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ABSTRACT 

The present study was conducted in 2015 and 2016 to study horticultural and genetically the 
performance of lemon cvs. Eurkea lemon (Citrus limon), lime cvs Shaery lime and Egyptian lime 
(Citrus aurantifolia) and Sweet lemon (Citrus limetta) budded on sour orange growing in a clay soil.  
Collected data showed that Eurkea lemon indicated the highest yield, fruit length and diameter, leaf 
total carbohydrate and chlorophyll while indicated the lowest leaf N content. Shaery lime had the 
highest trunk circumference, canopy circumference, fruit acidity, leaf K and Mg. Egyptian lime had the 
highest tree height, fruit VC and TSS and leaf N content while it had the lowest yield, fruit weight, 
length and diameter, leaf total carbohydrate and chlorophyll. Sweet lemon had the highest fruit weight, 
leaf P, K and Mg and had the lowest fruit acidity and leaf total chlorophyll. Genetic analysis  using data 
from nine RAPD markers to identify lemon and lime cultivars provided useful information for 
germplasm conversation and generated 203 bands out of which 61 bands were polymorphic (70 %). 
The total number of amplified amplicons among the tested primers ranged from 6 to 15 fragments. 
RAPD8 primer showed the highest number of fragments 15 bands while, S1 and S2 primers amplified 
the lowest number of amplicons (3 bands). The average number of fragments/primer was 9.33 and the 
size of these fragment ranged from 100-1400 bp. The percent of polymorphism reported by different 
primers ranged from 16.67 to 100 % with an average of 64.49%. Similarity value between cultivars 
ranged from 0.48 to 1.00 (avg. 0.72). Results of phylogenetic tree analysis indicated that the studied 
citrus cultivars ( lemon and lime) were classified into two major clusters (cluster A and cluster B), the 
first consisted of Shaery lime at the highest squared distance(D2=5.8) while  the second contained  two 
sub clusters  (B1&B2) ,  B1 expressed  Eueka lemon  at  squared distance of D2=5.6 and B2 were 
separated to Egyptian lime and sweet lemon at the lowest squared distance (D2=4.7). 

The RAPD molecular markers are proficient and useful in determination of partial genome in 
lemon and lime breeding programs and successfully engaged for evaluating the genetic diversity of 
lemon and lime cultivars and has furnished precious knowledge on essential genetic diversity and the 
association between cultivars. 
 
Keywords: Eurkea lemon, Shaery lime, Egyptian lime, Sweet lemon, horticulture performance, genetic 

diversity and RAPD Markers 

 
Introduction 

Citrus manufacture comprises the main and the largest fruit sector in Egypt  for local market and 
exports where the total production of citrus is   4, 451, 644 tons    and   362, 714 t  is coming from on  
sour lime cultures( Statistics of Agriculture, 2017) .As it is well known that common acid members are 
citron and lemon (Citrus limon [L.] Burm. f) and lime (Citrus aurantifolia Swing). Lemon and lime 
medicinal properties are attributed to its preventive and curative measures against various diseases 
(Dhillon and Randhawaand,1993) as lemon and lime juices have profound amounts of citric acid, 
comprising 1.38 and1.44g/oz, respectively (Penniston et al., 2008).  

Lemon and lime are considered true lemons and fall into two natural groups; the first is the 
common or acid lemons and the second is the sweet or low-acid lemons. The present work was under 
taken in order to differentiate four lemon and lime cultivars grown in Egypt; the Eurkea lemon (Citrus 
limon), Shaery and Egyptian limes (Citrus aurantifolia) and sweet lemon (Citrus limetta) from the 
horticultural and genetically point of view. Eureka lemon is a major acid lemon variety with favorable 
characteristics and is planted in wide scale. Its trees had an open growth habit with upright-spreading. 
Shaery lime tree has a vigorous growth, with relatively high sized oval shaped fruit.  Egyptian lime is a 
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small-fruited acid Lime and similar to Mexican lime. It is called in Egypt   Balady, Banzahari, Fallahy 
or Rasheedy (El –Barkouki and Khalil, 1993). 

 The Sweet lemon is medium-sized fruit with thin rind rich in aromatic oils and juicy acid-less 
flesh with minimal seeds and nearly acid less allowing them to be eaten raw and freshly sliced just like 
an orange and is commonly referred as Sweet lemon, Persian lime or Mediterranean sweet lemon. Burke 
et al. (1968), Saunt, (1990) and Tucker et al. (1998). 

 In accordance to the great number of species and varieties under the Citrus genus grown in Egypt, 
genetic diversity is an important issue to be studied. In the past decays, morphological analysis was the 
usual technique used to study variation between the different citrus species and varieties. However, 
many investigations indicated that citrus molecular and morphological diversity is independent and 
rather corresponding to genetic diversity (Koehler-Santos et al., 2003; Campos et al., 2005). Genetic 
diversity estimates are essential to understand the adaptive potential and gives significant implications 
for crop improvements (Lowe, et al., 2004). Genetic diversity assessment in plants has now become 
cost effective, far more simple, reliable and reproducible with the advent of PCR-based DNA marker 
techniques such as random amplified polymorphic DNA (RAPD), amplified fragment length 
polymorphism (AFLP), inter simple sequence repeat (ISSR), directed amplification of mini satellite 
DNA (DAMD), simple sequence repeats (SSR), etc. (Weising et al., 2005). Never the less, the 
knowledge on genetic diversity in Lime and Lemon accessions could help geneticists and breeders to 
understand the construction of germplasm and to expect which grouping would produce best off 
mechanism and help in widening up the genetic ba,sis of breeding material for assortment(Singh, 2005). 
High level of genetic erosion was observed in acid lime landraces base (Scora, 1988). Assessment of 
genetic diversity within the acid lime landraces is reported to be the basis for maintaining genetic 
development work, property, variety and breeding the estimation technique of genetic diversity in the 
plant species is different and evaluation, of germplasm has been carried out on the basis of 
morphological traits Upadhya et al. (2007). 

Morphological markers are widely used; however, it is affected by environment (Elameen et al., 
2010). Recently, a number of polymerase chain reaction (PCR) based and DNA based molecular marker 
technology have been developed with useful quantification of genetic variation (Nei et al., 2002).  The 
molecular markers have been followed as a valuable strategy to physiological and molecular studies on 
Citrus (Talon and Gmitter, 2008). Random amplified polymorphic DNA (RAPD) has been engaged 
most widely in genetic mapping assessment, genetic diversity and other breeding programs (Dehesdtani 
et al., 2007). RAPD is a simple and fast DNA molecular marker technique and has been widely used to 
differentiate hybrids in Citrus breeding programs, taxonomy studies, identify mutation, phylogenetic 
analysis, genetic diversity, mapping and molecular assistant selection (Federici et al., 1998; Luro et al., 
1992; Qian-hua et al., 2011).  

The present work was under taken in order to differentiate four lemon and lime cultivars  Eurkea 
Lemon ( Citrus limon) ,Shaery  lime  ,  Egyptian lime (Citrus aurantifolia ) and Sweet lemon (Citrus 
limetta)  budded  on sour orange  growing in A clay soil  in respect of tree growth, tree yield, fruit 
quality  leaf chlorophyll leaf carbohydrate  and mineral content and genetic characteristics. 
 
Materials and Methods 
 

Experimental site and plant material: 
This investigation  was conducted  in 2015 and 2016 in a private farm in Rasheed, Behera, 

Governorate, Egypt to study  the performance of  four lemon and lime cvs  fifteen years old  ,Eurkea 
Lemon( Citrus limon) , shaery lime and Egyptian lime (Citrus aurantifolia ) and Sweet lemon (Citrus 
limetta)  budded  on sour orange  growing in clay soil .Twenty  trees with five replicates were selected 
as uniform as possible in growth, productivity and appearance for every cvs under  this study . 
 

Horticultural performance 
 

Vegetative growth parameter 
Tree height (m), trunk circumference (cm) and Canopy circumference (m) were measured.  

 

Yield and fruit quality parameters: 
The total yield/ tree (kg) was calculated. 10 fruits were randomly collected from each tree at 

harvest date   to measure fruit weight, fruit shape index (length and diameter). Also the percentage of 
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total soluble solids (TSS %) was determined with a hand refractometer. Acidity% as citric acid and 
vitamin C (mg ascorbic acid /100 ml juice) were determined according to A.O.A.C. (1995).  
 
Leaf total carbohydrate, total chlorophyll and mineral 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. Total Chlorophyll was determined (SPAV Unite) according to 
Yadava (1996) using Mimolta SPAV Chlorophyll meter model.  Leaf carbohydrate were extracted and 
determined according to the method described by Malik & Singh (1980). The leaves were then washed 
with tap and distilled water and oven dried at 65-70°c to a constant weight. The dried leaf tissues were 
ground and digested with sulphuric acid and hydrogen peroxide as mentioned by Evenhius and Dewaard 
(1980). In the digested solution, total nitrogen and phosphorus were determined calorimetrically 
according to Evenhuis and De Waard (1976) and Murphy and Riley (1962), respectively. Potassium 
was determined by a flam photometer. Calcium and magnesium were determined by atomic absorption 
according to Carter (1993). 
 
Statistical analysis: 

Finally, all data obtained were statistically analyzed by one way analysis of variance (ANOVA) 
according to Snedecor and Cochran (1989) using the SAS version program (SAS, 2000). 
 
Extraction of DNA from plant leaves: 

The recent small leaves tissues of Eurkea Lemon, Shaery lime and Egyptian lime and Sweet 
lemon were grounded to a fine powder in liquid nitrogen and the DNA were isolated using I-Genomic 
Plant DNA Extraction Mini Kit (INRTON) according to manufacturer’s instructions. 
 
RAPD-PCR and Electrophoresis: 

Nine random primers were used to differentiate fingerprint of the isolated from four cultivars of 
Citrus which were under this study by using DNA. Sequences of primers were illustrated in (table 5). 
The PCR reaction mixture was carried out in a final volume of 25μL, consisting of (8.8 µL of Sterile 
Milli Qwater; 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 as 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. 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 Li (1979) dendogram was constructed using 
genetic distance according to Evritt (1993) and Eisen et al. (1998). The phylogenetic tree was analyzed 
and generated based on neighbor-joining statistic method. 

 
Results and Discussion 
 
Vegetative growth: 

Regarding to vegetative  growth shown  in table (1)  the height of the tree of Egyptian lime was 
significantly the lowest (4.1m)  in compared to Eurkea  Lemon and Shaery  lime varieties (4.5&4.8 m) 
in 2015 season. As for trunk circumference and canopy circumference, Shaery lime trees had 
significantly the highest (77cm & 79cm) and (18.2m &19.9m), respectively in both seasons. El-
Barkouki and Khalil (1993) worked on two lime types, indicated that the differences were highly 
significant as far as diameter of the tree canopy, canopy circumference and canopy volume. They also, 



Middle East J. Agric. Res., 8(2): 624-637, 2019 
ISSN: 2077-4605 

627 

found no significant difference was obtained as the tree height was concerned.  Moreover, they reported 
that the tree height ranged from 3.35 to 6.8m while tree circumference was 12.9 to 21.3 m. Manner et 
al. (2006) revealed that Citrus are shrubs to medium-size trees up to about 6 m in height, although some 
species can reach 15 m and sweet orange tree can be 12 m and canopy is as wide as the tree is tall. 
Furthermore, trees between 6 and 12 years grew at a rate of 30 cm/yr in height and trunk cross-sectional 
areas can increase from 5 to 33 cm2 each year. 

         
Table  1: Height of tree cm Trunk across cm, Canopy volume index cm, Yield kg per tree and  Fruit 

weight of Eurkea Lemon (Citrus limon) Sheay lime and, Egyptian lime (Citrus aurantifolia) 
and Sweet lemon (Citrus limetta)  trees budded  on sour orange. 

Cultivars 
Height of tree 

(m) 

Trunk 
circumference  

(cm) 

Canopy 
circumference 

(m) 

Yield 
 kg per tree 

Fruit  
weight 

 
 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 

Eurkea   Lemon 4.1a 4.5a 61a 64b 15.6b 18.4b 215.7a 210.0a 120.3b 119.7b 
 Shaery lime 4.4a 4.8a 77a 79a 18.2a 19.9a 155.0b 146.3b 121.3b 120.0b 
Egyptian lime 3.7a 4.1b 38 b 42b 8.4d 8.9d 34.3d 32.0d 54.7c 61.0c 
Sweet lemon  4.0 4. 8ab 42b 43b 10.7c 13.6c 102.7c 100c 127.7a 126. 7a 
LSD 0.05 0.829 0.821 8.44 5.27 1.11 1.14 4.74 5.97 4.37 2.73 

 
Yield: 

 As for yield in table (1), the yield  was significantly  higher in Eurkea lemon trees 
(215.7&210.0 kg per tree) as compared with all other  varieties while it was significantly decreased in 
Egyptian lime (34.3&32.0kg per tree) when the yield  compared with all other varieties. Also, Shaery 
Lime had significantly higher yield (155.0&146.3 kg per tree) than sweet lemon (102.7&100.0kg per 
tree). Prabhu et al. (2017)   reported that the yield of Egyptian lime was 12.76 kg per tree. 
 
Fruit Quality 
 
Physical properties:   

The data in table (2 & 3) showed  that fruit quality of Sweet lemon  had significantly  the highest  
fruit weight (127.8&126. 7 gm) in both seasons however Egyptian lime was significantly the lowest  
(54.7&61.0 gm). As, for fruit length, Eurkea lemon trees gave significantly the biggest fruit length (7.8 
&7.9cm) in both seasons whereas Egyptian lime gave significantly the smallest (3.8&3.4 cm). As for 
fruit diameter, it was significantly higher in Eurkea lemon (5. 7&5. 6 cm) and Shaery lime (5.7&5. 7cm) 
than Egyptian lime (3.3 &2.5cm) and for sweet lemon it was (4.9&4.4 cm). Besides, fruit diameter was 
higher   in sweet lemon variety as compared with Egyptian lime. Sayed et al. ( 2016) indicated that fruit 
weight (gm) ,fruit diameter (cm) and fruit length (cm) were  43.50,  5.00 and 6.00,respectively for 
Balady lime and  68.25,  4.84 and   6.27 for sweet orange while they were 75.28, 5.00 and  6.28  for 
Eureka lemon. Prabhu et al. (2017) found that fruit weight was 44.20 gm for Egyptian lime cvs. 
 
Chemical properties: 

Concerning V.C, TSS, Acidity  and TSS/Acidity ratio table(2), showed that Egyptian lime had 
significantly  the highest  V.C content  (34.8&43.0 mg/100ml juice) while V.C was  significantly higher 
in Sheay lime  (33.7& 38.8 mg/100ml juice)  when compared with  Eurkea lemon (32.49&32.04 
mg/100ml juice)  and sweet lemon  (31.5&30.22 mg/100ml juice) in both seasons . As for, TSS of 
Egyptian lime was significantly the highest (10.6&10.6%) whereas, juice TSS was significantly higher 
in Eurkea lemon (8.9 &9.0%) as compared with Sweet lemon (7.1&7.7percentage). Moreover, Sheay 
lime variety gave significantly the highest acidity percentage (5.6 &5.6%) whereas sweet lemon gave 
significantly the lowest percentage (0. 471&0.461%).  TSS/Acidity ratio of sweet lemon variety was 
significantly higher (15.3&16.8) in both seasons. These results were in line with those reported by El –
Barkouki and Khalil (1993) indicated that VC ranged from 21.7 to 40 mg/100ml, TSS from7.5 to 12.1% 
and Acidity from 6.5to 9.5% in Balady lime. Also,   AlSayed et al. (2016) found that VC was 48.39 mg 
/100ml in Eurkea lemon, 33.6 mg /100ml in Balady lime and 15.33 mg /100ml in sweet orange. Also, 
TSS was 7.00 % for Eurkea lemon, 6.10 % for balady lime and 10.07 % for sweet lemon. Whereas, the 
acidity was 5.56% in Eurkea lemon, 4.96 % in Balady lime and 1.84% in sweet lemon  
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Table 2: Fruit length cm Fruit diameter cm, ,VC  TSS, Acidity and TSS/ Acidity of Eurkea Lemon 
(Citrus limon), Sheay lime and Egyptian lime (Citrus aurantifolia ) and Sweet lemon (Citrus 
limetta)  trees budded  on sour orange . 

Cultivars 
Fruit length 

cm 
Fruit diameter 

cm 

Vitamin C 
(Vc)mg/100ml 

juice 

Total soluble 
solids (TSS 

%) 
Acidity% 

TSS/ 
Acidity 

 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 
Eurkea  Lemon 7.8a 7.9a 5.7a 5.6a 32.5bc 32.0c 8.9b 8.9b 4.2b 4.16b 2.1b 2.1b 
Shaery lime 6.1b 6.1b 5.7a 5.7a 33.7ab 38.8b 9.4b 8.2c 5.6a 5.6a 1.7b 1.5b 
Egyptian lime 3.7d 3.4c 3.3d 2.5c 34.8a 43.0a 10.6a 10.6 a 3.9c 4.1b 2.7b 2.6b 
Sweet lemon 5.7c 5.6b 4.9b 4.4b 31.5c 30.2c 7.1c 7.7c 0.471d 0.461c 15.3a 16.8a 
LSD 0.05 0.331 0.822 0.398 0.307 2.16 2.01 0.75 0.609 0.07 0.317 2.28 1.68 

  
Leaf total carbohydrate: 

 Regard to leaf total carbohydrate data presented in table (3) clearly showed that leaves of 
Eurkea lemon had the highest content (9.24 & 8.7%) while, Egyptian lime leaves showed significantly 
the lowest (5.9 & 5.5%) in compared to other varieties under study for 2014 and 2015. These results 
are in agreement with El-khayat (2001) for Washington Navel Orange where the leaf total carbohydrate 
was7.59% for control. Also, Mostafa and Saleh (2006) reported that leaf total carbohydrate in Balady 
mandarin was 9.28% and 9.3% for control. 
 
Leaf total chlorophyll: 

As for leaf total chlorophyll, the results indicated that Eurkea and sweet lemon had the highest 
leaf total chlorophylls (60.1&68.5% and 69.5&66.3% respectively) in the first season whereas no 
significant differences were found in the second season. Also, Elshazly et al. (2015) found that leaf 
total chlorophyll was 53.08 and 47.03 for control of sour orange.  
 
Leaf mineral contents: 

Regarding the leaf minerals   contents data tabulated in Table (3) cleared that Egyptian lime 
leaves had significantly the highest nitrogen content in both season whereas Eurkea lemon contained 
significantly the lowest. Insely et al. (1981) found that the optimum level of leaf nitrogen 1.65-5.49 % 
and 1.85-4.62% for Lime. 

 Furthermore, leaf phosphorus was significantly higher in sweet lemon and Egyptian lime 
(0.266& 0.259%) than Eurkea lemon and Shaery lime (0.158 & 0.137%) in the first season. Also sweet 
lemon (0.301%) was significantly higher in leaf phosphorus as compared with all other varieties 
(0.22&0.153&0.142%) in the second season. Moreover, Eurkea Lemon had significantly higher leaf 
phosphorus than Shaery    Lime in both seasons. Insely et al. (1981) reported that the optimum level of 
leaf phosphorus was (0.11-0.58 and 0.15-0.75%) for Lime. 

With regard to leaf potassium , Shaery    Lime  and sweet lemon  trees  had significantly more 
leaf potassium (1.7&1.6%)  in 2014 season whereas, Shaery lime and Eurkea lemon contained 
significantly more leaf potassium 1.7&1.7%) in 2015 as compared with other varieties under study. 
Also, Eurkea Lemon had significantly higher leaf potassium (1. 5%) in compared to Egyptian lime 
(1.3%). Insely et al. (1981) indicated that the optimum level of leaf potassium was 0.32-1.73 %   and   
0.5-1.83% for Lime.  

 Concerning the leaf magnesium content the data showed  a significant increase  in Shaery   lime  
and sweet lemon   (0.444 &0.409%) in the first season and in Egyptian lime  (0.470%) in the second 
season when compared to other varieties under study  whereas, sweet lemon  had significantly the lowest 
(0.376%)  in the second season. Insely et al. (1981) revealed that the optimum level of leaf magnesium 
was 0.18-0.45 %   and   0.22-0.4% for Lime.   

As for calcium no significant differences were found among the four studied varieties in leaf 
calcium content (3.45 %&3.43% &3.24%&3.1% respectively in 2015 and 3.71% & 3.7% & 3.36% & 
3.3% respectively in 2016. Insely et al. (1981) reported that the optimum level of leaf calcium content  
was1.1% -4.98 %   and   0.9% -4.23% for Lime.  
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Table 3: Total Carbohydrate %, Total Chlorophyll% ,leaf nitrogen ,leaf phosphorus ,leaf potassium leaf 
magnesium and leaf calcium (%)of Eurkea Lemon( Citrus limon),  Sheay lime and Egyptian lime 
(Citrus aurantifolia ) and Sweet lemon (Citrus limetta)  trees budded  on sour orange. 

Cultivars 
Leaf Total 

Carbohydrate% 

Leaf Total 
Chlorophyll 
SPAV unite 

N% P% K% Mg% Ca% 

 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 
Eurkea lemon 9.2a 8.7a 69.1a 68.5a 2.34d 2.44b 0.158b 0.153c 1.5b 1.7a 0.331b 0.424b 3.5a 3.7a 
Shaery lime 7.4c 8.1b 65.4b 65.4a 2.52c 2.46ab 0.137c 0.142d 1.7a 1.7a 0.444a 0.412b 3.4a 3.7a 
Egyptian lime 5.9d 5.5c 65.0b 62.9a 2.96a 2.57a 0.259a 0.224b 1.3c 1.4b 0.363b 0.470a 3.2a 3.4a 
Sweet lemon  8.0b 7.7b 69.5a 66.3a 2.76b 2.47ab 0.266a 0.30a1 1.6a 1.4b 0.409a 0.376c 3.1a 3.3a 
LSD 0.05 0.191 0.383 2.88 4.6 0.086 0.083 0.009 0.004 0.097 0.095 0.0398 0.0241 0.267 0.438 

 
Genetic Diversity Estimation in lemon and Lime Cultivars: 

Random amplified polymorphic for DNA (RAPD) molecular marker was used to distinguish and 
conclude genetic diversity and phylogenetic association (genetic similarity) of four lemon and lime  
trees cvs.; Eurkea Lemon (Citrus limon), Shaery  lime   and Egyptian lime (Citrus aurantifolia) and 
Sweet lemon (Citrus limetta) cultivars  budded  on sour orange .  

 

 
  
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; (I):S2; M, 1.5 Kbp DNA marker, Lane 
1Eurkea Lemon,; Lane 2Sheay lime; Lane 3Egyptian lime,; Lane 4Sweet lemon, , respectively. 

 
Randomly amplified polymorphic DNA (RAPDs) analysis: 

The DNA banding patterns, with the arbitrary used nine primers for four lemon, lime and sweet 
lime cultivars under study are shown in Figure (1). Polymerase chain reaction (PCR) amplification of 
random segments of genomic DNA shows the total number of bands generated by each primer for the 



Middle East J. Agric. Res., 8(2): 624-637, 2019 
ISSN: 2077-4605 

630 

isolates of the 4 genotype under study 203 amplified RAPD bands ranging from 100bp to 1400 bp in 
size    , the number of polymorphic were 60 amplicons for the primers while the monomorphic were 
found to be 24  amplicons with total of 84 amplicons. An average of   total amplified  amplicons was 
obtained of 9.33  amplicons per primer   and average of   monomorphic amplified  bands   prove to be  
2.67 per primer however   it was  polymorphic amplified  amplicons 6.67 band per primer and 67. 96 
of polymorphism per primer as shown in table (4). 

 District, polymorphic bands that were changeable in size and number subjected to the RAPD-
PCR technique to make differentiation between DNA bands or fragments of the four lemon and lime 
cultivars. The banding patterns indicated that primers RPAD8 generated the most polymorphic 
amplicons (13) with polymorphism (86.66%), while the least polymorphic amplicons (1) with 
polymorphism (16.66%) were found by the primer S1. RAPD-PCR that used DNA as a template with 
the nine primers are shown in Figure (1) and showed frequently different banding patterns with 
reproducible polymorphic bands that. The highest amplification was with the primer RAPD8 which 
generated 2 monomorphic amplified and 13 polymorphic bands in total 15 with the percentage of 
polymorphic 86.66 % followed by the RAPD2which generated 1 monomorphic amplified and 12 
polymorphic amplified in total 13 RAPD patterns with 92% polymorphic as shown in Figure (1) and 
Table (4), while the primer RAPD 2and S2 showed the lowest band monomorphic, it was 1 
monomorphic   in total 13 and 6 while S1 primer gave the lowest band  polymorphic  1 amplified in 
total 6  in RAPD patterns. These data are in agreement with those observed by Novelli et al. (2000).  
Who illustated that the percentage of PIC (Polymorphic Information Content) in lemon  was 0.68 also,
 Abkenar and Isshiki, (2003); Dehesdtani et al., (2007); Sahin-Çevik and Moore, (2012 reported 
that RAPD technique has been used for DNA fingerprinting and investigated genetic diversity and was 
used as a precise strategy to identify Citrus species, cultivars, and biotypes. Also, RAPD products of 
mandarin samples were identified three specific RAPD markers by Baig et al. (2009). 
 
Table 4: Nucleotide sequences of the primers ,total number of amplicons, monomorphic   amplicons, polymorphic 

amplicons and polymorphism  percentages as revealed by  nine random primers among the four lemon 
and lime accessions collected from Rasheed region. 

Polymorphism 
(%)  

Polymorphic 
amplicons 

 

Monomorphic 
amplicons 

Total 
amplicons 

  

Bands 
sizebp 

Primers sequences5′--3′  Primers NO 

92%  12 1  13 
100-

950bp 
ATGCCCCTGT RAPD2 

 
1 

54.54% 6 5 11  
150-

800bp 
CCTTGACGCA RAPD4 

 
2 

80% 8  2 10 
240-

1150bp 
AAAGCTGCGG  RAPD6 

 
3 

86.66% 13 2 15  
220-

1400bp 
ACCTGAACGG RAPD8 

4 
 

55.55% 5 4 9  
200-

550bp 
GAGAGCCAAC RAPD10 

 
5 

42.86% 3  4 7 
180-

950bp 
CAGGGGACGA Es10A26  

  
 
6 

100% 7 0 7 
130-

350bp 
CAATGTAACTTAAAGTGCCTA   

P1 
 
7 

16.67% 1 5  6  
250-

620bp 
TCCGTAGGTGAACCTGCGG   

S1 
 
8 

83.33%  5  1  6 
260-

750bp 
CTTGGTCATTTAGAGGAAGTAA 

 
S2  9 

71.4% 60 24  84    Total  
67. 96%  6.67 2.67 9.33      Average  
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Genetic variation of lemon and lime cultivars based on RAPD-PCR:  
RAPD2 succeeded in Producing the largest amplified fragment which was in the range of 1400 

bp as well as, the smallest fragment 100 bp. A total number of fragment used for cluster analysis.  
The obtained pattern for each tested species was calculated for the 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 species. Eureka lemon gave the most bands with 
primers RAPD6, RAPD8, RAPD10, Es10A26, S1 and S2 (7 &10&8 &7 &6&6 bands, respectively). 
Also, Shaery lime had the highest number of amplified bands with primers RAPD4, P1 and S1 (10 & 
7&6 bands, respectively). In addition, Egyptian lime gave the highest number of amplified bands with 
primers RAPD2, RAPD10, Es10A26 (11 & 8 &7bands, respectively). However, Egyptian lime and 
Sweet lemon cultivars showed the lowest bands number (1) with primers P1 anaS1, respectively .Also 
Egyptian lime did not observe any bands with primer P1. Moreover, Eurkea lemon gave the highest 
number of enlarged bands  for all primers was used in this study (57 bands)  whereas, Shaery lime 
expressed 56 bands While, Egyptian lime and Sweet lemon cvs  resulted in the lowest number of total 
bands (45) with the studied primers and same pattern band in different primers were used (table5). 
Studying data are in agreement with those found of Abkenar and Isshiki (2003); Dehesdtani et al. 
(2007); Sahin-Çevik and Moore (2012).They revealed that RAPD technique has been used for DNA 
fingerprinting and investigate genetic diversity. Therefore, this technique was used as a precise strategy 
to identify Citrus species, cultivars, and biotypes.  
 
Table 5: PCR amplified products of RAPD primer RAPD2 /RAPD4   / RAPD6 / RAPD8 / RAPD10 / Es10A26 

/ P1 / S1/S2 for four lime and lemon cultivars. 
 Eurkea 

Lemon 
( Citrus 
limon) 

Shaery  Lime 
(Citrus aurantifolia ) 

Egyptian lime 
(Citrus aurantifolia) 

Sweet lemon 
(Citrus limetta) 

 

Total bands 
for 

each primer 

RAPD2   1 8 11 8 28 
RAPD4 9 10 5 7 31 
RAPD6 7 5 3 6 21 
RAPD8 10 6 5 5 26 
RAPD10 8 7 8 5 28 
Es10A26 7 4 7 4 22 
P1   3 7 0 1 11 
S1 6 6 5 5 22 
S2 6 3 1 4 14 
Total 
bands for 
each 
cultivar  

57 56 45 45 203 

 
Phylogenetic analysis: 

  
Nei  and Li (1979)  had used similarity  coefficient Molecular phylogenic as given  in table (6).The 

data showed that the  similarity value  among the four lemon and lime varieties   found to be 0 .48 for 
Eurkea Lemon and Shaery lime, also it was 0.51for Eurkea Lemon and Egyptian lime  while, it  prove 
to be 0.54 for Eurkea lemon and Sweet lemon whereas  it was 0.48 between Shaery lime and Egyptian 
lime however , the  similarity value was 0.54 for Shaery lime and Sweet lemon. Moreover , the  
similarity value  struck  0.64  between Egyptian lime and Sweet lemon .The highest   genetic  similarity 
value  was detected between Egyptian lime and Sweet lemon  , whereas  it was the lowest between  
Eurkea lemon and Shaery lime and  between Shaery  lime   and Egyptian lime. This discuss the  varieties 
division  which considered     the studied lemon cultivars are considered true lemon  fall into two natural 
groups , common or the acid lemons , Eureka lemon is the major acid lemon variety belongs to the first 
and the second  is the sweet or low-acid lemons .Moreover, She-airy cultivar considered Spp from  
Egyptian lime (balady) which belong  to small-fruited acid limes and Sweet lemon refer to  sweet  
limetta to Mediterranean Sweet lemon (Citrus limatta) as described and characterized by Burke et al. 
(1968), Saunt,(1990) and El-Barkouki and Khalil (1993) . these results are partialy in line with those 
reported by Nicolosi et al. (2000) they found  a high similarity values, ranging between 0.82 and 0.88 
among lemons: Sweet lemons (Citrus limon L.) and Rough lemons (Citrus jambhiri) and Bergamot 
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orange (Citrus bergamia) while, similarity value were a lower (0.64  to 0.72) among lemons: Mexican 
lime (Citrus aurantifolia) and Sweet lemons (Citrus limetta). Also, Gulsen and Roose (2001) reported 
that the similarity level of citron and rough lemon was 0.65 based on their ISSR data. Moreover, Bayer 
et al. (2009) reported that citrus contained two lineages, the largely contained primarily wild species 
from new mandarin group, the lime group and pummello group  as well as El-Mouei et al. (2011a) 
concluded that RAPD and SSR markers can identify enough polymorphism to differentiate and 
characterization. According to Uzun et al. (2011) genetic similarity among lemons and rough lemon C. 
volkameriana group was 0.80 and rough lemons and C. volkameriana were directly related. Moreover, 
they reported that there was a low level of polymorphism among most of lemons resulting via clonal 
selection whereas higher genetic diversity was found in lemons which had hybrid origin. Furthermore, 
Hamza (2013) indicated that the phylogenetic analysis showed that the genetic similarity ranged from 
0.626 to 0.879 and there was relationship between the nineteen analyzed Citrus cultivars. Also, Sour 
orange, Rangpur lime, Volkamer lemon and Macrophylla were so closed and involved in the same 
cluster.  Also,Sayed et al. (2016)  indicated that The highest   genetic similarity was detected between 
Eureka-1 and Pink Variegated genotypes with 93% level of similarity  Variegated and Rough lemon 
genotypes with 70% level of    similarity. Also, the dendrogram ranked lime and lemon accessions into 
two major clusters at 73% level of similarity. Also high genetic similarity found amongst lemons and 
limes was previously reported by other workers they found high similarity values, ranging between 0.82 
and 0.88 were found among lemons, Sweet lemons (Citrus limon L.) and  Organization Rough lemons 
(Citrus jambhiri) and Bergamot orange   to 0.72 among lemons, Mexican lime (Citrus aurantifolia)  
and Sweet lemons (Citrus limetta). Finally, it could be conducted that the used RAPD and SSR 
molecular markers are efficient in determination of partial genome in breeding programs. 

 
Table 6: Similarity value of Eurkea Lemon (Citrus limon), Sheay lime and Egyptian lime (Citrus 

aurantifolia ) and Sweet lemon (Citrus limetta)  cultivars budded  on sour orange. 
  Eurkea Lemon Sheay lime Egyptian lime Sweet lemon 

Eurkea Lemon 1.00    
Sheay lime  0.48 1.00   
Egyptian lime 0.51 0.48 1.00  
Sweet lemon 0.54 0.54 0.64 1.00 

 
Cluster analysis 

The phylogenetic tree derived from RAPD patterns with the examined species of Citrus cultivars 
(lemon and lime) was presented in Figure (2). The data classified the lemon and lime  cultivars in two 
major clusters (cluster A and cluster B), the first consisted of Shaery lime at the highest squared distance 
(D2=5.8) while  the major cluster B contained  two sub clusters  (B1&B2) ,   sub- cluster B1 expressed  
Eueka lemon  at  squared distance of D2=5.6 whereas, sub -cluster B2 includes two species on the same 
line it is sweet lemon and Egyptian lime at the lowest squared distance (D2=4.7. these results are on 
harmony with  Luro (2000)  who revealed that C. volkameriana was clustered with rough lemon  in the 
RAPD based studies .In another study using ISSR, Sayed et al. (2016) reported that, sweet lime and 
Eurkea lemon  cultivars were grouped together in the same lineage and  the dendrogram ranked lime 
and lemon accessions into two major clusters, the first contained one genotype Ponderosa (Citrus 
medica L.)  and the second consisted of the other 9 lime and lemon accessions also, they indicated that 
the highest genetic difference was identified between the Balady lime and Rough lemon as well as Pink 
Variegated and Rough lemon genotypes in respect of lime Egyptian genotypes, a high   degree of genetic 
overlapping was detected among the local genotypes (Sweet lemon, Sweet lemon, Succari lime and 
Balady lime) with other. Using the same processes based on combination between RAPD and SSR, 
Hamza (2013) found that the phylogenetic tree cleared two main clusters, the first main cluster 
contained Citrang C35 and Balady mandarin, while the second main cluster was divided to two sub-
clusters, the sub-cluster 1 consisted of Sour orange, Rangpur lime, Volkamer lemon and Macrophylla. 
Moreover, Al Anbari  et al. (2014) classified the citrus genotype  into two main groups the first consisted 
of citron (Citrus medica ) and its hybrids (lime and lemon ). The second group   contained the remaining 
genotype including three sub groups; the first being formed of sour orange (Citrus aurantium, sweet 
orange (Citrus sinensis) and grapefruit (Citrus paradise), the second the mandarins (Citrus reticulate) 
and the third the pummel (Citrus grandis). The RAPD –based classification was consistent with 
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previous studied based on other types of molecular markers. Also, Luro et al. (2011) organized 87 citrus 
varieties into two main groups based on le strand conformation polymorphism (SSCP). The first group 
sing contained mandarins, sour orange sweet orange, pummlo and grapefruit; and the second group 
include citron, lemons and limes and lemon hybrids. Recently, Munankarmi et al. (2018) studied 60 
cultivars exotic lemon varieties and indicated that acid lime analyzed were separated into two major 
clusters (I and II) and three minor clusters (III, IV, and V) in the phenogram 3). The cultivars from the 
high-hill, mid-hill, and Terai zones were intermingled in different clusters. Cluster I was comprised of 
30 cultivars from the high-hill and mid-hill agro-ecological zones. The highest genetic distance was 
observed between LS-35 and LS-56 (0.57). Cluster II was comprised of 25 cultivars from the high-hill, 
mid-hill, and Terai agro-ecological zones, along with the exoticvarieties of Vanarasi, Madrasi, and 
Rampur (LKv-60, LKm-61, and LKr-62 respectively). On Cluster III and cluster IV each consisted of 
a single cultivar, LT-9 and LD-59 from high-hill and mid-hill, respectively. Cluster V was comprised 
of three cultivars (LS-56, LS-57, and LD-58) that belong to the Terai agro-ecological zone). Whereas, 
a wider variation was observed between cluster IV and II. While ,Barkley et al. (2006) revealed that  
five main population which supported the hypothesis that there are only a few naturally occurring 
species of citrus and most other types of citrus arose through various hybridizaton  events and mutations. 
The ancestral group included citron which was separated from the cluster containing mandarins, 
pummelos and papedas. 

 
Cluster 

 
 
Fig 2: The phylogenetic tree constructed on the basis on RAPD profile with nine primers using the DNA of the 

four lemon and lime cultivars. 
 

The results presented in Tables (7) indicated that four genotypes of lemon and lime cultivars 
were characterized by nine RAPD markers  and  generate (28 positive and 15 negative markers in total 
43), primers RAPD2 gave the highest number of negative markers (six negative markers )  five for 
Eureka lemon 950bp & 850bp & 480bp & 240bp & 180bp and one with Shaery lime340bp, While 
primers RAPD6 and RAPD8 had the lowest number of negative markers( one) with Shaery lime 115bp 
&500bp respectively. As well as , primers RAPD8 generate the highest number of positive markers 
(nine positive markers) six for Eureka lemon 950 bp &470 bp &400 bp & 360bp &320bp &280bp and 
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Table 7: Lemon and lime genotypes characterized by positive and negative genotype-specific markers and their molecular sizes (bp) and total number of markers for each 
genotype using RAPD analysis. 

 

Eurkea Lemon 
 

Shaery    Lime 
 

Egyptian lime Sweet lemon 

Total- 
No. of 
N&P 

 

Total 
No. 
of 

N+P 
 N P N P N P N P N P  

 
 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 

950bp 
850bp 
480bp 
240bp 
180bp 

5   340bp 1 450bp 1   
300bp 
140bp 
120bp 

3   530bp 1 6 5 11 

RAPD4 
  400bp 1   

480bp 
300bp 

2 
350bp 
330bp 

2       2 3 5 

RAPD6 
  

560bp 
530bp 

2 1150bp 1 
1000bp      
650bp 

2         1 4 5 

 
RAPD8 

  

950bp 
470bp 
400bp 
360bp 
320bp 
280bp 

6 500bp 1 
1400bp 
450bp 
260bp 

3         1 9 10 

RAPD10 
    250bp 1 330 1     

550bp 
530bp 

2   3 1 4 

Es10A26 
 

                   

 
P1 

      

350bp 
260bp 
180bp 
130bp 

4          4 4 

S1                    

S2 
  

750bp 
330bp 

2     
750bp 
400bp 

2       2 2 4 

Total 
bands 
for each 
cultivar 

 5  11  4  13  4  3  2  1 15 28 43 
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three with Shaery lime 1400 bp & 450 bp & 260 bp and primers RAPD10 gave the lowest number of 
positive markers (one) with Shaery lime 250 bp. These results indicated that all types applied in this 
study succeeded in showing different molecular marker patterns which can be relied up on in 
distinguishing among the studied lemon and lime cvs genotypes. These findings were in harmony with 
that illustrated previously by Dora et al. (2017) in barley 
 
Conclusion 

In conclusion, RAPD markers is widely used with whole genomic DNA and gave the 
investigation chance to compare and differentiate Citrus cultivars through specific fragments or alleles. 
The present RAPD Operons reported high PIC and GD values and suggested to be used in Citrus 
cultivars analysis. It can be recommended that the use of RAPD markers is competent in identification 
fractional genome in breeding programs. Random primers were able to differentiate and evaluate 
genetic diversity among four lemon and lime trees cvs.; Eurkea  and Shaery    lemon (Citrus limon) , 
Egyptian lime (Citrus aurantifolia ) and Sweet lemon (Citrus limetta) as well.   
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