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Abstract

Rice blast disease and soil acidity-related phosphorus deficiency are the major issues observed in rice-growing ecosystems across the
world, especially in the North Eastern Hill (NEH) region of India. The present study aimed to check the allelic distribution of major genes
for blast resistance, low P tolerance, grain yield and their association with increasing yield under acidic soils in NEH region. A set of 75
genotypes, including parental lines, advanced breeding lines and landraces, were evaluated and a significant association of SPIKE allele
(Type-5) with spikelets per panicle, grain yield per panicle and plot yield was recorded. Gn1a-InDel3 allele was significantly associated
with increased spikelets and grain number per panicle. The gene PSTOLT showed a significant association with tiller number at 30 and
60 days after transplanting but not with plot yield. The genotypes carrying desirable alleles for Pi9, Pi2 and Pi-ta recorded lower disease
scores but none of them were significantly associated with blast resistance. The study also identified advanced breeding lines ULRC24-
48-5-1, ULRC24-57-1-1-1, ULRC24-49-5-1-1, ULRC24-99-3-1-1, ULRC26-11-2-1-1 and ULRC26-1-1-1 carrying six to eight favorable allelic
combinations with high plot yield under acidic soil conditions. These lines can be used as potential donors for enhancing genetic gain

under low input acidic soil conditions.
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Introduction

An ever-increasing human population and fast-changing
climatic conditions call for accelerated development of
climate-resilient crop varieties with enhanced tolerance
to abiotic and biotic stresses. North Eastern Region (NER)
of India is a center of diversity for rice and is home to
thousands of landraces, which in spite of being low-yielding,
are preferred by the local consumers for their desirable
grain qualities. Most of the breeding programmes focus
on developing high-yielding varieties and seldom on
increasing the yield of specialty rice (colored, aromatic rice)
by incorporating minor alleles which contribute to yield
gain. Globally nearly 30 to 40% of potential arable land is
acidic and left unused due to adverse soil conditions like
soil acidity and it is associated with nutrient deficiencies and
mineral toxicities (Zhu and Shen 2023). Reduced availability
of P causes poor plant growth, low productive tillers, spikelet
sterility, poor root growth, and ultimately adversely affects
yield. P starvation tolerance 1 (PSTOLT) is one such locus
identified from Pup1 (Phosphorous Uptake 1) QTL imparts
low P tolerance in rice (Gamuyao et al. 2012). Introgression
of PSTOLT locus showed increased biomass, tiller number
and yield up to 30% in low P condition (Wissuwa et al.
2005; Vigueria et al. 2016; Tyagi et al. 2021). Till now, PSTOL1

is the only gene being successfully used in marker-assisted
breeding programs (Chitrameenal et al. 2018). However, its
effect varies according to genetic background (Wissuwa et
al. 2016). Novel haplotypes for PSTOLT from the genotypes
adapted to acidic soil conditions are also reported (Yumnam
etal.2017) and validated under low land acid soil conditions
(Bhutia et al. 2021).

Apart from soil conditions, biotic stress like blast disease
also causes yield loss upto 30 to 50% in southeast Asian
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countries (Suprapta et al. 2012). To date, more than 100
R genes are reported and 31 R genes are cloned (Ning et
al. 2020). Among them, Pi1, Pi2, Pi9, Pigm, Pi21 and Pi54 are
reported to impart broad-spectrum resistance (Thakur et al.
2015; Ning et al. 2020) and Pib, Pi-km, Pi12 confer race-specific
resistance (Yang et al. 2008). Some major genes like Piz,
Pi-ta, Pi54, Pi5, Pb1 have been used for developing durable
blast resistance in different genetic backgrounds like Pusa
basmatil, PB1121, PB6 and PRR78 (Singh et al. 2012; Khanna
et al. 2015a; Ellur et al. 2016) under lowland ecosystem.

Yield is a complex quantitative trait governed by several
genes. Nearly 87 key genes associated with grain yield were
reported based on haplotype analysis by Abbai et al. 2019.
Among the several genes SPIKE (SPIKELET NUMBER) (Fujita et
al. 2013); Gnla (Ashikari et al. 2005); SCM2 (STRONG CULM?2)
(Ookawa et al. 2010); DEP1 (DENSE and ERRECT PANICLET)
(Huang et al. 2009); OsSPL14 (Miura et al. 2010; Jiao et al. 2010);
Gs5 (Lietal. 2011); TGW6 (Ishimaru et al. 2013) are widely used
in breeding programs as the markers for desirable alleles of
these genes are reported (Kim et al. 2016). Identification of
superior haplotypes for traits of importance in a particular
agroecosystem is one of the first steps in achieving genetic
gain. Therefore, the present study was undertaken to find
the allelic status of validated genes reported for blast
resistance, low P tolerance and yield in the parents and
advanced breeding lines involved in the breeding pipeline.
Effective gene combinations for lowland acidic soil were
also identified.

Materials and methods

Plant materials and phenotyping

Atotal of 75 genotypes, including 21 rice parental genotypes
and 54 advanced breeding lines (ABLs) developed at the
College of Post Graduate Studies in Agricultural Sciences
(CPGSAS), Central Agricultural University (CAU), Imphal,
three landraces (two of them are Gl protected) from Manipur,
Assam, Arunachal Pradesh, and thirteen released varieties
(Supplementary Table S1) were used in the present study.
The materials were evaluated under lowland acidic soil
conditions (pH- 5.6) during kharif 2019 and 2020 for leaf
blast resistance and yield traits. Young seedlings (25 days
old) were transplanted in plots of 1m? per genotype with
20 cm row-to-row and 15 cm plant-to-plant spacing. Field
management was done as reported previously (Bhutia et
al. 2021).

Data were recorded randomly on ten plants from
each genotype. All the 21 parental lines and 54 advanced
breeding lines were evaluated for twelve yield and
related traits like tiller number at 30 DAT (DAT-days after
transplanting) (TN30), tiller number at 60 DAT (TN60),
number of panicles per plant (NP), panicle length (cm) (PL),
spikelets per panicle (SPP), filled grains per panicle (FGPP),
spikelet fertility percentage (SF%), 100 seed weight (g) (SW),

Plot Yield (g) (PY), length and breadth ratio (mm) (L: B ratio),
leaf blast score and shoot P content. Leaf blast disease score
was recorded three times at fifteen days intervals before
initiation of flowering under natural field conditions. The
relative humidity (75-90%) and temperature (25-28°C) of
this region naturally favor the blast disease. The disease
scoring was done using the 0 to 9 scale as per the standard
evaluation system (SES). The genotypes scored as resistant
(0-3 score), moderately resistant (4-6 score) and susceptible
(7-9 score) based on the disease incidence (IRRI, 2013). Shoot
P content was estimated by using the vanadate molybdate
colorimetric method as previously described in Yumnam
et al. (2017). The shoot phosphorous use efficiency (PUE) is
the amount (g) of biomass produced per unit P (g DM/mg
P) (Rose and Wissuwa, 2012).

Genotyping

Healthy young leaves (30DAT) were collected from plants
grown in field conditions and genomic DNA was extracted
using sodium dodecyl sulfate (SDS) method (Dellaporta
et al. 1983). The parental genotypes were screened using
22 previously reported gene-specific/linked SSR and InDel
markers for blast resistance, low P tolerance and yield traits
(Supplementary Table S2). A subset of nine polymorphic
markers that are associated with respective phenotypes
among parents are considered important for blast resistance
and yield under acidic soil were used for genotyping the 54
advanced breeding lines. Polymerase chain reaction (PCR)
was performed to investigate the allelic status of reported
markers for blast resistance, low P tolerance and grain yield
(Kim et al. 2016; Singh et al. 2015; Li et al. 2008; Tian et al.
2016; Chin et al. 2011). Amplified PCR products were resolved
in 2.5% agarose gel made with 0.5X TBE buffer. Gels were
stained in ethidium bromide (10mg/ml) and visualized
under UV light.

Statistical analysis

The experiments were conducted using an augmented
design with four blocks and five checks. Block-adjusted
means of data collected on ten plants of each genotype
were used for further analysis. Correlation among traits was
estimated using the Metan package (Olivoto and Col Lucio
2020) in RStudio. The molecular data and mean phenotypic
data were used for performing a t-test to understand the
marker-trait association using RStudio. The P values less than
0.05 (p < 0.05) were considered significant.

Results and discussion

Blast disease and soil acidity are severe in the north-eastern
region of India, which adversely affects rice productivity.
Breeding for stress-tolerant/resistant varieties provides
the best alternative way to enhance yield. Identification,
validation, introgression and consolidation of desirable
genes/alleles into elite varieties involved in the breeding
pipeline will serve this purpose.



356 Magudeeswari P. et al.

[Vol. 84, No. 3

Variation for key phenotypic traits under acidic soil
Significant variation for the twelve traits (as mentioned in
the materials and methods section) was observed in the
21 parental lines and 54 ABLs (Fig. 1). Correlation analysis
between the traits revealed a positive significant correlation
of TN60 with TN30 (r = 0.89), NP (r = 0.46) and PY (r = 0.48).
Similarly, PL was significantly correlated with SW (r = 0.56),
LB ratio (r=0.61), PY (r=0.52), and FGPP correlated with SPP
(p = 0.67). SW positive significantly correlated with PL (r =
0.56), PY correlated with NP (r = 0.52) (Fig. 1).

Genotyping of parental lines for the genes reported
for blast resistance, low P tolerance and yield

About 21 parental lines were genotyped for fourteen blast
resistance genes to check the allelic distribution of key genes
among the parents. Six blast genes (Piz, Pil, Pi20(t), gPbmT1,
Pi12, Piz5) were observed to be fixed for the respective
desirable alleles in the parental lines. The parents carried
differential alleles for eight blast resistance genes, namely,
Pi-k™, Pi5, Pi-ta, Pi2, Pb1, Pi38, Pib and Pi9 (Fig. 2) which were
located on chromosomes 6, 9, 11 and 12, respectively.
The frequency of desirable allele was 85.71% for Pi2 and
Pb1, 80.95% for Pi-ta gene and 71.43% for Pi38. Genes Pib,
Pi-k™ and Pi5 linked with marker Pibdom, Ckm-2 and JJ803
showed a desirable allele frequency of 61.9, 47.6, and 42.8%,
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Fig. 1. A) Phenotypic variations observed for yield-related traits and B)
Correlation between nine yield-related traits evaluated under low land
conditions. TN 30 - Tiller number at 30 days; TN 60- tiller number at 60
days; PL- panicle length; NP- number of panicles; SF - spikelet fertility;
GW- 100-grain weight; SPP- Spikelet per panicle; FGPP-filled grain per
panicle; PY-Plot yield; LB ratio- length and breadth ratio
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Fig. 2. Allelic status for blast resistance genes Pik™, Pi5, Pi2, Pi-ta, Pib and
Pi9 based on markers CKM-2, JJ 803, RM7311, RM247, Pibdom, and
Pi9-Pro, respectively. The desirable allele size is given on the left side of
each gel. Ldenotes 100 bp ladder (gene ruler). The numbers on the top
correspond to sl.no. of the rice genotypes in Supplementary Table S1
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Fig. 3. Allelic status of grain yield-related genes and low P tolerance
gene based on markers SPIKE-indel3, Gn1a-indel1 and Gn1la-indel3,
GS5-indel1, SCM2-indel1 and K46-2, respectively. The desirable allele
size is given on the left side of each gel. L- denotes 100 bp ladder
(gene ruler). The numbers on the top correspond to sl.no. of the rice
genotypes in Supplementary Table S1

respectively. Marker Pi9-Pro with expected amplicon size
of 128-bp showed a desirable allele frequency of 4.76% for
the gene Pi9. The parental genotypes IR64, Shasharang,
VL40387, and CAUS105 possessed a combination of twelve
R genes, while BLM9 that had least disease score, carried
thirteen R genes. On the other hand, three landraces,
Chakhaopoireiton, Mang Meikri and Joha, carried eight and
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Fig. 4. Test of association of markers SPIKE-indel3, Gn1a-indel3, K46-2,
SCM2-indel1, Gn1a-indel1 with important phenotypic traits in terms
of mean phenotypic differences between two marker allelic classes
in genotypes evaluated under low land conditions. *- Significant
difference between alleles for a trait at 5% level of significance.
**- Significant difference between alleles for a trait at 1% level of
significance

ten R genes, respectively displayed a moderately resistant
reaction. With the exception of Kasalath which carried 12
R genes and showed a moderately resistant response, the
genotypes carrying higher number of Rgenes showed higher
resistance response to blast disease. This is concurrent with
the reports of Yadav et al. (2019) and Wu et al. (2015). With
the identification of multiple blast resistance genes, several
breeding efforts have been made to introgress these genes
into elite susceptible varieties, and a series of improved lines
were developed in the past (Swathi et al. 2019; Chukwu
et al.2020). However, the single gene resistance can be
broken down rapidly in a few years due to the dynamic and
diverse races of M. oryzae and it was already shown that a
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Fig. 5. Box plots representing leaf blast score variation for two allelic
groups of genes Pi9, Pi2, Pi54, Pi-ta, Pi-km, Pi5, Pib, Pb1 observed using
markers Pi9-Pro, RM7311, RM224, RM247, CKM-2, JJ803, Pibdom, and
Pb3810 respectively along with R?value in the top corner

combination of blast resistance genes can provide enhanced
resistance in a different background (Jiang et al. 2019). The
present study also showed that presence or absence of a
single gene was not significantly affecting resistance, and
therefore it is important to assemble a suitable haplotype
of desirable alleles across multiple major resistance genes
to achieve durable resistance.

Similarly, K46-2, a dominant marker, reported for the
gene PSTOLI1, was present in 52.38% of the parental lines
(Fig. 3). Foryield related gene SCM2, the desirable amplicon
size of 117-bp for SCM2-indel1 marker had a frequency of
85.71%. All the lines except joha, mang meikri and PB1121
carried the SCM2-Habataki type allele, which is allelic
to APOT (ABERRANT PANICLE ORGANIZATIONI). A 20-bp
deletion in the promoter region of SPIKE gene leading to a
desirable allele with 151-bp amplicon size was found with
a frequency of 19% in the parents. For the SPIKE gene, two
alleles were observed in the parental lines, yield a positive
NAL1-japonica allele (Type-5) was found only in CAUS103,
CAUST110, Shasharang and Mang Meikri. The marker GS5-
indel1 associated with grain size gene (GS5) produced 63-bp
(MG- medium grain allele) and 67-bp (WG or NG- wide or
narrow grain allele) amplicons with the frequency of 42.85%
and 57.14%, respectively. Eight lines carrying the medium



358

Magudeeswari P. et al.

[Vol. 84, No. 3

1d- F/PR

CKM-2

Genotypes

Gnla- indell

Gnla -indel3

GS5- Indel 1
AP5659-5

DEP- indell

SCM 2- Indell
SPIKE- Indel3
SPL14- 12 SNP

TGWo6-

JI803

MRG4766
RMS27
RM247

RM7102
RM7311

5083 Indel
RM512
ph3810
RM206
Pibdom
Pi9-Pro

K46-2

Grain yield related

. Low P
Blast resistance ,"M

Gene SCM2 | SPIKE iz | Pi-km

Maudamani
Kasalath
BLM9
IVT-ASG-4812
SD

Pis

qPbmll | Pil2 pib Pi9 | PsToll

(Chakhao poireiton
ICAURI
ICAUS103
ICAUS107
ICAUS122
ICAUS105
ICAUSTI0
Uoha

Mang meikri
PB1121

[R64
DRR50

UPRI-3908-18-2-1-1
VL40387
HPR2921
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grain type allele showed higher yield compared with lines
carry W/N grain type allele. The presence of desirable Gnla
allele was determined by two markers namely Gnla-indell
and Gnla-indel3. A 16-bp deletion in the 5’'UTR region with
an amplicon size of 99-bp is the desirable allele reported
for the Gnla-indel1 marker. A 70-bp deletion near 3'UTR
region is reported as the desirable allele (275-bp) for Gnla-
indel3 marker. The desirable allele frequency of 90.47%
and 80.95% was observed for Gnla-indel1 and Gnla-indel3
markers, respectively. Three haplotypes (Type-1, Type-2,
Type-3) have been reported for the gene Gnla by kim et
al. 2016. The positive Gnla-Habataki type allele (Type-3)
was observed in all the lines except Joha and Mang Meikri
for Gnla-indel1 marker. But this marker is not effective in
introducing the Type-3 allele into the Type-2 background.
Gnla-indel3 marker that detects a 70-bp polymorphism in
the 3¢UTR was found useful in introducing the Gnla allele
in Type-2 background as well.TGW6 is a single exon gene
and the loss of function allele carries 1-bp deletion in CDS
with the desirable allele at 388-bp for marker TGW6-1d-F/PR
and 42.85% of parents carried the desirable allele for TGW6
gene. Whereas DEPT and OsSPL14 were absent among the
parents suggests the donors carrying the respective alleles
need to be incorporated in the breeding programme. Thus,
among theparental genotypes, CAUS103 had positive alleles
for SCM2, SPIKE, Gnla, W/N grain type, while CAUS110 and
Shasharang carried positive alleles for SCM2, SPIKE, Gnia,
TGW6, and M grain type recorded the highest yield per plant.

Marker trait association
Significant difference for grain yield per plant between
two allelic classes was observed for markers SCM2-indell1,
Gnla- indell, Gnla- indel3, SPIKE- indel3 and K46-2 (Fig. 4),
indicating association of the markers with grain yield. A
significant association was observed for SCM2-indel1 with
PY (p = 0.0017). SPIKE- indel3 with PY (p = 0.0076), SPP (p
= 0.002) and FGPP (p= 0.0011). Gnla-indel3 is significantly
associated with SPP (p=0.0012),and FGPP (p=0.0012). Gnla-
indel1 showed significant association with PY (p = 0.0017)
and K46-2 was found to be associated with TN30 (p=0.0219)
and TN60 (p = 0.017) and phosphorous use efficiency (p =
0.0053). With respect to blast resistance genes, genotypes
carrying desirable alleles for Pi2, Pi9 and Pita had lower mean
disease scores as compared to parents lacking them (Fig. 5).
However, none of the fourteen individual blast resistance
genes were significantly associated with leaf blast score.
Among the yield genes, SPIKE reported a significant
association with plot yield and among the four lines carrying
the desirable SPIKEallele, three lines recorded a higher single
plantyield. The consistent effect of SPIKE gene for increasing
yield under low fertile conditions has been reported
earlier (Fujita et al. 2013; Takai et al. 2017; Takai et al. 2019).
Based on the results and previous reports, the SPIKE gene
can be a potential target and needs to be selected in the
breeding pipeline to increase yield. On the other hand, the
traditional local variety Joha lacks a desirable allele for the
above-mentioned yield genes (Fig. 6) reflected in poor yield,
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Table 1. Identified haplotypes for blast resistance, low P tolerance and yield in advanced breeding lines

S. No. ULRC lines Gene combination (s)

1 6*7-3-1-1-1, 24-48-5-1 and 36-300 SPIKE, Gn1a, Pi54, Pi-ta, PsTol1, 0s02g08018, OsMLO8 and OsWD40-2

2 2*11-2-1 and 24-57-1-1-1 SPIKE, Gn1a, Pi54, PsTol1, 0502908018, OsMLO8 and OsWD40-2

3 6%7-2-1-1, 24-49-5-1-1, 26-1-1-1, 26-11-2-1-1, 34-17, 34- Gnla, Pi54, Pi-ta, PsTol1, 0s02g08018, OsMLO8 and OsWD40-2
178, 34-30, 34-354-2 and 35-SSD-5

4 4%4-1-5-1 and 24-99-3-1-1 SPIKE, Gn1a, Pi54, Pi-ta, PsTol1, 0s02g08018 and OsWD40-2

5 4-2-5-1-1-1, 6*7-5-1-1, 29-8-2-1and 29-50-2-1-1 SPIKE, Gn1a, Pi54, Pi-ta, 0s02g08018, OsMLO8 and OsWD40-2

6 26-1-1-1, 34-248, 34-354-1, 34-97 and 35-SSD-2 Gn1a, Pi54, PsTol1, 0s02g08018, OsMLO8 and OsWD40-2

7 6*7-3-3-1 and 36-285 Gn1la, Pi54, Pi-ta, 0s02g08018 and OsWD40-2

8 24-119-5-1-1, 24-49-4-1-1, 36-1 and 36-175 Pi54, Pi-ta, 0s02g08018, OsMLO8 and OsWD40-2

9 6*7-3-3-31 and 29-8-3-1-1 Gn1a, Pi54, Pi-ta and 0s02g08018

whereas Chakhaopoireiton possesses Gnla and SCM2 but it
is highly prone to leaf and neck blast infection leading to low
yield. Interestingly, the landrace Mang Meikri carries SPIKE
gene butis low-yielding. The different genetic backgrounds
between genotypes and GXE interaction might reduce the
efficiency of a gene. It may be essential to consider the
genetic background for the future use of SPIKE gene, as also
suggested by Takai et al. 2017. As it was already known, yield
is a quantitative traits. The presence of a single gene may
not be effective in increasing the yield, especially in stress
conditions. Identification of superior haplotypes across loci
for yield along with blast resistance and low P tolerance
provide the opportunity for yield gain in rice.

Genotyping of advanced breeding lines

On the basis of parental genotyping data, the markers that
showed significant association with yield were selected
and evaluated in the 54 advanced breeding lines. For yield
Gnla-indel1, Gnla-indel3 and SPIKE-indel3 markers, and for
low P tolerance K46-2 and 3 more markers (PR9-2, RM12557,
HvSSR 02-14), which showed significant association with
yield traits in the previous studies (Bhutia et al. 2021) were
used. Since none of the blast markers were significantly
associated with leaf blast score among the parental lines,
two genes Pi54 and Pi-ta reported earlier to confer durable
resistance (Khanna et al. 2015b; Jia et al. 2016) were chosen
to screen on the advanced breeding lines. Genotyping
of advanced breeding lines showed a variation in allelic
distribution for all the markers evaluated except Gnla-indel1.
The desirable allele for Gnla-indel1 was already fixed among
the 54 advanced breeding lines. Whereas, for other genes,
the desirable/significant allele frequency was observed
highest for RM12557 (27.54%), which is a genetic marker for
0502908018 gene. While the lowest was observed for yield
marker SPIKE-indel3 (10.26%).

Identification of desirable haplotype combinations in
ABLs for blast resistance, low P tolerance and grain
yield

Haplotype analysis was done on advanced breeding lines
based on eight markers, excluding Gnla-indell. Three
genotypes ULRC6*7-3-1-1-1, ULRC24-48-5-1, and ULRC36-
300 carry all the desired alleles for the eight genes evaluated
for blast resistance, low P tolerance and yield (Table 1). A total
of nine haplotype combinations were observed among the
advanced breeding lines. Sixteen genotypes had desirable
haplotypes for seven genes. Eleven genotypes carry
desirable haplotypes for six genes. Five genes were fixed in a
total of twelve genotypes, while nine genotypes possessed
desirable haplotypes for four genes. All the advanced
breeding lines used in the study had a minimum of three
genes fixed for the respective desirable allele. Our study
identified superior haplotypes, indicating that ABLs carrying
desirable alleles for genes SPIKE, Gnla and 0s02g08018
showed the highest yield. For instance, we identified four
ULRC24 lines (Kasalath x Shasharang), namely ULRC24-48-
5-1, ULRC24-57-1-1-1, ULRC24-49-5-1-1 and ULRC24-99-3-1-1
having the highest number of favorable alleles (7-8) and a
higher yield of 400-500g/m? was observed. Similarly, two
ULRC26 lines (Kasalath X BORO paddy), i.e., ULRC26-11-2-1-1
and ULRC26-1-1-1, had a combination of 7 and 6 favorable
alleles, respectively with high yield among the 52 ABLs.
Based on the result, the above-mentioned lines can be used
as parents in breeding programs for blast resistance, low P
tolerance, and yield under lowland acidic conditions or can
be nominated for multilocational trials.

Supplementary material
Supplementary Tables S1 and S2 can be accessed at www.
isgpb.org
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Supplementary Table S1. A list of parental genotypes and advanced breeding lines used in the present study along with their plot yield
under low land acidic soil conditions

S.No. Genotypes/ Lines Source of collection Landrace/variety Ecosystem Features Yield
(g/m2)
1 Maudhmani NRRI, Cuttack Variety Irrigated low  High yielding variety 4557
land
2 Kasalath IRRI, Philipines Variety Low land Donor for PsTol 1 537
3 BLM 9 NRRI, Cuttack Variety Low land Donor for Pi9 579.9
4 IVT-ASG-4812 AICRP Variety Low land High yielding elite 540.9
breeding line
5 Sabhagidhan NRRI, Cuttack Variety Rainfed Multiple stress tolerant 474.6
upland and variety
lowland
6 ChakhaoPoirieton ICAR-RC for NER, Landrace Low land Gl tagged, Purple rice of 293.1
Manipur manipur with medicinal
and economic value
7 CAUR1 CAU, Imphal Variety Low land High yielding variety 519.6
8 CAU S 103 CPGS, CAU, Imphal Elite breeding line Low land High yielding elite 708
breeding line with
amylose content ~20%,
9 CAU-R 107 CPGS, CAU, Imphal Variety Low land Elite breeding line with 558.6
high zinc content and
resistant to blast
10 CAUS 122 CPGS, CAU, Imphal Elite breeding line Low land High yielding early 465
maturing line
11 CAU-R 105 CPGS, CAU, Imphal Variety Low land High yielding elite 498.3
breeding line with
amylose content ~20%
12 CAUS 110 CPGS, CAU, Imphal Elite breeding line Low land high yielding medium 594.6
duration line
13 Joha AAU Jorhat, Assam Landrace Low land Gl tagged, Aromatic, Low 162
yielding, Landrace of
Assam
14 Mang meikri ICAR-RC for NER, Landrace Low land Red rice, Low yielding, 204
Arunachal Pradesh Landrace of Arunachal
Pradesh
15 PB1121 Pusa, Newdelhi Variety Irrigated low  Extra-long slender 352.2
land basmati variety
16 Shasharang ICAR-NEH Variety Rainfed Red rice, HYV of 681.9
lowland Meghalaya.
17 IR64 IRRI, Philipines Variety Low land High yielding variety 385.5
18 DRR 50 IIRR, Hyderabad Variety Low land Drought tolerance, 387.9
submergence tolerance
19 UPRI- 3908-18-2-1-1 Pantnagar Variety Low land Long slender grain, 4734
resistance to blast
20 VL40387 Uttarakhand Variety Low land Long slender grain, 3447
resistance to blast
21 HPR2921 Himachal Variety Low land Long slender grain, 354.9
resistance to blast
22 ULRC 2 *11-2-1 CPGS, CAU, Imphal Advanced Breeding  Low land (Shahsarng X 430

line

SahbhagiDhan)X (Paijong
X PAU 201)
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34

35
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37

38

39

40

41

42

43

44

45

46

47

ULRC 2*6-1-2-1

ULRC 4*4-1-5-1

ULRC 4*4-1-1-1

ULRC 4-2-5-1-1

ULRC 5-4-3-1-1-1

ULRC 5-7-7-1-1

ULRC 6*7-6-1-1

ULRC 6*7-2-1-1

ULRC 6*7-3-1-1-1

ULRC 6*7-3-3-1

ULRC 6*7-5-1-1

ULRC 10-4-1-1-1

ULRC 12-2-1-1-1

ULRC 24-119-5-1-1

ULRC 24-119-5-1-2

ULRC 24-21-2-1-1

ULRC 24-26-4-1-1

ULRC 24-45-3-1-1

ULRC 24-48-1-1-1

ULRC 24-48-1-1-1-4

ULRC 24-48-5-1

ULRC 24-49-5-1-1

ULRC 24-49-4-1-1

ULRC 24-57-1-1-1

ULRC 24-99-3-1-1

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

CPGS, CAU, Imphal

Advanced Breeding
line

Advanced Breeding
line

Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line
Advanced Breeding
line

Advanced Breeding
line

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

Low land

(Shahsarng X Sahbhagi

Dhan) x (Shahsarng X
PAU 201)

Shahsarng X Priya

Shasharang X CAUR1

(Shasharang X PAU201) X

(Shasharang X IR64)

IR64 X PAU201

IR64 X Priya

Kasalath X Shasharang

330

440

360

360

350

430

390

370

420

410

410

340

420

370

410

420

400

430

350

430

360

360

410

500

420



364 Magudeeswari P. et al. [Vol. 84, No. 3

48 ULRC 26-1-1-1 CPGS, CAU, Imphal Advanced Breeding  Low land Kasalath X Boro Paddy 410
line

49 ULRC 26-11-2-1-1 CPGS, CAU, Imphal Advanced Breeding  Low land 430
line

50 ULEC 26-1-2-2-1 CPGS, CAU, Imphal Advanced Breeding  Low land 430
line

51 ULRC 29-1-2-1 CPGS, CAU, Imphal Advanced Breeding  Low land SMS X Shasharang 370
line

52 ULRC 29-15-1-1 CPGS, CAU, Imphal Advanced Breeding  Low land 400
line

53 ULRC 29-50-2-1-1 CPGS, CAU, Imphal Advanced Breeding  Low land 400
line

54 ULRC 29-8-2-1 CPGS, CAU, Imphal Advanced Breeding  Low land 440
line

55 ULRC 29-8-3-1-1 CPGS, CAU, Imphal Advanced Breeding  Low land 420
line

56 ULRC 29-8-4-1 CPGS, CAU, Imphal Advanced Breeding Low land 450
line

57 ULRC 34-134 CPGS, CAU, Imphal Advanced Breeding  Low land Sabhagidhan X 320
line ChakhaoPoireiton

58 ULRC 34-17 CPGS, CAU, Imphal Advanced Breeding  Low land nil
line

59 ULRC 34-178 CPGS, CAU, Imphal Advanced Breeding  Low land 330
line

60 ULRC 34-234 CPGS, CAU, Imphal Advanced Breeding  Low land 300
line

61 ULRC 34-248 CPGS, CAU, Imphal Advanced Breeding  Low land 370
line

62 ULRC 34-30 CPGS, CAU, Imphal Advanced Breeding  Low land 360
line

63 ULRC 34-348 CPGS, CAU, Imphal Advanced Breeding  Low land 360
line

64 ULRC 34-354-1 CPGS, CAU, Imphal Advanced Breeding  Low land 440
line

65 ULRC 34-354-2 CPGS, CAU, Imphal Advanced Breeding  Low land nil
line

66 ULRC 34-97 CPGS, CAU, Imphal Advanced Breeding  Low land 350
line

67 ULRC 35-SSD-2 CPGS, CAU, Imphal Advanced Breeding  Low land Kasalath X Sabhagidhan 330
line

68 ULRC 35-SSD-5 CPGS, CAU, Imphal Advanced Breeding  Low land 330
line

69 ULRC 36-1 CPGS, CAU, Imphal Advanced Breeding  Low land Shasharang X KMR3 430
line

70 ULRC 36-175 CPGS, CAU, Imphal Advanced Breeding  Low land 340
line

71 ULRC 36-181 CPGS, CAU, Imphal Advanced Breeding  Low land 410
line

72 ULRC 36-184 CPGS, CAU, Imphal Advanced Breeding Low land 380

line
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73 ULRC 36-285 CPGS, CAU, Imphal Advanced Breeding  Low land 410
line
74 ULRC 36-299 CPGS, CAU, Imphal Advanced Breeding  Low land 360
line
75 ULRC 36-300 CPGS, CAU, Imphal Advanced Breeding  Low land 400
line
Supplementary Table S2. The details of markers used for blast resistance, low p tolerance and yield traits in the present study
SNo  Gene Marker Name Trait Chromosome Desirable Sequence References
allele Size
(bp)
1 SCM2 SCM2-indell Yield 6 17 F : GGAAATGATGAACACTGTCCA Kim et al.
2016
R: GTTTGTCTCAGCTCTGATCTG
2 SPIKE SPIKE- indel3 4 151 F: GGAGAGACATGGACGGCT
R: TGGTGGCGATCATGCTGC
3 Gnla Gn1la-indell 1 929 F: GCCACCTTGTCCCTTCTACA
R: TGCCATCCTGACCTGCTCT
Gn1la-indel3 275 F : GATCTAGATGCTCCAAAGTCC
R : CTGTACGTACGTGCACGTAG
4 DEP1 DEP- indel1 9 406 F: GCAAGTGCTCACCCAAGTG
(F/R/625F) R: GTTCGAACTTAATCAAAGGCCT
5 OsSPL14  SPL 14-12 SNP 8 302 F: GTTCAGAAGCTTTACGTTGGA
(AR/F) R: GCTGGGTTGACAGAAGAGATAT
6 TGWe TGW6-1d-F/PR 6 388 F: GCCAACTGATCAGACTGAG
R: CGTGGGGAGAGTCGATtCG
7 GS5 GS5-indel1 5 63/67 F: CTAACTCCCATGGAATTACTAG
R: GGAAAGCGAAACTGATTGACA
8 Piz AP5659-5 Blast 6 279 F:CTCCTTCAGCTGCTCCTC Singh et al.
resistance 2015; Liet
al. 2008
R:TGATGACTTCCAAACGGTAG
9 Piz5 RM527 233 F: GGACCCGCGTTTTCCACGTGTAA
R: AGGAATCTATTGCTAAGCATGAC
10 Pi-km CKM-2 11 290 F:CAGTAGCTGTGTCTCAGAACTATG
R:AAGGTACCTCTTTTCGGCCAG
11 Pi5 JJ803 9 320 F: AAGTGAGCATCCAGTGCCTAATGA
R:AGCCGGTGCTCATAACACGTATTA
12 Pil MRG4766 2 110 F: ATTGCTGCAAAGTGGGAGAC
R:AAGTGGAGGCAGTTCACCAC
13 Pi-ta RM247 12 126 F: AGCAGGTTATAAGCTAGGCC
R:CTACCAACAAGTTCATCAAA
14 Pi 20(t) RM7102 12 180 F: TTGAGAGCGTTTTTAGGAG

R: TCGGTTTACTTGGTTACTCG
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15 Pi2/Pi9 RM7311 6 147 F: AGTGGTCGTTGAACTCGGAG
R: TCGTGGCGCCTTTAATCTC
16 gPbm11 5083 indel 11 380 F: TTCAGTCACCTCACAAGGCA
R: TGCCTCACCAATCACATACG
17 Pi12 RM512 12 214 F: CTGCCTTTCTTACCCCCTTC
R: AACCCCTCGCTGGATTCTAG
18 Pb1 Pb3810 11 105 F: TCTACGAGAGTTACAGCTTCTCC
R:GAGTTGCATGGTACACCTAGCC
20 Pib Pibdom 2 365 F:GAACAATGCCCAAACTTGAGA
R:GGGTCCACATGTCAGTGAGC
21 Pi9 9Pro 6 128 F: TGATTATGTTTTTTATGTGGGG Tian et al.
2016
R: ATTAGTGAGATCCATTGTTCC
22 PSTOL1  K46-2 low P 12 227 F: AGGAAGATGGTTGTCGTTGG Chin et al.
tolerance 2011
R: TTCACACCAAACAGTGTTGTC Singh et al.
22 OsMLO8  HvSSR02-14 2 F: CTTTGAGATTGATCGAGAGG 2010
R:ACGGAATGAGCAGTATCTGT
23 0s02g RM12557 2 F: AGCACCACCTCCTCGAACTCC Bhutia et al.
08018 2021

R: CAACCCTACCTTGCTTCTTCTTGC




