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ABSTRACT: Lantana camara L., a well-known invasive
alien species causing invasion and posing threat to
native plant species community in different regions of
Bangladesh. The present study aimed to investigate the
genetic diversity of L. camara populations in different
regions of Bangladesh. Eight RAPD markers were used
in order to probe into its genetic variability. Total
number of bands (202), polymorphic loci (104), per-
centage of polymorphism (97.20%), average Shanon’s
information index (0.3051+0.115), Nei’s gene diversity
(0.4733£0.144) was found and in different populations
and multiple divergent genetic clustering along with
presence of unique alleles (4) for RAPD revealed high
genetic diversity among the populations of L. camara in
different regions of Bangladesh.

Keywords: Invasion, Admixture, Molecular marker, Genetic
diversity, Polymorphism.

I nvasion of alien plant species in different regions
throughout the world is regarded as one of the
most serious threat to biodiversity due to their
deleterious effect on local plant species diversity on
their introduced ranges and serious conservational
and ecological impact (1-3). L. camara L., native to
Central and South America which is known and listed
as one of the worst invasive alien species around the
world (4,5). This notorious invasive plant is growing
aggressively and affecting native species diversity in
different regions of Bangladesh (6-9). High genetic
diversity can stem from multiple introductions of

invasive plant population creating opportunity for
admixture, infusion of novel alleles and genetic
interactions among invader populations, that
elevates genetic variability and leads to invasion
success (10-15). Low genetic diversity facilitates
reduced capacity to resist control measures while
higher degree of genetic diversity could allow
adaptation to occur (different ecotypes of the same
weed species may rise as an adaptive strategy in
different environments of invaded habitat which may
require implication of different biological or chemical
controlling measures for the same species),
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furthermore, herbicide resistance genotype may
evolve due to mutation and facilitate higher fitness;
potentially reducing the effectiveness of biological
and chemical (herbicide) control measures (16-18).
Hence, it is important to understand genetic diversity
and population structure to determine a population’s
potentiality to become invasive and to explore their
invasion history (introduction, source, spread, gene
flow) for better management knowledge (19-23).
There are several studies regarding exploration of
genetic diversity of invasive species population to
investigate invasion history (24-26). Various studies
have been used genetic markers (RAPD, AFLP,
Microsatellite, SNP, RFLP) and advanced technology
(DNA microarray) to identify genotypes responsible
for adaptation in new habitats, potentiality for
hybridization among weed populations, mutations
for herbicide resistance and to develop advanced
chemical and biological control in weed management
(27). In this paper, we used molecular marker
(RAPD) and population genetic tools to focus on
genetic variability of L. camara L. populations, with a
view to aid further studies on its invasion history in
order to find out number and patterns of
introduction as well as dispersal mechanism across
different parts of Bangladesh.

MATERIALS AND METHODS

To analyze genetic diversity of L. camara L., leaf
samples were collected during the months of March
and April in 2017, from nine different locations at
least 50 m away from each other under the three
administrative  divisions Dhaka, Sylhet and
Chattogram of Bangladesh (Figure 1, Table 1) based
on several reports of invasion by L. camara L. (6,9).
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Figure 1. Geographic locations from which Lantana camara
L. specimens were collected for this study (round marked).
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Table 1. Geographic information of sampling sites. Here, P=
population, Dh= Dhaka, Sy= Sylhet, Ch= Chattogram, CH=
Curzon Hall, GH= Gowainghat, SK= Sitakundo, SA= Savar.

P Site  Location Latitude Longitude Sample
ID ) )
D1 SA 23.87945°  90.2689° 1
D2 SA 23.87891° 90.268° 1
Dh D3 SA 23.87375°  90.2653° 1
D4 SA 23.88608°  90.2678° 1
D5 CH 23.72705°  90.4016° 1
S1 GH 24.99725°  91.9365° 1
Sy S2 GH 24.99493° 91.9322° 1
ch C1 SK 22.60285°  91.6758° 1
C2 SK 22.6024° 91.6424° 1

After collection from the field, leaves were brought to
the laboratory, washed, then surface sterilized and
stored at -20 °C until DNA extraction. A modified 2%
CTAB extraction protocol was followed for faster,
and less expensive, high-throughput total genomic
DNA extraction (28). The extracted DNA samples
were then stored at -20°C after verifying the integrity
of the isolated DNA until subsequent PCR
amplification. In this study eight random amplified
polymorphic DNA (RAPD) were used (Table 2) and
PCR was performed using RAPD primers. For each
sample, at least two PCR amplifications were
performed to evaluate the reproducibility of the
bands obtained. For PCR amplification, amplification
was carried out in a total volume of 25 pl for each
sample containing 50 ng of template DNA, 12.5 pl of
PCR mastermix, 1 ul of 100 pico moles of primer and
8.5 ul of sterile de-ionized distilled PCR water. PCR
amplification was done in an oil-free thermal cycler
(Applied Biosystems 2720 Thermal Cycler). While
using RAPD, initial PCR condition was 94 °C for 4
minute followed by 35 cycles of denaturation at 94 °C
for 1 minute, annealing temperature for 30 seconds
then extension at 72 °C for 2 minutes and final
elongation step of 72 °C for 4 minutes was added.
RAPD  amplified products  were  separated
electrophoretically on 1.5 % agarose gel prepared using
100 ml 50xTAE buffer and containing 0.5 pg/ml
ethidium bromide. Agarose gel electrophoresis was
conducted in 50x TAE buffer at 90 V and 300 mA for
45 minute (for RAPD). DNA bands were observed on
UV-transilluminator and photographed by a gel
documentation system (Cleaver Scientific’s
MultiSUBTM). The RAPD band profiles were scored
visually and recorded as presence (1) or absence (0) of
bands. The binary quantitative data matrix obtained
were used to determine the total number of bands,
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Table 2. Eight arbitrary RAPD primers with, primer
sequences, total number of allele (allelic richness) per locus
for in Lantana camara L. selected for genetic analysis.

Primers Sequence 5-3’  Total allele
RAPD 132 AGGGATCTCC 19
RAPD 122 GTAGACGAGC 31
RAPD 104 GGGCAATGAT 12
RAPD 105 CTCGGGTGGG 9
RAPD 106 CGTCTGCCCG 50
RAPD 127 ATCTGGCAGC 27
RAPD 180 GGGCCACGCT 26
RAPD 186 GTGCGTCGCT 28

unique bands, common bands as well as several
measures of genetic diversity including number of
polymorphic loci, percentage of polymorphism, mean of
observed number of allele, effective number of allele,
Nei’s gene diversity, Nei’s genetic distance and Shanon
diversity Index by wusing the computer program
—POPGENE V 1.32 (29-31). Principle Coordinate
Analysis (PCoA) was performed to reveal Associations
among the individuals from different populations by
using the software GenAlex6.5 (32).

RESULTS

In order to investigate genetic diversity of L. camara
L., we analyzed data obtained from both RAPD and
microsatellite band profiling. RAPD data analysis
showed that 50-9 bands/alleles were produced per
locus with a total of 35 alleles over all loci. RAPD
data analysis showed the highest number of total
bands (159), common bands (122), polymorphic loci
(90) with 84.11% polymorphism within the
population of Dhaka and a total of 4 unique bands,
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Shanon’s information index were found 0.5064 and
0.1101 for Dhaka and Sylhet respectively. Nei’s gene
diversity was found 0.3484 and 0.0794 for Dhaka
and Sylhet respectively for all RAPD markers (Table
3). Genetic distance among the populations revealed
by RAPD data (Table 4) shows least genetic distance
among the samples of Sylhet and Chattogram
indicating genetic closeness. Samples from Dhaka
population showed diversified pattern of genetic
distance. Two of the samples D2 and D3 showed high
genetic distance with D1 (0.888) and D4 (0.683),
however D2 and D3 anomalously showed low or no
genetic distance with samples from Sylhet (0.182-
0.242) and Chattogram respectively. Among the
samples from Dhaka, D5 showed more or less high
distance with samples of Dhaka (0.9593) as well as
Chattogram and Sylhet.

Table 3. Number of total bands, common bands, unique
bands, polymorphic loci and polymorphism (%) and
summary of genetic variation statistics. Here, (Na=
observed number of allele; Ne= effective number of
allele; 1= Shanon’s information index; h= Nei’s gene

diversity) in populations of Dhaka, Sylhet and
Chattogram (Chatt.) for RAPD and microsatellite
primers.
Population Dhaka Sylhet Chatt. Total
Total band 159 43 0 202
Common band 122 36 0 158
Unique band 4 0 0 4
Polymorphicloci 90 17 0 104
Polymorphism 84.11 % 1589% 0.0% 97.20 %
. 1.8411 11589  1.0000  1.9720
Na* (MeantSE) (3573 (0.3673)  (0.0000)  (0.1659)
1.6200 11589  1.0000  1.4794
*
NEERIEEE) g paee (0.3673)  (0.0000)  (0.2500)
. 0.3484 0.0794  0.0000  0.3051
h*(Mean+SE) 4765 (0.1836)  (0.0000)  (0.1155)
0.5064 0.1101  0.0000  0.4733
I e (0.2346) (0.2546)  (0.0000)  (0.1448)

Table 4. Nei's genetic distance (below diagonal) of RAPD primers in different samples of L. camara L. of the
different populations from Dhaka, Sylhet and Chattogram regions. Here, P represents population.

P D1 D2 D3 D4 D5 S1 S2 C1 Cc2
D1  0.00

D2 0.8886 0.00

D3  0.8886 0.0000 0.00

D4  0.4387 0.6838 0.6838 0.00

D5 0.9593 05457 0.5457 0.4681 0.000

S1 0.9352 0.1842 0.1842 0.7608 0.5457  0.000

S2 0.9593  0.2420 0.2420 0.9593 0.7025 0.1730 0.000

C1 0.8886  0.0000 0.0000 0.6838 0.5457 0.1842  0.2420  0.000

C2 0.8886 0.0000 0.0000 0.6838 0.5457 0.1842 0.2420 0.0000  0.000
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Samples from Chattogram showed no bands at all for
any of the RAPD primers, hence shows extreme
difference with Dhaka. The mean effective number of
allele ranged from 1.6200 to 1.00. Similar results
were obtained after principal coordinate analysis of
the studied populations for RAPD, which shows the
location of all studied populations in a coordinate
system. Principal coordinate analysis (PCoA) showed
a clear clustering of 6 individuals in which each two
individuals were from Dhaka, Sylhet and Chattogram
(Figure 2). The rest of the individuals were
genetically distant from each other. In this PCoA at
the individual level, the first and second coordinate
was accountable for 54.29% and 22.84% of genetic
variability. These two coordinates together explain
77.12% genetic variation.
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Figure 2. A dendrogram based on Nei‘s (1972) genetic
distance summarizing the data on differentiation
between 9 samples of the populations of L. camara L.
from Dhaka (D1- D5), Chattogram (C1- C2) and Sylhet
(S1-S2) regions according to RAPD analysis.

DISCUSSION

As an invasive species, L. camara L. has not been
studied at molecular level yet in Bangladesh. This
study is the first attempt to investigate the genetic
diversity of L. camara L. in Bangladesh using the
RAPD method. The eight arbitrary RAPD primers
produced a total of 202 bands among three different
populations, total 104 polymorphic locus showed
97.20 % of polymorphism. Average of other diversity
indices like Shanon’s information index, Nei’s gene
diversity was found 0.3051+ 0.115 and 0.4733+
0.144 respectively for all RAPD markers, which
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varied among three different populations of L. camara
L. Vysniauskiene et al. studied genetic diversity of
invasive alien species Lupinus polyphyllus in Lithuania
using six RAPD markers and found high genetic
diversity with an average of 24.17+2.11 RAPD bands,
151 polymorphic bands, an average of 52.6 %
polymorphism and Nei's genetic diversity
0.1552+0.860 (18). Furthermore, in our study Nei’s
genetic distance among the samples from different
populations as well as the dendrogram for RAPD
showed that samples from Sylhet, Chattogram
showed slight region specificity as genetic distances
within the samples from Sylhet as well as
Chattogram were negligible but samples from Dhaka
showed peculiarity, some of the samples showed
region specificity while others didn't and the
majority of the studied samples grouped regardless
of the geographical distances between them. Such
result indicates presence of genomic constituents
from different allopatric populations, which indicates
possibility of separate introduction in Sylhet and
Chattogram from genetically distinct native
populations as well as in Dhaka lantana populations
might be introduced in different times from different
source population or may indicate human mediated
spread (17) of this invasive.

There are several other research (33,25), used
molecular markers to study genetics of the invasive
plant and found high genetic diversity. These studies
substantiate high genetic diversity of L. camara L.
found in our study. Furthermore, Ray and Quader
found high genetic diversity, private polymorphism
and multiple genetic clustering for lantana
populations within India (26). In the present study,
although genetic distance study and multiple
divergent genetic clustering in denrogram for RAPD
marker showed anomaly in genetic distance
regardless of geographic distance at some extent but
other various diversity metrices, polymorphism,
presence of unique bands altogether showed high
genetic diversity among the populations of L. camara
L. and indicates that population clustering has some
region specificity. Genetic variability of weed
population poses significant challenges for proper
control and management of weed populations.

As several studies demonstrated invasive status of L.
camara L. in Bangladesh and our research clarifies
the high genetic diversification of L. camara L.
populations; therefore, caution should be exercised
during further introduction of genetically distinct
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group of lantana from divergent sources to prevent
subsequent increase of its genetic variability (6,8,9).
Higher genetic divergence as well as population
differentiation will require a wider range of possible
controlling measures to stop the spread of this
invasive species.

CONCLUSION

The present study summarizes high genetic diversity
among populations of L. camara L. in different
regions of Bangladesh, and it also supports the idea
of introduction of genetically distinct groups of L.
camara L. from divergent founders from different
geographic sources in Bangladesh. This study will
help knowing the dispersal patterns, adaptive
strategies and the control measures and proper
management approaches of this notorious invasive
plant L. camara L. in different regions of Bangladesh.
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