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Abstract

Coriander (Coriandrum sativum L.) is an annual spice herb that belongs to umbel family Apiaceae with

diversified uses. We investigated the extent of variability among 22 Indian varieties of coriander using phenotypic

and genetic markers. Multilocus genotyping by nine RAPD primers detected an average of intraspecific

variations amounting to 66.18 % polymorphism in banding patterns. Analysis of molecular variance indicated

that a greater proportion of total genetic variation exists within population (98%) rather than among populations

(2%). Higher values of Nei’s gene diversity (h) and Shannon Information Index (i) and genetic distance analysis

validate wider genetic diversity among Indian coriander varieties. Besides total internal transcribed spacer (ITS)

length variations and single nucleotide polymorphisms, insertions/deletions (INDELS) were detected at seven

sites in ITS-1 region. Multiple sequence alignment of 12 sequenced varieties revealed cent per cent identities of

5.8S gene region (162 bp) that validates its conserved nature. Multiple sequence alignment of ITS-1 region may

be of phylogenetic significance in distinguishing and cataloguing of coriander germplasm. The representative

sequences of each subgroup and all distinct varieties of RAPD clusters have been submitted to NCBI database

and assigned Gen Accession numbers HQ 377194-377205. The measures of relative genetic distances among

the varieties of coriander did not completely correlate the geographical places of their development. Eventually,

the knowledge of their genetic relationships and DNA bar coding will be of significance.
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Introduction

Coriander (Coriandrum sativum) is an annual aromatic herb

that belongs to the umbel family (Apiaceae) with a wide diversity of

uses. Its rapid life allows it to fit into different growing seasons, making

it possible to grow the crop under a wide range of conditions

(Diederichsen, 1996). Coriander has long been cultivated in the

Mediterranean region, Southern Europe, Asia and the Caucasus.

The major coriander producers includes members of the former

Soviet Union, Hungary, Poland, Romania, Czech Republic, Slovakia,

Morocco, Canada, India, Pakistan, Iran, Turkey, Guatemlu, Mexico

and Argentina (Lopez et al., 2009; Qureshi et al., 2009). The fresh

green herb and a dry spice are the two main products obtained from

coriander plants besides steam distilled oil and solvent extracted

oleo-resin for the aroma and flavour industry (Islam et al., 2009;

Msaada et al., 2009).

It is used as spice, in perfumery, food, beverage and

pharmaceutical industry, medicine such as antioxidant, treatment of

nervous disorder, gut modulatory, blood pressure lowering and

diuretic activities, anti diabetic and  antimicrobial agent (Isabelle et

al., 2010; Qaiser et al., 2009; Ylmaz, 2008). The knowledge and the
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extent and magnitude of genetic variability of agronomic and quality

trait is limited. Three such species and 10 botanical varieties have

been proposed at the intra specific level (Diederichsen and Hammer,

2003; Lohwasser et al., 2008) based on phenotypic characteristics.

Nevertheless, molecular evidence does not support classifications

based on phenotypic and/or biochemical characteristics (Lopez et

al., 2007).

The data from RAPD analysis have indicated greater genetic

diversity than allozymes in plant species (Esselman et al., 2000;

Esselman et al., 1999). RAPD uses 10-base pair primer to amplify

the random portion of genome. It is high throughput marker

technology, which allows the analysis of individual and large number

of markers in relatively short time, as only a few primers allow the

generation of sufficient data to obtain a robust estimate of diversity

index and have allowed the resolution of complex taxonomic

relationships (Casiva et al., 2002; Cottrell et al., 1997).

The nuclear ribosomal RNA (r RNA) gene complex is a

tandem repeat unit of one to several thousand copies. This complex

has several domains that evolve at varying rates and have different

phylogenetic utilities. The 18 S and 28 S rRNA genes evolve relatively

slowly and are useful in addressing broad phylogenetic hypothesis

involving a broad range of organisms (Cullings, 1994; Maidak et al.,

1997). The rate and patterns of internal transcribed spacer (ITS)

sequence mutation are typically appropriate for resolving relationships

among species and genera (Baldwin et al., 1995; Herskovitz et al.,

1999). Although, thousands of copies of the ITS exist in Angiosperm

genomes, they are generally homogenized by concerted evolution,

and thus can be treated as a single locus (Baldwin et al., 1995).

The ITS evolves relatively quickly and can be useful in

determining inter-species (Cullings et al., 1996; Vogler and Bruns,

1998) and sometimes intra-species relationships (Baura et al., 1992).

This region of DNA was shown to contain considerable phylogenetic

information (Hershkovitz and Lewis, 1996). The ITS polymorphism

might occur at a genus, species or individual levels, making it useful

for phylogenetic, evolutionary and bio-geographical diversity studies

(Carvalho et al., 2009).

The existence of sufficient level of genetic variability is a pre-

requisite for crop improvement. Therefore, detailed investigation of

the putative varieties for different morphological, agronomic and

quality traits is necessary in order to know the nature and extent of

variations in morphological traits and their phylogenetic grouping.

Present investigation is an attempt to explore the extent of genetic

diversity based on nuclear ribosomal DNA-ITS single nucleotide

polymorphisms (SNPs) and RAPD analysis in 22 Indian varieties of

Coriandrum sativum for breeding and crop improvement.

Materials and Methods

Field experiment: A field experiment with 22 varieties of Coriandrum

sativum was laid in 5 ×3.2 m2 plots with three replications at National

Research Centre for Seed Spices, Ajmer, Rajasthan during winter

season of 2009-2010. The observations regarding days to 50%

flowering, plant height (cm), number of branches, umbel diameter,

umbel plant-1, umbellate umbel-1, seeds umbellate-1, seeds umbel-1,

1000 seed weight and seed yield (gm plot-1) were recorded. Seed

yields were expressed in terms in q ha-1 for comparison. The fresh

leaves were collected at flowering stage for DNA analysis.

DNA isolation: The total DNA was extracted from 100 mg of

composite fresh leaves sample of each of the 22 varieties of

Coriandrum sativum and crushed with pestle and mortar in liquid

nitrogen. The plant genomic DNA Purification spin kit “Hi Pura” of Hi-

media Company and protocols suggested by Sambrook et al. (1989)

and Birren and Lai (1993) were followed for genomic DNA isolation.

Finally, 200-µl of genomic DNA was eluted in Tris-EDTA buffer (TE)

for DNA fingerprinting.

RAPD amplification: Multilocus genotyping using RAPD technique

with a set of 20 decamer random primers of OPA, OPB, OPP and

OPN series (Operon Technologies, USA) was performed for initial

screening of 22 varieties of Coriandrum sativum. Amplification was

performed in a total reaction mixture of 25 µl. Each reaction mixture

contained: primer, 2 µl (50 pmol/ µl); dNTP mix, 2 µl (2mM); MgCl
2
,

1 µl (25 mM,); Taq DNA polymerase, 0.5 µl (5U/ µl); 10× PCR

buffer, 2.5 µl, 13.0 µl of dH
2
O and 4 µl of genomic DNA (approx 40-

60 ng). RAPD-PCR amplification were performed in a gradient thermal

cycler (Corbett Research, USA) with lid heating option at 110°C with

initial denaturation step of 94°C for 3 min followed by 36 amplification

cycles of 94°C for 40 s, 50°C for 40 s and 72C for 2 min and final

elongation at 72°C for 10 min.

The PCR amplification products were electrophoretically

separated on 1.6% agarose gel (Sigma) prepared in 1× TAE (Tris–

Acetic acid-EDTA). The gel was run for 3 h at  50 V. The staining

was done with ethidium bromide and visualized under 300 nm UV

light and photographed. The gel photographs were scored for

presence (1) and absence (0) of scorable bands with the assumption

of positional homology.

Molecular data analysis: To establish the intra-specific genetic

relationship among 22 varieties of coriander, similarity coefficients

were used to construct dendrograms depicting the genetic relationship

implying the Unweighted Pair Group Method using Arithmetic

Averages (UPGMA Algorithm) of the NTSYS-pc, Version 2.02 h

programme (Rohlf, 1997; Sneath and Sokal, 1973). To perform

molecular analysis, the varieties were divided into six populations

based on the state they represent i.e. pop 1 (Haryana), pop 2

(Rajasthan), pop 3 (Tamil Nadu), pop 4 (Gujarat), pop 5 (Andhra

Pradesh). Whereas, population 6 included single variety from more

than one states. Principal coordinate analysis via covariance matrix

was calculated using GenALEx 6 software (Peakall and Smouse,

2006). Whereas, diversity in the frequency of fragment size of RAPD

patterns was apportioned within and among coriander varieties using

Shannon’s information index (i) (Lewontin, 1972) and gene diversity

index (h) following Nei (1973).

PCR amplification of internal transcribed spacer (ITS) region:

The genomic DNA of 12 coriander varieties namely, ‘Hisar Sugandh’,
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‘Rajendra Swathi’, ‘Hisar Surbhi’, ‘Azad Dhania’, ‘NRCSS ACr-1’,

‘CO-3’, ‘CO-4’, ‘GCr-1’, ‘GCr-2’, ‘RCr-435’, ‘RCr-436’ and ‘RCr-20’

representing different RAPD clusters and all out group varieties

were used for amplification and sequencing of 5.8S gene region.

The PCR primer ITS-1 and ITS-4 developed by White et al. (1990)
were used to amplify the ITS of ribosomal DNA, which encompasses

the 5.8S gene and both ITS-1 and ITS-2 regions. Amplification by

PCR was performed in a total volume of 50 µl containing: 1 U Taq

DNA polymerase (Promega), 2.5 mM MgCl
2
, 160 µM dNTP mix

(MBI, Fermentas), 50 pmol of each ITS-1 and ITS-4 primers, 50 ng

genomic DNA in dH
2
O. Two drops of mineral oil (Sigma Chem) were

added before PCR. The reactions were performed in the gradient

thermal cycler with following conditions. 1 min denaturation at 95°C,

30 s annealing at 50°C, 1 min 20 s elongation at 72°C, for 34 cycles

with a final elongation step of 72°C for 10 min. The PCR products

were visualized on 1.6 % agarose gel (w/v) in 1× TAE buffer at 60

V for 100 min. Agarose gels were stained with ethidium bromide and

photographed under UV light for amplified ITS products.

Sequence analysis: Nucleotide sequence comparisons were

performed by using the Basic Local Alignment Search Tool (BLAST)

network services against the National Centre for Biotechnology

Information databases. The multiple sequence alignment of ITS region

(ITS-1, 5.8S r-RNA gene and ITS-2) of all the ten representative

coriander varieties was performed using CLUSTAL X (1.8) software

to detect single nucleotide polymorphism. The phylogenetic

relationships among the genotypes was estimated after the construction

of a phenogram based on multiple sequence alignment of rDNA ITS

sequences with the Tree View software (Page, 1996).

Results and Discussion

The phenotypic characterization data of 22 coriander

varieties indicated significant variations in most of the characters

studied (Table-1). The days to 50% flowering varied from 48 to 76,

plant height varied from 41 to 82 cm; number of branches plant-1 from

2 to 6; umbel diameter varied from 3 to 5, umbel plant-1 varied from

36 to 66, umbellate umbel-1 varied from 4 to 7, seeds umbellate-1

varied from 5 to 9, seeds umbel-1 varied from 18 to 50, 1000 seed

weight varied from 11.8 to 22 g the minimum seed yield of 4.04 q ha-1

was recorded from ‘Swathi’ variety of Andhra Pradesh and the

maximum yield 10.70 q ha-1 was recorded from ‘GCr-2’ of Gujarat.

A set of 20 decamer random primers of OPA, OPB, OPP and

OPN series (Operon Technologies, USA) were used for initial

screening of 22 varieties of Coriandrum sativum of which 9 primers

detected intraspecific variations generating scorable amplicons and

revealed 68 bands in the range of 250bp to 4.5Kb (Table 2).

Among these, 45 bands were polymorphic amounting to 66.18%

Fig. 1(a): RAPD profiles of 22 coriander varieties amplified by primer OPA  (b): RAPD profiles of 22 coriander varieties amplified by primer OPB 10 02

(  A  )

(  B  )
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polymorphism and exhibited 42.86 to 87.5% polymorphism in

banding pattern. The number of PCR amplified products formed

ranged from 6 (OPB-05; OPP-02) to 12 (OPA-02) with an average

of about 7.6 bands per primer. The primer OPP-09 was most

informative primer which exhibited 87.5% polymorphism in RAPD

banding patterns. The RAPD profiles generated by two most

informative primers are shown in Fig. 1 (a-b). The UPGMA

dendrogram obtained from cumulative cluster analysis of nine primer

matrix using Jaccard’s similarity coefficient clearly delineated all 22

varieties of Coriandrum sativum. The combined dendrogram of the

9 random primer data matrix delineated 22 varieties into four main

clusters (Fig.2).

The first cluster contained varieties ‘Hisar Sugandh’, ‘RCr-

41’ and ‘RCr-453’, ‘Sudha’ and ‘CO-4’. The second cluster contained

varieties ‘Hisar Anand’, ‘Sindhu’, ‘NRCSS ACr-1’, ‘JD-1’, ‘GCr-1’.

H. Sugandh

RCr41

Rcr435

Sudha

CO
4

R. Swathi

H. Anand

Sindhu

NRCSSAcrl

JDI

GCrl

P. Haritma

A. Dhania

Swathi

H. Surabhi

RCr684

RCr20

CO
3

CO
1

GCr
2

CO
2

RCr436

0.80 0.84 0.88 0.92 0.96

Fig. 2: Dendrogram of 22 varieties of Coriandrum sativum  based on 9 RAPD informative primers

Fig. 3: ITS profiles of 12 varieties of Coriandrum sativum

Singh et al.
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‘Pant Haritima’ and ‘Azad Dhania’ with a distinct variety ‘Rajendra

Swathi’ to the group. The third cluster contained varieties ‘Swathi’,

‘Hisar Surbhi’, ‘RCr-684’ and ‘RCr-20’ with ‘CO-3’ as a distinct variety

to both cluster 2 and 3, whereas, the cluster 4 contained variety ‘CO-

1’, ‘GCr-2’, ‘CO-2’ and ‘RCr-436’.  The RAPD based dendrogram

exhibited that the coriander varieties of same location fall under

different clusters.

On the basis of delineation, one representative variety from

each RAPD sub group and all distinct varieties were selected for

nuclear ribosomal DNA internal transcribed spacer region sequencing

and multiple sequence alignment using CLUSTAL-X software

programme. All the 12 selected varieties of coriander generated a

single band of 675 bp (Fig. 3) which included partial sequence 18S

gene, complete sequence of ITS-1, 5.8S gene, ITS-2 and partial

sequence 28S gene upon direct sequencing using ITS-1 and ITS-

4 primers. The gene sequences have been submitted to NCBI

databases and assigned Gen Accession numbers HQ 377194 to

377205.  Multiple sequence alignment data showed variation in total

ITS lengths (ITS-1; 5.8S; ITS-2) from 596-598 bp (Table 3).

A uniform sequence length of 162bp of 5.8S gene region

and 221bp of ITS 2 region was recorded in all the 12 coriander

varieties sequenced. We report single nucleotide polymorphism at 7

sites mostly in ITS-1 region.  The multiple sequence alignment of all

the 12 representative varieties of coriander generated a phenogram

using Tree view software programme (Fig 4). The phenogram

shows delineation of 8 varieties viz., ‘CO-4’, ‘RCr-436’, ‘Hisar

Table 1: Morphological characters and yield data of 22 varieties of Coriandrum sativum

Variety State
Morphological characters

A B C D E F G H I J

Hisar Sugandh Haryana 58 65 5 4 55 6 6 35 12.48 10.49

Rajendra Swathi Bihar 55 59 4 3 57 6 7 39 14.69 5.79

Hisar Anand Haryana 59 61 4 4 66 6 7 39 19.26 9.59

Sudha Andhra Pradesh 50 44 3 4 42 4 5 18 21.88 5.13

Swathi Andhra Pradesh 50 44 2 5 36 4 5 19 18.55 4.04

Pant Haritma Uttarakhand 72 68 6 4 41 6 7 46 11.77 9.31

Hisar Surbhi Haryana 58 66 5 4 51 7 7 39 18.49 9.90

Azad Dhania Uttar Pradesh 70 80 5 4 52 6 7 41 12.28 8.98

Sindhu Andhra Pradesh 50 49 2 4 42 4 5 21 21.10 5.00

NRCSS Acr-1 Rajasthan 73 73 5 5 46 6 9 50 19.71 7.68

CO-1 Tamil Nadu 50 58 4 4 41 4 5 21 17.64 8.72

CO-2 Tamil Nadu 51 51 4 3 38 4 5 19 21.96 8.64

CO-3 Tamil Nadu 48 55 3 4 40 4 6 24 15.47 8.41

CO-4 Tamil Nadu 51 51 4 4 42 6 5 23 21.60 7.95

Gcr-1 Gujarat 55 66 3 3 40 6 8 42 17.05 10.39

Gcr-2 Gujarat 55 60 3 3 59 5 6 27 15.81 10.70

JD-1 Madhya Pradesh 55 56 5 4 51 6 7 40 14.29 8.26

Rcr-41 Rajasthan 76 82 5 3 49 6 7 40 15.56 8.68

Rcr-435 Rajasthan 56 68 4 4 44 7 7 46 15.19 10.07

Rcr-436 Rajasthan 50 41 3 4 44 5 6 28 20.24 6.06

Rcr-684 Rajasthan 57 47 4 4 41 5 6 23 19.15 8.18

Rcr-20 Rajasthan 56 53 5 4 57 5 6 28 17.90 7.68

A- Days to 50% flowering ; B- Plant height (cm); C- No. of branches; D- Umbel diameter (cm); E- Umbel per plant; F- Umbellate per umbel; G- Seed per

umbellate; H- Seed per umbel ; I- 1000 seed weight (gm); J- seed yield (q ha-1)

Table - 2: Details of primer code and per cent polymorphism of RAPD primers used

S.N. Primer code Primer sequence No. of bands Number of %

polymorphic bands Polymorphism

1. OPA-02 TGC CGA GCT G 12 8 66.67

2. OPA-09 GGG TAA CGC C 7 5 71.43

3. OPA-10 GTG ATC GCA G 7 4 57.14

4. OPB-05 TGC GCC CTT C 6 4 66.67

5. OPB-06 TGC TCT GCC C 8 5 62.50

6. OPB-10 CTG CTG GGA C 7 3 42.86

7. OPP-02 TCG GCA CGC A 6 3 50.00

8. OPP-09 GTG GTC CGC A 8 7 87.50

9. OPP-16 CCA AGC TGC C 7 6 85.72

TOTAL 68 45 66.18

Genetic divergence among Indian coriander varieties
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Sugandh’, ‘Rajendra Swathi’, ‘GCr-2’, ‘RCr-20’, ‘NRCSS ACr-1’

and ‘GCr-1’ as the most distinct varieties and separated them from all

other on the basis of SNPs. Further variety ‘Azad Dhania’ of cluster

2 was found related to variety ‘CO-3’ of cluster 3.

The principal coordinate analysis (PCA) of all the four

clusters considering them as six populations generated an over-

view of population distribution using GenALEx software

programme (Fig. 5). Interestingly, population one and six were

found widely distributed among 3 principal quadrates and seen

as genetically most distinct group of varieties as compared to

other populations. Analysis of molecular variance of RAPD data

(Table 4) revealed that a greater proportion of total genetic

variation existed within population (98%) rather than among

populations (2%). The results validate the existence of higher

genetic diversity among coriander varieties within the state rather

than among different states.

A summary of mean genetic variation statistics of all the six

populations and mean of all loci is presented by Table 5. The mean

values of all the six populations together for Nei’s gene diversity (h)

was 0.1843 and Shannon Information Index (i) was 0.2877. Results

showed that the genetic diversity of coriander varieties of Pop 3 was

the richest among the six populations and in Pop 5 it was the lowest.

Genetic analyses of coriander populations: To further elucidate

the gene differentiation between populations, Nei’s unbiased measure

of genetic distance were evaluated (Table 6). The Nei’s genetic

distance ranged from 0.0148 to 0.1134 based on RAPD analysis.

The largest genetic distances occurred between  population 1 and 3

and the least between populations 5 and 6. Whereas, the largest

genetic identity (0.9854) occurred between populations 5 and 6 and

the least (0.8928) between populations 1 and 3.

An insight of morphological markers vis-à-vis genetic markers

i.e., RAPD and nuclear ribosomal DNA internal transcribed spacer

region analysis indicated that there is no consistency in grouping C.

sativum varieties with similar morphological traits as phenotypically

similar varieties were genetically catalogued into different clusters of

RAPD dendrogram and phenogram generated through multiple

sequence alignment of r DNA region. This is evident from the fact that

coriander varieties belonging to different agro climatic zones fall into

Hissar Surabhi

RCr435

NRSS ACr-1

CO-4

RCe-436

Azad Dhania

CO-3

GCr-1

Hisar Sugandh

R. Swathi

GCr-2

RCr-20

Fig. 4: Phenogram generated by tree view of multiple sequence aligned rDNA region of 12 coriander varieties

Principal coordinates

Fig. 5: Principal coordinates analysis (PCA) of 6 populations of Coriandrum

sativum

Coord. 1

Singh et al.
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Table 3 : Nucleotide sequence length variation of ITS, 5.8S, ITS-2 region of 12 varieties of C. sativum

Variety ITS-1 5.8S ITS-2 Total ITS Gen accession
(bp) (bp) (bp) length (bp) number

Hisar Sugandh 214 162 221 597 HQ377194

Rajendra Swathi 215 162 221 598 HQ377195

Hisar Surbhi 215 162 221 598 HQ377196

Azad Dhania 215 162 221 598 HQ377197

NRCSS Acr-1 214 162 221 597 HQ377198

CO-3 215 162 221 598 HQ377199

CO-4 214 162 221 597 HQ377200

Gcr-1 214 162 221 597 HQ377201

Gcr-2 215 162 221 598 HQ377202

Rcr-435 214 162 221 597 HQ377203

Rcr-436 213 162 221 596 HQ377204

Rcr-20 215 162 221 598 HQ377205

Table 4 : Summary of AMOVA (Analysis of Molecular Variance)

Source df SS MS Est. Var.  Percentage

Among populations 5 36.577 7.315 0.122 2%

With in populations 16 110.150 6.884 6.884 98%

Total 21 146.727 7.006 100%

Table 5 : Summary of geneic variation statistics for all loci in population (Pop) 1-6

Locus (mean) Sample Size na ne h i

Pop 1 3 1.2639 1.1713 0.1000 0.1485

Pop 2 6 1.3472 1.2062 0.1207 0.1811

Pop 3 4 1.4444 1.2640 0.1570 0.2364

Pop 4 2 1.3056 1.2161 0.1266 0.1848

Pop 5 2 1.1667 1.1179 0.0690 0.1008

Pop 6 5 1.3750 1.2342 0.1337 0.1994

Mean of all loci 22 1.6806 1.2954 0.1843 0.2877

na =Observed number of alleles, ne = Effective number of alleles, h = Nei’s gene diversity, i = Shannon information index

Table 6 : Nei’s unbiased measures of genetic identity and genetic distance

Population (Pop) Pop 1 Pop 2 Pop 3 Pop 4 Pop 5 Pop 6

Pop 1 **** 0.9547 0.8928 0.9144 0.9579 0.9549

Pop 2 0.0463 **** 0.9264 0.9409 0.9324 0.9547

Pop 3 0.1134 0.0764 **** 0.9551 0.8988 0.9117

Pop 4 0.0895 0.0609 0.0459 **** 0.8958 0.8957

Pop 5 0.0430 0.0700 0.1067 0.1101 **** 0.9854

Pop 6 0.0461 0.0464 0.0924 0.1101 0.0148 ****

Nei’s genetic identity (above diagonal) and genetic distance (below diagonal)

same phylogenetic cluster i.e., the varieties of coriander of all the six

populations representing different agro climatic regions were widely

distributed under two or more phylogenetic clusters. Similarly all the

four phylogenetic clusters contained varieties representing different

agro climatic zones. The high yielding varieties i.e. ‘Hisar Sugandh’,

‘Hisar Anand’ and ‘Hisar Surbhi’ of population 1 representing Haryana

state were widely distributed across the clusters 1, 2 and 3. Similarly,

the high yielding varieties i.e. ‘GCr-1’ and ‘GCr-2’ representing

population 4 from Gujarat state fall in to different phylogenetic clusters

2 and 4. It suggests that coriander genetic diversity has wide genetic

distribution across agro-climatic zones. Similarly, the coriander

varieties having significant differences in yield and yield contributing

traits are grouped under same clusters and vice-versa.

The measures of relative genetic distances among

populations did not completely correlate the geographical distances

of places of their origins. For instance, studies on other plant species

and seed spices (Bunium persicum) Pezhmanmehr et al. (2009),

(Daucus carrota), Brandeen et al., (2002), (Phaseolus vulgaris),

Martins et al. (2006) and (Matricaria chamomilla), Solouki et al.

(2008), (Trigonella foenum-graecum), Kakani et al. (2011) have

also been reported with low correlation between geographic

Genetic divergence among Indian coriander varieties
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distribution and genetic distances measured by DNA markers. Lopez

et al. (2008) assessed the phenotypic, biochemical and molecular

diversity in C. sativum germplasm. They reported that weak

correlation between phenotypic and biochemical matrices and

between biochemical and AFLP matrices and reported no correlation

between phenotypic and AFLP matrices. Further, they attributed this

is due to phenotypic plasticity and wide spread trade of coriander

seeds as  a spice, which might have resulted in poorly differentiated

molecular variation, even when phenotypic and biochemical

differentiation is easily documented.

DNA based markers provide precise information on genetic

diversity because of the independence of the confounding effects of

environmental factors (Powell et al., 1995). RAPD markers are

based on random priming, which randomly screen various regions

of the genomic DNA. In this study, RAPD marker system revealed

high levels of polymorphism among the coriander varieties (66.18%),

indicating its effectiveness for evaluating genetic diversity in coriander.

The significance of wide genetic diversity using DNA based markers

like RAPD, ISSR and AFLP have also been reported in seed spices

i.e., black cumin (Bunium persicum) Pezhmanmehr et al. (2009);

Cumin (Cuminum cyminum) by Kermani et al. (2006); Muminovic

et al. (2004); Fenugreek (Trigonella foenum-graecum) by Kakani

et al. (2011). Whereas, Omidbhaighi et al. (2009) reported 34.48

per cent polymorphism amongst 20 coriander land races from Iran.

The depiction of PCA of RAPD data clearly delineated all the

22 varieties of coriander and showed that the varieties of pop 1 and

3 were most distinct varieties as compared to that of other groups

because of larger genetic distances of 0.1134. The analysis of

molecular variance validates existence of higher genetic diversity

within population than amongst populations showed higher h and i

values because of rich genetic diversity in coriander varieties.

In contrast to the highly conserved ribosomal RNA genes,

the ribosomal DNA (rDNA) spacers, such as the internal transcribed

spacer (ITS) and the intergenic spacer (IGS) present high variability

and faster rates of evolution (Baldwin et al., 1995). Uniform base

pair lengths 162bp and 221bp in all the 12 sequenced genotypes

validates the conserved nature of 5.8S and ITS-II regions,

respectively. We recorded high frequencies of SNPs at 7 sites in

PCR amplified product of conserved gene region. The variation in

total lengths was due to insertions and deletions (INDELS) in ITS-1

region.  The results validate the existence of genetic variability that

enabled us not only in delineating the sub clusters but also exhibited

lineages with other genotypes of RAPD clusters as shown in the

phenogram (Fig. 4). Multiple sequence alignment of ITS-1 region

may be of phylogenetic significance in distinguishing and

cataloguing of coriander germplasm.

The ITS length variants and polymorphism have been

reported for several plant species (Alvarez and Wendel, 2003;

Baldwin et al., 1995; Nalini et al., 2007; Saini et al., 2008). Recently

Carvalho et al. (2009) found that the ITS PCR RFLP markers

constitute feasible and specific tools for genetic variation and diversity

assessment among bread wheat cultivars and higher taxa, such as

botanical varieties and validate its usefulness for the estimation of

phylogenies. Saini et al. (2008) reported intra-individual

heterogeneity in nuclear r-DNA ITS region in V. radiata which did

not cause any phylogenetic errors at species level. Barkley et al.

(2008) employed digested mixed accessions of V. radiata variety

radiata with CEL-1 and observed SNPs and suggested EcoTILLING

as a powerful genetic analysis tool for rapid identification of naturally

occurring variations.

Eventually, the knowledge of genetic relationships and

phylogenies might contribute for the designing of intraspecific crosses

between cultivars of this coriander collection with potential interest in

seed spice breeding programmes. We report broad genetic variability

in coriander varieties that may play an important role in its application

to a wide range of climatic and geographical conditions in India. A

high level of diversity could be useful in selection of desirable traits in

the breeding programme and domestication of coriander.
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