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INTRODUCTION

Simarouba glauca belongs to the family Simaroubaceae. It is 
a fast-growing, very important seed oil yielding multipurpose 
tree that grows even on marginal lands under water stress 
conditions.1 it also improves soil health. It is indigenous to 
the Amazon rainforest and other tropical areas in Mexico, 
Cuba, Haiti, Jamaica, and Central America; it was brought to 
India from Latin America in 1960. Simarouba species aid to 
control soil erosion and play a promising role in the conserva-
tion of soil and watersheds. The root system of the Simarouba 
species is well developed, which checks soil erosion, thus as-
sisting soil microbial life and improving groundwater posi-

tion. Plantation of these species facilitates wasteland recla-
mation, reduce greenhouse effect.2 These species break the 
wind.3 The oil cake being rich in nitrogen (8%), phosphorus 
(1.1%) and potash (1.2%) is good organic manure.2 The use 
of Simarouba press cake as a fertilizer has given good results 
on coffee, sugarcane, cotton and corn.4 The fruit pulp may be 
used in the production of vermicompost which is of excellent 
quality. Leaf litter makes good manure.5 Leaf litter (about 
20kg/tree/yr.) makes good manure, improving soil fertility.6 
Each well-grown tree yields 15-30 kg nutlets equivalent to 
2.5 to 5.0 kg oil and about the same quantity of oil cake.5,7 
The annual returns in kg/ha from a moderately well man-
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ABSTRACT
Introduction: The Simarouba species is considered one of the promising feedstock for biodiesel producers as the seeds have 
high oil content and are non edible. These species can be grown well even in wasteland. As Simarouba is polygamodioecious in 
nature and have a long juvenile period assessment of genetic variability in Simarouba germplasm is essential for exploitation of 
genetic resource for plant improvement programs.
Objective: The present investigation aims to find the genetic diversity of male, female and andramonieocus Simarouba species 
using RAPD markers. 
Methods: Fifty Random amplified polymorphic DNA primers were used for genetic analysis of male, female and hermaphrodite 
Simarouba species. The binary data obtained from the RAPD  banding profile were analysed using Wards Squared Euclidean 
distance and construct dendogram through UPGMA (Unweighted Pair Group Method with Arithmetic average statestica). Jac-
card similarity coefficient was constructed using NTSYS ( Numerical Taxonomy System, PC version 2.02e  programme to deter-
mine genetic relation among Simaroba individuals.
Results: RAPD primers yielded 223 amplicons of which 176 (78.92 % ) were polymorphic. An average number of bands per 
polymorphic primer observed is 4.46. Jaccard Similarity Matrix between male, female and hermaphrodite Simarouba genotypes 
varied from 0.06 to 0.81. Among the various combinations, maximum similarity of 81 % was observed between Female and 
hermaphrodite individuals. While maximum dissimilarity of 63 % was found between female and male individuals. Dendrogram 
generated by UPGMA (Unweighted Pair Method with Arithmetic Mean ) grouped female and male plants in separate groups. 
Conclusion: Molecular markers employed in this investigation showed genetic diversity between crop genotypes. This study 
provides development of strategies for genetic analysis and crop improvement in Simarouba species. 
Key Words: Crop improvement, Genetic diversity, Polymorphism, RAPD
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aged 10-year-old plantation of Simarouba is as follows. Oil:-
1000-2000, Oil cake: - 1000-2000, Fruit pulp: - 8000-10000, 
Leaf litter:-10000-15000, Shell: - 4500-9000.6 The tree has 
high medicinal value used in pharmaceuticals, cosmetics and 
wood is used for furniture.8 Harnessing the full potential of 
non-traditional tree-borne oilseeds like Simarouba through 
systematic block plantations with elite material can carve out 
a niche that is noncompeting with current needs and support 
horizontal expansion of oilseeds, increase the green cover, 
reduce erosion, and generate employment in underdeveloped 
areas. The establishment of plantations of tree-borne oilseeds 
can solve the problems of conserving degraded lands, de-
crease the burden of shortages of fossil fuels and high energy 
import costs, and maintain a clean environment by reducing 
greenhouse gas emissions. This would require systematic ef-
forts towards tree improvement program. An assessment of 
genetic variability in Simarouba germplasm is essential for 
the exploitation of genetic resource for plant improvement 
programs.

Morphological features, biochemical and cytological stud-
ies have not solved the problem of germplasm characteriza-
tion determination in the economically important dioecious 
crops. Different attempts to find molecular differences be-
tween male and female plants such as immune chemistry, 
differences in protein and enzyme, mRNA and tRNA poly-
morphism or RNA hybridization kinetics have been made in 
several diocious species9 these studies deal with gene expres-
sion and could just show the differential expression of shared 
genes between male and female plants. This has led to the 
advancement of strategies. Plant biotechnology is enriched 
with multidisciplinary approaches of DNA/RNA fingerprint-
ing techniques. In recent years, this approach has been ap-
plied to develop gender-specific DNA and RNA markers 
with greater reliability and accuracy and proved useful for 
marker-assisted selection of male and female and hermaph-
rodite plants. The stage of plant growth and the environment, 
in which the plant grows, do not influence the differences in 
DNA sequence. Therefore, molecular markers are currently 
being used to study of genetic diversity and identity of crop 
genotypes.10

Random amplified polymorphic DNA (RAPD) which is a 
polymerase chain reaction-based DNA fingerprinting tech-
nique.11,12 Differential PCR amplification of random genom-
ic fragments using random decamer oligonucleotide primers 
are the basis of RAPD. DNA polymorphisms detected result 
from rearrangements or deletion at or between oligonucleo-
tide primer binding sites in the genome. RAPD technique 
does not require sequence information of the genome that is 
being analyzed so it can be applied across species as univer-
sal primers.13 It has numerous applications such as identifi-
cation of different cultivars genotypes, phylogenetics stud-
ies, diversity studies, selection of specific trait of interest, 
linkage mapping, etc.13-17 No prior knowledge of sequence 

information, cost efficiency, simple assaying procedure, less 
sophisticated equipment  and  no need for cloning and radio-
active probes have made RAPD technique a valuable tool. In 
the present study, RAPD markers were used for molecular 
characterization and genetic variability of female, male, and 
hermaphrodite Simarouba plants.

MATERIALS AND METHODS

Morphological identification of sex of Simarou-
ba plant by flower study
Immature leaf samples of both female (P1and P2) and her-
maphrodite (P3 ad P4) plants were collected from Univer-
sity of Agricultural Science, Gandhi Krishi Vignan Kendra 
Bangalore. India. Male (P5) plant sample was collected from 
the plantation of Simarouba from University of Agricultural 
Sciences, Dharwad. India, the samples were stored at -80oC. 
Leaf sample was picked from male, female, and hermaph-
rodite plants after complete observation of flower types that 
were used for DNA extraction. The androecium of male and 
bisexual flowers have ten stamens in two whorls, where as 
in female flowers, the androecium is represented by ten sta-
minodes which are sterile stamens with poorly developed 
anthers not producing pollen grains.

RAPD study

Isolation of genomic DNA from Simarouba species
Total genomic DNA was isolated from leaf tissues with the 
minor modifications in the CTAB method.18 About 0.3 g of 
leaf tissue was ground to a fine powder in liquid nitrogen 
and mixed with 700 µl of CTAB (cetyltrimethylammonium 
bromide) extraction buffer (100 mM Tris–HCl pH 8, 1.4 M 
NaCl, 20 mM EDTA pH 8, 2% CTAB, 1% b-mercaptoetha-
nol, 1% PVP). This mixture was first incubated at 650C for 
30 min, and then an equal volume of a phenol: chloroform: 
isoamyl alcohol (25:24:1) mixture was added, followed by 
centrifugation at 4,000 rpm for 30 minutes at 40C. The aque-
ous phase was decanted and transferred to a new microtube 
to reduce impurity between the two phases. The extraction 
steps were repeated using the same phenol: chloroform: isoa-
myl alcohol (25:24:1) mixture. The last aqueous phase was 
mixed with two-thirds volume of isopropanol and stored at 
-200C for at least 2 hours to precipitate the DNA, then centri-
fuged at 4,000 rpm for 15 minutes. The nucleic acid precipi-
tate was washed with 70% ethanol, air-dried, and suspended 
in 50 µl of TE buffer. 

Purification of DNA 
The extracted DNA was treated with RNase (1mg/ml) (Qia-
gen, USA) incubated at 37oC for 1 hour. This was followed 
by Proteinase K (20mg/ml) treatment incubated at 37 oC for 
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30 minutes and sodium chloride to remove RNA, proteins, 
polysaccharides, and phenols, respectively.

Quantification of extracted DNA
The purity and quantity of the isolated DNA was determined 
by NanoDrop Spectrophotometer (ND 1000; Thermo Scien-
tific, Wilmington, DE). The spectral ratio (A260 nm /A280 
nm) was measured. The absorbance 1.0 at 260nm and 280nm 
determines the concentration of the nucleic acid (DNA) of 
50 µg/ml in the sample. The ratio between the readings at 
260 nm and 280 nm provides an estimate of the purity of nu-
cleic acid. DNA preparation is pure when OD260/OD280 value 
is 1.8. If there is contamination with protein or phenol the 
OD260/OD280 will be slightly less than 1.8 and if more than 
1.8 then it is contaminated with RNA

Total quantity of the DNA (µg/ml) = OD260 x 50 x dilution 
factor / 1000

Agarose gel electrophoresis
Agarose gel electrophoresis performed to check the qual-
ity of the extracted DNA samples from the plant samples. 
Agarose 0.8% (w/v) was prepared in 1x TAE buffer pH-8.0 
(for 50x TAE, 242g Tris base, 37.2g ETDA, pH is adjusted 
with glacial acetic acid).The mixture is heated till agarose is 
completely dissolved and forms a clear solution. The molten 
agarose is poured in the gel mould which was set with the 
comb when cooled down at about 55oC. The set up was left 
for an hour at room temperature for solidification. The gel 
slab is placed in an electrophoresis unit, 1 x TAE buffer was 
poured to immerse the gel. DNA samples were prepared by 
mixing with 10µl of tracking dye Bromophenol Blue (50% 
Glycerol, 1Mm ETDA-pH-8.0, xylene cyanol and distilled 
water) and the samples were loaded with uncut λ DNA (Ban-
galore Genei, Bangalore, India) of known concentration in to 
the wells. Agarose gel was run for about two to three hours 
at a constant voltage of 5V/cm2 in electrophoresis tank. The 
gel was visualized under Gel Documentation System. The 
high intensity bands were considered as good quality DNA 
samples and smear were of poor quality.

Selection of RAPD Primers
Fifty RAPD primers were obtained from Eurofins MWG 
Biotech, Bangalore India. These primers were screened with 
extracted DNA of male, female and andromonecious Sima-
rouba plants. RAPD data analysis was done using only the 
amplifying primers.

PCR amplification
Fifty 10-base primers (Eurofins MWG Biotech, Bangalore 
India) were used for polymerase chain reaction (PCR) to 
screen known sex to ascertain their potential of clear amplifi-
cation in polymorphism and the reproducibility. The RAPD-
PCR reactions were performed in 30 μl volumes in 100 μl 

PCR tubes (Tarson Pvt Ltd, India) (Table 1). The reaction 
mixture contained 30 ng of template DNA, 1 × amplification 
buffer (10 mM of Tris-HCl- pH 8, 50 mM of KCl, 1.8 mM 
of MgCl2 and 0.01 mg/ml gelatine), 2.5mM each of dCTP, 
dGTP, dATP, and dTTP, 5pM primers and 1U Taq DNA poly-
merase (Bangalore Genei, Pvt. Ltd., India). The RAPD-PCR 
analysis was performed in a 30 µl volume in gradient Ther-
mo Cycler. The reactions were performed in a Master Cycler 
Gradient 5331 (Eppendorf version 2.30. 31-09, Germany). 
The reaction had an initial denaturation step at 940C for 5 
min, followed by 35 cycles of 94 oC for 1 min, 37oC for 1 
min, 72oC for 2 min. The final extension step was at 72 oC for 
10 min. The reactions were cooled and held at 4oC (Table 2).

The RAPD-PCR products were separated on 1.5% (w/v) 
agarose (Sigma-Aldrich, USA) gel at 5 V/cm in 1 × TBE (89 
mM Tris-HCl, 89 mM boric acid and 2 mM EDTA, pH 8.0) 
buffer. The agarose gels were stained with 0.5 μg/ml eth-
idium bromide, visualized under UV light and photographed 
on a digital gel-documentation system (SYNGENE). The 
molecular weights of the RAPD amplicons were estimated 
with a 100 bp DNA ladder.

Data Analysis

Scoring of RAPD banding profile
The RAPD allele size was determined based on the location 
of bands with respect to the ladder. The total no of allele 
was recorded for each RAPD marker in all the accessions by 
giving allelic number 1, 2, 3, 4, 5, etc.  Distinct visible and 
reproducible bands  were scored as 1 for the presence and 
0 for absence in DNA profile photographs. Differings band 
intensities were not considered to avoid errors introduced by 
competition among priming sites during the initial rounds of 
RAPD-PCR analysis.19

Genetic similarity and cluster analysis
The binary data obtained from the RAPD  banding profile were 
analysed using Wards Squared Euclidean distance, and was 
used to construct dendogram through UPGMA (Unweighted 
Pair Group Method with Arithmetic average statestica). Jac-
card similarity coefficient was constructed using NTSYS (Nu-
merical Taxonomy System, PC version 2.02e programme to 
determine genetic relation among Simaroba individuals.

Where Na is the number of fragments present in the pattern 
a but not b.
Nb is the number of fragments present in the pattern b but 
not a.
Nab is the number of fragments commen for pattern a and b.
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RESULTS

Morphological study of flowers of Simarouba to 
identify the gender
Simarouba is a polygamodioecious with three types of 
plants, pistillate, staminate and andromonoecious. The in-
florescence is compound panicle with main axis showing 
racemose pattern and ultimate branches having dichasial 
/ monochasial cymes. The time taken from bud initiation 
to anthesis is about 15 to 20 days. The male inflorescence 
has longer peduncle than the female. The length of panicle 
is 12-40 cm in pistillate whereas 45-55 cm in andromo-
noecious and staminate inflorescences. The bisexual flow-
ers are the largest with 10-15 mm in diameter, followed 
by male inflorescence with 8—12 mm diameter, and the 
female flowers are the smallest with 5-7 mm diameter.  Fe-
male flowers were characterized by sterile stamens and an-
thers, which did not showed pollen grains whereas male 
and bisexual flowers showed active stemens with pollen 
grains production.

Isolation of Genomic DNA
Genomic DNA was isolated by the CTAB method, puri-
fied by using RNase and proteinase treatment. it was an-
alysed by agarose gel electrophoresis. The λDNA EcoRI 
digest (Merk, Bangalore) marker was used to determine the 
amplified DNA’s molecular weight. The high quality DNA 
suitable for RAPD analysis was observed,  intact discrete 
bands of high molecular weight were seen in the agarose 
gel ( Figure 1).

Figure 1: Agarose gel electrophoresis of isolated DNA sam-
ples from Simarouba Species. Lane1: (M) 1Kb DNA ladder, 
Lane 2: Female plant sample Lane, Lane 3: Female plant 
sample, Lane 4: Andromonoecious plant sample, Lane 5: 
Andromonoecious plant sample, Lane 6: male plant sample.

Quantification of Isolated Genomic DNA 
The quantification of DNA was determined by Nanodrop 
spectrophotometer. The spectral ratio (A260/A280)of the DNA 
isolated from Simarouba individuals was found to be in the 
range of 1.8 to 2.1,  which is an indication of low polysac-
charides and high quality (Figures 2-6).

Figure 2: Graph showing the quantitative analysis of Female 
plant sample (P1) DNA by Nanodrop spectrophotometer. 
Quantity: 144.9 ng/ul, Absorbance at 260: 2.899, Ratio of 
A260/280:1.65, Ratio of A260/230: 1.76.

Figure 3: Graph showing the quantitative analysis of an-
dromonoecious plant sample (P3) DNA by Nanodrop spec-
trophotometer. DNA quantity: 215.9 ng/ul, Absorbance at 
260: 4.317, Ratio of A260/280: 1.59, Ratio of A260/230: 
1.09.
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Figure 4: Graph showing the quantitative analysis of an-
dromonoecious plant sample (P3) DNA by Nanodrop spec-
trophotometer. DNA quantity: 215.9 ng/ul, Absorbance at 260: 
4.317, Ratio of A260/280: 1.59, Ratio of A260/230: 1.09.

Figure 5: Graph showing the quantitative analysis of an-
dromonoceious plant sample (P4) DNA by Nanodrop spec-
trophotometer. DNA quantity: 115.5 ng/ul, Absorbance at 26: 
2.310, Ratio of A260/280: 1.48, Ratio of A260/230: 1.37.

Figure 6: Graph showing the quantitative analysis of male 
plant sample (P5) DNA by Nanodrop spectrophotometer. 
DNA quantity: 102.6 ng/u, Absorbance at 260: 2.05, Ratio of 
A260/280: 1.42, Ratio of A260/230: 2.18.

PCR Amplification
Oligo primers are used for RAPD analysis. Genomic DNA 
isolated from male, female and andromonoecious Sima-
rouba plants work as a template for PCR amplification. 
The reactions were performed in a Master Cycler Gradient 
5331 (Eppendorf version 2.30. 31-09, Germany). The reac-
tion mixture was standardized several trials. Amplification 
was carried out with 30µl PCR reaction mixture as shown in 
Table 1. PCR reaction condition for amplification of RAPD 
primers is shown in Table 2.

Table 1: PCR reaction mixture for amplification of 
RAPD Primers
Sl 
No.

Components Stock Con-
centration

Working 
Concentra-

tion

Working 
Volume

1 Genomic DNA - - 2μl

2 dNTP Mix 10mM 2.5mM each 2μl

3 Primer 100 pico-
mol/ μl

100pM 1μl

4 Taq Polymerase 3U 1U 3μl

5 Assay buffer 10 X 1 X 3μl

6 Doubled Dis-
tilled Water

- - 19μl

   Total Vol-
ume

30μl

Table 2: PCR reaction condition for amplification of 
RAPD Primers
Sl 
No.

Process Temperature Duration Cycles

1 Initial Denatura-
tion

94°C 5 min 1

94°C 45 sec

2 Annealing 32/34°C 60 sec 10

72°C 90 sec

94°C 30 sec

3 Extension 32/34°C 60 sec 30

72°C 60 sec

4 Final Extension 72°C 10 min 1

5 Storage 4°C 4 hour  

RAPD-PCR  Analysis of Simarouba species.
RAPD-PCR has widely been used for population genetic 
studies as well for various amplification in the several plants. 
Attempts are made to screen for the primer, which would 
produce reproducible banding patterns for the genetic analy-
sis of female, male, and hermaphrodite Simarouba plants. A 
set of 50 decamer primers were used to amplify the genomic 
DNA of male, female, and hermaphrodite individuals, of 
which 38 primers showed reproducible results. 
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Statistical Analysis
Total of 50 primers were screened to amplify the genomic 
DNA of Simarouba plants. The total number of bands am-
plified from polymorphic primers were 223, the percent-
age of total polymorphic bands is 78.92% and a number of 
amplified bands per primer are 4 (Table 3).The binary data 
of  RAPD-PCR amplification  was analysed using Wards 
squared Euclidean distance. Dendrogram analysis was done 
using gel documentation system. Phylogenetic variation was 
determined by converting  RAPD data into Jaccard’s Simi-
larity Coefficient and analyzed by unweighted pair method 
with arithmetic mean (UPGMA) cluster analysis to produce 
phylogenetic tree. The similarity matrix (Table 4) reveals 
that the cultivars fall in the range of 0.63 to 0.81. Among 
the various combinations, maximum similarity of 81% was 
observed between P2 and P4 (Female and Andromonecious) 
cultivars, while maximum dissimilarity of 63% was found 
between P1(Female) and P5 (Male) cultivars.

Table 3: Summary of the RAPD amplified products  
obtained from five Simarouba individuals
Total number of primer examined 50

Number of polymorphic primers 38

Total number of bands amplified from polymorphic 
primer

223

Average number of bands per polymorphic primer 4.46

Total number of polymorphic bands identified 176

Average number of polymorphic bands per polymor-
phic primer

3.52

Percentage of total polymorphic bands 78.92

Table 4: Jaccard’s similarity matrix of five Simarouba 
individuals based on RAPD    banding pattern
Individuals P1 P2 P3 P4 P5

P1 1

P2 0.76 1

P3 0.64 0.71 1

P4 0.75 0.81 0.71 1

P5 0.63 0.66 0.67 0.67 1

P1: Female plant sample, P2: Female plant sample, P3: Andromo-
noecious plant sample, P4:  Andromonoecious plant sample, P5:  
Male plant sample

Dendrogram generated (Fig.7) based on RAPD data, divid-
ed  Simarouba cultivars into two distinct clusters. Cluster I 
comprises of four plants, namely P1, P2, P3 and P4. Cluster 
II comprises of one plant namly P5. Cluster I is subdivided 
in to three sub-clusters (I, II, III),  sub cluster I comprises 
of single cultivar that is P1, sub-cluster II comprises of two 
closely related cultivars those  are  P2 and P4 and sub-clus-
ter III consist of single cultivar that is P3. The position of 

P1(female) and P5(male) are at extreme end on dendrogram  
indicating them as most divergent species. Cluster analyses 
based on Wards squared Euclidean distance shows combin-
ing results from fifty primers. On the linkage distance skill, it 
is evident that female and andrimoniceous plants are closely 
linked whereas  male and female are divergent.

Figure 7: UPGMA dendrogram based on Ward’s Squared Eu-
clidean distance illustrating the genetic relation among male, 
female amd hermaphrodite Simarouba individuals using 50 
RAPD primers. P1: Female plant sample; P2: Female plant 
sample; P3: Andromonoecious plant sample; P4: Andromo-
noecious plant sample; P5: Male plant sample

DISCUSSION

In the present study, Random amplified polymorphic DNA 
primers were tested on diecious and hermaphrodite plants of 
Simarouba glauca. The Jaccard’s similarity co-efficient con-
structed by binary data of the RAPD-PCR amplification was 
ranged between 0.63 to 0.81 among Simarouba individuals. 
The lowest coefficient (0.63 ) was found between male  and 
female  plant and the highest similarity coefficient (0.81) was 
found between female and andromonoecious plants. This re-
veals the least similarity between male and female plants. 
Dendrogram was constructed to determine the genetic rela-
tionship among the Simarouba individuals. Cluster analysis 
based on Squared Euclidean distance is represented by the 
results obtained from oligo primers. On linkage distant scale, 
it is evident that female and andromonoecious are closely 
linked. Male is distinctly linked to both female and andromo-
noecious. The individual of each sex does not form separate 
cluster; instead, they are mixed, indicating that they are evo-
lution. The most extreme type of gender determination sys-
tem is found where highly specialized gender chromosomes 
are found, which usually promotes dioecy in plants.20 The 
evolution of dioecy from the hermaphrodite species is con-
sidered unlikely, since the occurrence and establishment of 
two independent mutants, one for female and other for male 
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sterility must occur simultaneously, and the mutant genes or 
multiple loci must be tightly linked so that generation of the 
hermaphrodites does not occur by recombination.21 As di-
oecism has raised in different families and genera of plants22 

the development of molecular strategies of dioecious taxa 
has been a priority in breeding programmes for their greater 
economic potentials Marker-based differences in the genetic 
relationships between Simarouba genotypes showed that 
cluster tree analysis has grouped of male and female plants 
genotypes in separate groups

CONCLUSION

The use of molecular markers to distinguish the genders has 
been employed when the genetic mechanism of gender deter-
mination is not available. Molecular marker-based technol-
ogy has proved a reliable strategy for detecting gender-asso-
ciated markers in dioecious and bisexual plants. The RAPD 
marker technique is the cheapest, user friendly and reliable 
tool used for efficient fingerprinting of many plants. The ol-
igo primers used in the present study were found consistent 
and reproducible. RAPD marker technique proved to be use-
ful in the present investigation. Studies on marker technol-
ogy regarding dioecy have rendered a better understanding 
of dimorphism’s development and evolutionary process.  
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