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ABSTRACT: Rice is the main staple food in the world. Despite having a lower nutritional quality than 

other cereals, rice contributes 15% of the world's population's protein intake per capita. Enhancing the 
nutritional quality of rice will improve the nutritional status of the malnourished improvised country, and 

for this, the detection of QTLs linked to grain protein content and markers associated with them need to 

be discovered to have an efficient breeding approach. The experiment was conducted at the Crop 

Improvement Division, ICAR-National Rice Research Institute, Cuttack, Odisha, India, during 2021. The 

current study looked at a marker trait association of rice grain protein content using a panel population of 

96 derived lines of backcross population. Grain protein content (%) was phenotyped and genotyped using 

a few chromosome 1 polymorphic SSR markers. The mean grain protein content was found to be 9.03 per 

cent, while it ranged from 3.83 to 17.76 per cent. Polymorphic markers were then used to score the 96 

derived lines. The single marker RM12107 was positively correlated with grain protein content and was 

found significant with an R2 value > 0.05. It is clearly understood that this association is not consistent over 

seasons and needs to be studied on a large scale. 
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INTRODUCTION 

Rice (Oryza sativa L.) is a significant component of the 

primary human diet consumed globally (Juliano, 1999). 

21% of all calories consumed globally per person come 

from rice. Despite having a lower nutritional quality than 

other cereals, rice contributes 15% of the world's 

population's per capita protein intake. In comparison to 

other significant cereals like wheat, rice had a better 

protein digestibility corrected amino acid score 

(PDCAAS), which showed the presence of necessary 

amino acids and overall protein quality (0.40). 
According to a screening of global germplasm 

collections, the protein content of farmed rice ranged 

from about 5% to 18%, with an average of 9.5%.This 

revealed the existence of genetic variability for this 

feature and suggested the viability of determining high-

protein rice cultivars (Juliano et al., 1968). Therefore, 

increasing the quantity and nutritional value of the 

protein in rice has been the main focus of efforts to 

increase rice storage protein. 

Due to rising health concerns, rice breeders are now 

placing greater emphasis on the nutritional value of rice. 
After carbohydrates, protein is the second most crucial 

ingredient in milled rice. However, rice protein is 

particularly deficient in lysine, one of the required amino 

acids for human nutrition (Juliano, 1999). The average 

level of protein (PC) in milled rice is about 7%, and it is 

most frequently consumed. Important factors that 

determine the nutritional value of rice are its protein and 

lysine contents. Children in many impoverished nations 

face a major health risk from protein deficiency 

(Gearing, 2015). As a result, there is an urgent need for 

rice breeders to enhance additional proteins in rice. 

However, improving the PC of rice via the traditional 
breeding method is laborious and time-consuming. With 

the development of biotechnology and the availability of 

molecular markers, it is now simpler and more efficient 

to identify QTLs associated with protein content and to 

improve the trait (Sautter et al., 2006). There are 

numerous papers on QTL mapping for protein content 

available. Strong efforts have been invested over the past 

five decades to improve the protein content of rice, 

mainly via conventional breeding techniques and 

induced mutations (Khush and Juliano 1984). Rice 

protein content has been quantified according to studies 
(Shenoy et al., 1991). The heritability for protein content 

ranged from 0.130 to 0.372 due to the genotype × 
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environment (G × E) interaction effect. According to 

Shenoy et al. (1991) findings, protein content is 58.8% 
heritable. According to Lang and Buu (2005), genetic 

influences accounted for 25.9% of the variation in 

protein content. Even though several QTLs per se may 

influence the trait, previous inheritance studies revealed 

that the variation in GPC between two parents was 

caused by two main genes. Several crops have recently 

shown the potential of molecular marker-assisted 

selection in plant breeding (Huang et al., 1997; Reddy et 

al., 1997). 

Several crops have recently shown the potential of 

molecular marker-assisted selection in plant breeding 

(Huang et al., 1997; Reddy et al., 1997). Despite the 
development of molecular markers linked to dozens of 

genes affecting a number of economically significant 

features in this crop, their utility to plant breeders has not 

yet been proven in protein. More recent research has 

focused heavily on the protein content of rice, finding 

QTLs on all 12 of the rice chromosomes except for 

chromosome 9 (Aluko et al., 2004; Hub et al., 2004; Li 

et al., 2004; Tan et al., 2001; Zhang et al., 2008). Bao 

(2014) discovered roughly 43 QTLs from nine different 

rice types, covering all 12 chromosomes. Compared to 

the other chromosomes, chromosomes 1, 2, and 7 have a 
significant number of QTLs. Additionally, Zhang et al. 

(2005) found 2, 3, and 4 QTLs, respectively, for the 

protein fractions albumin, globulin, prolamin, and 

glutelin. The QTLs governing the differences in protein 

fraction composition may be located at the same 

chromosomal locus. Patindol and Wang (2003) 

discovered 18 chromosome segments for 19 distinct 

amino acids, with the group of 19 distinct quantitative 

trait loci at the base of chromosome 1 being somewhat 

more robust. Hu et al. (2004) found 12 quantitative trait 

loci on chromosomes 1, 4, 6, 7, and 11 for both the 

content of individual amino acids and the total amount. 
Eight amino acids were connected to the quantitative 

trait loci cluster on chromosome 1. These findings are 

crucial for finding the right genes and for marker-

assisted breeding with the aim of increasing the amino 

acid content of rice for human consumption. The 

development of two high-yielding, protein-rich rice 

cultivars, CR Dhan 310 and CR Dhan 311, by the ICAR-

National Rice Research Institute, Cuttack, India, through 

classical backcross breeding and release in 2015 and 

2016, respectively, demonstrated that high protein could 

be combined with high grain yield in rice (Mahender et 
al., 2016; NRRI Annual Report, 2015). Therefore, it is 

important that work on rice protein bio-fortification uses 

appropriate QTLs for grain PC improvement. The 

recognition of a genetic component for protein content 

has been enhanced by the recent identification of QTL 

for rice protein content (Aluko et al., 2004; Hub et al., 

2004; Li et al., 2004; Tan et al., 2001; Guo et al., 2007; 

Yu et al., 2009). In order to increase the protein content 

of the grain, molecular approaches, such as marker-

assisted selection, may be a more effective strategy than 

traditional breeding alone. The current study looked at a 

marker trait association of rice grain protein content 

using a panel population of 96 derived lines of backcross 

population.  

MATERIAL AND METHODS 

The experiment was conducted at the Crop Improvement 

Division, ICAR-National Rice Research Institute, 

Cuttack, 753006, Odisha, India, during 2021. 

Plant material: For the phenotyping of grain protein 

content (%), a backcross generated mapping population 

from the Swarna/ARC 10075 cross (ARC 10075: high 

protein donor) was employed and genotyped using a few 

chromosome 1 polymorphic SSR primers. For this 

investigation, 96 distinct BC3F5 lines were chosen to 

represent the grain protein content of this population. 

Phenotyping for grain protein content in rice: Grain 
from the 96 backcross derived lines was harvested and 

dried to a moisture content of 12–13%. The rice huller 

(Satake, Japan) prepared approximately 10-15 g of 

brown rice from each type, which was then examined 

using near-infrared spectroscopy (NIRS). Using the 

software programme Win ISI-III Project Manager 

v.1.50e, the NIR spectroscope (model NIRS DS2500, 

FOSS Analytical, Sweden) reading was calibrated by 

fitting calibration equations 1, 4, 4, 1 for grain protein 

content. The grain protein content model for brown rice 

was proven to be reliable (Bagchi et al., 2015). 
Markers used in the study: Out of 140 markers located 

on chromosome 1 used for the polymorphic study of the 

backcross parents ARC10075 and Swarna, thirteen 

markers were found to be polymorphic. Details of the 

polymorphic markers used in the study are given in 

Table 1. 

DNA isolation and selection of markers: For the 

isolation of genomic DNA, leaves from 21-day-old 

seedlings of 96 backcross-derived lines were collected. 

The samples were broken up into minute pieces and 

powdered in liquid nitrogen before being extracted with 

CTAB (2% CTAB, 100 mM Tris-Cl (pH 8.0), 20 mM 
EDTA (pH 8.0), 1.3 M NaCl), then extracted again with 

phenol-chloroform-isoamyl alcohol, RNase treatment, 

and ethanol precipitation. The amount of DNA in the 

solution was verified before diluting it to 30 ng/l.  

Rice grain protein content markers amplification and 

visualisation: In a 20-l PCR reaction, 1U Taq 

polymerase, 1.5 mM Tris HCl (pH 8.75), 50 mM KCL, 

2 mM MgCl2, 0.1% TritonX-100, 200 M each of dATP, 

dCTP, dTTP, and dGTP, 4 pmol of forward and reverse 

primers, and 30 ng of genomic DNA were used. The 

temperature profile for the PCR amplification was initial 
denaturation at 94°C for 4 min, followed by 35 cycles of 

94°C for 1 min, annealing at 55–62 °C for 1 min, 

extension at 72 °C for 1 min 30 s, and then a final 

extension for 10 min at 72 °C.Electrophoresis was 

carried out using 2.5-35% agarose gel containing 0.8 

g/mL ethidium bromide, depending on the projected 

amplicon size. On the gel, 10 µl of PCR products were 

placed. To determine the amplicon size, a 50-bp DNA 

ladder was put into at least one lane. A Gel-Doc System 

was used to take pictures of the gel after it had been run 

in 1X TBE buffer (pH 8.0) at 120 volts/cm for 2 hours. 
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Table 1: Details of polymorphic markers used in the study. 

Sr. 

No. 

Marker 

name 

Position on 

chromosom

e 

QTLs  

region 
Forward sequence Reverse sequence 

Annealing 

temperature 

(°C) 

1.  RM5062  42548123 
qPC1.1/ 

OsAAP6 

AAGCAAGCGAGTGCTTTGTACC

G 

GGTGTGGCTAGAAACACAC

G 
55 

2.  
RM1210

9  
40422250  

qPC1.1/ 

OsAAP6 
CAATTAATCCTCTCCCTAGCAAGC 

GAGTTCATGAGTTGAGTTGT

GTGG 
55 

3. 
RM1210

7  
40420644  

qPC1.1/ 

OsAAP6 

CTGATAGTGATGTCCATTGTGTG

AGG 

CTTTCCTCTATGCCTAGAAA

CACACG 
55 

4. 
RM1210

2  
40325807  

qPC1.1/ 

OsAAP6 

GACGGAGGGAGTGCTTTGTACC

G 

GCATCTGGCGTGGTTCAGTT

GC 
55 

5. RM6141  42410706  
qPC1.1/ 

OsAAP6 
AAGCTTCCCCAATCTGGAAC TAGCTTAGCTGCTGCTGCTG 55 

6. 
RM1220

9  
41941678  

qPC1.1/ 

OsAAP6 
TTGCCATCCATTCGATTTCACC 

GAGACCACCAGATCGCTTCA

CC 
55 

7. 
RM1220

7  
41898956  

qPC1.1/ 

OsAAP6 
GGTCTATGCATGGGACAACACG 

AGCTGTGGGAGCGAGACTG

C 
55 

8. RM8147  43500000  
qPC1.1/ 

OsAAP6 
GATCGCTTCACCACAGCCTTCC CGATTTCACCACAGAGAGC 55 

9. 
RM1004

8  
744440  qGPC1.1 CAAGCAGTGATCATACAGCCTTCC 

GCCATGGCTGAGAACAGAG

AGC 
55 

10. RM3148  746085  qGPC1.1 GACTATTGCTCGAACACTTTG TTGTCTGCTTTGGTATTTGC 55 

11. 
RM1213

5  
40570183  

qPC1.1/ 

OsAAP6 

GGGACAGATAGAATCCCATAGC

C 

CTGCGACTTGCTCTTCCTCT

ACC 
55 

12. RM8099  4085000  
qPC1.1/ 

OsAAP6 
CATGGGCCAGAATTAAGAGG CATCCACTTTCCTCTCCTGC 55 

13.  
RM1214

6  
40717930  

qPC1.1/ 

OsAAP6 

AGTATGCCCTGCCCACTACACT

AGG 

CAGCGAATGGCAAGAGCAA

CC 
55 

 

Data analysis: Based on the presence or absence of 

bands, marker allele data were generated for each 

genotype and marker and were then organised in matrix 

form for each genotype-marker pair. The association 

analysis was carried out between the marker and grain 
protein content using single marker regression analysis 

in Microsoft Excel. 

RESULTS AND DISCUSSION 

Phenotyping for grain protein content: The grain 

protein content of 96 backcross derived lines from the 

Swarna/ARC 10075 cross was estimated using NIR 

spectroscopy. The experimental mean grain protein 

content was 9.03%, while the mean grain protein content 

ranged from 3.83% to 17.76% (Fig. 1 and Table 2). 

 

Fig. 1. Grain Protein content (GPC) frequency 

distribution. 

Table 2: Grain protein content information. 

Parameters GPC (%) 

Mean protein content 9.03 

Range 3.83- 17.76 

SD 1.81 

 

Compared to high yielding varieties like Swarna, 

ARC10075 (high protein donors) has a much greater 

protein content. The distribution of protein content in 

brown rice was found to be normal. Phenotyping of a 

backcross-derived mapping population revealed a 

significant variation in GPC (3.83 to 17.76%), which 

allowed for the identification of introgression lines in 

high yielding backgrounds with QTLs for grain protein 
content in rice, the possibility of further improving this 

trait, and the potential for generating new QTLs for grain 

protein content in rice. 

Association mapping: The marker–trait association was 

done with the grain protein content of kharif, 2021. Out 

of 140 markers, located in chromosome 1 used for the 

polymorphic study of the backcross parents ARC10075 

and Swarna, thirteen markers were found to be 

polymorphic. Polymorphic markers were then used to 

score the 96 derived lines (Fig. 2). 

Although it was widely believed that the amount of 

milling and environmental factors, such as nitrogen 
fertilizer and growth duration, had a significant impact 

on protein content (Blumenthal et al., 2008), the recent 

discovery of QTL for rice protein content has 

strengthened the notion that there is a genetic component 

to protein content (Aluko et al., 2004; Hub et al., 2004; 

Li et al., 2004). Thirteen of the 140 primers tested 

between ARC10075 and Swarna for polymorphism were 

found to be polymorphic, exhibiting a distinct and 

reproducible banding pattern. With this set of primers, 

which were linked to multiple QTLs/genes previously 

found, low and high grain protein-containing lines could 

not be identified in the current investigation (Aluko et 

al., 2004; Yu et al., 2009; Shi-yong et al., 2006; Huang 

et al., 2015). 

The marker–trait associations (Fig. 3) were filtered at 

less than 5% error, i.e., 95% confidence (p value < 0.05) 

on the analysis of protein content of the backcross 

ARC10075/Swarna population, R2 value ranged from 

0.000316 to 2.2642 and the F  value from 4.0034 to 

17.1167 as analyzed through single marker regression 

analysis.  
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Fig. 2. Gel picture depicting primer RM12107 showing polymorphism among the backcross derived lines; L-100bp 

ladder; A-ARC10075; S-Swarna. 

The single marker RM12107 was positively correlated 

with grain protein content and was found to be 

significant. This significantly associated marker had an 

R2 value > 0.05. It is clearly understood that this 

association is not consistent over seasons and needs to be 

studied on a large scale. To investigate any linkage 

between the GPC characteristic in rice, it may be 

necessary to test a larger number of polymorphic primers 

linked to known QTLs or genes. One of the upcoming 
research programmes for increasing the GPC trait in rice 

is the analysis of mapping populations for the discovery 

of additional QTLs/genes responsible for GPC. 

 
Fig. 3. SSR markers associated with Quantitative trait 

loci (QTLs) of protein. 

Chattopadhyay et al. (2019) used a 40K Affymetrix 

custom SNP array to genotype a BC3F4 mapping 

population derived from a cross between grain protein 

donor ARC10075 and high-yielding cultivar Naveen and 

identified one stable QTL, qGPC1.1, explaining 13% 

PVE. This QTL is located in a 0.7 Mb region of 

chromosome 1. So, SSR markers have been taken of this 

region. But no significant marker-trait association was 

detected. As a result, more markers will be collected in 

this region in the future in order to obtain tightly linked 

markers with GPC for use in marker-assisted selection.  

On the other hand, another QTL for GPC qPC1/OsAAP6 
located in a 42 Mb region on chromosome 1 was cloned 

(Peng et al., 2014). However, the OsAPP6 expression 

level is found to be associated with GPC variation only 

in indica accessions, and no correlation between the 

OsAAP6 expression level and GPC variation was 

detected in the japonica genetic background. It seems 

that OsAAP6 could only be used as a target gene to 

regulate GPC in indica breeding programs. In our 

experiment, we have selected polymorphic markers in 

this region. One marker, RM12107, was found to be 

associated with GPC. So after validation using another 

mapping population or through association mapping, this 
marker can be utilized in marker-assisted breeding for 

the development of high-protein elite lines. 

CONCLUSIONS 

Using a panel population of 96 derived lines from a 

backcross population, the current study examined a 

marker trait relationship of rice grain protein content. 

Using a few chromosome 1 polymorphic SSR markers, 

grain protein content (%) was phenotyped and 

genotyped. It was found that the average grain protein 

content was 9.03%, ranging from 3.83 to 17.76%. The 

96 generated lines were then scored with polymorphic 
markers. The one marker, RM12107, had a significant 

R2 value of greater than 0.05 and was positively linked 
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with grain protein content. It is clearly understood that 

this association is not consistent over seasons and needs 

to be studied on a large scale. 

FUTURE SCOPE 

Testing more polymorphic primers connected to known 

QTLs or genes may be necessary to look into any 

association between the GPC trait in rice and any other 

trait. The examination of mapping populations for the 
finding of additional QTLs/genes responsible for GPC is 

one of the next research programmes for improving the 

GPC trait in rice. 
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