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ABSTRACT 

The present study was conducted in 2015 and 2016 seasons in order to study the horticulture 
performance and genetic diversity of four sweet orange (Citrus sinensis L. Osbeck) trees cvs: Balady, 
Blood orange (Ahmar bedamo), Khalili, and  red Khalili (Khalili ahmar)  budded  on sour orange 
rootstock  and grown in  clay soil  in a private farm in Rasheed ,Behera Governorate, Egypt. Obtained 
data indicated that Balady cv. had significantly the highest  tree yield and TSS /Acidity ratio, Blood 
orange  had the highest fruit diameter ,VC.as well as leaf carbohydrates and phosphorus  while, it is had 
the lowest tree height, trunk circumference, canopy circumference, as well as leaf nitrogen and 
magnesium. Khalili had the highest length, and diameter and leaf total carbohydrate, and calcium. The 
same cultivar had the lowest leaf potassium. Red Khalili orange contained the highest fruit weight, TSS 
and acidity, while, it had the lowest yield.  

Cluster analysis for DNA variation and molecular phylogenic dendrogram showed splitting of 
the studied cultivars accessions into two main clusters (I and II):  cluster (I) consisted of Blood and 
Khalili cvs and separated at lowest distance (D2=3.7), while the second contained Balady and Red 
Kalili and separated at highest distance (D2=4.1). Similarity value between cultivars ranged from 0.66 
to 1.00 (avrg .83). Genetic analysis resulted in 196 bands out of which 34 bands were polymorphic 
(52.31%) and total number of amplified amplicons among tested primers ranged from 4 to 13 amplicons. 
RAPD8 primer amplified the highest number of amplicons 13 while, S1 and RAPD 10 primer indicated 
the lowest number of amplicons (4 bands).  In addition, primer RAPD 10  generated  four bands 
(160,190, 370 and 430bp) with the four sweet orange studied cultivars this mean  that the bands belongs 
to specific genes found in these cultivars and  appear the same expression. The average number of 
fragments/primer was 8.13 and the size of these fragment ranged from 30-1100bp. The percent of 
polymorphism revealed by different primers ranged from 0 % to 76.92 % with average of 47.51%. 
 
Keywords: Sweet orange cultivars, morphological and genetic comparisons. 
 
Introduction 

Citrus production comprises the largest fruit sector in Egypt where it reaches about 4,451,644 
tons and 314, 7545 tons is orange production (according to the latest statistics of the ministry of 
agriculture (2017). Egypt accounts for about 4.5percent of total global orange production. Orange 
production represents 30 percent of Egypt’s total fruit production and 65 percent of total citrus 
production.  Also, FAS Cairo forecasts reported that the planted area was increased 5 percent as well as 
6 percent increase in production to face the native and global demand for Egyptian oranges. Orange 
which conceder the most important species, (Citrus sinensis L. Osbeck) includes several cultivars that 
differ in their maturity date. The Balady orange is the most important cultivar of the Sweet orange 
extensively cultivated in the Mediterranean region. It constitute about of total2/3 orange production 
including more varieties (Citrus Annual Cairo Egypt 2013 and 2017).The common orange includes 
many varieties of which the most important are the blood, Khalili and Khalili Red. Blood orange is a 
pigmented variety that is originated in the Mediterranean region. Blood orange fruits usually exhibit 
pink red coloration of anthocyanin pigments in the flesh, juice and on the rind with individual delicious 
taste and flavor. Khalily, may also be called Egyptian Shamouti was originated in an orchard in 
Kalioubiyah province in Egypt as a seedling or limb sprout .It is a mid-season variety, high yielded with 
smaller finer texture fruits. In addition, Khalili Ahmer or Red Khalili is a locally important variety in 
Egypt that has an attractively rose-tinted rind with moderately blood-colored flesh. Burke et al. (1968), 
Saunt (1990) and Tucker et al. (1998). 
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As genetic variation is extending among citrus cultivated species due to common bud   mutations (Scora, 
1988), It is expected wide variations in cultivars morphological and genetic characteristics and thus in 
their growth habits and yield production. Molecular markers have been used as a precious and specific 
policy to physiological and molecular studies in citrus.  Molecular biology and genetic diversity 
measurements have been followed to identify cultivars, genetic diversity and genetic mapping 
(Dehesdtani et al., 2007; Talon and Gmitter, 2008). RAPD is a fast and simple DNA molecular marker 
technique that has been widely used for taxonomy investigations, recognize mutation, phylogenetic 
analysis, genetic mapping, hybrids differentiation, molecular assistant selection and genetic diversity in 
the citrus breeding programs (Luro et al., 1992; Federici et al., 1998; Qian-hua et al., 2011). 

Moreover, PCR-based DNA marker techniques such as random amplified polymorphic DNA 
(RAPD), inter simple sequence repeat (ISSR), simple sequence repeats (SSR), directed amplification 
of minisatellite DNA (DAMD) amplified fragment length polymorphism (AFLP), etc. help in this field 
(Weising et al., 2005). 

Accordingly, the present work was carried out in order to differentiate and compare the different 
horticultural and genetic characteristics among four sweet orange cvs; Balady,  Blood orange , Kalili, 
and Red Kalili grown in Egypt in order to evaluate their tree yield production and fruit quality. 
 
Materials and Methods 
 
Plant material and experimental site: 

The present study was conducted in 2015 and 2016 seasons in a private orchard in Rasheed region 
, Behera Governorate, Egypt  in order to study the different morphological and genetical characteristics 
of four sweet orange (Citrus sinensis L. (Osbeck) cultivars:  Balady, Blood, Kalili, and Red Kalili 
budded   on sour orange rootstock and grown in clay soil.  Five trees 15year old of each cultivar were 
selected as uniform as possible in order to conduct the present investigation.  
 
Horticultural performance 
 
Vegetative growth parameters: 

 Tree height (m), trunk circumference (cm) and Canopy circumference (m) were measured.  
 
Yield and fruit quality parameters: 

 At harvest time (mid of February) yield as kg/tree was calculated and a sample of 10 fruits 
randomly selected from each tree for each cultivar were picked, weighed and average fruit weight (g) 
,fruit length and fruit diameter  were calculated. Also, the percentage of fruit total soluble content (TSS) 
was measured by a hand refractometer, fruit acidity content (%) as citric acid and vitamin C content 
(mg ascorbic acid /100 ml juice) were determined according to A.O.A.C. (1995) and the TSS/acidity 
ratio was calculated. 
 
Leaf total carbohydrates, total chlorophylls and minerals content: 

 In September of both seasons a sample of 8 leaves was randomly selected from the middle part 
of non-fruiting shoots of each tree and leaf carbohydrate content was determined according to the 
method described by Malik & Singh (1980). Also, total chlorophyll was determined according to 
Yadava (1996) using Minolta SPAV Chlorophyll meter model. Leaves oven dried at 70C to constant 
weight and then ground. To determine the leaf mineral contents, the ground material of each sample 
was digested with H2SO4 and H2O2 according to Evenhuis and Dewaard(1980).In suitable aliquots, leaf 
nitrogen and phosphorus  content was calorimetrically determined according to Evenhuis (1976) and 
Murphy and Riley (1962 ) ,respectively. Leaf potassium content was measured by flam photometer 
while, leaf calcium and magnesium content was measured by atomic absorption according to Carter 
(1993).  

 
Statistical analysis: 

Obtained data were statistical analyzed by one-way analysis of variance (ANOVA) according to 
Snedecor and Cochran (1980) using the Statistically Analyzing System (SAS) version 2000. 
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Genetical diversity measurements: 
 
RAPD-PCR and Electrophoresis: 

Isolation of total genomic DNA for random amplified polymorphic DNA (RAPD) was carried 
out according to Dellaporta et al. (1983) as follow: a sample of  recently small  leaves from each variety 
were grounded to a fine powder in liquid nitrogen and the DNA was isolated from each sample using 
I-Genomic Plant DNA Extraction Mini Kit (INRTON) according to manufacturer’s instructions .  In 
addition, eight random primers were used to differentiate fingerprint of the isolated DNA of each variety 
and primers sequences are illustrated in Table (5). The PCR reaction mixture was carried out in a final 
volume of 25μL (8.8 µL Sterile Milli Q water; 5µL of 5 x PCR reaction green buffer; 2.5µL of 50mM-
MgCl2; 2.5µL of 25mM-dNTPs; 5µL (50pmol/µL) of each arbitrary primers; 0.2 (5U/µL) Taq 
polymerase and 1µL of DNA). The applied PCR program was performed follows: initial denaturation 
at 95°C for 5 min.; 40 cycles at 95°C for 1 min.; annealing ranged at 28-30°C for 1 min and extension 
at 72°C for 1min. A final extension step at 72°C for 10 min. the reaction conditions and the mixtures 
used were according to Ahmed et al. (2005). PCR products were separated on agarose gel 
electrophoresis using 2% (w/v) agarose in 0.5x TBE buffer. The size of each band was estimated by 
using DNA molecular weight marker. Finally, the gel was photographed by using gel documentation 
system. 
 
RAPD analysis and phylogenetic relationships: 

Bands of DNA fragment were scored manually for all the samples studied as present (1) and 
absent (0). Level of marker polymorphism according to the various molecular techniques and data were 
analyzed with program STATISTICA(R) software version 5. And dendogram displaying relationships 
of four citrus cultivars was constructed using the unweighted pair group's method arithmetic average 
(UPGMA). Similarity was calculated according to Nei and Lei, (1979). Dendrogram were constructed 
using genetic distance according to Evritt (1993) and Eisen et al.  (1998).   
                                              
Results and Discussion 
 
Vegetative growth: 

Concerning the vegetative growth parameters presented in Table (1), Blood orange had 
significantly the lowest tree height(4.1&4.5m), trunk circumference  (45 & 50cm)  and canopy 
circumference (11.6&12.8), while, no significant differences for Balady, Khalili and Red Khalili 
cultivars were found in both seasons. Manner et al. (2006) indicated that citrus trees are growing to 
medium-size  up to about 6 m height, however some species can reach 15 m in height and Sweet orange 
tree might reach 12 m in height and canopy is wide as tree height.  Moreover, trees grow at a rate of 30 
cm/Yr in height   during 6 and12 years. Trunk cross sectional extents can rise as of 5 to 33 cm2 every 
year. 
 
Table 1: Tree height, trunk circumference canopy circumference, yield and fruit weight of Baladi, 

Blood, Khalili and Red Khalilil  orange cultivars budded  on sour orange. 

Cultivars 
Height of tree 

(m) 

Trunk 
circumference 

(cm) 

Canopy  
circumference 

(m) 

Yield 
Kg/ tree 

Fruit weight 
( g) 

 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 
Baladi 4.4a 4.8a 49a 53.9a 12.5a 13.9a 70a 69.3a 110b 105d 
Blood 4.18b 4.5b 45b 49.5b 11.6b 12.8b 59c 59b 119a 118b 
Khalilil  4.6a 5.0 a 51a 56.1a 13.1a 14.4a 62b 61b 112.3a 112c 
 Red Khalili  4.6a 5.5a 52.3a 57.6a 13.4a 14.7a 56d 61b 122a 124a 
LSD 0.05 0.238 0.26 2.88 3.17 0.706 0.564 2.90 1.97 3.11 3.21 

 
Yield 

Regarding tree yield as shown in Table (1), Balady orange had significantly the highest yield per 
tree (70 and 69kg) in 2015 and 2016 seasons. Also, Khalili orange trees had significantly higher yield 
(62kg) than Blood orange (59kg) and Red Khalili (56) in the first season. However, in the second 
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season, the differences among Blood, Khalili and Red Khalili oranges were not enough to be significant. 
Parameshwar et al. (2018) studied the effect of Rough lemon rootstock on sweet orange varieties and 
revealed that there were significant differences in the yield among Hamlin (20.19kg), Valencia late 
(2.75 kg) and Blood red (23.35kg). 
 
Fruit quality 

As for fruit quality parameters, data presented in Tables (1 and 2) indicated that Blood, Khalili and 
Red Khalili fruits had significantly higher fruit weight (119,112 and 122 g, respectively) than those of 
Balady fruits (110 g) in the first season, while in the second season, fruits of Red Khalili obtained the 
highest fruit weight (124g) in compared to the other cultivars under study. Moreover, fruit weight of 
Blood oranges (118g) was significantly higher than that of the Balady, (104.7g) and Khalili (112g) 
cultivars. In addition, Khalili orange had significantly higher fruit weight (112g) than Balady fruits 
(104.7g).  Regard to fruit length, the Khalili orange fruits had significantly gave the highest fruit length 
(6.1 and 6.3cm for both seasons). In the meantime, Blood orange showed significantly higher fruit 
length (6cm) than Balady (5.8cm) and Red Khalili (5.7cm) in the first season. In the second season 
however, Blood and Red Khalili cultivars recorded higher fruit length than Balady fruits. In addition, 
data of fruit diameter presented in Table (2) revealed that in the first season fruits of Blood (6.23cm) 
and Khalili (6.3cm) had significantly higher fruit diameter than those of Balady (5.9cm) and Red Khalili 
(5.9cm) meanwhile, the data in the second season did not show any significant differences. Ghosh and 
Tarai (2007) recorded a 141g fruit weight for Mosanbi sweet oranges. 

Furthermore, data regarding fruit vitamin C content showed that Blood orange and Khalili in the 
first season and Blood in the second season had the highest VC content (58.6, 58.0 and 62.0mg/100ml 
juice, respectively).  Moreover, in the second season Red Khalili fruits contained significantly higher 
VC (57.2 mg/100ml juice) than Balady and Khalili, while, Khalili fruits contained significantly higher 
VC (55.5 mg/100ml juice) than the Balady ones (52.6 mg/100ml juice). Furthermore, the percentage of 
fruit TSS was significantly highest in Red Khalili (15.2% &14.9%) in both seasons. Also, Balady had 
significantly higher TSS content (14.1%) than Blood orange (13.3%) and Khalili (13.8%) in the second 
season.  As for acidity in both seasons, Red Khalili fruits contained the highest acidity level content 
(1.22and 1.24%). Furthermore, Khalili orange had significantly higher acidity 1.16and 1.19%) than 
Balady (1.02and 1.04%) and Blood Red (1.041and 1.02%) cultivars.  

The TSS/ acidity ratio presented in Table (2) indicated that Balady orange fruits had significantly 
the highest value in both seasons (13.49&13.56). Also, the TSS/ acidity ratio was higher in blood orange 
(12.98&13.03) than Khalili (11.9&11.6)  and Red Khalili(12.6&11.56). Ghosh and Tarai (2007) 
reported that Mosanbi sweet orange had TSS, acidity and V.C values of 8.8%, 0.31% and 50.3 
mg/100ml juice, respectively. Also, Parameshwar  et al. (2018)  found that TSS content was (10.26, 
12.1 and  9.66%  while fruit acidity was 0.61, 1.01and 0.84%) . 
 
Table 2: Fruit length, Fruit diameter, VC, TSS, acidity and TSS/ Acidity of  Baladi,  Blood, Khalili and  

Red Khalilil orange cultivars budded  on sour orange. 

Cultivars 
Fruit length  

(cm) 

Fruit 
diameter  

(cm) 

V C 
mg/100ml 

juice 

TSS  
(%) 

Acidity 
(%) 

TSS/ 
Acidity 

 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 
Baladi 5.8b 5.5c 5.9b 6.0a 55.1b 52.6d 13.8b 14.1b 1.02c 1.04c 13.49a 13.56a 

Blood 6.0a 5.8b 6.2a 6.1a 58.6a 62.0a 13.5b 13.3d 1.04c 1.02c 12.98b 13.03b 

Khalilil  6.1a 6.3a 6.3a 6.4a 58.0a 55.5c 13.8b 13.8c 1.16b 1.19b 11.9d 11.6c 

Red 
Khalili  

5.7b 5.7b 5.9b 6.1a 55.8b 57.2b 15.2a 14.9a 1.22a 1.24a 12.6c 11.56c 

LSD 0.05 0.223 0.191 0.173 0.319 0.898 0.547 0.405 0.187 0.033 0.034 0182 0.273 

 
Leaf total carbohydrate in both seasons was significantly higher in Blood (10.8 and 11.3%) and Khalili 
(10.7 and 11.3%) cultivars than those of Balady (7.1 and 8.0%) and Red Khalili (8.0 and 9.2%) cultivars 
in both seasons. The data also, showed that Red Khalili orange had significantly higher leaf total 
carbohydrate content (8.0 and 9.2%) than the Balady orange (7.1 and 8.0%) in both seasons. El-Khayat, 
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(2001) found that leaf total carbohydrate was7.59 % for Washington Navel orange. Also, Mostafa and 
Saleh (2006) found that leaf total carbohydrate ranged between 9.28 to 9.3% for Balady mandarin.  
 
Leaf total chlorophyll: 

With regard to leaf total chlorophyll content, in the first season Khalili orange gave significantly 
the highest leaf total chlorophyll(75.7 SPAV Unite) . Also, Balady orange showed a significant increase 
in leaf total chlorophyll (73.3 SPAV Unite) as compared with Blood orange (68.3 SPAV Unite) and 
Red Khalili orange (70.1 SPAV Unite). Moreover, leaf total chlorophyll was significantly higher in Red 
Khalili orange leaves (70.1 SPAV Unite) than those of Blood orange (68.3 SPAV Unite).While in the 
second season, leaf total chlorophyll content of Balady orange was significantly the highest (73.1 SPAV 
Unite) Table 3. Abd El-Raheem (2013) working on Navel orange and found that total chlorophyll was 
62.62 μg/cm2) for control plants. Also, El-Shazly et al. (2015) on sour orange found that leaf total 
chlorophyll was 53.08 and 47.03 SPAV Unit. 
 
Leaf mineral contents: 

Leaf mineral content is shown in Table (3), data revealed that, in both seasons Blood cultivar had 
significantly the lowest leaf nitrogen values in compared with all other cultivars. 
As for leaf phosphorus, in the first season Blood orange had significantly highest leaf phosphorus 
content (0.302%). In addition, Balady orange contained significantly higher leaf phosphorus content 
(0.287%) than Khalili (0.277%) and   Red Khalili (0.266%) cultivars. While, in the second season 
Balady and Blood orange had significantly higher leaf phosphorus content (0.286% &0.284% 
respectively) than Khalili (0.277%) and   Red Khalili (0.266%) cultivars Table (3). 

In the meantime, in both seasons Khalili had significantly the lowest leaf potassium (1.3 and 1.2%) 
as compared with other cultivars Table (3).  

Moreover, data of the first season showed that Khalili had significantly the highest leaf magnesium 
(0.498%) content when compared with the other studied cultivars. Moreover, Red Khalili had the 
highest leaf magnesium content (0.524%) in the second season, while, Blood orange had lower leaf 
magnesium content (0.364and 0.357%) than the Balady cultivar (0.434and 0.424%) in both seasons 
Table (3). 

Regarding leaf calcium content, Khalili had the highest leaf calcium content (4.1 and 4.3%) in both 
studied seasons in comparison with all other cultivars. In Furthermore, data of the first season indicated 
that Balady orange had significantly higher leaf calcium content (3.9%) than Blood (3.4%) and Red 
Khalili (3.4%) cultivars Table (3). The obtained data are in similarity with those reported by Srivastava 
and Singh (2004) on sweet orange where the optimum limits for N, P, K, Mg and Ca were 2.36, 0.13, 
1.62, 0.32 and 2.65%, respectively.  Also, leaves of Valencia orange budded on sour orange rootstock 
contained 2.47% N, 0.48% P, 1.6% K, 0.82% Mg and 4.85% Ca (Abou Talebi et al., 2012). 
 
Table 3: Leaf total carbohydrate, total Chlorophyll,  nitrogen, phosphorus, potassium, magnesium and calcium 

content %  of  Baladi,  Blood, Khalili and  Red Khalilil  orange cultivars budded  on sour orange. 

Cultivars 

Leaf total 
Carbohydrate 

% 

Leaf total 
Chlorophyll 
SPAV unit 

N 
% 

P 
% 

K 
% 

Mg 
% 

Ca 
% 

2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 
Baladi  7.1c 8.0c 73.5 73.1a 2.3a 2.3a 0.287b 0.284a 1.7a 1.8a 0.434c 0.424c 3.9b 3.8b 
Blood 10.8a 11.3a 68.3d 70.9b 2.2b 2.1b 0.302a 0.286a 1.7a 1.7a 0.364d 0.357d 3.4c 3.8b 
Khalili  10.7a 11.3a 75.5a 70.2b 2.4a 2.4a 0.277bc 0.271b 1.3b 1.2b .0.498a 0.512b 4.1a 4.3a 
Red Khalilil  8.0b 9.2b 70.1c 70.7b 2.5a 2.4a 0.266c 0.269b 1.7a 1.7a 0.477b 0.524a 3.4c 3.9b 
LSD 0.05 0.139 0.222 1.57 1.17 0.101 0.126 0.014 0.007 0.100 0.098 0.019 0.006 0.06 0.105 

 

Genetic Diversity Estimation in sweet orange Cultivars: 
Random amplified polymorphic for DNA (RAPD) molecular marker was used to conclude and 

distinguish genetic variation and phylogenetic association (genetic similarity) of four sweet orange 
(Citrus sinensis L. (Osbeck) cultivars:  Balady, Blood, Kalili, and Red Kalili budded   on sour orange 
rootstock  
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Fig. 1: 2 % Agarose gel electrophoresis of RAPD-PCR using primer’s (A):RAPD2; (B):RAPD4; (C):RAPD6; 

(D):RAPD8; (E):RAPD10; (F):Es10A26; (G):P1; (H):S1;; M, 1.5 Kbp DNA marker, Lane Baladi 
orange,; Lane 2 Blood orange; Lane 3 Kalili orange,; Lane Red Kalili orange, , respectively. 

 
Genetic variation of sweet orange cultivars based on RAPD-PCR 

 The data tabulated in table (4) and agarose gel electrophoresis Fig 1 indicated that eight primers 
were used in this work. They showed frequently different banding patterns with reproducible 
polymorphic bands that changeable in size and number. As well the total number of studying RAPD 
bands (196 amplified) generated by all primers for the isolates of the 4 genotype ranging from  30 bp 
to 1100bp  in size, In addition, the total number of polymorphic amplicons were 34 for the  primers , 
while the  monomorphic amplicons found to be 31 with total  of 65 amplicons. An average of total 
amplified amplicons was obtained of 8.13 amplicons per primer and average of monomorphic amplified 
amplicons   proved to be  3.88. However, polymorphic amplified amplicons average was 4.25 band per 
primer and the 47.51 % of polymorphism per primer.  

The obtained pattern for each tested species was produced presence or absence of each band. The 
presence or absence band among the species was called a band polymorphic, while monomorphic band 
if the band was present in all four cultivars. The number of RAPD total bands for each primer varied 
from 13 bands for S1   primer to 39 bands forEs10A26. Primer RAPD6 produced the largest amplified 
fragment (bands) which was in the range of 1100 bp as well as, the smallest fragment  (bands ) 30 bp 
was generated by primer P1. Also, the study of the banding patterns showed that primers RAPD8 
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generated the most polymorphic amplicons (10)  and (3) monomorphic amplicons in total 13  with 
polymorphism (76.92%)  , while the least polymorphic amplicons (0) and 4 monomorphic in total 4 in 
RAPD patterns with polymorphism (0%) were generated by the primer  RAPD10. In addition,  Es10A26 
which generated 3 monomorphic amplicons and 8 polymorphic amplicons in total of 11  in RAPD 
patterns with 72.7% polymorphic as shown in  Table (4), Total number of amplified amplicons among 
tested primers ranged from 4 to 13 fragments. RAPD8 primer amplified the highest number of 
fragments 13 bands while, S1 and RAPD 10 primer gave the lowest number of amplicons (4 bands). 

 
Table 4: Nucleotide sequences of the primers, total number of amplicons, monomorphic   amplicons, polymorphic 

amplicons and polymorphism percentages as revealed by RAPD marker among the four sweet orange 
accessions collected from Rasheed region. 

Polymorphism 
(%) 

Polymorphic 
amplicons 

Monomorphic 
Amplicons 

Total 
amplicons 

Bands 
Size   bp 

Nucleotide sequences of the 
primers 5′--- -3′ 

Primers 
NO 

30% 3 7 10 190-900 ATGCCCCTGT RAPD2 1 
33.33% 2 4 6 260-800 CCTTGACGCA RAPD4 2 

60% 6 4 10 230-1100 AAAGCTGCGG RAPD6 3 
76.92% 10 3 13 110-1000 ACCTGAACGG RAPD8 4 

0. % 0 4 4 160-430 GAGAGCCAAC RAPD10 5 
72.72% 8 3 11 310-950 CAGGGGACGA Es10A26 6 
57.14% 4 3 7 30-450 CAATGTAACTTAAAGTGCCTA P1 7 

25% 1 3 4 330-580 TCCGTAGGTGAACCTGCGG S1 8 
52.31% 34 31 65   Total 
47.51% 4.25 3.88 8.13   Average 

 
Randomly Amplified Polymorphic DNA (RAPDs) analysis:  

The DNA banding patterns, with the arbitrary used eight primers, for the four sweet orange 
cultivars under study are shown in Figure (1) and table (5) indicated that cultivar Kalili orange gave the 
highest number of bands for all primers (53) whereas   cultivar blood orange gave the lowest (47). 
Additionally, Balady and Red Kalili orange had 48 bands for each. Moreover, RAPD2 and Es10A26 
primers  had the highest number of amplified bands with cultivar Red Kalili (10bands) as well as  
RAPD4 and  RAPD6 primers gave the most bands  with cultivar Balady orange (6 &8 bands ),  
furthermore, RAPD8 and Es10A26 primers showed the highest bands with cultivar Kalili orange 
(10bands), in addition , primer P1 generated the  highest bands with  Blood orange (7 ) and the lowest 
bands with cultivar  Balady orange(3). Also, cultivar Blood orange observed nine bands with Es10A26 
primer however, cultivars Balady orange, Kalili orange, and Red Kalili orange generate ten bands. 
Moreover, cultivar Balady orange has the most bands (4) with primer S1.  In addition , primer RAPD 
10  generated  four bands (160,190, 370 and 430bp) with the four sweet orange studied cultivars this 
mean  that the bands belongs to specific genes found in these cultivars and  appear the same expression 
. Finally these primers were able  to differentiate  citrus cultivars and  very useful in breeding programs 
also they can help to follow specific fragment in the generation and could be used as marker-assisted 
selection. The data of the present study agree with those observed by Novelli et al. (2000), whom stated 
that the percentage of PIC (polymorphic Information Content) in sweet orange was 0.4. Abkenar and 
Isshiki, (2003); Dehesdtani et al., (2007); Sahin-Çevik and Moore, (2012) revealed that RAPD 
technique has been used for DNA finger printing and studying genetic diversity and they used this 
technique as an accurate strategy to recognize Citrus species, cultivars, and biotypes. 
 
Table 5:   The total number of bands of  four orange cultivars; Baladi, Blood, Khalilil, and Red Khalili 

as revealed by RAPD markers  .  
Primers Baladi  

orange 
Blood 
orange 

Khalili 
orange  

 Red Khalili 
orange  

Total bands for primers 

RAPD2 7 7 8 10 32 
RAPD4 6 5 5 5 21 
RAPD6 8 7 7 3 25 
RAPD8 7 5 10 7 29 
RAPD10 3 4 4 4 15 
Es10A26 10 9 10 10 39 

P1 3 7 6 6 22 
S1 4 3 3 3 13 

Total bands 
for cultivars 

48 47 53 48 196 
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According to Nei and Li similarity coefficient, the highest genetic similarity was 0.76 and the lowest 
was 0.71 (table 6).  Molecular phylogenic  showed that the similarity values  among the four sweet 
orange cultivars  proved to be  0 .68 for  Balady and Blood Red  ,0.72 for Balady  and Khalili  and  0.71 
for Balady and Red Khalili, whereas  it found to be  0.76 between Blood  and Khalili , and 0.66 for 
Blood orange and Red Khalili.  Moreover, similarity struck 0.73 between Khalili and Red Khalili. The 
highest genetic similarity was detected between Blood and Khalili, while, the lowest genetic similarity 
was between Blood and Red Khalili. This discuss the pomology division considering the four cultivars 
belonging to sweet orange. Barett and Rhodes (1976) mentioned that sweet orange is a hybrids between 
pummelo and mandarin. Li and Xie (2010) illustrated that the analysis of chloroplast DNA 
demonstrated that pummelo is the maternal parent of sweet orange. Also, Fang et al. (1998) reported 
similar results while working on 41 samples of 33 cultivars belonging to 3 sweet orange groups;  Blood, 
Valencia  and Navel based on RFLP profiles and fingerprints isozymes. Moreover, Qian-hua et al. 
(2011) found that the similarity among Citrus sinensis breeds was about 0.852 to 0.920. In addition, Al 
Anbari et al. (2014) classified the citrus genotype into two major groups the first contained the citron 
(Citrus medica) and citron hybrids (lemon and lime) and the second is divided into three sub groups; 
the  first consist of sweet orange (Citrus sinensis), sour orange (Citrus aurantium) and grapefruit (Citrus 
paradise ),the second consists of the mandarins (Citrus reticulate) and the third  is  the pummelo ( 
Citrus grandis ).  Moreover they reported that the RAPD-based classification was reliable  with earlier 
studied based on other types of molecular markers. Al-Anbari et al. (2014) found that the sweet orange 
(Citrus sinensis) group has high similarity coefficient value of about 0.82 this indicate their relationship. 

 
Table 6: Similarity value of Baladi orange, Blood orange, Kalili orange, and Red Kalili orange 

  Cultivars Baladi orange Blood orange  Khalili orange Red Khalili orang 
Baladi orange 1.00       
Blood orange 0.68 1.00     
Kalili orange 0.72 0.76 1.00   
Red Kalili orange 0.71 0.66 0.73 1.00 

 
Cluster analysis: 

The DNA banding patterns, with the arbitrary used 8 primers  for the four Citrus cultivars under 
study fig 2 showed four studied accessions and cluster analysis for DNA variation and molecular 
phylogenic  dendrogram  gave  splitting of the of four common sweet orange cultivars studied 
accessions into two main clusters (A and B):  cluster (A) comprised  separated at lowest (D2 =3.7)  
which consisted of Blood orange and Khalili orange, while  the second(B)contained Balady orange and 
Red Khalili in the other, which were separated at highest squared dissimilation distance ( D2=4.1). In 
another work, Ahamed (2012)  indicated that 12 studied citrus cultivars separated at  the highest distance 
(0.92) and lowest dissimilation distance (0.82). Also, Hamza (2013) found that the genetic distance for 
19 Citrus cultivars were showed by phylogenetic analysis. Moreover, Qian-hua et al. (2011) described 
the second sub-group which  included C. sinensis Osbeck Fulingxiacheng (Valencia orange), C. sinensis 
Osbeck Tangcheng, C. sinensis Osbeck hongjiangcheng, C. sinensis Osbeck Niuheerqicheng (Newhall 
Navel orange),C. sinensis Osbeck Qingjiaqicheng (Seike Navel  orange), Qiuhuijuyou (Fallglo 
Tangelo) and Nowajuyo (Novatangelo). Also, Ahamed (2012) found that 12 Citrus accessions 
generated two main sub-clusters (I and II). Sub-cluster (I) comprised of four common sweet orange 
cultivars which in turn were divided into two groups: Florida and Shamoty in the first group and Fsido 
and Valencia in the second one. On the other hand, Coletta Filho et al. (1998) indicated that the low 
level of polymorphism led to difficulties of classification. Also, Betro et al. (2001) reported that the 
genetic diversity of most of oranges was so low. Also, Dehesdtani et al. (2007) revealed that different 
genotypes belonging to cultivar Thomson Navel are so close and might be the same as parent 
Washington Navel in its morphological characteristics. 
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 Fig 2: The phylogenetic tree constructed on the basis on RAPD profile with eight primers using the 

DNA of the four sweet orang cultivars. 
          
 The results presented in tables (7) indicated that four genotypes were characterized by eight               
RAPD markers and generate 22 markers (13 positive and 9 negative markers) ranged from 110 to1100 
bp. Among the four genotypes of sweet orange  varieties  primer RAPD6 gave the highest total number 
of negative and positive markers (two negative and four positive markers ) two negative markers 
(430&1100bp) with red khalili orange  and two positive markers (350 & 940bp) with Balady orange 
,one positive markers (600bp) with khalili orange and one positive markers (560bp) with blood orange 
, while primers RAPD4 and RAPD8 had the lowest number of negative markers (one) with red khalili 
orange and blood orange(800&140bp), respectively Also, primers RAPD8 generate the highest number 
of positive markers (four positive markers) three positive markers(110&140&950bp) with khalili 
orange and one(370bp) with blood orange as well as one negative marker(140bp) with blood orange 
primers however, Es10A26 and S1gave the lowest number of positive markers (one) with blood orange 
and balady orange (340&470bp), respectively. Moreover,  P1 primer had three negative markers (330& 
390& 410bp) with balady orange and one positive marker (450bp) with blood orange as well as primer 
Es10A26 gave two negative markers (900&950bp) with blood orange. These results however, indicated 
that all  tested types applied in this study succeeded in showing different molecular marker patterns 
which can be relied up on in distinguishing among the studied sweet orange cvs  genotypes . These 
findings were in harmony with that obtained and illustrated previously by Dora et al. (2017) in barley. 
 
Conclusion 

RAPD markers have been widely used as essential DNA-based molecular markers tackle for the 
genetic diversity classification of germplasm and the institution of the characteristics of varieties, 
parental sources, and hybrids in plant breeding. The present study revealed the reality of extremely high 
genetic diversity in sweet orange cultivars in Egypt, representing availability of different sources of 
sweet orange genes to be subjugated in current and future breeding programs. Additional researches are 
needed to be studied  to develop RAPD and other marker systems to produce agronomically essential 
gene- and trait-specific markers and their consequent exploitation in citrus  breeding programs. 
 



Middle East J. Agric. Res., 8(2): 611-623, 2019 
ISSN: 2077-4605 

620 

Table 7: Sweet orange  cvs genotypes characterized by negative  and  positive genotype-specific markers and their molecular sizes (bp) and total number of 
markers for each genotype using RAPD analysis 

 
 
Cultivars 
 

Balady orange Blood orange Khalili orange Red Khalili orange 
Total 
No. of 
N&P 

Total 
No. 
N+P 

N P N P N P N P N P  
  
primers 
 

Size 
bp 

NO 
Size 
bp 

NO 
Size 
bp 

NO 
Size 
bp 

NO 
Size 
bp 

NO 
Size 
bp 

NO 
Size 
bp 

NO 
Size 
bp 

NO NO NO  

RAPD2                 
700 
670 

2  2 2 

RAPD4             800 1   1  1 

RAPD6   
940 
350 

2   580 1   600 1 
1100 
430 

2   2 4 6 

RAPD8     140 1 370 1   
950 
140 
110 

3     1 4 5 

 
RAPD10 

                   

Es10A26     
950 
900 

2 340 1         2 1 3 

P1   
410 
390 
330 

3     450 1         3 1 4 

S1   470 1              1 1 
Total 
bands 
for each 
cultivar  

 3  3  3  3  1  4  3  2 9 13 22 
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