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ABSTRACT

Chromosome number was investigated in a number of strains of Stevia rebaudiana. The chromosomes were
analyzed during mitosis and different stages of meiosis. All stevia strains were found to had 2n = 22. The number
of bivalents at diakinesis was 11 for all the studied strains. Analysis of SDS-PAGE of soluble protein revealed
complete similarity (100%) among the six strains of Stevia while two strains (broad and narrow leaves) are
different in one band. Eight genotypes were assayed by inter-simple sequence repeat (ISSR) markers to
differentiate and explore their genetic relationships. The level of polymorphism detected among the eight strains
of stevia was 100.00% using inter simple sequence repeat (ISSR). A total of 231 clear bands were generated, out
of which 34 (14.72 %) were unique bands. The total number of markers varied from 1 to 12 with a mean of 5.67

markers per primer.
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Introduction

Stevia Cav. As a genus of (Eupatorieae,
Asteraceae), the family include approximately 150-
200 species of herbaceous, shrub and sub-shrub plants
(Gentry, 1996). Although  geographically
widespread, this genus occurs exclusively in tropical
and subtropical regions of the United States and
Central and South America (Robinson and King,
1977). Randi (1980) described the main uses of Stevia
rebaudiana, which produces stevioside, a sweetener
with no calories that does not ferment in the human
body. Recently, many distinct strains of S. rebaudiana
are currently being introduced, domesticated and
assessed agronomically in Egypt. Although this
species has not yet been extensively studied
genetically, considerable genetic variability has been
observed in plant size, flowering period, and
stevioside content, which may vary from 2% to 10%
(Magalhes, 2000).

Molecular markers such as RFLP, SSR, ISSR and
AFLP, used to detect DNA polymorphism are used
vastly for identification of artificial and natural
hybrids in many plant species (Wolfe et al., 1998;
Rajora and Rahman, 2003; Ruas et al., 2003;
Shasany et al., 2005). Amongst the various DNA-
based markers available, inter simple sequence repeat
(ISSR) has been shown to give rapid, simple,
reproducible and inexpensive means in molecular
taxonomy, conservation, breeding and genetic
diversity analysis. ISSR markers amplify regions
between  adjacent and  inversely  oriented
microsatellites using di-, tri-, tetraand penta-
nucleotide SSR primers with the advantage that the
information of the target DNA sequence is not
required. The amplification depends on the variation,
motif, frequency of SSRs that changed due to natural
crossing and/or mutation induction (Carvalho et al.,
2008). Thus, ISSR is excellent for fingerprinting and
characterization of species and inter-specific hybrids
(Carvalho et al., 2008; Kumar et al., 2008).

The main objective of this study was to determine
the chromosome numbers of the strains of S.
rebaudiana cultivated at EGYPT in order to obtain
information that could be useful in breeding programs.
The abnormality in the different stages of meiosis was
mainly used to estimate the regularity of meiosis. It
aimed also to assess the genetic fidelity through
molecular markers analyses, which is important for
promising newly introduced non caloric sweetener
plant in Egypt. In the present study, we investigated
the utility of ISSR markers in genetic diversity study
of Stevia genotypes.

Material and Methods

The plant material (floral buds and roots) for the
cytogenetic studies was collected from eight strains of
S. rebaudiana cultivated at private farm and sugar
crops research institute, Agriculture research Centre,
Giza. Six of these strains were obtained kindly from
Dr Ahmed Elsheikh, sugar crops research institute
(Table 1).

Mitotic and meiotic studies

For the mitotic studies, root tips were obtained
from from dark achenes germinated in gerbox, at room
temperature. The root tips were pretreated with o-
promonaphthaline for 4 h at room temperature and
fixed in ethanol-acetic acid (3:1, v/v). Cytological
preparations were obtained using the aceto-carmine
technique (Eid, 1958). For meiotic analysis, floral
buds were fixed in ethanol-acetic acid (3:1, v/v) for
approximately 24 h and the anthers then squashed
onto slides in aceto-carmine (Eid, 1963).

The cytological preparations were examined by
light microscopy. All cells in which it was possible to
determine the chromosome number, the meiotic
behavior and morphological features, were included in
the analysis. Chromosome numbers were based on
counts from an average of 25 cells per strain.

Plant Biotechnology, 177-186

177



Role of cytogenetic studies, protein electrophoresis and ISSR markers in assessment of ......................

Molecular Marker

Extraction of Total Protein: Bulked leaf sample
(0.25) g of each sample was ground with liquid
nitrogen and mixed with extraction buffer (pH7.5, 50
mM tris, 5% glycerol and 14 mMB-mercaptoethanol)
in a mortar with pestle, left overnight then vortexed
for 15 sec and centrifuged at 10.000 rpm at 4°C for 10
min. The supernatants were transferred to new
eppendorf tubes and kept at 20°C until used for
electrophoresis analysis according to Laemmli
(1970).

DNA Extraction: Genomic DNA was extracted from
fresh young leaves of ten plants chosen randomly for
each population by CTAB method of Doyle and
Doyle (1987).

ISSR for DNA Amplification: ISSR-PCR reactions
were conducted using 6 specific primers, for eight
samples of stevia. ISSR analysis was performed with
six primers procured from 1st Base Laboratories
(Table 3). PCR reaction was performed in final
volume of 50 pl containing 1X Mytaq PCR Master
Mix (Bioline, UK), 2 uM/reaction of ISSR primer and
250ng of template DNA. The PCR was performed in
Eppendorf Mastercycler® thermocyler. The PCR
programme comprised of 40 cycles and the PCR tubes
were subjected to the thermal profile given in Table 2.
Following amplification, the PCR products were
loaded on 1.2% agarose gel (HydraGene™ molecular
grade), which was prepared in 1X TAE buffer
containing 1.5 pg/ml o the Ethidium Bromide. The
amplified products were electrophoresed for 1 hour at
100 V. After separation, the gel was viewed under UV
trans-illuminator.

These ISSR markers were converted into a matrix
of binary data, where the presence of the band
corresponded to the value of 1 and the absence to
value 0. The scores (0 or 1) for each band were entered
in the form of a rectangular data matrix (qualitative
data matrix). The pair-wise association coefficients
were calculated from qualitative data matrix using
Jaccard’s similarity coefficient (Jaccard, 1908).
Cluster analysis for the genetic distance was then
carried out using UPGMA (Unweighted Pair Group
Method with Arithmettic Mean) clustering method.
The genetic distances obtained from cluster analysis
through UPGMA were used to construct the
dendogram, depicting the relationships of the
accessions using computer program NTSYS pc
version 2.1 (Rohlf, 2000).

Results and Discussion

Almost all of the S. rebaudiana strains studied had 2n
= 22, (Figure 1). Diakinesis was the only phase
analyzed in prophase 1 in meiosis. Pairing was n = 11
bivalents for all strains of S. rebaudiana, (Figure 2).

In the present study, an attempt was carried out to
investigate the cytological behavior and chromosome

number in meiotic and mitotic division of Stevia.
Cytological examination revealed that the meiotic
division of Stevia rebaudiana Bertoni was found to be
normal. Therefore, the different stages of meiosis and
mitosis were shown and given in Figures 1 and 2,
respectively. From Figure (1) of meiotic examination,
stages of pollen mother cells one can be concluded
that the normal stages of diakinasis in prophase 1 of
pollen mother cells in Figure A with eleven (11)
bivalents (22 chromosomes) and one nucleolus and
metaphase 1 in Figure B . Normal anaphase 1 stage
showing in Figure C. In Figure-D Telophase stage in
pollen mother cells of meiosis and showing in
photograph-E, the normal quartet stage of Stevia
rebaudiana. The basic number of chromosomes in
Stevia seems to be X = 11. Therefore to classify this
point, further investigations are needed to determine
the basic chromosomal clarify number in Stevia
genotypes.

On the other hand, the cytological examinations of
mitotic division stages were given in Figure (2). From
this Figure, showing root tip cells and the tappetum
layer of pollen mother cells with high mitotic activity.
Telophase stage in Tappetum layer showing in Figure
(2). These stages of mitotic division observed in the
mitotic layers of the anthers, while the other
observations were in root tip cells. From the previous
results of the meiotic and mitotic examinations were
discussed by many authors. The previous results of
mitotic examination was in agreement with many
authors as, Miyagawa et al., (1986) in cells of shoot
primordial, Ferreira et al., (1988) in regenerated
plants, Ferreira and Handro (1988) in calli cultures,
Handro et al., (1993) in cell suspension of calli,
Frederico et al., (1996) in root tip metaphase, Heta
et al., (2001) in root tip cells with flow cytometry
analyses and Vanessa et al., (2004) in mitotic cells of
root tips. All reported the chromosome number of
Stevia rebaudiana was 2n = 22 chromosomes, with a
basic chromosome number x = n = 11. On the other
hand, Watanabe et al., (2001) reported that the
chromosome number was 2n = 24 with haploid
number n = 12 chromosomes. While Miyagawa et al.,
(1986) resulted from callus of the some Stevia plants,
the 10.3 % of observation cell shad the chromosome
number 2n = 22 chromosomes. Therefore, the mitotic
examination of the Stevia rebaudiana was clarified
and strictly, while the meiotic observations which
discovered few authers, Nakajima and Monteiro
(1995) and Vanessa et al., (2004). The results of
Nakajima and Monteiro (1995) which investigated
several morphological types of Stevia pollen grain
which related to cytological races or to breeding
systems. Moreover, Vanessa et al., (2004) examined
the chromosome number and some morphological
feature of Stevia rebaudiana strains. The
chromosomes were analyzed during the diakinasis
stage of meiosis and their tetrad normality was
discussed. The genus Stevia shows stability in
chromosome number. Although most reports indicate
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that n = 11 (2n = 22), (Darlington and Wylie, 1955;
Bolkhoviskikh et al., 1969; Moore, 1973, 1974,
1977; Goldblatt, 1981, 1984, 1985, 1988; Goldblatt
and Johnson, 1990, 1991, 1996, 1998). Galiano
(1987) considered Stevia as a multibasic genus, with x
=11, x =12 and x = 17, while Frederico et al.(1996)
considered its basic chromosome number as x = 11.
For S. rebaudiana, the chromosome number of 2n
=22 (n = 11) previously reported by Frederico et al.

(1996) and Monteiro (1980, 1982) was confirmed
here for various strains.

High rates of tetrad normality were also observed
in the diploid strains. Because of irregularities which
produce unbalanced gametes during meiosis,
polyploids with an odd number of chromosome sets
have a high level of sterility (Lawrence, 1980).

Figure (1): Showing in Pachytene stage of meiosis the 11 bivalents of Stevia (Stevia rebaudiana) pollen mother
cells, B revealed metaphase 1, C revealed anaphase 1 and D show metaphase 2, anaphase 2, d tetrad and
pollen shape.

Figure (2): revealed the mitotic division stages; in cells of root tips with high mitotic activity in (poler view of
metaphase) A and (side view of metaphase) B, while in C showing mitotic anaphase and D showing
the Telophase stage in cells of root tips of Stevia.
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Molecular Markers the eight strains of Stevia. Analysis of gel revealed

that molecular weight of protein sub units ranged
SDS-PAGE: Data presented in Fig. 3 and Table 1 between 11.99 to 72.00 kDa. Four bands at molecular
summarized the SDS-PAGE of soluble proteins for weight of 72, 61, 47 and were obtained.

Fig. (3): SDS-PAGE profiles of soluble proteins extracted from Eight strains of stevia.

Plant Biotechnology. 180



Role of cytogenetic studies, protein electrophoresis and ISSR markers in assessment of

Table 1. SDS-PAGE patterns of soluble proteins extracted from eight Stevia strains.

China Egl High Shou Shou-2  Spanta  Broad Narrow
sugar A3-2 leaves Leaves
China 1
Egl 1 1
High Sugar 1 1 1
Shou A3-2 1 1 1 1
Shou 2 1 1 1 1 1
Spanta 1 1 1 1 1 1
Broad leaves 0.667 0.667 0.667 0.667 0.667 0.285 1
Narrow leaves 0.667 0.667 0.667 0.667 0.667 0.085 0.128 1

Fig. 4. Phylogenetic tree (Linkage dendrogram) of studied Stevia rebaudiana strains based on the analysis of

Protein electrophoresis banding patterns.

Genetic similarity estimates based on SDS-PAGE
banding patterns were calculated using method
Jaccard’s coefficient analysis (Table 1). The Jaccard’s
pairwise similarity coefficient values ranged from
0.085 (Narrow leaves and Spanta) to 1.00 (China, Eg-
1, High Sugar, Shou A3-2, Shou-2, and Spanta). The
cluster constructed through NTSYS (2.1 pc) presented

Table 2. Thermocycling profile

in the form of dendrogram are revealed in Figure 4.
The cluster analysis revealed two main clusters. The
first cluster consisted of six genotypes (China, Eg-1,
High Sugar, Shou A3-2, Shou-2, and Spanta). Te
second cluster consisted of two genotypes (Broad
leaves and Narrow leaves).

Cycle step Temperature C° Time
Initial Denaturation 94 5 minutes
Denaturation 94 1 minute
Annealing X 1 minute
Extension 72 1 minute
Final extension 72 10 minutes
Hold 4

Table 3. List of ISSR primers including nucleotide sequences, number of monomorphic and polymorphic bands,
total bands and percentages of polymorphism for ISSR primers among eight Stevia strains

No. of No. of

No. p:isrieRrs Primer sequences Jac;fgl moné)morphic polymorphic Lég;qduse polyr:f:)?;hism
ands bands

1 ISSR-1  5-AGAGAGAGAGAGAGAGYC-3' 64 0 64 9 100 %
2 ISSR-2  5'-AGAGAGAGAGAGAGAGYG-3' 52 0 52 5 100 %
3 ISSR-3  5'-ACACACACACACACACYT-3' 34 0 34 12 100 %
4 ISSR-4  5-ACACACACACACACACYG-3' 37 0 37 100 %
5 ISSR-5 5-GTGTGTGTGTGTGTGTYG-3" 16 0 16 100 %
6 ISSR- 6 5'-CGCGATAGATAGATAGATA-3' 28 0 28 100 %

Total 231 0 231 34 100 %
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Table 4. Genetic distances, as the total number of ISSR band differences, among the studied Stevia

rebaudiana strains after using six primers.

China Egl High Shou Shou-2  Spanta  Broad Narrow
sugar A3-2 leaves Leaves
China 1
Egl 0.276 1
High Sugar 0.327 0.285 1
Shou A3-2 0.117 0.159 0.200
Shou 2 0.188 0.140 0.245 0.125 1
Spanta 0.204 0.204 0.265 0.064 0.400 1
Broad leaves 0.130 0.150 0.195 0.048 0.225 0.285 1
Narrow leaves 0.115 0.155 0.245 0.485 0.100 0.085 0.128 1
@ Tree plot - o X

File Edit Options Help

Figure (5): Phulogenetic tree (linkage dendrogram) of studied Stevia rebaudiana strains based on the analysis of ISSR banding patterns after using six primers
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ISSR Analysis: Out of the 6 ISSR primers screened,
positive banding patterns were obtained with all the
used primers (Table 3). A total of 231 loci were
amplified (100.00%) were polymorphic and 34 were
unique bands, 14.72 % (Table 3 and Figure 6). The
number of polymorphic markers for each primer
ranged from 16 to 64 with a mean of 38.5 markers per
primer. The highest polymorphic loci was obtained
with primer ISSR 1 (64) and lowest was ISSR (5).
Genetic similarity estimates based on ISSR
banding patterns were calculated using method
Jaccard’s coefficient analysis (Table 5). The Jaccard’s
pairwise similarity coefficient values ranged from
0.048 (Broad leaves and Shou A3-2) to 0.485 (Narrow
leaves and Shou A3-2) with an average of 0.27, for a
single primer based ISSR patterns. The cluster
constructed through NTSYS (2.1 pc) presented in the
form of dendrogram are shown in Figure 5. The
cluster analysis revealed two main clusters. The first
cluster was further divided into two sub clusters. The
first sub-cluster consisted of (Eg-1 and High Sugar
beside China which found in a separate sub-cluster).
The second Sub-cluster consisted of (Spanta and Shou
2 beside Broad leaves which located in a separate sub-
cluster). The second cluster contained (Narrow leaves
and Shou-A3 2). The six ISSR primers that were
selected for analysis generated 231 ISSRs, with an
average 38.5 products/primer. Cluster analysis

indicated that the different genotypes studied had a
great diversity between them according to their
similarity coefficients. The acquired data in this
investigation proved the significance of ISSR in the
discrimination among the studied genotypes, which is
in concordance with the results of Heikal et
al.,(2008); Neha et al., (2016); Saini et al., (2004);
Blair et al.,(1999); Lakshmi et al., (2002); Yadav et
al., (2007). ISSR products are usually dominant
markers and are inherited in simple Mendelian
fashion, therefore verified as to be taxonomically and
evolutionary useful (Demeke and Adams, 1994;
Nkongolo et al., 2002). It was noticed that different
primers gave different levels of polymorphism (Table
3). This can be explained on the presumption that
homology of sequences of primers with the
complementary sequences present in stevia genotypes
genome. ISSR technique is a common and well-
proven tool in genetic studies and a suitable system for
detecting total genetic variation and it’s partitioning
within and among populations. This technique has
been effectively used in a variety of taxonomic and
genetic diversity studies (He et al., 2007 and Dos
Santos et al., 2011. Stevia showed a high percentage
of genetic differentiation. The level of genetic
diversity detected by ISSR are in overall agreement
with studies by Han et al., (2007).
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ISSR 4

ISSR 5
Figure 6. ISSR amplification profile of stevia genotypes with ISSR primer ISSR1, ISSR2,
ISSR3, ISSR4, ISSR5 and ISSR6 respectively. L- 1kb DNA ladder Lane 1-8 numbers refer to
strains designated in Table 1.

ISSR 6

This result is in agreement with those reported by
Chandrika and Ravishankar (2009), who employed
ISSR markers to determine the genetic fidelity of
Ochreinauclea missionis plantlets with twenty nine
ISSR primers generated total of 183 clear, distinct and
reproducible band of 2.73% polymorphism.

CONCLUSION

The present study showed that ISSR technique is
quick and reliable which put ISSR as a preferred
method for breeders in assessing the genetic diversity
for utilization in breeding programmes. ISSR is
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excellent at detecting high level of genetic diversity
and relationship in Stevia genotypes and therefore can
be further established as an essential basis to help in
stevia future conservation and breeding programmes.
As a conclusion, the information gathered from this
study is a valuable tool towards proper breeding
strategies in producing stevia with high sweetener
content in Egypt. The results obtained here open new
possibilities for genetic breeding programs of S.
rebaudiana in Egypt since the selection of plants for
commercial production could possibly overcome the
shortage of sugar cane production and increasing the
level of stevioside compounds. Despite the male
sterility present in various strains of S. rebaudiana,
agamospermy (Monteiro, 1980) could ensure a
sufficient seed yield to allow the genetic breeding of
this species.
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