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Abstract Prosopis cineraria, an important multipurpose

tree and vital component of the otherwise fragile ecosystem

of arid and semiarid regions of India. It is highly drought

tolerant and sprouts profusely during the extreme dry

summer months when most other trees are leafless. P. cin-

eraria is known to exhibit comparable genetic variations at

intra-specific and inter-population levels reflected through

morphological and cytogenetical diversity in regions, where

this plant grows naturally. In the present study, single pri-

mer amplification reaction (SPAR) methods have been used

for determination of diversity at DNA level in 30 accessions

of P. cineraria collected from different districts of Rajas-

than. The analyses include the use of six minisatellite core

sequence primers for direct amplification of minisatellite

DNA (DAMD), eight inter simple sequence repeats (ISSR)

and 20 arbitrary primed decamer sequences for random

amplification (RAPD) reactions. Upon analysis of the data

generated, all the three SPAR methods, either indepen-

dently and/or in combination, revealed wide range of

genetic variation among accessions. Comparison of matrix

of individual SPAR method using MxComp component of

NTSYS-pc 2.02 K software proving that analysis of natural

genetic variation using combination of SPAR methods

particularly ISSR and DAMD, rather than an isolated

approach, is very effective. Such an approach also yields

better information and reflection of the relatedness and

affinities at intra-species and inter-population levels.

Therefore, it is opined that in order to reveal the intrinsic

intra-specific variation, SPAR approaches involving more

than one DNA marker may reveal more authentic genetic

variation in tropical tree species like P. cineraria.
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Introduction

Prosopis cineraria (L.) Druce of family Fabaceae is one of

the 44 species grown extensively in arid and dry regions of

tropics including western region of India (Mann and

Shankarnarayan 1980). P. cineraria is a versatile species,

providing fodder, fuel for timber, and shade, as well as

affecting soil improvement and sand dune stabilization

(Bhandari 1978; Burdak 1982). P. cineraria (syn., P. spici-

gera) occurs naturally in the dry and arid regions of India,

Pakistan, Afghanistan, Iran, and Arabia. It is commonly used

in dryland agroforestry in India and neighboring Pakistan.

The tree is locally known as ‘khejri’ or ‘jandi’ (India), ‘jand’

(Pakistan), and ‘ghaf’ (Saudi Arabia) (Kaul 1967). P. cineraria

is a small thorny, irregularly branched, 5–10 feet in height,

semi-deciduous tree. It forms an open crown and has thick,

rough gray bark with deep fissures (Burkart 1976). It is
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extremely drought tolerant, growing in areas with as little

as 75 mm annual rainfall, with dry seasons of 8 months or

more. Slightly frost hardy and tolerant of temperatures up

to 50�C, it grows at altitudes from sea level to 600 m. It is

one of the principal species on higher and older alluvium in

the Indus river valley. The tree is found in alluvial and

coarse, sandy, alkaline soils where the pH may reach 9.8.

P. cineraria is also an excellent multipurpose tree that

provides excellent firewood (calorific value, ca. 5,000 kcal/

kg) and charcoal. Its wood is favored for cooking and

domestic heating (Mahoney 1990; Leakey and Last 1980).

Hard and reasonably durable, the wood has a variety of

uses for house building, posts, tool handles, and boat

frames, although poor tree form limits its usefulness as

timber. The leaves and pods are excellent as nutritious

fodder for many animals (Gates and Brown 1988). Due to

multifaceted utility of the species, as mentioned above, the

pressure for it and its diverse products is mounting

alarmingly. Therefore, there is an urgent need for thorough

exploration and exploitation of all the available natural

variation in P. cineraria so as to accomplish sustainable

utilization. Hence, the present investigation has been

undertaken with the main objective of understanding the

genetic diversity to define and characterize the natural

variation at intra-specific levels in P. cineraria.

The genetic variability among accessions of Prosopis

species was earlier determined using randomly amplified

polymorphic DNA (RAPD) by Goswami and Ranade

(1999). Ferreyra et al. (2004, 2007) reported that RAPD

patterns able to differentiate some Argentinean Prosopis

species of section Algarobia. Similarly, variation in iso-

zyme pattern (Saidman and Vilardi 1987), and quantum of

seed lipids (Lamarque et al. 1994), mineral, crude protein,

and structural carbohydrate (Arya et al. 1995) have also

been studied for distinguishing species. Other than the

above reports of inter-specific variations, not much is

known about intra-specific genetic variability in various

Prosopis species, especially at the DNA level (Hunziker

et al. 1986). In the recent years, the PCR based single

primer amplification reaction (SPAR) methods are gaining

prominence as effective tools for genetic diversity studies

in plants and they collectively provide a comprehensive

description of the nature and extent of the diversity

(Bhattacharya et al. 2005; Ranade et al. 2009). Three

methods involving single primer for amplification reactions

are commonly used in diversity analysis of higher plants

which include (a) direct amplification of minisatellite DNA

regions (DAMD) (Heath et al. 1993); (b) inter simple

sequence repeat (ISSR) (Gupta et al. 1994) and (c) random

amplified polymorphic DNA (RAPD) (Williams et al.

1990; Welsh and McClelland 1990). Therefore, in the

present investigation, we compare the efficiencies of these

three SPAR methods, to determine the natural genetic

variation among the thirty accessions of P. cineraria,

individually as well as collectively.

Materials and methods

Plant material

To locate the populations of P. cineraria, several field

trips were conducted in five provinces viz. Jodhpur,

Barmer, Jaisalmer, Bikaner, and Nagaur of Rajasthan state

(Table 1) where maximum diversity is observed. The

voucher specimens of all the selected trees were deposited

with herbarium at Department of Botany, J. N. V. Uni-

versity, Jodhpur and accession numbers were obtained

(Table 1). Leaf samples of one selected tree from each of

the thirty accessions of P. cineraria, spreading over five

districts of Rajasthan, were used for genomic DNA

extraction.

DNA isolation

Frozen leaves were ground and powdered in a pre-chilled

mortar using liquid nitrogen, and the DNA was then

extracted by the method described by Murray and

Thompson (1980). The DNA extracted from the plant

material, purified for protein fraction, treated with RNase

A, was re-precipitated with pre-chilled absolute ethanol

and subsequently dissolved in Tris–EDTA (TE) buffer. The

quality of DNA was checked by mupid gel electrophoresis

with 0.85% (w/v) agarose in 19 TAE.

RAPD, ISSR, DAMD primers

Two kits (A and C) comprised of 20 decamer random

primers per kit were procured form Operon Technologies,

Alameda, CA, USA. Fifteen ISSR primers and eight

DAMD primers were custom synthesized from Metabion

Inc. Ltd., Germany (Table 2).

Amplification reactions

PCR optimization, primer survey and final amplification

followed by gel electrophoresis

Varying concentrations of (i) template DNA (20, 30, 40,

50, and 60 ng), (ii) Taq DNA polymerase (0.5–2 U), and

(iii) Mg?? salt (1–5 mM) were used to optimize the

reaction conditions of the PCR. Of the five different con-

centrations of template DNA, 50 ng was found to be the

most ideal as it yielded maximum number of reproducible

bands. In addition, 1.5 mM of MgCl2, and 1 U Taq DNA
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polymerase have given ideal results among various con-

centrations tested.

Three randomly selected accessions viz JNVU/RI/2005/1,

JNVU/RI/2005/15, and JNVU/RI/2005/30 were chosen for

primer survey and screening. Forty RAPD primers from the

OPA and OPC series, fifteen ISSR and eight DAMD

primers were assayed with these three accessions to iden-

tify the primers that were reproducible and generate the

most polymorphic patterns. Following the results of initial

primer screening experiments, twenty RAPD decamer

primers, eight ISSR and six DAMD primers (Table 2) were

selected, respectively, for final amplification programme as

others produced sub-optimal, indistinct or monomorphic

amplification products for the analysis of 30 accessions of

P. cineraria. Preliminary experiments for SPAR repro-

ducibility helped to establish the optimal amplification

conditions for all the SPAR methods, namely, RAPD,

ISSR, and DAMD. Once these conditions were established,

amplification reactions for all the genotype primers were

thereafter carried out as per these optimized conditions.

On the basis of PCR optimization and primer survey,

all further reactions were performed in 25 ll final volume

and contained 50 ng template DNA, 20 pmol (RAPD)/

40 pmol (ISSR and DAMD), 200 lM of each dNTP,

1.5 mM Mg??, and 1 U Taq DNA polymerase (Bangalore

Genei, India). Reactions were thermal cycled for PCR

cycle at 94�C for 3 min followed by 44 cycles at 94�C for

1 min, 35�C (in case of ISSR and DAMD amplification,

annealing temperature was varied according to primer’s

Tm ranging from 45 to 55�C) for 1 min 30 s, and at 72�C

for 2 min, with a final extension at 72�C for 7 min in a

thermal cycler 2720 (Applied Biosystems, USA). After

completion of the amplification, 2.5 ll 109 blue dye was

added to the samples, and the amplified DNA was analyzed

on 1.5% (w/v) agarose gel in 19 TAE buffer at 65–70 V

for 3–4 h.

Table 1 Accessions of

Prosopis cineraria from which

genomic DNA was isolated for

SPAR studies

Sample. no. Species Accession no. Place of collection (district)

1 Prosopis cineraria (Linn.) Druce JNVU/RI/2005/1 Devikot (Jaisalmer)

2 P. cineraria JNVU/RI/2005/2 Pokharn (Jaisalmer)

3 P. cineraria JNVU/RI/2005/11 Amarsagar (Jaisalmer)

4 P. cineraria JNVU/RI/2005/12 Lathi (Jaisalmer)

5 P. cineraria JNVU/RI/2005/13 Nachna (Jaisalmer)

6 P. cineraria JNVU/RI/2005/3 Pachpadra (Barmer)

7 P. cineraria JNVU/RI/2005/4 Balotra (Barmer)

8 P. cineraria JNVU/RI/2005/5 Nakoda (Barmer)

9 P. cineraria JNVU/RI/2005/14 Guda Malani (Barmer)

10 P. cineraria JNVU/RI/2005/15 Dhorimanna (Barmer)

11 P. cineraria JNVU/RI/2005/16 Baytu (Barmer)

12 P. cineraria JNVU/RI/2005/6 Ren (Nagaur)

13 P. cineraria JNVU/RI/2005/7 Jayal (Nagaur)

14 P. cineraria JNVU/RI/2005/17 Degana (Nagaur)

15 P. cineraria JNVU/RI/2005/18 Kuchamman (Nagaur)

16 P. cineraria JNVU/RI/2005/19 Didwana (Nagaur)

17 P. cineraria JNVU/RI/2005/20 Maulasar (Nagaur)

18 P. cineraria JNVU/RI/2005/8 Kejherli (Jodhpur)

19 P. cineraria JNVU/RI/2005/9 Gudda (Jodhpur)

20 P. cineraria JNVU/RI/2005/10 Kailana (Jodhpur)

21 P. cineraria JNVU/RI/2005/21 Gudda (Jodhpur)

22 P. cineraria JNVU/RI/2005/22 Osian (Jodhpur)

23 P. cineraria JNVU/RI/2005/23 Dechhu (Jodhpur)

24 P. cineraria JNVU/RI/2005/24 Nokha (Bikaner)

25 P. cineraria JNVU/RI/2005/25 Mukaam (Bikaner)

26 P. cineraria JNVU/RI/2005/26 Deshnok (Bikaner)

27 P. cineraria JNVU/RI/2005/27 Ramsar (Bikaner)

28 P. cineraria JNVU/RI/2005/28 Malasar (Bikaner)

29 P. cineraria JNVU/RI/2005/29 Sherpura (Bikaner)

30 P. cineraria JNVU/RI/2005/30 Gajner (Bikaner)
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Scoring and data analysis

Each amplification product was considered a DNA marker

and was scored across all samples. Bands were recorded as

present (1) or absent (0). Faint bands with low intensity

were not considered for final scoring. Molecular weights

of the bands were estimated by using Gene Rular 500 bp

DNA ladder (MBI Fermantas, UK) as standards. All ampli-

fications were repeated at least twice and only reproducible

bands were considered for analysis.

A data set of profile bands was scored manually from the

gel profiles and included only the well separated and dis-

tinct bands. The data were scored cumulatively first for all

the primers in a SPAR method and subsequently the data

sets for all the three methods used, were combined together

for the final NJ analysis. A pair-wise matrix of distances

between genotypes was determined cumulatively for all

the three methods using Jaccard coefficient (Jaccard 1901)

by the FreeTree program (ver. 0.9.1.5; Pavlicek et al.

1999). This distance matrix was used to compute a single

Table 2 RAPD, ISSR, and DAMD primers used in the present study and the extent of polymorphism

Sl. No. Primer name Primer sequence, 50–30 (length) Total number

of bands

No. of polymorphic

bands

% of polymorphism

RAPD

1 OPA-1 CAGGCCCTTC (10 mer) 6 3 40

2 OPA-2 TGCCGAGCTG (10 mer) 6 3 40

3 OPA-3 AGTCAGCCAC (10 mer) 5 3 60

4 OPA-4 AATCGGGCTG (10 mer) 7 5 71.44

5 OPA-5 AGGGGTCTTG (10 mer) 5 5 100

6 OPA-9 GGGTAACGCC (10 mer) 9 9 100

7 OPA-10 GTGATCGCAG (10 mer) 6 5 83.34

8 OPA-11 CAATCGCCGT (10 mer) 5 5 100

9 OPA-13 CAGCACCCAC (10 mer) 9 7 77.78

10 OPA-14 TCTGTGCTGG (10 mer) 5 4 80

11 OPA-15 TTCCGAACCC (10 mer) 6 4 66.66

12 OPA-16 AGCCAGCGAA (10 mer) 9 9 100

13 OPA-17 GACCGCTTGT (10 mer) 5 5 100

14 OPA-18 AGGTGACCGT (10 mer) 7 7 100

15 OPA-19 CAAACGTCGG (10 mer) 7 7 100

16 OPA-20 GTTGCGATCC (10 mer) 4 3 75

17 OPC-8 TGGACCGGTG (10 mer) 5 3 60

18 OPC-11 AAAGCTGCGG (10 mer) 5 4 80

19 OPC-14 TGCGTGCTTG (10 mer) 7 7 100

20 OPC-16 CACACTCCAG (10 mer) 5 5 100

ISSR

21 P1 CACACACACACAGG (14 mer) 10 10 100

22 P2 AGAGAGAGAGAGAGAGT (17 mer) 6 6 100

23 P3 GAGAGAGAGAGAGAGAT (17 mer) 8 7 87.5

24 P4 ACACACACACACACAGT (17 mer) 8 7 87.5

25 P5 GAGAGAGAGAGAGAGAYT (18 mer) 6 5 83.33

26 P6 CACCACCACGC (11 mer) 6 6 100

27 P7 ACACACACACACACACAT (18 mer) 4 3 75

28 P8 GTGTGTGTGTGTGG (14 mer) 4 4 100

DAMD

29 HBV GGTGTAGAGAAGGGGT (16 mer) 7 7 100

30 HVR CCTCCTCCCTCCT (13 mer) 7 7 100

31 M13 GAGGGTGGNGGNTCT (15 mer) 5 5 100

32 YNZ22 CTCTGGGTGTCGTGC (15 mer) 7 7 100

33 INS ACAGGGGTGGGG (12 mer) 5 5 100
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neighbour-joining (NJ) tree after allowing a 1000 replicate

bootstrap test using the same program. The tree was

viewed, annotated and printed using TreeView (ver. 1.6.5;

Page 2001). Co-phenetic and consensus values were

recorded discretely for each SPARs and used to commence

the MxComp analyses using the computer software

NTSYS-pc, version 2.02k (c), Applied Biosystematics Inc.

for matrix comparison to calculate r value, generally which

can be correlated with reliability of the SPAR methods,

either collectively or independently.

Results

SPAR analysis and profile polymorphism

RAPD-PCR

A total of 123 amplification products were scored, which

exhibited an overall 83.73% polymorphism (Table 2). The

average number of amplification products formed was 6.15,

the maximum was 9 with OPA-9 and OPA-16, whereas the

minimum was 4 with OPA-20. The size of the amplifica-

tion products varied in case of each primer and the range

was 0.3–2.5 kb. Figure 1a illustrates the extent of poly-

morphism observed among the 30 accessions of P. ciner-

aria. The amplification products using 20 primers ranged

from 40 to 100% in producing polymorphic bands. OPA-9 and

OPA-16 were unique among these 20 primers in yielding the

highest number of bands (9) with 100% polymorphism

(Fig. 1a; Table 1).

ISSR-PCR

A total of 52 amplification products were scored, which

exhibited an overall 92.30% polymorphism (Table 2). The

average number of amplification products with various

primers formed was 6.5 with a maximum of 10 bands with

P1, and a minimum of 4 with P7 and P8 primers. The size

of the amplification products ranged from 0.7 to 2.3 kb

in case of each primer. Figure 1 illustrates the extent

of polymorphism observed among the 30 accessions of

P. cineraria. The amplification products using eight ISSR

primers ranged between 75 and 100% in producing poly-

morphic bands (Fig. 1b; Table 1).

DAMD-PCR

A total of 29 amplification products were scored, which

exhibited an overall 100% polymorphism (Table 2). The

average number of amplification products formed was 5.8;

the maximum was 7 bands with HBV and YNZ22 primers,

whereas the rest yielded five. The size of the amplification

products varied in each primer and the range was 0.3–

2.2 kb. Figure 1c illustrates the extent of polymorphism

observed among the 30 accessions of P. cineraria. The

amplification products using five DAMD primers showed

100% in producing polymorphic bands (Fig. 1c; Table 1).

Cluster/tree analysis

In the present study, three SPAR methods, RAPD, ISSR, and

DAMD were used which revealed discrete banding patterns

for all the primers, many of which revealed 100% poly-

morphism across all the accessions studied. The cumulative

size ranges for the amplified fragments as well as the num-

bers of fragments amplified are given in Table 3. The

cumulative data of all the three SPAR methods were used to

compute pair-wise distances. The NJ tree after a 1000 rep-

licate bootstrap test of robustness is shown in Fig. 2. The NJ

tree consists of at least four major clusters marked A, B, C

and D with large parenthesis and one distinct out-group

marked as OG in Fig. 2. Cluster A may be further resolved

into three sub-clusters. A1 includes six accessions of which

three are from Jodhpur district (JNVU/RI/2005/10, 21, and

22), two are from Barmer district (JNVU/RI/2005/5 and 14)

and only one is from Jaisalmer district (JNVU/RI/2005/12).

Sub-cluster A2 comprises two accessions JNVU/RI/2005/13

and JNVU/RI/2005/6 belonging to Jaisalmer and Nagaur

districts, respectively. The third sub-cluster A3 consists of

three accessions viz JNVU/RI/2005/17, JNVU/RI/2005/18,

collected from Nagaur district, and JNVU/RI/2005/16

from Barmer district of Rajasthan. An interesting fact is that

cluster A does not comprise a single accession of Bikaner

district, whereas in case of cluster B, there is absence of

accessions from Nagaur district.

Cluster B can be further subdivided into three sub-

clusters. B1 comprises three accessions viz JNVU/RI/2005/1,

JNVU/RI/2005/2 and JNVU/RI/2005/11, all of which are

collected from Jaisalmer district. Sub-cluster B2 consists of

three accessions viz JNVU/RI/2005/3, JNVU/RI/2005/4

and JNVU/RI/2005/15, all belonging to Barmer district,

whereas the third sub-cluster B3 comprises of three

accessions viz JNVU/RI/2005/23, JNVU/RI/2005/24 (from

Jodhpur distritct), and JNVU/RI/2005/26 (from Bikaner

district). Similarly cluster C can be further subdivided into

sub-cluster C1 comprising four accessions, out of which

two are from Nagaur (JNVU/RI/2005/19 and 20) and two

are from Jodhpur (JNVU/RI/2005/8 and 9). Sub-cluster C2

had only two accessions JNVU/RI/2005/25 and JNVU/RI/

2005/30, both belonging to Bikaner district.

Noticeably, cluster D without any sub-cluster, showed

tendency towards out-group with three accessions (JNVU/

RI/2005/27, 28 and 29), all collected from Bikaner dis-

trict’s remote villages. Accessions JNVU/RI/2005/17 col-

lected from Degana area of Nagaur district, conspicuously
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fall into out-group. The NJ tree, overall, does not show any

obvious correlation between geographical or morphologi-

cal variations.

Comparison of different SPAR methods

To determine the efficiency of the three methods, distance

range of each SPAR was calculated by Jaccard’s

coefficient and the distance value ranged between 0.17 and

0.94 with an average distance of 0.55 for RAPD, whereas

in ISSR it ranged between 0.38 and 0.91 with an average

distance of 0.64. For DAMD, distance range lies between

0.16 and 0.95 with an average distance of 0.55. Cumulative

data set comprising all the three SPARs suggested that the

distance value is between 0.28 and 0.82. Consensus values

of SPARs pairs viz RAPD ? ISSR, RAPD ? DAMD, and

Fig. 1 Typical SPAR profiles

obtained with a one RAPD

primer (OPA-9), b one ISSR

primer (P1) and c one DAMD

primer (HVR) with all 30

accessions of P. cinereria. All

profiles were resolved in 1.5%

agarose gels in TAE buffer. The

lanes marked as Marker are

known DNA fragment size

markers. The other lanes are

marked with accession numbers

as in Table 1
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ISSR ? DAMD are calculated which ranged from 0.33

to 0.67, 0.33 to 0.67, and 0.25 to 0.75, respectively. The

co-phenetic values were calculated for the same pairs fol-

lowed by matrix comparison using MxComp programme of

NTSYS-pc 2.02k software to obtain the r values of each

pair which are recorded as 0.253, 0.421 and 0.913,

respectively.

Discussion

P. cineraria is a valuable, multipurpose tree species and

highly regarded as ‘State Tree’ by the Government of

Rajasthan, India (Sinha 2001; Sahni 1998). Owing to

commercial incentives and population pressure, this tree

has become threatened in its natural habitat resulting in

alarming depletion of its population in recent years. The

present study is a preliminary attempt to develop single

primer-based DNA amplification methods to distinguish

various accessions of P. cineraria exhibiting natural vari-

ation at intra-specific level, so as to decide priorities of

conservation.

Earlier, Goswami and Ranade (1999) have demonstrated

the utility of RAPD analysis in 32 accessions belonging to

11 species of the genus Prosopis and identified genetic

variations among them. However, their study deals with

inter-specific variation within the genus Prosopis and flings

limited information on intra-specific variation. Although 11

species have been included in their study, none of them

including P. cineraria is represented by substantial number

of accessions collected from various locations to assess

variability among them. On contrary, the present study

involves 30 accessions from as many locations that spread

over five districts of Rajasthan in India where this tree

grows extensively in wild habitat. Therefore, this study is

expected to offer a cumulative data set using three different

single primer-based molecular markers viz RAPD, ISSR,

and DAMD with their efficacy to authentically reveal intra-

specific variation.

In the present investigation, the three SPAR methods,

when tested individually to analyze the natural variation

have revealed 83.73, 92.30 and 100% polymorphism in

banding pattern, respectively. However, the genetic dis-

tance range among 30 accessions calculated through Jac-

card coefficient resolved only lower values (Table 3).

Therefore, it was decided to pool up the data generated

through all the three SPAR methods to calculate a more

authentic and relative genetic distance for the 30 accessions

presently investigated. The pooled up distance matrixes

were used to compute a single neighbour-joining (NJ) tree

after allowing a 1000 replicate bootstrap test using the

FreeTree program (ver. 0.9.1.5; Pavlicek et al. 1999),

which shows clear genetic distance among the accessionsT
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of P. cineraria. NJ tree evidently showed that cluster A

comprises of 11 accessions and are obtained from all col-

lection-sites except Bikaner. Sub-cluster A1 comprises

accessions JNVU/RI/2005/5 and JNVU/RI/2005/14 col-

lected from Barmer district and JNVU/RI/2005/12

collected from Jaisalmer. This is due to possible hetero-

zygosity of genome reflected at DNA level as detected by

all SPAR methods. Of the three accessions under this

cluster, two are from Barmer region and one from Jaisal-

mer region. In an earlier effort, attempts have been made to

use morphological, biochemical and cytogenetical param-

eters to characterize them (Rawat et al. 2007; Naranjo et al.

1984). However, both the accessions (JNVU/RI/2005/5,

JNVU/RI/2005/14) have shown normal meiosis with no

indication of possible genetic variation (Rawat et al. 2007).

On the other hand, the third accession (JNVU/RI/2005/12)

of this group collected from Jaisalmer showed the presence

of occasional quadrivalants in some of the PMCs analyzed.

Subsequently, the distribution of the chromosomes of

Anaphase I and Anaphase II was also not on the expected

lines resulting in abnormal distribution of bivalents/

univalents in some PMCs (Rawat et al. 2007). An impor-

tant point to be noted here is that regardless of the normal/

abnormal cytogenetical behavior, the three accessions of

sub-cluster A1 have shown the presence of innate variation

at DNA level as revealed by SPAR analysis. One of the

reasons which can be attributed for the presence of such

discrete variations at DNA level is the fact that the regions

where these accessions were collected, i.e. Barmer and

Jaisalmer, respectively, are the hottest and acute dry

regions of Indian Thar desert and also experience harsh and

inhospitable climatic conditions (Pant and Hingane 2006).

The annual rainfall does not exceed 200 mm per year,

while the temperature range from sub-zero to 50�C during

summers (Mertia et al. 2006). The presence of discrete

variations in certain random sequences of DNA may be

considered as an effort by these genomes to adapt to the

extreme environmental conditions in which they grow and

propagate (Wood et al. 2008; Trivedi 2003; Hickey and

Singer 2004). All the remaining accessions have followed

more or less the expected pattern of similarity index, and

the dendrogram does reflect that all the districts from which

samples were collected lies in same geographical distribu-

tion area. Our observations are in line with those Strelchenko

et al. (1999) who have demonstrated in barley germplasm

that genetic diversity can be correlated to geographical

distribution and traced through RAPD analysis. However,

this is a first attempt to combine and correlate cytogenetical

data and SPAR profiles with geographical distribution

pattern.

Fig. 2 Cluster analysis of

SPAR data in case of the 30

accessions of Prosopis cinereria
after a 1000 replicate bootstrap

analysis. The NJ tree was

generated for cumulative band

data by all the three SPAR

methods, DAMD, ISSR-PCR,

and RAPD. The accession

numbers are abbreviated as in

Table 1, and are indicated to the

right of the tree. The branch

lengths are based on the

distance values computed using

NJ method and Jaccard

coefficient in the program

FreeTree. The numbers at the

nodes in each tree are the

bootstrap percent values (only

values greater or nearby to 50

are shown) for the branches to

the right of the node. The large

parenthesis to the right labeled

with A–D are the four major

clusters while the all inner

parenthesis showing sub-

clusters within the respective

cluster
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Perceptibly, the accession JNVU/RI/2005/17 which has

been resolved as an out-group in the NJ tree may be

ascertained from the fact that the trees with this accession

number inhabitant a moderate temperature and soil con-

ditions and not subjected to harsh environment/climatic

factors. On the other hand, the trees bearing accession

numbers JNVU/RI/2005/28/29/30 falling into cluster D

distinctly, grow in an extreme environment/climate in

terms of temperature, drought, and soil conditions, showing

high divergence with other accessions studied presently

and thereby giving a proposal to smudge as an out-group

by forming a different cluster.

An interesting and significant aspect of the present

investigation has been that RAPDs, ISSR, and DAMD,

which are all single primer-based amplification strategies,

were analyzed and compared not only individually but also

pair-wise with each other. It has been clearly observed

from our studies that the r value, which reveals the efficacy

of these method (Bhattacharya and Ranade 2001; Ranade

and Farooqui 2002; Ranade et al. 2009) has been the

highest for ISSR and DAMD pair when compared to

RAPD either individually or in combination with either

ISSR or DAMD. Such observations are also reported ear-

lier in case of other trees, for e.g. pomegranate (Ranade

et al. 2009), mango (Srivastava et al. 2005, 2007), and

papaya (Saxena et al. 2005) to describe variation. There-

fore, it can be authentically concluded that in order to

reveal the intrinsic intra-specific variation, SPAR approach

reveals more authentic genetic variation in tropical tree

species like P. cineraria.
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