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Introduction 

Rice is a major staple crop for a large proportion of the global 

population and sustaining its productivity is increasingly challenging 

under conditions of labour scarcity, declining water availability and 

rising production costs. In this context, direct-seeded rice (DSR) has 

emerged as a promising alternative to conventional transplanted 

rice because it reduces labour and water requirements, shortens 

crop establishment time and improves operational efficiency (1, 2). 

Despite these advantages, weed infestation remains a major 

constraint in DSR systems, as the absence of standing water and 

reduced crop-weed competitive advantage during early growth 

stages favour heavy weed emergence (3). Severe weed competition 

in DSR can cause substantial grain yield losses, making effective 

weed management essential for the sustainability and profitability of 

this production system (1, 4). 

Among the available weed management options, chemical 
control through herbicides is widely regarded as one of the most 

practical and economical approaches in DSR ecosystems (5). 

Imidazolinone herbicides are important due to their broad-

spectrum control of grasses, sedges and broad-leaved weeds 

through inhibition of acetohydroxy acid synthase (AHAS), a key 

enzyme in the biosynthesis of branched-chain amino acids (6, 7). 

Herbicide tolerance to imidazolinones is generally associated with 

point mutations in the AHAS gene that reduce herbicide binding 

without severely affecting normal enzyme activity. Such mutations 

have been identified and utilised in several crop species, including 

rice, wheat, maize, sunflower and canola, thereby enabling the 

development of herbicide-tolerant production systems (6, 8). 

Understanding the inheritance of herbicide tolerance is 

important for its effective use in crop improvement programmes. 

When tolerance is governed by a single major gene, particularly with 

dominant or semi-dominant expression, the trait can be transferred 

more efficiently into elite cultivars through conventional breeding 

and marker-assisted backcrossing. Previous studies in rice and other 

crops have shown that tolerance to AHAS-inhibiting herbicides is 

frequently controlled by one major gene, which greatly facilitates 

selection in segregating generations and accelerates varietal 

development (6, 9, 10). Nevertheless, the inheritance pattern of 

herbicide tolerance must be validated in each breeding material and 

cross combination, as such information is critical for confirming gene 

action and designing an appropriate breeding strategy. 

Despite the availability of herbicide-tolerant rice cultivars, the 

inheritance pattern of imazethapyr tolerance varies depending on 

genetic background and mutation type. Understanding gene action 

in specific crosses is critical for designing efficient breeding strategies 

and marker-assisted selection. However, limited information is 

available on the inheritance of imazethapyr tolerance in Indian rice 

germplasm, particularly involving locally adapted varieties such as 
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Abstract  

Herbicide tolerance is an essential trait for efficient weed management in direct-seeded rice systems (DSR), where early weed competition 
severely reduces crop establishment and productivity. The present study aimed to elucidate the inheritance pattern of imazethapyr tolerance 

in rice using F₂ and backcross populations derived from the cross KMP-175 × Robin. Segregating populations were evaluated under field 

conditions following imazethapyr application at 20 and 30 days after sowing (DAS). In the F2 population, 314 tolerant and 99 susceptible plants 

were recorded among 413 individuals, fitting the expected 3 : 1 Mendelian segregation ratio (X2 = 0.23, p = 0.63), indicating single gene control. 

The BCP1 population segregated into 67 tolerant and 61 susceptible plants, conforming to the expected 1 : 1 ratio (X2 = 0.28, p = 0.59), whereas 

all 95 plants in the BCP2 population exhibited tolerance. The segregation pattern across generations supports that imazethapyr tolerance in 
Robin is governed by a single dominant gene. Molecular validation using the RM6844 marker linked to the AHAS gene further supports this 

inheritance pattern. The monogenic dominant nature of the trait enables efficient selection and rapid introgression into elite cultivars. These 

findings provide a strong genetic basis for developing herbicide-tolerant rice cultivars suitable for direct-seeded production systems. 
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KMP-175. Therefore, elucidating the inheritance pattern of herbicide 

tolerance in this genetic background is essential for developing 

improved cultivars suitable for DSR ecosystems. 

 This study examines the inheritance pattern of imazethapyr 

tolerance in rice using F2 and backcross progenies derived from KMP-

175 × Robin. The objective was to determine segregation behaviour 

and infer genetic control through Mendelian analysis. Such 

information will be valuable for the effective incorporation of 

herbicide tolerance into breeding programmes aimed at improving 

weed management in direct-seeded rice under practical production 

conditions. 

 

Materials and Methods 

Plant materials and population development 

The experimental material for the present study comprised two rice 

genotypes contrasting in their response to imazethapyr, namely 

Robin, a herbicide-tolerant mutant genotype and KMP-175, a 

herbicide-susceptible genotype. The parental lines were 

phenotypically confirmed for imazethapyr response by applying 

imazethapyr 0.4 % SL at 20 and 30 days after sowing (DAS). 

Genotypic validation was carried out using the RM6844 marker 

linked to the AHAS gene to confirm polymorphism between the 

tolerant and susceptible parents. The cross KMP-175 × Robin was 

made to generate segregating populations for inheritance analysis. 

 The F1 plants were confirmed for hybridity using the AHAS 

gene-linked molecular marker RM6844 (Supplementary Fig 1). 

Genomic DNA was isolated using standardised CTAB method (11) 

from young leaf samples of the parents and F1 plants and 

polymerase chain reaction (PCR) amplification was carried out using 

RM6844 primers. Only F1 plants showing a heterozygous banding 

pattern were considered confirmed hybrids. 

 The confirmed F1 plants were selfed to produce the F₂ 
population and backcrossed with both parents to generate 

backcross populations. Backcrossing with KMP-175 produced the 

BCP1 population, while backcrossing with Robin produced the BCP2 

population. These generations were used for inheritance analysis of 

imazethapyr tolerance. 

Screening for imazethapyr tolerance 

The parental lines, F1, F2, BCP1 and BCP2 populations were evaluated 

for response to imazethapyr under field conditions. All generations 

were raised under recommended agronomic practices and 

screened with imazethapyr 0.4 % at 20 and 30 DAS. Herbicide 

response was assessed based on visible injury symptoms such as 

chlorosis, growth suppression and plant mortality. Plants were 

classified as tolerant or susceptible 20 days after the first herbicide 

application (12). 

Segregation analysis 

The segregation pattern of herbicide tolerance was analysed in the 
F2 and backcross populations based on phenotypic classification of 

plants as tolerant or susceptible after herbicide screening. The 

observed segregation was tested against the expected Mendelian 

ratios using the chi-square (X2
) test, with the F2 population evaluated 

against the expected 3 : 1 ratio for a single dominant gene and the 

backcross populations evaluated against the expected ratios based 

on the assumed mode of inheritance. 

 

 The goodness-of-fit was assessed using chi-square analysis 

following standard procedures (13). Degrees of freedom were 

calculated as number of classes-1 and probability values were 

determined at 5 % significance level. 

The chi-square value was calculated as: 

 

 

 Where, O is the observed frequency and E is the expected 

frequency. Calculated chi-square values were compared with 

tabulated values at the appropriate degrees of freedom to assess the 

goodness-of-fit and infer genetic control. 

 

Results 

Phenotypic confirmation and genotypic validation of parental 
lines 

Phenotypic screening of the parental lines following application of 

imazethapyr 0.4 % at 20 and 30 DAS clearly differentiated the two 

genotypes for herbicide response. Robin exhibited tolerance with 

normal growth and survival after herbicide application, whereas 

KMP-175 showed susceptibility, characterised by severe herbicide 

injury and plant mortality (Fig. 1a). 

 Genotypic validation using the RM6844 marker linked to the 
AHAS gene also revealed clear polymorphism between the parental 

lines (Fig. 1b). Robin amplified a band of 200 bp, whereas KMP-175 

produced a band of 160 bp. The contrasting marker pattern 

between Robin and KMP-175 supports their genetic differentiation 

at the AHAS-linked region and justifies their use as tolerant and 

susceptible parents for inheritance analysis. Similar use of molecular 

markers linked to the AHAS gene for identifying herbicide tolerance 

has been reported in rice and other crops (6, 7, 10). 

Confirmation of F₁ hybridity using RM6844 marker 

The F1 plants derived from the cross KMP-175 × Robin was confirmed 

for hybridity using the AHAS gene-linked molecular marker RM6844. 

The true F₁ plants showed the presence of both parental bands (160 

bp and 200 bp), confirming their heterozygous nature. Thus, the 

RM6844 marker effectively validated the hybridity of the F₁ plants 

and confirmed their suitability for further development of F₂ and 

backcross populations (10). 

Segregation analysis of imazethapyr tolerance in F2 and 

backcross populations 

Clear segregation for imazethapyr tolerance was observed in the F₂ 

population derived from KMP-175 × Robin (Fig. 2, 3a, b). Among 413 

plants screened, 314 exhibited tolerances, while 99 were susceptible. 

The observed segregation closely fitted the expected 3 : 1 ratio, 

suggesting monogenic dominant inheritance. The non-significant 

chi-square value further supports that the deviation from expected 

ratio was due to random variation (Table 1, Fig. 2). These results 

suggested that herbicide tolerance in Robin is controlled by a single 

dominant gene. 

 In the BCP1 population (F1 × KMP-175), 67 individuals were 

tolerant and 61 were susceptible out of 128 screened. The 

segregation pattern was tested against the expected 1 : 1 ratio and 

the chi-square value of 0.281 with a p-value of 0.596 indicated a good 

fit to the expected ratio (Table 1). In the BCP₂ population derived 

from the cross F1 × Robin, all 95 plants screened were found to be 
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Table 1. Segregation of imazethapyr tolerance in the F2 and backcross population derived from KMP-175 × Robin 

Population Total plants 
screened 

Observed 
tolerant 

Observed 
susceptible 

Expected  Expected 
tolerant 

Expected 
susceptible X² value p value Interpretation 

F2 413 314 99 3 : 1 309.75 103.25 0.233 0.630 Fits 3 : 1 ratio 
BCP1 (F1 × KMP-175) 128 67 61 1 : 1 64.00 64.00 0.281 0.596 Fits 1 : 1 ratio 

BCP2 (F1 × Robin) 95 95 0 All tolerant 95.00 0.00 0.000 1.000 All plants tolerant 
as expected 

Fig. 1a. Phenotypic response of parental plants to imazethapyr application. 

Fig. 1b. Molecular validation of imazethapyr tolerance using RM6844 marker. 
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Fig. 2. Segregation pattern of imazethapyr tolerance in the F2 and backcross population derived from KMP-175 × Robin.  

Segregation pattern of imazethapyr tolerance in the BCP1 population 

Segregation pattern of imazethapyr tolerance in the BCP2 population 

Segregation pattern of imazethapyr tolerance in the F2 population 
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tolerant and no susceptible plants were observed (Table 1). This 

segregation pattern was consistent with the expected response for a 

backcross involving the tolerant parent under single dominant gene 

inheritance. Overall, the segregation observed in the F2 and 

backcross generations supports that imazethapyr tolerance in the 

cross KMP-175 × Robin is inherited as a monogenic dominant trait 

(Fig. 2). 

 

Discussion 

The segregation pattern observed in the present study indicated that 

imazethapyr tolerance in the cross KMP-175 × Robin is governed by a 

single dominant gene. The F2 population fitted the expected 3 : 1 

ratio, while the BCP1 population conformed to the expected 1 : 1 

ratio and the BCP₂ population showed the expected predominance 

of tolerant plants. These results collectively support the monogenic 

dominant inheritance of the trait. 

 The present findings are consistent with earlier reports 

describing AHAS-mediated herbicide tolerance in rice. Mutations in 

the AHAS gene generally confer dominant or semi-dominant 

inheritance through altered herbicide-binding affinity without major 

impairment of enzyme function (6, 8). Previous studies reported 

single dominant inheritance of  imazethapyr tolerance based mainly 

on F₂ phenotypic segregation (14). However, the present study 

further confirms this inheritance pattern in backcross generations 

(BCP₁ and BCP₂), providing stronger evidence for stable 

transmission during introgression breeding (10, 15). 

 It is also important to note that different allelic variants of 

AHAS may confer varying levels of tolerance, dominance expression, 

or cross-resistance depending on the mutation site and genetic 

background. In contrast to the present monogenic dominant 

pattern, herbicide tolerance in some crop systems has been 

reported as recessive or polygenic, especially when associated with 

non-target-site detoxification mechanisms. 

 Expression of herbicide tolerance under field conditions may 

also be influenced by environmental factors such as herbicide dose, 

plant growth stage, temperature and soil moisture, which can 

modify symptom severity. The combined phenotypic segregation 

and marker-based validation provide a consistent genetic 

framework for imazethapyr tolerance, supporting its effective 

deployment in rice breeding programmes. 

 

 

Fig. 3b. Field view of segregation in F2 population (Left) and BCP1 generation. 

Fig. 3a. Observed segregation pattern of herbicide tolerance in the F2 population.  

generation 
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Conclusion  

The present investigation demonstrated that imazethapyr 

tolerance in the cross KMP-175 × Robin is governed by a single 

dominant gene. The F2 and backcross segregation patterns 

supported monogenic inheritance, which will facilitate rapid 

selection and introgression. Molecular validation using RM6844 

marker further strengthened the genetic interpretation. These 

findings provide a strong foundation for development of herbicide-

tolerant rice cultivars suitable for direct-seeded rice systems.  
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