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Abstract 
Sweet orange (Citrus sinensis L. Osbeck) is one of the most important commercially 

cultivated fruit crops of Citrus. Genetic diversity and inter-relationship among 5 cultivars (Indian, 
Iraqi, Japanese, Syrian, Egyptian) of C. sinensis were analyzed based on RAPD markers. 
Six primers generated reproducible and easily storable RAPD profiles with a number of amplified 
DNA fragments ranging from 6 to 14 fragment bands. The total number of amplicons detected was 
51, including 14 fragments unique bands with average reached 2.8 fragments ̸ primers. While the 
number of polymorphic ranged from 0 to 8 with an average reached 4.4 fragments ̸ primers with 
the polymorphic percentage ranged from 0% to 57.1%.  While the number of monomorphic ranged 
from 2 to 5 fragment bands and was total of the monomorphic 15 fragments with an average 
reached 3 fragments ̸ primers with the monomorphic percentage was 14.2 % to 83.3%. A maximum 
numbers of amplicons was amplified with primer OPS-238 reached 14 fragments while the 
minimum number of fragments was amplified with primer OPS-253 reached 6 fragments. 
The highest number of polymorphic bands reached 8 fragments was obtained with primer OPS-
238 with high percentage 57.1%, while the highest number of monomorphic bands reached 
5 fragments with high percentage 83.3% was obtained with primer OPS-253. RAPD markers 
detected genetic distance and similarity, amaximum genetic distance value was observed between 
Japanese (Jap) and Syrian (Syr) cultivars  reached 0.530 with less similarity value reached 47%, a 
minimum genetic distance value was observed between sweet Iraqi (Irq) and Indian (Ind) cultivars 
reached 0.239 with high similarity value reached 76.1%. The similarity matrices were employed in 
the cluster analysis to generate a dendrogram using the UPGMA method. The cluster tree analysis 
showed that the sweet orange cultivars were broadly divided into two main groups A and B with 
similarity reached 50%. A group including individual one cultivars was Japanese. B group was 
divided into two sub-cluster B1 and B2 with genetic similarity reached 63%. The first sub-cluster 
(B1) was included two cultivars Iraqi and Indian with high genetic similarity among other cultivars 
reached 77%. The second sub-cluster (B2) was included two cultivars Egyptian and Syrian with 
genetic similarity reached 72%. 
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1. Introduction 
Citrus is one of the most economically important fruit crops of the world, belonging to the 

subfamily Aurantioideae of the family Rutaceae. It is widely distributed throughout the tropical 
and subtropical regions of the world and believed to have originated in Southeast Asia, particularly 
northeast India, the Malayan archipelago, China, Japan, and Australia [1, 2]. Among the cultivated 
species (Citrus sinensis L. Osbeck) sweet orange is the most important commercial fruit crop of 
Citrus and believed to be a hybrid between pummelo (Citrus maxima) and mandarin (Citrus 
reticulata) [3, 4]. It is a highly poly embryonic species, fruit pulp is used for preparing fresh juice 
which is rich in vitamin C and protein content and  peel of the fruit is used for making perfume and 
soaps. Cooking oil is extracted from its seeds, Juice extracted from its leaves is used to control 
several diseases like ulcers, sores, etc. [5]. The use of molecular markers has been a valuable and 
precise strategy to identify Citrus species, cultivars and biotypes and to investigate the genetic 
diversity of Citrus species. Molecular marker techniques like RAPD, ISSR, RFLP, SSR, AFLP and 
other markers have been used for germplasm characterization, studies of genetic diversity, 
systematics and phylogenetic analysis [6]. Among them, random amplified polymorphic DNA 
(RAPD) markers have been employed most widely for characterization of plant species [7]. 
Most citrus species genera are diploid (2n = 2x = 18), with relatively small genomes; for instance, 
sweet orange  (Citrus sinensis L. Osbeck) has a genome of about 367 Mb, nearly three times the 
size of the 125 Mb Arabidopsis genome [8, 9]. The conventional methods in Citrus cultivars 
identification relied on morphological features and isozymes [10]. In the cultivated citrus, sweet 
orange (C. sinensis L. Osbeck) originated as a natural hybrid between mandarin and pummel, 
showed low level of genetic diversity according to lots of previous studies [11-14]. The authors [15] 
suggested that sweet orange has a majority of its genetic makeup from mandarin and only a small 
proportion from pummelo. Grapefruit was reported as a hybrid of pummelo and sweet orange [16, 
4, 17], and all grapefruit cultivars originated from single parent through mutations [18, 19]. It is 
notified that most of sweet oranges obtained by mutation from one ancestor tree, So despite of 
differences in morphological characters, genetic variation of sweet orange was low [20]. Using 
morphological traits, it is difficult to distinguish between many Citrus cultivars because some 
cultivars are distinguishable only by fruit traits and Citrus trees usually do not bear fruits until 3-
4 years after planting. Moreover, isozyme markers can be mediated by secondary processes so that 
the normal patterns of expression are suppressed. Phenotypic diversity, poly embryonic, 
hybridization and mutations have prevented consensus on systematic classification of Citrus [21] 
and hampered Citrus improvement programs. The development of molecular markers based on 
DNA sequences has provided an ideal means for identifying genotypes, estimation of relatedness 
between different accessions and following inheritance of economically important characters, a 
wide variety of DNA-based markers have been developed in the past few years, [22]. Orange 
cultivars are classified into four groups: common, low acidity, pigmented and navel oranges [23 as 
cited in 13]. It is indicated despite the existence of substantial diversity among cultivated genotypes 
in respect of morphological, physiological and agronomic traits, very little DNA variation has been 
detected using DNA markers [13]. In Citrus, RAPD markers have been used for cultivar 
identification, genetic mapping, genetic diversity assessment and other breeding programs and 
RAPD marker have gained more attention due to the simplicity of the procedure, the low cost and 
the very small amount of the DNA required for analysis [12, 21, 24-29]. They notified that sweet 
oranges have a narrow genetic basis and that most morphological characters originated through 
mutations, and clonal propagation of sweet oranges is the case for the majority of citrus species 
[30, 14]. In paper [20] were used ISSR markers to differentiate 41 samples of orange belongs to 
three groups. This notified as majority of sweet orange cultivars derived from a single ancestor by 
mutation. However, some cultivar distinguished from others. In other study, it was found identical 
microsatellite profiles at 9 out of 10 SSR loci among analyzed orange cultivars and clones [31]. 
RAPDs have been extensively used in assessing relationships amongst various accessions of 
different plant species [32-35]. 

The objectives of the present study are to determine the genetic variability among 5 Citrus 
sinensis L. (Sweet orange) genotypes using RAPD markers and to assess the genetic relationships 
among these genotypes. Addition to knowledge of genetic variation and genetic relationship among 
genotypes is an important consideration for classification, utilization of germplasm resources and 
breeding. 
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2. Materials and methods 
Plant material 
A total of 5 sweet orange (Citrus sinensis L.) cultivars genotypes (Indian, Iraqi, Japanese, 

Syrian, Egyptian) used in this study were collected from the citrus private orchard of Babylon-Iraq. 
 
DNA isolation 
The total genomic DNA for 5 sweet orange was isolated from fully expanded leaves using the 

Kit. Leaf samples (300 mg) were ground to a fine powder in liquid nitrogen. DNA was extracted by 
using Genomic DNA Mini Kit (Geneaid, UK). The extracted DNA (200 μl) was stored at –20 °C 
until use. Concentration, quality and quantity of the DNA were determined by Nano drop-
spectrophotometrically at λ = 260 nm. Stock DNA samples were stored at –20 °C and diluted to 
20 ng uL-1 when in use. The analysis was conducted in the laboratory of Molecular Genetics at the 
university of Baghdad, genetic engineering and biotechnology institution. 

 
PCR procedure 
The RAPD primers (Table 1) were purchased from BIONEER, South Korea. A total of 

6 decamer oligonucleotides of arbitrary sequence were tested for PCR amplification. AccupPower 
Gold Multiplex PCR premix (BIONEER, South Korea) was used to the DNA amplification with 

RAPD primers. The PCR were carried out in 25 l reactions. The temperature profile for the 
reaction is given as: hot start at 95 °C (only at the start of reaction) for 5 min., denaturation at 
95 °C for 1 min., primer annealing at 36 °C for 1 min., extension at 72 °C for 2 min. and final 
extension at 72 °C (only at the end of reaction) for 10 min.  

 
DNA electrophoresis 
Amplification products were separated by electrophoresis (100v for 30 min.) in 1.5 % agarose 

gels (1.5 mg mixed with 80 ml of TBE buffer) and stained in ethidium bromide. A photographic 
record was taken under the UV illumination document gel. 

 
Data analysis 

Only clear and repeatable application products were scored as 1 for present bands and 0 for 
absent ones. The specific bands useful for identifying species and cultivar were named with primer 
number followed by the approximate size of the amplified fragment in base pairs. Polymorphism 
was calculated based on the presence or absence of bands. Molecular weight of the amplified bands 
was estimated by using a 1 Kb DNA ladder (BIONEER, South Korea). Amplified products were 
analyzed by pairwise comparisons of the genotypes based on the percentage of common fragments, 
and a similarity matrix was calculated [36]. The 0 or 1data matrix was created and used to calculate 
the genetic distance and similarity using ‗Simqual‘, a subprogram of the NTSYS-PC program 
(numerical taxonomy and multivariate analysis system program) [37]. A dendrogram was 
constructed based on the genetic distance matrix by applying an unweighted pair group method 
with arithmetic averages (UPGMA) cluster analysis using the MEGA (Molecular Evolutionary 
Genetics Analysis) version 2.0 [38]. 

 
3. Results and discussion  
Figure 1 shows the results of the isolated total DNA of the leaves of the studied sweet orange 

cultivars manner filters and then migrated to agar gel 1.5%, electric voltage 100 V for 30 min. 
noting the success of the method to isolate the DNA from these sweet orange cultivars. 
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Figure 1. the isolated total DNA of the Sweet orange C. sinensis cultivars leaves Ind: Indian, Irq: 
Iraqi, Jap: Japanese, Egy: Egyptian, Syr: Syrian on agarose gel (1.5%) and electric voltage (100 V) 
for (30 min.) 

 
Polymorphisms and monomorphisms detected by RAPAD markers: 
One of the most important features of the RAPD technique is detecting of high levels of 

polymorphism and this feature has been met in present study (Fig. 2). Six primers were screened 
with the DNA of the 5 sweet orange cultivars genotypes. All 6 primers tested were generated 
reproducible and showed easily storable RAPD profiles with a number of amplified DNA fragments 
ranging from 6 to 14 (Table 1). 

 

UPC-90 

 

R-108 

 
OPS-253 

 

OPS-238 

 
 

OPS-147 

 

OPS-227 

 

Figure 2. RAPD profiles of the  5 sweet orange amplified with RAPD primers, M: molecular 
weight marker, Culvers Ind: Indian, Irq: Iraqi, Jap: Japanese, Egy: Egyptian, Syr: Syrian on 
agarose gel (1.5%) and electric voltage (100 V) for (30 min.) 

 
The total number of fragments produced by 5 primers was 51 with an average of 

10.2 fragments ̸ primers. The high unique fragment appeared in OPS-238 and UPC-90 primers 
reached 4 with high percentage of 28.5% and 30.2% respectively. While the number of 
polymorphic ranged from 0 to 8 with an average reached 4.4 fragments ̸ primers with the 
polymorphic percentage ranged from 0% to 57.1%. While the number of monomorphic ranged 

  Syr             Egy         Jap             Irq            Ind            M 

    Syr          Egy        Jap           Irq          Ind         M   Syr           Egy        Jap          Irq             Ind          M 

     Syr            Egy         Jap           Irq              Ind          M         Syr          Egy         Jap          Irq          Ind           M 

    Syr          Egy       Jap         Irq        Ind         M 

                Syr              Egy              Jap            Irq            Ind 
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from 2 to 5 and was total of the monomorphic 15 with an average reached 3 fragments ̸ primers 
with the monomorphic percentage was 14.2% to 83.3%. As shown in Table 1 a maximum numbers 
of amplicons was amplified with primer OPS-238 reached 14 while the minimum number of 
fragments was amplified with primer OPS-253 reached 6. The highest number of polymorphic 
bands reached 8 was obtained with primer OPS-238 with high percentage 57.1%, while the highest 
number of monomorphic bands reached 5 with high percentage 83.3% was obtained with primer 
OPS-253. 

 
Table 1. Total number and percentage of amplicons, Unique, polymorphic, monomorphic 
amplicons as revealed by RAPD markers among the 5 sweet orange cultevars  accessions 

 

 
 
When compared among sweet orange cultivars shown from RAPD marker data that high 

fragments number were observed in Syrian cultivar reached 39 fragments band, while the less 
fragments number was observed in Egyptian cultivar reached 28 fragments band (Table 2). 

 
Table 2. Sweet orange cultivars fragments numbers RAPD markers 

 

Number of total 
Fragment 

Genotype(cultivars) 

36 Ind 

38 Irq 

37 Jap 

35 Egy 

39 Syr 

Notes: Cultivars, Ind: Indian, Irq: Iraqi, Jap: Japanese, Egy: Egyptian, Syr: Syrian. 

 
Genetic distance and relationships among sweet orange cultivars by used RAPD 

markers: 
Table 3 showed that data of RAPD markers scanned from 5 sweet orange cultivars with 

reproducible primers were used to genetic distance and similarity value co-efficient. Amiximum 
genetic distance value was observed between Japanese and Syrian reached 0.530 with less 
similarity value reached 43%. While a minimum genetic distance value was observed between Iraqi 
and Indian reached 0.239 with high similarity value reached 76.1% (Table 3).  
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14.2 2 57.1 8 28.5 4 14 TGGTGG CGTT OPS-238 

83.3 5 0 0 16.6 1 6 GGCTGG TTCC OPS-253 

22.2 2 44.4 4 33.3 3 9 GCTGG TTCCT R-157 

33.3 3 44.4 4 22.2 2 9 GTATTG CCCT R-108 

23.0 3 46.1 6 30.2 4 13 GGGGGTTAGG UPC-90 

 15  22  14 51 TOTAL 

35.2 3 38.4 4.4 26.16 2.8 10.2 Average 
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Table 3. Genetic distance among sweet orange cultivars 
 

Syr Egy Jap Irq Ind  

0.426 0.286 0.480 0.239 0.000 Ind 

0.417 0.3182 0.5 0.000 0.239 Irq 

0.530 0.480 0.000 0.5 0.480 Jap 

0.280 0.000 0.480 0.318 0.286 Egy 

0.000 0.280 0.530 0.417 0.426 Syr 

Notes: Cultivars, Ind: Indian, Irq: Iraqi, Jap: Japanese, Egy: Egyptian, Syr: Syrian 

 
To determine the genetic relationships among 5 sweet orange cultivars, the scoring data were 

used to compute the similarity matrices. These genetic similarity matrices were then used in the 
cluster analysis to generate a dendogram using in the cluster analysis UPGMA analysis. The cluster 
tree analysis (Fig. 3) showed that the cultivars were broadly divided into two main groups A and B 
with genetic similarity reached 50%. A group including individual one cultivar was Japanese. 
B group was divided into two sub-cluster B1 and B2 with genetic similarity reached 63%. The first 
sub-cluster (B1) was included two cultivars Iraqi and Indian with high genetic similarity among 
other cultivars reached 77%. The second sub-cluster (B2) was included two cultivars Egyptian and 
Syrian with genetic similarity reached 72%. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

Figure 3. Dendrogram for the 5 sweet orange cultivars constructed from RAPDs data using 
Unweighted Pair-group Arithmetic Average (UPGMA) and similarity matrices computed according 
to coefficients. Cultivars, Ind: Indian, Irq: Iraqi, Jap: Japanese, Egy: Egyptian, Syr: Syrian. 

 
The same results were also reported in other studies. The authors [16] notified variations in 

orange, lemon, grapefruit and lime based on mutations occurred on one ancestor tree. In paper 
[39] reported that it was difficult to distinguish cultivars originated mutations using isozyme 
markers. Low level of polymorphism in orange also found with ISSR [20], SSR [40, 13], SRAP [41]. 
On the other hand, no variation was found in studied oranges in some researches [42]. Orange 
cultivars are classified into four groups: common, low acidity, pigmented and navel oranges [23 as 
cited in 12]. It is indicated that despite the existence of substantial diversity among cultivated 
genotypes in respect of morphological, physiological and agronomic traits, very little DNA variation 
has been detected using DNA markers [13]. Same researchers found low level of genetic 

A 

B 

A 

B 

B2 

B1 
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polymorphism among 41 orange cultivars, they notified that sweet oranges have a narrow genetic 
basis and that most morphological characters originated through mutations, and clonal 
propagation of sweet oranges is the case for the majority of citrus species [30 as cited in 43]. 
In paper [20] were used ISSR markers to differentiate 41 samples of orange belongs to three 
groups, Valencia, blood and navel based on fruit traits. All of these cultivars found almost the same 
ISSR fingerprints. This was notified as majority of sweet orange cultivars derived from a single 
ancestor by mutation. However, some cultivar distinguished from others, it is explained as only a 
case in which replicate samples of the same cultivar from different locations had different ISSR 
fingerprint patterns, it is indicated that this result suggests that mutation occurred in at least one of 
them, although horticultural traits are not known between them [20]. In other study, it was found 
identical microsatellite profiles at 9 out of 10 SSR loci among analyzed orange cultivars and clones 
[12, 44]. 

 
4. Conclusion 
In recent study carried out using large amount of orange showed that there was high level of 

genetic similarity in oranges [14, 41]. Similarity level of it derived from zygotic origin. Genetic 
similarity of all of other oranges was over 69% and some of them were identical, in this group there 
were many common orange cultivars and clones such as, many Japanese, Egyptian, Indian, Syrian 
introduced from other countries. Molecular marketing techniques may be a first step towards 
efficient conservation, maintenance and utilization of existing genetic diversity of sweet orange 
plants. This may lead further to different genetic analysis, gene mapping and ultimate 
improvement of the crop at genetic level. Randomly amplified polymorphic DNA (RAPD) markers 
are usually preferred in this kind of work as the technique is simple, versatile and relatively 
inexpensive and can detect minute differences [7]. The Citrus RAPD markers have been used for 
genetic mapping [45], identification of cultivars [21], hybrids [46], mutants [47], chimerase [48] 
and phylogenetic analyses [4]. Random PCR approaches are being increasingly used to generate 
molecular markers which are useful for taxonomy and for characterizing populations. The main 
advantages of these approach is that previous knowledge of DNA sequences is not required, so that 
any random primer can be tested to amplify any fungal DNA.  RAPD primers are chosen 
empirically and tested experimentally to find RAPD banding patterns which are polymorphic 
between the isolates studied. Using PCR-RAPD, [49-51] it was also possible to identify heterogenity 
with in groups of genotypes which originates within the same location. In present study, 
characterization of sweet orange varieties by the RAPD has proved useful in separating all 
varieties/clones from each other. It has also provided us with primer markers that can be used to 
separate and distinguish each clone. In paper [15] it was suggested that sweet orange has a majority 
of its genetic makeup from mandarin and only a small proportion from pummelo. 
The demonstrated Genetic distance and Genetic relationships as revealed by RAPD markers results 
that nearest cultivars were Iraqi and Indian and farthest genetically were among Japanese and 
other cultivars. The reason is probably due to different environmental were formerly breaded on 
them and reflected it on genetic materials. So the environmental condition convergent may be 
caused semi genetic makeup (like Iraq and India).   
 

References: 
1. Moore, G.A. (2001) Oranges and lemons: clues to the taxonomy of Citrus from molecular 

markers. Trends Genet 17: 536–540. 
2. Swingle, W.T. and Reece, P.C. (1967) The botany of Citrus and its wild relatives / In: 

Reuther, W., Batchelor, L.D., Webber, H.J. The citrus industry, vol. I. University of California 
Press, Berkeley, pp. 190–340. 

3. Davies, F. and Albrigo, L.G. (1992) Taxonomy, cultivars and breeding.  In: Gmiter, FG. 
Jr.; Grosser, J.W.; Moore G.A. (eds) Citrus. CAB International, Wallingford, pp 12–51. 

4. Nicolosi, E.; Deng, Z.N.; Gentile, A. and La Malfa, S. (2000) Citrus phylogeny and 
genetic origin of important species as investigated by molecular markers. Theor Appl Genet 100: 
1155–1166. 

5. Dugo, G. and Giacomo, Di. (2002) A Citrus: The genus Citrus, medicinal and aromatic 
plants—industrial profiles. – Taylor and Francis, London. 



European Journal of Molecular Biotechnology, 2016, Vol.(11), Is. 1 

11 

 

6. Weising, K.; Nybom, H. Wolff, K. and Kahl, G. (2005) DNA fingerprinting in plants‘ 
principles, methods and applications, 2nd edn. Taylor and Francis, Boca Raton. 

7. Williams, J.G.K.; Kublik, A.R.; Livak, K.J.; Rafalsky, J.A. and Tingey, S.V. (1990) DNA 
polymorphisms amplified by arbitrary primers are useful as genetic markers. Nucl. Acid. Res. 18: 
6531-6535. 

8. Arumuganathan, K. and Earle, E.D. (1991) Nuclear DNA content of some important 
plant species. Plant Mol. Biol. Rep. 9: 208–218. 

9. Das, A.; Sarkar, J.; Mondal, B. and Chaudhury, S. (2004) Genetic diversity analysis of Citrus 
cultivars and rootstocks of Northeastern India by RAPD markers. Indian J. Genet. 64: 281–285. 

10. Protopapadadis,  E.E. (1988) Effect of rootstocks on isoenzymic composition of Citrus. 
Proceeding of the Sixth International Citrus Congress. pp. 609-614. 

11. Luro, F.; Laigrent, F.; Bove, J.M. and Ollitrault, P. (1995) DNA amplified fingerprinting, 
a useful tool for determination of genetic origin and diversity analysis in Citrus. Hort Science 30: 
1063-1067. 

12. Novelli, V.M.; Cristofani, M. and Machado, M.A. (2000) Evaluation of microsatellite 
markers in cultivars of sweet orange (Citrus sinensis (L.) Osbeck. Acta Hort 535:47–49. 

13. Novelli, V.M.; Cristofani, M.; Souza, A.A. and Machado, M.A. (2006) Development and 
characterization of polymorphic microsatellite markers for the sweet orange (Citrus sinensis 
L. Osbeck). Genetics and Molecular Biology. 29: 90-96. 

14. Uzun, A.; Yesiloglu, T.; Aka-Kacar, Y.; Tuzcu, O. and Gulsen, O. (2009) Genetic diversity 
and relationships within Citrus and related genera based on sequence related amplified 
polymorphism markers (SRAPs). Scientia Horticulturae, 121: 306–312. 

15. Barkley, N.A.; Roose, M.L.; Krueger, R.R. and Federici, C.T. (2006). Assessing genetic 
diversity and population structure in a citrus germplasm collection utilizing simple sequence repeat 
markers (SSRs). Theor. Appl. Genet. 112, 1519–1531. 

16. Barrett, H.C. and Rhodes, A.M. (1976) A numerical taxonomic study of affinity 
relationships in cultivated Citrus and its close relatives. Syst. Bot. 1: 105–136. 

17. Maya, M.A.; Rabbani, M.G.; Mahboob, M.G. and Matsubara, Y. (2012) Assessment of 
genetic relationship among 15 Citrus fruits using RAPD. Asian J. Biotech. 4: 30–37. 

18. Corazza-Nunes, M.J.; Machado, M.A.; Nunes, W.M.C.; Cristofani, M. and Targon, 
M.L.P.N. (2002) Assessment of genetic variability in grapefruits (Citrus paradise Macf.) and 
pummelos (C. maxima Burm. Merr.) using RAPD and SSR markers. Euphytica 126:  169–176. 

19. Abkenar, A.A.; Isshiki, S. and Matsumoto, R. (2007) Comparative analysis of organelle 
DNAs acid citrus grown in Japan using PCR-RFLP method. Genet. Res. Crop. Evol. 55: 487–492. 

20. Fang, D.Q. and Roose, M.L. (1997) Identification of closely related Citrus cultivars with 
inter simple sequence repeat markers. Theor. Appl. Genet. 95: 408–417. 

21. Coletta, F.H.D.; Machado, M.A.; Targon, M.L.P.; Moreira, M.C.P. and Pompeu, J. (1998) 
Analysis of the genetic diversity among mandarins (Citrus spp.) using RAPD markers. Euphytica 
102: 133-139. 

22. Botstein, D.; White, R.L.; Skolnick, M. and Davis, R.W. (1980) Construction of a genetic 
linkage map in man using restriction fragment length polymorphisms. Amer. J. Genet. 32: 31. 

23. Hodgson, R.W. (1967) Horticultural varieties of citrus. In: Reuther, W., Webber, H.J., 
Batchelor, L.D. (Eds.). The Citrus Industry, vol. 1. University of California Press, Berkeley, pp. 431–591. 

24. Luro, F.; Laigrent, F.; Bove, J.M. and Ollitrault, P. (1992) Application of random amplified 
polymorphic DNA (RAPD) to Citrus genetics taxonomy. Proc Int. Citriculture 1: 225–228. 

25. 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 Appl Genet 89:604–614. 

26. Cheng, F.S. and Roose, M.L. (1995) Origin and inheritance of dwarfing by the Citrus 
rootstock Poncirustrifoliata‗Flying Dragon‘. J. Amer. Soc. Hort. Sci. 120: 286- 291. 

27. Natividade, A.; Targon, M.L.P.; Machado, M.A.; Coletta Filho, H.D. And Cristofani, M. 
(2000) Genetic polymorphism of sweet orange (Citrus sinensis L. Osbeck) varieties evaluated by 
random amplified polymorphic DNA. Acta. Hort 535: 51–53. 

28. Bidisha, M.; Reeya, D. and Saha, R. (2013) Application of DNA Based Molecular Marker 
for the Assessment of Genetic Transformation in Citrus Sinensis. International Journal of Science 
and Research (IJSR), Index (6): 2319-7064. 



European Journal of Molecular Biotechnology, 2016, Vol.(11), Is. 1 

12 

 

29. Abkenar, A. and Isshiki, S. (2003) Molecular characterization and genetic diversity among 
Japanese acid Citrus (Citrus spp.) based on RAPD markers. J. Hort. Sci. Biotech. 78: 553–556. 

30. Herrero, R.; Asins, M.J.; Carbonell, A.E. and Navarro, L. (1996) Genetic diversity in the 
orange subfamily Aurantioideae. I. Intraspecies and intragenus genetic variability. Theor. Appl. 
Genet. 92: 599–609. 

31. Hvarleva, T.; Kapari-Isaia, T.; Papayiannis, L.; Atanassov, A.; Hadjinicoli, A. and 
Kyriakou, A. (2008) Characterization of citrus cultivars and clones in Cyprus through 
microsatellite and RAPD analysis. Biotechnol. And Biotechnol. Eq. 22: 787-794. 

32. Ahmed, F. (1999) Random amplified polymorphic DNA (RAPD) analysis reveals genetic 
relationships among annual Cicerspecies. Theor. Appl. Genet. 98: 657-663. 

33. Nebauer, S.G.; Gastillo-Agudo, L. and Segura, J. (2000) An assessment of genetic 
relationships within the genus Digitalis based on PCR-generated RAPD markers. Theor. Appl. 
Genet. 100: 1209-1016. 

34. Besnard, G.; Baradat, P. and Bervill, A. (2001) Genetic relationships in the olive (Olea 
europaea L.) reflect multilocal selection of cultivars. Theor. Appl. Genet. 102: 251-258. 

35. Iruela, M.; Rubio, J.; Cubero, J.I.; Gil, J. and Millan, T. (2002) Phylogenetic analysis in 
the genus Cicerand cultivated chickpea using RAPD and ISSR markers. Theor. Appl. Genet. 104: 
643-651. 

36. Nei, M. and Li, W.H. (1979) Mathematical model for studying genetic variation in terms of 
restriction endonucleases. Proceed of the National Academy of Sciences of the USA, 76, 5269-5273. 

37. Rohlf, F.J. (2005) NTSYS-pc: Numerical Taxonomy and Multivariate Analysis System 
Version 2.1. Exeter Publications, Setauket, New York, 2: 02. 

38. Kumar, S., Tamura, K., Jakobsen, I. B. and Nei, M. (2001). MEGA 2: Molecular 
Evolutionary Genetics Analysis software, Bioinformatics, 17, 1244-1245. 

39. Roose M.L. (1988) Isozymes and DNA restriction fragment length polymorphisms in 
Citrus breeding and systematics. Proc. Int. Soc. Citricult. VI. Congr. Margraf Scientific Books, 
Weikersheim, pp. 155–165. 

40. Luro, F.; Rist, D. & Ollitrault, P. (2000) Sequence tagged microsatellites polymorphism: 
an alternative tool for cultivar identification and evaluation of genetic relationships in Citrus. Proc. 
Int. Soc. Citricult. IX. Congr. Florida, USA. Pp. 170–171. 

41. Uzun, A. (2009) Characterization of genetic diversity of Citrus by SRAP markers. Ph.D. 
Thesis. University of Cukurova, Institute of Natural and Applied Sciencies. p. 369.  

42. Qing-Qin, C.; Hai-Jun, M.; Xiao-Peng, W.; Hua-Lin, Y. & Xiu-Xin, D. (2007) Genetic 
diversity of male sterile and low fertility germplasm of Citrus revealed using SSR markers. Chinese 
Journal of Agricultural Biotechnology 4: 99–104. 

43. Breto, M.P.; Ruiz, C.; Pina, J.A. & Asins, M.J. (2001) The diversification of Citrus 
clementina Hort. Ex Tan., a vegetative propagated crop species. Mol. Phylo. Evol. 21: 285-293. 

44. Sankar, A.A. and Moore, G.A. (2001) Evaluation of inter-simple sequence repeat analysis 
for mapping in Citrus and extension of the genetic linkage map. Theor Appl Genet 102: 206–214. 

45. Cristofani, M.; Figueiredo, J.O.; Targon, M.L.P.N and Machado, M.A. (2003) 
Differentiation of lemon varieties by microsatellites. Journal of Laranja. 24(1): 165-175. 

46. Elisiario, P.J.; Justo, E.M. and Leitao, J.M. (1999) Identification of Mandarin hybrids by 
isozyme and RAPD analysis. Scientia Horticulture. 81: 287-299. 

47. Deng, Z.N.; Gentile, A.; Nicolosi, E.; Domina, F.; Vardi, A. and Tribulato, E. (1995) 
Identification of in vivo and in vitro lemon mutants by RAPD markers. J. Hort. Sci. 70(1): 117-125. 

48. Sugawara, M.K.; Oowada, A., Moriguchi, T. and Omura, M. (1995) Identification of citrus 
chimeras by RAPD markers. Journal of Hortscience. 30(6): 1276- 1278. 

49. Duncan, S.; Barton, J.E and Brien, P.A.O. (1993) Analysis of variation in isolates of 
Rhizoctoniasolaniby random amplified polymorphic DNA assay. Mycological Research. 1075-1082. 

50. Deng, Z.; Huang, S.; Xiao, Y.S. and Gmitter, F.G. (1997) Development and 
characterization of SCAR markers linked to the Citrus tristeza virus resistance gene from 
Poncirustrifoliata. Genome 40: 697-704. 

51. Fang, D.Q.; Federici, C.T. and Roose, M.L. (1997) Development of molecular markers 
linked to a gene controlling fruit acidity in Citrus. Genome 40: 841-849. 

  


