Determination of optimum lethal dose and influence of ethyl methane sulphonate (EMS) on germination percentage and seedling survival in niger (Guizotia abyssinica Cass.)


Abstract 	Comment by Deepak Saran: The abstract provides a good overview of the study; however, it can be strengthened by improving clarity, removing repetitive sentences, and presenting numerical results more clearly. 
The present investigation was conducted to estimate the lethal dose of the chemical mutagen EMS in niger variety JNC-6. Genetically pure seeds were treated with different doses of EMS i.e., 0.5, 0.7 and 0.9 %. Significant effects of EMS concentration on germination percentage under in-vitro and in-vivo conditions and survival percentage in in-vivo condition were observed. As the doses of the EMS applied increased, there was consequent decrease in germination and survival percentage in all the treatments compared to the unmutated control. LD50 dose of EMS under in vitro and in vivo condition were fixed at 0.7% based on probit analysis. The frequency of morphological mutations like chlorophyll mutants, plant type mutants, and floral mutants were more in 0.7% EMS treatment compared to other treatments. After ascertaining LD50 value, mutation was induced to create variability for morphological and other desirable traits. 
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1. Introduction 
Niger (Guizotia abyssinica (L. f.) Cass., 2n = 2x = 30) is an oilseed crop cultivated in Ethiopia and India. In India it is named as ramtil, jagni and huchellu. Niger is said to have originated in Ethiopian highlands. It belongs to the genus Guizotia, family Compositae. Niger is a dicotyledonous herb that can reach a height of 2 m and is moderate to well branched. Niger seeds contain 35 - 40 % of oil, 75–80 % linoleic acid-based fatty acid, 7 to 8 % palmitic acid and stearic acid, and 5 to 8% oleic acid, making it one of the healthiest oils for consumer usage (Getinet and Teklewood, 1995). The meal that remains after the oil extracted is toxic-free and includes more crude fibre than the majority of oilseed meals. Niger constitutes about 3% of Indian oilseed production. In India, it is cultivated in an area of 1.36 lakh ha, producing 0.41 lakh tonnes with a productivity of 303 kg/ha, while in Karnataka it covers an area of 0.11 lakh ha, with a production of 0.03 lakh tonnes and a productivity of 273 kg/ha (Anon., 2021). 
Inspite of niger being an ancient oil crop grown in India, it remained as an unexploited in respect of genetic understanding and improvement. Therefore, to evolve promising genotypes an efficient breeding strategy is desired. Niger is a completely outcrossing species with self-incompatibility mechanism (Chavan 1961; Sujatha 1993) and insects, particularly bees, are the major agents of pollination (Ramachandran and Menon, 1979). Many varieties developed in niger lack self-fertility which is necessary for the development of inbred lines to produce high-yielding varieties and it becomes essential to find self-compatible lines that can be bred in order to produce inbred lines. The cultivar JNC-6 is a potent cultivar with observable self-compatibility and comparatively high yielding. However, it is susceptible to lodging. 
The generation and management of genetic variability constitute a fundamental component of crop improvement programs. Mutation breeding serves as a pivotal approach enabling geneticists and plant breeders to generate extensive genetic variability that is often unattainable through conventional selection or hybridization methods. Induced mutations hold substantial significance for elucidating genetic mechanisms, assessing variation, and expediting the process of plant improvement. The principal objective of induced mutation breeding is the genetic enhancement of well-adapted cultivars by modifying one or two limiting agronomic traits to improve productivity or quality, thereby acting as a valuable source of novel variability (Novak and Brunner, 1992). Nevertheless, since mutations occur in a largely stochastic manner, the likelihood of obtaining desirable mutant phenotypes is contingent upon three key determinants: the efficiency of the mutagenic treatment, the genetic constitution of the initial plant material, and the precision of mutant screening (Hase et al., 2012).
It has been well established across several plant species that the effects of induced mutations vary significantly depending on the type of mutagen employed and the dosage administered (Goyal and Khan, 2010). Mutation breeding possesses considerable potential for enhancing genetic variability in both qualitative and quantitative traits, encompassing high-yielding characteristics and yield-contributing features such as semi-dwarf plant types for improved lodging resistance, increased capsule number per plant, and enhanced self-fertility. The induction of mutations through the application of physical or chemical mutagens, or their combination, represents a vital strategy for generating novel genetic variation in crop species. Therefore, the identification of the most effective mutagenic treatment and the selection of efficient mutagens are crucial for achieving a high frequency and broad spectrum of desirable mutations (Jency et al., 2016).
Alkylating agents such as mustard gas, methyl methane sulphonate (MMS), ethyl methane sulphonate (EMS), and nitroso guanidine exert multiple effects on DNA integrity and function. Among these, EMS is the most widely utilized chemical mutagen in plants, as it alkylates guanine bases, resulting in mispairing where alkylated guanine pairs with thymine instead of cytosine. This leads predominantly to G/C → A/T transition mutations (Bhat et al., 2007). EMS is a monofunctional alkylating agent causing depurination, transition and formation of tri-esters in the backbone of DNA molecules. It can cause allelic mutations, small deletions (Schreck, 2002) and other chromosomal rearrangements (Barratt et al., 2001) depending on the position of the mutation. The determination of appropriate chemical mutagen doses typically involves assessing varying concentrations, treatment durations, solvent types, and solution pH levels (Jain, 2010). 
Mutagenic treatments typically reduce seed germination, growth rate, vigour, and fertility in plants. Substantial mortality may occur at various developmental stages, thereby markedly decreasing the survival rate of the treated population. The effective dose required for maximum mutagenic efficiency depends on both the physicochemical properties of the mutagen and the biological characteristics of the material under treatment. Excessive dosages may result in lethal effects on a large proportion of the treated individuals, whereas suboptimal doses may induce insufficient mutation frequency. Therefore, to minimize experimental losses and ensure an optimal balance between mutagenic efficiency and plant survival, the LD₅₀ (lethal dose 50) test is conducted prior to initiating any mutation breeding program. The LD₅₀ dose is considered the optimal treatment level, as it induces a high frequency of desirable mutations while causing minimal physiological damage to the plant population. Therefore, the present study was conducted to determine the LD₅₀ (lethal dose 50) of EMS for the niger variety JNC-6 and its effect on survival of population.	Comment by Deepak Saran: The introduction provides adequate background on niger, mutation breeding, and EMS mutagenesis. However, the section is somewhat lengthy and includes some information that could be condensed.  
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2. Materials and methods	
The seeds of niger cultivar JNC-6 was obtained from All India Co-ordinated Research Project (AICRP) on Sesamum and Niger, Jabalpur. The cultivar JNC-6, distinguished by its shiny dark black seeds, demonstrated a yield potential of 650–700 kg ha⁻¹ and a higher degree of self-compatibility than other genotypes. Nevertheless, its tall plant height (103 cm) rendered it susceptible to lodging. For EMS mutagenesis, EMS was obtained from Spectrochem, Mumbai, India having a dosimetry/half-life period of 30 hours with a molecular weight of 124.16 and density of 1.20. 
Prior to EMS treatment, well-filled mature seeds were pre-soaked in distilled water for fourteen hours to activate physiological processes within the embryo. A fresh EMS solution was prepared in distilled water adjusted to pH 7.0 at three concentrations (0.5%, 0.7%, and 0.9%). The pre-soaked seeds were immersed in the freshly prepared mutagenic solution for eight hours at room temperature with continuous stirring to ensure uniform exposure. Following treatment, the seeds were thoroughly washed under running water for one hour to remove residual chemicals. Control seeds were treated with distilled water only. Both EMS-treated and control seeds were subsequently used for further study.
EMS treated seeds of hundred each in each dose along with control seeds were placed on germination paper in petri dishes by using 5 ml of sterilized water for germination test under in vitro condition in four replications to raise M1 generation. In second set of treatment, 150 seeds of both control and treated seeds each in four replications were sown during kharif 2021 at K-Block, Department of Genetics and Plant Breeding, University of Agricultural Sciences, GKVK, Bengaluru maintaining isolation distance with a spacing of 30cm between the rows and 10cm within rows. The recommended agronomic and cultural practices were followed to raise a good crop. Germination percentage (4th and 7th days after treatment) was observed for both in vitro and in vivo conditions and survival percentage (40th days after sowing) was observed only for              in vivo conditions and compared with control. Germination percentage and survival percentage were calculated by using the following formulas respectively 
Germination (%) =  
Survival (%) = 
Probit analysis (Finney 1971, 1978; Sharma 1998) was carried out to determine the lethal dose (LD50) of gamma rays under in vitro and in vivo conditions. The probit function is the inverse cumulative distribution function (CDF) or quartile function associated with the standard normal distribution. 
The procedure for determination of LD50 using probit analysis is as follows. 
1. Mutagen dose values were transformed into log10 value. 
2. Mortality percentage of seeds due to treatment doses were worked out and rounded to the nearest whole number. 
3. Corrected mortality percentage was calculated by using Abbott’s formula given below and rounded to the nearest whole number. 
Corrected mortality (%) =  
4. The corrected values were converted to the probit transformation. 
5. Probit values were graphed (Y-axis) against Log10 concentration (X-axis) and a straight line passing through most of the plotted points were drawn to estimate the Log10 concentration associated with a probit of 5. 
6. Antilog to the Log10 value corresponding to the probit 5 was calculated to find out the LD50 for the particular mutagen under study.	Comment by Deepak Saran: Mention the statistical software used
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3. RESULTS AND DISCUSSION 
Niger, cultivar JNC-6 was chosen to study the effect of different doses of EMS to determine LD50. 	Comment by Deepak Saran: The results are clearly presented with logical interpretation. However, the section can be strengthened by integrating discussion more critically with previous studies.
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3.1 Germination percentage
Under in vitro condition  
The germination percentage in the EMS-treated population ranged from 29.00% to 80.00% (Table 1). An increase in EMS concentration led to a progressive decline in germination compared to the untreated control. The lowest germination (29.00%) was recorded at the highest EMS concentration (0.9%), whereas the highest germination (80.00%) occurred at the lowest concentration (0.5%). At the intermediate dose (0.7%), the germination percentage was 52.20%.
Under in vivo condition  
The germination percentage in the EMS-treated population ranged from 17.00% to 79.00% (Table 1). Similar to the in vitro condition, increasing EMS concentration resulted in a reduction in germination percentage relative to the control. The highest concentration (0.9%) recorded the lowest germination (17.00%), while the lowest concentration (0.5%) showed the highest germination (79.00%). At the intermediate dose (0.7%), germination was observed to be 51.00%.
A decrease in germination percentage with increasing doses of the mutagen was observed in the present study. These findings agree with the earlier reports of Premjyoti (2006), who treated niger seeds with different concentrations of EMS (0.3%, 0.5%, and 0.6%). The highest germination (73.4%) was recorded at 0.3%, while the lowest (52.1%) was observed at 0.6% in the genotype N-71. Similarly, the highest germination percentage (75.7%) was reported at 0.3%, and the lowest (54.5%) at 0.6% was observed in the genotype IGP76. Boranayaka (2010) also reported a similar trend in sesame seeds treated with EMS concentrations of 0.8%, 1.0%, 1.2%, 1.4%, and 1.6%. The highest germination percentage (65.66%) was recorded at 0.8%, while the lowest (36.00%) was observed at 1.6%, with intermediate values between these doses. 
3.2 Survival percentage 
Under in vivo conditions 
The survival percentage in the EMS-treated population ranged from 15.80% to 81.00% (Table 1). An increase in EMS concentration resulted in a progressive decline in survival across all treatments compared to the untreated control. The lowest survival (15.80%) was recorded at the highest EMS concentration (0.9%), while the highest survival (81.00%) was observed at the lowest concentration (0.5%). At the intermediate concentration (0.7%), survival was 51.30%. A similar reduction in survival percentage with increasing doses of EMS was also reported by Bharatkumar (2015) in bambara groundnut, where seeds treated with EMS concentrations of 0.1%, 0.2%, 0.3%, 0.4%, and 0.5% showed lower survival (59.38%) at 0.5% and higher survival (82.64%) at 0.1%. Likewise, Gunasekaran (2015) reported a comparable trend in groundnut, where EMS treatments ranging from 0.1% to 0.6% resulted in survival rates of 86.56% at 0.1% and 35.85% at 0.6%.
3.3 LD50 value 
In the present investigation, the LD₅₀ for EMS was determined using probit analysis. The empirical equations for germination under in vitro conditions and germination as well as survival both in vitro and in vivo conditions are presented in Fig. 1 and Fig. 2. Based on the Probit dose–response curve derived from germination and survival percentages under in vitro and in vivo conditions, the LD₅₀ value was estimated to be 0.7% (Table 2, 3). These findings are in close agreement with those of Premjyoti (2006), who treated niger seeds with EMS concentrations of 0.3%, 0.5%, and 0.6%. In that study, the highest germination percentage (73.4%) was recorded at 0.3%, while the lowest (52.1%) occurred at 0.6%. Similarly, survival percentage was highest (70.8%) at 0.3% and lowest (50.0%) at 0.6%. LD₅₀ values obtained from probit analysis were 0.71% for germination and 0.65% for survival. Comparable results were reported by Parthasarathi (2020) in sesame, where seeds treated with EMS concentrations of 0.20%, 0.40%, and 0.60% exhibited a negative dose-dependent relationship for both germination and survival. The expected LD₅₀ value, calculated using probit analysis was found to be 0.49%.

4. CONCLUSION
Standardization of mutagen dose is a fundamental requirement for the successful implementation of mutation breeding programmes. In the present investigation, the median lethal dose (LD₅₀) of ethyl methane sulphonate (EMS) in niger (Guizotia abyssinica L.) was determined based on survival reduction across graded concentrations. A dose-dependent decline in survival percentage was observed, enabling precise estimation of the LD₅₀ threshold.
Considering the limited published information on mutagen sensitivity in niger, the present findings provide critical baseline data for optimizing EMS-mediated mutagenesis in this crop. The identified LD₅₀ dose offers a practical reference point for inducing an adequate mutation frequency while maintaining sufficient population size for effective selection. These results will facilitate the development of structured mutation breeding strategies aimed at improving economically important traits in niger and may serve as a foundation for further genetic enhancement studies in underexploited oilseed crops.	Comment by Deepak Saran: The discussion mostly cites earlier studies but lacks deeper biological explanation.
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Table 1. Germination percentage and survival percentage of cultivar JNC-6 in different conditions

	EMS doses
	In vitro conditions
	In vivo conditions 

	(%)
	ppm
	No. of seeds treated
	Germination percentage
	No. of seeds treated
	Germination percentage
	Survival percentage 

	0.0
	0000
	400
	98.50
	600
	98.50
	91.80

	0.5
	5000
	400
	80.00
	600
	80.00
	81.00

	0.7
	7000
	400
	52.20
	600
	52.20
	51.30

	0.9
	9000
	400
	29.00
	600
	29.00
	15.80



Table 2. Probit analysis for EMS treatment in JNC-6 for germination under in vitro condition in M1 generation

	EMS doses
	No. of seeds treated
	G %
	Pt%
	X
	Em
	Ep
	Y
	LD  dose
50
(%)

	(%)
	ppm
	
	
	
	
	
	
	
	

	0.0
	0000
	400
	98.50
	-
	-
	-
	-
	-
	-

	0.5
	5000
	400
	80.00
	23.80
	3.70
	4.20
	4.20
	4.20
	
0.7%

	0.7
	7000
	400
	52.20
	47.00
	3.80
	4.90
	4.90
	4.90
	

	0.9
	9000
	400
	29.00
	70.60
	3.90
	5.60
	5.50
	5.50
	



       X- log of bases, G (%)- germination per cent, S (%)- survival per cent, Pt (%)- corrected mortality per cent, Em- empirical probit, Ep- expected probit, Y- working probit

Table 3. Probit analysis for EMS treatment in JNC-6 for germination and survival under in vivo condition in M1 generation

	EMS doses
	Germination
	Survival

	
(%)
	
ppm
	
X
	No. of seeds treated
	
G%
	Pt (%)
	
Em
	
Ep
	
Y
	LD  dose
50
(%)
	
S%
	Pt (%)
	
Em
	
Ep
	
Y
	LD  dose
50
(%)

	0.0
	0000
	-
	600
	92.00
	-
	-
	-
	-
	-
	91.80
	-
	-
	-
	-
	-

	0.5
	5000
	3.69
	600
	79.00
	14.10
	3.90
	3.90
	3.90
	

0.7%
	81.00
	11.80
	3.80
	3.70
	3.20
	

0.7%

	0.7
	7000
	3.84
	600
	51.00
	44.60
	4.90
	5.00
	4.90
	
	51.30
	44.10
	4.90
	5.00
	4.90
	

	0.9
	9000
	3.95
	600
	17.00
	81.50
	5.90
	5.90
	5.90
	
	15.80
	82.90
	5.90
	5.80
	5.90
	



X- log of bases, G (%)- germination per cent, S (%)- survival per cent, Pt (%)- corrected mortality per cent, Em- empirical probit, Ep- expected probit, Y- working probit
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Fig.1. Dose-response curve under laboratory condition through probit analysis
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Fig.2. Dose-response curve under field condition through probit analysis
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