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ABSTRACT. Assessment of the cytogenetical and biochemical studies in two varieties of Stevia rebaudiana Bertoni were 
performed. The effect of EMS (ethyl methane sulphonate) on mitotic, meiotic analysis and amount of sugar contents were analysed 
indicating that EMS caused various mitotic and meiotic abnormalities as well as sugar contents were enhanced. Significant dose 
dependent increase in total soluble sugars, reducing sugars and non-reducing sugars were recorded.
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Stevia rebaudiana Bertoni the sweetest gift from mother 
nature belongs to the family Asteraceae. It is native to 
certain regions of Paraguay to Brazil in South America.
South America. Their leaves contain gylcosides, which 
are intensly sweet compound 150-300 times sweeter than 
sugar. There are several active and beneficial 
phytochemicals that occur naturally in the plants of this 
species. It is non-toxic and has remarkable therapeutic 
benefits. Stevia rebaudiana Bertoni contains no calory, 
absolute and natural sweet.

MATERIALS AND METHODS
Two varieties of Stevia rebaudiana Bertoni such as var. 
SRB-123 and var. SRB-128 were selected for mutagen 
treatment.   Ethyl methane sulphonate (EMS) was used 
which is the most potent of plant mutagen.
  The following treatments were used in the research 
work:-T0=Plant treated with distilled water only (control)
(Thimmaiah 1999), Reducing sugars by Dinitro Salicylic 
Acid (DNS) method (Miller 1972) and non-reducing 
sugars by difference of total soluble sugar and reducing 
sugar.

RESULT AND DISSCUSION
Mitotic analysis The EMS produced quite large number 
of anomalies in the mitotic cells at prophase, metaphase, 
anaphase and telophase which were depicted in Tables 1-4 
and Figs. 1-5 and 14 . The cytological abnormalities 
induced by EMS were grouped into phyioslogical and 
clastogenic effect. The lowering in mitotic index in both 
the varieties indicated that the drugs inhibited the nucleic 
acid synthesis (Schneiderman 1971). The mitotic index of 
M2 generation was higher which is indicative of the fact 
that some kind of repair mechanism was operating in the 
aberrated cells. Prophase abnormality includes nuclear 
vacuolation which might occur due to disintegration of 
proteins of nuclear material by the action of EMS. 

Metaphase abnormalities were manifested by stickiness 
might be due to adhesion of proteinaceous matric of 
chromatin fiber (Stephen 1979).   Fragments occurred due 
to failure of broken chromosome to recombine and diagonal 
metaphase present were due to improper functioning of spindle 
apparatus which lead to disturbed metaphase and anaphase 
(Amer 1983). Chromosomal bridge which occurred at 
anaphase might be due to breakage and reunion of 
chromosomes (Viccini 2001). While considering the mitotic 
index, R.D.R., R.A.R. and frequency of chromosomal 
aberration, the var. SRB-123 was found to more sensitive 
than var. SRB-128 towards the various concentrations of 
EMS.

Meiotic analysis A dose dependent increased in meiotic 
abnormalities in pollen mother cells were noticed (Tables 
5-8; Figs. 6-18). The chemical mutagen EMS influenced 
the bivalents which resulted in the formation of univalents 
which have occurred due to partial synapsis when the 
terminal chiasmata were present. Trivalents were present 
in form of ring. Multivalents present might be attributed 
due to translocation and inversion (Sinha 1991). The 
chemically induced stickiness might arise due to improper 
folding of chromosome fibre (Klasterska et al. 1976). 
Precocious movement of chromosomes at metaphase I 
and II might have resulted due to disturbed homology for 
chromosome pairing. Misorientation observed might be 
due to improper functioning or breakage of spindle fibres. 
The unequal separation at anaphase I and II were reported 
which were due to unbalanced chromosome caused due to 
incorrect movement of laggards. Karyomixis resulted in 
the formation of several nuclei of variable size which 
leads to sterility (Pang and Shen 2007). Meiotic analysis 
after treatment revealed that the percentage of pollen 
mother cell abnormality was more in var. SRB-123 as 
compared to var. SRB-128.
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Table 1.   Type and frequency of chromosomal abnormalities during different phases of mitosis at varying 
concentrations of EMS in S. rebaudiana var. SRB-123 in M1 generation

Table 2.   Type and frequency of chromosomal abnormalities during different phases of mitosis at varying 
concentrations of EMS in S. rebaudiana var. SRB-123 in M2 generation

Table 3.   Type and frequency of chromosomal abnormalities during different phases of mitosis at varying 
concentrations of EMS in S. rebaudiana var. SRB-128 in M1 generation
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Table 4.   Type and frequency of chromosomal abnormalities during different phases of mitosis at varying 
concentrations of EMS in S. rebaudiana var. SRB-128 in M2 generation

Table 5.   Meiotic abnormalities after treatment with EMS in S. rebaudiana var. SRB-123 in M1 generation

Table 6.   Meiotic abnormalities after treatment with EMS in S. rebaudiana var. SRB-123 in M2 generation
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Table 7.   Meiotic abnormalities after treatment with EMS in S. rebaudiana var. SRB-128 in M1 generation

Table 8.   Meiotic abnormalities after treatment with EMS in S. rebaudiana var. SRB-128 in M2 generation

Table 9.   Estimation of total soluble sugars (%) in different parts in two varieties of S. rebaudiana in M1 and M2 generation
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Table 10.   Estimation of reducing sugars (%) in different plant parts in two varieties of S. rebaudiana in M1 and M2 
generation

Table 11.   Estimation of non-reducing sugars (%) in different plant parts in two varieties of S. rebaudiana in M1 and M2 
generation

Biochemical estimation Influence of EMS on sugar 
contents was reported on before and after flowering 
samples which revealed significant difference in the 
amount of total soluble sugars, reducing sugars and non-
reducing sugars (Tables 9-11). Sugars are nothing but 
soluble carbohydrates that act as a source of energy for 
plant growth and development. The quantity of total 
soluble sugar was considerably high as compared to 
control. Increase in sugar content might be due to 
accumulation of stereo- isomer (Lindhrost and Thisbe 
2003). Higher sugar contents in both the varieties in all 
plant parts might be due to increased activity under stress 
of EMS which may in turn be responsible for additional 

synthesis of sugar (Vaidya and Dhumal 2007). 

CONCLUSION
It can be concluded that EMS caused cytological 
abnormalities which disturbed the physiological and 
biochemical aspects which ultimately increases the sugar 
contents.  This help in the better growth of plant and delay 
in flowering which is economically very beneficial for 
commercial cultivation of because after flowering the 
steviosides contents decreases and there are no buyers of 
S. rebaudiana which has less than 8% steviosides content 
in market. Stevia rebaudiana are mostly propagated 
vegetatively. Increase in sugar content especially reducing 
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and non-reducing sugar helps in rooting. Higher total 
soluble sugar is responsible for future growth of the plants.
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Fig. 1.   Mitotic and meiotic abnormalities in Stevia rebaudiana. A. Nuclear vacuolation. B. Sticky metaphase. C. Binucleate 
and diagonal arrangement. D. Elongated narrow cell withscattered chromosomes. E. Misorientation and multiplediagonal 
bridges. F. Univalents. G. Karyomixis and clumping at metaphase I and II. H. Lagging of chromosome at anaphase I. I. 
Lagging and misorientation at telophase II. J. Retarded movements of bivalents at metaphase II and one excluded 
chromosome at metaphase I. K. One lagging chromosome at anaphase I. L. One excluded chromosome at metaphase II. M. 
Karyomixis. N. Triploid cell.

LEGEND:-Fig. showing mitotic and meiotic abnormalities 

A. Nuclear vacuolation 
B. Sticky metaphase 
C. Binucleate and diagonal arrangement 
D. Elongated narrow cell with scattered chromosomes 
E. Misorientation and multiple diagonal bridges 
F. Univalents 
G. Karyomixis and clumping at metaphase I and II 
H. Lagging of chromosome at anaphase I 
 I. Lagging and misorientation at telophase II 
 J.  Retarded movements of bivalents at metaphase II 

and one excluded chromosome at metaphase I 
K. One lagging chromosome at anaphase I 
L. One excluded chromosome at metaphase II 
M. Karyomixis 
N. Triploid cell 
O. Laggard at anaphase II 
P. Trivalent, tetravalent and multivalent 
Q. Unequal separation at anaphase I 
R. Diad, triad and tetrad 
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