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Abstract: Sea buckthorn has attracted international attention as a new crop opportunity,
and is predicted as the "next major health food". Thus, the assessment of the genetic

variability of this dioecious species became an important prerequisite for its conservation

and improvement. RAPD markers have been widely used for clarification of taxonomic

and geographic origin of accessions and cultivars, sex determination and population

genetic structure of sea buckthorn. In this study PCR-RAPD method was optimized in

order to obtain appropriate results for further statistical analysis, and finally for

determination of the genetic diversity within and among natural and cultivated

populations of Hippophaë rhamnoides L. subsp. carpatica Rousi from Romania. Between

the factors which affect amplification and RAPD band pattern, DNA extraction method

and template concentration, annealing temperature and Mg
+

~ concentration were the most

important, their optimization being essential for the reproducibility of the reaction.
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Introduction

The study of genetic diversity in plant populations was greatly facilitated over

three decades ago by the development of protein-based markers (i.e. allozymes)

(Shrestha et al. 2002, Hamrick & Godt 1990). They usually exhibit simple Mendelian

inheritance and codominant expression, making genetic interpretations easier (Lee et al.

2002). In addition, allozyme analysis is relatively fast, inexpensive, but presents

limitations, such as highly biased genomic sampling (only genes encoding well-

documented proteins are detectable), a low number of markers, differences between

tissues or ontogenetic stages and difficulties in the standardization of experimental

methods (Lee et al. 2002).

Although allozyme markers remain an useful tool for plant biology, the

development of DNA-based markers (Karp et al. 1996, Khandka et al. 1997) has

revolutionized this field owing to their high levels of polymorphism and because they

are less subject to natural selection. The utility of DNA-based markers is generally

determined by the technology that is used to reveal the DNA polymorphisms. The

restriction fragment length polymorphism (RFLP) assay
has been the choice for many

species to measure genetic diversity and construct genetic linkage maps. However, the

RFLP method combines restriction enzyme digestion with DNA hybridization and,
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generally, is time consuming and laborious and needs large amounts of starting
material. Over the last two decades, polymerase chain reaction (PCR) has become a

widespread research technique, leading to the development of several novel genetic

assays based on selective amplification of DNA (Bardakci 2001).

Initially, PCR was limited because of the need for DNA sequence information.

After the discovery that random primers can be used to amplify randomly distributed

fragments in any genome (Williams et al. 1990), RAPD (random amplified polymorphic

DNA) method was developed and used for a variety of purposes. Thus, RAPD analysis

has proved to be useful tools to detect genetic variation of plant populations and to

analyze genetic differentiation among populations from ecologically different habitats

(Reisch et al. 2003). This technique gained importance due to its simplicity, efficiency,

relative easy implementation and non-requirement of sequence information (Ghosh et

al. 2009) or any other form of molecular characterization of the genome of the species

in question.
The standard RAPD technology (Williams et al. 1990) utilizes short synthetic

oligonucleotides (10 bp) of random sequence as primers to amplify nanogram amounts

of total genomic DNA under low annealing temperatures by PCR (Bardakci 2001). The

profile of the amplified DNA primarily depends on nucleotide sequence homology

between the template DNA and decameric primer. The changes in the priming sites will

result in the presence or absence of bands when the amplicons are visualized on the

electrophoresis gel.

Many plant species with economical importance were analyzed through RAPD

technology; in this context, RAPD markers have been widely used for clarification of

taxonomic and geographic origin of accessions and cultivars, sex determination and

population genetic structure of sea buckthorn (Persson & Nybom 1998, Bartish et al.

1999, Tian et al. 2004, Ercisli et al. 2008). Hippophaë rhamnoides L., a unique

medicinal and aromatic plant, belonging to the family of Elaeagnaceae, yields various

important products such as leaves, oil, juices etc. with tremendous medicinal and

pharmacological applications (Yang & Kallio 2002, Zeb 2004). Because this species has

attracted international attention as a new crop opportunity, and is predicted as the "next

major health food" (Small et al. 2002), the assessment of the genetic diversity of this

dioecious species became an important prerequisite for its conservation and

improvement.

The aim of this study was the optimization of PCR-RAPD method in order to

obtain appropriate results for further statistical analysis, and finally for determination of

the genetic diversity within and among natural and cultivated populations of Hippophaë

rhamnoides L. subsp. carpatica Rousi from Romania. Therefore, the improvements of

the RAPD amplification conditions are analyzed in detail in this paper.

Material and methods

Plant material

Leaf tissue was collected during summer of 2009-2010 years from eighteen

populations of Hippophaë rhamnoides L. subsp. carpatica Rousi (eleven in native state

and seven cultivated varieties). After collection, the leaves were transferred to the

laboratory on ice and then stored at -20°C. Between two and five individuals per

population were analyzed, including both males and females.
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DNA extraction

Total genomic DNA was extracted from leaf tissue using SDS modified method

(Dellaporta et al. 1983) after an additional enzymatic treatment with CeIIuACE™XG

System kit (Promega), especially designated to remove the high amounts of organic

compounds and secondary metabolites which are usually co-isolated with DNA.

Reagents: lyses buffer (100 mM Tris, pH = 8, 50 mM EDTA pH = 8, 500 mM

NaCl, 0.2% ß-merchapthoethanol); 20% SDS; 5M potassium acetate; chloroform:

isoamylic alcohol (24:1 v/v), O.IK ТЕ (ЮтМ Tris, ImM EDTA).

Method: approximately lg of leaf material was cut and sliced in to small pieces
and placed in a 30ml nalgene tube containing 2000 ul CXG buffer, 100 ul CXG

enzymatic mix (CelluACE
rM

XG System kit Promega) and porcelain balls for

mechanical grinding (15min); after the balls were removed, the mix was incubated for 4

h at 37° C and then 3000 ul lyses buffer (preheated at 65°C) and 200 ul 20% SDS were

added and incubated again for 10 min. at 65°C; then 100 ul 5M potassium acetate were

added; the probes were incubated on ice for 20 min. and centrifuged (1200rpm/smin/

4°C); the DNA from the supernatant was precipitated with ice cold ethanol, by

incubating the tubes on ice for 30 min; the precipitated DNA was rehidratated in 100 ul

O.IK TE and then RN-ase solution was added; deproteinisation step was realized by

adding 110 ul chloroform:isoamylic alcohol; after a centrifugation step (1100 rpm/

smin/4°C) the supernatant was transferred into a clean tube and 50 ul 5M NaCl and

200 ul ice cold isopropanole were added; precipitated DNA was washed twice with

70% ethanol and then rehidratated with O.IK TE.

PCR - R.4PD analysis

For the optimization of PCR-RAPD analysis thirteen decameric primers (Bio

Basic. Inc.) were used (Table 1). In the following is presented the protocol which

provided the best results. The analysis was carried out in a final volume of 30 ul,

containing: 3ul buffer (5x Green Go Tag Flexi Buffer), 1.2 ul dNTP (ЮтМ), 1.2 ul

MgCl 2 (25mM), 2 ul Primer (5uM), 0.4 ul Tag polymerase (SU), 3 ul diluted 1/50 DNA

and sterile water; PCR program was: 4 mm./94 °C initial denaturation, followed by 40

cycles of 1 min. at 94 C, 1 min. at 36 °C and 2 min. at 72 C, a final extension step of 10

min at 72 С was included.

Table 1

Sequence of the random nucleotide primers

ОРАН САА TCG CCG Т

OPA 12 TCG GCG ATA G

ОРВ8 GTC САС ACG G

ОРВ 13 TTC CCC CGC T

ОРВ 16 TTT GCC CGG A

ОРС2 GTG AGG CGT С

ОРС6 GAA CGG ACT С

ОРС8 TGG ACC GGT G

ОРС12 TGT CAT CCC С

ОРС15 GAC GGA TCA G

OPD11 AGC GCC ATT G

OPD18 GAG AGC САА С

OPD 15 CAT CCG TGCT
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To visualize and photograph the band pattern, the agarose gel electrophoresis

analyses were made on a 1.2% agarose in 0.5 TBE Buffer pH 8.0 (0.089 M Tris, 0.089M
Boric Acid, 0.02 M EDTA) at 60V for at least 150 minutes.

Results and discussion

RAPD method is very sensitive to the PCR reaction conditions leading to the

misinterpretation of the results. This high sensitivity is due to the length of a single

arbitrary primer used to amplify anonymous regions of a given genome. The

impossibility to obtain clear, scorable and reproducible bands affects the analysis of the

genetic diversity. The reproducibility problem is usually determined by the presence of

bands with lower intensity, but the reason of this situation is still unknown. Perhaps,

some primers do not perfectly match the primer sequence, amplification in some cycles

might not occur, and therefore bands remain fainter (Bardacki 2001).

In fact, different thermal cyclers, temperature profiles, the DNA polymerase and

the concentration of MgCb, primer and template DNA can affect the reproducibility of

RAPD assay (Huang et al. 2000). Thus, a standardized methodology for obtaining

identical RAPD patterns of the same plant species is almost impossible to construct and

each laboratory should develop its own protocol, testing as much parameters as needed.

In order to optimize the RAPD method for further analysis of genetic diversity in

natural and cultivated populations of Hippophaë rhamnoides L. subsp. carpatica Rousi

from Romania, a set of thirteen decameric primers (Bio Basic. Inc.) was screened.

Among this primers, four (OPAII, OPCIS, OPDIS and OPD18) yielded the best RAPD

patterns for comparative analysis. Then, using these primers, the amplification

conditions were improved to generate scorable band patterns. As starting protocol, the

PCR conditions mentioned by Ercisli et al. (2008) who studied ten sea buckthorn

genotypes from Turkey were used. Because the obtained results were unsatisfactory, we

have introduced several changes of the protocol in both PCR component concentrations

as well as in amplification cycles.

Usually, Tag polymerase activity is influenced by the inadequate magnesium

chloride (MgCb) concentration; Mg
2+

ions are important for controlling the specificity

of the reaction. Insufficient Mg
2+

concentration in a PCR mixture can causes failure of

the reaction. Excess magnesium will decrease the fidelity of DNA polymerases and may

cause the generation of unspecific products (Vassu et al. 2001). Thus, different MgCb

concentrations between ImM to 2mM were tested keeping all other parameters

constant. The optimal concentration proved to be the highest, because lower

concentrations gave poor amplification products.

Another change of the Ercisli protocol (Ercisli et al. 2008) involved one of the

steps of the PCR reaction, respectively the annealing temperature of the oligonucleotide

primers to the template DNA. Generally, the temperature chosen for a PCR depends

directly on length and composition of the primer(s). In RAPD fingerprinting, primer

annealing is carried out between 35° C to 42° C (Fu et al. 2003), although, most often is

around 35-36°C. In this study, PCR trials using different annealing temperatures

(between 35° C to 38°C) were undertaken and the results showed that the decameric

primers can be successfully amplified at 36° C (Fig. 1).
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RAPD pattern banding for

primer OPDIS under different

annealing temperatures. M = 100 bp

molecular marker, Lanes_ 1: 35°C,

2: 35.5°C, 3: 36°C, 4: 36.5°C,

5:37, 6:3B°C.

Fig. 1.

The most important factor for obtaining RAPD profiles is the appropriate

template DNA concentration. RAPD amplification is not reproducible below a certain

concentration of genomic DNA and produces poor resolution if DNA concentration is

high. Genomic DNA was isolated in this study using SDS method (Dellaporta et al.

1983) after an enzymatic treatment with CeIIuACE™XG System kit (Promega), in

order to eliminate the grinding of leaves using liquid nitrogen and also to reduce the

strong contamination with flavonoids, other phenolic compounds, polysaccharides and

proteins. Because the concentration of the DNA isolates was very high, compared to

those mentioned in the literature (Ercisli et al. 2008), DNA at different dilutions was

tested (Fig. 2). The best results were obtained after the dilution of the DNA initial

concentration at 1/50 (Fig. 3).

RAPD pattern banding for three

decameric primers using different DNA

template dilutions, extracted by SDS

method after enzymatic treatment with

CeIIuACE™XG System kit. M = 100 bp
molecular marker

Fig. 2.

It must be mentioned that, extraction of genomic DNA from sea buckthorn

leaves can be performed with good results using Wizard Genomic DNA purification kit

+ CeIIuACE™XG System too (unpublished results). In this case, the best results were

obtained when DNA template was diluted in a ratio of 1/100 (Fig. 3).

The comparison of the obtained RAPD profiles using genomic DNA extracted

by both mentioned methods demonstrated the necessity of properly testing for each

parameter of the experimental protocol.
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For the first four primers selected in this study a total of 48 DNA fragments were

produced with an average of 12 fragments per primer. Among them, 5 bands were

monomorphic and 43 showed polymorphism in one or more individuals or populations.

The highest number of polymorphisms (14 polymorphic bands) was observed with

primer OPAll.

These preliminary results are very promising and demonstrate that the changes

made to the initial RAPD protocol will provide appropriate data for future statistical

analysis. In future, another decanucleotides with arbitrary sequence will be tested to

select those which fulfill following criteria: (i) consistent, strong amplification

products, (ii) production of uniform, reproducible fragments between PCR replicates

(Fu et al. 2003).

Sources of polymorphisms in RAPD assay may include base changes within

priming site, insertion that render priming sites too distant to support amplification and

deletions or insertions that change the size of a DNA fragment without preventing its

amplification (Williams et al. 1990). The observed RAPD polymorphisms will be used

for the identification and characterization of sea buckthorn populations and for inferring

the genetic relationships between cultivated and spontaneous populations from

Romania. Also, the variation in RAPD patterns will be very useful for revealing

possible correlations between genetic distances and geographic distances among

populations and for the partitioning of molecular variance within and among

populations, when a sufficient number of different individuals in every population is

analyzed (Fig. 3).

Fig. 3. RAPD pattern banding for two decameric primers (a - OPAII, b - OPD18) using DNA

extracted by Wizard method after enzymatic treatment with CeIIuACE™XG System kit. M = 100

bp molecular marker, Lanes 1-4 represent four different individuals from spontaneous population
Sulina of sea buckthorn (DNA template diluted 1/100)

Conclusions

Proven the reproducibility of RAPD pattern is a prerequisite for the use of such

data for the identification of variation and the estimation of genetic diversity. Using a

specific combination of template DNA and primer, reproducible results are obtained if
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any alteration of the experimental protocol is avoided. In addition to several reported
factors affecting reproducibility of RAPD amplification, our study has established that,
for the analyzed sea buckthorn populations, the DNA template concentration and primer
annealing temperature were the most important parameters which influenced banding
pattern.
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OPTIMIZAREA TEHNICII RAPD PENTRU ESTIMAREA DIVERSITĂŢII

GENETICE ÎN POPULAŢII NATURALE ŞI CULTIVATE DE CĂTINĂ DIN

ROMÂNIA

Rezumat: Cătina a atras atenţia la nivel internaţional, fiind considerată o nouă

plantă de cultură, componentă de bază în alimentaţia sănătoasă a viitorului. De aceea,

evaluarea variabilităţii genetice a acestei specii dioice a devenit o cerinţă importantă

pentru conservarea şi ameliorarea ei. Markerii RAPD au fost utilizaţi pe scară largă

pentru clarificarea originii taxonomice şi geografice a soiurilor de cătină, pentru

clarificarea determinismului sexelor şi a structurii genetice a populaţiilor de cătină.

Acest studiu a vizat optimizarea metodei PCR-RAPD în scopul obţinerii unor rezultate

interpretabile statistic şi care să permită estimarea diversităţii genetice intra şi

interpopulaţionale la populaţii spontane şi cultivate de Hippophaë rhamnoides L. subsp.

carpatica Rousi din România. Concentraţia ADN-ului matriţă, temperatura de legare a

primerilor, concentraţia Mg
+

"

sunt cei mai importanţi parametri care influenţează

amplificarea şi patternul benzilor şi, din această cauză, optimizarea lor a fost esenţială

pentru asigurarea reproductibilităţii reacţiei RAPD.

Cuvinte cheie, markeri DNA, RAPD, diversitate genetică, Hippophaë

rhamnoides


