
parent. MTU-1121 possesses dark green foliage, semi-erect
plant type with moderate tillering ability, medium slender
grains, desirable cooking quality and minimal abiotic stress
tolerance. However, MTU 1121 is highly sensitive to low soil
phosphorus (P) conditions due to the absence of the Pupl
locus. In a marker-assisted backcross breeding program,
Swarna (MTU 7029), another high-yielding mega rice variety in
India, was used as the donor parent. Swarna possesses the
major Pupl QTL/gene associated with tolerance to low soil
phosphorus, making it a suitable candidate for improving MTU
1121’s phosphorus deficiency tolerance.

A restricted marker-assisted backcross breeding approach
employed to introgress the Pup1 QTL

The cross was initiated between MTU 1121 and the donor
parent Swarna and true F; plants were identified using the co-
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dominant CAPS marker K20-2 aqer. These Fi plants were then
backcrossed with the recurrent parent MTU 1121 to develop
the BC:F.. The heterozygosity of BC:F: plants for Pupl was
assessed using K20-2 sge; and further confirmed using K46-1, a
dominant marker. Selected BCF, plants were self-pollinated to
produce the BC:F,, which was subsequently screened using co-
dominant and functional markers to identify homozygous
Pupl plants. These homozygous BC:F, plants were selfed to
generate BCiFs. In the BCiFs to BCiFs generations, backcross-
derived lines were selected for Pupl, medium-slender grain
type, yield and other agro-morphological traits based on
phenotype-based visual selection.

DNA extraction and PCR amplification

Leaves from 45-day-old seedlings were collected and genomic
DNA was isolated from parents and backcross derived lines by
using a mini prep protocol with few modifications (23). For
foreground solution of Pupl, PCR conditions for markers K20-2
sper and K46-1, followed the method (18). To identify
recombinants flanking the Pup 1 locus, two SSR markers

(RM28052 and RM28102)were amplified following the
protocol described (24). PCR products were resolved on

Seakem® LE agarose gels (Lonza, USA): 3.5 % for recombinant
SSR markers, 2 % for K20-2 gspes and 1.2 % for K46-1.

Phenotypic screening for tolerance to low soil phosphorus.

The selected BCiFs lines, along with their parents were
evaluated in experimental plots with low and normal soil
phosphorus levels. The low soil P plot, with available
phosphorus below 2 kg/ha (tested prior to planting) and the
normal soil P plot, with available phosphorus above 20 kg/ha,
were established at the experimental farm of ICAR-Indian
Institute of Rice Research (ICAR-IIRR), Hyderabad, Telangana
State, India. Standard agronomic practices were followed to
ensure healthy crop growth in both conditions. Observations
were recorded for key traits, including days to 50 % flowering
(DFF), plant height (PH), number of productive tillers per plant
(NPT), panicle length (PL), number of grains per panicle (NGPP)
and grainyield per plant (GY/P).

Evaluation of agro-morphological traits in improved MTU-1121
breeding lines.

The selected BCFs lines carrying the PupI QTL, along with their
parents Swarna and MTU-1121, were evaluated in the
experimental farm of RARS-Warangal, Telangana State, India.
The lines were conducted in 2 m? plots following a randomized
block design with a planting spacing of 15 x 20 cm. The soil in
the experimental plots was enriched with optimal levels of
macro- and micronutrients. Data were collected for key agro-
morphological traits, including days to 50 % flowering (DFF),
plant height (PH), number of productive tillers per plant (NPT/
P), panicle length (PL), number of grains per panicle (NGPP)
and grain yield per plant (GY/P).

Statistical analysis

Data for all parameters was recorded from both normal and
low soil P plots. Statistical analyses were performed using SAS
version 9.2 (SAS Institute, Inc., Cary, NC). The analysis included
the calculation of the coefficient of variation (CV), critical
difference (CD), standard error (SE) and analysis of variance
(ANOVA) to assess the differences among the lines.
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Results

A cross was made between MTU1121 (the recurrent parent)
and Swarna (the donor parent for Pupl QTL) and obtained 40
F, plants. These 40 F, plants were genotyped using the co-
dominant marker K20-2z5e and the PupI-specific functional
marker K46-1 and obtained 25 true F, plants. The 25 true F,s
were backcrossed to the recurrent parent MTU1121 to
generate 180 BC:F; plants. All these 180 BC;iF; plants were
subjected to foreground selection using the markers K20-2sspe
and K46-1. Out of 180 BC;F; plants, 86 plants were observed to
be positive for PupI QTL. (Fig. 1). Out of these, 8 BCiF; plants
phenotypically similar to MTU1121 (in plant type, grain type
and other agro-morphological traits) were selected and selfed
to generate 320 BC;F- plants. Out of 320 BC,F, plants, 25 plants
were observed to be homozygous for Pupl QTL (foreground
selection) and these 25 homozygous BC,F, plants were selfed
to generate BC,F,, generation. From BC,F, generation plants
were advanced to BC,Fs and BC,Fs generations through
Restricted Marker-assisted backcross breeding strategy
combined with phenotype-based visual selection for plant

600 bp

400 bp
380 bp

230 bp

stature, medium-slender grain type, high yield and other agro-
morphological characters similar to recurrent parent (Fig. 2).

Performance of BC.F, lines with Pupl under normal soil
phosphorus conditions

Under normal soil phosphorus levels (>25 kg P ha?), the BC:Fs
lines possessing Pupl QTL exhibited equivalent or superior
performance compared to MTU-1121 in terms of days to fifty
percent flowering, plant height, number of productive tillers
and other agro-morphological traits (Table 1).

Performance of Pupl-introgressed BC:F, lines under low
phosphorus conditions

The phenotypic performance of six introgressed BC;Fs lines
along with the parents and checks were evaluated under low P
(<2 kg P ha) conditions in Table 2. The grain yield of improved
lines ranged between 20.1 to 27.4 g per plant, the improved
BC:Fs lines possessing Pupl lines were recorded equivalent or
higher yield than the recurrent parent MTU1121.Days to 50 %
flowering (DFF) ranged between the 121 days to 128 days,
indicating a mean value range of flowering durations suitable

12 13 14

Fig. 1. Molecular marker-based foreground selections for Pupl QTL in BC:Fi, generation. L- indicates100-bp molecular weight marker/ladder,
D-Swarna, R MTU 1121, Lanes 1 to 24 represent BC:Fi, plants derived from the cross MTU 1121/Swarna. Arrow indicates positive plants for K 46-
1 and K 20-2sger. K46-1, a functional marker of Pupl and K 20-2 sspe @ co-dominant marker linked to Pupl were used for foreground selection.
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Fig. 2. Field view, plant type: paddy and grains of low soil phosphorus tolerant rice culture i.e. WGL 1495 (IET 30233).
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Table 1. Phenotypic evaluation of BC1F5 lines possessing Pupl QTL in a plot with optimum soil phosphorus
Plant Panicle . -
Days to 50% : Test No. of productive Grain yield/ .
S.No Entry Name flowering H(ecls:;t le(git)h Weight (g) tillers /plant plant (g) Grain type
1 SWARNA? 120 99.2 24 18.7 10 27.01 MB
2 MTU-11218 116 127.8 29.4 19.85 10 30.72 MS
1 WGL-1482 111 117.4 26.4 19.65 11 30.05 MS
2 WGL-1483 108 121.2 27.9 19.4 11 33.32 MS
3 WGL-1484 108 111.2 25.8 18.1 11 32.50 MS
4 WGL-1485 115 123.4 26.7 19.9 10 29.85 MS
5 WGL-1486 106 118.6 25.9 18.65 10 28.15 MS
6 WGL-1495 114 121.8 27.7 21.05 11 35.21 MS
C.D. 0.178 0.086 0.009 0.006 0.096
SE(m) 0.058 0.028 0.003 0.002 0.031
C.v. 0.086 0.183 0.026 0.033 0.151
A: Donor parent B: Recipient parent
Table 2. Phenotypic evaluation of BC;Fs lines possessing Pupl QTL in low soil P plot of IIRR, Hyderabad
Days to 50% Plant Height Panicle length ; No. of productive  Grain yield/ :
S.No Entry Name flowering (cm) (cm) Test Weight (g) tillers /plant plant (g) Grain type
1 SWARNAA 128 163.6 10 23.8 16.8 22.0 MB
2 MTU-11218 114 90.8 5 22.4 14.5 11.2 MS
1 WGL-1482 128 163.6 10 23.8 16.8 26.0 MS
2 WGL-1483 125 144.5 8 23.4 16.1 23.2 MS
3 WGL-1484 125 144.5 8 23.4 16.1 23.0 MS
4 WGL-1485 121 125.4 7 23.1 15.4 20.1 MS
5 WGL-1486 125 144.5 8 23.4 16.2 23.2 MS
6 WGL-1495 128 163.6 10 23.8 16.8 27.4 MS
C.D. 0.454 0.177 0.131 0.137 0.387
SE(m) 0.148 0.058 0.043 0.045 0.126
C.V. 0.180 1.196 0.317 0.481 0.994

A: Donor parent B: Recipient parent

for different growing conditions. Plant height showed
considerable variation with the mean value ranged (163.6 cm)
and (125.4 cm). The selected lines showed number of
productive tillers per plant mean value ranged from 7 to 10
with the highest tillering observed in these high-yielding lines,
While Panicle length ranged between from 23.1 cm to 23.8 cm.
Test weight (thousand-grain weight) mean value ranged from
15.4 g to 16.8 g indicating lines possessing desirable medium
slender and good grain quality. The improved line WGL-1495
demonstrated the best phenotypic performance, combining
higher grain vyield, optimal panicle length and productive
tillers, making it a promising candidate for low soil phosphorus
condition.

Performance of WGL-1495 (IET 30233) in AICRP trials for zone ViI
and zone lll

WGL-1495 (IET 30233) has demonstrated exceptional
performance across three years of evaluation under the All
India Coordinated Rice Improvement Project (AICRP) trials. In
its first year of evaluation during the Kharif 2021, under stress
conditions (0 % recommended dosage of P), WGL-1495
achieved an average yield of 5260 kg/ha in Zone VII, which was
31.17% higher than the best check variety, Swarna 4010 kg/ha,
but under stress conditions (50 % recommended dosage of P),
Swarna performed better than all other test entries, including
WGL-1495 (IET 30233). However, based on yield potential
under P, conditions, WGL-1495 (IET 30233) was promoted to
Advanced Varietal Trial-I (AVT-I). years (Table 3).

Table 3. Summary of average yield (kg/ha) from IVT -LPT, AVT-I-LPT and AVT-II-LPT trials conducted under stress-prone conditions in Zone VII

(0 % recommended dose of phosphorus)

Year of Testing Ste:ss;:gof '::i;:)sf (IETF;r:;;; ‘(!\;‘\l 2:?195)) Positive check-Swarna
| Year (IVT- LPT) Kharif 2021 2" 5260 4010
Il Year (AVT- 1-LPT) Kharif 2022 4** 4731 4344
Mean yield (kg/ha)
Ill Year AVT-2 LPT Kharif 2023 4rx* 5222 3896
Wt. Avg. 10 5071 4083.33
| Year (IVT- LPT) Kharif 2021 2" - +31.17
Percent increase or decrease Il Year (AVT- 1-LPT) Kharif 2022 4+ - +8.90
over the Positive check lll Year AVT-2 LPT Kharif2023 ~ 4*** - +34.03
Wt. Avg. 10 - +24.35

Source: ICAR-Indian Institute of Rice Research, Progress Report Vol. 1: Varietal Improvement (IVT-LPT) 2021, (AVT1-LPT) 2022 & (AVT2- LPT)
2023*During | Year (IVT- LPT) evaluation was done in 2 locations: Karnataka: Gangavati and Mandya in Zone VIl Kharif 2021.

**During Il Year (AVT 1-LPT) evaluation was done in 4 locations: Andhra Pradesh (1), Telangana (1), Karnataka (2) in Zone VII Kharif 2022.

**During Il Year (AVT 2-LPT) evaluation was done in 4 locations: Andhra Pradesh (1), Telangana (1), Karnataka (2) in Zone VIl Kharif 2023.
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In its second year of evaluation during Kharif 2022, WGL
-1495 demonstrated consistent yield advantages in the AVT-I
LPT trial. under stress conditions (0 % recommended dosage
of P), it achieved an average yield of 4731 kg/ha, showing an
8.90 % improvement over Swarna (4344 kg/ha) in Zone VII. The
performance further underscored its potential with yields of
3665 kg/ha in Odisha (8.4 % over Swarna) in Zone lll, 4953 kg/
ha in Karnataka (17 % over Swarna) and 4767 kg/ha in
Telangana (21 % over Swarna) in Zone VII (Table 3 & 5). under
stress conditions (50 % recommended dosage of P), WGL-1495
exhibited a remarkable average yield of 6036 kg/ha, which was
14 % higher than Swarna average yield of 5303 kg/ha in Zone
VII. Notably, it outperformed the best check by 2867 kg/ha in
Jharkhand state (Zone Ill) and by 7140 kg/ha in Telangana
state (Zone VIl) (Table 4 & 6).

In its third year of evaluation during Kharif 2023 (AVT-I)
LPT, WGL-1495 continued to outperform the check variety
under both P, and P, conditions. under stress conditions (0 %

recommended dosage of P), it achieved average yield of 5222
kg/ha, which was 34 % higher than Swarna average yield 3896
kg/hain zone VII. it recorded yields of 4822 kg/ha in Telangana
(28.35 % over Swarna) and 5350 kg/ha in Karnataka (45.97 %
over Swarna). Similarly, under stress conditions (50 %
recommended dosage of P), it demonstrated average yield of
5601 kg/ha, which was 29.50 % higher than Swarna (Table 3 &
5). In Telangana and Karnataka, the IET 30233 achieved yields
of 5289 kg/ha (19.01 % over Swarna) and 5570 kg/ha (28.78 %
over Swarna), respectively (Table 4 & 6).

Based on its performance under both Py % and Ps, %
conditions, IET 30233 was observed to be promising in Zone VI
in Telangana and Karnataka states across the three testing
years (2021, 2022 and 2023). Additionally, the entry
outperformed the best check in Zone Il (Jharkand) during
2022.

Table 4. Summary of average yield (kg/ha) from IVT -LPT, AVT-I-LPT and AVT-II-LPT trials conducted under stress-prone conditions in Zone VII
(50 % Recommended Dose of Phosphorus)

oaeang S e e e
I Year (IVT- LPT) Kharif 2021 2 3760 4640
Mean yield (kg/ha) Il Year (AVT- 1-LPT) Kharif 2022 4> 6036 5303
IIl Year AVT-2 LPT Kharif 2023 e 5601 4325
Wt. Avg. 10 5132.33 4756
I Year (IVT- LPT) Kharif 2021 2 - -18.96
Percent increase or decrease Il Year (AVT- 1-LPT) Kharif 2022 4 - +13.82
over the Positive check IIl Year AVT-2 LPT Kharif 2023 e - +29.50
Wt. Avg. 10 - +8.12

Source: ICAR-Indian Institute of Rice Research, Progress Report Vol. 1: Varietal Improvement (IVT-LPT) 2021, (AVT1-LPT) 2022 & (AVT2- LPT) 2023

*During | Year (IVT- LPT) evaluation was done in 2 locations: Karnataka: Gangavati and Mandya in Zone VIl Kharif 2021.

**During Il Year (AVT 1-LPT) evaluation was done in 4 locations: Andhra Pradesh (1), Telangana (1), Karnataka (2) in Zone VII Kharif 2022.

**During Il Year (AVT 2-LPT) evaluation was done in 4 locations: Andhra Pradesh (1), Telangana (1), Karnataka (2) in Zone VIl Kharif 2023.

Table 5. Summary of average yield (kg/ha) from IVT -LPT, AVT-I-LPT and AVT-II-LPT trials conducted state wise under stress-prone conditions

VII (0 % recommended dose of phosphorus)

. Proposed variety Best check Percent increase or decrease
Seasons Trial Zones States (IET 30233 kg/ha) kg/ha over the check
Kharif 2021 Year (VT-LPT) Vi Karnataka 5260 4010 +31.17%
(Swarna)
Kharif 2022 Il Year (AVT- 1-LPT) If Odisha 3665 3381 +8.4%
(Swarna)
3939
+210
Vil Telangana 4767 (Rasi) 21%
VI Karnataka 4953 4235,3 +17%
(Rasi)
1l Jharkhand 3333 3011 +11%
(Vandana)
Kharif2023 Ill Year (AVT- 2-LPT) vil Telangana 4822 3736 +28.35%
(Swarna)
Vil Karnataka 5350 3665,’ +45.97%
(Rasi)

Table 6. Summary of average yield (kg/ha) from IVT -LPT, AVT-I-LPT and AVT-II-LPT trials conducted state wise under stress-prone conditions

(50 % recommended dose of phosphorus)

. Proposed variety Best check Percent increase or
Seasons Trial Zones States (IET 30233 kg/ha) kg/ha decrease over the check
Kharif 2022 Il Year (AVT- 1-LPT) 1] Bihar 4762 4107 (Rasi) +13%
1] Jharkhand 2867 2267 (Rasi) +26%
VI Telangana 7140 3615 (Rasi) +98%
Kharif 2023 Vil Telangana 5289 4444 (Swarna) +19.01%
Ill Year (AVT-2-LPT) Vil Karnataka 5570 4325 (Swarna) +28.78%
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Discussion

India leads the world in rice cultivation, with an impressive 46.5
million hectares under cultivation. However, a significant
portion of this area, particularly uplands and acid soil, exhibits
high phosphorus (P)-fixing capacity. This phenomenon
reduces the availability of phosphorus in soils, consequently
limiting rice yields (25). Furthermore, in irrigated conditions,
the rising cost of phosphorus fertilizers in recent years has led
to reduced fertilizer application, resulting in low to moderate
deficiency of the nutrient and lesser crop yields (21). The
development and cultivation of phosphorus-use-efficient rice
varieties emerge as a cost-effective and environmentally
sustainable strategy to address this issue (26). Such varieties
can enhance phosphorus utilization from the soil, reduce
dependence on external fertilizers and maintain or improve
rice yields in phosphorus-deficient soils

Phosphorus (P) uptake and use efficiency exhibit
significant genetic variability in rice, as demonstrated by
studies (27, 28, 12). This variability offers opportunities to
improve rice yields in phosphorus-deficient conditions through
MABB. Research has consistently shown that rice genotypes
experience considerable yield reductions under low P
conditions, with tolerance levels varying widely among
varieties. Recent studies have focused on screening rice
genotypes for phosphorus deficiency tolerance. These findings
highlight the importance of identifying and utilizing
phosphorus-efficient genotypes in rice breeding (29-31).

Swarna, a highly popular and high-yielding lowland rice
variety in India, has demonstrated exceptional tolerance to low
phosphorus (P) soils. This attribute is primarily attributed to
the presence of the Pupl QTL, which enhances phosphorus
uptake efficiency. Analysis using PuplI-specific markers
confirmed that Swarna possesses the tolerant allele for Pupl
(32). For the present study, Swarna was selected as the Pupl
donor due to its compatibility as a general combiner (21).
Earlier, the integration of Pupl from Swarna into elite rice
varieties through marker-assisted backcross breeding (MABB)
has been documented in several successful efforts. Notably,
utilized Swarna as the donor to enhance phosphorus-use
efficiency in various rice genotypes. MTU 1121, commonly
known as Sri Druthi, is a highly popular and widely cultivated
rice variety in India (21, 26, 33). Released by APRRS, ANGRAU,
Maruteru, Andhra Pradesh, it has gained prominence due to its
medium-duration maturity (125-130 days), excellent grain
quality and high yielding potential of 6-7 tons per hectare. Its
adaptability across both wet and dry seasons, combined with
resistance to blast and brown planthopper (BPH), has made it
a staple variety, occupying over 12 % of the rice-growing area
in India. However, despite its agronomic and market
advantages, MTU 1121 is sensitive to low phosphorus (P)
conditions, a common limitation in Indian rice-growing
regions. To address this limitation, we targeted the
introgression of Pupl, a major quantitative trait locus (QTL)
associated with enhanced phosphorus uptake, into the genetic
background of MTU 1121 through marker-assisted backcross
breeding (MABB).

The Pupl locus represents a significant breakthrough in
improving phosphorus (P) acquisition in rice, especially under
P-deficient conditions. Originally identified in the Indian Aus
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rice variety Kasalath, Pupl was fine-mapped to a 90-kb region
on chromosome 12 using molecular markers within a
recombinant inbred line (RIL) population derived from the
cross between Kasalath and Nipponbare (13-15). This discovery
underscores the power of molecular breeding approaches in
elucidating traits of agronomic importance. Subsequent
cloning efforts identified OsPSTOL1 (phosphorus starvation
tolerance gene 1) as the candidate gene for Pupl (16). The
protein kinase encoded by OsPSTOLI plays a critical role in
enhancing early root growth, enabling plants to acquire more
phosphorus and other nutrients from the soil. Its activation
under nutrient-limited conditions illustrates its adaptive
significance, making it a valuable genetic resource for
sustainable rice cultivation in P-deficient soils.

Two molecular markers, K20-2z5e and K46-1, were
utilized for precise selection during the MABB. These markers,
previously validated in other studies, are closely linked to the
Pupl locus, ensuring the accuracy of introgression (18, 21).
Foreground selection in the BCiF; generation utilized the co-
dominant marker K20-2 .1, located approximately 106 kb (~1
c¢m) from the Pup1 locus, to identify plants carrying the desired
allele. The functional marker K46-1 was then used to validate
the presence of Pup1 in selected lines. Subsequent generations
(up to BCiFs) underwent selfing and pedigree-based selection
to recover the desirable agronomic traits of MTU 1121 while
retaining the Pupl QTL. This strategy aligns with previous
reports that employed similar markers for Pupl introgression.
Similar study reported by used a combination of K20-1, K20-1-1
and K46-1 markers for Pupl transfer, while utilized K20-2,
applied functional dominant markers K46-1 and K46-2 (22,
26, 33).

Marker-assisted backcross breeding (MABB) has been a
transformative approach for intrgression the Pupl into elite
rice varieties. This strategy has been successfully employed in
multiple studies to address low phosphorus (P) soil tolerance.
Similar studies introgressed the Pupl QTL into varieties such as
Improved Samba Mahsuri, MTU1010 and IR64 (19). Their work
also identified novel, non-Pupl type donors for enhancing P-
use efficiency, broadening the genetic base for low P tolerance.
Study utilized MABB to integrate Pupl QTL into bacterial blight-
resistant Improved Samba Mahsuri, while a study incorporated
Pupl into ASD 16 and ADT 43, which already possessed
resistance to bacterial blight and blast (20, 26). A study
adopted marker-assisted pedigree breeding (MAPB) rather
than MABB for transferring Pupl into MTU1010, indicating the
flexibility of molecular breeding techniques (33). Similarly,
employed MABB to introgress Pupl from Kasalath into the rice
maintainer line APMS6B, further demonstrating its utility
across different genetic backgrounds (22). A study introgressed
the Pupl QTL into three temperate rice varieties-MS11,
TR22183 and Dasanbyeo (33).

In this study, Pupl QTL was introgressed from Swarna
into MTU1121 using a restricted MABB strategy coupled with
phenotype based visual selection for grain type, plant stature
and other agro-morphological traits. The restricted approach
minimized the number of backcross generations while
ensuring precise transfer of the desired QTL, linked molecular
markers such as K20-255 and K46-1 for efficient selection. The
use of restricted MABB mirrors strategies employed for other
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traits. Similar reports enhanced Pusa Basmati 1 with bacterial
blight resistance using a similar approach, for Pusa RH10, used
restricted MABB to incorporate bacterial leaf blight resistance
into KMR-3R (35-37).

The introgression of the Pupl QTL into MTU 1121
significantly enhanced its performance under low phosphorus
(P) soil conditions. Pupl-introgressed lines exhibited notable
improvements in key agronomic traits, including plant height,
the number of productive tillers, panicle length and grain yield
per plant, compared to the recipient parent MTU 1121. These
enhancements are directly attributable to Pupl’s role in
promoting root growth under phosphorus-deficient
conditions, as previously reported by (16). Under normal soil P
conditions, there was no significant difference in performance
between the PupI-introgressed lines and MTU 1121, indicating
that the introgression process successfully preserved the
recipient parent’s desirable traits. Interestingly, even under
normal conditions.

WGL-1495 (IET 30233) has emerged as a highly
promising  rice  culture, demonstrating exceptional
performance during multi-year evaluations in the All India
Coordinated Rice Improvement Project (AICRP) trials. Its
consistent superiority under low phosphorus (P) and moderate
P input conditions highlights its adaptability and potential for
diverse agro-ecological zones, particularly in Zones VIl and III.
The high-yield potential of WGL-1495 in low-phosphorus soils is
due to its special genetic traits that help it absorb and use
phosphorus more effectively. It is also well-suited for farming
systems that use high inputs, making it useful for both low-
resource and intensive farming. This flexibility makes WGL-
1495 an important option for tackling low-phosphorus soils
while maintaining good yields in better farming conditions.
Promoting WGL-1495 could play a big role in achieving
sustainable rice production and improving food security,
especially in areas where phosphorus deficiency is a common
problem.

Conclusion

The study successfully introgressed the Pupl QTL into
MTU1121 through restricted marker-assisted backcross
breeding, resulting in phosphorus-efficient rice lines. WGL-1495
(IET 30233) demonstrated superior performance under both
normal and low phosphorus soil conditions, with significant
yield advantages and improved agro-morphological traits
compared to MTU1121 and Swarna. Its consistent
performance across multiple environments and years in AICRP
trials highlights its potential as a promising culture for low-
phosphorus soils, contributing to sustainable rice production.
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