
 

 
 

 
 

 
 

 

 
Int. J. of Life Sciences, 2017, Vol. 5 (4): 779-790                                         ISSN: 2320-7817| eISSN: 2320-964X                                   
 

© 2017 |IJLSCI   www.ijlsci.in  |   779  

 

 

 

Effect of physical and chemical mutagens on meiotic 
chromosomes in pollen mother cells (PMCs) during 
microsporogenesis and pollen fertility in Rivinia humilis L. 
 
Aney Avinash1* and Choudhary Arvind2 

 
1Department of Botany, Shri Shivaji Education Society Amravati’s Science College, Pauni, Bhandara MS, India - 441910 
2Department of Botany, Rashtrasant Tukadoji Maharaj Nagpur University, Amravati Road, Nagpur, MS, India- 440033 
*Corresponding author Email: avianaaney@gmail.com   

  

Manuscript details: ABSTRACT 
 

Received: 15.10.2017 
Revised: 20.11.2017  
Accepted: 16.12.2017 
Published: 31.12.2017 
 
 
Cite this article as: 
Aney Avinash and Choudhary 

Arvind (2017) Effect of physical 

and chemical mutagens on 

meiotic chromosomes in pollen 

mother cells (PMCs) during 

microsporogenesis and pollen 

fertility in Rivinia humilis L., Int. J. 

of. Life Sciences, Volume 5(4): 

779-790. 

 
Copyright: © Author, This is an 
open access article under the 
terms of the Creative Commons 
Attribution-Non-Commercial - No 
Derives License, which permits 
use and distribution in any 
medium, provided the original 
work is properly cited, the use is 
non-commercial and no 
modifications or adaptations are 
made.  
 
Available online on 
http://www.ijlsci.in  
ISSN: 2320-964X (Online) 
ISSN: 2320-7817 (Print) 

 

The seeds of Rivinia humilis L. was subjected to the mutagenic treatment of 

three mutagnes i.e. gamma rays, sodium azide and ethylmethane sulphonate 

for the enhancement in dye content obtained from ripened berries. Effect of 

all the three mutagens on chromosomal aberrations induced in PMCs during 

microsporogenesis and effect on pollen viability was analysed. Different types 

of chromosomal aberrations from aberrant prophases, metaphases, 

anaphases and telophases of both the meiotic divisions in the PMCs from the 

mutagenized population were recorded. Aberrant phases of both the meiotic 

divisions have exhibited adverse effect on chromosomal entity by all the 

mutagens in dose/concentration dependent manner. Chromosomal 

aberrations in gamma irradiated plants was ranged between 2.74-4.19 % 

frequencies, whereas, aberrant PMCs ranged between 16.49 to 24.69 %. Both, 

frequency of chromosomal aberrations and aberrant PMCs have linearly 

correlated with the concentrations of both the chemical mutagens in all 

treatment modes. SA induced the chromosomal aberrations, in all treatment 

mode, in the range of 1.71 to 2.51%, 2.32 to 2.92% and 2.95 to 3.14 % in dry 

seed, 3h presoaking and 6h presoaking treatment modes, respectively, 

whereas, the same was induced by EMS in the range of 2.11 to 2.89 % in dry 

seed, 2.39 to 2.79 % in 3h presoaking and 2.64 to 3.10 % in 6h presoaking 

treatment mode. Treatment of gamma irradiation was found to be more 

effective than both the chemical mutagens, however, SA have more 

pronounced effect than EMS in inducing the chromosomal aberrations in 

PMCs and the aberrant cells. Effectiveness of both the chemical mutagens 

have increased with increase in presoaking of seeds in water for 3 and 6h. 

Precocious separation, single and multiple bridges, laggards and disturbed 

polarity were the frequently observed chromosomal aberrations. All the 

mutagens had adverse effect on pollen viability which was reduced to 50% at 

certain intances. Comparatively, gamma irradiation had more effectiveness 

than both the chemical mutagens, however, in case of chemical mutagens, SA 

was observed to be more effective than EMS. Increased period of pre-soaking 

of seeds in water, before the treatment of chemical mutagens, has enhanced 

effect on pollen viability. Potent effect of all the applied mutagens on meiotic 

chromosomes and the pollen viability clearly revealed that the genotype of 

the plant is highly sensitive to all the employed mutagens. 
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INTRODUCTION 

 

Rivinia humilis L. (Family Phytolaccaceae), a perennial 

herb, is a native of tropical America. It is growing as an 

occasional weed in Sri Lanka, Malaysia and India 

(Matthew, 1982) and has been listed as a notorious 

weed in several countries. The plant was deliberately 

introduced to India from Florida, purely for ornamental 

purpose and now mostly grown in gardens and 

greenhouses (Naik, 1998). It has green coloured 

unripped fruits called berries which turn red when 

ripped and yield red natural dye. Imperato (1975) 

isolated the dye producing bioactive compound and 

named it rivianin or rivinianin which is structurally very 

much similar to betanin, the pigment obtained from beet 

root. It contains red-violet betacyanin derivative, 

confirmed as betanin 3’-sulphate by Imperato (1975) 

and orange yellow betaxanthin derivative named as 

humilaxanthin by Strack et al. (1987). 

  

R. humilis has reported to possess many medicinal and 

useful properties too. The natural products obtained 

from different parts of the plants are traditionally used 

in Jamaica as antidote to poisoning, headache, cold, 

diarrhea, marasmus and inflammation (Mitchell and 

Ahmad, 2006). Salvat et al., (2001) tested methonolic 

extracts of the branches and reported to have inhibitory 

effects against Escherichia coli, Salmonella typhimurium, 

Pseudomonas aeruginosa, Klebsiella pneumoniae, 

Staphylococcus aureus and Enterococcus faecium. 

Methonolic extract of the leaves have been confirmed to 

posses radical scavenging and antioxidant activities 

(Fathima and Tilton, 2012), whereas, Joseph and Avita 

(2013) carried out the studies on antimicrobial activities 

of root and shoot against 10 bacterial and 4 fungal 

strains and reported the inhibitory effects against all the 

strains of bacteria. Berry extract of R. humilis has been 

evaluated by Khan et al. (2013) on physicochemical 

properties and acceptability of the product, and 

observed the retention of 68% of the colour in Rivinia 

banana spread after 6 months of storage at 5o C, without 

the alteration of product quality.  

 

The genetic architecture of the organism can be altered 

by using various physical and chemical mutagens and 

hence mutation breeding is considered as the most 

reliable tool to obtain the desirable characters. Induced 

mutations are the tools and being used to study the 

nature and function of genes which are the building 

blocks and basis of plant growth and development, 

thereby producing raw materials for genetic improve-

ment of various economic crops (Adamu and Aliyu, 

2007). In a true sense, mutation may be spontaneous or 

induced, leads to loss or gain of function of a gene and if 

not auto-corrected and when passed to the next genera-

tion through the germ line can leads to the changes in 

genetic architecture which are reflected at physiological, 

morphological and biochemical levels, in the first and 

subsequent generations (Aney 2013a, b). All over the 

world, various physical and chemical mutagens have 

been successfully used for the introduction of different 

desirable characters of agronomic value in different 

plant species, mostly the crop plants.    

 

The effect and potency of various physical and chemical 

mutagens can be evaluated by using the cytological 

analysis with respect to mitotic and meiotic behaviour of 

the chromosomes. Cytological analysis also provides a 

clue to assess sensitivity and effectiveness of genotypes 

of various plants. Germplasm treated with physical 

mutagens, particularly gamma rays, reported to disturb 

the chromosomal entity by inducing gross structural 

changes which have inhibitory effect on most of the 

morphological and yield attributing characters via 

various biochemical processes. Chemical mutagens such 

as Sodium azide (SA) and Ethyl methanesulphonate 

(EMS) have also proved their mutagenicity in various 

plants. These chemical mutagens, generally induce point 

or gene mutations leading to the base pair substitutions 

thereby changing the functions of proteins without 

abolishing them. Aney and Choudhary (2019) mention-

ned that the mutagenic effects at the chromosomal or 

gene level lead to the alteration in gentic architecture of 

the plant that might results in inducing variations at 

morphological and physiological level. The transmitted 

variations help to isolate the mutants with desirable 

morphological, physiological and yield attributing 

characters. Hnece, the cytological analysis with respect 

to chromosomal aberrations, either during mitosis or 

meiosis, is regarded as one of the most dependable 

criteria for estimating the effect of employed mutagens.  

 

R. humilis is deliberately introduced in India as non-

native naturalized plant, however, its rapid growth has 

revealed that it is best suited in Indian agronomic 

climate. Natural dyes are not only eco-friendly but also 

not causing ill-effects on health of human and other live 

stocks. We identified R. humilis as a reliable source of 

red natural dye that can provide an opportunity to be an 

alternative source of natural red dyes which are quite 

difficult to obtain from the underground parts of the 

other existing natural dye yielding plants. The present 
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investigation deals with evaluation of effectiveness of 

applied mutagens and sensitivity of plant genome which 

was used in order to induce the genetic variability for 

the identification and isolation of viable high yielding 

mutants to bring the plant under cultivation as a cash 

crop and exploit its dye yielding potential as an alterna-

tive source of the natural dye to be used in textile, 

cosmetics, leather, food an pharmaceutical industries.     

 

MATERIALS AND METHODS 

 

The seeds of R. humilis were procured from 5 different 

localities viz., Research field, Department of Botany, 

Rashtrasant Tukadoji Maharaj Nagpur University, 

Nagpur; Paradise Nursery, Nagpur; Giripeth and 

Shantivihar area, Nagpur and from Pauni, Dist. 

Bhandara. Healthy and uniform sized seeds were 

selected and exposed to gamma rays with 50, 75, 100, 

125, 150 and 200Gy doses. Three different treatment 

modes viz. dry seed (DS), presoaking in water for 3h 

(PSW-3H) and 6h (PSW-6H), were used for both the 

chemical mutagens. The seeds were treated with both 

the chemical mutagens for 18h with 0.0075, 0.010, 

0.020% of freshly prepared SA and 0.5, 1.0 and 1.5% 

concentrations of EMS. The treatment was terminated 

by decanting the mutagen solutions, and the treated 

seeds were thoroughly washed several times with 

distilled water to remove the traces of mutagen. M1 

generation was raised from the treated seeds in 

greenhouse, along with control plants. Effect of all the 

mutagens on meiosis in PMCs during microsporogenisis 

and pollen viability was studied in the plants grown 

from treated seeds and control plants in M1 generation.   

 

Meiotic studies 

Meiosis was studied in PMCs of the unopened flower 

buds. The inflorescence having flowers of all stages of 

development were collected during 8.00 to 10.00 am, 

from the M1 plants grown in the greenhouse and fixed in 

carnoy’s fluid for 24 hours and then preserved in 70% 

ethanol. After determining the appropriate 

developmental stage, the anthers from the unopened 

flower buds were dissected out and stained with 2% 

acetocarmine for 20 minutes. The smear was gently 

warmed and the used acetocarmine stain was blotted 

with blotting paper. Again 3-4 drops of fresh stain was 

added and the extra stain was blotted out with the help 

of blotting paper and then the cover slip was sealed with 

wax. Chromosomal aberrations were recorded and 

photographed from the dividing PMCs from the 

temporary micropreparation.  

Pollen viability  

Inflorescence with fully matured flowers containing 

matured anthers of randomly selected 25 plants from 

each dose/concentration of the mutagens were 

collected. Three anthers from each flowers, before 

dehiscence, were dissected out in order to determine 

pollen production and pollen viability. Smears of these 

anthers were prepared in 1:1 mixture of glycerin and 

4% acetocarmine stain (Alexander, 1969). Pollen 

stainability as an index of viability/fertility was 

considered to record pollen viability. Shrunken, 

unstained and partially stained pollen grains were 

considered as sterile, while well stained, well-filled and 

normal sized pollen grains were considered as fertile or 

viable. Data was represented as percentage frequency of 

pollen viability. 

 

RESULTS AND DISCUSSION 

 

Effect of mutagens on meiosis and meiotic 

chromosomes in PMCs: 

Primary injury to plant material due to the treatment of 

physical and chemical mutagens is a physiological 

damage which is mainly restrictred to M1 generation 

(Aney, 2014). Chromosomal irregularities as a result of 

treatment of pesticides in tobacco plant was first 

observed by Kostoff (1934) whereas, Grant (1978) 

related these irregularities with reduction in fertility. 

Perusal of the results presented in figs. 1 to 6 clearely 

reveals the differential effects of different mutagens on 

the meiotic activities and the chromosomal behaviour in 

PMCs during microsporogenesis which consequently 

resulted in increase number of aberrant PMCs. The 

PMCs of the control plant showed normal meiotic 

process, without the notice of any abnormalities, 

however, a dose/concentration dependent enhancement 

in chromosomal aberrations was noticed with all the 

three mutagens used. Various meiotic chromosomal 

aberrations were scored from the aberrant metaphases, 

anaphases and telophases, in the PMCs of plants raised 

from the seeds treated with varying doses/ 

concentrations of the employed mutagens, however, 

higher dose/concentration of the mutagens caused 

maximum chromosomal aberrations, consequently 

resulted in highest frequency of aberrant PMCs. 

Precocious separation of chromosomes, laggards, 

bridges and disturbed polarity (Figs. 10-17) were the 

most frequent chromosomal aberrations noticed. 

Increased in meiotic chromosomal abnormalities, at 

structural and physiological level, in different plants, 

due to various mutagens were reported by Prasad and  
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Figs: 1-9: R. humilis 1, 2. Graphs showing effect of gamma rays on meiotic chromosomal aberrations and aberrant 
PMCs, 3, 4. Histograms showing effect of different concentrations of SA on meiotic chromosomal aberrations and 
aberrant PMCs, under variable treatment modes, 5,6. Histograms showing effect of EMS on meiotic chromosomal 
aberrations and aberrant PMCs under variable treatment modes, 7. Histogram showing effect of gamma rays on 
pollen viability, 8. Histogram showing effect of SA on pollen viability, and 9. Histogram showing effect of EMS on 
pollen viability.   
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Figures: 10-17: In R. humilis: PMCs showing different meiotic chromosomal aberration. 10. Arrow point out 

precocious movement at Anaphase I, 11. Arrow point out chromosomal bridge at Anaphase I, 12. Arrow point out 

chromosomal bridges at Anaphase II, 13. Arrows point out chromosomal fragments at Anaphase II, 14. Arrow point 

out disoriented Anaphase II with chromosomal fragment, 15. Arrow point out micronuclei formation at Telophase II, 

16. Arrow point out fragments and laggards and stickiness of chromosomes at Anaphase I, 17. Tripolar Anaphase I 

with disoriented chromosomes.  

 

Godward (1968), Roy et al. (1971), SaradaMani and 

Seetharami Reddi (1985), Reddy et al. (1992), 

Ramakrishna et al. (1989), Shashikumar and Abraham 

(1993), Kumar and Srivastava (2001), Kumar and Rai 

(2007), Azad (2011), Husain et al. (2013), Asthana et al. 

(2014) and Prabakaran  and Jayakumar (2014). In case 

of gamma irradiation, both frequency of meiotic 

aberrant cells and chromosomal aberrations was found 

to be correspondingly increased with the increase in 

dose rate of gamma rays. Both percent frequencies of 

chromosomal aberrations and aberrant PMCs ranged 

between 2.74-4.19% (Fig. 1) and 16.49-24.69% (Fig. 2), 

respectively.  

 

Both the chemical mutagens also exhibited the same 

pattern of concentration dependent induction of 

chromosomal aberrations, in all treatment modes. 

Frequency of chromosomal aberration in dry seeds, 3h 

and 6h pre-soaking treatment modes of SA, respectively 

ranged between 1.71-2.51%, 2.32-2.92% and 2.95-

3.14% (Fig. 3). Consequently, number of aberrant PMCs 

were increased and ranged between 12.39-19.47% for 

dry seeds, 14.13-20.03% for 3h presoaking and 17.28-

20.43% for 6h pre-soaking treatment modes of SA (Fig. 

4). Maximum effect of SA on inducting chromosomal 

aberrations and induction of aberrant PMCs was 

recorded at higher (0.20%) concentrations of SA, in 6h 

pre-soaking treatment mode. Data depicted in figures 3 

and 4 clearly revealed that pre-soaking of seeds in water 

for 3 and 6h, before the treatment of mutagens, has 

pronounced effect of mutagen than dry seed treatment 

mode, in disturbing structural and physiological 

integrity of meiotic chromosomes.   

  

Concentration dependent increase in both frequency of 

chromosomal aberrations and aberrant PMCs observed 

in all treatment modes of another chemical mutagen, 

EMS (Figs. 5 and 6). Percent frequency of chromosomal 

aberrations in dry seeds treatment mode of EMS ranged 

between 2.11-2.89%, 2.39-2.79% in 3h pre-soaking and 

2.64-3.10% in 6h pre-soaking treatment modes. 

However, percent frequency of aberrant PMCs ranged 

between 13.99-20.05%, 17.17-19.55% and 16.82-

20.91% in dry seeds, 3h and 6h pre-soaking treatment 

modes, respectively. Maximum induction of both 

chromosomal aberrations and aberrant PMCs was 

observed with higher (1.50%) concentration of EMS in 

all treatment modes. Effectiveness of mutagens has been 

reported to be enhanced in presoaking of seeds in water 

before the treatment of EMS than the dry seeds 

treatment. 

 

Mutation, the heritable change in the genetic make-up of 

an individual, occurs naturally or can be induced by 

using external mutagenic agents. These changes, at the 

gene or the chromosomal level, are not the result of the 

common phenomenon of genetic segregation or genetic 

recombination but are able to cause relatively large 

10 11 12 13 

14 15 16 17 
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effects on the phenotype of the organisms. In mutation 

breeding, radiations and chemical agents have played a 

major role in altering the genetic architecture of the 

plant and the development of superior crop varieties 

translating into a tremendous economic impact on 

agriculture and food production. Induced mutations 

serves as a complimentary approach in genetic 

improvement of plants. Considering the potentiality of 

induced mutations, it has been frequently used to induce 

genetic variability for several desired characters. The 

main advantage of the mutational breeding is the 

possibility of improving one or two characters without 

changing the rest of the genotype.  

  

In R. humilis, chromosomal aberrations in PMCs was 

found to be increased and linearly correlated with 

dose/concentration of the mutagens, with maximum 

induction of aberrations recorded at higher 

dose/concentration of all the mutagens. Stickiness and 

clumping of chromosomes were predominant at 

metaphases I and II, whereas, bridges and laggards were 

present at anaphases I and II (Figs. 12, 16). Aberrant 

telophases showed dominance of bridges, and disturbed 

polarities (Figs. 14, 17). The first case of recessive gene 

governing meiotic stickiness was observed by Beadle 

(1932). However, Anderson (1947) reported it to be 

caused by external agents. Several reasons can be 

attributed to the stickiness and clumping of 

chromosomes reported in the present study (Figs. 16). 

These could be due to i. either by depolymerization of 

nucleic acids caused by mutagen treatment or because 

of partial dissociation of nucleo-protein and alteration in 

their pattern of organization (Evans, 1962; Bhat et al., 

2007), ii. disturbances in cytochemically balanced 

reactions (Jayabalan and Rao, 1987), iii. incorrect coding 

of non-histone proteins, involved in chromosome 

organization, due to mutation in gene (Gaulden, 1987), 

and iv. improper folding of the chromosome fiber into 

single chromatids and chromosomes (McGill et al., 1974 

and Klasterskii et al., 1976). However, Kiihl et al. (2011) 

and Kumar and Dwivedi (2013) have suggested that 

stickiness may under genetic control, or rather, it may 

be controlled by a single or two pair of genes or by the 

interaction of several genes which may be recessive or 

dominant. According to Grant (1978) the chromosome 

fragments (Figs. 13, 16) could be correlated with 

multiple breaks of the chromosomes in which the 

integrity of chromosome is lost. The induction of 

chromosome fragments, chromatid exchange, and 

dicentric chromosomes are generally considered as 

unstable aberrations where chromosome breakage is 

thought to involve DNA molecule responsible for linear 

continuity of chromosomes. Evans and Sparrow (1961) 

have mentioned that all these aberrations are the result 

of unfinished repair or misrepair of DNA.   

  

The laggards and bridges were prominently observed at 

aberrant anaphases and telophases I and II. 

Chromosome bridges were found accompanied with 

fragments (Figs. 11, 12, 14), although their occurrence 

was mostly independent of each other. According to Sax 

(1960) and Saylor and Smith (1966), the formation of 

bridge might be due to the failure of chiasmata in a 

bivalent to terminalize and the chromosomes stretched 

between the poles. Whereas, Bhattacharjee (1953) 

opined that interlocking of bivalent chromosomes 

results in the formation of bridges at anaphase I, 

however, Sinha and Godward (1972a) suggested that 

the paracentric inversions may leads to the formation of 

chromatin bridges. Singh and Khanna (1988) opined 

that the joining of sticky ends of the broken 

chromosome with the other chromosome as well as the 

unequal exchange or dicentric chromosomes may also 

thought to be responsible for the formation of bridge, 

and the number of bridges (Fig. 12) depends on the 

number of chromosomes taking part in the exchange. 

Dixit and Dubey (1986) suggested the formation of 

single or double bridges due to asymmetrical length of 

chromatids or chromosome interchanges. The laggards 

observed (Fig. 16), in the present investigation, might be 

due to the formation of acentric chromosomes resulted 

by the chromosomal breakage (Klasterskii et al. (1976), 

delayed terminalization, stickiness of chromosomal ends 

or because of the failure of the chromosomal movement 

towards the poles in due time (Bhat et al., 2007a). The 

acentric chromosomes failed to migrate towards the 

respective poles (Utsunomiya et al., 2002) before the 

chromosomes relaxed to uncoil to form daughter nuclei 

or they disintegrate to form micronuclei (Figs. 13, 15) at 

telophases (Koduru and Rao, 1981; Kumar and Rai, 

2006 and Basi, et al., 2006). These may generate 

unbalanced gametes, and the randomly distributed 

laggards at either poles at anaphase I or II results into 

aneuploidy (Amer and Ali, 1988 and Haiba et al., 2011). 

Chiasmata are responsible for the maintenance of 

bivalents which permit normal segregation of 

chromosomes. The precocious movement of 

chromosomes observed (Fig. 10) at aberrant 

metaphases and anaphases may be due to various 

reasons. According to Pagliarini (1990), Pagliarini and 

Pereira (1992), Defani-Scoarize et al. (1992 and 1995), 

Consolaro et al. (1996), precocious migration of the 
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chromosomes to the poles might be the result of 

univalent chromosomes, formed at the end of prophase I 

or precocious chiasma terminalization at diakenesis or 

metaphase I. They further stated that univalents may 

originate from the absence of crossing over at pachytene 

or from synaptic mutants. This view was also supported 

by Kumar and Yadav (2010). However, Bharathi et al. 

(2014) relate the precocious movement of the 

chromosomes to the deformity or inactivation of spindle 

mechanism that results in disturbed homology of the 

chromosomes and finally leads to the early movement of 

one or few chromosomes towards the poles from the 

equatorial plate of metaphases. The precocious 

movement of bivalents towards one pole results into 

unequal distribution of chromosomes or loss of 

complete bivalent at metaphase stage (Gandhi et al., 

2013). 

 

The aberrant PMCs also exhibited the presence of 

fragments (Figs. 13, 14, 16). The appearance of 

fragements during metaphases, anaphases and 

telophases may be due to breakage of the chromosomes 

by mutagenic action and failure to reunite with the 

chromosomes (Kaur and Grover, 1985), whereas, the 

occurance of lagging chromosomes could be attributed 

to the failure to carry the chromosomes to respective 

poles by spindle fibers (Tarar and Dnyansagar, 1980) 

and irregular distribution of some of the acentric 

fragments produced by the mutagens that leads to the 

formation of micronucleus (Bhattacharjee, 1953; Aney 

et al., 2012). Badr (1986), Abrham and Rajalkshmy 

(1989) and Bhat et al. (2007) suggested the cause for 

the formation of fragment and laggards as the 

chromosomal breakage caused due to chemical 

mutagens by binding at GC rich region and thus making 

the DNA unstable. The deformity in spindle formation 

and consequently chromosome segregation and failure 

of chromosome movement towards the respective poles 

during meiosis is also responsible for the origin of more 

lagging chromosomes. The increased incidence of 

lagging chromosomes due to the treatment of mutagen 

was explained by Klasterskii et al. (1976). According to 

them more lagging chromosomes are seen due to the 

improper infoldings of the chromosomes into single 

chromatid and chromosome as a result of which 

chromatin fibers intermingle and chromosomes become 

attached to each other by means of subchromatid 

bridges. Maurya and Das (1976) suggested the linear 

relationship between chromosome fragments and 

radiation dose. They further stated that the presence of 

paired dicentric chromosome bridges and fragments 

was due to the monopartite behaviour of the resting 

chromosomes, and the fragments were the results of 

breakage at chromosome level rather than at chromatid 

level. 

 

Some of the aberrant cells showed disturbed polarities 

at anaphases and telophases (Figs. 14, 17). The 

unoriented and scattering of chromosomes could be 

either due to inhibition of spindle formation or the 

destruction of spindle fibers formed (Koduru and Rao, 

1981; Kumar and Rai, 2006; Kumar and Yadav, 2010; 

Salam and Thoppil, 2010). Kaul and Murthy (1985) 

expressed that the mutation in the genes controlling the 

normal spindle formation and function may lead to the 

improper separation of univalents and bivalents and 

uneven segregation of the chromosomes to the opposite 

poles. Finally, it results in the formation of multipolar 

telophases or even disoriented chromosomes (Fig. 17) 

(Sjodin, 1970). In case of ionizing radiation, the 

improper functioning of microtubules may be caused 

due to the direct effect of stored ionizing energy that 

could be attributed to improper flux of binding 

microfilaments during orientation of chromosomes 

(Kumar and Dwivedi, 2013). Hence, in R. humilis the 

occurance of various types of chromosomal aberrations 

(Figs. 10-17) in PMCs might be due to the direct hits of 

gamma rays and induction of mutations controlling 

spindle mechanism and stickiness of chromosomes. The 

failure of chiasmata, delayed terminalization, 

paracentric inversions and disturbed homology of the 

chromosomes, etc. might be responsible for induction of 

meiotic abnormalities. 

 

Effect of mutagens on pollen fertility 

The effect of gamma rays, EMS and SA on reproductive 

potential, particularly, in terms of pollen fertility, of 

Rivinia humilis L. was studied in M1 generation. Pollen 

stainability as an index of pollen fertility was considered 

to record the pollen fertility by using acetocarmine 

staining technique. Data on pollen fertility revealed the 

pollen fertility in M1 plants decreased by all the 

mutagens used, in the present investigation (Figs.7-9). 

At some instances, the pollen fertility was reduced to 

even 50% due to mutagens. In case of gamma rays 

treatment, the control plants exhibited 97.61% pollen 

fertility, whereas it is ranged between 90.30-48.05% in 

plants raised from seeds exposed to different doses of 

gamma rays. 75Gy dose showed slightly moer pollen 

fertility over to the lower (50Gy) dose, while it it was 

affected in dose dependent manner at rest of the doses 

of gamma rays (Fig. 7). 
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Pollen fertility was also drastically affected by both the 

chemical mutagens. However, SA was found to be more 

effective than EMS. The effect of both the chemical 

mutagens on pollen fertility was observed to be varied 

in different treatment modes. Pollen fertility was found 

to be reduced with the increment in concentrations of 

both the chemical mutagnes, in all treatment modes. 

Untreated plants in dry seeds showed 98.89%, whereas, 

it was 98.64% in 3h pre-soaking and 98.17% in 6h pre-

soaking treatment mode. The treatment of SA exhibited 

pollen fertility ranged between 85.81-54.05%, 77.82-

44.58% and 74.88-43.18% respectively, in DS, PSW-3H 

and PSW-6H treatment modes (Fig. 8). Maximum effect 

of mutagens on pollen fertility was noted at higher 

(0.020%) concentration of SA, in all treatment modes, at 

which it was reduced to more than 50% in both pre-

soaking treatment modes.  The effectiveness of the 

mutagen was observed to be enhanced not only due to 

pre-soaking but also with the increase in period of pre-

soaking of seeds before the treatment of mutagen (Fig. 

8). Pollen fertility was aslo found to be affected by 

another chemical mutagen, EMS but comparatively less 

than the treatment of SA (Fig. 8, 9). Treatment of EMS 

reduced the pollen fertility in concentration dependent 

manner but was found to be differentially affected by 

different concentrations, and varied in different 

treatment modes (Fig. 9). Dry seed treatment of EMS has 

severely affected the pollen fertility as compared to both 

pre-soaking treatment modes (Fig. 9). The control 

plants, in all treatment modes, showed pollen fertility 

between 97.62 to 97.99%, however, in EMS treatment, it 

ranged between 71.03 to 49.35%, 72.74 to 54.13% and 

78.90 to 68.59%, respectively, in dry, 3h and 6h 

presoaking treatment modes. Gradual reduction in 

pollen fertility in all concentrations was noted, except, 

the median (1.00%) concentration in 3h presoaking 

treatment mode, had marginally more fertile pollens 

than the lower (0.50%) concentration of the mutagens. 

The lethal effect of EMS on pollen fertility was found to 

be less in all concentrations of EMS, of presoaked 

treatment. In R. humilis, comparative deletorius effects 

of all the employed mutagnes on pollen fertility was 

observed. Exposure of seeds to gamma irradiation 

severely affected the pollen fertility, particularly at 

higher doses, whereas, among chemical mutagens, SA in 

both pre-soaking treatment modes and EMS in dry seed 

treatment mode had severe effect on pollen fertility. 

  

Most of the mutagens are known to interfere with the 

reproductive potential of the plants in different ways. 

Several researchers have confirmed the severe damage 

caused by the mutagens to the reproductive potential of 

the plants either in the form of alteration in floral 

structures or reduction in pollen viability. Pollen fertility 

in a true sense can be used as an index of meiotic 

behaviour, and is mostly found to be directly associated 

with the chromosomal aberrations i.e. greater the 

chromosomal abnormality, greater will be the pollen 

sterility. According to Tomkins and Grants (1972), the 

mutagen induced pollen sterility in M1 generation is 

mainly caused by small or minute deficiencies. Most of 

the induced chromosomal abnormalities are eliminated 

during succeeding cell division, whereas, some persists 

upto the formation of pollen grains, which results into 

formation of non-viable pollen grains (Kumari et al., 

2009).   

 

An inclining tendency of pollen sterility along with 

increase in dose/concentrations of all the mutagens was 

registered. However, SA was found to be more effective 

as compared to other two mutagens. Similar trends of 

reduction in pollen fertility due to various mutagens, in 

different plants, was reported by Patil and Bora (1961), 

Hagberg and Hagberg (1979), Reddy and Rao (1982), 

Bhat et al. (2007), Kumari et al. (2009), Elena (2010), 

Chatterjee et al. (2011), Kumar and Dwivedi (2012), 

Aney (2014), Mishra and Khan (2014), Abubakar et al. 

(2015). 

 

Several workers have advocated different causes of 

reduction in pollen fertility due to mutagen treatment. 

Ehrenberg (1961) suggested that the small or minute 

deficiencies induced by mutagen are mainly responsible 

for reduction in pollen fertility, and this was also 

supported by Husain et al. (2013), who further 

elaborated and concluded that the induction of pollen 

sterility is because of gene mutations or more probably 

due to invisible deficiencies, whereas, Bora et al. (1961) 

opined that inversions along with the non-orientation of 

chromosomes at metaphase-II and laggards at 

anaphase-II are the main causes affecting the pollen 

fertility. Sinha and Godward (1972b) described that 

chromosomal aberrations, particularly, translocations to 

be responsible for decreased pollen fertility. However, 

Sparrow and Woodwell (1962) considered the gross 

chromosomal irregularities are the main cause for 

affecting the pollen fertility. The higher rate of pollen 

sterility observed in the present investigation, 

particularly, at higher doses/concentrations of the 

mutagens, might be due to various types of 

chromosomal aberrations during meiosis.  
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Reddy and Rao (1982) observed the pollen sterility as a 

result of interchanges of segments between non-

homologous chromosomes and suggested that the 

induction of laggards, univalents, micronuclei, stickiness 

and clumping of chromosomes were closely associated 

with pollen sterility. Kumar and Dwivedi (2012) 

observed the colinear association between 

chromosomal aberrations and the doses of the mutagen 

and concluded that different chromosomal aberrations 

induced by the mutagens resulted in the asymmetrical 

distribution of chromatin material in PMCs that 

compromised with pollen fertility and resulted in the 

increase in pollen sterility. However, Rana and 

Swaminathan (1964) and Ramana (1974) concluded 

that deviation in karyokinesis and cytokinesis could 

produce non-viable microspores that ultimately results 

into pollen sterility. Radiation induced pollen sterility in 

M1 generation, was thought to be due to detectable 

chromosomal aberrations and cryptic deficiencies, while 

the sterility induced by chemical mutagens might be due 

to cryptic deficiencies and specific gene mutation (Sato 

and Gaul, 1967). 

  

Sato and Gaul (1967) classified the EMS induced pollen 

sterility into three categories such as i. chromosomal, ii. 

genetical, and iii. purely physiological. According to 

them, the heritable changes, in the fertility of the plant, 

may be due to gene mutation or more probably invisible 

deficiencies and inspite of the elimination of a part of 

these deficiencies and gene mutation, some part may 

pass through the sieve of meiosis and induce sterility in 

offsprings. However, Abubakar et al. (2015) in SA and 

fast neutron treated Celosia argentea, observed not only 

the decreased production of pollen grains but also noted 

significant reduction in diameter of pollen grains in 

treated plants, and confirmed the reduction in pollen 

diameter is due to aberration in microsporogenesis and 

correlated it with increase in pollen sterility. Similar 

conclusions were also drawn earlier by Sato and Gaul 

(1967) in barley, Azad (2012) in Vigna radiata, and 

Mahamune and Kothekar (2012) in Phaseolus vulgaris.  

 

The failure in any sort of chromosomal association 

consequently reduces the pollen fertility. Thus, in R. 

humilis, considering the linear increase in meiotic 

aberrations with the dose/concentration of mutagens, 

reduction in pollen fertility might be either due to 

meiotic abnormalities or due to slight changes in the 

genetic composition of plant due to mutagenic action. 

The higher rate of sterility observed at the higher 

dose/concentration of the mutagen can be presumed to 

be due to vast array of meiotic aberrations, particularly, 

the invisible deficiencies. At a gross level, it can be 

presumed that the reduction in pollen fertility could be a 

manifestation of cumulative effect of polygenic system 

and the genes controlling the meiotic behaviour.  

 

CONCLUSION 

 

Thus, in Rivinia humilis L. both the chemical mutagens 

and gamma rays particularly, at higher doses exhibited 

severe effect on the structural and physiological level of 

chromosomes in PMCs and consequently resulted in 

enhacement in aberrant PMCs and thereby significant 

reduction in pollen fertility. The mutagenic effect of all 

the mutagens on the genome of the plant under study 

was clearly observed in the form of induction of various 

chromosomal aberrations, and the result on the meiotic 

behaviour of the chromosomes as well as on pollen 

fertility revealed that the mutagenic effectiveness 

increased with the increase in dose/concentration of all 

the mutagens. The genetic variability induced by all 

these mutagens at the genomic level led to the variation 

in plant morphology, chlorophyll, sterility and yield can 

be favourably exploited for the improvement of 

agronomic characters of the plant. The observation of 

increase in frequency of aberrant cells and chromosomal 

aberration in both the presoaking treatment modes of 

chemical mutagens might be due to increase in 

permeability of cell membrane (Walles, 1967) and 

activation of seeds at physiological level (Roychowdhary 

and Tah, 2013). 

 

Acknowledgements 

The authors extend their cordial thanks to the office bearer of 

University Grant Commission, New Delhi for awarding the 

teacher fellowship for the period of three years for doing the 

research work. Thanks are also due to Prof. P.K. Mukharjee, 

retired Head and Professor, Post Graduate Teaching 

Department of Botany, Rashtrasant Tukadoji Maharaj, Nagpur 

University, Nagpur, for providing the germplasm of the 

experimental plant. 

 

Conflicts of interest: The authors stated that no conflicts of 

interest. 

 

REFERENCES 

 

Abraham S and Rajalkshmy BN (1989) Production of mitotic 
abnormalities by magnesium sulphate in Vicia faba L., 
Cytologia, 54: 559-563. 

Abubakar A, Falusi AO, Daudu OAY, Oluwajobi AO, Dangana MC 
and Abejide DR (2015) Mutagenic effects of sodium azide 
and fast neutron irradiation on the cytological 

http://www.ijlsci.in/


 
 Aney and Choudhary, 2017  

 

788 Int. J. of Life Sciences, Vol. 5(4) December, 2017 

parameters of M2 in lagos spinach (Celosia argentea var 
cristata L.), World J. Agri. Res., 3(3): 107-112. 

Adamu AK and Aliyu H (2007) Morphological effects of sodium 
azide on tomato (Lycopersicon  esculentum Mill), Sci. 
World J., 2(4): 9-12. 

Alexander MP (1969) Differential staining of aborted and non-
aborted pollen, Stain Tech., 40: 117-122. 

Amer SM and Ali EM (1988) Cytological effects of pesticides 
XVII. Effects of insecticide dichlorvos in root mitosis of 
Vicia faba, Cytologia, 51: 21-25. 

Andersson A (1947) A case of asyndensis in Picea abies, 
Hereditas, 33: 301-347. 

Aney A, Choudhary AD and Wagh P (2012) Cytological effects 
of gamma irradiation in two varieties of Pisum sativum L., 
J.Cytol. and Genet., 13 (NS) (1, 2): 15-22. 

Aney AK (2013a) Effect of gamma irradiation on some 
physiological and morphological characters in two 
varieties of Pisum sativum L., J. Cytol. Genet., 14 (NS): 73-
82. 

Aney AK (2013b) Effect of gamma irradiation on yield 
attributing characters in two varieties of pea (Pisum 
sativum L.), Int. J. of Life Sci., 1(4): 241-247. 

Aney A and Choudhary AD (2019) Effect of physical and 
chemical mutagens on mitotic cell division rate (MI) in 
Rivina humilis L., Int. J. Life Sci. 7: 1-9. 

Aney AK (2014) Effect of gamma irradiation on floral 
morphology and pollen viability in two varieties of pea 
(Pisum sativum L.), Int. J. Life Sci., 2(3): 217-222. 

Asthana M, Sarbhoy RK, Mahajan S and Kumar A (2014) 
Cytotoxic effects of Terminalia chebula on meiotic and 
mitotic chromosomes of Vicia faba, Microbiology, 4 (7): 
427-431. 

Azad SA (2011) Mutagen induced meiotic chromosoaml 
abnormalities in variety Asha of mungbean, Ind. J. Sci. 
Res., 2(4): 29-31. 

Azad SA (2012) Effects of mutagens on pollen fertility in 
Mungbean (Vigna radiata) (L.) Wilczek., Ind. J. Life Sci., 
1(2): 71-73. 

Badr A (1986) Effect of the S-Trizine herbicide trybytryn on 
mitosis chromosomes and nucleic acids in root tips of 
Vicia faba L., Cytologia, 51: 571-589. 

Basi S, Subedi LP, and Adhikari NR (2006) Cytogenetic effects 
of gamma rays on indica rice radha-4, J. Inst. Agric. Anim. 
Sci., 27: 25-36. 

Beadle GW (1932) A gene for sticky chromosomes in Zea mays. 
Ind. Abstam. Vererbungle, 63(1): 195-217. 

Bharathi T, Gnanamurthy S, Dhanavel D and Ariraman M 
(2014) Induced physical mutagenesis and its effect in 
cytological behavior of Ashwagandha (Withania 
somnifera L.) Dunal, Int. Letters of Nat. Sci., 17: 152-161. 

Bhat TA, Parveen S and Khan AH (2007) Meiotic studies in two 
varieties of Vicia faba L. (Fabaceae) after EMS treatment, 
Asian J. Pl. Sci., 61: 51-55. 

Bhat TA, Sharma M and Anis M (2007a) Comparative analysis 
of meiotic aberrations induced by diethylsulphate and 

sodium azide in broad bean (Vicia faba L.), Asian J. Pl. Sci., 
6(7): 1051-1057. 

Bhat TA, Sharma M and Anis M (2007b) Comparative analysis 
of mitotic aberrations induced by diethyl sulphate (DES) 
and sodium azide (SA) in Vicia feba L. (Fabaceae), Pak. 
J.Bio. Sci., 10(5): 783-787. 

Bhattacharjee SK (1953) Cytogenetics of Lens esculenta 
Monesch, Caryologia, 5: 159-166. 

Bora KC, Patil SH and Subbaiah KC (1961) X-ray and neutron 
induced meiotic irregularities in plants with special 
reference to Arachis hypogea and Plantago ovate, In IAEA 
(ed) Proc. Symp. on effects of ionizing rad. on seeds, IAEA, 
Pp. 203-216.  

Chatterjee A, Shukla S, Rastogi A, Mishra BK, Ohri D and Singh 
SP (2011) Impact of mutagenesis on cytological behavior 
in relation to specific alkaloids in Opium Poppy (Papaver 
somniferum L.), Caryologia, 64(1): 14-24. 

Consolaro MEI, Pagliarini MS and Chaves LJ (1996) Meiotic 
behaviour or pollen fertility and seed production in 
Brazilian populations of Centella asiatica (L.) Urban 
(Umbelliferae), Cytologia, 61: 375-381. 

Defani-Scoarize MA, Pagliarini MS and Aguiar CG (1992) 
Causes of partial male sterility in an inbred maize line, 
Cytologia, 60: 311-318. 

Defani-Scoarize MA, Pagliarini MS and Aguiar CG (1995) 
Evaluation of meiotic behavior in double cross maize 
hybrids and their parents, Maydica, 40: 319-324. 

Dixit P and Dubey DK (1986) Mutagenic efficiency of gamma 
rays, NMU and their combinations in lentil (Lens culinaris 
Med.) var. T36, Ind. J. Genetics, 46(3): 501-505. 

Ehrenberg T (1961) Chromosome interchange in barley, 
Cytologia, 19: 191-202. 

Elena T (2010) Comparative analysis of mitotic and meiotic 
aberrations induced by diethyl sulphate and dimethyl 
sulphate in faba bean (Vicia faba L.), Agricultura, 3(4): 5-
9. 

Evans HJ and Sparrow AH (1961) Nuclear factor affecting 
radiosensitivity II. Dependence of nuclear and 
chromosome structures and organization, Brookhaven 
Symposia In Biology, Pp. 101-127.  

Evans HJ (1962) Chromosome aberrations induced by ionizing 
radiation, Int. Rev. Cytol., 13: 221-321. 

Fathima M and Tilton F (2012) Phytochemical analysis and 
antioxidant activity of leaf extracts of Rivina  humilis L., 
Int. J. Curr. Res., 4(11): 326-330. 

Gandhi SE, Umavathi S and Mullainathan L (2013) Gamma rays 
and ethyl methanesulphonate induced  

cytotoxicity in green gram (Vigna radiata (L.) Wilczek, J. Curr. 
Res. in Sci., 1(6): 518-520. 

Gaulden ME (1987) Hypothesis: Some mutagen directly alter 
specific proteins thus produce chromosome Stickiness, 
Mutagenesis, 2: 357-365. 

Grant WF (1978) Chromosome aberrations in plants as a 
monitoring system, Env. Health Per.,27: 37-43. 

Hagberg P and Hagberg G (1979) Pollen lethals induced with 



 
Effect of physical and chemical mutagens on meiotic chromosomes in pollen mother cells (PMCs) 

 

www.ijlsci.in                        Int. J. of Life Sciences, Vol. 5(4) December 2017 789  

sodium azide, Barley Gen. Newslet., 9: 57-58. 

Haiba AAA, El-Hamid NRA, Elham AA, El-Hady A, El-Rahman A 
and Al-Ansary MF (2011) Cytogenetic effect of insecticide 
telliton and fungicide dithane M-45 on meiotic cells and 
seed storage proteins of Vicia faba, J. American Sci, 
2011(7): 19-25. 

Husain S, Kozgar MI, Jafrey IF and Khan S (2013) Meiotic 
changes in Vicia faba L. subsequent to treatments of 
hydrazine hydrate and maleic hydrazide, J. BioSci. 
Biotech., 2(1): 33-38. 

Imperato F (1975) Betanin 3'-sulphate from Rivinia humilis, 
Phytochemistry, 14: 2526-2527. 

Jayabalan N and Rao GR (1987) Gamma radiation induced 
cytological abnormalities in Lycopersicon escculentum 
Mull.var. Pusa ruby, Cytologia, 52: 1-4. 

Joseph E and Avita SR (2013) Phytochemical screening and 
bioactivity assay selected south Indian Phytolaccaceae, J. 
Nature and Life Sci., 1(1): 26-30. 

Kaul MLH and Murthy TGK (1985) Mutant gene affecting 
higher plant meiosis, Theo. Appl. Genet., 70:449-466. 

Kaur P and Grover IS (1985) Cytological effects of some 
organophosphorous pesticides I. Mitotic effects, 
Cytologia, 50: 187. 

Khan MI, Harsha PSCS, Chauhan AS, Vijayendra SVN, Asha MR 
and Giridhar P (2013) Betalains rich Rivina humilis L. 
berry extract as natural colorant in product (fruit spread 
and RTS beverages) development, J. Food Sci. and Tech., 
2: 46-55. 

Kiihl PRP, Pereira ARA, Godoy SMD, Stenzel NMC and Risso-
Pascotto C (2011) Chromosome stickiness during meiotic 
behavior analysis of Passiflora serrato-digitata L. 
(Passifloraceae), Cienc. Rural, 41(6): 112-114. 

Klasterkii I, Natrajan AT and Ramel C (1976) An interpretation 
of the origin of subchramatid aberrations and 
chromosome stickiness on a category of chromatid 
aberration, Hereditas, 83: 153-162. 

Koduru PRK and Rao MK (1981) Cytogenetics of synaptic 
mutants in higher plants, Theo. Appl. Genet., 59: 197-214. 

Kostoff D (1934) Heteroploidy in Nicotiana tabacum and 
Solanum melongena caused by fumigation with nicotine 
sulphate, Bull. Soc. Bot. Bulgar, 4(87): 8-10. 

Kumar G and Dwivedi K (2012) Ionizing radiation mediated 
cytological manifestation in microsporogenesis of 
Brassica campestris L. (Brassicaceae), J. Central Europ. 
Agri., 13(4): 805-813. 

Kumar G and Dwivedi K (2013) Sodium azide induced 
complementary effect of chromosomal stickiness in 
Brassica campestris L., Jordan J. Biol. Sci., 6(2): 85-90. 

Kumar G and Rai P (2006) Partial genome elimination through 
micronuclei in soybean (Glycine max), Nat.Acad. Sci. Lett., 
29: 417-421. 

Kumar G and Rai P (2007) Comparative genotoxic potential of 
mercury and cadmium in soybean, Turkish J. Biol., 31: 13-
18. 

Kumar G and Srivastava P (2001) Comparative 
radiocytological effect of gamma rays and laser rays on 

Safflower, Rom. J. Biol-Plant Biol, 55(2): 105-111. 

Kumar G and Yadav RS (2010) EMS Induced genomic 
disorders ib sesame (Sesamum indicum L.), Rom. J. Biol.-
Plant Biol, 55(2): 97-104. 

Kumari P, Tewari LM, Nailwal TK, Barbhuyan TK, Singh L, 
Tewari G and Singh BK (2009) Chromosomal 
abnormalities arising under the action of antibiotics in 
Pisum sativum, Nat. and Sci, 7(3): 104-112. 

Mahamune SE and Kothekar VS (2012) Induced chemical and 
physical mutagenic studies in M1 generation of French 
bean (Phaseolus vulgaris L.), Cur. Bot., 3(3): 17-21. 

Matthew KM (1982) The Flora of the Tamilnadu Carnatic, The 
Rapinat Herbarium, St. Joseph's College, Tiruchirapalli, 
Madras, India, 1-1536 pp. 

Maurya AR and Das K (1976) Effect of gamma radiation on 
mitosis, Cur. Sci., 45: 422-423. 

McGill M, Pathak S and Hsu T (1974) Effects of ethidium 
bromide on mitosis and chromosomes. A possible 
material basis for chromosome stickiness, Chromosoma, 
47: 157-167. 

Mishra M and Khan AH (2014) Mutagenic effeciveness and 
efficiency of individual and combined treatments of EMS 
and gamma rays in Isabgol (Plantago ovata Forsk.), 
Int.J.Life Sci.,2(3):212-216. 

Mitchell SA and Ahmad MH (2006) A review of medicinal plant 
research at the University of West Indies, Jamaica, 1948-
2001, West Ind. Medical J., 55(4): 243-269. 

Naik VN and Associates (1998) Flora of Marathwada. Amrut 
Prakashan, Aurangabad, Maharashtra, pp:1-1083 pp. 

Pagliarini MS (1990) Meiotic behaviour and pollen fertility in 
Aptenia cordifolia, Aizoaceae, Caryologia, 43: 157-162. 

Pagliarini MS and Pereira MAS (1992) Meiotic studies in 
Pilocarpus pennatifolius Lem (Rutaceae), Cytologia, 57: 
231-235. 

Patil S and Bora KC (1961) Meiotic abnormalities induced by 
X-rays in Arachis hypogea, Ind. J. Gen., 21: 59-67. 

Prabakaran P and Jayakumar S (2014) Effect of Gamma rays 
and EMS on meiotic chromosomal behavior in  

Sunflower (Helianthus annuus L.), Ind. J. Adv. in Plant Res. 
(IJAPR), 1(7): 1-4. 

Prasad AB and Godward MBE (1968) Comparision of 
developmental response of diploid and tetraploid  

Phalaris following irradiation of dry seeds. III Estimation of the 
number of embryonic initials taking part in spike 
formation, Rad. Bot., 9: 167-173. 

Ramakrishna B, SeetharamiReddi TVV and RajaBabu D (1989) 
Gamma rays and DES induced seedling injury and 
cytological aberrations in two cultivars of rice, Pro. Conf. 
Cyto. & Genet., Pp. 33-37. 

Ramana MS (1974) The origin of unreduced microspores due 
to aberrent cytokinesis in meiocytes of potato and its 
genetic significance, Euphytica, 23: 20-30. 

Rana SR and Swaminathan MS (1964) Cytological aspects of 
pollen sterility, Recent Advan. inPalynology, National Bot. 
Garden, Lucknow, Pp. 276-304. 

http://www.ijlsci.in/


 
 Aney and Choudhary, 2017  

 

790 Int. J. of Life Sciences, Vol. 5(4) December, 2017 

Reddy SS and Rao GM (1982) Cytogenetic effects of 
agricultural chemicals II. Effects of herbicides Iasso  

and basagram on chromosomal mechanism in relation to yield 
and yield components in chilli (Capsicum annum L.), 
Cytologia, 47: 257. 

Reddy VRK, Indra M and Rewathi R (1992) Meiotic 
abnormalities in Lentil (Lens culinaris) induced by 
gamma radiation, EMS and sodium azide, J. Cytol. and 
Genet., 27: 1-10. 

Roy RP, Sinha BM and Thakur GK (1971) Irradiations studies 
in Cucumis sativus L., J. Cytol. Genet., 6: 128-135. 

Roychowdhury R and Tah J (2013) Mutagenesis-A Potential 
Approach for Crop Improvement, In KRHakeem (ed) 
Crop Improvement, Springer Science Business Media, Pp. 
149-187.  

Salam CMA and Thoppil JE (2010) Mutagen induced 
cytological aberrations in Capsicum annuum L., Int. J. 
Recent Scientific Res., 2: 52-55. 

Salvat A, Antonnacci L, Fortunato RH, Suarez EY and Godoy HM 
(2001) Screening of some plants from  

Northern Argentina for their antimicrobial activity, Lett. in 
Appl. Microbio., 32: 293-293. 

SaradaMani N and SeetharamiReddi TVV (1985) 
Radiosensitivity of parents and hybrids of grain Sorghum, 
Res. J. Pl. Environ., 2(2): 21-25. 

Sato M and Gaul H (1967) Effect of ethyl methanesulfonate on 
fertility in Barley, Rad. Bot., 7: 7-14. 

Sax K (1960) Meiosis in interspecific pine hybrids, Forest 
Science, 6: 135-138. 

Saylor LG and Smith BN (1966) Meiotic irregularities in 
species of interspecific hybrids in Pisum,American J. Bot., 
53: 453-468. 

Shashikumar S and Abraham S (1993) Studies on cytomixis in 
Catharanthus roseus from gamma ray Treatment, J. Cytol. 

Genet., 28: 157-159. 

Singh GM and Khanna VK (1988) Effect of gamma radiations 
on the crossability of wheat, triticale and rye and meiosis, 
pollen grain germination and pollen tube growth, 
Cytologia, 53: 123-130. 

Sinha SSN and Godward MBE (1972a) Radiation studies in 
Lens culinaris, Meiosis: abnormalities induced due to 
gamma radiation and its consequences, Cytologia, 37: 
685-695. 

Sinha SSN and Godward MBE (1972b) Radiation studies in 
Lens culinaris, Ind. J. of Genet., 32: 331-339. 

Sjodin J (1970) Induced asynaptic mutant in Vicia faba L., 
Hereditas, 66: 215-232. 

Sparrow AH and Woodwell GM (1962) Prediction of the 
sensitivity of plants to chronic gamma radiation, Rad. 
Bot., 2: 9-26. 

Strack D, Schmitt D, Reznik H, Boland W, Grotjahn L and Wray 
V (1987) Humilixanthin a new betaxanthin from Rivina 
humilis, Phytochemistry, 26(8): 2285-2287. 

Tarar JL and Dnyansagar VR (1980) Effect of gamma rays and 
EMS on growth and branching in Turneria ulmifolia L., J. 
Cytol. and Genet. 14: 118-124. 

Tomkins V and Grants R (1972) Cytogenetic studies of 
reciprocal translocations induced by X-ray in Hordeum 
vulgare L., Heredity, 31: 85-94. 

Utsunomiya KS, Bione NCP and Pagliarini MS (2002) How 
many different kinds of abnormalities could be found in 
unique endogamous maize plant, Cytologia, 67: 69-176. 

Walles S (1967) Uptake of EMS into embryo of barley, 
Hereditas, 58. 

 

© 2017 | Published by IJLSCI

 


