


Meiotic aberrations induced by varying doses of gamma radiations in Coriandrum sativum L.
 

ABSTRACT
With 2n=22 chromosomes, coriander (Coriandrum sativum L.) is a significant spice and vegetable crop as well. Five distinct irradiation doses (100, 200, 300, 400, and 500Gy) were applied to dry and healthy coriander seeds in order to evaluate the effects of radiation. A broad range of meiotic defects were seen in the gamma-irradiated seed offspring, with uni and multivalent, laggards and stickiness of chromosomes, stray bivalents, bridges, and micronuclei being the most common. Chromosome dispersion, disrupted polarity, and premature chromosomal migration are among the other abnormalities found. Compared to anaphase/telophase, the entire range of these meiotic anomalies was shown to be greater during metaphase. Furthermore, a positive association was seen between the magnitude of aberrations and the rising dose of gamma irradiation. Furthermore, gamma radiation dosages also reduced the percentage of plant survival and seed germination. It was discovered that radiation doses between 200 and 300Gy were advantageous in causing quick cytogenetic changes and average mortality, which may be helpful in upcoming cytological and mutant breeding programs.
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INTRODUCTION
A significant spice and aromatic herb, coriander (Coriandrum sativum L.) is a member of the umbelliferae/Apiaceae family. Its green, vitamin- and mineral-rich leaves are added in salads and vegetables, and it is utilized in cooking and medicine.
Essential oils high in linalool are found in seeds. Coriander is grown in India because of its excellent prospects for consumption at home and promising export market, but it also has a low yield potential and generally suffers from a lack of useful variety for key yield features.
Owing to its significance, coriander variety needs to be improved in order to yield more. Mutation breeding, which involves changing the genetic makeup of a crop to improve it, has become a crucial tool. The method of DNA repair machinery causes new, random, and heritable mutations to occur during the process of mutation induction, which is caused by mutagens breaking down nuclear DNA.
With respect to the radiation magnitude, gamma irradiations typically cause fast DNA damages by producing free radicals in the cells, which then have an impact on the cytology, biochemistry, physiology, and ultimately the morphology of plants (Verma and Khah 2016). Additionally, gamma rays cause point mutations in genes linked to yield and improve the chances of producing better cultivars by systematic selection strategies among the mutant progenies. Examining the meiotic abnormalities that a mutagen induces in order to determine its clastogenic potential is an effective method of measuring the mutagen's cytotoxicity. Thus, an essential component of the majority of studies on mutant breeding is the examination of cytological anomalies and their effects on a species' genetic system. (Bhat et al. 2007, Wani and Anis 2013, Raina et al 2022, Gulfishan et al 2023).
Mutagenic research is required for Coriander in order to create plant kinds with enhanced quality attributes. Salve (2023) investigated the effectiveness and efficiency of EMS and gamma rays  on Coriander variety CS-287. Kolhe et al. (2020) examined the impact of sodium azide (SA) and methyl methane sulphonate (MMS) on four varieties of Coriander by examining plant growth and seed germination. Less is known, though, about how gamma radiation affects chromosomal activity. Thus, the goal of the current study is to evaluate the meiotic abnormalities and their subsequent effects on pollen fertility while examining the carcinogenic effect of gamma irradiations in Coriander. The current investigation can be used to calculate the ideal dose of gamma radiation to induce fast genetic changes in this spice and vegetable crop.
MATERIALS AND METHODS
Indian Agricultural Research Institute (IARI) New Delhi, provided the dry and healthy seeds of Coriander sativum variety CO-1. The seeds were subjected to several doses of gamma irradiation at the Bhabha Atomic Research Centre located in Mumbai. The following are the radiation doses: 100, 200, 300, 400, and 500Gy. To grow M1 progenies, the control and irradiation seeds were subsequently sowed in the field in three duplicates for each dose. There were 150 seeds in each treatment and control group with 50 seeds in every replicate. Following that, the treated offspring were evaluated for pollen fertility, chromosome aberrations, plant survival, and seed germination. Three and five weeks following sowing, respectively, were used to record the rate of germination and survival percentages. In order to determine the extent of induced variations, the data for germination and survival was evaluated using a variety of statistical techniques (including standard deviation, coefficient of variation, and ANOVA), as described by Gomez and Gomez (1983). The significant differences between the treatment and control groups were also found using Fischer's Least Significant Difference (LSD) test (P<0.01). Furthermore, the simple connection between the percentage of plants that survived and the overall percentage of meiotic abnormalities was estimated using Pearson's correlation coefficient. Young flower buds of  the proper size were gathered between 6 and 8 a.m. for the meiotic examination. They were then fixed right away in freshly made Carnoy's fixative (ethanol and acetic acid in a 3:1 ratio) and kept in a refrigerator for at least 24 hours. The removed anthers from appropriate buds were crushed in a 2% iron acetocarmine drop. For every treatment, the meiotic stages of several chromosomal abnormalities were examined in over 100 PMCs. Using an Olympus microscope, the readily identifiable chromosomal abnormalities from obviously dividing pollen mother cells (PMCs) in each radiation treatment were noted which subsequently used to calculate the percentage of the chromosomal anomalies.
RESULTS
The PMCs of control plants had normal meiosis; during diakinesis, they displayed regular 11 bivalents (2n=22), and at anaphase I, they segregated normally. On the other hand, different kinds of chromosome anomalies including chromatin bridges, lagging chromosomes, disturbed polarity, univalents and multivalents, unorientation of chromosomes, precocious migration of chromosome separation, and micronuclei, were observed at various phases of meiotic division in gamma-irradiated seed plants. Table 2 presents information on different meiotic aberrations at metaphase I/II and anaphase/telophase I/II. All of the seed-irradiated progenies regularly showed evidence of chromosomal stickiness in the PMCs during metaphase I/II. At 400Gy of radiation exposure (6.05%), the stickiness was highest, subsequent to 300Gy (4.36%) and 200GY (4.26%). When there is chromatin stickiness, some cells exhibit a single chromatin mass including every bivalents at metaphase-I, or the chromosomes either clump together in distinct groups. The PMCs at the metaphase of treated plants in the current study had a varied broad range of multivalents, having a greater prevalence seen among irradiation progenies of 400Gy (4.57%) and 35kR (3.66%). It was noticed that the multivalents were both hexavalents and quadrivalent. In addition to multivalents, gamma-irradiated offspring also included varying spectra of PMCs featuring univalents at metaphase-I. In general, the univalent stay far from metaphasic plates as they approach the cell's edge. In progenies treated with 200 Gy and 300Gy, the percentage of univalents varied from 0.96% to 1.12%, respectively. Anaphase migration and chromosomal separation were accompanied by a variety of different meiotic irregularities. Unoriented or stray bivalents were also detected during metaphase-I, with a range of 1.77% to 4.38% in progenies treated with 100Gy and 400Gy. Similarly, the early or premature migration of chromosomes in the direction of the poles was also clearly seen in the PMCs at metaphase stage of the seed offspring treated with gamma radiation. At 400Gy gamma irradiation dose, the highest frequency (3.68%), of PMCs exhibiting premature chromosomal movement was noted, next to 300Gy (2.13%) and 200Gy (1.62%). Furthermore, the chromosomes during metaphase-I displayed random dispersion with a significant proportion of PMCs observed in seed progenies irradiated with gamma radiation at 300Gy (1.21%) and 200Gy (1.05%). When the PMCs of radiation-treated seed offspring undergo anaphase and telophase I/II, the most frequent abnormality seen is the existence of laggards or lagging chromosomes. The offspring treated with 400Gy had the highest frequency (6.87%), while those that were treated with 100Gy had the lowest (0.81%). Laggards were noted as univalents and occasionally as bivalents as well. In gamma-irradiated seed offspring, chromosomal bridges were also clearly visible. These offspring were found at 400Gy (5.12%), 300Gy (4.67%), 200Gy (3.83%) and 100Gy (0.02%) with a notable frequency. A frequent quantity of PMCs were also seen to indicate the presence of altered polarity in treated offspring during anaphase and telophase I/II. The highest percent of altered polarity (4.56%) was noted in 40Gy treated sets, whilst the lowest percentage (1.15%) was noted in offspring of 200Gy seed irradiation. A variable frequency of micronuclei was also seen in the PMCs of treated progenies in the current study. Progenies treated with 400Gy had the largest percentage of meiotic cells with micronuclei (3.77%), followed by those treated with 300Gy (2.25%) and 200Gy (1.85%). The germination percentage and plant survival was likewise impacted by mutagenic dosages of gamma radiation (Table 1). The control set had the highest germination percentage (92.81%), whereas treatment projects had a much lower proportion. 500Gy (21.0%) had the least germination percentage, subsequent to 400Gy (23.12%) and 300Gy (55.67%). Similar to this, offspring treated with 100Gy had the highest survival rate (88.23%) and control groups had a 100% survival rate, but progenies exposed to 400Gy radiation had a drop in survival to 29.37%. In the event of a 500Gy dosage, no plant survived.
DISCUSSION
According to Gulfishan et al. (2012), cytological analyses of mitotic or meiotic activity are thought to be among the most trustworthy indicators for determining the degree of any given mutagen. Numerous studies have been conducted in the past to examine the effects of gamma rays on meiosis in a variety of plant species, including Triticum aestivum (Verma and Khah 2015,) Phlox drummondii (Verma and Sharma 2000), Vicia faba (Bhat et al. 2006), Nigella sativa (Kumar and Gupta 2007), Cicer arietinum (Wani and Anis 2013), and Phlox drummondii (Verma and Sharma 2000). It was evident from the current study's evaluation of the range and intensity of chromosomal aberrations that gamma irradiations are highly effective at altering Coriandrum sativum L.'s genetic layout. In the current study, meiotic abnormalities increased steadily in proportion to increasing gamma irradiation dose intensities.
Chromosome clustering was observed in the PMCs most frequently during metaphase. While chromosomal clumping—either spontaneous or induced—has been observed in a variety of plant species in the past, the precise mechanisms responsible for it remain poorly known. The most likely reason is that the gamma radiation treatments may have caused changes in a certain gene that is normally helpful for proper chromosomal pairings at different meiotic phases (Tripathi and Kumar 2010). Furthermore, it has been suggested that chromosomal breakdown is the obvious source of chromosome clumping (Verma and Khah 2016). According to Evans (1962), chromosome sticking has also been attributed to partial histone protein detachment, regular rearrangement following repair mechanisms, and depolymerization of nucleic acids. As has been documented in numerous previous studies (Verma and Raina 1990, Basi et al. 2006, Verma and Shrivastava 2015, Khah and Verma 2017b), the multivalent development seen in the PMCs during the current investigation may have resulted from breakage followed by exchange of chromosome segments among non-homologous chromosomes. Furthermore, it has been observed that chromosomal stickiness occasionally results in multivalent formation Univalents were also seen during metaphase I, which could have resulted from asynapsis or desynapsis, that could have caused a partial or whole lack of homologous chromosomal pairing (Verma and Raina 1991). The discovered stray bivalents may have arisen from gamma radiations that most likely disrupted spindle dysfunction and caused aberrant chromosomal alignments during metaphase I.). The early chromosomal movement seen in this study may have resulted from spindle malfunction (Gulfishan et al., 2012), incorrect congression of univalent chromosomes (Verma and Khah, 2016), or early chiasma transcription. According to the current investigation, chromosomal dispersion at metaphase I may be caused by damage to spindle fibers or obstruction of spindle formation.
[bookmark: _GoBack]A variety of pre-anaphasic chromosomal abnormalities, including chromosome sticking, spindle malfunctioning, extended terminalization of the chiasma, and inappropriate motion of multivalents and univalents, may contribute to the emergence of laggards at anaphase and telophase I/II (Bhat et al. 2006, Wani and Anis 2013). Additionally, chromatin bridges were frequently seen in large quantities of PMCs. Saylor and Smith (1966) postulated that bridges may arise during anaphase and telophase I/II as a result of chiasmata in a bivalent being unable to formalize. Furthermore, sticky bridges can result from chromosomal clumping during metaphase, which can prevent bivalents from separating during anaphase (Khah and Verma 2017a). According to Raina (2022), spindle disruptions and a high prevalence of univalents may have contributed to the observed altered polarity. In this instance, stickiness and the existence of multivalents may potentially be contributing factors to the cells' disrupted polarity. When there is a disturbance in polarity, PMCs may cause chromosomal disjunction to malfunction during meiosis II's anaphase, producing tripolarity. In several instances, the cells had chromosomes at several poles, which later resulted in the creation of distinct nuclei. Gamma-ray-induced meiotic abnormalities at metaphase and anaphase could represent the cause of the micronuclei seen in the PMCs of mutagenic populations. Micronuclei usually arise when laggards and nonsynchronous chromosome content are unable to be incorporated at the poles throughout telophase stages. According to Bhat (2017), unusual actions of univalents, multivalents, unoriented chromosomes, and fragments might give rise to micronuclei. For every treatment dose, the pollen fertility was assessed in conjunction with the corresponding control (Table 1). Pollen fertility continuously decreased throughout the current investigation as gamma irradiation intensity increased. Numerous studies, including those on Vicia faba (Souguir et al. 2018), Delphinium malabaricum (Kolar et al. 2014), have documented a rise in pollen sterility with an increase in mutagenic dosages. Pollen fertility may be declining as a result of the combined effects of different chromosomal abnormalities brought on by gamma radiation (Kolar et al. 2014). In Turnera ulmifolia, Tarar and Dnyansagar (1983) proposed that strong radiation doses could cause an elevated level of active free radicals, which in turn could explain limited germination. Marcu et al. (2013), on the other hand, countered this theory. The percentage of surviving plants and all of the meiotic abnormalities showed a highly significant negative connection in the current investigation. This implies that the increased frequency of meiotic aberrations seen in this study at higher radiation doses constituted a major factor in the decreased percentage of plants that survived.
According to the results of the aforementioned study, Coriandrum sativum L. cytogenetic variation can be quickly increased by applying the ideal gamma irradiation dosages. It was discovered that the 50kR radiation dose was entirely fatal, while the 40kR dose was nearly as deadly. The chromosomal alterations caused by the gamma irradiations offer greater potential for this significant crop species' future development. Thus, the parent study envisages the effectiveness of intermediate doses of gamma irradiation which can induce promising point mutations and are less harmful in segregating generations. These mutations might then be used in breeding programs to increase the genetic variety of Coriandrum sativum L
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 Table 1. Effect of different treatment doses of gamma radiations on germination and survival of Coriandrum sativum L. plants.
	Irradiation dose
		Ge
Mean
	mination 
± SE
	(%)	
CV
	Inhibition (%)
	Plant
Mean
	Survivall
± SE
	   (%)	
CV
	Inhibition (%)
	Pollen fertility (%)
	Reduction (%)

	Control
	92.81
	0.15
	2.44
	-
	100.0
	0.15
	2.44
	-
	95.02
	-

	100kR
	88.33
	0.15
	2.67
	8.62
	88.23
	0.26
	5.10
	9.43
	90.27
	3.42

	200kR
	75.00
	0.26
	5.44
	22.42
	73.33
	0.26
	7.42
	26.67
	85.16
	12.23

	300kR
	55.67
	0.30
	9.75
	50.00
	62.07
	0.26
	13.61
	37.93
	74.34
	18.22

	400kR
	23.12
	0.30
	20.20
	75.86
	29.37
	0.39
	93.54
	71.43
	62.12
	24.63

	500kR
	21.00
	0.26
	27.22
	84.48
	-
	-
	-
	100.0
	-
	-

	LSD (5% level)
	1.43	-
	-	-
	1.28
	-	-	-	-	-

	LSD (1% level)
	2.53	-
	-	-
	2.17
	-	-	-	-	-






Table 2. Frequency of various chromosomal aberrations in PMCs of Coriandrum sativum L. after gamma radiations treatment.
	Radiation Dose
	 
	Abnormal PMC’s percentage at metaphase-I/II
	 
	Abnormal PMC’s percentage at anaphase and telophase-I/II

	 
	No. of PMCs
	Uni.
	Multi.
	Stick.
	Prec.
	Stray.
	Scatt.
	No. of PMCs
	Lag.
	Brid.
	Dist.
	Mic.
	Total Ab. %

	Control
	133
	-
	-
	-
	-
	-
	-
	150
	-
	-
	-
	-
	-

	100Gy
	124
	-
	1.61
	1.61
	-
	1.77
	-
	118
	0.81
	0.02
	-
	-
	5.83

	200Gy
	116
	0.96
	2.59
	4.26
	1.62
	2.59
	1.05
	108
	1.20
	3.83
	1.85
	1.85
	23.65

	300Gy
	188
	1.12
	3.66
	4.36
	2.13
	2.13
	1.21
	162
	3.01
	4.67
	2.47
	2.25
	24.88

	400Gy
	112
	1.79
	4.57
	6.05
	3.68
	4.38
	0.89
	102
	6.87
	5.12
	4.56
	3.77
	41.68

	500kR
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-














