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ABSTRACT
The current study was conducted using Coriandrum sativum L. (Coriander) Var. CO-2 seeds that were chosen. The seeds, which were identical, healthy, and dry, were exposed to varying amounts of EMS (0.1, 0.2, 0.3, and 0.4%). Study was done on germination characteristics such as seed germination proportion, seedling size, seedling damage and meiotic behavior of the chromosomes. The control group's seed germination percentage was 91%. The percentage of seeds that germinated when exposed to EMS treatments showed a gradual decline from smaller doses to higher ones. Following EMS therapy, there was a dose-dependent decrease in seedling height. The spectrum of seedling height in seeds treated with EMS was 11.81 cm to 10.30 cm, whereas the degree of seedling harm was 1.63% to 5.83%. Different chromosomal aberrations have also been recorded following the administrations various EMS treatments. A dose dependent increase in the chromosomal anomalies was recorded which suggest that meiotic behavior of chromosome was significantly affected by the EMS treatment. It can be concluded that changes, due to EMS treatment, in M1 biological parameters including meiotic behavior can be exploited to create or enhance the genetic diversity which subsequently be used in future crop improvement program through induced mutagenesis by using EMS or other mutagens.
Keywords: Coriandrum sativum L, seedling injury, EMS, meiosis, mutation breeding.
INTRODUCTION:
Due to its economic significance, Coriandrum sativum Linn. (2n=22), better known as coriander, is a widely grown crop. Das & Mallick (1989). When rubbed, a distinct perfume comes out. The term "coriander" comes from the Greek word "koris," which means "bedbug," and refers to the strong, foul odor that permeates the entire plant, particularly the immature fruit. Word coriander was first used in English in the late 14th century. It comes out of the Old French "coriandre", which is derived from Latin coriandrum, and that is derived from Greek κορίαvνον (koriannon). It is often referred to as cilantro, especially in the Americas, or Chinese parsley (Verma et al., 2011). Its original habitat is the Mediterranean area Jamali (2012). Commercial cultivation of it occurs in India, Morocco, the former USSR, Hungary, Poland, Romania, Mexico, the USA, and so on. According to Bhandari and Gupta (1991) Rajasthan, Maharashtra, Gujarat, and Karnataka are India's principal production hubs. It prefers mild weather to grow, and hot weather promotes flowering. Known as Dhania, coriander is a widely used green spice in all of India. Coriander leaves and seeds are frequently used as food flavorings. In Indian agriculture, it has significant economic and nutritional importance. In conventional medical systems such as Ayurveda, it is a well-known medication. In Iran, it was traditionally used as a folk remedy to treat anxiety and sleeplessness. Traditional Indian medicine uses coriander seeds as a form of diuretic medication. It has been described as an ancient remedy for diabetes and is utilized as a stimulant and digestive aid in natural and traditional medicine. Volatile oils, vitamin C, and linalool are its primary chemical constituents. Improved varieties must be created in light of its significance and in order to pick growers' interest. Induced mutagenesis is regarded as an effective breeding technique for expanding the genetic base of crops since it enhances genetic variety and releases an array of plant genetic resources without damaging fundamental genomic structure. Thus, mutation breeding is a rapid, economical, reliable, and tested technique to speed up the creation and selection of novel agronomic features. In the present study EMS has been chosen as a mutagen for a number of reasons. It is known to cause point mutations, and the results have been thoroughly investigated. These mutations can results in alterations to normal functioning of genes or, more rarely, in a suppression of all or part of the gene's activity thereby creating new allelic combination to augment the genetic diversity.
MATERIALS AND METHODS
The seeds of Coriandrum sativum L variety CO-2 to use in the present study were procured from IARI, New Delhi. Chemical mutagen i.e., Ethyl methane sulphonate (EMS) from sigma-Aldrich was used for the seed treatment. LD50 procedure (Laskar et al 2017) was adopted to determine the optimum doses of the mutagen. Before the mutagenic treatments Three hundred (300) pure, healthy, uniform and dry seeds (15% moisture) for each treatment by EMS were pre-soaked for 6h at room temperature. Four different concentrations of EMS i.e., 0.1%, 0.2%, 0.3%, and 0.4% were prepared by using appropriate volume of EMS and phosphate buffer (pH 7.0) 300 seeds were treated with the different concentrations by soaking for 12h at room temperature. Later on the seeds were washed with distilled water to remove the residual mutagenic solution adhered to the seed coat. The seed samples from each treatment were placed in sterile soil-filled trays. A separate set of 300 untreated seeds were also used to act as control. The percentage of seeds that germinated after a week was noted and calculated until next week or/all the seeds were germinated. At the end of the second week, the lengths of the seedlings were measured and the percentage of seedling damage was determined using the data collected. For pollen fertility, young, fresh flowers were harvested from 15–20 randomly chosen plants in each treatment and control. Labeling the pollen grains with a 2% acetocarmine solution allowed for the determination of pollen fertility. Shrunken, empty, and unstained pollen grains were regarded as sterile, whereas those that took the stain and had a regular contour were seen as fruitful. The percentage of pollen fertility was determined using the following formulas.
	   Number of fertile pollen
                  Pollen fertility (%) =	––––––––––––––––––––––– x 100
                   	                                           Total number of pollen
To study the meiotic behavior of chromosomes after different mutagenic treatments, young flower buds from 15 to 20 randomly chosen plants were preserved for 24 hours in freshly synthesized Carnoy's fluid (alcohol, chloroform, and acetic acid in a 6:3:1 ratio) fortified with ferric chloride crystals for meiotic investigations. After that, the sample was cleaned and kept at 4°C in 70% alcohol. The anther were crushed in 2% acetocarmine to study meiosis. In order to make the slides permanent, they were first dehydrated in the n-butyl alcohol series (NBA series) (Bhaduri and Ghose, 1954). They were then mounted in Canadian balsam and allowed to dry in an incubator set at 45°C. The excess Canada balsam that was left over the cover slip after drying was removed with xylene. By examining over 300 dividing PMCs, several meiotic stages were analyzed from every treatment alongside the control at metaphase I/II, anaphase I/II, and telophase I/II. Variations in chromosomal structure and behavior relative to control were used to record the abnormalities.
RESULTS AND DISCUSSION
A week after of sowing, the largest number of seeds in the control group germinated. There was an 86 percent germination rate. The percentage of germination decreased gradually as EMS dosages increased; for 0.1, 0.2, 0.3, and 0.4% respectively, it was 88%, 75%, 66%, and 58%. In the current study, the germination rate dropped as the EMS exposure increased. The percentage of germination and the mutagenic dosage had an inversely proportionate correlation. Mahla et al. (1999) in coriander, Sikder et al. (2013) in Solanum lycopersicum L., Gaikwad (2013) in cowpea, and Bhosale and More (2014) in Withania somnifera have all reported the same outcome. Reduced germination was ascribed by Sharma and Swaminathan (1969) to changes in the metabolic state of the cells; Kleinhofs (1978) observed a consistent slowdown in mitotic activity, seedling growth, and ATP and DNA synthesis in barley due to a pause in starting the process of metabolism after germination. Chromosome abnormalities, disruptions in DNA and auxin synthesis, and compromised cell metabolism may all be responsible for the drop in the percentage of seeds that germinate following mutagenic treatments. The findings demonstrate that for all EMS dosages, there is a drop in height of seedlings and a boost in seedling damage. Height of seedlings was dose-dependent. There was a progressive drop in height of seedlings and a rise in seedling damage as the EMS exposure rose from 0.1 to 0.4%. This suggested that seedling injury increased as the dosage of EMS increases. Numerous researchers' findings, such as those of Hakande (1992) in the case of the winged bean and (Sikder et al., 2013) in the case of Solanum lycopersicum L., Shinde (2013) in the case of the cluster bean, Bhosale and More (2014) in the case of Withania somnifera, and Mishra and Singh (2014) in the case of Isabgol (Plantago ovate, Forsk) were all in favor of these observations. The phenomena of decreased seedling growth can be explained in a number of ways.  According to Lee (1955) and Gray and Scholes (1951), it might be caused by meristematic cells as a result of genetic damage. Only a few number of cell progeny would be produced by severely damaged cells, and growth would resume from the genetically least affected cells. While Tarar and Dynansagar (1980) showed that seedling growth depression may be caused by inhibition of auxin synthesis, Evans and Sparrow (1961) believed that chromosome damage and/or reduction of cell division were the main causes of reduced growth. Demonstrated sluggish cell division, impaired synthesis of respiratory enzymes, reduced amylase activity, and elevated peroxidase activities could all contribute to the restriction of seedling growth. Whatever the reason for the decreased growth of seedlings, it is still true that chromosomes, which contain a variety of genes involved in life processes and expression, are among the most delicate organs in the cell. Any damage to any part of these tiny and essential organs will undoubtedly result in a number of physiological and metabolic disorders, which will then cause a number of morphological and growth aberrations in the plant or plant organs. Varying degree of pollen fertility was recorded in all mutagenic treatments in the present investigation. It was discovered that mutagen-induced reduction in fertility could be physiological, genic, or chromosomal (Ramesh and Reddi, 2002). The wide range of meiotic abnormalities brought on by the mutagen which caused in abnormal pollen mother cells and, ultimately, the disintegration of pollen grains, may be the cause of the high reduction in pollen fertility recorded in the treated populations (Bhat et al., 2005). One possible explanation for decreased pollen fertility is the lack of homologous pairing during meiosis.
Physical and chemical mutagens are now known to pose genetic risks, and techniques for identifying their mutagenic impacts have been developed. Given that cytological studies focus on the chromosome, which houses the main genetic material, and more specifically, the DNA that governs phenotypes, they seem fruitful in this regard. Regarding either mitotic or meiotic behavior, cytological examination is regarded as one of the reliable indicators to gauge the mutagen's potency. Consequently, the majority of mutation studies include examinations of disruptions in meiotic behavior that point to a mutational genetic load. It also offers a significant hint for determining a plant's susceptibility to various mutagens and identifying the best mutagen for a particular crop in order to get the best possible outcomes. 
In control plants normal meiosis was observed without any abnormalities in all the pollen mother cells (PMCs) observed. However, the PMCs observed from the EMS treated populations showed various chromosomal anomalies at different stages i.e., metaphase, anaphase and telophase stages of meiosis. At metaphase univalent were absent in 0.1% concentration but was observed in 0.2, and 0.3 with 0.4% EMS recorded the highest percentage of univalent. Multivalents, stickiness, precocious separation of chromosomes, non-orientation of chromosome and fragments were observed in all the concentrations of EMS. The highest percentages of all these anomalies were recorded in the highest concentration of the EMS (Table-3). At anaphase stage, laggards, bridge and unequal separation of chromosomes were observed. Among the anomalies at anaphase, the percentages of bridges were higher as compared to laggards and unequal separation of chromosome. However, a dose dependent increase in the frequency of all the anomalies was observed and the highest percentage of all these was recorded at the highest concentrations of the mutagen (Table-3). At telophase stage various types of chromosomal abnormalities i.e., bridges, disturbed polarity, micronuclei and multinucleate condition were recorded. At 0.1% concentration, only disturbed polarity was present but bridges, micronuclei were absent. Multinucleate cells were not recorded in 0.1 and 0.2% concentration. At 0.3% and 0.4% of EMS doses, the frequencies of chromosomal anomalies were increased as the concentrations of the mutagen increases (Table 3). In control plants pollen fertility was maximum i.e., 92.50%. However, the pollen fertility was decreased as the concentrations of the mutagen increased and it was higher in the highest treatment dose (Table 3). Kumar and Rai (2007) state that desynaptic mutations or a lack of crossing over at pachytene may be the source of univalents. Normal chromosomal segregation is made possible by bivalents, which are maintained by chiasmata. It appears more plausible that mutagenic therapies reduced the incidence of chiasma by causing univalent formation via subtle alterations in some chromosomes that inhibited pairing. Changes in the univalent, tetravalent, and multivalent chromosome connections may have resulted from non- or irregular chromosome pairing brought on by translocations. Deletion or duplication of genes have also been suggested for the multivalent formation Grover and Virk (1986). Stickiness may result from substantial dispersion of the nucleoproteins and changes in their organizational pattern (Kumar and Rai 2007) or it may be induced by the depolymerization of nucleic acid brought on by mutagenic therapies (Tarar and Dnyansagar, 1980). Un-orientation and scattering of chromosomes at metaphase as observed in the present study may be due to either the inhibition of spindle formation or the destruction of spindle fibres formed. Chromosome breakage and aberrant spindle formation can be used to describe laggards. The laggards seen in this study could be the result of chromosomal mobility failure, prolonged terminalization, or sticky chromosomal ends. Bridges with or without fragments at anaphase stage were recurrently experiential in the present study. The development of chromatin bridges were due to the fiasco of chiasmata in a bivalent to terminalise and the chromosomes get overextended between the poles or general stickiness of chromosomes at metaphase stage or breakage and reunion of chromosomes. Unequal separation of chromosomes as observed in the present investigation may be due to failure of chromosomes to reach their poles. According to the current study, micronuclei at telophase II typically resulted from chromosomal fragments and lagging chromosomes that were unable to reach the poles and become part of the daughter nuclei. The multinucleate condition seen in this study can be attributed to a specific genotypic alteration that inhibits the nucleolar chromosome's organizing ability and causes adventitious nuclei to arise. Spindle disruption may be the cause of disturbed polarity during the anaphase and telophase stages. 
Conclusion: To start a mutation breeding program, it is imperative to select the mutagens and specially its particular doses which can be used to induce mutation with minimum damages to the plants. From the present investigation, it is possible to infer that EMS are worthy of inducing harm to plants at molecular level and is able to induce mutation. The greater the dose of EMS greater will be the damage. The current study unequivocally showed that, when it is wanted to enhance particular plant features, induced mutation could be successfully used to generate genetic variety. It may be concluded that EMS mutagenic treatment attempted in the current study was successful in causing a notable change in coriander's growth and metabolism.
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Table 1: Effect of EMS on seed germination in Coriandrum sativum L. var. CO-2.

	
Mutagen
	
Dose
	Seed Germination
                                                (%)	
	
±SE

	Control
	-
	91
	± 0.13

	
	0.1%
	88
	±0.15

	EMS
	0.2%
	75
	±0.19

	
	0.3%
	66
	±0.24

	
	0.4%
	58
	±0.38





Table 2: Effect of EMS on Seedling Height and  Seedling injury in Coriandrum sativum L. var. CO-2.

	
Mutagen
	
Dose
	Average Seedling Height (cm)
	Seedling Injury (%)
	
±SE

	Control
	-
	12.05
	-
	± 0.15

	
	0.1%
	11.81
	1.63
	±0.21

	EMS
	0.2%
	10.45
	3.56
	±0.28

	
	0.3%
	10.30
	5.83
	±0.32

	
	0.4%
	10.21
	8.49
	±0.39















	

Mutagen 
	

Treatment
	Total no. of PMCs scored
	Metaphase I/II (%)
	Anaphase I/II (%)
	Telophase I/II (%)
	Total aberrations (%)
	Pollen fertility    
(%)

	
	
	
	Univalents
	Multivalents
	Stickiness
	Precocious separation
	Non- orientation
	Fragments
	Laggards
	Bridges
	Unequal separation
	Bridges
	Disturbed polarity
	Micronuclei
	Multinucleate condition
	
	

	
	Control
	310
	__
	__
	__
	__
	__
	__
	__
	__
	__
	__
	__
	__
	__
	
	92.50

	EMS
	0.1%
	324
	__
	0.60
	0.30
	0.31
	0.68
	-
	0.32
	0.81
	0.30
	__
	0.64
	-
	__
	4.27
	80.32

	
	0.2%
	330
	0.33
	0.65
	0.66
	0.61
	0.95
	0.30
	0.33
	0.91
	0.54
	0.31
	0.65
	0.30
	__
	6.54
	72.76

	
	0.3%
	320
	0.69
	1.23
	1.28
	0.96
	0.92
	0.69
	0.98
	1.11
	0.60
	0.31
	1.34
	0.30
	0.31
	12.36
	63.34

	
	0.4%
	320
	0.98
	1.54
	1.35
	1.39
	1.30
	0.95
	1.36
	1.45
	0.98
	0.98
	1.39
	0.60
	0.90
	15.17
	55.20



Table 3: Frequency of meiotic aberrations induced by EMS in Coriandrum sativum L. var. CO-2.
