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Abstract In the present study, ten genotypes of Lablab

purpureus L. Sweet bean were screened for genetic

divergence by using 5 primers, i.e., OPA 01, OPA 04, OPA

13, OPB 09, and OPB 10. Analysis of diversity such as

PIC, MI, MRP, Dendrogram, and RP was done. Out of the

5 primers used, the average number of Polymorphic bands

detected was 7.6 and the average level of polymorphism

was 74.23%. OPA 01 showed the highest level of poly-

morphism (92.85%) while OPB-09 showed the least level

of polymorphism, i.e., 55.55%. The polymorphic infor-

mation content ranged from 0.24 (OPA-04) to 0.318 (OPA-

01) at an average PIC value of 0.275. The mean of

resolving power per RAPD primer is 3.65. The MI value

ranged from 1.32 to 2.79 with a mean of 1.79/primer. The

mean of MRP per primer was 0.47. The clustering of

genotype was performed following the UPGMA method.

The optimal tree with the sum of length branch is

13.30325.
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Introduction

Dolichos lablab or Lablab purpureus is an inhabitant of

Southeast Asia or India [1]. It is likely to be originated

from Asia and has been used for planting for a long time. A

wild variety of Lablab is grown in India. D. lablab was

taken to the African tropical part and from there spread

across Indonesia, Sudan, Caribbean, Malaysia, Papua New

Guinea, Mainland China, Philippines, West Africa, Egypt,

and South America.

Flowers grow in clusters, on an inflorescence that is

unbranched at an angle between the main stem and leaf.

Based on the variety, the color of the flower may be white,

blue, or purple. Seed pods are 5 cm [2] to 10 cm in length

[3], flat, smooth, pointed, and contain 2 to 4 seeds. Seeds

may be cream, white, pale brown, red, dark brown, black,

or mottled depending on the variety.

The stems are twining and Cylindrical, hairy or glab-

rous, often 2–3 m, but usually to 10 m long. Others are

dwarf and bushy. Leaves are alternate and trifoliate, with

leaflets ovate, measuring 5–14 cm 9 4–14 cm. On the

other hand, very broad leaflets, lateral ones are lopsided,

7.5–15 cm long and nearly as broad, rather abruptly

acuminate.

Lablab purpureus has originated in India but very less

work has been reported for the genetic divergence for

improving yield. During the last 12 years, different

molecular techniques have been screened in knowing the

profiles of genotypes of various plant species or individu-

als, and various genotypes have been discovered for cre-

ating genotypes banks. However, DNA markers, such as

RFLP, AFLP, and RAPD, have major advantages in

comparing with isozyme and morphological markers due to

their availability in large numbers provide higher dis-

crimination of cultivars and are unaffected by environment

Significance Statement The genetic diversity study is useful in
characterization genetic variability among varieties of Lablab
purpureus for future research in the field of breeding and earning
higher remuneration from genetically ascertained varieties.

& Vishwajeet Singh

officervishu@gmail.com

1 Department of Botany, Bundelkhand University, Jhansi, U.P,

India

2 Department of Botany, R.B.S. College, Agra, U.P, India

123

Proc. Natl. Acad. Sci., India, Sect. B Biol. Sci. (October 2020) 90(4):855–861

https://doi.org/10.1007/s40011-019-01158-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s40011-019-01158-x&amp;domain=pdf
https://doi.org/10.1007/s40011-019-01158-x


factors [4]. In the present study, RAPD [5, 6] has been

studied not only for knowing the variability within groups

of plants but also for obtaining fingerprint [5, 7, 8]

Comparing with other studies, RAPD markers are a

well-known method for detecting genetic diversity. Despite

lesser reproducibility, this method is generally more suit-

able due to its cost-effectiveness by using a nanogram

amount of sample. This technology was used to evaluate

the genetic divergence between and within populations.

Various examples of the application of RAPD molecular

markers are there in the study of the genetic divergence of

Lablab purpureus [9–16]. The work cited by the above

workers has analyzed the genetic variability among various

genotypes that are different from the present genotypes

taken by the authors. Moreover, the present work estab-

lishes the efficiency of different DNA markers for analysis

of genotypes through RAPD markers which have been

ignored by previous workers. A similarity matrix among

the targeted genotypes along with phylogenetic analysis is

considered a unique feature in the present work. Therefore,

present investigation was carried out to analyze genetic

diversity and genetic relatedness of unexplored Lablab

purpureus bean genotypes at the molecular level, to con-

struct a dendrogram, and a similarity band matrix and

generate efficiency and polymorphism data of RAPD

marker in genetic divergence analysis among Lablab

purpureus.

Material and Methods

Genotypes Used For Study

In the present Investigation, 10 genotypes (VERSEM- 847,

739, 799, 757, 776, 733, 730, 746, 843, 702) were used for

studying the genetic diversity of Lablab purpureus.

Extraction of DNA

Mature leaves were used for DNA extraction by the CTAB

method with little improvement in the procedure [17]. By

using mortar and pestle, 150 mg of leaf was crushed with

extraction buffer (1 ml). The extraction buffer was then

added in vials having crushed leaves. The tubes were

incubated for 45 min at 65 �C with usual mixing. An equal

volume of chloroform: isoamyl alcohol (24:1) was added

and shaken for 5 min following centrifugation at

14,000 rpm for 15 min. To the supernatant, a 2/3 volume

of isopropanol was added and centrifuged at 14,000 rpm

for 10 min. Then, the supernatant was removed and the

pellet was washed with ethanol (70%) which contained

DNA, suspended in 100 ll of sterile D.W. with 10–15 ll of
RNAse and incubated for 30 min at 65 �C. A qualitative

assessment of the DNA was done by running a sample on

0.8% agarose gel. The agarose gel (0.8%, 30 ml) was

casted in 1X TBE (Tris Borate EDTA) buffer containing

0.5 lg/ml of ethidium bromide. The sample (5 ll of DNA)
was loaded in every well. Electrophoresis was done at

100 V for 1 h. The gel was visualized under the Gel doc-

umentation unit (Syngene). The presence of single compact

band indicates the intact and high molecular weight of

isolated DNA and quantification was made by recording its

absorbance at 260 nm and 280 nm using a UV–VIS

spectrophotometer.

Amount of DNA lg=llð Þ ¼ A260 � 50� dilution factor

1000

RAPD Analysis

RAPD was done by using 5 primers. The PCR reaction

mixture had a volume of 25 ll of 50 ng of DNA,

1 9 Taqbuffer, 1.5 mM MgCl2, 0.2 mMdNTP, 20 pmol of

each primer and 1.25 U TaqDNA polymerase (‘Fermen-

tas’). The annealing temperature of the cycling constraint

was readjusted for every microsatellite primers depending

on Tm calculated in the composition of sequence: Tm-

= 4�(G ? C) ? 2�(A ? T) - 3�C. The PCR was per-

formed in ‘Bio-Rad Thermocycler.’ After amplification,

the PCR samples were casted on 1.2% Agarose gel (Hi-

media, molecular grade), which was prepared in 0.5 9

TBE buffer having 0.5 lg/ml of the EtBr. The amplified

samples were electrophoresed for 2–3 h at 100 V with

cooling. After analysis, the gel was visualized under the

Gel documentation unit (Fig. 1).

Data Analysis and Polymorphic Information

Content

The image of the gel was taken by a digital camera, in the

Gel documentation unit. Bands of RAPD were separated

based on their molecular weight (length of amplified

polynucleotide). 1 kb DNA Ladder was loaded with each

primer sample to determine the molecular size. The dis-

tance travelled by fragments which are amplified from the

well was translated to molecular sizes in relation to

molecular weight marker. Band presence was scored as ‘1’

and band absence as ‘0’. Dimly seen bands were not scored

but a major band equivalent to a dimly band was measured

for scoring. To verify the presence of bands and to deter-

mine the reproducibility, all the primers were replicated

thrice.

To estimate the genetic profile of Lablab purpureus

genotypes, the performance of the markers was measured

using four parameters (1) PIC, (2) MRP, (3) RP, and (4)

MI.

PIC of a band was evaluated [18] as follows:
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Fig. 1 Banding pattern of RAPD fingerprints generated with primer OPA 01 (a), OPA 04 (b), OPA 13 (c), OPB 09 (d), and OPB 10 (e)
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PIC ¼ 2fi 1� fið Þ

where fi is the frequency of the band present, and 1 - fi is

the frequency of band absent. The frequency was calcu-

lated as the ratio between the number of amplified bands,

i.e., present band at every locus and the total number of

genotypes. The PIC value was calculated by using the

average PIC value from all locus of each primer.

The resolving power (RP) of each primer was calculated

as [19]:

RP ¼ RIb

where Ib shows the informative fragments. The Ib can be

represented on a scale of 0–1 by the following formula:

Ib ¼ 1� 2� 0:5� pð Þ½ �

where p is the proportion of genotypes having a band.

Further, the authors calculated mean resolving power for

each primer as:

MRP ¼ 1=nRBIi

where n is the number of polymorphic band for that primer

[19].

The MI was evaluated as [20]:

MI ¼ EMR� PIC

where EMR is the product of the fraction of polymorphic

loci and the number of polymorphic loci for an individual

assay.

Results and Discussion

RAPD Analysis

Five primers were used in the reaction of PCR to amplify

bands of DNA from 10 genotypes due to the generation of

a higher number of polymorphic bands by the primers. A

total of 291 fragments were detected when PCR amplified

samples were split on 1.2% agarose. Out of them, 38

fragments were polymorphic. Out of the 5 primers used, 4

showed very good polymorphism. These primers revealed

a mean value of 58.2 bands per primer out of which 7.60

bands were polymorphic (76%). The primer OPA-01 pro-

duced the maximum number of fragments (14) followed by

primers OPA-04, OPA-13, and OPB-09 producing 10, 9, 9

fragments, respectively. The minimum numbers of frag-

ments were produced by primer OPB-10, i.e., 8 (Fig. 1 and

Table 1).

The generated bands with primer OPA-01 had 92.85%

of polymorphism. The largest band recognized is of

1720 bp and the smallest being 140 bp with primer OPA-

01. The generated RAPD profile with primer OPA-01

showed a total of 14 bands. A total of 10 bands were

identified in the RAPD profile generated by the primer

OPA-04 that revealed 70.00% of polymorphism. The lar-

gest band recognized is 2380 bp, whereas the smallest band

is of 240 bp. With primer OPA-13 out of the 9 bands, only

7 are polymorphic showing 77.77% polymorphism. The

largest band recognized is 1140 bp, whereas the smallest

about 240 bp. The profile generated with the primer OPB-

09 shows a total of 9 bands with 55.55% polymorphism

among the genotypes studied. The largest band recognized

has a molecular weight of 980 bp, and the smallest rec-

ognized has a molecular weight of 240 bp. On the other

hand, the profile generated with the primer OPB-10 showed

a total of 8 bands with 75% polymorphism. The largest

band recognized has molecular weight of 1340 bp, and the

smallest has a molecular weight 240 bp.

RAPD markers have proved to be more useful in

determining the genetic diversity of Lablab purpureus

genotypes. Rai et al. (2011) reported genetic diversity

among 48 Indian bean (Lablab purpureus L. Sweet)

genotypes with 25 RAPD primers having 178 polymorphic

bands. In our study, ten Lablab purpureus genotypes

showed considerable genetic variation with the 5 RAPD

primers. As a result, Lablab purpureus had the highest

number of bands generated by primer OPA-01 (14 bands)

and the lowest number of bands generated by primers

OPD-10 (8 bands). The findings are in support of Gnanesh

et al. [21] who studied six RAPD primers and illustrated a

high level of genetic variation among the 15 field bean

genotypes having 91.30% polymorphism rate. Different

variable factors like the structure of primer, few annealing

sites, etc., are responsible for the variation in the number of

bands amplified by different primers [22]. Also, the bands

which were amplified had a different molecular weight

which confirmed the differences in the length between the

primer binding sites and the genomic DNA, resulting in the

shifting of bands [23]. The above findings suggest that

many Lablab purpureus genotypes have higher than

expected levels of genetic variation and can bring about

genetic exchange [12, 24].

Polymorphism Information Content and Data

Collection

For comparing the efficiency of multilocus marker, PIC

values were determined. PIC values are not uniformly high

for all the RAPD markers. The value of PIC ranged from

0.24 (OPA 04) to 0.318 (OPA-01) with an average PIC

value of 0.275. The RP is a parameter that indicates the

discriminatory potential of the primers chosen. The mean

resolving power per RAPD primer is 3.65. The highest RP

was shown by primer OPA 01 (8.70) and the lowest by

OPB 10 (1.20). The MI value ranged from 1.32 to 2.79

with a mean of 1.79/primer. The highest value was shown
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Table 1 Band Matrix of 10 Lablab purpureus genotypes with all primers

Primer Rf value Base pair 847 739 799 757 776 733 730 746 843 702 Remark

OPA-01 0.43 1720 0 0 0 0 0 1 0 0 0 0 P

0.44 1680 0 0 0 1 1 0 0 0 0 0 P

0.49 1520 1 1 0 0 0 0 0 0 0 0 P

0.71 880 1 1 1 1 1 1 1 1 1 1 M

0.76 720 0 0 0 0 0 0 0 1 0 1 P

0.77 700 1 1 1 1 0 1 1 0 0 1 P

0.81 580 1 0 0 0 0 0 0 1 0 0 P

0.83 520 1 0 0 0 1 1 1 1 1 1 P

0.84 500 0 1 1 1 0 0 0 0 0 0 P

0.85 460 1 0 0 0 0 0 0 0 0 0 P

0.86 420 0 0 0 0 1 1 1 1 1 1 P

0.87 400 1 1 1 1 0 0 0 0 0 0 P

0.95 160 0 0 0 1 1 1 1 1 1 1 P

0.96 140 1 1 0 0 0 0 0 0 0 0 P

OPA-04 0.21 2380 0 0 0 0 0 0 0 0 0 1 P

0.22 2360 1 0 0 1 0 1 0 0 0 0 P

0.55 1340 1 0 1 1 0 0 0 0 0 1 P

0.68 940 0 0 0 0 0 1 0 1 0 0 P

0.78 660 1 1 1 1 1 1 1 1 0 1 P

0.83 520 1 1 1 1 1 1 1 1 1 1 M

0.86 420 0 1 0 1 0 0 0 0 0 1 P

0.87 400 1 0 0 0 0 1 0 0 1 0 P

0.88 360 1 1 1 1 1 1 1 1 1 1 M

0.93 240 1 1 1 1 1 1 1 1 1 1 M

OPA-13 0.61 1140 1 1 0 1 0 1 0 1 1 1 P

0.66 1000 1 1 1 1 1 1 0 0 0 1 P

0.70 900 0 0 0 0 0 0 0 1 1 1 P

0.73 800 1 1 1 1 1 1 0 0 0 0 P

0.75 720 1 1 1 1 1 1 0 0 1 1 P

0.80 600 1 1 1 1 1 0 1 1 0 1 P

0.83 520 1 1 1 1 1 1 0 1 1 1 P

0.88 360 1 1 1 1 1 1 1 1 1 1 M

0.93 240 1 1 1 1 1 1 1 1 1 1 M

OPB-09 0.67 980 1 1 1 1 1 1 1 1 1 1 M

0.75 720 1 1 1 1 1 1 1 1 1 1 M

0.83 520 1 1 0 0 0 0 0 0 0 1 P

0.84 500 0 0 1 1 1 1 0 0 0 0 P

0.85 460 1 0 0 1 0 0 1 1 1 1 P

0.86 420 0 1 1 0 1 1 1 1 0 0 P

0.90 300 1 1 1 1 1 1 1 1 1 1 M

0.91 280 1 1 0 1 0 1 0 0 0 0 P

0.93 240 1 1 1 1 1 1 1 1 1 1 M
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by primer OPA 01 (2.79) and the lowest by OPB 09 (1.32).

The mean of MRP per primer is 0.47. The highest was

shown by OPA 01 (0.63) and least by primer OPB 10

(0.20) (Table 2).

Phylogenetic Study

The evolutionary history was inferred using the UPGMA

method [25]. Evolutionary analyses were conducted in

MEGA7 [26]. Cluster 1 (0.4682) consisted of two sub-

clusters (0.1024 and 1.2738) which include 50% of the

genotypes. The sub-cluster 0.1024 consisted of VRSEM

847, VRSEM 702, VRSEM 757, VRSEM 733 while sub-

cluster 1.2738 consisted of only VRSEM 739, whereas

Cluster 2 (0.0804) divided into again 2 sub-clusters of

0.1616 and 0.2992 and consisted of VRSEM 746, VRSEM

843, VRSEM 730, VRSEM 799, and VRSEM 776 (As

shown in Fig. 2). The optimal tree with the sum of branch

length is 13.30325 (next to the branches).

Table 1 (continued)

Primer Rf value Base pair 847 739 799 757 776 733 730 746 843 702 Remark

OPB-10 0.55 1340 1 1 0 0 0 1 1 1 0 1 P

0.65 1040 1 1 1 1 1 1 1 1 0 1 P

0.73 800 0 0 0 0 0 1 1 0 0 1 P

0.75 720 1 1 1 1 1 0 0 1 0 0 P

0.78 660 0 0 0 0 0 1 0 0 0 1 P

0.80 600 1 1 0 1 0 0 0 0 0 0 P

0.87 400 1 1 1 1 1 1 1 1 1 1 M

0.93 240 1 1 1 1 1 1 1 1 1 1 M

 VRSEM 847

 VRSEM 702

 VRSEM 757

 VRSEM 733

 VRSEM 739

 VRSEM 746

 VRSEM 843

 VRSEM 730

 VRSEM 799

 VRSEM 776

0.8660

1.2738

0.8660

1.1180

0.8660

1.1180

1.3624

1.5000

1.5000

0.8660

0.3054

0.4963

0.0534

0.1024

0.4682

0.2992

0.1616

0.0804

Fig. 2 Evolutionary relationships of Taxa with all primers

Table 2 Parameters and polymorphism detected by the use of 5 RAPD primers on 10 Lablab purpureus genotypes

Name of primer Total no. of fragments No. of polymorphic fragments % of Polymorphic band PIC MRP RP MI

OPA-01 14 13 92.85 0.318 0.63 8.70 2.79

OPA-04 10 7 70.00 0.242 0.56 3.92 1.42

OPA-13 9 7 77.77 0.284 0.45 1.96 1.90

OPB-09 9 5 55.55 0.260 0.49 2.45 1.32

OPB-10 8 6 75.00 0.270 0.20 1.20 1.51

Mean 10 7.60 74.23 0.275 0.47 3.65 1.79
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Conclusion

In the present study, the potential ability of RAPD markers

was tested to evaluate the genetic diversity of Lablab

purpureus because the morphological characterization was

not accurate enough for the parent selection to produce a

variety with high yielding ability. All the 5 primers showed

more than 50% level of polymorphism but 4 revealed the

highest level of polymorphism. Based on the similarity

matrix obtained from the different marker systems, RAPD

markers were more suitable for distinguishing the closely

related species. Therefore, it is concluded that varietal

selection on the basis of RAPD markers can be used for

further breeding studies proposed for the Bundelkhand area

in India.
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