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ABSTRACT: Genetic relationship among five mandarin cultivars was assessed using Randomly Amplified 

Polymorphic DNA (RAPD) markers. Five primers were selected after screening of many primers which generated 

119 total bands.  Clustering pattern analysis, the   Unweighted Pair-group Method using Arithmetic averages 

(UPGMA) dendrogram based on Nei's genetic distance grouped five mandarin cultivars into two main clusters 

where S. mandarin and Ch. Mandarin formed one cluster and the rest three cultivars grouped together into two 

sub clusters, where C. mandarin and Sat. Mandarin formed one sub cluster and the other sub cluster included only 

B. mandarin cultivar. Inter-species similarity index (Dice and Jaccard) and the UPGMA dendrogram based on 

Nei's genetic distance revealed that S. mandarin and Sat. mandarin as the most closely related species among the 

five citrus cultivars under study. 

Key words: Mandarin germplasm, interrelationship, molecular characterization, RAPD markers, similarity 

indices. 
 
 

INTRODUCTION 

Citrus ranks first among the fruit crops in   

international trade in   terms of   value (UNCTAD, 

2006; Uzun et al., 2009). It is one of the most 

economically important fruits and widely cultivated 

in subtropical and tropical regions of the world as 

well as in Bangladesh. As a part of center of diversity, 

different citrus cultivars are cultivated in Bangladesh.  

Mandarins (Citrus spp.) are the second most 

important group of citrus plants in the producer 

worldwide, with an annual production estimated as 

760,000 tons, and a planted area of 31,000 ha, (FAO, 

2010). However, despite the high diversity presented 

by this group of citrus, only a small number of 

cultivars are used commercially.  

The State of Rio Grande do Sul presents 

favorable climatic conditions for citriculture. These 

conditions, associated with a small properties’ culture 

system (an average of two hectares) supply its market, 

but area, do not attend all needs satisfactorily. 

Moreover, the fact that the culture and its 

commercialization are restricted to few varieties, 

offered in a small period during the year, causes the 

need to import the product (Bastianel, 1998). For 

these reasons, a Brazilian mandarin breeding program 

is essential to investigate the available genetic 

resources (species and varieties), and to supply the 

market demands. Several authors investigated and 

characterized morphologically different selections of 

citrus plants, into increase the number of genotypes 

with the potential to be used in breeding programs or 

to be released as new varieties. Characters related to 

plants, flowers, fruits and leaves were used by several 

authors (Domingues et al., 1999) to describe and 

characterize distinct mandarin varieties and their 

hybrids. Sartori et al. (1997) determined the 

maturation period of the different mandarin 

genotypes used in the present work. The use of 

molecular markers has been a valuable and precise 

instrument to assist the genetic breeding of citrus 

species. Techniques like RFLP (Restriction Fragment 

Length Polymorphism) and RAPD (Random 

Amplified Polymorphic DNA) were used in 

germplasm characterization, studies of genetic 

diversity, phylogenetic analyses, and systematic 
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(Coletta Filho et al., 1998, 2000; Fang et al., 1998; 

Federici et al., 1998; Nicolosi et al., 2000 and Hala 

El-Khayat, 2020). Microsatellites are sequences with 

one to four nucleotides, moderately repetitive in 

tandem, that are abundant in the euchromatin of 

vertebrates, insects and plants. They are considered 

ideal markers for genetic and physical genome 

mapping, identification and discrimination of 

genotypes, studies of population genetics, inbred line 

characterization, forensic studies, and medical 

genetics. In citrus, this marker has been used in 

studies of phylogenetic analysis and linkage (Kijas et 

al., 1995, 1997; Thomas et al., 1998). Therefore, in 

this study we used RAPD-PCR markers to 

characterize mandarin fruit species to   develop 

RAPD fingerprints   for   the level investigating of 

genetic relationship, characterizing and detecting 

polymorphism and diversity among 5 different 

Mandarin fruit species in Egypt. 

MATERIALS AND METHODS 

Plant material: In order to perform RAPD analysis, 

five mandarin cultivars, Balady mandarin, 

Clementine mandarin (Tangerine), Satsuma 

mandarin, Santra mandarin and Chinese mandarin 

were used in this study.  

DNA extraction:  For extraction of genomic DNA, 

actively growing young fresh leaves were collected 

from each   five cultivars.  DNA was   extracted from 

leaf  tissues as described by Murray and   

Thompson (1980). The confirmation of DNA 

extraction was done using 1% agarose gel 

electrophoresis stained with ethidium bromide. The 

DNA concentrations were determined using UV 

spectrophotometer at 260 nm.  A portion of the DNA 

was diluted to 25 ng/ µL for use and both the stock 

solutions and diluted portions were stored at -20°C. 

PCR amplification: Five RAPD-PCR primers, were 

used for PCR amplification. Amplifications of the 

samples were conducted in volumes   of    10   µL 

reaction mix with 4 µL of genomic DNA as template, 

dilute primer = 2.5 µL, taq buffer = 1 µL, dNTPs (250 

µM) = 1 µL, taq DNA polymerase = 0.2 µL and 

deionized water = 1.3 µL. DNA amplification was 

performed in a thermal cycler (Master Cycler 

Gradient, Eppendorf) programmed for 40 cycles of 1 

min at 94°C for denaturation, 1 min at 36 °C for 

annealing, 2 min for extension at 72°C and a final 

extension at 72°C for 7 min. Amplified PCR products 

were separated on 1% agarose gel for 1.25 h at 120 V. 

Gel was stained in ethidium bromide solution and 

photographed using a gel documentation unit 

connected with a PC.  A 100 base pairs DNA ladder 

(100 bp) included in the gels as standard molecular 

weight markers. 

Data analysis: Each RAPD product was assumed to 

represent a single locus and data were scored as the 

presence (1) or absence (0) of a DNA band. Only 

those fragments consistently amplified were 

considered for analysis.  Genetic similarities were 

calculated according to the simple matching 

coefficient. Genetic similarity values defined as the 

fraction of shared bands between the RAPD profiles 

of any 2 individuals on the same gel according to the 

following formula: 

Similarity index (SI) 2    N/N + NY 

where, N, is the number of RAPD bands shared 

by individuals x andy, respectively and N, and NY 

are the number of bands in individual x andy, 

respectively (Lynch, 1990; Chapco et al., 1992; 

Wilde et al., 1992).  A simple, user friendly and time 

saver novel computation model was developed based 

on the aforementioned formula with Microsoft Excel 

to calculate the Inter Species Similarity Indices for 

this study. The genetic distances were determined 

from the dendrogram created based on   the UPGMA 

(unweighted pair-grouped method using arithmetic 

averages) method (Sneath and Sakal, 1973) using a 

computer program POPGENE Version 1.31 (Yeh et 

al., 1999). 

RESULTS AND DISCUSSION 

Five Mandarin cultivars were subjected to further 

molecular fingerprinting analyses. RAPD-PCR based 

analysis revealed that the data for the five selected 

cultivars using five RAPD primers showed a total of 

119 bands, 68% of them were polymorphic bands; the 

average number of amplified bands was 23.8 bands 

per primer (Table 1). All primers generated reliable 

polymorphic bands with all Mandarin cultivars 

(Figure 1). The RAPD primers achieved a rate of 

polymorphism ranged between 42.85% to 87% 

(Table 3) which successfully explains that RAPD 

primers are moderate in determining the genetic 

fingerprinting and discrimination of Mandarin 

cultivars due to their ability to produce polymorphic 

loci. 
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Table 1. List of primers used with corresponding bands scored and their size range together with 

polymorphic bands observed in 5 mandarin fruits 

Primer 

code 
Sequences (5'- 3') 

Total 

bands 

Polymorphic 

bands 

Unique 

bands 

 

Monomorphic 

bands 

Rate of 

polymorphism 

(%) 

OPA-02 TGCCGAGCTG 14 6 8 0 42.85 % 

OPA-09 GGGTAACGCC 14 9 5 0 64.28 % 

OPB-05 TGCGCCCTTC 31 27 4 0 87 % 

OPD-01 ACCGCGAAGG 30 19 10 1 63.33 % 

OPD-07 GGACCCAACC 30 20 9 1 66.6 % 

Average  23.8 16.2 7.2 0.4 64.8 % 

Total  119 81 36 2  

 

 

  
OPA-02 OPA-09 

 
OPB-05 

 
OPD-01 OPD-02 

 
Figure 1: RAPD profiles of five mandarin species (B. mandarin, C. mandarin, Sat. mandarin, S. mandarin 

and Ch. mandarin) using five primers; OPA-02, OPA-9, OPB-05, OPD-01 and OPD-02, M=Molecular 

weight marker. 
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Table 2. Summary of band sharing (%) based on similarity indices (S.I between individuals) above 
diagonal) and Nei's genetic distance (Nei, 1972) among 5 mandarin species (below diagonal) by 
Dice  

 B. mandarin C. mandarin Sat. mandarin S. mandarin Ch. mandarin 

B. mandarin 1     

C. mandarin 0.38 1    

Sat. mandarin 0.24 0.38 1   

S. mandarin 0.26 0.52 0.56 1  

Ch. mandarin 0.17 0.29 0.54 0.36 1 

 

Table 3. Summary of band sharing (%) based on similarity indices (S.I between individuals) above 
diagonal) and Nei's genetic distance (Nei, 1972) among 5 mandarin species (below diagonal) by 
Jaccard  

 B. mandarin C. mandarin Sat. mandarin S. mandarin Ch. mandarin 

B. mandarin 1     

C. mandarin 0.23 1    

Sat. mandarin 0.14 0.23 1   

S. mandarin 0.15 0.35 0.38 1  

Ch. mandarin 0.09 0.17 0.37 0.22 1 

 

UPGMA dendrogram based on Nei (1972) 

genetic distance segregated 5 mandarin fruits into 2 

main clusters (Fig. 2), where S. mandarin and Ch. 

Mandarin produced cluster I and the rest 3 species 

grouped together in two sub clusters which formed 

cluster II where B. mandarin was found alone in 

subcluster and both of C. mandarin and Sat. mandarin 

in the other subcluster.  The result is similar to the 

cluster analysis conducted by Farha (2005) and 

Sawazaki et al.  (1998).  It was obvious that P. 

trifoliata alone formed a separate group as it came 

from a different genus, Poncirus. In cluster II, C.  

mitis   alone formed sub   cluster I and rest 13   species 

grouped together in sub cluster II.  In sub   cluster II; 

C.  limon, C.  aurantifolia, C.  sinensis, C.  reticulata 

and   C.  grandis produced sub- sub cluster II and rest 

8 eight species produced sub-sub cluster I. In sub-sub 

cluster I, C. macroptera alone produced a single 

cluster and rest 7 grouped into another cluster. In 

UPGMA dendrogram, C. limonia was observed as 

close to the C.  megalox:ycarpa with the least  genetic 

distance of 0.18.  Result of the dendogram indicated 

that C. limonia and C. megalox:ycarpa  probably 

related closely and remain in  the same group of 

Citrus. C. limon and C. aurantifolia also clustered 

together with the genetic distance of 0.19. Highest 

genetic distance (0.56) was observed combinedly in 

S. mandarin vs. Sat mandarin pair and the lowest 

genetic distance (0.17)    was observed in B. mandarin 

vs. Ch. mandarin species of mandarin fruits. The 

findings of the present study revealed the relatedness 

of 5 mandarin species and emphasized the usefulness 

of molecular taxonomic analysis in genomic 

classification and genetic relatedness of citrus fruits 

which will be useful for better understanding of 

relatedness among the citrus and related species, 

Coletta Fihlo et al. (1998). 

 

 

Fig.  2:  UPGMA Dendrogram based on Nei's genetic distance of 5 Citrus species constructed by cluster 

analysis of RAPD markers 



Atawia et al. 

 

Future J. Biol., 2 (2021) 13-18                                                           17                                                            
 

REFERENCES 

Abkenar, A.A.  and Isshiki, S. (2003).   Molecular 

characterization and genetic diversity among 

Japanese acid citrus (Citrus Biotechnol., 78: 108-112. 

Amar, M.H.; Biswas, M.K.; Zhang, Z. and Guo, 

W.W. (2011).  Exploitation of SSR, SRAP and 

CAPS­ SNP markers for genetic diversity of Citrus 

germplasm collection. Sci.  Horticult., 128:  220-227. 

Anand, L. (1998). Assessing Diversity Using 

Molecular and Other Techniques in Tropical Fruit 

Crops. In:  Tropical Fruits in Asia Diversity, 

Maintenance, Conservation and Use, Bangalore, 

Arora, R.K.   and   V.R.   Rao (Eds.). Indian Institute 

of Horticultural Research, Bangalore, pp:  79-89. 

Andrade- Rodriguez, M.; Villegas-Monter, A.; 

Carrillo-Castaneda, G. and Garcia-Velazquez, A. 

(2004). Polyembryony and identification of 

Volkamerian lemon zygotic and nucellar seedlings 

using RAPD.  Pesq. Agropec. Bras., 39:  551-559. 

Barrett, H. C., 1985. Hybridization of Citrus and 

related genera. Fruit Var. J., 39:  11-16. Bastianel, M.;     

Schwarz, S.F.; Filho, H.D.C.;   Lin, L.L.,   Machado, 

M. and Koller, O.C. (1998). Identification of zygotic 

and nucellar tangerine seedlings (Citrus spp.)  using 

RAPD.  Genet.  Mol. Bioi., 21: 123-127. 

Biswas, S., A.Y.; Akhond, M.K.; Al-Amin and 

Kabir, M.R. (2009). Genetic relationship among ten 

promising eggplant   varieties   using   RAPD    

markers.   Plant   Tissue   Cult.  Biotechnol., 19:  119-

126. 

Cai, Q.; Guy, C.L. and Moore, G.A. (1994). 

Extension of the linkage map in citrus using random 

amplified polymorphic DNA (RAPD) markers and 

RFLP mapping of cold-acclimation-responsive loci.  

Theor. Applied Genet., 89:  606-614. 

Cameron, J.W. and Frost, H.B. (1968). Genetics, 

Breeding and Nucellar Embryony. In:  The Citrus 

Industry, Reuther, W., L.D.  Batchelor and H.J. 

Webber (Eds.). University of California Press, 

Berkley, pp:  325-370. 

Chap co, W.; Ashton, N.W.; Martel, R.K.; 

Antonishyn, N. and Crosby, W.L. (1992). A 

feasibility study of the use of random amplified 

polymorphic DNA in the population genetics and 

systematics of grasshoppers. Genome, 35:  569-574.  

Coletta Filho, H.D.; Machado, M.A.; Targon, 

M.LP.N.; Moreira, M.C.P.Q.D.G. and Pompeu, J. 

Jr. (1998). Analysis of the genetic diversity among 

mandarins (Citrus spp.) using RAPD markers. 

Euphytica., 102: 133–139.  

Deng, Z.N.; Gentile, A.; Nicolosi, E.; Vardi, A. and 

Tribulato, E. (1995). Identification of in vivo and in 

vivo lemon mutants by RAPD markers.  Hortscience, 

70: 117-125. 

Elisiario, P.J.; Justo, E.M.  and Leitao, J.M. 

(1999).  Identification of mandarin hybrids by 

isozyme and RAPD analysis. Sci.  Hortic., 81:  287-

299. 

FAO (2010). Food and Agricultural Organization of 

the United Nations, http://www.fao.org.  

Farha, J. (2005). Characterization of some Citrus 

fruits using morphological traits and isozymes. 

Applied Genet., 94: 812-822. 

Federici, C.T.; Fang, D.Q.; Scora, R.W. and 

Roose, M.L. (1998). Phylogenetic relationships 

within the genus Citrus (Rutaceae) and related genera 

as revealed by RFLP and RAPD analysis. Theor. 

Ferreira, M.E. and Grattapaglia, D. (1998). 

lntroducao ao Usa de Marcadores Moleculares em 

Analise Genetica. 3rd Edn., Embrapa-Ceneragen, 

Brasilia, Pages: 220. 

Gmitter, F.G.; Xiao, S.Y.; Huang, S.; Hu, X.L.; 

Garnsey, S.M.  and Deng, Z. (1996). A localized 

linkage map of the citrus tristeza virus resistance gene 

region. Theor. Applied Genet., 92:  688-695.  

Gulsen, O.; Uzun, A.; Canan, I.; Seday, U. and 

Canihos, E. (2010).  A new citrus linkage map based 

on SRAP, SSR, ISSR, POGP, RGA and RAPD 

markers. Euphytica, 173:  265-277. 

Hala, M. El-Khayat (2020). Genetic Diversity 

Variation based on RAPD and Specific Markers of 

some Citrus Species. Middle East Journal of 

Agriculture Research, 9 (1):171-185. 

Herrero, R.; Asins, M.J.; Pina, J.A.; Carbonell, 

E.A.  and Navarro, L. (1996). Genetic diversity in 

the orange subfamily Aurantioideae. II.  Genetic 

relationships among genera and species. TAG Theor. 

Applied Genet., 93:  1327-1334. 

Lura, F.; Laigret, F.; Bove, J.M. and Ollitrault, P. 

(1995). DNA amplified fingerprinting, a useful tool 

for determination of genetic origin and diversity 

analysis in Citrus. HortScience, 30: 1063-1067. 

Lynch, M. (1990). The similarity index and DNA 

fingerprinting. Mol. Bioi.  Evol., 7: 4 78-484. 

Nei, M. (1972). Genetic distance between 

populations. Am.  Naturalist, 106:  283-292. 

Nhan, N.T.; Shimizu, T.; Hirohisa, N.; Omura, M. 

and Chau, N.M. (2003).  RAPD Markers: 

Application to varietal identification and analysis of 

genetic relationships among citrus varieties/species in 

Vietnam. Proceedings of the Annual Workshop of 

JIRCAS Mekong Delta Project, November 26-28, 

2002, Faculty of Agriculture, Cantho University, 

Cantho, pp:  1-8. 

Omura, M.; Hidaka, T.; Nesumi, H.; Yoshida, T.  

and Nakamura, I. (1993). PCR Markers for Citrus 

Identification and Mapping. In:  Techniques on Gene 

Diagnosis and Breeding in Fruit Trees, Hayashi, T., 

M.  Omura and N.S.  Scott (Eds.). Fruit Tree Research 

Station, Tsukuba, lbaraki, Japan, pp:  66-73. 

Rahman, L.M.; Rabbani, M.G.; Siddique, 

M.N.A.; Rahman, M.A.; Garvey, E.J. and 

Rahaman, E.H.M.S. (2007). Molecular 

characterization of 28 mango germplasm using 

http://www.fao.org/


Atawia et al. 

 

Future J. Biol., 2 (2021) 13-18                                                           18                                                            
 

RAPD. Plant Tissue Cult. Biotechnol., 17:  71-77. 

Sahin-Cevik, M.  and Moore, G.A. (2011). 

Quantitative trait loci analysis of morphological traits 

in Citrus. Plant Biotechnol. Rep., 10.1007/s11816-

011-0194-z 

Sawazaki, H.E.; Bruns, S.; Mantell, S.; Tragardh, 

C. and Viana, A.M. (1998). Characterization of 

genetic diversity in Citrus using RAPD techniques.  

Recent advances in biotechnology for tree 

conservation and management.  Proceedings of the 

IFS Workshop, September 15-19, 1997, 

Florianopolis, Brazil, pp:  135-142. 

Sneath, P.H.A. and Sakal, R.R.  (1973). Numerical 

Taxonomy. W.H.  Freeman and Company, San 

Francisco, ISBN: 0-7167-0697-0. 

Sugawara, K.; Wakizuka, T. and Oowada, A. 

(2002). Histogenic identification by RAPD analysis 

of leaves and fruit of newly synthesized chimeric 

Citrus. JASHS, 127:  104-107. 

Tanksley, S.D.; Yound, N.D.; Paterson, A.H. and 

Bonierbale, M.W. (1989). RFLP mapping in plant 

breeding: New tools for an ol science. Biotechnology, 

7: 257-264. 

UNCTAD (2006).   Market information in the 

commodities area: Information on citrus fruit.  The 

United Nations Conference on Trade and 

Development. FAO, Rome. http://www.unctad.org/ 

infocomm/anglais/orange/sitemap .htm 

Uzun, A.; Gulsen, O.; Kafa, G. and Seday, U. 

(2009). Field performance and molecular 

diversification of lemon selections. Sci.  Horticult., 

120:  473-478. 

Wilde, J.; Waugh, R. and Powell, W. (1992). 

Genetic fingerprinting of Theobroma clones using 

randomly amplified polymorphic DNA markers. 

Theor. Appl.  Genet., 83:  871-877. 

Yeh, F.C.; Yang, R.C.; Boyle, T.B.J.; Ye, Z.H. and   

Mao, J.X. (1999). POPGENE: The user-friendly 

freeware for population genetic analysis.  Department 

of Renewable Resources, University of Alberta, 

Canada. www.ualberta.ca/-fyeh/popgene.html

 

 

http://www.unctad.org/
http://www.ualberta.ca/-fyeh/popgene.html

