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line population for yield attributing and grain quality
traits in rice (Oryza sativa L.)
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Abstract

Marker assisted backcross breeding strategy was applied to develop and characterize a backcross inbred
line (BIL) population for yield attributing and quality traits in rice (Oryza sativa L.). Significant
variability was found for number of effective tillers, panicle length, amylose content, protein content,
grain width, thousand grain weight, grain length, days to 50% flowering, days to maturity and plant
height. Therefore, the BIL population developed could serve as an important genomic resources for
identification of QTLs for agronomically important traits, their introgression into other genetic
backgrounds as well as identification of novel breeding lines.
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Introduction

Rice (Oryza sativa L.), belonging to the family Gramineae or Poaceae, is one of the most
important food crops. More than 90 percent of rice is produced and consumed in Asia, India
and China being the lead producers. As the global population is rapidly increasing, the world
population is expected to reach nine billion till the middle of this century, therefore, the grain
yield of rice needs to be increased by 70 percent, in order to feed the increasing global
population (Zeng et al., 2017) M. India produced 124.37 million tonnes of milled rice from
about 43.7 million ha of land area in the year 2020-21(Anonymous, 2022) &, To achieve the
targeted levels of production, rice grain yield needs to be increased for food security. Rice
grain quality improvement has also become very crucial for most of the breeding programmes
around the world through improvement in associated grain nutritional quality (GQ) traits.
Mapping of quantitative trait loci (QTLs) for grain quality traits in rice is a forward genetic
approach in marker-assisted selection and also for gene discovery (Balakrishnan et al., 2020)
[31. Backcross inbred line (BIL) population is preferable among various mapping populations
because it represents a useful genetic resource for QTL detection of complex agronomic traits
in plants; and can also identify naturally occurring favourable alleles in the wild species.
Backcross inbred lines (BILs) represent chromosomal segments of donor parent introgressed
into the recipient parent, with maximum recurrent parent genome coverage, thereby, providing
a base to create a novel germplasm for breeding programmes (Jeuken et al., 2004) 4. The
population has also been used for introgession of genes to improve quantitative traits in exotic
germplasm (Li et al., 2020) B1. In the present study, the backcross inbred line (BIL) population
in rice has been characterized for the yield attributing and quality traits.

Materials and Methods

A) Plant material

Backcross inbred population (K343™/RML22 X K343/DHMAS) X K343 comprising of 146
lines was developed at School of Biotechnology, SKUAST-Jammu, Jammu and Kashmir
(India) in the genetic background of rice variety K 343 (recurrent parent) by repetitive crossing
and backcrossing with the donor parents DHMAS and RML 22 using marker-assisted
backcross breeding strategy. The population had blast resistance genes Pi54 and Pi9
introgressed, respectively from DHMAS and RML22 varieties.

B) Plot design and data recording
The plant material was grown in the nursery for 21 days and then transplanted in the
Experimental Field at a spacing of 20 x15 cm in augmented design 11 with four blocks and
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three parents repeated as checks in each block. A total of 5
plants were randomly chosen from each line to record the
data. The observations were recorded based on plant height,
days to 50 percent flowering, panicle length, effective tillers
per plant, number of days to maturity, grain length, grain
width and thousand grain weight. The protein content was
estimated using Kjeldhal method (McKenzie and Wallace.,
1954) I8 and amylose content by iodine assay index method
(Hall and Johnson, 1966) [,

C) Data analysis

The means values obtained from the data were used for
statistical analysis using R software. The analysis of variance
was then performed as per Gomez and Gomez (1976) [,

Results and Discussion

Genetic variability is an important pre-requisite in developing
superior recombinants as it helps in selection of parents
showing wider variability for different characters (Nayak et
al., 2004) [, In the present study, highly significant variation
was recorded in the population for all the traits viz. plant
height, days to 50 percent flowering, days to maturity,
effective tillers per plant, panicle length, grain length, grain
width, thousand grain weight, protein content and amylose
content (Table 1 and Table 2). Kiran (2020) “° also found
significant variability between the parents, K343, DHMAS
and RML22 and the BC,F; population for yield attributing,
and quality traits in rice (Oryza sativa L.).

Plant height was found to have a wide variability for the 146
genotypes of BIL population with range of 120 cm -132.6 cm
and mean value of 128.24 cm. Plant height in majority of
genotypes was recorded between 129.8 cm to 131.2 cm as
shown in Fig. 1. A wide range (88.92 -93.72) was observed
for days to 50 percent flowering with mean value of 89.85,
and maximum genotypes in the population had 89.88 to 90.84
days to 50 percent flowering. Days to maturity ranged from
125.6 -135.6 with mean value of 130.21, and majority of
genotypes took 131.2 to 131.6 days to reach maturity (Fig. 1).
Among 146 genotypes, 65 genotypes had panicle length of
21.2 cm to 22.5 cm, while the population had minimum and
maximum value of 19.9 cm and 23.8 cm and mean value of
21.05 cm. The effective tillers per plant in the population
ranged from 8 to 12.5, with mean value of 10.14 (Fig. 1).
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These results were similar to findings of Bhat et al. (2022) 2%
who explained significant variability in the mapping
population derived from K343 and DHMAS for grain yield
and its attributing traits. Shashidhara et al. (2017) 04
explained that the mean values of all the genotypes showed
significant variability for all the studied traits. Pachauri et al.
(2017) 3 also reported wide variability with high range (5-
26) and mean of 8.20 for effective tillers per plant, and high
range (86-130) for days to maturity for 124 rice germplasm
accessions. Similarly, a wide variability was also recorded by
Mishra et al. (2016) @4 in their study. Rice grain was
classified as extra-long (>7.5mm), long (6.6mm-7.5mm),
medium (5.6 mm-6.5mm), and short (<5.6mm) (Bisne et al.,
2006) %1, The 146 genotypes of BIL population had grain
length ranging from 4.25 mm (short) to 6.49 mm (medium)
with mean value of 5.84 mm, however, majority of genotypes
covered medium grain length from 5.93 mm to 6.21 mm (Fig.
2). The grain width of genotypes of BIL population ranged
from 1.92 mm to 2.48 mm, with mean value of 2.44 mm,
while the thousand grain weight of the population was
recorded from 25.10 g to 28.85 g, with mean value of 26.81 g.
Johar et al. (2021) 1 also found significant differences for
grain yield and its attributing traits in their study. The findings
were also matched the results reported by Hangloo (2018) "]
who showed significant differences in the populations derived
from crosss between K343 and DHMAS as well as K343 and
RML22. The amylose content, and protein content are the
main attributes for grain quality of the rice (Bruno et al, 2017)
18 In the present study, protein content of majority of
genotypes ranged from 7.02 percent to 7.65 percent, while the
population had maximum and minimum value of 5.21 percent
and 7.65 percent with mean value of 6.86 percent. The
amylose content of milled rice was classified into waxy (1-2
percent), very low (5-12 percent), low (12-20 percent),
intermediate (20-25 percent) and high (more than 25 percent).
The amylose content of the genotypes was considered very
low ranging from 9 percent to 11.64 percent, while the
amylose content in maximum genotypes was recorded from
10.98 percent to 11.64 percent with mean value of 10.82
percent (Fig. 2). The maximum and minimum values of grain
quality traits had been found similar with the findings of
Kiran (2020) [0,

Table 1: Analysis of variance of genotypes for BIL population (BCsF2-convergent population) for yield attributing and grain quality traits

Degree | Plant Days to Davs to Panicle No. of Grain Grain 1000 Protein | Amylose
Source of height 50% mat)ij rit length effective | length | width grain content | content
freedom| (cm) flowering Y (cm) tillers (mm) (mm) weight (%) (%)
Block
(ignoring 3 2.22 ** 2.73 ** 7.42 ** 7.09 ** 1 ** 0.1** | 0.08** | 23** 2.63** | 549 **
Treatments)
Treatment
(eliminating | 148 6.47 ** 4.79 ** 6.11 ** 4.93 ** 1.65** | 0.06** | 0.03** | 1.26** | 0.87** | 1.15**
Blocks)
Treament | 2 | TA¥ | srazes | 16w | 1633 | 1733 | 132+ | 038** | 13[0 | 625%% | 233+
Treatment:
Testand Test| 146 5.57 ** 3.74 ** 5.98 ** 4.77 ** 1.43** | 0.05** | 0.03** | 1.09** | 0.79** | 1.13**
vs. Check
Residuals 6 0.007 0.02 0.07 0.001 0.004 0.002 0.008 0.004 0.002 0.006
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Table 2: Descriptive statistics of 149 genotypes of BIL population (BCsF2-convergent population) of rice (Oryza sativa L.)
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Trait Mean Std. Error CD (1%) CV (%)
Plant height 128.24 0.24 0.11 2.33
Days to maturity 130.21 0.19 0.34 1.82
Days to 50% flowering 89.85 0.24 0.18 3.31
Panicle length 21.05 0.18 0.04 10.54
Number of effective tillers 10.14 0.10 0.08 11.83
Grain length 5.84 0.03 0.05 6.67
Grain width 2.44 0.02 0.11 10.24
Thousand grain weight 26.81 0.12 0.08 5.52
Protein content 6.86 0.09 0.05 11.73
Amylose content 10.82 0.09 0.10 11.18
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Fig 1: Graph representing mean values of yield attributing traits of BIL (population) of rice

~ 37577~


https://www.thepharmajournal.com/

The Pharma Innovation Journal

https://www.thepharmajournal.com

Sdizan Graln width

lg) Grain width

Sdean anmylose content

(i) Amylosa content

Sdean Thousand grain welght

—{h} Thousand grain weight

21
Mzan probein condent

_1j) Protein content

Fig 2: Graph representing mean values of yield attributing and quality traits of BIL population of rice.

Conclusion

The BIL population developed would serve as an important
genomic resource for identification of QTLs for
agronomically important traits and their introgression into
other genetic backgrounds. A thorough characterization of
BIL population may lead to the identification of novel
breeding lines.

References

1. Zeng D, Tian Z, Rao Y, Dong G, Yang Y, Huang L, et al.
Rational design of high-yield and superior-quality rice.
Nat. Plants. 2017;3:17031.

2. Anonymous. Economic Survey 2021-22. Directorate of
Economics and Statistics, Department of Agriculture and
Farmers Welfare, Govt. of India; c2022.

3. Balakrishnan D, Surapaneni M, Yadavalli VR, Addanki
KR, Mesapogu S, Beerelli K, et al. Detecting CSSLs and
yield  QTLs  with  additive, epistatic  and
QTLxenvironment interaction effects from Oryza
sativa x O. nivara IRGC81832 cross. Scientific reports;
¢2020. p. 10.

4. Jeuken MJ, Lindhout P. The development of Lettuce
backcross inbred lines (BILs) for exploitation of the
Lactuca saligna (wild lettuce) germplasm.Theor Appl
Genet. 2004;109:394-401.

5. Li X, Wang W, Li K, Lim YP, Piao Z.- Construction of

10.

11.

12.

~3758"7

chromosome segment substitution lines enables QTL
mapping for flowering and morphological traits
in Brassica rapa. Fronteirs. 2020;6:432.

McKenzie HA, Wallance HS. Australian Journal of
Chemistry. 1954;7:55

Hall VL, Johnson, JR. A revised starch-iodine blue test
for raw milled rice. Cereal Chemistry. 1996;43:297-302.
Gomez A, Gomez A. Statistical Procedures for
Agricultural Research. An International Rice Research
Institute Book, 2018, 6.

Nayak AR, Chaudhury D, Reddy JN. Genetic divergence
in scented rice. Oryza. 2004;41:79-82.

Kiran. Molecular marker assisted pyramiding of Pi9 and
Pi54 Blast resistance genes in rice cultivar K343.. PhD
thesis. Sher-e-Kasmir University of agricultural science
and technology; c2020. p. 1-125.

Bhat R, Singh AK, Salgotra RK., Sharma M, Bagati S,
Hangloo S, et al. Statistical description, genetic
variability, heritability and genetic advance assessment
for various agronomical traits in F, population of rice
(Oryza sativa L.). Journal of Pharmacognosy &
Phytochemistry. 2018;7:985-992.

Shrivastava A, Mishra DK, Koutu GK. Estimation of
genetic parameters of variability for yield and its
attributing traits in parental lines of hybrid rice. Plant
archives. 2015;15:571-574.


https://www.thepharmajournal.com/

The Pharma Innovation Journal

13.

14,

15.

16.

17.

18.

Pachauri AK, Sarawgi AK, Bhandarkar S, Ojha GC.
Genetic variability and association study for yield
contributing traits of promising core Rice germplasm
accessions (Oryza sativa L.). Res. on Crops.
2017;18:133-138.

Mishra A, Kumar P, Sengar RS., Kumar P, Singh R,
Chaudhary R, et al. Assessment of diversity by using
morphological, biochemical and molecular approaches of
selected basmati rice (Oryza sativa L.) varieties. Journal
of Applied & Natural Science. 2016;8:69-76.

Bisne R, Motiramani NK, Sarawgi AK. Association
analysis and variability analysis in rice. Mysore J Agric.
Sci. 2006;40:375-380.

Johar P, Salgotra RK, Sharma MK, Sharma S, Dey T,
Gupta M et al. Characterization of Advanced Breeding
(BCsFs) Lines of Basmati Rice (Oryza sativa L.) under
North-Western Himalayan conditions. Biological Forum
— An International Journal. 2021;13:1033-1040.

Hangloo S. Generation of genetic stocks for blast
resistance in suspectible temperate variety of rice (Oryza
sativa L.) using marker assisted selection. PhD thesis.
Sher-e-Kasmir University of agricultural science and
technology; c2018. p. 1-101.

Bruno E, Choi YS, Cahumg K, Kim KM. QTLs and
analysis of the candidate gene for amylose, protein, and
moisture content in rice (Oryza satival.). Scientific
reports. 2017,7:40.

~3759 7™

https://www.thepharmajournal.com



https://www.thepharmajournal.com/

