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ABSTRACT 

 
Pongamia (Pongamia pinnata (L.) tree belonging to family Fabaceae. Pongamia trees very 

important biofuel resource, resistance to a biotic stress. The current investigation was carried out at 
Plant production department, Faculty of Agriculture Saba Basha, Alexandria University, Egypt and 
department of plant biotechnology, genetic engineering and biotechnology. GEBRI, university of Sadat 
City, during the period of 2016 to 2018. Two molecular markers, ISSR and RAPD were used as genetic 
tools to detect the differentiation between in vivo and in vitro of Pongamia plants. Total DNA was 
extracted from fresh P. pinnata leaves and all primers were screened with the samples for amplification 
products. The comparison was made between two samples of plants derived from tissue culture and the 
plant mother of P. Pinnata. In a total of 122 amplification fragments obtained from RAPD-PCR and 
155 fragments detected by ISSR, the general percentage of polymorphism was the general genetic 
polymorphism was 39.34% and 28.38%, respectively. The results indicated low genetic polymorphism 
were observed between the mother plant and the other two tissues culture treatment, the values was in 
range 28.38% (ISSR) to 39.34% (RAPD) with high similarities ranged from 60.66 to 71.62%. The 
results indicated that there was high genetic similarity between the plants produced from tissue culture 
and mother plants. 
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Introduction 

Pongamia pinnata also referred to as Pongam, is a biodiesel tree legume well adapted to arid 
zones and has many traditional uses (Meera et al., 2003; Brijesh et al., 2006; Scott et al., 2008; Mukta 
et al., 2009) growing in tropical and sub-tropical regions. A medium glabrous tree seeds containing oil 
like diesel. Plant requires an excellent drainage and a sunny location and plants have many benefits 
such as a source of traditional medicines, animal fodder, green manure, timber, fish poison, fuel, source 
of renewable energy, biofuel, safe and non-pollutant in addition to the extracts of considers significant 
anti-diarrhoeal, anti-fungal, anti-plasmodial, anti-ulcerogenic, anti-inflammatory and analgesic 
activities (Sangwan and Sharma, 2010).  Recently, Pongamia (P.pinnata L.) has been considered as 
important renewable source of biodiesel; however little molecular information is available in this 
species. Molecular genetics have showed an effectively tools to assess genetic variation, differentiation, 
identification and phylogenetic relationships within and among populations of the species, as well as 
between closely related species (Hu and Quiros, 1991, Chandrashekhar and Nguyen, 1993, Yu and 
Pauls, 1993, Howel et al., 1994, Jain et al., 1994, Orozco- Castillo et al., 1994, Mackill, 1995, Hamrick 
and Godt, 1997, Lakshmikumaran and Bhatia, 1998,  Mahdy, 2012, Mahdy, 2012, Mahdy, 2018). A 
number of studies have been conducted on Pongamia using dominant markers such as RAPD, ISSR, 
AFLP and TEAFLP (Kesari et al., 2010, Sahoo et al., 2010 and Sharma et al., 2011). RAPD markers 
have been widely used in plant research for phylogenetic studies, genome mapping and genetic variation 
analysis both at intra- and inter-population levels (Li et al., 2008). The technique has several advantages 
including simplicity, low cost, speed and lack of requirement for DNA sequence information (Williams 
et al., 1990; Lopes et al., 2007). However, RAPD technology has several limitations including 
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dominance, uncertain locus homology, sensitivity and reliability. Inter-simple sequence repeat 
represents the marker of choice for varietal identification studies as they are transferable, hypervariable, 
highly polymorphic, multiallelic dominant markers, relatively simple to interpret and show high 
information content (Souframanien and Gopalkrishna 2004) 
 
Materials and Methods 
 
Extraction and purification of genomic DNA 
 

High quality DNA is an essential requirement for developing DNA markers in Pongamia 
pinnata. Therefore, DNA was successfully isolated from the mother plant and two Tissue culture treated 
samples using a DNAeasy Plant Mini Kit (Qiagen, Santa Clarita, CA) with minor modifications 
according to Williams et al. (1990). DNA concentration was determined by diluting the DNA 1:5 in 
dH2O. The DNA samples were electrophoresed in 0.7% agarose gel against 0.5ug of a DNA size marker. 
The concentration of genomic DNA was estimated by comparing the size and intensity of each sample 
band with those of a sizing standard marker (Lambda DNA digested with HindIII and Phi x 174 DNA 
digested with HaeIII) (Williams et al., 1990).  
 
Randomly amplified polymorphic DNA (RAPD) 

RAPD amplification was carried out according to procedure described by Hussein et al. (2006). 
A set of eight random 10-mer primers were used to evaluate the differences between the tested samples 
(Table 1). The amplification reaction was carried out in 25 µl total volume containing 1x PCR buffer, 
1.5 mM MgCl2, 2 mM dNTPs, 1 U Taq DNA polymerase (all reagents from Fermentas), 10mM primer 
and 25 ng template DNA. PCR amplification was programmed at 94ºC for 5 min as an initial 
denaturation cycle, followed by 40 cycles at 94ºC for 1min, then at 36ºC for 1min, then at 72ºC for 90 
s, with a final extension at 72ºC for 7 min. PCR products were mixed with 5 ul gel loading dye (6X 
dye: 0.25% bromophenol blue, 0.25% xylene cyanol FF, 30% glycerol in water) and spun briefly in a 
micro centrifuge before loading. The amplification products were resolved by electrophoresis in a 1.5% 
agarose gel containing ethidium bromide (0.5ug/ml) in 1X TBE buffer. A 100 bp DNA ladder and 1kb 
DNA ladder were used as molecular size standards. PCR products were visualized on UV light and 
photographed using a Gel Documentation System (BIO-RAD).  

 
Table 1: Primer code and sequence of the eight arbitrary RAPD primers used in the current study 

Number Primer code Sequence (5΄-3΄) 

1 C07 5΄CAGGCCCTTC3΄ 
2 C09 5΄TGCCGAGCTG3΄ 
3 C10 5΄CTGCTGGGAC3΄ 
4 C11 5΄GTAGACCCGT3΄ 
5 C16 5΄CCTTGACGCA3΄ 
6 C17 5΄AGGGGTCTTG3΄ 
7 C18 5΄GGTCCCTGAC3΄ 
8 C19 5΄GTTGCGATCC3΄ 

 
Inter Simple Sequence Repeat (ISSR-PCR) Analysis 

ISSR-PCR reactions were conducted by using six primers (Table, 2). ISSR markers involve 
PCR amplification of DNA using a single primer composed of a microsatellite sequence such as (GA)8 
anchored at the 3′ or 5′ end by 2 – 4 arbitrary, often degenerate, nucleotides. The sequences of repeats 
and anchored nucleotides are randomly selected. The technique was carried out according to Adawy et 
al. (2002). Six oligonucleotides composed wholly of defined, short tandem repeat sequences with 
anchor, and representing different microsatellites (di- and tri-repeats) have been used as generic primers 
in PCR amplification of inter simple sequence repeat regions. Oligonucleotide primers to microsatellite 
repeats (Table 3) were synthesized on an ABI 392 DNA/RNA synthesizer (Applied Biosystems) at 
AGERI. Amplification was conducted in 25 μl reaction volume containing the following reagents: 2.5 
μl of dNTPs (2.5 mM), 2.5 μl MgCl2 (2.5 mM), and 2.5 μl of 10 x buffer, 3.0 μl of Primer (10 pmol), 
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3.0 μl of template DNA (25 ng/μl), 1μl of Taq polymerase (1U/μl) and 12.5 μl of sterile ddH2O. The 
PCRs were programmed as initial denaturation step for 5 min at 94ºC followed by one cycle at 94ºC for 
30 second, 65ºC for 45 second and 72ºC for 1min. The annealing temperature was lowered each cycle 
1ºC during nine cycles. This gave a touch down phase of ten cycles. This was followed by thirty-five 
cycles performed at 94ºC for 30 second, 55ºC for 45 second and 72ºC for 1 min and an extension cycle 
at 72ºC for 7 min. The PCR products separated on a 2 % agarose gels and fragments sizes estimated 
with the 100bp ladder marker.  
 
Table 2: Name and sequence of the primers used in ISSR detection 

Numbers  Primer Code Sequence 
1 ISSR01 TAT(CA)7C 
2 ISSR02 CAC(TCC)5 
3 ISSR03 TTT(TCC)5 
4 ISSR04 CAT(CA)7T 
5 ISSR06 (GA)8CG 
6 ISSR07 ATTA(CA)7 

 
Data analysis 

The banding patterns generated by RAPD-PCR and ISSR markers analyses were compared to 
determine the genetic relatedness of the mother plant and two tissue culture treated samples. Clear and 
distinct amplification products were scored as ‘1’ for presence and ‘0’ for absence of bands. Bands of 
the same mobility were scored as identical. The genetic similarity coefficient (GS) between two 
genotypes was estimated according to Dice coefficient (Sneath and Sokal, 1973) as follow: Dice 
formula: GSij = 2a /(2a+b+c), where GSij is the measure of genetic similarity between individuals i and 
j, a is the number of bands shared by i and j, b is the number of bands present in i and absent in j, and c 
is the number of bands present in j and absent in i. The similarity matrix was used in the cluster analysis. 
The cluster analysis was employed to organize the observed data into meaningful structures to develop 
taxonomies. At the first step, when each accession represents its own cluster, the distances between 
these accessions are defined by the chosen distance measure (Dice coefficient). However, once several 
accessions have been linked together, the distance between two clusters is calculated as the average 
distance between all pairs of accessions in the two different clusters. This method is called Unweighted 
Pair Group Method using Arithmetic Average (UPGMA) (Sneath and Sokal, 1973). 
 
Results and Discussions 
 

Molecular markers are efficient tools for cultivar identification and estimation of relatedness 
through DNA fingerprinting. In the present investigation, two types of molecular markers namely, 
RAPD and ISSR were employed to assess the genetic polymorphism between the mother plant 
(Pongamia pinnata) and two tissue culture treated samples. Although, the different DNA marker 
techniques detect polymorphism within the amplified DNA fragments, they would differ in the specific 
sequences targeted and in the number of fragments amplified as expected from the nature of the primers 
and reactions. The level of polymorphism between the mother plant and two tissue culture treated 
samples was estimated using two PCR-based marker techniques. 

 
Random Amplified Polymorphic DNA (RAPDs) 
 

Eight RAPD primers were screened with the DNA of the mother plant and two tissue culture 
treated samples. Any fragment thought to be artifact or difficult to be scored was not included in the 
data set. Eight primers generated reproducible and scorable RAPD profiles. These produced multiple 
band profiles with a number of amplified DNA fragments ranging from 3 to 12. In the present study, 
the total number of fragments produced by the eight primers was 122 with an average of 5.81 fragments 
per primer. While, the number of polymorphic fragments ranged from 1 to 14. The highest number of 
polymorphic bands (14) was obtained with primers OPC016, which exhibited the highest percentage 
(60.86%) of polymorphism. RAPD technique utilizes single arbitrary 10-mer oligonucleotides as 
primers to amplify discrete fragments of DNA in low-stringency polymerase chain reaction (PCR). The 
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lowest number of polymorphic bands (1) was obtained with primers OPC017, which exhibited the 
lowest percentage (14.28%) of polymorphism. The general genetic polymorphism was 39.34% for the 
eight RAPD primers used in the current study (Table 3). Ten unique fragments were observed on current 
investigation and the lowest number was 1 while the highest unique was 3 fragments recorded to the 
primer OPC07 as recorded in Table 3. Data in Figure 1 and Table 3 indicated clearly that low genetic 
polymorphism between the two tissues treated and the mother plant based on RAPD-PCR. RAPD 
markers require no prior knowledge of the DNA sequence, which makes them very suitable for 
investigation of species that are not well known (Williams et al., 1993). This technique has been used 
extensively in many different applications and in different plant species because of its simplicity 
(Waugh and Powell, 1992; Lavi et al., 1998; McGregor et al., 2000; De Benedetti et al., 2001). 
 

Fig. 1: RAPD profiles for the Pongamia pinnata (mother plant) and two tissue culture treated samples 
as detected with primers OPC07, OPC09, OPC10, OPC11, OPC16, OPC17, OPC18 and 
OPC19, M: 1 Kb ladder DNA marker. 

 
Table 3: total amplification fragments, monomorphic, polymorphic and percentage of polymorphism 

of Pongamia pinnata plant and two tissue culture treated based on RAPD-PCR  

Primer Total fragments 
Monomorphic 

fragments  
Polymorphic 

fragments 
Unique 

fragments 
Polymorphism 

percentage 
OPC07 23 15 8 3 34.78 
OPC09 6 5 1 1 16.66 

OPC010 11 3 8 2 72.72 
OPC011 11 6 5 1 45.45 
OPC016 23 9 14 1 60.86 
OPC017 7 6 1 0 14.28 
OPC018 22 18 4 1 18.18 
OPC019 19 12 7 1 36.84 

Total 122 74 48 10 39.34% 
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Polymorphism Detected by ISSR Markers 
 

In the present study, samples were analyzed using 6 inter simple sequence repeat (ISSR) 
primers. The amplification results of the ISSR primers used in this investigation was as follows; the 6 
ISSR primers produced good reproducible and scorable patterns and the amplification profiles were 
screened for the presence of polymorphisms among the mother plant and two tissue culture treated 
samples (Figure 2 and Table 4). A total of 155 fragments were generated by the 6 primers with an 
average of 8.61 fragments per primer, 111 fragments were monomorphic and 44 fragments were 
polymorphic with general percentage of polymorphism was 28.38%. Primer ISSR01 yielded the highest 
number of products (40 amplicons), 33 fragments were monomorphic and 7 fragments were 
polymorphic with 17.5% genetic polymorphism. While primer ISSR06 detected the lowest number (16 
amplicons) 6 of them were monomorphic and 10 were polymorphic in percentage was 62.5%. 11 unique 
fragments were observed and detected (Table 4).  Low genetic polymorphism were observed between 
the mother plant and the other two tissues culture treatment, the values was in range 28.38% (ISSR) to 
39.34% (RAPD) with high similarities ranged from 60.66 to 71.62%. 

 

 
Fig. 2: ISSR profiles for the Pongamia pinnata (mother plant) and two tissue culture treated samples 

as detected with primers ISSR01, ISSR02, ISSR03, ISSR04, ISSR05, and ISSR06. M: 1 Kb 
ladder DNA marker. 
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Table 4: Total amplification fragments, monomorphic, polymorphic and percentage of polymorphism 
of Pongamia pinnata plant and two tissue culture treated based on ISSR markers  

Primer Total fragments 
Monomorphic 

fragments  
Polymorphic 

fragments 
Unique 

fragments 
Polymorphism 

percentage 
ISSR01 40 33 7 2 17.5 
ISSR02 36 36 0 0 0.0 
ISSR03 22 15 7 2 31.18 
ISSR04 23 15 8 1 34.78 
ISSR05 18 6 12 4 66.66 
ISSR06 16 6 10 2 62.5 
Total 155 111 44 11 28.38% 
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