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Abstract

Introduction:VitexnegundoL.is one of the most important medicinal plants because it contains a set of

clinically important compounds.

Objective:In the present study, the genetic diversity ofV. negundofrom five different geographical origins of
Western Ghats was assessed through Single Nucleotide Polymorphism (SNPs).

Methods: To assess genetic diversity we conducted sequencing of the genomes from five populations of V.

negundo and compared the data to a reference genome assembly.

Results:14 SNPs were discovered when compared the sequence of five different populations by direct
partial sequencing of genes (trnL). UPGMA clustering indicated two main groups.Our genome-wide

assessment of SNP variation in V. negundo revealed high levels of genetic variation.

Conclusions:This approach determining population genetic structure using SNPs from genome-wide
comparison constitute a framework for high-throughput analyses genetic diversity in plants, particularly in

species with genetic diversity.
Keywords:Genetic diversity, Vitex negundo L. SNP markers.

INTRODUCTION

Determining the extent and distribution of genetic diversity is an essential component for
conservation strategies. (Estoupet al., 1998). Assessment of genetic diversity prevalent in the germplasm
needs immediate attention for the improvement of a species (Lakhanpaulet al., 2003). To understand the
effective management of plant genetic diversity from a conservation point of view it is essential to consider
the variation richness and distribution at intra and interspecific levels (Padmalatha and Prasad 2007).
Conservation of plant genetic diversity has recently generated a lot of interest in the tropics as a result of
mismanagement, adverse environment as well as socio-economic changes. Population genetic theory
predicts that the decrease in the genetic diversity limits a species ability to keep pace with the changing

selection pressure (Young and Merriam, 1992). Characterization of the genetic diversity and examination of
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the genetic relationship among V. negundo are important for the sustainable conservation and increased use
of plant genetic resources.

Vitex negundo L. (Verbenaceae), a large, aromatic shrub found throughout the greater part of India.
The whole plant is used in anticancer, inflammations, antiseptic, antipyretic, diuretic, antihistamine,
antioxidant, antibacterial, antinociceptive, antiandrogenic, hepatoprotective, antifertility, skin aging inhibitor
and anti dopaminergic effects (Vishal, 2005). Constituents previously isolated from the plant include eight
lignans, flavonones, non diterpene, pentacyclictriterpenoidsand flavonoid glycoside (Azharet al., 2006).
Vitexin (Flavonoid) has potent and broad antitumor efficacy in preclinical models of ectopic growth of
breast, prostate, liver and cervical cancer cells (Ying et al., 2009).The extensive development of molecular
techniques for genetic analysis in the past decade has led to the increase of the knowledge of plant genetic
diversity. The molecular markers best suited for detecting genetic diversity should be relatively easy and
inexpensive to use and should evolve rapidly enough to be variable within populations. DNA makers are
valid tools for the evaluation of biological materials, both for genetic diversity studies and for the
discrimination of samples (Angiocilloet al. (1999); Bandelyet al. (2002); Garant and Kruuk, (2005);
Morgante and Salamini, (2003). It is therefore, a natural extension for this molecules approach to be applied
for medicinal plants for identifying the superior genotypes (Dal Marsoet al.,2004; Hernandez et al., 2005).

SNPs are nucleotide variations in the DNA sequence of individuals in a populationand constitute the
most abundant molecular markers in the genome. Analysis of variations in plant genomes is increasingly
focused on single-nucleotide polymorphism (SNP) analysis, increasing the need for fast yet reliable, simple,
and cost-effective techniques to handle the large number of these polymorphisms within large plant genomes
(Toni and Robert, 2003). They aresuitable for automation and can be used for a range of purposes, including
rapididentification of species, construction of ultra high-density genetic maps,and association studies related
to genetic disorders (Douabin-Gicquel et al.,2001). SNPs are widely distributed throughout genomes
(Halushka et al., 1999),although studies have shown that the occurrence and distribution of SNPs

variesamong species.

The aim of this work was to discover new SNPs and genetic diversity among five population of V.
negundo from Western Ghats of India among SNPs markers.

METERIALS AND METHODS

Plant Material

Five accessions of V. negundo originating from different growing areas of Western Ghats of India were used
in this study. Young leaves of each sample uses take in plastic bags for transport from the field to the

laboratory. The samples were maintained in deep freezer at.70%.
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DNA extraction from leaves

Genomic DNA was extracted from fresh leaves of the V. negundo by using a CTAB method UtaPich and
Ingo Schubert (1993). After extraction, the samples were treated with RNase A for 30 min at 37 °C and run

in 1 % agarose gel in TAE 1X buffer in presence of ethidium bromide (1pg/ml).
Primer desing

PCR primers were designed using primer 3 program (Rozen and Skaletsky, 2000) and the sequence of partial
cDNA of trnL genes available from GenBank at NCBI website (http://www.ncbi.nlm.nih.gov). The
sequences were amplified by polymerase chain reaction (PCR). Sequence of the trnL genes were PCR
amplified for the five different accessions of V.negundousing the primer: trnL F. 5
ATGTCACCACAAACAGAGACTAAAGC 3" and trnL R: 5 GTAAAATCAAGTCCACCRCG3..

PCR and Sequencing

PCR reaction mixes were prepared for each sample by mixing 5ul of 10X PCR buffer, 2ul 10 mMdNTPs, 5
pl of 10 mM MgCly, 1l of primer (at 10uM), 0.5 U of Tag DNA polymerase, 10 pl of diluted genomic
DNA (25 ng/ul) and 25.5 ul of water. Cycling parameters were as follows: 94°C for 5 min followed by 40
cycles of 94°C for 30 second, hybridizing step for 1 min. Products were separated by agarose gel
electrophoresis to check for efficiency of amplification and to ensure that only a single product of the
expected size was present. PCR products were then purified by passage through Wizard® ‘SV gel and PCR
clean-up system purification columns and sequenced tree times from either end using the same forward
primers are used in initial terminator cycle sequencing kit version 3.1 (Applied parameters) was used

according to manufacturer’s instructions.
Marker discover strategies

The most direct approach to the discovery of DNA polymorphisms is direct sequencing of PCR products
from five populations of V. negundo. Polymorphisms between the sequences were identified by sequence
alignment. Furthermore, the trace outputs from the sequences were evaluated by eye to identify possible

areas of heterozygous sequence.
Genetic diversity and Data analyzes

For each SNP marker two alleles are genetically present yielding five populations of V. negundo. Allelic and
genotype frequencies for each marker were estimated by simple counting. Power of discrimination (PD) was

calculated using following formula (Kloostermanet al., 1993).
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pD=1-2 2 g

Where f ils the frequency of the ith genotype and the sum is overall genotypes. The SNP genotypes

were then recorded in a 0/1 data matrix, where 1 indicates the presence of a given allele and o its absence. So
each SNP was transformed into two columns with three possible states: 1/1 for heterozygote and 0/1 or 1/0
for the two homozygous genotypes.Jaccard’s similarity coefficient was calculated to measure the genetic
variability between five populations (Jaccard, 1908). Based on the genetic similarity matrix, the populations
were clustered by the unweighed pair group method with arithmetic averaging (UPGMA) using the program
NTSYS —pc version 2.1 (Rohlf, 1999).

RESULTS

Targeted sampling

The total length of high quality sequences analyzed obtained for the trnL genes was 495 bp. Comparison of
these sequences to the cDNA original sequences from which the primers were designed by BLAST2 seq
(Tatusova and Madden, 1999). SNP discovery was validated using direct sequencing of PCR products and
comparative analysis of sequences of five different populations of V. negundo (Fig 1).ltshaving SNPs or
insertions/deletions were detected in an allele-specific manner.Fourteen SNPs were finally identified within
the sequences of the genes of five different accessions (Table 1& Fig 2).

M G S M

M- Marker; G- Genomic DNA; S- PCR product

Figure 1.
Genomic DNA and PCR products of V. trifolia using SNP primer
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Table 1.

Position and types of the three SNPs discovered

Gene SNP position Type Accessions
trnL 1 2 AIG Va4 Vs
trnL 2 4 CIG Vs
trnL 3 7 T/IG Vs
trnL 4 10 T/IG Vs
trnL 5 11 AIG  Vy
trnL 6 13 GIT Vs
trnL 7 15 AlG Vu
trnL 8 159 CIT V:
trnL9 417 GIT Vs
trnL 10 479 AIG  V4Vs
trnL 11 485 T/IC  V4Vs
trnL 12 487 G/IC Vi
trnL 13 494 T/A V3
trnL 14 494 TIG V1
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Figure 2.

SNP position in the sequence comparison using the program

Marker characteristics

The genotype and allelic frequencies of the three SNPs and their power of discrimination (PD) varies
from 0.45 to 0.82 for the marker rbcL with an average value of 0.66.The observed heterozygoisty (Ho)
ranged from 0.21 to 0.54. The genotypic frequencies and allelic frequencies of each SNPs were varied

(Table 2).

Table 2.

Features and frequencies of new SNPs

PD Genotypic Frequencies Allelic Frequencies
(%) (%) (%)
trnL2 0.35 62 28.57A/A 57.14G/G A/G 56.4.:A 47.9.G
trmL4 0.28 73 14.28C/C 64.28G/G CIG 435:.C 78.3:.G
trnL7 040 82 35.71T/T 42.85G/G TI/G 58.9:T 53.6:G

SNP
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trnL10 0.29 74 28.57T/T 35.71/GG TIG 42.7°T  68.9:G
trnL11 056 79 21.42A/A 50.00G/G A/G 62.4:A 73.1.G
trnL 13 0.34 45 21.42G/G 42.85T/T GIT 43.8:G  48.2T
trnL15 0.23 57 57.14A/A 42.85G/G AIG 724:A  68.1.G
trnL 159 0.38 63 57.14C/C 2857T/T CIT 54.3:.C 5417
trnL 417 021 72 35.71G/G 21.42TI/T GIT 68.9:G  59.2.T
trnL 479 054 64 57.14A/A 64.28G/G AIG 57.8:A 81.2:G
trnL 485 0.48 73 42.85T/T 28.57C/C TIC 79.3T 78.2:.C
trnL 487 0.47 81 78.57G/G 50.00C/C GI/C 65.8:G 63.4:.C
trnL 494 039 75 14.28T/T  42.85A/A TI/A 35.9:T 63.7:A
trnL 494 0.32 78 35.71A/A 21.42GIG TIG 48.9:T  38.9:.G

Genetic diversity level

The three SNP markers in V. negundo from five populations and assess their potential in studying genetic
diversity. The lower coefficient of similarity (GS=0.20) was observed between the populations of V1 and V4
and the highest similarity (GS=1) occurred between V.& V3 (Table 3).

Table 3.

Similarity indices of five population of V. negundo using SNP markers

Pop V1 V> V3 Va4 Vs
Vi 1.00

V., 0.66 1.00

Vs - 066 1.00 1.00

Vs 020 022 022 1.00

Vs 028 033 033 023 1.00

Patterns of genetic diversity

The present study revealed a relatively low level of genetic diversity in V. negundobased on SNP markers.
Using UPGMA algorithm a dendrogram was constructed to infer phylogenetic relationships between the five
populations (Fig. 3). A Jaccard’s matrix was used to produce a dendrogram based on SI, which showed
distinct separation of the five accessions into two major cluster having 23 % similarity. Among the two
major clusters, the accessions belonging to the lowest cluster (LC) were collected from Vawhile accessions
V1, V2, Vand Vs belongs to the upper cluster (UC) had 31 % similarity. Further, the accessions of the UC
were grouped in to two major sub clusters USC1 from V1,V2 and V3 having 65 % similarity and USC2 from
Vs. The lower cluster (USC1) was divided into two sub cluster LSC1 and LSC2. The upper sub cluster LSC1
was further sub divided into two (USC1A) from Viand (USC1B) from V2 and V3 with a similarity of 100 %
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Figure 3.
Dendrogram of V. trifolia using Jaccard similarity coefficients from
SNP markers and UPGMA method

DISCUSSION

In general, the present study shows that populations of V. negundo possess a high level of genetic diversity.
The level of genetic diversity was determined by the mean of heterozygosity and percentage of polymorphic
loci. According to electrophoretic surveys by Nei and Roychoudhury (1974), Nei (1978), and Gorman and
Renzi (1979), a large number of loci should be examined if the number of individuals per locus is small. In
fact, a few individuals are sufficient for estimating heterozygosity if a sufficiently large number of loci are
examined (Gorman and Renzi, 1979). Although it is difficult to compare the data from electrophoretic and
SNP-based studies, preliminary data from recent electrophoretic assays (Norfiza et al., 2001) support the

conclusion that SNP markers provide more sensitive assays of genetic diversity.

Cluster analysis between populations of V. negundo revealed two major groups, with the Karaiyar
population being closely related to that from Maruthamalai population could be explained by its
geographical isolation which is expected to limit gene exchange between populations. This observation
suggests that SNPs could be employed as molecular markers for predicting whether a particular accession of

V. negundo

Our assessment of genome wide diversity of V. negundosuggests that it has high level of genetic
diversity and structure for all populations. Furthermore, our data suggest that SNPs may be necessary for
better resolution of relationships of samples among populations.The power of SNP discovery should not be
misconstrued as an indication of diversity in a species that shows overall genetic diversity; Although
chloroplast markers have been effectively used for studying plant distributions, low effective population size
in chloroplast DNA and reduced genetic diversity, compared with nuclear DNA. Chlorplast SNPs are more
variable and amenable to high throughput genotyping and will likely be the marker of choice for population-

level analyses of species with sequences genomes (Estoupet al., 2002).
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From this study, we have identified 14 SNPs that can be used as genetic markers in V. negundo.
Cluster analysis showed that diversity among the different accessions of V. trifolia corresponds well with the
geographic origins of each population. Similar work was done in Eurycomalongifolia by Asiahet al.(2003);
in Ricinuscommunis by Jeffrey et al. (2010); in Oat by Shiaomonet al. (2011); Panaz ginseng by Hongtaoet
al.(2010). These markers should prove useful in preserving genetic diversity among populations. The
distinction between the populations could be explained by its geographical isolation, which is expected to

limit gene exchange between populations (Asiahet al., 2003).
CONCLUSIONS

Our study demonstrates the utility of a SNP-based approach for assessing the population genetics of
medicinal plants. From this study, we have identified 14 SNPs that can be used as genetic markers in V.
negundo. Cluster analysis showed that diversity among the different accessions of V. negundo corresponds
well with the geographic origins of each population. These markers should prove useful in preserving
genetic diversity among domesticated populations of V. negundo. These SNPS may also be developed as
predictive markers for useful phenotypes.As new sequencing technologies emerge and more genome become
more available, our approach promised to be particularly useful for plant population studies due to the
resolving power of SNPs and the ability to rapidly assess diversity in a large number of samples. This study
represents one of the most extensive genomic studies of worldwide SNP variation in this medicinal plant.
With rapidly increasing capabilities in genome sequencing, this work provides a template for assessing
population structure. These results indicate that SNP markers would provide a rapid and easy way to

establish a fingerprint of each population for genetic variability.
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