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ABSTRACT 

Cissus quadrangularis is the plant of Vitaceae family and reported to have widely applicable medicinal properties. 

The present study was carried out to optimize the method of genomic DNA extraction from Cissus quadrangularis and to 

determine genetic variability among four different accessions of Cissus. For DNA extraction, five Different procedures 

were tested, among which, the protocol of modified Doyle and Doyle (1990) gave good yield as well as consistent RAPD 

profiles with the random primer, and hence used for all further studies. The genetic variability among accessions of Cissus 

was determined using randomly amplified polymorphic DNA (RAPD) profiles. Similarities of profiles were determined 

using the algorithm of Jaccard, and UPGMA and neighbor joining trees were generated from the similarity data.               

Twelve RAPD primers produced a total of 79 bands, with an average of bands per primer pair, of which 62 were 

polymorphic. Similarity, index between all the accessions is more than 0.50, yet UPGMA cluster analyses of the SM matrix 

confidently separate four accessions. Optimized methods for DNA extraction and RAPD analysis for Cissus can be helpful 

in further molecular as well as genomic studies. 
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INTRODUCTION 

Cissus quadrangle is a genus of widely distributed woody vines in the grape family (Vitaceae). It has been 

reported to have various medicinal properties. Extracts of various parts of plant in different solvents are having antioxidant 

and antimicrobial, antiosteoporotic ( Potu, et al., 2009; Potu, et al., 2010), anti-ulcer(Jainu, et al., 2010; Rao et al., 2007), 

analgesic and anti-inflammatory(Srisook, et al., 2011), cancer suppressive(Vijayalakshmi, et al., 2013) and bone healing 

properties(Brahmkshatriya, et al., 2015). Research has been done to produce silver and gold nanoparticles from Cissus 

quadrangularis extracts, which possess antibacterial activities (Bhuvanasree, et al., 2013; Gopinath, et al., 2012).                          

In addition to medicinal importance, research is also going on towards the use of Cissus at commercial level, as natural 

cellulose fibers has been produced from root and stem of Cissus(Indran, et al., 2014; Indran & Raj, 2015).                      

Any plant having such pharmacological as well as commercial importance needs a detailed study at genetic level for the 

better understanding of the gene functions. 

There are some accessions of Cissus found in Gujarat having many similarities with the morphological variability 

that is in the shape of stem. The study of genetic diversity among the species lying under same genus is required to 

determine the genetic distance and phylogenetic relationship. Molecular techniques have been found to be more useful and 

accurate for determination of both interspecies and intraspecies genetic variation in plants. Randomly amplified 

polymorphic DNA (RAPD) markers, in particular, have been successfully employed for determination of intraspecies 
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genetic diversity in several plants. These include Cissus(Jain, et al., 2015), date palm (Srivashtav et al., 2013), 

papaya(Madarbokus & Ranghoo-Sanmukhiya, 2012), amaranths(Štefúnová, et al., 2015) etc. 

Genetic analysis of plants relies on high yields of pure DNA samples. Different plant species often may not allow 

optimal DNA production from one extraction protocol. So, for each plant species, an efficient protocol for extraction of 

DNA as well as the optimization of the PCR conditions is required. Many protocols for DNA extraction from plant cells 

have been reported.(Dellaporta, et al., 1983; Doyle, 1990; Ghaffariyan, et al., 2012; Sharma, et al., 2010) However,             

due to presence of high amount of different secondary metabolites such as essential oils, flavonoids, alkaloids, terpenoids, 

ketosteroids etc., it is difficult to extract and purify better quality DNA from plant tissues of Cissus. In order to overcome 

these problems we optimize the DNA isolation and Polymerase chain reaction (PCR) conditions for Random Amplified 

Polymorphic DNA (RAPD) analysis of four different Cissus accessions found in Gujarat. 

In the present work, DNA extraction method was optimized using five different protocols and genetic variation as 

well as genetic distance among various accessions of Cissus quadrangularis were determined by using RAPD markers and 

phylogenetic analysis. 

MATERIALS AND METHODS 

Plant Material 

For the DNA extraction, plant samples of four accessions of Cissus including Cissus quadrangularis and one plant 

of bougainvillea as an out group were collected from the Bapalal Vaidya botanical garden, Veer Narmad South Gujarat 

University in Surat, Gujarat. Four accessions in the species were identified based on stem morphological variations and 

those were Square winged stem, Round smooth stem, quadrangular flat stem, and two winged flattened stem mentioned as 

accessions 1, 2, 3 and 4. For the DNA extraction, fresh stems of collecting plants were used after washing thoroughly for 

the removal of any source of foreign DNA. 

DNA Extraction Protocols Tested 

Five published DNA Extraction protocols viz. Modified CTAB extraction protocol (Doyle, 1990), Doyle and 

Doyle, as a “classical” protocol(Doyle J. J. & Doyle, J. L., 1987), Oard & Dronovalli plant genomic DNA extraction 

protocol(Oard & Dronavalli, 1992), SDS method for DNA extraction(De Kochko & Hamon, 1990) and Modified CTAB 

method with difference in incubation period (Rogstad, 1992) were compared for their ability to produce good quality DNA 

from fresh tissues of the selected plants.  

Modified CTAB extraction protocol (Doyle, 1990) used the CTAB buffer with additional sodium thiosulphate. 

Doyle and Doyle, as a “classical” protocol(Doyle J. J. & Doyle J. L., 1987) was the classical protocol with use of CTAB 

buffer. Oard & Dronovalli plant genomic DNA extraction protocol(Oard & Dronavalli, 1992) was the method which used 

no detergent for lysis. SDS method for DNA extraction(De Kochko & Hamon, 1990) used SDS buffer as a detergent for 

lysis and Modified CTAB method by Rogsted(Rogstad, 1992) used simple CTAB buffer for extraction but differ from 

Doyle and Doyle protocol(Doyle J. J. & Doyle J. L., 1987) there is longer incubation period of about 6 hours to overnight 

and the use of PVP (Polyvinyl Pyrolydone). 

Extracted DNA samples were visualized on 0.8% agarose gel. 
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Agarose Gel Electrophoresis 

Amplification products were separated by electrophoresis at a constant current of 5A through 0.8 % Agarose gels 

in 0.5 × TBE buffer according to Sambrook et al.(Sambrook, et al., 1989), visualized and imaged after staining with 

ethidium bromide. 

Polymerization Chain Reaction Using RAPD Primers 

Twelve Decamers were used as primers. DNA was amplified essentially following Williams et al.(Williams, et al., 

1990). Initially, pilot experiment was carried out varying primer, template DNA and Mg2+ ion concentrations. The final 

amplification reaction mixture contained 10 mM N-tris(hydroxymethyl)methyl-3-amino-propanesulfonic acid (TAPS)            

(pH 8.8), 3 mM MgCl2, 0.2 mM dNTPs (Bangalore Genei), 10 pmoles primers, 0.6 U Taq DNA polymerase                

(Bangalore Genei) and 2 µl Cissus DNA template in 15 µl reaction volume. Amplification of the DNA was performed in a 

thermocycler (Eppendrof) in following manner: initial denaturation at 96˚C for 180 seconds, followed by denaturation at 

94˚C for 45 seconds, primer annealing at 35˚C for 45 seconds and extension at 72˚C for 1 min with a final extension for               

5 min at 72˚C. 

Final PCR products were fractionated on 0.8% agarose gel using 1×TAE buffer containing 10mg/ml ethidium 

bromide and were visualized under UV light. The gel was photographed using the UV gel documentation system. 

DATA ANALYSIS 

Data (Fragment sizes of all the amplification products, estimated from the gel by comparison with standard 

molecular mass marker) were scored as discrete variables, using ″1″ to indicate presence and ″0″ to indicate absence of a 

band. From the band data, monomorphic and polymorphic bands were identified for each accession. Jaccard’s similarity 

matrix was used to calculate genetic similarity. From the pairwise similarity data, the UPGMA phylogram was generated. 

RESULTS 

DNA extraction protocols gave different results for the amount of DNA obtained and its purity. Among all the five 

methods used in this study, modified Doyle and Doyle methods showed the best results in Cissus. The quantity and quality 

of DNA extracted by this procedure were higher than other methods (Figure 1). 

 

Figure 1: The Gel Images Show the Profile for Cissus Accessions using Primer (A) RPL-5, (B) RPL-6 (C) RPL-9. (D) 

APS-1 AND (E) APS-3. The Reactions were Resolved on 1.2% Agarose Gel in TAE (1X). Lane M has 200 bp DNA 

Ladder used as Molecular Weight Marker 
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The entire set of Cissus DNAs extracted from selected method were tested in RAPD reactions triplicate.                

All the DNAs were tested with fifteen RAPD Decamer primers. Of these, 12 primers (Table 1) resulted in a reproducible 

RAPD profile in all the four Cissus accessions (Figure1). The data from the twelve primers considered cumulatively 

resulted in a matrix of 79 distinct bands, of these 17 were polymorphic which revealed 21.51% polymorphism. 

Table 1: Details of RAPD Markers used for Molecular Characterization of Cissus Accessions 

Primer 

Name 

Primer Sequence 

(5’ – 3’) 

Annealing 

Temp.(
o
C) 

RPL-2 AACGCGTCGG 35 
RPL-3 AAGCGACCTG 35 
RPL-5 AATCGGGCTG 35 
RPL-6 ACACACGCTG 35 
RPL-7 ACATCGCCCA 35 
RPL-8 ACCACCCACC 35 
RPL-9 ACCGCCTATG 35 

RPL-10 ACGATGAGCG 35 
APS-1 CAGCTCACGA 35 
APS-2 GGCTCATGTG 35 
APS-3 AGCGTCCTCC 35 
APS-4 GTCAGGGCAA 35 

 

Table 2: Similarity Matrix for Four Cissus Accessions, RAPD Data, Jaccard’s  

Coefficient based Distance were Calculated using Program FREETREE 

 1 2 3 4 5 

1 1.00000     
2 0.56604 1.00000    
3 0.59615 0.59322 1.00000   
4 0.61224 0.57895 0.76471 1.00000  
5 0.37500 0.31343 0.35385 0.37705 1.00000 

 
From this matrix, similarity indices were calculated among Cissus accessions (Table 2). According to that,            

3 and 4 were found to have the highest similarity (SI= 0.76471, Table 2) while 1 and 2 exhibits least similar                            

(SI= 0.56604 Table 2). Accession 1 (Cissus quadrangularis) has the highest similarity with accession 3 (SI= 0.61224 Table 

2). Out group is clearly distinguished from Cissus accessions in the phylogram (Figure 2). Phylogram was divided into a 

cluster where the out group is out of the cluster. That cluster divided in two sub-clusters. One sub-cluster posses 1 and 3 

accessions while the other possesses 2 and 4. 

 

Figure 2: Cluster Analysis of Cumulative RAPD Data in the Cissus Accessions.  

The Phylogram Generated by the UPGMA Method 

Table 3: The Average Pair Wise Similarity Indices for the RAPD Band Data in Case of Cissus 

Type No. of Bands Total Monomorphic Polymorphic Polymorphic Fraction Of Bands 

Cissus 79 62 17 0.78 
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DISCUSSIONS 

The objective of the present work was to determine the genetic variability in the available accessions of Cissus.  

In spite of a variety of medicinal uses, there is very little molecular work has been reported and there was no report of any 

particular procedure for the isolation of DNA from Cissus specifically. Therefore, it was essential to optimize the DNA 

isolation method first. The results showed that among the five methods used for DNA extraction in Cissus, modified Doyle 

& Doyle, 1990, with addition of Na2S2O5 in comparison with other methods had the best result which can subsequently be 

used for PCR extension. 

In Dekochko & hamon DNA Extraction method, potassium acetate was used for protein removal. This protocol 

uses SDS as detergent and the addition of potassium acetate resulted in the removal of some polysaccharides and proteins 

as a complication with the potassium-SDS precipitate (Ribeiro & Lovato, 2007). This extraction method for Cissus did not 

show acceptable results may be because of SDS buffer that used in this method attached to the secondary metabolites and 

prevented extraction DNA with high quality. In case of the protocol of Oard & Dronovalli, 1992, due to the use of 

Ammonium Acetate, proteins and phenolic compounds bind to genomic DNA were separated well and DNA had good 

quality but quantity was very low. DNA extracted with these methods had resulted inconsistent or no profile when tested 

with RAPD primers. The protocol of Doyle and Doyle is based on lyses and purification with CTAB that selectively 

precipitates DNA while maintaining the solubility of many polysaccharides (Ribeiro & Lovato, 2007). In the protocol of 

Doyle and Doyle modified by Rogsted, PVP was added along with CTAB which may bind to the polyphenolic compounds 

by forming a complex with hydrogen bonds and may help in the removal of impurities to some extent. But this method in 

Cissus also had not much success. And the extracted DNA obtained from this protocol had good quality, but not 

considerably higher yield. The reason may be, DNA extracted with this method would surrounded by Ammonium acetate 

which causes formed gelatinous deposit(Padmalatha & Prasad, 2006). The protocol of modified Doyle and Doyle (1990), 

which gave good yield as well as consistent RAPD profiles with the random primer tested in our hands, was thus used for 

all further studies. 

The RAPD analysis revealed the genetic similarity coefficients among the accessions ranging from 0.56 to 0.76. 

Genetic variability analysis, among the available accessions was important to know whether the morphological differences 

among the accessions is only a phenotypic differences or it is the result of genetic differences, and to determine whether all 

the four accessions are different species. According to the similarity found by similarity matrix, accession 1 is highly 

similar to accession 4 (SI=0.61224, Table 2) and average similarity with accession 3 (SI=0.59615, Table 2). There is very 

less similarity between accession 1 and 2 as per the phylogenetic analysis of data obtained by RAPD. 

CONCLUSIONS 

Genetically, characterized RAPD markers have been used to distinguish among the four accessions.             

UPGMA cluster analyses of the SM matrix confidently separate the accessions. Results indicate that as being quick and 

reliable, RAPD markers could be effectively used for genetic variability assessment among various species. However,    

there are serious caveats associated with the use of RAPD markers. Before any application, it is crucial that RAPD markers 

be characterized, either by segregation analysis or band sequence homology. There is a possibility of detailed study of 

genetic variations between these accessions by using other methods such as use of ISSR markers, SSR markers,             

SCARs, RFLPs etc. 



20                                                                                                                                                                                                                      Kinjal Sangani 

 

Impact Factor (JCC): 4.8764                                                                                                                     NAAS Rating 3.73 

REFERENCES 

1. Bhuvanasree, S. R., Harini, D., Rajaram, A., & Rajaram, R. (2013). The rapid synthesis of gold nanoparticles with 

Cissus quadrangularis extract using microwave irradiation. Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy, 106: 190–196. https://doi.org/10.1016/j.saa.2012.12.076 

2. Brahmkshatriya, H. R., Shah, K. A., Ananthkumar, G. B., & Brahmkshatriya, M. H. (2015). Clinical evaluation of 

Cissus quadrangularis as osteogenic agent in maxillofacial fracture: A pilot study. Ayu, 36 (2): 169–173. 

https://doi.org/10.4103/0974-8520.175542 

3. De Kochko, A., & Hamon, S. (1990). Protocol A Rapid and Efficient Method for the Isolation of Restrictable 

Total DNA from Plants of the Genus Abelmoschus. Plant Molecular Biology Reporter, 8 (1). 

4. Dellaporta, S. L., Wood, J., & Hicks, J. B. (1983). A plant DNA minipreparation: Version II. Plant Molecular 

Biology Reporter, 1 (4): 19–21. Retrieved from 

http://schnablelab.plantgenomics.iastate.edu/docs/resources/protocols/pdf/Dellaporta_DNA_Extraction.2014.08.2

0.pdf 

5. Doyle, J. (1990). Isolation of plant DNA from fresh tissue. Focus, 12, 13–15. Retrieved from 

http://ci.nii.ac.jp/naid/20000864368/en/ 

6. Doyle, J. J., & Doyle, J. L. (1987). A rapid DNA isolation procedure for small quantities of fresh leaf tissue. 

Phytochemical Bulletin, 19, 11–15. 

7. Ghaffariyan, S., Mohammadi, S. A., & Aharizad, S. (2012). DNA isolation protocol for the medicinal plant lemon 

balm (Melissa officinalis, Lamiaceae). Genetics and Molecular Research, 11 (2): 1049–1057. 

https://doi.org/10.4238/ 

8. Gopinath, V., Priyadarshini, S., Meera Priyadharsshini, N., Pandian, K., & Velusamy, P. (2013).                   

Biogenic synthesis of antibacterial silver chloride nanoparticles using leaf extracts of Cissus quadrangularis Linn. 

Materials Letters, 91, 224–227. https://doi.org/10.1016/j.matlet.2012.09.102 

9. Indran, S., Edwin Raj, R., & Sreenivasan, V. S. (2014). Characterization of new natural cellulosic fiber from 

Cissus quadrangularis root. Carbohydrate Polymers, 110, 423–429. https://doi.org/10.1016/j.carbpol.2014.04.051 

10. Indran, S., & Raj, R. E. (2015). Characterization of new natural cellulosic fiber from Cissus quadrangularis stem. 

Carbohydrate Polymers, 117, 392–399. https://doi.org/10.1016/j.carbpol.2014.09.072 

11. Jain, K., Awasthi, S., Sarkar, S., & Somashekaraiah, B. V. (2015). Molecular characterization of Cissus 

quadrangularis by RAPD technique. Journal of Chemical and Pharmaceutical Research, 7 (3): 152–157. 

12. Jainu, M., Vijaimohan, K., & Kannan, K. (2010). Cissus quadrangularis L. Extract attenuates chronic ulcer by 

possible involvement of polyamines and proliferating cell nuclear antigen. Pharmacognosy Magazine,     6 (23): 

225–233. https://doi.org/10.4103/0973-1296.66941 

13. Madarbokus, S., & Ranghoo-Sanmukhiya, V. M. (2012). Identification of Genetic Diversity among Papaya 

Varieties in Mauritius using Morphological and Molecular Markers. Int. J. LifeSc. Bt & Pharm. Res,1 (4):                    

153–163. 



Optimization of DNA Isolation and Analysis of Genetic Variability in                                                                                                                           21 

Medicinal Plant Cissus by RAPD-PCR Technique 

 

www.iaset.us                                                                                                                                                     editor@iaset.us 

14. Oard, J. H., & Dronavalli, S. (1992). Rapid isolation of rice and maize DNA for analysis by random-primer PCR. 

Plant Molecular Biology Reporter - ISPMB (USA), 10 (3): 236–241. 

15. Padmalatha, K., & Prasad, M. (2006). Optimization of DNA isolation and PCR protocol for RAPD analysis of 

selected medicinal and aromatic plants of conservation concern from Peninsular India. African Journal of 

Biotechnology, 5 (3): 230–234. Retrieved from http://www.academicjournals.org/AJB 

16. Potu, B. K., Rao, M. S., Nampurath, G. K., Chamallamudi, M. R., Nayak, S. R., & Thomas, H. (2010).           

Anti-osteoporotic activity of the petroleum ether extract of Cissus quadrangularis Linn. In ovariectomized Wistar 

rats. Chang Gung Medical Journal, 33 (3): 252–7. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/20584502 

17. Potu, B. K., Rao, M. S., Nampurath, G. K., Chamallamudi, M. R., Prasad, K., Nayak, S. R.,… Bhat, K. M. R. 

(2009). Evidence-based assessment of antiosteoporotic activity of petroleum-ether extract of Cissus 

quadrangularis Linn. On ovariectomy-induced osteoporosis. Upsala Journal of Medical Sciences, 114 (3):                  

140–148. https://doi.org/10.1080/03009730902891784 

18. Rao, M. S., Kumar, B. P., Swamy, N. V., & Kutty, G. N. (2007). Cissus quadrangularis Plant Extract Enhances the 

Development of Cortical Bone and Trabeculae in the Fetal Femur. Pharmacologyonline, 3, 190–202. 

19. Rogstad, S. H. (1992). Saturated NaCl-CTAB Solution as a Means of Field Preservation of Leaves for DNA 

Analyses. Taxon, 41 (4): 701–708. https://doi.org/10.2307/1222395 

20. Sambrook, J., Fritsch, E. F., & Maniatis, T. (1989). Molecular cloning: a laboratory manual. Cold Spring Harbor 

Laboratory. Retrieved from http://www.sigmaaldrich.com/catalog/product/sigma/m3401?lang=en&region=IN 

21. Sharma, P., Joshi, N., & Sharma, A. (2010). Isolation of genomic DNA from medicinal plants without liquid 

nitrogen. Indian Journal of Experimental Biology, 48 (6): 610–614. Retrieved from 

http://nopr.niscair.res.in/bitstream/123456789/9078/1/IJEB 48 (6) 610-614. pdf 

22. Srisook, K., Palachot, M., Mongkol, N., Srisook, E., & Sarapusit, S. (2011). Anti-inflammatory effect of ethyl 

acetate extract from Cissus quadrangularis Linn may be involved with induction of heme oxygenase-1 and 

suppression of NF-κB activation. Journal of Ethnopharmacology, 133 (3): 1008–1014. 

https://doi.org/10.1016/j.jep.2010.11.029 

23. Srivashtav, V. S., Kapadia, C. V, Mahatma, M. K., Jha, S. K., Jha, S., & Ahmad, T. (2013). Genetic diversity 

analysis of date palm (Phoenix dactylifera L.) in the Kutch region of India using RAPD and ISSR markers.            

Emir. J. Food Agric., 25 (11): 907–915. https://doi.org/10.9755/ejfa.v25i11.14325 

24. Štefúnová, V., Bežo, M., Žiarovská, J., & Ražná, K. (2015). Detection of the Genetic Variability of Amaranthus by 

RAPD and ISSR Markers. Pakistan Journal of Botany, 47 (4): 1293–1301. 

25. Valli, J. S., & Vaseeharan, B. (2012). Biosynthesis of silver nanoparticles by Cissus quadrangularis extracts. 

Materials Letters, 82, 171–173. https://doi.org/10.1016/j.matlet.2012.05.040 

 

 



22                                                                                                                                                                                                                      Kinjal Sangani 

 

Impact Factor (JCC): 4.8764                                                                                                                     NAAS Rating 3.73 

26. Vijayalakshmi, A., Kumar, P. R., Sakthi Priyadarsini, S., & Meenaxshi, C. (2013). In Vitro Antioxidant and 

Anticancer Activity of Flavonoid Fraction from the Aerial Parts of Cissus quadrangularis Linn. Against Human 

Breast Carcinoma Cell Lines. Journal of Chemistry, 2013, 1–9. https://doi.org/10.1155/2013/150675 

27. Williams, J. G., Kubelik, A. R., Livak, K. J., Rafalski, J. A., & Tingey, S. V. (1990). DNA polymorphisms 

amplified by arbitrary primers are useful as genetic markers. Nucleic Acids Research, 18 (22): 6531–6535. 

http://www.ncbi.nlm.nih.gov/pubmed/1979162 

 


