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ABSTRACT. The use of highly discriminatory methods for the
identification and characterization of genotypes is essential for plant
protection and appropriate use. We utilized the RAPD method for the
genetic fingerprinting of 11 plant species of desert origin (seven with
known medicinal value). Andrachne telephioides, Zilla spinosa, Caylusea
hexagyna, Achillea fragrantissima, Lycium shawii, Moricandia sinaica,
Rumex vesicarius, Bassia eriophora, Zygophyllum propinquum subsp
migahidii, Withania somnifera, and Sonchus oleraceus were collected from
various areas of Saudi Arabia. The five primers used were able to amplify
the DNA from all the plant species. The amplified products of the RAPD
profiles ranged from 307 to 1772 bp. A total of 164 bands were observed
for 11 plant species, using five primers. The number of well-defined and
major bands for a single plant species for a single primer ranged from 1
to 10. The highest pair-wise similarities (0.32) were observed between
A. fragrantissima and L. shawii, when five primers were combined. The
lowest similarities (0) were observed between A. telephioides and Z.
spinosa; Z. spinosa and B. eriophora; B. eriophora and Z. propinquum.
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In conclusion, the RAPD method successfully discriminates among all the
plant species, therefore providing an easy and rapid tool for identification,
conservation and sustainable use of these plants.

Key words: Molecular fingerprinting; Medicinal plants; RAPD;
Arid environment

INTRODUCTION

Plant species of the desert are adapted to tolerate multiple stresses including drought,
high temperature, high solar radiation, high wind, and salinity (Batanouny, 2001). It is note-
worthy that besides their medicinal value, endangered mammals feed on many of the herbal
plants growing in the desert. Recently, it was determined that about 35% of the species that
constitute the standing vegetation are vulnerable to elimination because they are not represented
in the seed bank of the Red Sea area (Hegazy et al., 2009). Therefore, appropriate measures for
the preservation of plant species in the desert area are urgently needed. Proper identification is
crucial for the preservation of plants growing in extreme arid regions. Traditionally, subjective
methods based on the morphological features such as shape, color, texture, and odor are used for
the discrimination of herbal medicines. However, these methods are difficult to apply accurately
for discrimination and authentication. The use of chromatographic techniques and marker com-
pounds to standardize botanical preparations is also limited because the medicines have variable
sources and chemical complexity, which is affected by growth, storage conditions and harvest
times (Joshi et al., 2004; Zhang et al., 2007).

Among the polymerase chain reaction (PCR)-based molecular techniques, random
amplified polymorphic DNA (RAPD) is convenient in performance and does not require any
information about the DNA sequence to be amplified (Weder, 2002). Due to its procedural
simplicity, the use of RAPD as molecular markers for taxonomic and systematic analyses of
plants (Bartish et al., 2000), as well as in plant breeding and the study of genetic relation-
ships, has considerably increased (Ranade et al., 2001). Recently, RAPD has been used for
the estimation of genetic diversity in various endangered plant species (Wang et al., 2005; Lu
et al., 2006; Liu et al., 2007; Zheng et al., 2008). In this study, we successfully utilized the
RAPD technique for rapid characterization of 11 plant species of the Saudi Arabian desert.

MATERIAL AND METHODS
Plant samples

The young shoots (with intact leaves) from 11 plant species, 7 of them with known
medicinal value, were collected from different regions of Saudi Arabia. The samples were
individually placed in sealable polythene bags, transported to laboratory, and then kept frozen
until DNA extraction. A detailed description of these plant species is given in Table 1.

Genomic DNA isolation

Genomic DNA was isolated from leaf samples. Leaf samples were placed in a sterile

Genetics and Molecular Research 9 (4): 2191-9198 (2010) ©FUNPEC-RP www.funpecrp.com.br



2193

RAPD in plant species of medicinal value

($007 “Te 12 9ov1D) proydA-nuy JBAIRIASY ] SN22D.42]0 SNYIUOS 1
(9661 “Te 19 1A9() Jowmnue (00 e 12 eIysIjA) Suneusanfox
‘onpoodoway ‘Aroje[npowounuul ‘JUePIXOUE ‘SSANSIIUR TOWNINUE ‘AI0JeWBUI-1JUY JBAORUR[OS reun(q (1) pafiuuios pruviyy 01
Areypney) 79 sewoy [, def (IPIpeH)
(4661 “Tejuezeyn) SIYIUIW[OYNULR ‘BWYISY oeooe[[Aydo3Az npryn3nu wnnbuido.d winjdydo3iy 6
- QedORIJUBIRUIY oSy (‘peIyos) vioydoria vissvg 8
(1661 Towy pue Youpa[ppIjA) dAneIndop ‘OANEPaS DANRXE] ‘WOUIA U0IdI00S 10] d10pHuUy oeodeu03A[0g ] SHLIDDISIA XOUINY L
- QBIORIISSRIG *SSI0¢] PIIDULS DIPUDILIOJN 9
(L861 “Te 19 BSSOA)) [eLIdJORqNUY QBOORUE[OS JNYOS 29 "WOOY NMDYS w1l S
(6661 “Te 10 AypIooweA1yeS) (SQUI] [[99 BUIOUB[IW) JOOUBINUY JBAIRIASY DUSSIUDASD.LY D2]]1YO b
- BIOBPISIY UQID) "IN puddvxay vasnjdv) ¢
(£00T “Yeprd pue ApIoudH) souojs Aoupny SurAowoy| QBOOROISSEIY ‘pueld vsourds vjjiy z
- Jeaoeiqioydnyg 1 sap1o1ydajay duyov.ipuy 1
3SN [RUIDIPAIN Aque g saroadg Joquinu sa1dadg

‘parpmys saroads jued Jo uondiosaq I dqeL

©FUNPEC-RP www.funpecrp.com.br

Genetics and Molecular Research 9 (4): 2191-9198 (2010)



LA. Arif et al. 2194

mortar containing liquid nitrogen and thoroughly crushed with a sterile pestle. The powdered
leaves were subjected to DNA extraction. An anion exchange chromatography-based DNeasy
Plant Mini Kit (Qiagen, Valencia, CA, USA) was used for genomic DNA isolation and pu-
rification. The purity and quantity of isolated DNA were determined spectrophotometrically
(GeneQuant-1300; GE Healthcare, Buckinghamshire, UK).

RAPD-PCR analysis

Ready-To-Go RAPD analysis beads (GE Healthcare, Buckinghamshire, UK) were
used for RAPD-PCR analysis. The PCR mixture of 25 puL contained a single Ready-To-Go
RAPD analysis bead, 25 pmol of a single RAPD primer, 50 ng of template DNA and sterile
distilled water. The bead contained thermostable polymerase (AmpliTag™ DNA polymerase
and Stoffel fragment), INTPs (0.4 mM each), BSA (2.5 pg) and buffer (3 mM MgCl,, 30 mM
KCl and 10 mM Tris, pH 8.3). Five primers (GE Healthcare) were used in this study. Each
primer is a 10-mer of arbitrary sequence: a (5-GGTGCGGGAA-3), b (5-GTTTCGCTCC-3),
¢ (5-GTAGACCCGT-3), d (5-AACGCGCAAC-3), and e (5-CCCGTCAGCA-3).

PCR was performed using a Veriti 96-well thermal cycler (Applied Biosystems,
USA). PCR conditions included 1 cycle of 95°C for 5 min, followed by 45 cycles of 95°C for
1 min, 36°C for 1 min and 72°C for 2 min. A long (20 x 14 cm) 1% agarose gel using 1X TAE
buffer containing 0.5 pg/mL ethidium bromide was used for electrophoresis of products. Gel
images were 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 ob-
tained for the different taxa using different RAPD primers was performed using an Amersham
100-bp ladder (GE Healthcare) and the TotalLab TL100 1D software (version 2008.01).

Data analysis

RAPD-PCR-amplified fragments were scored as present (1) or absent (0). Only clear
and major bands were scored (Collard and Mackill, 2009). Pairwise comparisons between ac-
cessions, based on the proportion of shared bands produced by the primers used, were calculated
using the Jaccard’s similarity coefficient with the help of the StatistiXL program (version 1.7).

RESULTS

The RAPD banding patterns of the 11 plant species are illustrated in Figure 1. The 5
primers (a to e) used for RAPD-PCR were able to amplify the DNA from all the plant species
studied. The RAPD profiles using all samples generated amplified products ranging from 307
to 1772 bp. A total of 164 bands were observed for 11 plant species using 5 primers. The num-
ber of well-defined and major bands for a single plant species for a single primer ranged from
1 to 10. For 11 plant species, the maximum number of well-defined or major bands was ob-
served with primer a (43 bands) and the minimum number with primer e (19 bands) (Figure 1).

Primers a and b produced distinct banding patterns for all the plant species tested.
Pairwise similarities based on the proportion of shared bands with the primers used were cal-
culated and the results are given in Table 2. Pairwise similarity of banding pattern between the
plant species studied ranged from 0 to 0.6 for primers a and b. However, primers ¢, d and e did
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not show discriminatory bands for all the plant species. A similar banding pattern was ob-
served for Zygophyllum propinquum, Withania somnifera and Sonchus oleraceus using primer
¢ (pairwise similarity value, 1.0). With primer d, Zilla spinosa and Achillea fragrantissima
showed a similar banding pattern (pairwise similarity value, 1.0). Bands obtained with primer
e showed similarities between Caylusea hexagyna and A. fragrantissima. The same type of
banding pattern was also found for Z. propinquum and S. oleraceus with primer e.

Overall, pairwise similarity for all 5 primers ranged from 0 to 0.3. The highest pairwise
similarity (0.32) was observed between A. fragrantissima and Lycium shawii, when 5 primers
were combined. The lowest pairwise similarity (0) was observed between Andrachne telephi-
oides and Z. spinosa, Z. spinosa and Bassia eriophora, and B. eriophora and Z. propinquum.

Figure 1. RAPD-PCR product profiles of 11 plant species. Lane M = 100-bp molecular weight marker; /lane 1
= Andrachne telephioides (Euphorbiaceae); lane 2 = Zilla spinosa (Brassicaceae); lane 3 = Caylusea hexagyna
(Resedaceae); lane 4 = Achillea fragrantissima (Asteraceae); lane 5 = Lycium shawii (Solanaceae); lane 6 =
Moricandia sinaica (Brassicaceae); lane 7 = Rumex vesicarius (Polygonaceae); lane 8 = Bassia eriophora
(Chenopodiaceae); lane 9 = Zygophyllum propinquum subsp migahidii (Zygophyllaceae); lane 10 = Withania
somnifera (Solanaceae), and lane 11 = Sonchus oleraceus (Asteraceae); a, b, ¢, d, e: RAPD primers. Arrows
indicate the 800-bp position of the molecular weight marker.
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Table 2. Similarity matrix for 11 plant species based on RAPD banding pattern.

Plant species 1 2 3 4 5 6 7 8 9 10
1. A. telephioides
2. Z. spinosa 0.00
3. C. hexagyna 0.04 0.05
4. A. fragrantissima 0.09 0.21 0.19
5. L. shawii 0.20 0.05 0.14 0.32
6. M. sinaica 0.22 0.19 0.22 0.21 0.18
7. R. vesicarius 0.18 0.04 0.18 0.13 0.13 0.17
8. B. eriophora 0.13 0.00 0.13 0.08 0.08 0.08 0.12
9. Z. propinquum 0.08 0.14 0.08 0.12 0.29 0.14 0.12 0.00
10. W. somnifera 0.13 0.06 0.21 0.16 0.25 0.19 0.23 0.16 0.27
11. S. oleraceus 0.14 0.05 0.14 0.09 0.09 0.03 0.13 0.13 0.35 0.13
DISCUSSION

Besides the use of a particular type of molecular marker, molecular characterization
also depends on successful isolation of quality DNA. Problems are reported for the isolation
of plant DNA. Isolated DNA contains colored substances, polysaccharides and phenolic com-
pounds (Aras et al., 1993; Temiesak et al., 1993; Vanijajiva et al., 2005). The use of DNeasy
Plant Mini Kit allowed the isolation of DNA from the plants studied, which we found suitable
for RAPD-PCR amplification.

RAPD has frequently been used for the detection of genetic variability in plants. The
advantages of this method are its rapidity, simplicity and lack of need for any prior genetic in-
formation about the plant. RAPD patterns are consistent irrespective of the plant source or age
(Welsh and McClelland, 1990; Micheli et al., 1994). These characters are especially advanta-
geous for the identification of herbal medicines because little DNA exists in the dried material
and also because sequence data are difficult to obtain (Williams et al., 1990; Shinde et al., 2007).
We characterized 11 plant species, of which 7 have known medicinal value (Table 1). RAPD
has been successfully utilized for the identification of medicinal plants (Tochika-Komatsu et al.,
2001; Um et al., 2001) and herbal medicinal components (Shinde et al., 2007). This technique
has also been reported to be useful for the identification and genotyping of ornamental plants
(De Benedetti et al., 2001) and other varieties of plant species (Temiesak et al., 1993).

Sequence-based analyses sometimes fail to distinguish between species because of
the significant similarity between their DNA sequences in the amplified region. RAPD primers
are able to distinguish taxa below the species level (Choo et al., 2009), because RAPD analysis
reflects both coding and non-coding regions of the genome (Vanijajiva et al., 2005). However,
some of the problems with RAPD are related to reproducibility, designing appropriate primers
and amplification of RAPD-PCR products. PCR conditions constitute one of the crucial fac-
tors for obtaining amplified products, especially for plants (Jones et al., 1997). It is suggested
that if the overall temperature profiles (especially the annealing temperature) inside the PCR
tubes are identical, RAPD fragments are then likely to be reproducible (Penner et al., 1993;
Skroch and Nienhuis, 1995). Our study showed that the protocol used worked well for the 11
plant species studied. The PCR product obtained enabled us to distinguish the 11 plant species
even with the use of a single primer a or primer b (pairwise similarity level ranged from 0 to
0.6). However, the combination of 5 primers showed better resolution (pairwise similarity
level ranged from 0 to 0.3). These data corroborate other findings indicating that the combi-
nation of primers provides better resolution (Temiesak et al., 1993; Vanijajiva et al., 2005).
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The identification of desert plants is crucial for their preservation and sustainable
use, as well as to prevent forgery in the marketing of medicinal plants. Expected chemicals
in the herbal plant targeted for medicinal use could vary with the genomic or environmental
variability of the species (Echeverrigaray et al., 2001). RAPD fingerprinting was used for
the detection of variety (Temiesak et al., 1993) and clonal variation of plant species (Wang
et al., 2009). RAPD provides rapid results, is less time-consuming and less expensive (Arif
and Khan, 2009), and gives information about genomic variability below the species level
(Williams et al., 1990). Primers and chemicals required for PCR used in this study are readily
available on the market. Laboratories without expensive sequencing instrumentation would
be able to identify the plant species studied. Therefore, our findings provide guidance for the
identification of these plant species growing in an extreme arid environment, to help in their
subsequent management and utilization in sustainable ways to combat human and natural
pressures on these valuable natural resources.
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