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Abstract:  RAPD  and  microsatellite  marker  have  been  used  for  analysis  genetic diversity of nineteen
Citrus cultivars planted in Egypt. Analysis of PCR products of nine RAPD primers showed total of 71 amplified
fragments, 49 fragments of them were polymorphic. On the other hand, microsatellite markers analysis cleared
that there were 37 alleles resulted from eight SSR primer pairs. RAPD and SSR markers gave a number of specific
DNA fragments and alleles which allowed distinction between cultivars and distinguished some cultivars.
Phylogenetic analysis proved the genetic similarity and relationship between the nineteen analyzed Citrus
cultivars. Genetic similarity ranged from 0.626 to 0.879. Sour orange, Rangpur lime, Volkamer lemon and
Macrophylla were so closed and involved in the same cluster closed to the other cluster which contained
mandarins and Citrang troyer. While, Citrang C35 and Balady mandarin were in another branch. These results
may be due to the origin of the cultivars and prove the suggestion that mandarin is one parent of Sour orange
and the later is one parent of Volkamer lemon and all mandarin cultivars may be resulted from the true species
mandarin and its inter hybridization or with cross hybridization with other Citrus true species. Otherwise,
mandarin cultivars may be resulted from mutation of mandarin true specie. Polymorphic information content
(PIC) was ranged from 0.63 (OP-CAC15) to 0.83 (OP-ATC09). The most highly polymorphic loci, PIC and genetic
diversity (GD) were observed with ATC09 primer (6 alleles, PIC= 0.83 and GD= 0.87), CAT01, AMB-3 and AG14
primers (5 alleles, PIC= 0.80 and GD= 0.84 for the three loci). It could be conducted that the used RAPD and SSR
molecular markers are efficient in determination partial genome in breeding programs.
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INTRODUCTION these true species, species of the subgenus Papeda, or

Citrus is one of the most widely cultivated fruit in the by data derived from molecular markers [8-10]. High level
world. Genus Citrus belongs to family Rutaceae and of genetic variations existing among Citrus cultivated
subfamily Aurantioideae [1]. Most major  production species due to frequent bud mutations, widely sexual
areas are far removed from the original areas which is compatibility between Citrus genus and related genera,
south eastern Asia [2, 3]. Currently two commonly apomixes and the long history of cultivation and the wide
classifications of Citrus are used, the Swingle system [4] world dispersion [11]. Phylogeny and taxonomy for
recognized 16 species in the genus Citrus and Tanaka results from molecular marker  technologies  are  helping
system [5], which recognizes 162 species in the genus to clarify some of these relationships. A variety of DNA
Citrus [6]. While, [7] suggested that there are only three markers is available and has been used to study the
‘basic’ true species of Citrus within the subgenus Citrus classification of Citrus genus and phylogenetic
as defined by Swingle: Citron (C. medica L.), Mandarin relationships within Citrus and with related genera. Some
(C. reticulata Blanco) and Pummelo (C. maxima L. of  these  markers  are  based  on molecular hybridization
Osbeck). Other cultivated Citrus species within the [8, 12] and others are based on Polymerase Chain
subgenus Citrus are believed to be hybrids derived from Reaction (PCR) technique [9, 13, 14].

closely related genera. This idea has recently supported
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It is well known that adequate genetic diversity is Moubark collection citrus germplasm farm of Horticulture
necessary in breeding program for the development of Research Institute, Agricultural Research Center, Ministry
high yielding varieties. Lack of knowledge about the of Agriculture, Egypt.
genetic diversity of the incent crop complicated the
conservation, improvement and utilization by farmers, DNA Isolation: From each accession, four young leaves
conservationists and breeders [15]. Genetic diversity were taken and total genomic DNA was extracted
assessment in plants has now become far more simple, according to Doyle and Doyle [33] with some
cost effective, reliable and reproducible; thanks to the modifications. The leaves were grounded to a fine powder
advent of PCR-based DNA marker techniques such as in liquid nitrogen and 200 mg of grounded fresh leaves
random amplified polymorphic DNA (RAPD), amplified were mixed with 1ml of preheated (65°C) extraction buffer
fragment length polymorphism (AFLP), inter simple (2% hexadecyltrimethylammonium bromide [CTAB: Sigma
sequence repeat (ISSR), simple sequence repeats (SSR), H-5882], 1.4 M NaCl, 0.2% 2-mercaptoethanol, 20 mM
directed amplification of minisatellite DNA (DAMD) etc. EDTA, 100 mM Tris-HCl, pH 8.0). Mixtures were
[16]. Random amplified polymorphic DNA (RAPD) is a incubated at 65°C for 30 min, then extracted with
simple and fast DNA molecular marker technique to chloroform-octanol (24:1). Mixtures manually shacked for
randomly amplify DNA fragments under low-stringency 5min. Aqueous phases containing DNAs were separated
conditions by short oligonucleotides [17]. RAPD has by centrifugation for 10 min, 2500 rpm, then transferred to
been widely used for taxonomy studies, differentiating 2 ml clean tubes. Nucleic acids were precipitated by
hybrids in Citrus breeding program, identify mutation, adding 2 to 3 of their volumes of cold absolute ethanol
phylogenetic analysis, genetic diversity, mapping and and centrifugation for 10 min, 5000 rpm. Nucleic acids
molecular assistant selection [8, 18-22]. Simple sequence were then washed twice with 76% ethanol with 10 mM
repeats (SSRs) or microsatellites are short sequence ammonium acetate and centrifugation for 5 min, 5000 rpm
elements composed of tandem repeat units one to seven after each washing step. After brief air drying, DNA
base pairs (bp) in length [23]. SSRs are becoming pellets  were  resuspended in 300 µl TE (10 mM Tris-HCl,
increasingly  widespread  because  it  is  co-dominant, 1 mM EDTA, pH 7.4) and kept at-20°C until use. DNA
multi allelic,  highly polymorphic genetic markers and concentration was measured spectrophotometrically
appropriate for genetic diversity studies, evenly (Nano Drop 1000, USA) at 260 nm and DNA templates
distributed throughout the genome and regarded to be the were diluted to 50 ng/µl.
most reliable marker [24, 25].

RAPD and SSR markers have been used for analysis PCR Amplification and Electrophoresis: RAPD Markers:
of genetic diversity in Citrus [10, 25-32]. Overall, these Nine decamer primers (OP-A12, OP-A17, OP-A18, OP-B12,
previous studies demonstrate that molecular markers are OP-N16, OP-S147, OP-S227, OP-S238 and OP-S253)
powerful tools for elucidating genetic diversity, obtained from Bio Basic Inc. (Table 2), were used in PCR
determining parentage and revealing phylogenetic reactions. Each PCR reaction contained 100 ng of DNA
relationships among various Citrus species. Of the many template, 200 µM of dNTPs, 0.4 µM of Operon primer, 5 µl
molecular techniques available to researchers, RAPD and of 10 X of PCR buffer with 1.5 mM of MgCl  and one unit
Microsatellites markers were becoming increasingly of Taq DNA polymerase, in a final volume of 25µl. PCR
widespread. So, the objectives of the present study were program conditions consisted of 94°C for 5 min, then 35
determination the genetic relationship between 19 Citrus cycles of 94°C for 1 min followed by 37°C for 1 min and
cultivars of the citrus germplasm cultivated and grown in 72°C for 3min. and one cycle at 72°C for 7 min.
Ali Moubark Research Farm, Egypt using RAPD and
Microsatellites markers and estimation the genetic SSR Markers: Eight SSR primer pairs obtained from Bio
diversity of these cultivars. Basic Inc (OP-ATC09, OP-CAC15, OP-CAT01, OP-

MATERIALS AND METHODS used in the analysis of DNA (Table 3). The PCR

Plant Materials: Leaves samples were collected for RAPD solution containing 75 ng of genomic DNA, 5 µl of 10 X of
and SSR analysis of 19 citrus cultivars included citrus PCR  buffer,  200µM  of  dNTPs,  1 µM each of forward
rootstocks and mandarin (Table 1) cultivated in Ali and  reverse primers and 0.5 unit of Taq DNA polymerase.

2

TAA27, OP-Org 23,OP-AMB3, OP-CT19, OP-AG14) were

amplifications were conducted in a total volume of 25 µl
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Table 1: List of nineteen analyzed Citrus cultivars and their total genetic characterization based on RAPD and SSR markers

Total Total Total Total
number of Polymorphic number number of Polymorphic number

Cultivar common name and (scientific name) fragments % of alleles Cultivar common name and (scientific name) fragments % of alleles

Sour orange (Citrus aurantium) 51 58.8 20 Avanamariana mandarin (Citrus reticulate) 55 61.8 21
Volkamer lemon(Citrus volkameriana) 52 59.6 21 Vana mandarin (Citrus reticulate) 52 59.6 19
Citrang C35 (Citrus trifoliate × Citrus sinensis) (L.) 38 44.7 19 Fidle mandarin (Citrus reticulate) 45 44.4 22
Citrang troyer '(Washington Navel' x Citrus trifoliate) 54 61.1 15 Cinoza mandarin (Citrus reticulate) 54 61.1 20
Cleopatra mandarin (Citrus reticulate Blanco) 45 44.4 20 Maniolla Mandan (Citrus reticulata × Citrus paradise) 42 50.0 17
Macrophylla (Citrus celebica x Citrus maxima) 52 59.6 21 Dancy mandarin (Tangerine x Orange) 46 54.3 20
Rangpur lime (Citrus limonia Osbeck) 58 63.8 21 Chinese mandarin (Citrus reticulate) 42 50.0 20
Balady mandarin (Citrus reticulate) 37 43.2 18 Fermont mandarin (Citrus tangarina x Citrus reticulate) 41 48.8 20
Kinnow mandarin (Citrus x nobilis) x (Citrus x deliciosa) 58 63.8 15 Murcot mandarin (Citrus reticulata × Citrus sinensis) 50 58.0 21
Nour mandarin (Citrus reticulate) 52 59.6 19 -- -- -- --

Table 2: List of operon primers used in the RAPD analysis and the percent of polymorphisms among nineteen Citrus cultivars
RAPD Number of total Number of Number of
primers Primer sequences 5' to 3' amplified fragments monomorphic fragments polymorphic fragments Polymorphism %
OP-A01 CAGGCCCTTC 13 6 7 53.85
OP-A12 TCGGCGATAG 9 2 7 77.78
OP-A17 GACCGCTTGT 8 2 6 75.00
OP-A18 AGGTGACCG T 5 3 2 40.00
OP-N16 AAGCGACCTG 8 3 5 62.50
OP-S147 AGCTGCAGCC 7 3 4 57.14
OP-S227 GAAGCCCAGC 8 1 7 87.50
OP--S238 TGGTGGCGTT 7 1 6 85.71
OP-S253 GGCTGGTTCC 6 1 5 83.33
Total 71 22 49 --

Table 3: Sequence of SSR primers, number of detected alleles, size range, Polymorphic information content (PIC) and genetic diversity (GD) values of
nineteen Citrus cultivars

SSR primer Repeat motif Sequences 5' to 3' Number of alleles size range (bp) PIC GD
OP-ATC09 TG TTCCTTATGTAATTGCTCTTTG

TGTGAGTGTTTGTGCGTGTG 6 130-200 0.83 0.87
OP-CAC15 CAC TAAATCTCCACTCTGCAAAAGC

GATAGGAAGCGTCGTAGACCC 4 135-190 0.63 0.62
OP-CAT01 CAT GCTTTCGATCCCTCCACATA

GATCCCTACAATCCTTGGTCC 5 138-170 0.80 0.84
OP-TAA27 TAA GGATGAAAAATGCTCAAAATG

TAGTACCCACAGGGAAGAGAGC 5 158-230 0.68 0.72
OP-Org 23 TG AGGTCTACATTGGCATTGTC

ACATGCAGZTGCTATAATGAATG 4 110-200 0.72 0.76
OP-AMB-3 TC AACACACACACTCGCCTCAC

CAGCCAAATGTGGAGAGACC 5 148-172 0.80 0.84
OP-CT19 CT CGCCAAGCTTACCACTCACTAC

GCCACGATTTGTAGGGGATAG 3 170-200 0.67 0.71
OP-AG14 AG AAAGGGAAAGCCCTAATCTCA

CTTCCTCTTGGAGTGTTG 5 110-172 0.80 0.84
Total 37 -- -- --
Average 4.265 -- 0.741 --

PCR program used for the amplification consisted of a gels  and  stained  with  0.5 mgl   of   ethidium  bromide.
cycle of 95°C for 5 min, 45 cycles of 95°C for 450s followed A photographic record was taken under UV
by  annealing step  at  65°C  for 30 s with-0.7°C/cycle for transilliminator (using Gell documentation camera).
15  cycles,  then  at  50°C  for  30 cycle, then  at  72°C  for
10 min. and one cycle at 72°C for 7 min. Data Analysis: Each DNA amplified fragment was scored

DNA Electrophoresis: Amplified PCR products were respectively and data were analyzed with the Numerical
separated by electrophoresis (5 Vcm ) in 1.5% agarose Taxonomy   Multivariate   Analysis   System   (NTSYS-pc)1

1

as present (1) or absent (0) Fragment or alleles,
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software package version 2.02 [34]. Cluster analysis was number varied between two fragments for OP-A18 primer
done by  unweighted pair group's method arithmetic and seven fragments for OP-A01, OP-A12 and OP-S227
average (UPGMA) with Jaccard similar coefficient. primers which possessed the highest polymorphism
Polymorphic information content (PIC) provides an percent (87.50%) as cleared in Table 2.
estimate of the discriminatory power of a locus by taking
into account, not only the number of alleles that are Microsatellite Markers Analysis, Polymorphic
expressed, but also the relative frequencies of those Information Content (PIC) and Genetic Diversity (GD)
alleles.  PIC   values  range   from   0   (monomorphic)  to Values: The total number of alleles produced by eight
1 (very highly discriminative, with many alleles in equal SSR primer pairs was 37 alleles, with size ranged between
frequencies) [35] PIC values were calculated according to 110 and 230 bp. OP-ATC09 primer gave the highest alleles
Smith et al. [35] using the following algorithm for all number per locus (6 alleles), while, OP-CT19 and OP-AG14
primers: primers gave the lowest alleles number per locus (3

PIC = 1-P ranged from 0.63 (OP-CAC15) to 0.83 (OP-ATC09). Theij
2

where P  is the frequency of the ith allele. and 0.87, respectively) were obtained from ATC09 primerij
2

Analysis of genetic diversity (GD) was calculated which produced 5 alleles, PIC=0.80 and GD=0.84 for each
according to the following formula of Nei [36]. of the three loci. While, the minimum PIC value was

GD= n (1- p )/ (n-1) presented in Table 3.2

where (n) is the number of samples and (p) is the Specific Markers: Specific fragments or alleles were
frequency of one allele. identified with RAPD and SSR markers (Table 4); they

RESULTS specific  fragments  were  obtained  from RAPD primers

Citrus Cultivars Genetic Characterization Based on markers  OP-A01,  was  able  to differentiate Volkamer
RAPD  and  SSR  PCR  Products:  The  amplification  of lemon  and  Citrang  troyer  through  one  fragment for
19 DNA samples of Citrus cultivars using nine RAPD each of them. While, OPA-12 produced one fragment
Operon primers produced 924 fragments. Rangpur lime which able to discriminate Volkamer lemon, Dancy
and Kinnow mandarin gave the highest number of mandarin and  Murcot  mandarin  and  other  fragment
amplified fragments (58 fragments for each cultivar) with able  to  differentiate  Citrang  troyer, Rangpur lime,
the highest polymorphic percent (68.8%). While, Balady Kinnow mandarin and Avanamariana mandarin. The two
mandarin and Citrang C35 resulted in the lowest number later cultivars could be distinguished by one fragment
of total amplified fragments (37 and 38 fragments, resulted from OP-A17. Also, OP-S238 resulted in one
respectively) and polymorphic percent (43.2 and 44.7%, fragment able to detect Sour orange, Macrophylla and
respectively). SSR-PCR products of the 19 cultivars Rangpur lime. OP-S253 distinguished Sour orange,
showed that Fidle mandarin produced the highest number Volkamer  lemon,  Murcot  mandarin and Rangpur lime.
of alleles (22 alleles) with the eight primers, while, Citrang The  SSR  specific  alleles,  which  was  present  only in
troyer and Kinnow mandarin showed the lowest number OP-CAC15, OP-CAT01, OP-CAT01, OP-TAA27, OP-CT19
of alleles (15 alleles) as shown in Table 1. and OP-AG14 were able to discriminate Sour orange,

RAPD Analysis: A total of nine RAPD primers were and Vana mandarin, Citrang troyer Fermont mandarin and
screened and total of 71 amplified fragments were Murcot mandarin, Citrang C35 and Macrophylla. These
detected. Five to thirteen amplified fragments with a mean primers are very useful in a breeding program since they
of 7.8 amplified fragments per primer were observed, can help to follow some specific fragments in the
included 49 polymorfic fragments. A picture of primer generations and could be used as marker-assisted
OPA-17 was presented in Fig. 1a. Polymorphic fragments selection (Table 4).

alleles). Polymorphic information content (PIC) was

most highly polymorphic loci, PIC and GD (6 alleles, 0.83

followed by CAT01 (Fig. 1b), AMB-3 and AG14 primers

observed with CAC15 (4 alleles, PIC=0.63 and GD=0.62) as

were able to differentiate some Citrus cultivars. Seven

and five specific alleles were observed from SSR. RAPD

Cinoza mandarin, Rangpur lime, Avanamariana mandarin
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Fig. 1: PCR amplified products of: a) RAPD primer OPA-17 b) Microsatellite CAT-01 with different 19 Citrus cultivars

Fig. 2: Dendogram of genetic distance of Citrus cultivars based on RAPD and SSR markers

Phylogenetic Analysis: The information based on RAPD to (0.879%) between Nour mandarin and Cinoza mandarin.
and SSR data were used for calculate the similarity and the Similarity tree based on combination between RAPD and
genetic distance between the analyzed citrus cultivars. SSR (Fig. 2) cleared two main clusters, the first main
Similarity matrix (data dose not presented) indicated that cluster contained Citrang C35 and Balady mandarin, while
genetic similarity among analyzed Citrus cultivars ranged the second main cluster split to two sub-clusters, the first
from (0.626) between Fermont mandarin and Citrang troyer sub-cluster  consisted   of   Sour  orange,   Rangpur   lime,
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Table 4: Specific fragments and alleles detected by RAPD and SSR primers and the distinguished Citrus cultivars

RAPD Primers Total number of fragments Specific fragments Distinguished varieties

OP-A01 13 (Fragments) 1+1 Volkamer lemon + Citrang troyer
OP-A12 9(Fragments) 1+1 Volkamer lemon, Dancy mandarin and Murcot mandarin+ Citrang

troyer, Rangpur lime, Kinnow mandarin and Avanamariana mandarin
OP-A17 8(Fragments) 1 Kinnow mandarin and Avanamariana mandarin
OP-A18 5(Fragments) 0 --
OP-N16 8(Fragments) 0 --
OP-S147 7(Fragments) 0 --
OP-S227 8(Fragments) 0 --
OP--S238 7(Fragments) 1 Sour orange, Macrophylla and Rangpur lime 
OP-S253 6(Fragments) 1 Sour orange, Volkamer lemon, Macrophylla and Rangpur lime
SSR Primers Number of alleles Specific fragments Distinguished varieties
OP-ATC09 6 (Alleles) 0 --
OP-CAC15 4 (Alleles) 1 Sour orange
OP-CAT01 5 (Alleles) 1 Cinoza mandarin
OP-TAA27 5(Alleles) 1 Rangpur lime, Avanamariana mandarin and Vana mandarin
OP-Org 23 4(Alleles) 0 --
OP-AMB3 5(Alleles) 0 --
OP-CT19 3(Alleles) 1 Citrang troyer Fermont mandarin and Murcot mandarin 
OP-AG14 3(Alleles) 1 Volkamer lemon, Citrang C35 and Macrophylla

Volkamer lemon and Macrophylla. Otherwise, the second Nicolosi et al. [9] and Abkenar and Isshiki [27], where
sub-cluster included two groups, the first group included RAPD markers allowing to distinguish some Citrus
Cleopatra mandarin, while the second group included two genotypes. Also, Baig et al. [29] identified three specific
sub-groups, the first sub-group contained Citrang troyer RAPD markers for mandarin samples. El-Mouei et al. [31]
and the second subgroup contained of Kinnow mandarin, proved the feasibility of using RAPD molecular markers to
Nour mandarin, Cinoza mandarin, Avanamariana mandarin distinguish between and within the different Citrus
and Vana mandarin. The second sub-group contain tow groups. On the same way, the eight SSR molecular
branches the first branch consists of Fidel mandarin, markers produced 37 alleles among the nineteen Citrus
Minneola mandarin and Fermont mandarin. While, the cultivars, with average number of alleles per Operon (4.265
second branch contained Dancy mandarin, Chinese alleles). Five specific alleles resulted from SSR molecular
mandarin and Murcot mandarin. Phylogenetic analysis markers (OP-CAC15, OP-CAT01, OP-TAA27,OP-C19 and
showed  the  genetic  distance and the genetic similarity OP-AG14) within nineteen Citrus cultivars were able to
among the 19 Citrus cultivars (Fig. 2). differentiate the following cultivars: Sour orange, Cinoza

DISCUSSION mandarin, Citrang troyer, Fermont mandarin, Murcot

RAPD and SSR molecular markers were used to These specific fragments and alleles which resulted from
characterize and determine genetic diversity and RAPD and SSR primers are very useful in breeding
phylogenetic relationship (genetic similarity) among program aiming to improve Citrus genus because they can
nineteen Citrus cultivars. RAPD markers were very help to follow some specific fragments in the generations
informative.  The  nine  RAPD  Operon primers produced and could be used as marker-assisted selection. The
71  amplified  DNA fragments, with average percentage of results are in line with those obtained by Jannati et al.
polymorphism 61.20%. The analysis of RAPD data among [25], who reported that a set of informative SSR markers
nineteen Citrus cultivars allowed the differentiation and detected considerable levels of genetic variability in
identification of some cultivars (Volkamer lemon, Citrang Citrus germplasm. Zerihum et al. [37] identified some SSR
troyer, Dancy mandarin, Murcot mandarin, Kinnow markers producing specific alleles for particular genotypes
mandarin, Avanamariana mandarin, Sour orange, of sweet orange and mandarin Also, El-Mouei et al. [30]
Macrophylla and Rangpur lime) through specific concluded that RAPD and SSR markers can detect
fragments resulted from RAPD markers OPA-01, OPA-12, enough polymorphism to differentiate and
OPS-228 and OPS-253. Similar results were obtained by characterization citrus rootstocks.

mandarin, Rangpur lime, Avanamariana mandarin, Vana

mandarin, Volkamer lemon, Citrang C35 and Macrophylla.
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Polymorphic Information Content (PIC) and Genetic specific fragments or alleles. The present SSR Operons
Diversity (GD): Analysis of SSR information proved that showed high PIC and GD values and recommended to be
there  were  three markers (OP-AT09, OP-CAT01 and used in Citrus cultivars analysis. It can be conducted that
AMB-3) produced high number of alleles/locus (6, 5 and the used RAPD and SSR markers are efficient in
5 alleles, respectively) and showed high levels of PIC determination partial genome in breeding programs.
(0.83, 0.80 and 0.80, respectively) and GD (0.87, 0.84 and
0.84, respectively). Data revealed that the high number of AKNOLEGEMENTS
alleles was not proved its ability to differentiate cultivars
through specific alleles, OP-CT19 and OP-AG14 produced Author thankful Dr. A.A. Hemeida, Professor of
the lowest number of alleles but they differentiated Citrus genetics and bioinformatics, Sadat city, for his support in
cultivars with specific alleles (Citrang troyer, Fermont this paper and also thank Dr. Mohamed Fraeg Mohamed
mandarin, Murcot mandarin, Volkamer lemon, Citrang C35 and Mr. Mahdi Abd El-Raouf, Agricultural Research
and Macrophylla). Results came in line with Barkley et al. Center, for help in collecting plant materials.
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