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Abstract: Isozymes are enzymes with different molecular forms due to the differences in amino acid residues
and exhibits same catalytic activity. Isozymes were also reported as biochemical genetic markers and widely
used to study genetic diversity in plants. Differential expression of isozymes has attributed with different
developmental stages, tissue specificity, stress factors etc. Accordingly, the expression of isozymes could be
differed with specific tissues, or environment with circadian rhythm of the particular genotype and widely used
to analyze the genetic diversity at intraspecies, interspecies and interspecific hybrid levels. Thus, the isozyme
analysis was carried out in Ocimum sanctum, which possess several medicinal properties. The isozyme esterase
is involved in esterification during the metabolism of plants. In this research paper, the activity of an Isozyme
alpha esterase in different tissues of Ocimum sanctum is reported. The analysis revealed that the expression
of alpha esterase is predominated in leaves rather than other parts of this species. About eight genotypes have
been analyzed and most of them were shown the expression of this isozyme in leaves rather than shoots and
roots, still few genotypes were observed with the expression in shoots. The genetic diversity of this species
was subsequently analyzed from selected aforementioned varieties and reported.
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INTRODUCTION activity or alter the property of a protein to favor the

The Biodiversity is an important concept to favors an organism to have a survival of fittest to a
understand the variation at genome or gene level, species changing environment through mutations. "Natural
level and Ecosystem level [1]. Genomic variation or the Selection" is the principle by which each slight variation,
genetic diversity analysis would be much appropriate to if useful, is preserved according to Charles Darwin. In the
understand the genetic distance in particular species or modern world there are many species, which are in
across the species. The genes are generally categorized endangered stage. Several plant species as well as animal
into two types namely orthologous and paralogous species were extinct from the world. To prevent the
genes. The orthologous genes are present across the extinction of these kinds of species, it is important to
different species, for instance the hemoglobin present in understand the conservation strategy. By understanding
erythrocytes of human as well as in primates. The the importance of biological diversity, one can able to
paralogous genes are the duplicated version of the genes, conserve the nature and natural resources and it leads to
for instance, alpha subunit of hemoglobin and the the conservation of several species in the world.
subunit of hemoglobin. The existence of conserved genes Medicinally important plants, which are in endangered
across the species can be much useful in order to status, have to be conserved at the maximum extent to
understand the evolution through genetic diversity and prevent the extinction. Several conservation strategies
phylogenetics analysis. The expression of the have been implemented to conserve these species.
functionally similar enzyme coding duplicated genes leads Peculiar medicinal plants, for instance Catharanthus
to the expression of isozymes, which possess same roseus, which is used to produce anticancer metabolites
catalytic activity. Mutations might prevent the catalytic such  as  Vincristine  and  Vinblastin. Species like Ocimum

evolution of an organism. Thus, the natural selection
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sanctum, Ocimum basilicum, Ocimum americanum, stimulant, expectorant, anti bronchitis, anti diarrhea and
Costus speciosus, Costus igneus, Centella asiatica, anti dysenteric, used to treat cold and it can be used to
Cucurma  longa,  Curma amada, Zingiber officinale, treat skin diseases such as ring worm [9] and anti
Phyllanthus emblica, Aloe vera are some of the important asthmatic and antikaphic [10].
medicinal plant, which are used to prepare several Many useful traits are being detected through the
traditional medicines. Ocimum sanctum distributed in utilization and improvement of molecular markers has
entire Indian subcontinent, the species sanctum of the enabled great advances in recent years. Molecular
genus Ocimum grows in wide range rather than other markers are the important source to understand and
species of this genus [2]. Ocimum tenuiflorum L.f. is a analyze the polymorphism. Molecular Markers are also
synonymous name of Ocimum sanctum L. belongs to being used in plant breeding to improve the yield of crop.
Lamiaceae family [3], is a familiar medicinal plant and Besides, molecular markers are also used to make the QTL
commonly known as ‘Tulsi’ in Hindi and “Holy Basil” in map for specific traits such as drought tolerance, disease
English is a herbaceous sacred plant of the Hindus and is resistance, flood tolerance etc. Several molecular markers
worshipped in both homes and temples. Ocimum sanctum have been developed recently. Molecular marker is used
L. is held sacred by Hindus and is used as medicinal to analyze the quantitative trait of the plant genome and
plants in day-to-day practice in Indian homes for various very useful to select the elect varieties in order to perform
ailments [4]. Ocimum sanctum L. is aromatic herb, the introgression the selected crops with desired trait [11].
distributed throughout; this species is also known as Sri Before the invention of Polymerase Chain Reaction (PCR),
Tulsi and Tulsi plants with purple leaves known as the RFLP marker was mostly used to analyze the
Krishna Tulsi [5]. The plant is distributed in India up to an polymorphism of the DNA. Immediately after the
altitude of 1800m in Himalayas and in Andaman and invention of PCR many markers have been developed
Nicobar Islands. Different parts of the plant have been such as RAPD, AFLP, SSR, SNP, SSCP etc. The
claimed to be valuable to cure wide spectrum of diseases. development of simple sequence repeats (SSR) or
Several medicinal properties have been attributed to microsatellite markers and Amplified Fragment Length
Ocimum sanctum L. according to Mandal et al. [6]. Polymorphism (AFLP) leads to have more advances in the
Number of diseases such as bronchitis, rheumatism and field of marker assisted selection and plant breeding [12].
pyrexia has been cured from the traditional period with the The molecular markers enhanced the knowledge about the
utilization of Ocimum sanctum in Indian sub continent. genetics of cereal crops to understand the behavior of
Also the  aqueous  and  non-aqueous  extracts of leaves their genome. Molecular marker is being widely used to
are also being widely used. Still some evidence understand the genetic relationship at inter and
suggesting that the seed extracts are also much effective. intraspecies level and much useful in marker assisted
Some of the species of Ocimum, which are widely used, selection and plant breeding for pyramiding resistance
are  Ocimum  sanctuam  L.  (Tulsi), Ocimum gratissium genes against plant diseases [13].
(Ram Tulsi), Ocimum Canum (Dulal Tulsi), Ocimum Apparently sequencing strategies have also been
kilimandscharicum, Ocimum americanum. Ocimum developed to understand the genetic variation of the
camphora and Ocimum micranthum are examples of sequences from different individuals of the same species
known important species of genus Ocimum, which are or between the species. The molecular markers, which are
distributed in different parts of the world and are known used to differentiate the homozygote and heterozygote,
to have medicinal properties [7]. Different parts of Tulsi are the co dominant marker, for example SSR molecular
plants e.g., stem flowers, leaves root, seeds possess marker, while some of the marker such as RAPD is the
different medicinal properties. Tulsi has also been used in dominant marker and it’s not able to distinguish the
treatment of fever, bronchitis, arthritis, convulsions, etc. homozygote and heterozygote. The biochemical markers
The patients suffering from gastric and hepatic disorders, are also widely used to analyze the genetic diversity, for
it was suggested to drink tulsi leaves based aqueous example, Isozyme marker is the conventional marker used
decoction [5]. For the Ayurvedic treatment, the leaves and to analyze genetic diversity. In 1957, Hunter and Mohler
flowers are the most common precursors of medicines, but were first discovered the isozymes [14, 15] and the
some time the whole plant could also used to achieve the histochemical demonstration of the isozyme separation in
treatment of strangury, heart diseases, leucoderma, starch gel was first emphasized by Hunter and Markert
asthma, bronchitis, lumbago and purulent discharge of the [16]. The isozyme marker is also used to differentiate the
ear [8]. The juice from leaves alone posses several homozygote and heterozygote individuals as it able to
medicinal properties such antiperiodic, diaphoretic, detect  codominancy   according   to   Mendelian   laws  of
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inheritance [17]. The isozymes are functionally similar MATERIALS AND METHODS
enzymes with different molecular forms [18]. The Isozymes
can be separated by using non-denaturing native Extraction Buffer: Extraction buffer according to Arul
polyacrylamide gel electrophoresis (Native PAGE), it Sekar and Parfitt [22] would be much appropriate to extract
would be much appropriate for the isozyme studies [19]. isozymes from many plant species.
Generally enzymes are not heat stable except few enzymes
like Taq polymerase. Genotypes: The leaf samples were collected from

The isozymes are also not heat stable, so the Singaperumal Temple, Tiruchirappalli, Tamil Nadu, India.
separation of the enzymes can be done at 4°C in order to The collected young leaves of Ocimum sanctum were
avoid the denaturation of isozymes. Isozymes have homogenized using the aforementioned buffer with chilled
different forms in its configuration such as monomer, pestle and mortar in order to extract the isozymes without
dimer, trimer, tetramer etc. The esterase isozyme (Est - EC denaturation.
3.1.1.1) exhibit monomer and dimer forms with cytosol as
sub cellular location according to International Union for Genotypes with Specific Leaf Phenotypes Used in this
Biochemist (IUB, 1984). The allelic frequency can be Study: Sample 1: Ocimum sanctum1 normal Leaf, Sample
calculated with the binary data obtained from Isozyme 2: Dwarf Ocimum sanctum 2 with small leaf, Sample 3:
analysis. Also the percentage of polymorphism can be Ocimum sanctum 3 normal leaf, Sample 4: Ocimum
generated using the binary data of locus specific sanctum 4 Black Leaf, Sample 5: Ocimum sanctum 5 Black
expressions. Previous research on Isozymes suggesting Leaf, Sample 6: Ocimum sanctum 6 Normal Leaf, Sample 7:
that  about  57 enzymes were attributed in plant system for Ocimum sanctum7 normal Leaf, Sample 8: Ocimum
Biodiversity analysis [20]. There are many isozymes have sanctum 8 normal Leaf.
been described, but in many studies, enzymes such as
esterase, acid phosphatase, Aspartate amino transferase, Ingredients of Extraction Buffer: About 250 ml extraction
Malate dehydrogenase, Lactate dehydrogenase and also buffer preparation prepared with following constituents
antioxidative  Isozymes  such as Super Oxide Dismutase, 0.05M Tris (pH 8.0)-1.652g, 0.007M Citric acid -0.375g,
Catalase, Peroxidase were widely used for the analysis. 0.1%  Cystine   Hydrochloride-0.25g,   0.1%   Ascorbic
Isozymes are the classical biochemical marker to analyze acid-0.25g, 1% Polyethylene glycol-2.5g, final pH should
the genetic diversity, but is still being used to analyze the be 8.0 and 1mM Mercaptoethanol, a pinch of Poly Venyl
genetic diversity. The differential expression of Isozymes Pyrolidone to be added during extraction to prevent
in various parts in the same organism also very useful to oxidation of enzymes.
understand the importance of isozymes of the isozyme
expression in particular tissue. The expression of the Tracking Dye: About 5mg of Bromophenol blue was
isozymes in various stages during the development is also added in 1ml of extraction buffer and mixed. Bromophenol
very much useful to understand the importance of blue Stock tracking dye was allocated into several small
isozyme and related substrates during the developmental eppendorf tubes and stored at 4°C. 
process. The isozyme expression useful to study during
the biotic and abiotic stress conditions, for instance the Extraction and Centrifugation of Sample: Young leaves
infected plants may express different form of oxidative or shoots (100mg) were taken in pre cooled pestle and
isozymes like superoxide dismutase, catalase, peroxidase mortar, subsequently pre cooled extraction buffer (1166 µl)
etc. The term isozyme different from allozyme; isozymes was added to the sample. The pestle and mortar with
expressed from the genes located at different locus with sample was placed in a tray containing ice cubes in order
same catalytic function, while the allozymes expressed to prevent the endothermic process to avoid the
from different alleles of the same gene at the same locus denaturation of isozyme. The samples were homogenized
with same catalytic function [21]. The isozyme focused for and taken in 1.5ml eppendorf tube for cooling
this study is alpha esterase involving in esterification, centrifugation. Centrifugation was done at 15000 rpm, at
which belongs to the class of hydrolase. In this research 4°C for 10 minutes and supernatant were collected as an
paper, the genetic diversity and differential expression of isozyme source. Preparation of Tris-Glycine electrode
esterase in Ocimum sanctum L is reported to understand Buffer: Tris-Glycine (Tris-0.6g Glycine-2.8g) for 1000ml
the importance of this enzyme in different parts of the and pH was adjusted to 8.3. Preparation of Native PAGE
plants as well as in different genotypes. resolving gel (7.5%) with the following constituents 30%
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Acrylamide - 4.91ml, Tris HCl -2.52ml, 5% APS - 0.265ml,
TEMED - 0.026ml, Water - 12.27 ml.

Electrophoresis of the Samples: From the centrifuged
samples about 200 µl of supernatant was taken and 5µl of
Bromophenol blue (tracking dye) was added to each
sample. About 25µl of prepared sample was taken and
loaded into each well of the gel. Loaded samples were
electrophoresed at 100 V at 4°C for 2 to 3 hours and finally
the gel was gently tilted from glass slides and subjected
for substrate staining.

Staining Procedure for Alpha Esterase Isozyme: 0.2 M
dibasic phosphate (Na HPO ) was prepared for 50ml by2 4

dissolving 1,779 g in 50 ml of distilled water. 2.0.2 M
monobasic phosphate (NaH PO ) was prepared by2 4

dissolving 7.8005 g in 250ml water. 0.2 M phosphate
buffer prepared by mixing 12.5ml of Dibasic, 62.5ml of
monobasic phosphate and make up to 100ml and pH was
adjusted to 6.5. In this phosphate buffer 0.25g of fast blue
salt was added and dissolved by using magnetic stirrer.
1% Alpha-Napthyl acetate was prepared by mixing 0.025g
in 2.5ml of Acetone. Then finally 1% Acetate was added
to the buffer with phosphate mixture. Then immediately
gel was transferred to the staining solution and incubated
at 37°C for 30 to 60 minutes until blue-black bands appear
and the gel was fixed with 7% acetic acid.

Phylogenetic Analysis: The phylogenetic trees are
generated using Free tree program, which is freely
downloadable in online [23]. The Jaccard similarity
coefficient [24] was calculated with Free tree program.
Bootstrap resampling (1000 replicates) was also performed
using the same. Phylogenetic tree was viewed with
TreeView program, which is freely downloadable at
http://taxonomy.zoology.gla.ac.uk/rod/treeview [25].

Data Representation of Tissue Specific Differential
Expression: The input binary data upon the scoring of the
gel was imported to MS Excel for the graphical
representation of the expressions in different tissues/
different genotypes.

RESULTS AND DISCUSSION

Differential  Expression  of  Isozyme   Alpha  Esterase:
The Ocimum sanctum species was selected to evaluate
the expression of an alpha Esterase enzyme from various
genotypes  of  the  species.  Various  parts  of  the  plant
were  selected  as a source for the alpha Esterase isozyme.

Table 1: Band scoring of the alpha Esterase isozyme expression from root,

leaf and shoot samples of genotype 1.

Root Leaf Shoot

Locus 1 0 1 0

Locus 2 0 1 0

Locus 3 0 1 0

Locus 4 0 1 0

Locus 5 0 1 0

Table 2: Band scoring of alpha Esterase isozyme expression from root, leaf

and shoot samples of Ocimum sanctum variety normal genotype

2 and leaf sample of genotype 3 Ocimum sanctum variety black

2 Os N Root 2 Os N Leaf 2 Os N shoot 2 Os B Leaf

Locus 1 0 1 1 1

Locus 2 0 1 0 1

Locus 3 0 1 1 1

Locus 4 0 0 0 0

Locus 5 0 1 0 0

Locus 6 0 0 0 1

Locus 7 0 0 0 1

Root leaves and shoot were used to study the expression
pattern of isozyme alpha Esterase. There are four loci were
observed only in leaf sample of Ocimum sanctum
genotype1, but the other parts of this genotype didn’t
show any expressions (Figure 1 and Table 1). The
expressed loci in leaf sample suggests that the need of
alpha  Esterase enzyme  is  at  leaf rather than other parts.
It indicates that the esterification through alpha Esterase
is occurring in leaves to breakdown the esters to produce
organic acids and alcohol. Graphical representation
reveals  the loci  that  were  expressed  in  leaf sample
(Figure 2). 

Further the expression pattern was also tested in
some more genotypes in order to understand the
complexity of the alpha Esterase expression. The
genotype 2 Ocimum sanctum normal variety and
genotype 3 Ocimum sanctum Black variety were used for
the analysis. The root didn’t show the expression, while
the leaf shown expression (Figure 3 and 4). In total, seven
loci were observed with the expression of alpha Esterase
enzyme, of these 5 loci was observed with the leaf sample
of Ocimum sanctum variety black (Table 2).

Genetic Diversity Analysis of Alpha Esterase Isozyme
with Four Genotypes: The resultant samples were divided
into two groups for the analysis, the first group
proceeding from the samples consist of leaves and the
second from shoots.
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Fig. 1: Alpha esterase differential expression profile from (Group A)
root, leaf and shoot samples of the same genotype

Fig. 2: Graphical representation of the expressed part
(leaf) Analysis with First Group A: Four genotypes of Ocimum

Fig. 3: Alpha esterase profile from root, leaf and shoot The Leaf samples of these genotypes were analyzed
samples of genotype 2 and leaf sample of with Free tree program to calculate the Jaccard’s similarity
genotype 3 Ocimum sanctum variety black coefficient and the result is shown in Table 5. The

Fig. 4: Graphical representation of the expressed loci in (4OsNL) was 94%. These results clearly reveals the
genotype 2 and 3 Ocimum sanctum genetic  distance by showing appropriate bootstrap value

Fig. 5: Alpha esterase isozyme expression profile in leaf
and shoot of four genotypes of Ocimum sanctum.

Fig. 6: Graphical representation of the alpha esterase
isozyme expression in leaf samples (First Group A)

sanctum were used for this analysis (Fig. 5 and Table 3).
Among the four genotypes, the second and third
genotypes are Ocimum sanctum variety black. Five loci
were observed with this analysis. The polymorphic loci
were observed with 50% for the locus 1 and 4, where as
other loci were only 25%. Subsequently, the allelic
frequency was calculated for these 4 samples. The allelic
frequency was higher (0.6) for Genotype 3 Black - Ocimum
sanctum Leaf, followed by Genotype 4 Normal - Ocimum
sanctum Leaf, which was having the allelic frequency of
0.4. The other 2 samples had just 0.2 (Fig. 6 and Table 4).

Jaccard’s similarity coefficient between Genotype 3 Black
-  Ocimum  sanctum  Leaf  (3OsBL)  and  Genotype 4
Normal - Ocimum sanctum Leaf (4OsNL) was 0.66, while
others are 0. The UPGMA based dendrogram showed
100% bootstrap value between the cluster of Genotype 1
Normal Ocimum sanctum Leaf (1OsNL) and Genotype 2
Black- Ocimum sanctum Leaf (2OsBL), where as the
cluster between Genotype 3 Black - Ocimum sanctum Leaf
(3OsBL) and Genotype 4 Normal - Ocimum sanctum Leaf
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Table 3: Band scoring -The binary data with bold letters are from the First Group A, remaining from Second group A (Os-Ocimum sanctum, NL-Normal
Leaf, BL- Black Leaf)

1 Os N L 1 Os N S 2 Os B L 2 Os B S 3 Os B L 3 Os B S 4 Os N L
Locus 1 0 0 0 0 1 1 1
Locus 2 0 0 0 0 1 0 0
Locus 3 1 0 0 0 0 1 0
Locus 4 0 0 0 0 1 0 1
Locus 5 0 0 1 0 0 0 0

Table 4: Calculation of allelic frequency and percentage of polymorphic loci from leaf samples (First group A, Os-Ocimum sanctum, NL-Normal Leaf, BL-
Black Leaf)

1 Os N L 2 Os B L 3 Os B L 4 Os N L % of Polymorphic loci
Locus 1 0 0 1 1 50
Locus 2 0 0 1 0 25
Locus 3 1 0 0 0 25
Locus 4 0 0 1 1 50
Locus 5 0 1 0 0 25
Allelic Frequency 0.2 0.2 0.6 0.4

Table 5: Jaccard’s coefficient value (First Group A, Os-Ocimum sanctum, NL-Normal Leaf, BL- Black Leaf)
1OsNL 2OsBL 3OsBL 4OsNL

1OsNL 0 0 0
2OsBL 0 0 0
3OsBL 0 0 0.66
4OsNL 0 0 0.66

Fig. 7: Dendrogram of the First Group Samples (First
Group A)

except 47% from the cluster of Genotype 3 Black - Ocimum
sanctum Leaf (3OsBL) and Genotype 4 Normal - Ocimum
sanctum Leaf (4OsNL) to Genotype 1 Normal - Ocimum
sanctum Leaf (1OsNL) and Genotype 2 Black- Ocimum
sanctum Leaf (2OsBL) (Figure 7).

Analysis with Second Group A: In this analysis the binary
data shoot samples were taken and five loci were
observed. The locus 1 and 3 showed 33% polymorphic
loci, while the other loci were 0%. This analysis has
beendone with the comparative analysis of leaf samples
as well, since the expression of shoot sample was
observed only in Genotype 3 Black - Ocimum sanctum
shoot and the allelic frequency observed with 0.4% with
the same sample (Table 6 and Figure 8). Subsequently the
Cladogram was also generated, the cluster of Genotype 1
Normal-Ocimum sanctum shoot (1 Os N S) and Genotype
2 Black -Ocimum sanctum shoot (2OsBS) just had the
bootstrap value of 36%, while Genotype 3 Black - Ocimum
sanctum shoot (3 Os B S) had 100% (Fig. 8 and 9, Table 6).

Genetic Diversity Analysis of Alpha Esterase Isozyme
with Various 7 Genotypes of Ocimum sanctum
Analysis of the First Group B: The first group assigned
from  the  samples  of  leaves  alone shown in Figure 10.
The bands were scored and mentioned in Table 7. The
polymorphic leaf samples were separately used to
calculate the allelic frequency and percentage of
polymorphism. There are five loci were obtained and the
percentage of polymorphism was higher (75%) in the case
of locus 1, followed by locus 5 with 50% of allelic
frequency. The other loci were possessing about 25% of
polymorphism. The allelic frequency was high (0.4) for the
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Table 6: Calculation of allelic frequency and percentage of polymorphic loci from shoot samples (Second group A, Os-Ocimum sanctum, NS-Normal Shoot,
BS- Black Shoot)

1 Os N S 2 Os B S 3 Os B S % of Polymorphic loci
Locus 1 0 0 1 33
Locus 2 0 0 0 0
Locus 3 0 0 1 33
Locus 4 0 0 0 0
Locus 5 0 0 0 0
Allelic Frequency 0 0 0.4

Table 7: Band scoring of the First Group B and Second Group B (Os-Ocimum sanctum, LVB-Leaf Variety Black, SVB- Shoot Variety Black, LVN - Leaf
Variety Normal, SVN-Shoot Variety Normal)

No. of Loci Os1LVB Os1SVB Os2LVB Os2SVB Os3LVN Os3SVN Os4LVN
1 1 0 1 0 1 0 0
2 0 0 0 0 1 0 0
3 0 0 0 1 0 1 1
4 0 0 0 0 1 0 0
5 0 1 1 0 1 0 0

Table 8: Calculation of allelic frequency and percentage of polymorphic loci of the First Group B.
No. of Loci Os1LVB Os2LVB Os3LVN Os4LVN % Polymorphic loci
1 1 1 1 0 75
2 0 0 1 0 25
3 0 0 0 1 25
4 0 0 1 0 25
5 0 1 1 0 50
Allelic frequency 0.2 0.4 0.8 0.2

Fig. 8: Graphical representation of alpha esterase isozyme
profile in shoot samples (Second Group A)

Fig. 9: Phylogenetic tree (Second Group A) 0.2  (Table  8).  The  Jaccard’s  similarity  coefficient  value

Fig. 10: Isozyme expression profile from various
genotypes  of  black  and   normal  varieties
(Group B)

sample of Genotype 3 Ocimum sanctum Leaf Variety
Normal (Os2LVN), while the Genotype 2 Ocimum sanctum
Leaf Variety Black (Os2LVB) had 0.4 and others exhibited
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Table 9: Jaccard’s similarity coefficient of the First Group B

Os1LVB Os2LVB Os3LVN Os4LVN

Os1LVB 0.5 0.25 0
Os2LVB 0.5 0.5 0
Os3LVN 0.25 0.5 0
Os4LVN 0 0 0

Fig. 11: Phylogenetic tree of First Group B (leaves)

also calculated for the first group (Table 9). The similarity variety Normal), which shows the 83 bootstrap value
coefficient between Os1LVB (Genotype 1 Ocimum within these two itself. (Figure 12). Jaccard coefficient
sanctum Leaf Variety Black) and Os2LVB (Genotype 2 value between Os2SVB and Os3SVN is 1. Likewise, the
Ocimum sanctum Leaf Variety Black), where as the same value was observed between Os3SVN and Os2SVB
similarity coefficient between Os1LVB (Genotype 1 (Table 11).
Ocimum sanctum Leaf Variety Black) and Os3LVN
(Genotype 3 Ocimum sanctum Leaf Variety Normal) was Analysis of Ocimum sanctum Genetic Diversity from 8
0.25. Further the phylogenetic tree was constructed with
bootstrap value (Figure 11). The cluster of Os2LVB
(Genotype 2 Ocimum sanctum leaf variety Black) and
Os1LVB (Genotype 1 Ocimum sanctum leaf variety Black)
showed the bootstrap value just 40 %, The Os3LVN
(Genotype 3 Ocimum sanctum leaf variety normal), which
was showed 80% bootstrap value obtained from the
previous cluster. The Os4LVN (Genotype 4 Ocimum
sanctum leaf variety normal) showed 100% bootstrap
value, which is the most reliable value than the others
(Figure 11).

Analysis of the Second Group B: Analysis of second
group  (shoot),  showed  the  same  allelic frequency (0.2)
in all the samples. The third and fifth loci possesses the
highest percentage of polymorphism of 66% and 33%
respectively, while others were 0 (Table 10). The Jaccard’s
similarity coefficient value was 1 between Os3SVN
(Genotype  3  Ocimum  sanctum  shoot  variety  Normal)
and Os2SVB (Genotype 2 Ocimum sanctum shoot variety
Black) and Subsequently the bootstrap value was
obtained with 100% for Os1SVB (Genotype 1 Ocimum
sanctum shoot variety Black) from the cluster of Os2SVB
(Genotype  2  Ocimum  sanctum   shoot   variety  Black)
and  Os3SVN  (Genotype  3  Ocimum  sanctum  shoot

Genotypes (Third Group)
Analysis of Ocimum sanctum Genetic Diversity from 8
Genotypes Using Alpha Esterase Isozyme Maker: The
samples were collected from Singaperumal Temple
(Tiruchirappalli district, Tamil Nadu, India) and shown in
the Figure 13 and 14 and expression profile shown in
Figure 15. Allelic frequency and percentage of
polymorphic loci were calculated by using the binary after
scoring the gel. The highest allelic frequency was
calculated for the sample of Os3NL (Genotype 3 Ocimum
sanctum Normal Leaf) and others had the allelic frequency
of 0.33 except two samples (DOs2SL (Genotype 2 Dwarf
Ocimum sanctum Leaf), Os8NL (Genotype 8 Ocimum
sanctum Normal Leaf)), which had the allelic frequency as
mentioned in Table 12 (Derived from Figure 16). The
percentage of polymorphism was higher in locus 1 and 2
with 63%, while other loci were possessing 13% of
polymorphism. The Jaccard’s similarity coefficient was
calculated and shown in following Table 13. For some of
the genotypes, the Jaccard’s similarity coefficient value
was 1, for instance between Os5BL (Genotype 5 Ocimum
sanctum Black Leaf) and Os1NL (Genotype 1 Ocimum
sanctum Normal Leaf). Also between some types of
genotypes, it was 0.5 and rests of the samples were 0
(Table 13).
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Table 10: Calculation of allelic frequency and percentage of polymorphic loci of Second Group B.
No. of Loci Os1SVB Os2SVB Os3SVN % Polymorphic loci
1 0 0 0 0
2 0 0 0 0
3 0 1 1 66.66
4 0 0 0 0
5 1 0 0 33.33
Allelic frequency 0.2 0.2 0.2

Table 11: Jaccard’s similarity coefficient of Second Group B.
Os1SVB Os2SVB Os3SVN

Os1SVB 0 0
Os2SVB 0 1
Os3SVN 0 1

Table 12: Band scoring and Calculation of allelic frequency and percentage of polymorphic loci (Third group).
No. of Locus Os1NL DOs2SL Os3NL Os4BL Os5BL Os6NL Os7NL Os8NL % Polymorphic loci
1 1 0 1 1 1 0 1 0 63
2 1 0 1 1 1 0 1 0 63
3 0 0 0 0 0 1 0 0 13
4 0 0 0 0 0 1 0 0 13
5 0 0 1 0 0 0 0 0 13
6 0 0 1 0 0 0 0 0 13
Allelic Frequency 0.33 0 0.66 0.33 0.33 0.33 0.33 0

Table 13: Jaccard’s similarity coefficient (Third group)
Os1NL DOs2SL Os3NL Os4BL Os5BL Os6NL Os7NL Os8NL

Os1NL 0 0.5 1 1 0 1 0
DOs2SL 0 0 0 0 0 0 0
Os3NL 0.5 0 0.5 0.5 0 0.5 0
Os4BL 1 0 0.5 1 0 1 0
Os5BL 1 0 0.5 1 0 1 0
Os6NL 0 0 0 0 0 0 0
Os7NL 1 0 0.5 1 1 0 0
Os8NL 0 0 0 0 0 0 0

Fig. 12: Phylogenetic tree of Second Group B (shoot)

Some of the bootstrap value were less than 50% as 3 Normal Leaf (Os3NL) and the cluster of Ocimum
inferred as less phylogenetic informative, But the sanctum 7 Normal Leaf (Os7NL), Ocimum sanctum 5
bootstrap value between Ocimum sanctum 6 Normal Leaf Normal Leaf (Os5BL), Ocimum sanctum 1 Normal Leaf
(Os8NL) and Ocimum sanctum 6 Normal Leaf (Os6NL) (Os1NL)  and  Ocimum  sanctum  4  Normal  Leaf (Os4BL)
was 100% and these genotypes were clustering together. was 90% (Figure 17). Ocimum sanctum L. is a valuable
The bootstrap value obtained between Ocimum sanctum medicinal  plant  and  it has been used in several medicinal
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Fig. 13: Ocimum sanctum genotypes from Singaperumal (Third group)
Kovil (Sample 1: Ocimum sanctum 1 normal Leaf,
sample 2: Dwarf Ocimum sanctum 2 with small
leaves, sample 3: Ocimum sanctum 3 normal leaf,
sample  4:  Ocimum  sanctum  4  Black  Leaf)
(Third group)

Fig. 14: Ocimum sanctum genotypes from Singaperumal
Kovil (Sample 5: Ocimum sanctum 5 Black Leaf,
Sample 6: Ocimum sanctum 6 Normal Leaf,
Sample 7: Ocimum sanctum 7 normal Leaf,
Sample 8: Ocimum sanctum 8 normal Leaf) (Third
group continuity)

preparations from the ancient time. The invention of with bootstrap resampling (Third group)
several molecular markers enhances the quality of many
species of plants and animals. Apart from molecular differential expression of isozyme marker alpha esterase
markers, the biochemical markers such isozyme markers was done from the various genotypes of Ocimum
are also being widely employed to measure the genetic sanctum. Initially root, shoot and leaf samples were
diversity. By understanding, the genetic diversity, it is selected in order to find the expression pattern of this
possible to enhance the desirable traits with the help of isozyme. The observation of expression pattern reveals
these  markers.  The intraspecies   genetic   diversity  and the  strong  expression  of this isozyme alpha esterase was

Fig. 15: Expression profile of alpha esterase Isozyme
collected from Singaperumal Kovil samples

Fig. 16: Graphical  representation  of   Isozyme  Loci
(Third group)

Fig. 17: Phylogenetic tree of the 8 genotypes analyzed



Acad. J. Plant Sci., 6 (1): 01-12, 2013

11

in leaf rather than root and shoot. But still the shoot REFERENCES
showed some weak expression of this marker. For the
genetic diversity analysis, the leaf samples of 8 genotypes 1. Krishnamurthy, K.V., 2003. A text book of
were used to calculate the allelic frequency and Biodiversity (Principles and Practice), Oxford and IBH
percentage of polymorphic loci. The leaf sample of Publishing Co. Pvt. Ltd, New Delhi.
genotype 3 Ocimum sanctum (Normal) showed higher 2. Nadkararni, A.K. and K.M. Nadkarni, 1976. Indian
allelic frequency (0.66) and the locus one and two possess Materia Medica. (Published by Popular Prakashan
63%, which is higher than other loci. The phylogenetic Pvt. Ltd., Bombay).
tree with more than 50% of bootstrap value is much 3. Satyavati, G.V., M.K. Raina and M. Sharma, 1976.
informative to understand the genetic and evolutionary Medicinal  Plants  of  India  (Published   by  ICMR,
relationship. The node of Genotype 8 Ocimum sanctum New Delhi).
and genotype 6 Ocimum sanctum clustered together with 4. Sarkar, A., S.C. Lavania, D.N. Pandey and M.C. Pant,
100% bootstrap value, which indicates the evolutionary 1994. Changes in the blood lipid profile level after
importance in these genotypes. These results clearly administration of Ocimum sanctum (Tulsi) leaves in
revealed the tissue specific expression of isozymes along the normal albino rabbits. Indian J. Physiology
the genetic diversity analysis. Despite of this fact, it is Pharmacology, 38(4): 311-312.
possible to understand the expression in some other 5. Pandey, BP., Anita. In: (1990): Economic Botany
tissues like shoot or root apart from leaf. Since the (Published by Chand and Company Ltd., Ramnagar,
expression varies according to the particular tissue, New Delhi, pp: 294.
conditions and circadian rhythm as well. 6. Mandal,   S.,   D.N.   Das   and   K.   Dey,  1993.

The genetic diversity between Ocimum sanctum Ocimum sanctum Linn - A Study on gastric
variety with normal leaf and Ocimum sanctum variety with ulceration and gastric secretiion in rats. Indian J.
black leaf is higher as inferred by more than 50% Physiol. Pharmacol., 37: 91-92.
bootstrap  value  than  within  the  either  of  these  two. 7. Atal, C.K. and B.M. Kapoor, 1989. Cultivation and
The Jaccard coefficient in most cases was 0, indicates the utilization of medicinal plants (Eds. PID CSIR).
dissimilarity and in some the observation of 1 indicates 8. Singh. S. and D.K. Majumdar, 1995. Anti
the similarity. For instance, 0 was observed between the inflammatory   and     antipyretic     activities of
comparison  of  Ocimum  sanctum   variety   with  black Ocimum   sanctum    fixed    oil,   Int.   J.  Pharmacog,
leaf  genotype  number  4  and  Ocimum sanctum variety pp: 33288.
with normal leaf genotype number 6, indicates the 9. Nadkarni, G. and V.A. Patwardhan, 1952. Fatty oil for
dissimilarity with Jaccard coefficient value. The maximum the seeds of Ocimum sanctum Linn. (Tulsi), Current
percentage  of  polymorphism  (63%)  was   observed  for Sci., 2: 68.
the first two loci (loci 1 and 2), while 16% was observed 10. Sirkar, N.N., 1989. Pharmacological basis of
with the rest of the four loci. The dwarf variety and one Ayurvedic therapeutics. In: Cultivation and
normal leaf variety were observed with the allelic utilization of medicinal plants. Editors: C.K. Atal and
frequency of 0, indicates no expression of this alpha B.M. Kapoor, (Published by PID CSIR).
esterase isozyme/allozyme. In four genotypes, including 11. Lemmens,   M.,    L.    Hartl,    L.    Doldi,   B.  Steiner,
black  leaf  varieties, the allelic frequency was observed M. Stierschneider and P. Ruckenbauer, 2002.
with 0.33. The maximum allelic frequency (0.66%) was Molecular mapping of QTLs for Fusarium head blight
observed in the genotype Ocimum sanctum variety with resistance in spring wheat. I. Resistance to fungal
normal leaf. spread  *Type  II  resistance).  Theor.  Appl. Genet,

ACKNOWLEDGEMENTS 12. Sibov,  S.T.,   C.T.   De   Souza  Jr,   A.A.F.  Carcia,

The authors are thankful to management of Srimad Molecular mapping in tropical maize (Zea mays L.)
Andavan Arts and Science College, which constantly using microsatellite markers. 1. Map construction and
encouraging the authors to do the best research in the localization of loci showing distorted segregation.
field of Biodiversity. Hereditas, 139: 96-106.

104: 84-91.

A.F. Garcia, A.R. Silva and C.A. Mangolin, 2003.



Acad. J. Plant Sci., 6 (1): 01-12, 2013

12

13. Kumar, L.S., 1999. DNA markers in plant 21. Prakash,  S.,  R.C.  Levontin  and  J.L.   Hubby,  1969.
improvement:   An    Overview.    Biotechnol   Adv., A molecular approaches to study of genetic
17: 143-182. heterozygosityin natural populations IV. Patterns of

14. Stebbins, G.L., 1989: Introduction. In: Isozymes in genetic variation in central, marginal and isolated
Plant Biology. E.D. Soltis and P.S. Soltis, (Eds), populations of Drosophila pseudoobscura. Genetics,
Chapman and Hall, London, pp: 1-3. 61: 841-858.

15. McMillin, D.E., 1983. Plant isozymes: A historical 22. Arulsekar, S. and D.E. Parfitt, 1986. Isozyme analysis.
perspective. In: S.D. Tanksley and T.J. Orton, (Eds). Procedures for stone fruits, Almond, Grape, Walnut,
Isozymes in Plant Genetics and Breeding - Part Pistachio and Fig. Hort. Science, 21(4): 928-933.
Elsvier Science Publisher, B.V. Amsterdam, pp: 3-13. 23. Pavlicek, A., S. Hrda and J. Flegr, 1999. FreeTree -

16. Hunter, R.L. and C.L. Markert, 1957. Histochemical freeware program for construction of phylogenetic
demonstration of enzymes separated by zone trees on the basis of distance data and
electrophoresis in starch gels, Science, Jun 28; bootstrap/jackknife analysis of the tree robustness.
125(3261): 1294-5. Application in the RAPD analysis of genus Frenkelia.

17. Hamrick, J.L., 1989. Isozyme and the analysis of Folia Biol (Praha), 45: 97-99.
genetic structure in plant population. In: D.E. Soltis 24. Jaccard, Paul, 1901. "Étude comparative de la
and P.S. Soltis, [eds.], Isozymes in plant biology. distribution florale dans une portion des Alpes et des
Dioscorides Press, Portland, Oregon, pp: 87-105. Jura", Bulletin de la Société Vaudoise des Sciences

18. Buth, D.G., 1984. The application of electrophoretic Naturelles, 37: 547-579.
data   in    systematic  studies.     Ann.   Ecol.  Syst., 25. Page, R.D.M., 1996. TREEVIEW: An application to
15: 501-522. display phylogenetic trees on personal computers.

19. Laemmli, U.K., 1970. Cleavage of structural proteins Computer   Applications      in       the    Biosciences,
during the assembly of the head of the bacteriophage 12: 357-358.
T4, Nature, 227: 680-685.

20. Vallejos, C.E., 1983: Enzyme activity staining. In:
Isozymes in Plant Genetics and Breeding. Part- A.
S.D. Tanskley and T.J. Orton, (Eds), Elsevier Science
Publisher, B.V, Amsterdam.


