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ABSTRACT : Identification and characterization of the plants is very important to protection and economical 

use. This work used the RAPD method for show the molecular characteristics of six species of Asteraceae. 

The study was carried out from the April 2021 to July 2021. five primers were used to amplify the DNA 

from the studied species. The obtained results of the RAPD profiles ranged from 100 to 1500bp. About 40 

bands were cleared for the studied six species. The number of bands per species varied from 2 to 12 for 

primer. The highest similarities value was obtained at Sonchus oleraceus and Senecio desfontainei (88%) 

and the lowest obtained at Bidens pilosa and Cichorium pumilum (61%).  The RAPD-PCR dendrogram 

classified the studied species of into definite clusters according the primer. Primer c separated Cichorium 

pumilum and Senecio desfontainei in the first clusters as a genetically different about the others in the 

second cluster, meanwhile primer d separated Urospermum picroides and Cichorium pumilum in definite 

clusters than others. From this study, it can conclude that, the RAPD can differentiate between the six Aster 

species, through rapid method to economical use as well as identification and conservation. 
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I. INTRODUCTION  

Asteraceae is from the largest families that inhabits almost every environment (Mohammed, 2020). It comes 

from the Aster, characteristic flower heads composed of many small flowers protected by bracts. Zhang et al., 

(2014) showed that many Asteraceae species are stresses tolerate as thermal, salinity, drought, radiation and high 

wind.  

Many plant species are vulnerable to disappear and not represented in the seed bank so the preservation of wild 

plant species are urgently needed (Hegazy et al., 2009). The preservation of plants is beginning with demonstration 

and identification than classification. The morphological features such as shape, color, texture, and odor are used 

for identification and classification but these methods are not sufficient to discrimination and authentication 

(Zhang et al., 2007). Joshi et al., (2004) showed also that chromatographic techniques and marker compounds are 

also limited due to variable sources and chemical complexity. 

Molecular techniques represented important tools in the genetic analysis of population structure and plant 

taxonomy (Tharachand et al., 2012). Kalpana et al., (2004) cleared that DNA markers documented because the 

genetic data is unique for each species and is independent variable as age, physiological conditions, and 

environmental factors. Meanwhile Weder, (2002) reveled that among many molecular techniques, random 

amplified polymorphic DNA (RAPD) is suitable and not require information about the DNA sequence to be 
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amplified. RAPD as molecular markers for plant breeding, genetic relationships, taxonomic and systematic 

analyses of plants were common due to its procedural simplicity (Bartish et al., 2000; Ranade et al., 2001). 

Moreover genetic diversity in various plant species are estimated by used RAPD (Wang et al., 2005; Lu et al., 

2006; Liu et al., 2007; Zheng et al., 2008). The advantages of the RAPD include (i) appropriate for anonymous 

genomes, (ii) applicable to only limited quantities of DNA (iii) low expense (Bartish et al., 2000 ; Ranade et al., 

2001). RAPD were used for assesses of genetic diversity in many plant species (Wang et al., 2005; Lu et al., 2006; 

Liu et al., 2007; Zheng et al., 2008). 

In this study, RAPD technique is carried for rapid characterization of six plant species of Asteraceae at Sharkia 

Province with 5 primers to show genetic variation and relationships between the species, as well as the application 

of the obtained data for the degree of convergence on the scale of plant taxonomy. 

II. Material and Methods 

Plant samples 

The shoots (with intact leaves) from 6 species belong Asteraceae, were collected from different regions of Sharkia 

Province (Table 1). The samples were individually placed in sealable polythene bags, transported to laboratory, 

and then kept frozen until DNA extraction.  

Table (1): A detailed description of species based on RAPD banding pattern 

Species Locality Nature and 

permanence 

Common name Habitat Phenolog

y 

Sonchusoleraceus 
Zagazig

, Dyarb 

Annual herb Sowthistle Silty clay Fruiting 

Bidenspilosa 
Zagazig

, Dyarb 

Annual herb Spanish Needles Silty clay Fruiting 

Seneciodesfontainei 
Zagazig

, Belbis 

Annual herb Groundsel Sandy loam Fruiting 

Lactucaserriola 
Zagazig

, 

Annual herb Prickly lettuce Silty clay 

loam 

Flowering 

Urospermumpicroide

s 

Zagazig Annual herb Prickly goldenfleece Silty clay 

loam 

Flowering 

Cichoriumpumilum Dyarb Annual herb Wild endive Silty clay Flowering 

 

Genomic DNA isolation 

Genomic DNA was isolated from leaf samples in a sterile mortar containing liquid nitrogen and thoroughly 

crushed with a sterile pestle for DNA extraction. An anion exchange chromatography-based DNeasy Plant Mini 

Kit (Qiagen, Valencia, CA, USA) was used for genomic DNA isolation and purification. The purity and quantity 

of isolated DNA were assessed spectrophotometrically (GeneQuant-1300; GE Healthcare, Buckinghamshire, 

UK). 

RAPD-PCR analysis 

RAPD analysis beads (GE Healthcare, Buckinghamshire, UK) were used for RAPD-PCR analysis 

(Roehrdanz and Flanders, 1993). Five primers (GE Healthcare) were used in this study, its names and sequence 

in Table (2).  
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Table (2): primers names and sequences 

No. Name Sequence 

a C1 TTCGAGCCAG 

b N8 ACCTCAGCTC 

c B12 CCTTGACGCA 

d H5 AGTCGTCCCC 

e P8 GGAGCCCAG 

 

1. Gently vortex and briefly centrifuge all solutions after thawing.  

2. Place a thin-walled PCR tube on ice and add the following components:  

 Dream Taq Green PCR Master Mix (2X)        12.5 μl 

 primer                                                                 2    μl 

 Template DNA(50ng/1μl)                                  1    μl 

 Water, nuclease-free                                         9.5  μl 

 Total volume                                                      25 μl 

3. Gently vortex the samples and spin down. 

4. Place the reactions in a thermal cycler. Perform PCR using the recommended thermal cycling conditions as shown 

in Table(3): 

Table (3): PCR recommended thermal cycling conditions 

Step Temperature,°C Time Number of cycles 

Initial denaturation 92 5 min 1 

Denaturation 92 30 sec 

40 

Annealing 35 1 min 

ramp up to 72º C 5 min 

Extension 72 2 min 

Final Extension 72 10 min 1 

 

Gel images obtained using Proxima C16 Phi+ (Isogen Life Science) UV transilluminator and Opticom          

(version 3.2.5; OptiGo) imaging system. 

Gel image analysis of the RAPD bands of the different taxa using different RAPD primers done using an Amersham 

100-bp ladder (GE Healthcare) and the Total Lab TL100 1D software (version 2008.01). 
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Data analysis 

RAPD-PCR-amplified fragments scored as present (1) or absent (0). The bands scored that only cleared (Collard 

and Mackill, 2009). The comparisons between accessions, on the bases of the proportion of common bands 

resulted by the primers used using the Jaccard’s similarity coefficient with the help of the StatistiXL program 

(version 1.7). 

III.RESULTS AND DISCUSSIONS 

The RAPD banding patterns of the 6 plant species are shown in Figure 1. RAPD-PCR was able to amplify 

the DNA from six Aster species by using 5 primers (a- e). The RAPD profiles generated amplified products 

ranging from 100 to 1500bp. A total of 40 bands were observed for all samples of species using 5 primers. The 

number of well-defined and major bands per plant species for a single primer ranged from 6 to 12. The maximum 

number of well-defined or major bands was at primer d (12 bands) and the minimum number at primer a (6 bands) 

(Figure 1).Primer c produced distinct banding patterns for all the plant species tested. 

The (d) primer (H5) scored five monomorphic amplicons out of 12 TAF, meanwhile each of B12 (c) and P8 (e) 

primers scored only one monomorphic amplicons out of 7 TAF (Tables, 4 and 5). Primer C1 (a) scored two 

monomorphic amplicons out of 6 TAF and primer N8 (b) scoredthree monomorphic amplicons out of 8 TAF.  

Polymorphic information content (PIC): 

The percentage of polymorphism per primer for six plant species of Asteraceae were ranging from 58% 

at primer d (H5) to 86% at each of c (B12) and e (P8) primers (Table, 5). Unique bands recorded the highest value 

(3) at H5 (d) primer meanwhile the lowest value (1) at a, c and e primers. Moreover highest Non-unique bands 

(5) were at c and e primers. Urospermum picroides gave two positive markers (M+) by using two primers namely 

C1 (a) at AF06 and B12 (c) at AF06, meanwhile Cichorium pumilum gave two positive markers (M+) by using 

N8 (b) at AF13 and AF14. Negative markers (M-) were detected by Cichorium pumilum at amplicons AF03, 

moreover Urospermum picroides gave negative markers by using N8 (b) primer at AF10&AF11. 

The dendrogram (Fig.2), of RAPD-PCR product profiles for 6 plant species by using 5 (a, b, c, d, e) 

primers classified the 6 plant species of Asteraceae into clusters. The clusters different according the primer used.  

Primersc and d classified the species into two main clusters. Primer c separated Cichorium pumilum and Senecio 

desfontainei in the first clusters as a genetically dissimilar species with all other ones in the second cluster, 

meanwhile primer d separated Urospermum picroides and Cichorium pumilum in the first clusters with all other 

ones in the second cluster.Primers b and e classified the species into three clusters, all of them nearest Sonchus 

oleraceus and Urospermum picroides than other species, moreover primer a classified the studied Asteraceae 

species into four clusters and separated each of Sonchus oleraceus and Senecio desfontainei separate cluster. 

The similarity matrix values for 6 plant species of Asteraceae by using 5 primers were ranging from 

ranged from 61 to 88% (Table 6). The highest similarity was observed between Sonchus oleraceus and Senecio 

desfontainei (88%) and the lowest between Bidens pilosa and Cichorium pumilum (61%). 

a

b 
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c

d 

e 

Fig. (1): RAPD-PCR product profiles of 6 plant species. Lane M = 100-bp molecular weight marker; lane1 = 

Sonchus oleraceus; lane2 = Bidens pilosa lane3 = Senecio desfontainei lane4 = Lactuca serriola lane5 = 

Urospermum picroides lane6=Cichorium pumilum a, b, c, d, e= RAPD primers. Arrows indicate the 800-bp 

position of the molecular weight marker. 

 

Table (4): RAPD-PCR product in six plant species belongAsteraceaeusing five primers 

Amplicon 
Mol. S 

(bp.) 
1 2 3 4 5 6 MM* 

C1 (a) 

AF01 1500 1 1 1 1 1 1  

AF02 1200 1 1 1 1 1 1  

AF03 1000 1 1 1 1 0 1 M - 

AF04 900 0 1 0 1 0 1  

AF05 800 0 0 0 1 0 1  

AF06 700 0 0 0 1 0 0 M + 
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N8 (b) 

AF07 1500 1 1 1 1 1 1  

AF08 1200 1 1 1 1 1 1  

AF09 1000 1 1 1 1 1 1  

AF10 900 1 1 1 0 1 1 M - 

AF11 800 1 1 1 0 1 1 M - 

AF12 700 0 1 1 0 1 1  

AF13 600 0 0 0 0 1 0 M+ 

AF14 500 0 0 0 0 1 0 M+ 

B12 (c) 

AF15 1500 1 1 1 1 1 1  

AF16 1200 1 1 0 1 1 1 M - 

AF17 1000 1 1 0 1 1 1 M - 

AF18 900 1 1 0 1 0 1  

AF19 800 1 1 0 1 0 0  

AF20 700 0 1 0 1 0 0  

AF21 600 0 0 0 1 0 0 M+ 

H5 (d) 

AF22 1500 1 1 1 1 1 1  

AF23 1200 1 1 1 1 1 1  

AF24 1000 1 1 1 1 1 1  

AF25 900 1 1 1 1 1 1  

AF26 800 1 1 1 1 1 1  

AF27 700 0 0 0 1 1 1  

AF28 600 0 0 0 0 1 1  

AF29 500 0 0 0 0 1 1  

AF30 400 0 0 0 0 1 1  
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AF31 300 0 0 0 0 0 1 M + 

AF32 200 0 0 0 0 0 1 M + 

AF33 100 0 0 0 0 0 1 M + 

P8 (e) 

AF34 1500 1 1 1 1 1 1  

AF35 1200 1 0 1 1 1 1 M - 

AF36 1000 1 0 1 1 1 1 M - 

AF37 900 1 0 1 1 1 1 M - 

AF38 800 1 0 1 1 1 1 M - 

AF39 700 1 0 1 1 1 1 M - 

AF40 600 0 0 0 0 0 1 M+ 

1 = Sonchus oleraceus; 2 = Bidens pilosa 3 = Senecio desfontainei 4 = Lactuca serriola 5 = Urospermum picroides 

6=Cichorium pumilum, *MM: Molecular marker         M+: Positive marker        M-: Negative marker 

 

 

    a                                                                                                    b 
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                       C                                                                   d 

 

e 

Fig. (2): The Dendrogram of RAPD-PCR product profiles for 6 plant species by using 5 primers(a, b, c, d, e), 

lane1 = Sonchus oleraceus; lane2 = Bidens pilosa lane3 = Senecio desfontainei lane4 = Lactuca serriola lane5 

= Urospermum picroides lane 6=Cichorium pumilum.  

 

Table (5): Polymorphism per primer among the 6 plant species of Asteraceaeusing RAPD-PCR  

         Bands 

Primers 

MB PB TAF P% 

UB NB 

  C1 (a)         2 1 3 6 67 

 N8 (b)         3 2 3 8 63 

  B12 (c)         1 1 5 7 86 

  H5 (d)         5 3 4 12 58 

  P8 (e)         1 1 5 7 86 

MB= Monomorphic bands, PB = Polymorphic bands, UB=Unique bands, NB= Non- unique bands, TAF= 

Total number of amplified fragments, P%= Polymorphism percentage 
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Table (6): Similarity matrix (%)for 6 plant species of Asteraceae based on RAPD banding pattern 

Species 1 2 3 4 5 6 

1. Sonchus oleraceus -  .    

2. Bidens pilosa 82 -     

3. Senecio desfontainei 88 74 -    

4. Lactuca serriola 84 76 73 -   

5. Urospermum picroides 80 68 81 71 - 

 

 

6. Cichorium pumilum 68 61 65 67 73 - 

 

The present work was done for establishing a phylogenetic relationship between six species of Asteraceae 

collected from different locations from Sharkia province by using molecular marker. Molecular characterization 

depends on the quality of DNA successful isolated. Problems are reported for the isolation of plant DNA. DNA 

isolated contains colored materials as polysaccharides and phenolic compounds (Vanijajiva et al., 2005). To allow 

the isolation of DNA from the plants studied, use of DNeasy plant Mini Kit, found suitable for RAPD-PCR 

amplification. RAPD has many advantages as rapidity, simplicity and not need any prior genetic information, 

source or age about the species (Welsh and McClelland, 1990; Micheli et al., 1994). Shinde et al., (2007) showed 

that the advantageous of RAPD for the identification at little DNA exists in the dried material and also because 

sequence data are difficult to obtain. So RAPD has been successfully utilized for the identification of many 

medicinal plants (Tochika-Komatsu et al., 2001; Um et al., 2001) and herbal medicinal constituents (Shinde et 

al., 2007). The significant similarity between species DNA sequences in the amplified region in sometime 

distinguishes plant species (Choo and Blenis , 2009) 

The crucial factor for obtaining amplified products is PCR conditions, especially for plants (Jones et al., 

1997). The overall temperature profiles (especially the annealing temperature) inside the PCR tubes are identical, 

RAPD fragments are then likely to be reproducible (Skroch and Nienhuis, 1995). This study represented that 

protocol worked well for the 6 plant species studied. The product obtained for the PCR analysis distinguish the 6 

plant species even with the use of any primer from a to e.  However, the combination of 5 primers cleared better 

resolution (pair wise similarity level ranged from 0 to 0.7). The obtained results are in agreements with other 

findings, which indicated the combination of primers provides better resolution (Vanijajiva et al., 2005).  

The obtained results showed that the number of amplicons per primer and size of the amplified fragments varied 

between different species. Only one primer (H5, d)) scored five monomorphic amplicons out of 12 TAF, 

meanwhile two primers B12 (c) and P8 (e) scored one monomorphic amplicons out of 7 TAF. B12 (c) and P8 (e) 

produced the highest polymorphism scored five polymorphic amplicons out of seven. Cichorium pumilum gave 

the lowest similarity value across the other studied Aster species by using the five RAPD-PCR primers; meanwhile 

Sonchus oleraceus gave the highest value. Cichorium pumilum is one of the annual wild plants growing in Egypt, 

grows as one of the undesired weeds infecting Egyptian fields as well as other fields in some of the Mediterranean 

countries (Gervillaet et al., 2019 ; El-Shafey and AbdElgawad, 2020).Sonchus oleraceus is found almost 

everywhere in the world, edible and have medicinal value due to richer in vitamins A, D and E. It is broad-based 

most commonly occur in the temperate regions and tropical mountains (Puri et al., 2018). 

The RAPD markers provided sufficient polymorphism and reproducible fingerprinting profiles for evaluating 

genetic diversity of the studied six species. The molecular variation, in combination with agronomic and 

morphological characteristics of species, may useful in the degree of tolerant.  The data reported by each of 

(Pasqualone et al.. 2000 ; Carvalho et al., 2009 ; Najaphy et al., 2012)   were in this line. 

The Polymorphic information content (PIC) indicated that discrimination capacity is very important steps to 

evaluate the germplasm banks where many species need to be characterized and identified. The PIC per primer 

ranged between 58 to 86%. The obtained data is in same line with (Suresh et al., 2013), who showed that PIC 

values varied in faba bean genotypes by developing 55 novel polymorphic cDNA –SSR markers. (Zamanianfard 

et al., 2015) stated that Polymorphism information content index (PIC) is a good efficiency of the used primers in 
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discrimination of the individuals. Moreover the low PIC data by some ISSR markers due to studied low number 

of ISSR loci. Many workers (Ebrahimi et al., 2010; Pirseyedi et al., 2010; Soriano et al., 2011) recorded similar 

results for different plant species. 

To explore the genetic relationship among the studied species of wild populations of Asteraceae, cluster 

dendrogram was constructed from combined data of molecular markers. The dendrogram separated the studied 

species into distinct clusters. The clusters different according the primer used.  Primers c and d classified the 

species into two main clusters meanwhile primer c separated Cichorium pumilum and Senecio desfontainei in 

defiant clusters as a genetically dissimilar species. Primer d separated Urospermum picroides and Cichorium 

pumilum in the one cluster than all other species in the second cluster. Primers b and e classified the species into 

three clusters. The obtained data nearest Sonchus oleraceus and Urospermum picroides than other species, 

moreover primer a classified the studied Asteraceae species into four clusters and separated each of Sonchus 

oleraceus and Senecio desfontainei separate cluster. (Khaled et al., 2017) showed the beneficial application of 

more than one marker to assess the degree of diversity and relatedness of samples, especially those growing in 

different sites. Moreover (Sharma et al., 2016) assess genetic divergence between 16 accessions of Stevia 

rebaudiana to evaluate the efficiency of RAPD marker for show the genetic diversity. The analysis of the data 

clustered the genotypes, based on their geographic locations. However, (Idrees and Irshad , 2014) reported that 

genetic markers of polymorphism due to a mutation in the genome loci or alteration of nucleotide and make it 

possible to identify genetic diversity between species. The authors concluded that the high polymorphism 

indicates that evaluating genetic diversity in the species. 

 

REFERENCES 

Bartish, I. V., Garkava, L. P., Rumpunen, K., &Nybom, H. (2000). Phylogenetic relationships and differentiation 

among and within populations of ChaenomelesLindl.(Rosaceae) estimated with RAPDs and 

isozymes. Theoretical and Applied Genetics, 101(4), 554-563. 

Carvalho, P. J., Álvarez, V. H., Marrucho, I. M., Aznar, M., &Coutinho, J. A. (2009). High pressure phase 

behavior of carbon dioxide in 1-butyl-3-methylimidazolium bis (trifluoromethylsulfonyl) imide and 1-butyl-3-

methylimidazolium dicyanamide ionic liquids. The Journal of Supercritical Fluids, 50(2), 105-111. 

Choo, A. Y., &Blenis, J. (2009). Not all substrates are treated equally: Implications for mTOR, rapamycin-

resistance, and cancer therapy. Cell cycle, 8(4), 567-572. 

Collard, B. C., &Mackill, D. J. (2009). Start codon targeted (SCoT) polymorphism: a simple, novel DNA marker 

technique for generating gene-targeted markers in plants. Plant molecular biology reporter, 27(1), 86-93. 

Ebrahimi, S. R., Nikkhah, A., &Sadeghi, A. A. (2010). Changes in nutritive value and digestion kinetics of canola 

seed due to microwave irradiation. Asian-Australasian Journal of Animal Sciences, 23(3), 347-354. 

El-Shafey, N. M., &AbdElgawad, H. R. (2020). Antioxidants Released from CichoriumpumilumJacq. 

Amendment Mitigate Salinity Stress in Maize. Jordan Journal of Biological Sciences, 13(4), 525-533. 

Gervilla, C., Rita, J., &Cursach, J. (2019). Contaminant seeds in imported crop seed lots: a non‐negligible human‐

mediated pathway for introduction of plant species to islands. Weed Research, 59(3), 245-253. 

Hegazy, A. K., Hammouda, O., Lovett-Doust, J., &Gomaa, N. H. (2009). Variations of the germinable soil seed 

bank along the altitudinal gradient in the northwestern Red Sea region. ActaEcologicaSinica, 29(1), 20-29. 

Idrees M, Irshad M.  (2014): Molecular markers in plants for analysis of genetic diversity: A review. Eur Acad 

Res. 2014;2:1513–1540.   

Jones, C. J., Edwards, K. J., Castaglione, S., Winfield, M. O., Sala, F., Van de Wiel, C.,& Karp, A. (1997). 

Reproducibility testing of RAPD, AFLP and SSR markers in plants by a network of European laboratories. 

Molecular breeding, 3(5), 381-390. 

Joshi, K., Chavan, P., Warude, D., &Patwardhan, B. (2004). Molecular markers in herbal drug technology. Current 

science, 159-165. 

Kalpana J, Warude PC, Bhushan P. (2004):  (Molecular markers in herbal drug technology. Curr Sci. ;87:159–

165.  



Bulletin  of Faculty of Science ,Zagazig University (BFSZU) 2022 
 

 

h t t p s : / / b f s z u . j o u r n a l s . e k b . e g / j o u r n a l  81 

Khaled E, Mai A, Latifa A, Hayat A. (2017): Efficiency of RAPD and ISSR Markers for the Detection of 

Polymorphisms and Genetic Relationships in Date Palm. Biotech. 16:19–26.  

Liu, P., Yang, Y. S., Hao, C. Y., &Guo, W. D. (2007). Ecological risk assessment using RAPD and distribution 

pattern of a rare and endangered species. Chemosphere, 68(8), 1497-1505. 

Lu, H. P., Cai, Y. W., Chen, X. Y., Zhang, X., Gu, Y. J., & Zhang, G. F. (2006). High RAPD but no cpDNA 

sequence variation in the endemic and endangered plant, 

HeptacodiummiconioidesRehd.(Caprifoliaceae). Genetica, 128(1), 409-417. 

Micheli, M. R., Bova, R., Pascale, E., &D'Ambrosio, E. (1994). Reproducible DNA fingerprinting with the 

random amplified polymorphic DNA (RAPD) method. Nucleic Acids Research, 22(10), 1921. 

Mohammed, H. (2020).Phytochemistry and Pharmacological Effects of Plants in Genus Sonchus 

(Asteraceae). Records of Pharmaceutical and Biomedical Sciences, 4(1), 40-50. 

Najaphy, A., Parchin, R. A., &Farshadfar, E. (2012). Comparison of phenotypic and molecular characterizations 

of some important wheat cultivars and advanced breeding lines. Australian Journal of Crop Science, 6(2), 326-

332. 

Pasqualone, A., Lotti, C., Bruno, A., De Vita, P., Di Fonzo, N., & Blanco, A. (2000). Use of ISSR markers for 

cultivar identification in durum wheat. CIHEAM—Options Mediterraneennes, 40, 157-161. 

Pirseyedi, S. M., Valizadehghan, S., Mardi, M., Ghaffari, M. R., Mahmoodi, P., Zahravi, M. &Nekoui, S. M. K. 

(2010). Isolation and characterization of novel microsatellite markers in pomegranate (Punicagranatum L.). 

International Journal of Molecular Sciences, 11(5). https://doi.org/10.3390/ijms11052010 

Puri, C., Vicinanza, M., Ashkenazi, A., Gratian, M. J., Zhang, Q., Bento, C. F.,&Rubinsztein, D. C. (2018). The 

RAB11A-positive compartment is a primary platform for autophagosome assembly mediated by WIPI2 

recognition of PI3P-RAB11A. Developmental cell, 45(1), 114-131. 

Ranade, K., Chang, M. S., Ting, C. T., Pei, D., Hsiao, C. F., Olivier, M., ... & Botstein, D. (2001). High-throughput 

genotyping with single nucleotide polymorphisms. Genome Research, 11(7), 1262-1268. 

Roehrdanz, R. L., & Flanders, R. V. (1993). Detection of DNA polymorphisms in predatory Coccinellids using 

polymerase chain reaction and arbitrary primers (RAPD-PCR). Entomophaga, 38(4), 479-491. 

Sharma N, Kaur R, Era V. (2016): Potential of RAPD and ISSR markers for assessing genetic diversity among 

Stevia rebaudiana Bertoni accession. Indian J Biotechnol. 15:95–100. 

Shinde, V. M., Dhalwal, K., Mahadik, K. R., Joshi, K. S., &Patwardhan, B. K. (2007). RAPD analysis for 

determination of components in herbal medicine. Evidence-Based Complementary and Alternative 

Medicine, 4(S1), 21-23. 

Skroch, P., &Nienhuis, J. (1995). Impact of scoring error and reproducibility RAPD data on RAPD based 

estimates of genetic distance. Theoretical and Applied Genetics, 91(6), 1086-1091. 

Soriano, M. C., Zunino, L., Rosso, O. A., Fischer, I., &Mirasso, C. R. (2011). Time scales of a chaotic 

semiconductor laser with optical feedback under the lens of a permutation information analysis. IEEE Journal of 

Quantum Electronics, 47(2), 252-261. 

Suresh, A. K., Pelletier, D. A., &Doktycz, M. J. (2013). Relating nanomaterial properties and microbial toxicity. 

Nanoscale, 5(2), 463-474. 

Tharachand C, Immanuel Selvaraj C, Mythili MN. (2012): Molecular markers in characterization of medicinal 

plants: An overview. Res Plant Biol. ;2:01–12. 

Tochika-Komatsu, Y., Asaka, I., & Ii, I. (2001). A random amplified polymorphic DNA (RAPD) primer to assist 

the identification of a selected strain, aizu K-111 of Panax ginseng and the sequence amplified. Biological and 

Pharmaceutical Bulletin, 24(10), 1210-1213. 

Um, J. Y., Chung, H. S., Kim, M. S., NA, H. J., KWON, H. J., KIM, J. J., ... & KIM, H. M. (2001). Molecular 

authentication of Panax ginseng species by RAPD analysis and PCR-RFLP. Biological and Pharmaceutical 

Bulletin, 24(8), 872-875. 



Bulletin  of Faculty of Science ,Zagazig University (BFSZU) 2022 
 

 

h t t p s : / / b f s z u . j o u r n a l s . e k b . e g / j o u r n a l  82 

Vanijajiva, O., Sirirugsa, P., &Suvachittanont, W. (2005). Confirmation of relationships among Boesenbergia 

(Zingiberaceae) and related genera by RAPD. Biochemical Systematics and Ecology, 33(2), 159-170. 

Wang, Z. S., An, S. Q., Liu, H., Leng, X., Zheng, J. W., & Liu, Y. H. (2005). Genetic structure of the endangered 

plant Neolitseasericea (Lauraceae) from the Zhoushan Archipelago using RAPD markers. Annals of 

Botany, 95(2), 305-313 

Weder, J. K. (2002). Influence of experimental conditions on the reproducibility of RAPD-PCR identification of 

legumes and cereals. LWT-Food Science and Technology, 35(3), 233-238. 

Welsh, J., & McClelland, M. (1990). Fingerprinting genomes using PCR with arbitrary primers. Nucleic acids 

research, 18(24), 7213-7218. 

Zamanianfard, Z., Etminan, A., Mohammadi, R., &Shooshtari, L. (2015). Evaluation of molecular diversity of 

durum wheat genotypes using ISSR markers. In Biological Forum (Vol. 7, No. 1, pp. 214-218). SatyaPrakashan. 

Zhang, F., Zhang, W., Li, M., Zhang, Y., Li, F., & Li, C. (2017). Is crop biomass and soil carbon storage 

sustainable with long-term application of full plastic film mulching under future climate change?. Agricultural 

Systems, 150, 67-77. 

Zhang, S., Yu, Y., Xiao, C., Wang, X., & Lei, Y. (2014). Effect of ultraviolet irradiation combined with chitosan 

coating on preservation of jujube under ambient temperature. LWT-Food Science and Technology, 57(2), 749-

754. 

Zheng, W., Wang, L., Meng, L., & Liu, J. (2008). Genetic variation in the endangered Anisodustanguticus 

(Solanaceae), an alpine perennial endemic to the Qinghai-Tibetan Plateau. Genetica, 132(2), 123-129. 

 


