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Abstract: Catharanthus roseus is a valuable medicinal plant and member of the family Apocynaceae. The goal
of this study was to investigate the molecular characterization of six Catharanthus roseus L. cultivars grown
in Egypt using two molecular markers techniques (RAPD and ISSR markers). The results of RAPD markers,
revealed 41 amplified fragments, 18 of them were polymorphic (44%) from using five primers. Moreover the
results showed the presence of 9 positive and 5 negative molecular specific markers for the cultivars
identification. ISSR results with five primers showed 50 amplified fragments, 30 of them were polymorphic (60%).
Beside the presence of 14 positive and 7 negative molecular, specific markers were detected. The Dice's
similarity indices and dendrogram for the genetic distances of the combination between the two techniques
revealed that the highest similarity was 92% between cultivars Vc4 and Vc6. However, the lowest similarity index
was zero% between cultivars Vc2 and Vc3. The dendrogram resulting from the combination of the two
techniques separated the six C. roseus cultivars into two clusters. The smaller cluster included cultivar Vc4 and
the larger clusters were Vc2, Vc3, Vc1, Vc5 and Vc6 cultivars, respectively. This study could be provides key
platform for further crop improvement at molecular level for the genetic variability and cross breeding.
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INTRODUCTION lavender blue with white eye. Nowadays, new and

Catharanthus roseus is  a  medicinal  plant  belongs a little is known about the effects of breeding for flower
to the family Apocynaceae native and endemic to color on the levels of alkaloids, there are few articles
Madagascar and one of the most interesting groups of indicating that colored flower is linked to the high level of
ornamental plants in the world. The plant is also known alkaloids [7]. For example, the accession ‘Pink Delhi’ has
by the names such as Vinca rosea, Ammocallis rosea and pink-colored  flower  petals, less salt and drought
Lochnera rosea. The plant has been put to traditional use tolerance and high levels of alkaloids, while accession
for the treatment of a wide variety of ailments worldwide white-colored flower petals has more salt, drought
since ages [1]. Terpenoid Indole Alkaloids (TIAs), tolerance and low levels of alkaloids [8, 9].
vinblastine and vincristine accumulates in its leaves. The characterization and evaluation of varieties,
These compounds were the first natural anticancer agents cultivars and species may be based on agronomic,
to  be  clinically  used  and, together with a number of morphological, biochemical, molecular and other
semi-synthetic derivatives, are universally known as the information [10, 11]. However, molecular markers present
vinca alkaloids [2, 3]. The plant is known to control major more advantages because they reveal genetic differences
diseases such as leukemia and diabetes [4, 5, 6]. Initially, with more details without the interference caused by
the plants were however grown as garden plants because environmental effects, providing fast results in the
of their beautiful flowers of different colors, such as pink, discrimination  of  the  present  diversity  [12, 13, 14].
deep rose, scarlet red, white, white with red eye and DNA-based genetic markers are recently integrated into

improved varieties of vinca are also available. Although



World Appl. Sci. J., 26 (11): 1407-1415, 2013

1408

several plant systems and expected to play a very
important role in the future of plant breeding and
molecular  genetics.  Polymerase  chain  reaction (PCR)
was invented as a genetic assay based on selective DNA
amplification [15]. Random amplified polymorphic DNAs
(RAPDs) [16] are useful  PCR-based  molecular  markers
for the assessment of genetic diversity among species
because of their simplicity, speed and relatively low cost
as compared to other types of molecular markers [17].
Inter simple sequence repeats (ISSRs) were developed to
access variation in the numerous microsatellite regions
dispersed throughout the genome [18]. They are simple
and reproducible approach based on the amplification of
DNA regions between inversely oriented SSRs or
microsatellites [19]. Therefore, ISSRs are widely used in
many respects such as the study of genetic diversity in
barley [20] and cultivar identification in tobacco [21].
Some studies using molecular markers have been carried
out in Catharanthus roseus cultivars aiming at achieving
better understanding about diversity through RAPD and
ISSR molecular markers [8, 22, 23, 24].

Therefore, the aim of this study is to assess and
compare genetic diversity using RAPD and ISSR
molecular markers types among six different cultivars of
Catharanthus roseus grown in Egypt.

MATERIALS AND METHODS

Plant Materials and DNA Extraction: The study involved
six cultivars of Catharanthus roseus, differing in petal
color, flower eye, center colors and petal shape grown in
greenhouse of National Research Center Dokki, Giza,
Egypt (Table 1). Young, healthy, growing leaves of six
vinca (C. roseus) cultivars were collected to isolate the
DNA. Total DNA was isolated from young leaves
according to described method by Dellaporta et al. [25].

RAPD and ISSR Amplification: To achieve RAPD and
ISSR fragments, first the selection of primers was
performed and 21 random primers were selected in both
markers. Only five primers succeeded to generate
reproducible polymorphic DNA products. Table 2 lists the
base sequences of these DNA primers for both RAPD and
ISSR markers that produced informative polymorphic
bands. The amplification reaction was carried out
according to the protocol proposed by Williams et al.
[16]. In order to obtain clear reproducible amplification
products;  different   preliminary   experiments  were
carried  out  in  which  a number of factors were optimized.

Table 1: Name, petal color of 6 cultivars of Catharanthus roseus (L.)
Grown in Egypt

Table 2: List of the primer names and their nucleotide sequences used in
the study in RAPD and ISSR molecular types.

Molecular type Primer code Sequence
RAPD OP- A10 5´CAA TCG CCG T 3`

OP-B07 5´ GGT GAC GCA G 3`
OP-B09 5´ TGG GGG ACT C 3`
OP-B10 5` GTA GAC CCG T 3`
OP- Z03 5` GGC TGT CCG T 3`

ISSR HB-10 5 CTC TCT CTC TCT CTC TTG 3
HB-09 5 ´GTG TGT GTG TGT GC 3
HB-12 5 CAC CAC CAC GC 3
HB-13 5` GAG GAG GAG GC 3`
HB-15 5´ GTG GTG GTG GC 3`

These  factors  included PCR temperature cycle profile
and concentration of each of the template DNA, primer,
MgCl and Taq polymerase. The PCR amplification was2

performed in a 25µl reaction volume containing the
following: 2.5µl of dNTPs (2.5mM), 1.5µl of MgCl2

(25mM), 2.5µl of 10x buffer, 2.0µl of primer (2.5µM), 2.0 µl
of  template  DNA  (50  ng/µl),  0.3µl  of  Taq  polymerase
(5 U/µl) and 14.7 µl of sterile ddH O. The reaction mixtures2

were overlaid with a drop of light mineral oil per sample.
Amplification was carried out in Techni TC-512 PCR
System. The reaction was subjected to one cycle at 95°C
for 5 minutes, followed by 35 cycles at 94°C for 30
seconds, 37°C for 30 seconds and 72°C for 30 seconds,
then a final cycle of 72°C for 12 minutes. PCR products
were run at 100 V for one hour on 1.4% agarose gels to
detect polymorphism between Catharanthus roseus
cultivars under study. After electrophoresis, the RAPD
patterns were visualized with UV transilluminator. RAPD
markers  were  scored  from  the  gels  as   DNA  fragments
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present or absent in all lanes. Gels were photographed ranged  between  155  and  1165  bp in length (Table 3).
using a Polaroid camera. PCR amplification was performed The primer HB-12 showed the highest polymorphism
using five random 10 mer arbitrary primers synthesized by (78%), while in primer HB-15 showed the lowest with only
(Operon biotechnologies, Inc. Germany). (29%), (Table 3). The ISSR banding pattern obtained with

Data Analysis: The DNA bands generated by each primer other hand, results also revealed the presence of 14
were counted and their molecular sizes compared with positive ISSR molecular markers in addition to 7 negative
those of the DNA markers. The bands scored from DNA specific molecular markers.
profiles generated by each primer were pooled together.
Then the presence or absence of each DNA band was Genetic Relationships as Revealed by RAPD and ISSR
treated as a binary character in a data matrix (coded 1 and Markers:  Dice  similarity  coefficient  matrix   among six
0, respectively) to calculate genetic similarity to construct C. roseus cultivars are presented in Table 4A, B and C.
dendrogram tree among the Catharanthus roseus The RAPD’s product showed a genetic similarity ranged
cultivars. Calculation was achieved using Dice similarity from zero to 81 % (Table 4). The highest genetic similarity
coefficients [26] as implemented in the computer program revealed by the RAPD’s analysis was 81% between
SPSS-10. cultivars Vc4 & Vc6 and 72% between landraces Vc1 &

RESULTS RAPD’s analysis was zero, 0.07% and 0.08 among each of

RAPD-PCR Fingerprinting: In order to evaluate the The ISSRs data revealed a genetic similarity ranged from
efficiency of RAPD-PCR fingerprinting for six zero to 0.98% (Table 5). The highest genetic similarity
Catharanthus roseus L. cultivars, the DNA was used as revealed by ISSR analysis was 0.98% between Vc4 and
templates for 5 RAPD primers banding pattern. Total Vc6 and 0.97% between cultivars (Vc1 & Vc4). On the
number of amplified and polymorphic fragments, other hand, the lowest genetic similarity was zero% and
percentage of polymorphism and specific markers in the 0.01 between each of Vc2& Vc3 and Vc1 & Vc3 cultivars,
six C. roseus cultivars value of each primer were illustrated respectively. The RAPD’s and ISSR’s combined data were
in Table 3. Total of 41 bands were obtained for all primers, close to RAPD data and showed genetic similarity ranged
18 of them were polymorphic (44%). The highest band between zero% and 0.98 % (Table 4).
number was produced with primer OP-B10 (10 bands)
while  the  lowest  was   produced   with   primer  OP-B09 Cluster Analysis as Revealed by RAPD and ISSR
(5  bands).  The  RAPD  banding obtained with primers Markers: Phylogenetic and cluster analysis among the
OP-B10 and OP-BO9 are presented in Fig. 1. The size of six C. roseus L. cultivars as revealed by RAPD and ISSR
the amplified fragments was ranged between 185 and 600 markers are illustrated in Fig. 3. The obtained results
bp length (Table 3). Primer OP-B07 showed the highest showed that in a dendrogram the Catharanthus roseus L.
polymorphism (67%), while primer OP-B09 showed the cultivars cluster comprised two major sub clusters with
lowest with only (20%), (Table 3). RAPD-PCR data (19%) dissimilarity. One sub cluster includes Vc1, Vc5 and
revealed 9 positive and 5 negative molecular specific Vc6,  with  genetic similarity starts from 15% until 38%.
markers for the six C. roseus cultivars. The other sub cluster includes two groups (Vc4 & Vc2,

Vc3), with similarity of 0.72%. While, the Vc4 &Vc2
ISSR-PCR Fingerprinting In this study, the banding cultivar,  are  falling  outside  of  both two sub clusters
patterns of ISSR fragments using the five arbitrary primers (Fig. 3). ISSR results in Fig. 3 showed that in a
with the six C. roseus cultivars (Fig. 2). Results of ISSR dendrogram the six Catharanthus roseus L. cluster
fingerprint showed 50 amplified fragments; 30 of them comprised two sub clusters with almost (15%)
were polymorphic (60%).The total number of amplified dissimilarity.
and polymorphic fragments obtained with each primer is
present in Table 3. The highest band number was Combined Genetic Relationships: The similarity matrices
produced  with  primer HB-14 (18 bands) while the lowest resulting from the combined DNA markers data were
was produced with primer HB-14 and HB-08 (7 bands), performed to generate correct relationships based on large
respectively. The size of the amplified fragments was and  different  genome regions. The highest percentage of

primers HB-12 and HB-15 are depicted in Fig. 2. On the

Vc4. On the other hand, the lowest genetic similarity of

(Vc3 & Vc5), (Vc3 & Vc6) and (Vc2 & Vc3), respectively.
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Table 3: The total number of amplified, polymorphic fragments, percentage of polymorphism and specific markers in the six C. roseus cultivars using both
of RAPD and ISSR markers data

Molecular type Primer code Range of amplicons (bp) Total bands Monomorphic bands Polymorphic bands Polymorphic Percentage % SM
RAPD OP-A10 215-600 9 5 4 44.0 +3 and - 0

OP-B07 275-900 9 3 6 67.0 +1 and -1
OP-B09 380-670 5 4 1 20.0 +0 and -1
OP-B10 175-695 10 6 4 40.0 +3 and -1
OP-C12 185-810 8 5 3 37.5 +1 and -2

Al l primer 41 23 18 44.0 +9 and -5
ISSR HB-08 190-730 7 4 3 43.0 +1 and -1

HB-10 175-790 9 4 5 56.0 +4 and -0
HB-12 175-1165 9 2 7 78.0 +3 and -2
HB-14 190-1310 18 5 13 73.0 +6 and -3
HB-15 155-755 7 5 2 29.0 +0 and -1

Al l primer 50 20 30 60.0 +14 and-7
SM = specific markers

Table 4 A: The analysis of RAPD’s data.
Item Vc1 Vc2 Vc3 Vc4 Vc5 Vc6
Vc1 1.00
Vc2 0.40 1.00
Vc3 0.15 0.08 1.00
Vc4 0.72 1.00 0.72 1.00
Vc5 0.15 0.25 0.00 0.58 1.00
Vc6 0.38 0.17 0.07 0.81 0.23 1.00

Table 4 B: The analysis of ISSR’s data.
Item Vc1 Vc2 Vc3 Vc4 Vc5 Vc6
Vc1 1.00
Vc2 0.15 1.00
Vc3 0.01 0.00 1.00
Vc4 0.97 0.93 0.86 1.00
Vc5 0.62 0.58 0.50 1.00 1.00
Vc6 0.44 0.41 0.52 0.98 0.49 1.00

Table 4 C: The combined RAPD’s and ISSR’s data.
Item Vc1 Vc2 Vc3 Vc4 Vc5 Vc6
Vc1 1.00
Vc2 0.25 1.00
Vc3 0.04 0.00 1.00
Vc4 0.85 1.00 0.80 1.00
Vc5 0.32 0.37 0.17 0.78 1.00
Vc6 0.39 0.26 0.23 0.92 0.33 1.00

Table 5: Level of polymorphism detected by RAPD and ISSR analysis across six C. roseus cultivars
Type of markers
----------------------------------------------------------------------------------

S. No Parameters RAPD ISSR
1 Cultivar screened 6 6
2 No. of primer used 5 5
3 Total No. of bands 41 50
4 Range of markers 175-900 bp 155-1310 bp
5 No. of monomorphic markers 23 20
6 No. of polymorphic markers 18 30
7 Percentage of Polymorphism 44% 60%
8 Specific markers +9 and -5 +14 and-7
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Fig. 1: RAPD banding patterns of 6 cultivars (M= marker, Vc1, Vc2, Vc3, Vc4, Vc5 and Vc6) of Catharanthus roseus L.
with five arbitrary primers

Fig. 2: ISSR banding patterns of 6 cultivars (M= marker, Vc1, Vc2, Vc3, Vc4, Vc5 and Vc6) of Catharanthus roseus L.
with five arbitrary primers
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(A) The analysis of RAPD’s data

(B) The analysis of ISSR’s data

(C) The combined RAPD’s and ISSR’s data

Fig. 3: Phylogenetic analysis among the six C. roseus L. cultivars (Vc1, Vc2, Vc3, Vc4, Vc5 and Vc6)) using RAPD and
ISSR. (A) the analysis of RAPD’s data; (B) the analysis of ISSR’s data and (C) the combined RAPD’s and ISSR’s
data based on Dice similarity coefficient.

similarity was detected between Vc4 & Vc6 (92%) marker system used in the analysis, ISSR markers
followed by (85%) between Vc1 & Vc4 and (78 %) produced the highest number of markers (50). The number
between Vc4 & Vc5. On the other hand the lowest of polymorphic markers produced was 18 and 30 for
similarity matrix (zero %) was obtained between Vc2 &Vc3 RAPD and ISSR markers, while the number of
(Table 4). The dendrogram built on the basis of combined monomorphic markers produced was 23 and 20 in RAPD
data from RAPD, ISSR analysis represents the genetic and ISSR markers. The level of polymorphism revealed by
distances among the six Catharanthus roseus L. cultivars ISSR (60%) is higher than RAPD (44%).
(Fig. 3c). The dendrogram includes two clusters, the first
containing Vc4 &Vc5 while the second cluster contains DISCUSSION
two sub clusters. The first sub cluster contains Vc6 and
the second is divided into two main groups which contain Assessment of genetic diversity is essential for
Vc2 &Vc3 in the first group and Vc1 in the last group. germplasm characterization to identify potential parents,

Comparison of RAPD and ISSR Analysis: A comparative Molecular markers (RAPD and ISSR) are valuable tools for
account among the six C. roseus cultivars using RAPD the analysis of genetic relatedness, the identification and
and ISSR markers are illustrated in Table 5. Among the selection of desirable genotypes for crosses as well as for

management and utilization of genetic resources.
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germplasm conservation in gene banks. Moreover, the other plant species such as in peanut (Arachis hypogaea)
polymorphism determined by these markers is one of the [32], wild rice (Oryza granulate) [33] and Picea sp [34].
valuable parameters for study of populations and The high reproducibility of ISSR markers may be efficient
understanding of their genetic differences [18, 27]. In this because of using longer primers and higher annealing
study, the applicability of RAPDs and ISSRs as genetic temperature than those used for RAPD [18]. Genetic
markers to characterize the Catharanthus roseus L. similarity (GS) and cluster analysis was carried out on
cultivars were assessed and compared. The results marker profiling data based on RAPD, ISSR and both
indicated that the percentage of ISSR polymorphic bands RAPD and ISSR. The GS values generated from RAPD
(60%) was higher than that of RAPD (44%). The total markers varied between zero and 0.81, the minimum GS
number of amplified bands are more for ISSR (50) than value derived between the cultivar 3 and 5 and, the
RAPD (41) markers. Moreover, the total number of maximum GS value was between cultivar 4 and 6. Similar
polymorphic  bands  (30) detected by five ISSR primers trend was achieved using the ISSR markers in maximum
was much higher than that of the five RAPD primers (18). but in minimum value derived between the cultivar 2 and
Lal et al. [28] reported that higher polymorphism (95%) 3 with higher GS values for ISSR which the range was
was obtained in ISSR markers than RAPD (87%) markers. from zero to 0.98. A close genetic similarity was observed
They checked the efficiency of all these three PCR based in some of the cultivars analyzed as shown by high values
markers  in  Cicer  arietinum L. and Cajanus cajan L. of similarity index. Also, the similarities detected with
Shaw  et  al., [22] studied the genetic variation in cultivars ISSRs were greater than the similarities observed with
of C. roseus using RAPD and ISSR markers. They RAPDs. Fernandez et al. [35] studied 16 barley cultivars
observed genetic variability using 18 RAPD and ISSR form different countries and found a higher similarity
markers. They concluded that both markers are equally index by ISSRs than by RAPDs. It may be due to highly
potential  to  differentiate  the closely related cultivars of polymorphic, abundant nature of the microsatellites due
C. roseus. Similar results were observed by Parsons et al. to slippage in DNA replication. The present results were
[29] who studied the genetic diversity relationship in rice also in accordance with the observation by Tanyolac [36]
using different marker systems. They observed 56% and Hou et al. [37] in barley.
polymorphism in ISSR markers while, 50% polymorphism The dendogram constructed using RAPD and ISSR
was observed in RAPD markers. From the earlier results markers successfully differentiated all six cultivars of
we suggested that the ISSR markers were superior to Catharanthus roseus. These results demonstrate the
RAPD markers in the capacity of revealing more excellent power of all these two markers in studying the
informative bands in a single amplification. RAPD-PCR closely related taxa. This supports the findings of Raina
data  revealed  9  positive and 5 negative molecular et al. [32]. They studied that RAPD and ISSR fingerprints
specific markers but ISSR markers data showed the as useful genetic markers for analysis of genetic diversity,
presence of 14 positive ISSR molecular markers in addition varietal identification and phylogenetic relationships in
to 7 negative specific molecular markers. The putative peanut (Arachis hypogaea) cultivars and wild species.
cultivar specific markers can be used as probes to Lalhruaitluanga and Prasad [38] studied comparative
ascertain whether they are in low or high copy numbers in results of RAPD and ISSR markers for genetic diversity
the C. roseus genome and such specific bands could be assessment in Melocanna baccifera (Roxb.) The
used for C. roseus characterization and grouping comparative analysis of genetic diversity was also
germplasm accessions. Further, putative genotype attempted by using ISSR and RAPD markers in vinca
specific bands could be converted to sequence genotypes [39], black gram [40] and in Jurupa curcus [41].
characterized amplification regions (SCARs) after In conclusion, the use of RAPD and ISSR could be a
sequencing and designing primer pairs to develop robust powerful tool to assess the genetic diversity in
genotype specific markers [30, 31]. Catharanthus roseus. This study provided new

In general, the efficiency of a molecular marker information at the molecular level for the genetic
technique depends on the amount of polymorphism that variability of Catharanthus roseus, for a general
could be detected among the set of accessions phylogenetic relationship among the six cultivars of this
investigated. In the present study, ISSR fingerprinting species. The polymorphism data generated can be used
was more efficient than the RAPD assay. The latter for  plant  breeding,  crop  improvement  programs  and
detected 60% polymorphic DNA markers among the three also  might  be  helpful  in  future strategies for evolution
analyzed genotypes, compared with 44% for RAPD of  desired  genotypes  and  further  development of new
fingerprinting. Similar results were obtained for several C. roseus cultivars.
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