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Abstract
Moringa oleifera Lam. (drumstick) belongs to the family Moringaceae that is originated from sub-Himalayan tracts of 
Northern India distributed worldwide in the tropics and sub-tropics. Immature pods and fresh leaves are widely used as 
vegetable and are rich source of minerals and vitamins. In the present work, we made an attempt to develop and use a set of 
RAPD-SCAR marker for the identification of superior germplasm of M. oleifera from the accessions collected from South 
India. Initially, 120 trees were surveyed based on total fruit yield, and single fruit weight from Karnataka, Kerala, and Tamil 
Nadu states of India; 23 plants had 50% higher fruit yield and single fruit weight than average and were selected as Candi-
date Plus Trees (CPTs). On the basis of morphological and biochemical analysis, CPT17 was selected as elite germplasm. 
Random amplified polymorphic DNA (RAPD) analysis of CPTs indicated 89.61% polymorphism among 23 CPTs. These 
markers could be used in marker-assisted selection and breeding programs in M. oleifera. Further, an attempt to develop a set 
of RAPD-SCAR marker for the identification of superior germplasm of M. oleifera was made. RAPD primer OPA-19 (CAA 
ACG TCGG) revealed a unique band (1500-bp) in CPT17. The specific RAPD band was recovered from the gel, cloned, and 
sequenced. BLAST analysis of the CPT17 specific sequences revealed that no considerable similarity with known protein. 
Based on these unique characterized sequences, specific primers for CPT17 were designed. Specific amplification profile of 
this primer proved it as a SCAR marker (F2R2) for CPT17 genotype.
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Introduction

Moringa oleifera Lam. has naturalized in at least 70 countries 
across the tropical and subtropical regions of the world. The cor-
rect origin of this plant is somewhat vague due to its widespread 
cultivation since early times (Navie and Csurhes 2011). Most 
authors commonly agree and report that M. oleifera originated 
in India and Arabia (Qaiser 1973; Somali et al. 1984; Mughal 
et al. 1999; Palada and Ebert 2012). M. oleifera is indigenous to 
the sub-Himalayan tracts of Northern India (Qaiser 1973; Olson 
2002). Drumstick belongs to the monogeneric family Morin-
gaceae and genus Moringa. The taxonomic position of the fam-
ily Moringaceae is not yet clear. Though it has some features 
similar to those of Brassicaceae and Capparidaceae (Edwards 
et al. 2000), the seed structure does not agree with either of 
these families. M. oleifera grows best in the tropical regions 
of the world that have semi-arid or monsoonal climates (Navie 
and Csurhes 2011). Duke (1983) reported the plant has a wide 
climatic tolerance and can grow in conditions that range from 
humid to arid in tropical and subtropical regions.
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M. oleifera has been used for such a broad variety of 
purpose that it has been reported as a “multipurpose tree.” 
Fruits and leaves of drumstick are rich source of proteins, 
vitamins, and minerals. Different parts of this plant contain 
a profile of important minerals and good source of protein, 
vitamins, β-carotene, amino acids, and various phenolics 
(Palada and Ebert 2012). All parts of the drumstick can be 
used in a variety of ways. M. oleifera fruits and leaves are 
rich in nutrients and vitamins thus consumed and used as 
fodder. Extracts derived from various parts of M. oleifera 
especially seeds, leaves and bark havewide, and diverse 
medicinal properties including antihypertensive, diuretic, 
cholesterol lowering activities, antispasmodic, antiulcer, 
hepatoprotective activities, antibacterial, antifungal, antitu-
mor, and anticancer activities (Anwar et al. 2007).

Sequence Characterized Amplified Region (SCAR) mark-
ers are one of the PCR-based marker system introduced by 
Paran and Michelmore (1993). SCAR markers have proven 
their utility in detection of Fusarium oxysporium sp. Ciceris 
and cubense (Kiran et al. 2010; Durai et al. 2012; Cunha 
et al. 2015), selection of hybrid strains of Saccharomyces 
cerevisiae (Wang et al. 2011), validation of sex of plants 
in early stage (Korekar et al. 2012), and identification of 
powdery mildew resistance genes (Srivastava et al. 2012). 
Kiran et al. (2010) reviewed the utility of SCAR markers 
in authentication of medical herbs. SCAR markers have 
been developed for authentication of various plants, viz., 
two species of Artemisia (A. princeps, A. argyi) (Lee et al. 
2006), Phyllanthus emblica (Dnyaneshwar et al. 2006), Cur-
cuma alismatifolia (Anuntalabhochai et al. 2007), and so 
on. Busconi et al. (2006) reported on the development of 
SCAR markers for cultivar identification. Kim et al. (2015) 
developed SCAR markers for selecting rind stripe pattern 
in Citrullus lanatus L. Primers can be synthesized based on 
the sequence of the ends of RAPD fragments to generate 
specific PCR primers which can be used for amplification 
giving rise to specific PCR markers called SCARs (Paran 
and Michelmore 1993).

The simplicity, rapidity, need of low amount of genomic 
DNA, no requirement of radioisotopes, and prior genetic 
knowledge are the major advantages of the RAPD technique 
(Williams et al. 1990). However, there are some technical 
issues with RAPD that have posed its accuracy as a genetic 
marker and avoided its widespread use in recent years. The 
reproducibility of RAPD profiling often influenced DNA 
consistency, primer and template concentrations, make of 
thermo cyclers, and source of DNA polymerase (Ellsworth 
et al. 1993; Muralidharan and Wakeland 1993). As such 
RAPD technique is highly sensitive to modifications inside 
the response situations. Consequently, there exists a gap 
between the capacity to gain connected markers to a gene 
of interest in a quick time and the use of these markers for 
a map-based cloning and for ordinary screening technique 

(Bhagyawant 2016). For instance, Dahlberg et al. (2002) 
analyzed 42,000 Sorghum bicolor accessions with RAPD 
markers; the clusters developed have been no longer close 
to those obtained on the premise of morphological and agro-
nomic statistics. Many examples demonstrate the ambigu-
ous existence of RAPD markers that must be authenticated 
using interface methods such as SCAR markers. According 
to Saiki et al. (1988), the polymorphic fragment produced 
by RAPD-PCR amplification is not always consistent. This 
restriction can be overcome in RAPD-PCR by transform-
ing the polymorphic bands from RAPDs into sequence- 
characterized amplified regions. Li et al. (2008a, b) validated 
that SCAR markers are greater reproducible for genotype 
authentication and identification than revealing genetic dif-
ferences between the samples. Amplified fragment length 
polymorphism (AFLP), simple-sequence repeats (SSRs) and 
inter simple sequence repeats (ISSRs) are other PCR-based 
methods that have more repeatable amplification patterns 
than RAPD markers. However, creating SCAR markers 
from these markers poses practical difficulty. In contrast, 
polymorphic regions that differ in size between the sam-
ples revealed by RAPD technique can be efficiently used 
to develop SCAR markers to sample authentication based 
on SCAR shifts. As a result, the SCAR marker has become 
the best marker technology for crop species authentication.

Though RAPD-based SCAR widely applied, few reports 
available on development of SCAR markers on more repeat-
able tags such as AFLP (Vos et al. 1995), SSR (Litt and 
Luty 1989; Tautz 1989; Weber and May 1989), and ISSR  
(Zeitkeinicz et al. 1994). The creation of SCAR markers 
from these markers, on the other hand, is extremely expen-
sive, complex, and time-consuming, and may necessitate 
whole-genome sequence details.

In the present study, we used 27 RAPD markers for the 
diversity analysis in 23 accessions of M. oleifera. One of 
the major drawbacks of RAPDs is the lack of specificity and 
reproducibility that can be ruled out by further converting 
them into far more reproducible and specific markers such as 
SCAR markers. Li et al. (2008a, b) developed SCAR marker 
associated with high rooting ability in Lentinula edodes. 
Tatikonda et al. (2009) surveyed molecular diversity in 48 
germplasm collections of Jatropha curcas from six states by 
using seven AFLP primer combinations showing the occur-
rence of higher numbers of unique/rare fragments and with 
greater variation in percentage oil content. These new data 
have now been employed by them for the development of 
SCAR marker for the identification of higher oil content 
J. curcus. Sujatha et al. (2005) utilized RAPD markers to 
assess the genetic similarity between toxic Indian and non-
toxic Mexican accessions. Basha and Sujatha (2007) further 
extended this study by converting RAPD markers into SCAR 
markers that differentiates Indian and Mexican accessions. 
Likewise, in this paper, we have made an attempt to develop 
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and use a set of RAPD-SCAR marker for the identification 
of superior germplasm of M. oleifera from the accessions 
collected.

Materials and Methods

Plant Material

An exploration survey was carried out in Karnataka, Kerala, 
and Tamil Nadu states of India during May–June 2014 pri-
marily to record healthy, morphologically, and biochemi-
cally distinct drumstick trees. In the primary survey, two 
prime yield traits, viz., total fruit yield (kg) and single fruit 
weight (g) were recorded in 120 trees, ranging 8–15-year-
old trees from the study area. Based on fruit yield data and 
single fruit weight, mean fruit yield and mean fruit weight 
among surveyed 120 trees were determined. The primary 
survey revealed that among 120 trees, 23 trees gave more 
than 50% fruit yield and single fruit weight than average of 
120 trees. Each selected tree was designated with CPT num-
ber for future identification. Fruit yield-based screening con-
tinued two more years on CPTs on various yield attributes 
(Table 1) and recorded CPT17, an accession from Cherthala 
representing the agro climatic zone of coastal sandy region, 
is the elite tree with maximum yield (163.27 kg/plant/sea-
son). In biochemical analysis, overall ranking (nutritive 
value and vitamin C) indicates that CPT17 is the best with 
remarkably high leaf nutritive value, leaf, and fruit vitamin 
C content. In addition to these, CPT17 contained moderately 
high level of vitamin A, B1 and B2 (Ravi et al. 2020).

The limb cuttings of 50–100 cm long and 4–5 cm in 
diameter are typically planted and were grown in plastic 
pots (50 cm × 35 cm) containing soil, and FYM (Farm Yard 
Manure), and maintained in a greenhouse at ambient tem-
perature (̴26–28 °C) (Saini et al. 2012). After 2 months, the 
rooted plants were transferred to Department Garden for the 
analysis of diversity.

DNA Extraction

Immature leaves from 3-month-old plants were used for 
DNA extraction. Genomic DNA of all the 23 genotypes was 
extracted by cetyl-tri-methyl ammonium bromide (CTAB) 
method with modification, and 2% polyvinyl pyrrolidone 
(PVP) was added to extraction buffer for removal of phe-
nolics present in the sample. The DNA concentration and 
purity were determined by using Biophotometer (Eppendorf, 
Hamburg, Germany). DNA quality was further checked by 
gel electrophoresis on 0.7% agarose gel (1X TAE buffer, 
EtBr). A working DNA concentration of 10 ng/µl was pre-
pared and stored at 4 °C until use.

RAPD‑PCR Amplification

A total of 35 RAPD primers (BR Biochem Life Sciences, 
New Delhi, India) were used for the polymorphism survey. 
RAPD assay was carried out in 25-µl reaction volume, con-
taining 12.5-µl 2 X-PCR smart mixes (Origin Diagnostics, 
Karunagappally, India), 3-µl DNA (10 ng/µl), 1-µl primer 
(20 pmol/µl), and 8.5-µl double distilled water. The poly-
merase chain reaction (PCR) was performed with a thermal 
cycler (Eppendorf, Mastercycler gradient, Hamburg, Ger-
many). The standardized amplification was performed (Saini 
et al. 2013) at an initial denaturation at 94 °C for 4 min, 
followed by 40 cycles of denaturation at 94 °C for 30 s; 
primer annealing based on Tm for 1 min; primer extension 
at 72 °C for 2 min; and final extension at 72 °C for 10 min. 
The annealing temperature for each primer was standardized 
by performing gradient PCR.

RAPD-PCR products were then analyzed by electropho-
resis (V-GEL, Warwickshire, UK) with 100-bp DNA ladder 
ranged from 100 to 5000-bp (Origin Diagnostics, Karuna-
gappally, India) on a 1.8% agarose gel with 1X TAE buffer 
stained with 2-µl EtBr. DNA banding patterns were then 
visualized using Gel documentation system (BIORAD Gel 
 DocTMXR + , California, USA).

SCAR Marker Development

Genomic DNA isolated from all the CPTs were amplified 
using 27 random primers. A degree of polymorphism was 
obtained in each RAPD profile. There were numerous simi-
lar bands present in all accessions, whereas several unique 
bands were also obtained in superior genotype CPT17. 
Based on this a high-intensity unique amplicon was selected 
in CPT17 samples for the development of SCAR markers. 
These amplicons were selected by comparing the RAPD 
profile of the all the samples.

The selected unique bands were excised from the aga-
rose gel (1.8%) with a sterilized scalpel and eluted with gel 
elution kit (Mfg. Biomatrix Co. Ltd.). The eluted samples 
were again checked on agarose gel and stored at −20 °C for 
further use.

The eluted putative specific DNA amplicons were cloned 
into pGEM-T easy vector (Promega Corporation, Madison, 
WI, USA). The ligated plasmid was introduced into E. coli 
strain DH5α by heat shock method. The competent cells 
were prepared for transformation by the  CaCl2 method 
(Sambrook and Russell 2001). White colonies were picked 
from LB-X-gal-IPTG plates and grown overnight in LB 
medium containing ampicillin. The recombinant plasmid 
was then isolated from the bacterial culture using plasmid 
isolation kit obtained from Fermentas, USA. Confirmation 
of successful cloning was carried out by restriction diges-
tion of the recombinant plasmid using the enzyme EcoRI. 
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Table 1  Details of yield and biochemical analysis of 23 genotypes of M. oleifera collected for the study

Place of collec-
tion

Collection code Fruit no Fruit weight (g) Fruit yield (kg) Nutritive 
value of CPTs 
(leaves)

Nutritive value 
of CPTs (fruits)

VitaminC (leaf) 
(mg/100 mg)

Vitamin 
C (fruit) 
(mg/100 g)

Koramangala, 
Bangalore

CPT1 320.0q 95.58efg 30.58 l 75.85 19.32 212.3bcd 111.33cde

Somanahalli, 
Bangalore

CPT2 330.0pq 96.37efg 31.80kl 93.96 25.98 220.4abc 96.65acde

Nidaghatta, 
Bangalore

CPT3 720.0 g 100.78de 72.56e 85.52 27.13 220.9abc 129.80a

Thuppinakkara, 
Mysore

CPT4 340.0p 89.09 k 30.29 m 100.77 23.92 220.3abc 123.15abc

Mandya, 
Mysore

CPT5 552.0 k 158.24a 87.34d 94.38 26.87 220.8abc 128.10ab

Sulthanbathery, 
Wayandu

CPT6 325.0q 105.88 cd 34.41kl 78.46 19.54 211.6bcd 93.50 g

Adivaram, 
Calicut

CPT7 440.0n 104.26 cd 45.87j 87.7 20.98 185.3e 95.54 fg

Moozhikkal, 
Calicut

CPT8 720.0f 90.01ghij 64.81 fg 96.48 28.52 221.8ab 123.46abc

Randathanil, 
Calicut

CPT9 600.0j 101.59de 60.95 h 84.68 24.45 215.7abcd 112.80cde

Puduppadi, 
Calicut

CPT10 480.0 m 85.381ij 40.98j 88.08 23.199 214.6abcd 115.13bcde

Panambra, 
Malappuram

CPT11 624.0i 110.69c 69.07ef 77.86 18.56 208.2 cd 108.23de

Mundanam, 
Malappuram

CPT12 450.0 m 72.22 k 32.49kl 69.46 17.56 207.1d 109.26de

Irinjalakkuda, 
Trissur

CPT13 420.0o 87.98hij 36.95 k 96.1 23.12 215.0abcd 109.20abcde

Alathur, Palak-
kadu

CPT14 500.0 l 92.84fgh 46.42i 90.58 21.73 219.2abcd 125.60a

Chittoor, Palak-
kad

CPT15 700.0 h 101.83ghi 64.50 fg 84.06 25.1 219.7abc 113.56abc

Ernakulam CPT16 810.0e 72.53 k 57.20 h 100.82 22.34 218.2abcd 127.50ab
Cherthala, 

Alleppy
CPT17 900.0c 163.27a 146.94a 100.9 21.23 227.1a 130.23a

Konni, Pathan-
amthitta

CPT18 735.0f 144.23b 93.10c 89.56 20.56 216.4abcd 90.30 g

Mundakkal, 
Kollam

CPT19 960.0b 106.34 cd 102.20b 85.54 26.68 214.1bcd 96.80ef

Attingal, 
Thiruvanan-
thapuram

CPT20 1000.0a 101.44de 101.50b 83.35 25.53 186.9e 115.50abcd

Nagercoil, Kan-
yakumari

CPT21 960.0b 89.53ghij 86.10d 87.55 23.03 214.1bcd 110.40cde

Ukkadam, 
Coimbatore

CPT22 735.0e 99.60def 73.20e 90.88 20.08 222.9ab 110.40bcde

Hosur, Krishna-
giri

CPT23 840.0d 84.48j 70.96e 87.76 24.75 216.3abcd 106.50de

F value 2187.5*** 101.8*** 296.6*** 7.314*** 8.415***
Mean of 120 

surveyed trees
205 46.4 18.4

CPT qualifying 302.5 69.6 27.6

Means with in a column followed by same letters are not significantly (p ≤ .05) different as determined by Duncan’s Multiple Range Test
*** Highly significant (p ≤ .001)
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The cloned amplicons were sequenced by employing primer 
walking technique by M/s Bangalore Genei, Bangalore, 
India (ABIPRISM BigDye Terminator v3.1).

The nucleotide sequences of RAPD amplicons were 
used for similarity searches against NCBI database using 
Blastn program (http:// blast. ncbi. nlm. nih. gov/ Blast. cgi). 
The unique amplicons were also submitted to NCBI, USA. 
Further, the amplicons were used to design specific primer.

SCAR primers were designed as an extension of the origi-
nal RAPD primer to which a few arbitrary bases were added 
after analyzing the sequence (BR Biochem Life Sciences, 
New Delhi, India). The designed primers of unique DNA 
sequences (SCAR primers) specific to CPT17 were used for 
amplification of genomic DNA from all accessions. SCAR 
marker assay was carried out in 0.2-ml PCR vials containing 
12.5-µl 2 X-PCR smart mixes (Origin Diagnostics, Karuna-
gapally, Kerala), 3-µl sample DNA (10 ng/µl), 1-µl forward 
primer, and 1-µl reverse primer (20 pmol/µl), and 7.5-µl dou-
ble distilled water. The polymerase chain reaction (PCR) 
was performed with a gradient thermo cycler (Eppendorf, 
Mastercycler gradient, Hamburg, Germany). The standard-
ized amplification was performed at an initial denaturation 
at 94 °C for 4 min, followed by 40 cycles of denaturation 
at 94 °C for 30 s, primer annealing based on Tm for 1 min, 
primer extension at 72 °C for 2 min, and final extension at 
72 °C for 10 min. The annealing temperature for each primer 
was standardized by performing gradient PCR. The anneal-
ing temperature was first calculated as fourfold the number 
of GC (guanidine/cytosine) plus twofold the number of AT 
(adenine/thymine) (Marieschi et al. 2016). Each primer pair 
was tested with different annealing temperature to obtain the 
standard temperature.

PCR products were separated on 1.8% agarose gel having 
3-μl/100 ml ethidium bromide. 1X TAE buffer was used as 
both gel and tray buffer. After completion of PCR amplifica-
tion reaction, 3-μl of 6X loading dye (Bromophenol blue) 
was added to each PCR tube. About 1.8% agarose gel in 
1X TAE buffer (pH 8.0) was prepared, and the contents of 
the tube were loaded into the gel. A total of 100-bp DNA 
ladder (100–5000-bp, Origin Diagnostics, Karunagapally, 
India) was used as molecular marker. Electrophoresis was 
carried out on 80 V until the loading dye reached the gel 
front and DNA banding patterns were then visualized using 
gel documentation system (BIORAD Gel  DocTMXR + , Cali-
fornia, USA).

Results and Discussion

RAPD primers (35 Nos.) were initially tested with 23 acces-
sions of M. oleifera for the RAPD profile. The most suit-
able set of primers was however selected for RAPD analysis. 

The primary screening of 27 primers revealed a total of 519 
reproducible bands ranging from 100 to 5000-bp in the 
accessions of Moringa species generated 89.61% polymor-
phism (Table 2). Primer RAPD3 showed 100% polymor-
phism. The number of polymorphic loci ranged from 7 to 
29, with a mean of 17.44 loci/primer. The maximum number 
of polymorphic bands scored by primer RAPD3 followed 
by primer KFP21. The total number of polymorphic loci 
obtained was high (29) in the primer RAPD3 and low (7) 
in primer OPJ13. Out of the 49 bands, the high number of 
monomorphic bands was observed in KFP7, KFO8, and 
KFP9 (3).

These RAPD profiles thereafter analyzed for identifica-
tion of unique amplicons of superior genotype (CPT17) for 
developing SCAR markers. There were a number of poly-
morphic as well as monomorphic bands obtained in all the 
genotypes. Unique fragments are the specific fragments, 
present in only one accession for the given primer combina-
tion (Tatikonda et al. 2009). Out of the unique amplicons 
obtained in RAPD profile of CPT17, the most prominent 
and intense band was selected for developing SCAR mark-
ers in this study. The selection criterion for unique band also 
included its size, and the smaller fragments were selected 
for ease of sequencing. These genetic differences were suc-
cessfully detected by RAPD technique, and it was quite evi-
dent that this technique can be employed for identification 
of correct trait.

Identification of CPT17

In RAPD analysis, a number of specific RAPD markers 
were scored specific to superior genotype (CPT17) (Fig. 1). 
RAPD-PCR reaction was repeated 3 times to make it free from 
technical errors. In all the trails of PCR reactions, the CPT17 
specific marker OPA19 (CAA ACG TCGG) consistently ampli-
fies a product of interest 1500-bp (Fig. 1a). Basha and Sujatha 
(2007) have identified unique bands specific to three acces-
sions of Jatropha, viz., non-toxic Jc, Kerala, and Neemuch-1. 
After unique band identification, the next step in RAPD-PCR 
analysis is to validate the marker by ensuring its reproducibility 
via RAPD to SCAR conversion; i.e., a more efficacious pair 
of primers of approximately 15–30-bp in length is designed 
from the RAPD marker sequence, perfectly capable of yield-
ing dependable results with each amplification (Bhagyawant 
2016). In order to create a reliable marker for superior germ-
plasm of M. oleifera, the sequence of the 1500-bp DNA frag-
ment from the RAPD analysis was used for further design-
ing a pair of specific primers. Likewise, Cunha et al. (2015) 
converted high molecular size (1700-bp) RAPD fragment to 
SCAR primer to discriminate resistant and susceptible geno-
types to Foc infection. CPT17 being the superior genotype on 
the basis of morphological, nutritional, and molecular level.
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Cloning and Sequencing of Unique Band

Unique DNA amplicons of CPT17 was cloned into the 
pGEMT Easy vector. The presence of a single 3-terminal 
thymidine at both ends was the reason for selecting the 
pGEM T Easy vector for cloning. By preventing the cir-
cularization of the vector and providing compatible over-
hangs for PCR products produced by certain thermostable 
polymerases, T-overhangs at the insertion site significantly 
improved the efficiency of ligation of PCR products (Mezei 
and Storts 1994; Robles and Doers 1994). Furthermore, 
pGEM-T Easy vectors are of high copy number vectors with 
T7 and SP6 RNA polymerase promoters flanking a mul-
tiple cloning region within the enzyme β-galactosidase’s-
peptide coding region. The inactivation of the α-peptide 
during insertion enables recombinants that were identified 
using blue/white screening on indicator plates. Within 

various cloning areas, they also contain numerous restric-
tion sites. In the α-peptide coding region of the enzyme 
β-galactosidase, the desired RAPD fragment was inserted 
at multiple cloning sites. Each transformed plasmid was iso-
lated, and the existence of the cloned DNA insert was con-
firmed via restriction digestion with the restriction enzyme 
EcoRI. The plasmid was sequenced at the Bangalore Genei. 
The sequence (Fig. 2) was then subjected to homology 
searches with the sequenced RAPD amplicons obtained 
from CPT17 using the nonredundant database at Gen-
Bank and BLAST at NCBI. The BLAST review revealed 
no significant similarities recognized in protein-coding 
sequences. In studies of eight pine species, Nkongolo  
et al. (2002) discovered RAPD markers unique to one or 
two species. Several species demonstrated high sequence 
similarity between amplified sequences of the same molecu-
lar weight in this research. We found no correlation between 

Table 2  Details of RAPD 
primers with various parameters 
revealing the discriminatory 
power of each primer

Tm annealing temperature, NB number of bands, NPB number of polymorphic bands, NMB number of 
monomorphic bands, PP percentage of polymorphism

Sl. no Primer Primer sequence Tm NB NPB NMB PP Amplicon 
band size bp

1 OPB-17 AGG GAA CGAG 34.1 10 6 4 60.00 244–2261
2 OPB-20 GGA CCC TTAC 38 16 15 1 93.75 309–1776
3 OPO-03 CTG TTG CTAC 35 14 12 2 85.71 173–1685
4 OPJ-13 CCA CAC TACC 37 8 7 1 87.50 414–1473
5 OPC-15 GAC GGA TCAG 34 21 19 2 90.47 100–3556
6 OPA-04 AAT CGG GCTG 37 17 16 1 94.11 125–1925
7 OPA-11 CAA TCG CCGT 36.1 19 18 1 94.73 153–1856
8 OPC-06 GAA CGG ACTC 37 18 16 2 88.88 376–2271
9 OPC-10 TGT CTG GGTG 36.1 17 16 1 94.11 100–2090
10 OPD-16 AGG GCG TAAG 37 30 29 1 96.66 112–2790
11 RAPD-2 CGG CCA CTGT 37 15 14 1 93.33 400–2564
12 RAPD-3 CGG CCC CGGC 38 29 29 0 100.0 103–2096
13 RAPD-4 CGG AGA GCGA 37 26 25 1 96.15 383–4574
14 RAPD-5 GAC GGA GCAG 37 25 23 3 92.00 104–4128
15 RAPD-6 GAA GAA CCGC 36.1 19 18 1 94.73 194–1933
16 RAPD-8 CGG AGA GCCC 37 19 18 1 94.73 290–5000
17 KFP-3 GTT AGC GGCG 37 23 19 4 82.60 388–2746
18 KFP-4 CGG AGA GTAC 35 15 13 2 86.66 411–2449
19 KFP-5 CCT GGC GAGC 37 22 20 2 90.90 246–2232
20 KFP-6 TCC CGA CCTC 38 17 15 2 88.23 300–1898
21 KFP-7 CCA GGC GCAA 37 19 16 3 84.21 345–2186
22 KFO-8 ACG CGC TGGT 37 24 21 3 87.50 115–3286
23 KFP-9 GAC TGG AGCT 37 17 14 3 82.35 504–2905
24 KFP-10 ACG GTC CGCC 38 21 19 2 90.47 156–1716
25 KFP-11 CGC GAC GTGA 37 15 13 2 86.66 110–3098
26 KFP-13 CAG TCG GGTC 38 15 13 2 86.66 100–1466
27 KFP-21 GTA GGC GTCG 37 28 27 1 96.42 208–2916

Total 519 471 49 2419.52
Mean 19.22 17.44 1.81 89.61
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the cloned RAPD band (1500-bp) and any other sequences 
previously released. In this regard, our findings are consist-
ent with those of Amicucci et al. (1997) and Solieri and 
Giudici (2010), who discovered that the sequence of RAPD 
fragments in their analysis was not similar with the previ-
ously decided sequences.

Primer Designing

BLAST results revealed that the selected RAPD sequences 
of each plant sample did not have any similarity with the 
sequences in the NCBI database and also were not contam-
inated with the vector sequences. Based on these unique 

Fig. 1  Identification of CPT17 (superior genotypes) using the primers. a OPA-19, b OPF-02, and c RAPD-2. L-Ladder, 1–23 M. oleifera acces-
sions
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characterized sequences, specific primers for CPT17 were 
designed. The suitable length of primers and annealing tem-
perature, results in sharpest and most intense products, was 
empirically determined for each primer pair.

To design CPT17 specific primer, the RAPD marker was 
used plus first 11 or 15-bp bases in the sequence. Thus, inter-
nal primers referred as SCAR primers, designed (Table 3). 
The three primer pairs (forward and reverse), viz., F1R1 
(TCA AAC GTC GGG TTT ATG GAT/TCA AAC GTC GGT 
GGA AGA GGG), F2R2 (TCA AAC GTC GGG TTT ATG 
GATGG/TCA AAC GTC GGT GGA AGA GGGAG), and F3R3 
(TCA AAC GTC GGG TTT ATG GAT GGA A/TCA AAC GTC 
GGT GGA AGA GGG AGA ) designed were used for PCR 
amplification using the 23 accessions of M. oleifera under 

varied annealing temperatures ranging from 40 to 65 °C. 
Nine combinations of primer pairs (viz., F1R1, F1R2, F1R3, 
F2R1, F2R2, F2R3, F3R1, F3R2, and F3R3) were tested to 
find out better primer combination.

Amplification of DNA Samples Using SCAR Primers

Out of the nine SCAR primer pair combinations, the SCAR 
primer F2R2 showed an amplification of single, distinct, and 
brightly resolved band of the same size as the original RAPD 
fragment of the primer OPA at an annealing temperature 
63 °C (Fig. 3) for CPT17 (superior germplasm). This band 
was absent in all other accessions. But the decamer RAPD 
primer OPA produced polymorphic bands in all the 23 
accessions. According to Parasnis et al. (2000), SCAR prim-
ers deduced from internal sequences are less polymorphic 
than those including initial RAPD primer sequences, sug-
gesting that the polymorphism is only present in the decamer 
sequences derived from the RAPD primer sequence. The 
RAPD markers identified a large number of non-specific 
fragments, whereas the SCAR markers only identified the 
specific RAPD fragments (Abraham et al. 2013). It indicates 
that the SCAR primer F2R2 is specific to identity CPT17.

Primers F2 and R2, both contain 23-bp and the anneal-
ing temperature of these primers, were 63 °C. At 63 °C, the 
primer F2R2 produced the most prominent and intense band 

Fig. 2  Sequence data of amplified product of 1500-bp band generated by primer OPA-19. The highly bold redion indicating the RAPD (OPA19) 
primer sequence

Table 3  Sequence of SCAR primers designed based on the sequence 
of RAPD marker unique band generated by the primer OPA19 in 
CPT17

Primer name Primer sequence 5′-3′ Base pair

F1 TCA AAC GTC GGG TTT ATG GAT 21
F2 TCA AAC GTC GGG TTT ATG GATGG 23
F3 TCA AAC GTC GGG TTT ATG GAT GGA A 25
R1 TCA AAC GTC GGT GGA AGA GGG 21
R2 TCA AAC GTC GGT GGA AGA GGGAG 23
R3 TCA AAC GTC GGT GGA AGA GGG AGA A 25
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for CPT17. SCAR primers of 22–25 nucleotide long were 
designed for stringent conditions of annealing. According to 
Innis et al. (1990) using longer primers and higher annealing 
temperatures during PCR reaction, makes the amplification 
more stringent and more reproducible. It overcomes the main 
limitation of RAPD (Smith and Register 1998). The longer 
annealing site and higher annealing temperature avoid mis-
matching (Innis et al. 1990; Ferreira and Grattapaglia 1996). 
GC content of F2 and R2 were 48% and 57%, respectively. 
According to Ferreira and Grattapaglia (1996), GC content 
was kept between 55 and 60% to maintain the strength and 
fidelity of the primers. Also, specificity, temperature and time 
of annealing is partly dependent on primer length and its GC 
content (Kiran et al. 2010). SCAR markers were generally 
a dominant marker. Each marker amplified one fragment; 
however, there were other cases that one marker produces 
more than one fragment. In our study, only one fragment 
was amplified, but in Paraseriathes falcataria, five SCAR 
markers produced both types of polymorphisms (dominant 
and codominant) (Yuskianti and Shiraishi 2010). In Aspara-
gus, SCAR markers were scored as adominant marker (Kiran 
et al. 2010).

Combining RAPD and SCAR markers provides a simple 
and reliable tool for the genetic characterization of plant spe-
cies (Bhagyawant 2016). Dyneshwar et al. (2006) developed 
a SCAR marker (343-bp) for correct genotype identification 
of Phyllanthus emblica from a species-specific amplicons 
developed by comparative analysis of RAPD profiles of dif-
ferent cultivars of Phyllanthus. Wang et al. (2011) devel-
oped SCAR marker from RAPD fragment to select hybrid 
strains of Saccharomyces cerevisiae. SCAR marker linked 

to powdery mildew resistance gene er1 in Pisum sativum 
was developed by Srivastava et al. (2012). Liriope platy-
phylla and Ophiopogon japonicas are closely related medic-
inal plants. Li and Park (2012) developed specific SCAR 
sequence primers for the identification of closely related 
these species. Korekar et al. (2012) converted a 470-bp 
RAPD fragment of Hippophae rhamnoides to a SCAR and 
used it successfully to determine the sex of plants in early 
stage. Yang et al. (2013) developed a SCAR marker for vari-
ety authentication. The Oryza sativa plants were screened 
using RAPD and SCAR techniques for discrimination of 
Thai jasmine rice mutants (Semsanget al. 2013). Litchi chin-
ensis Sonn, L. var., chinensis, belongs to the family Sap-
indaceae. Litchi is an edible fruit having many medicinal 
properties. Numerous litchi cultivars grown across the world 
creates confusion regarding their naming and identification. 
In this regard, Cheng et al. (2015) has developed a SCAR 
marker for the authentication of Litchi species by improved 
RAPD-SCAR amplification. Cunha et al. (2015) have devel-
oped a RAPD SCAR marker as a tool to discriminate resist-
ant and susceptible genotypes of Foc infected banana plants.

Due to the use of longer PCR primers, SCARs do not have 
low reproducibility as generally encountered in RAPDs. The 
length of the primer determines the specificity and reproduc-
ibility of SCAR marker (Vanichanon et al. 2000). Oligonu-
cleotides between 18 and 24 bases are extremely sequence 
specific and more reproducible than RAPD primers (Kiran 
et al. 2010). The high specificity of SCAR markers become 
an important interface tool of DNA fingerprinting. More 
numbers of SCAR markers are needed to develop various 
biological systems for discrimination of traits of importance.

Fig. 3  Amplification of 1500-bp band generated by SCAR primer F2R2 in CPT17. L-Ladder, 1–23 M. oleifera accessions
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Conclusions

In conclusion, the present study reveals high degree of 
genetic diversity in M. oleifera germplasm in terms of 
yield levels and molecular profiles. RAPD marker used in 
the study was informative to differentiate the high yield-
ing germplasm from low yielding ones (OPA19, 1500-bp). 
The identified RAPD marker was converted to SCARs for 
increasing the reliability and use in marker-assisted pro-
grams aimed at development of accessions with high yield 
and vitamin C content. The SCAR primer pair (F2R2) was 
designed to find out the superior trait M. oleifera (CPT17) 
on the basis of morphological, nutritional, and molecular 
levels. The newly developed SCAR primer pair F2R2 ampli-
fied a 15,000-bp fragment superior germplasm (CPT17), 
while that fragment was absent in all the other accessions. 
The results of this study also indicated that the improved 
RAPD analysis has the potential for the genetic analysis of 
this crop. The RAPD fragments can be cloned to generate to 
diagnostic SCAR markers that are stable and specific. Thus, 
the combination of the two techniques provides a simple 
and reliable tool for the genetic characterization of any crop 
plant. SCAR markers developed in this study can be used to 
support tree improvement program of M. oleifera. Further 
work should also be done in the verification of more acces-
sions of M. oleifera using developed SCAR markers in the 
future.
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