
 

 

 

Abstract— In this study, the effects of lead (Pb) contamination 

on artichoke (Cynara scolymus L.) and runner bean (Phaseolus 

coccineus L.) seedlings determined by physiological, biochemical 

and molecular parameters. Reduction of root growth, dry weight and 

total soluble protein content in root of artichoke and runner bean 

seedlings were observed with the under certain concentrations of 

lead. However, PCR  (Polymerase Chain Reaction) based RAPD 

fingerprinting techniques was used to investigate the genotoxic 

effects of metal stress on seedlings for molecular research. Unique 

polymorphic band patterns of 23 different RAPD primers were used 

for the RAPD analysis. There were some changes observed in RAPD 

profiles as variations like increment and/or loss of bands of seedlings 

which is implemented to heavy metal stress compared to control 

seedlings. Consequently, genomic template stability had changed 

according to the RAPD profiles of seedlings under lead (Pb) heavy 

metal stress. 
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I. INTRODUCTION 

LL kinds of agents in soil that are above the limits 

determined with standards cause contamination and this 

situation results in significant damage on the ecosystems 

by causing unpreventable contamination in systems. The most 

important group among these agents, which can be damaging 

even at trace amounts, is heavy metals [1].  

Heavy metals, which are one of the factors on 

environmental pollution, are among 129 environmental 

contaminants with priority in the list that consists of 650 toxic 
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and contaminant chemicals determined by the USA 

Environmental Protection Agency in 2011 [2]. 

Use of heavy metal contaminated agricultural areas has a 

negative effect on the development and quality of plants [3], 

[4]. Also, plants growing on heavy metal contaminated 

agricultural areas can accumulate high concentrations of these 

elements and cause serious health risk to consumers via the 

food chain [5], [6].  

Some higher plants have a great ability to adopt their 

metabolism to rapid changes in the environment. So these 

plants are equipped with advanced processes, such as 

perception transduction and transmission of stress stimuli [7], 

[8]. Higher plants possess a ranged of potential cellular 

mechanisms that may be involved in the detoxification of 

heavy metals. The mechanisms to avoid stress from heavy 

metals are diverse and primarily involve preventing the onset 

of stress [9]. Mycorrhizae and cell walls play a crucial role for 

extracellular protection, especially against heavy metal stress 

[10]. Reducing uptake of heavy metals and accelerating the 

efflux pumping of metals inside the cytosol are intracellular 

protection mechanisms in the plasma membrane. Thus, some 

of them can tolerate metal stress and grow on soil that contains 

growth-prohibiting concentrations of metal. However, 

bioindicator plant species can tell about the cumulative effects 

of different pollutants in the ecosystem and these plant species 

have been used as bioindicator/biomonitor to evaluate the 

toxicity level of contaminated area [11]. 

On the other hand, at hazardous concentrations heavy metals 

inhibit development of plants and disturb many biological 

processes including activity of several enzymes, photosynhetic 

apparatus, and transpiration. They directly generates toxic 

oxygen species (superoxide radical (O2
.-
), hydroxyl radical 

(OH
.
), hydrogen peroxide (H2O2)  and oxygen species also 

affect membrane lipids, proteins, nucleic acids; reactions can 

also be lethal [12], [13]. Fragmentation of the peptide chains 

and site-specific amino acid modifications in the cell are 

occured due to oxidative attack on proteins.  
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On the other hand, the contamination of soil with heavy 

metals cause changes in DNA profile such as mutation by 

showing a genotoxic effect on plants that are obliged to grow 

in these areas [14]. DNA fingerprinting techniques like 

‘Random Amplified Polymorphic DNA’ (RAPD) and 

‘Amplified Fragment Length polymorphism’ (AFLP) are 

commonly used in determining the changes (direct mutagenic 

effect) on DNA caused by environmental factors such as heavy 

metal stress [15]-[17]. For example, RAPD method was used 

to determine the impact of heavy metals on samples such as 

barley, beans and lichen [18]-[21]. According to these studies, 

in line with the rise of heavy metal concentrations, the 

polymorphism rate on PCR products of plants increased and 

the mutagenic effect of contamination on DNA was 

determined. 

In the current study, the impact of increasing concentrations 

of lead (Pb) solutions on artichoke (Cynara scolymus L.) and 

runner bean (Phaseolus coccineus L.) seedlings was 

determined by use of physiological parameter, biochemical 

parameter and RAPD analysis for possible genotoxicity, which 

is one of the PCR based molecular indicators. In conclusion, a 

connection was built between plant development and the 

density of heavy metal contamination by observing and 

measuring these changes in maize plant. 

II. MATERIAL AND METHOD 

     A. Germination Method, Measurement of Root, Dry Weight 

and Total Soluble Protein Mass  

 Artichoke (Cynara scolymus L.) and runner bean 

(Phaseolus coccineus L.) seeds surface were sterilized with 

10% sodium hypochlorite solution and then washed three 

times with distilled water. For germinating and growing of 

artichoke and runner bean seeds, 56 deep seedling tray was 

neatly filled with sterilized peat and uniform seeds were 

planted in each cell of deep seed tray. Two different tray (for 

artichoke and runner bean)  in which the seeds were planted 

was divided into 8 groups in total, with 7 cells in each group, 

for control, and 7 different concentrations of lead solution. 

Each group of the trays was treated with 15 mL distilled 

control water (C) and 15 mL for each 20, 40, 80, 160, 320, 

640, 1280 ppm concentrations of Pb(CH3COO)2·3H2O lead 

(Pb) solutions respectively. Each treatment was replicated 

twice. All these procedures were performed for 14 days in the 

room temperature. After a 14 day of treatment, each plant 

samples (n=14) root and stem length, dry weight and total 

soluble protein belonging to different group of artichoke and 

runner bean seedlings were measured.  After 14 days of 

incubation, root dry weight was measured, following treatment 

at 70ºC for 48 h. Seedling roots were homogenized with (1:1, 

w/v) 0.2 M phosphate buffer (pH 7.0) with a cold mortar and 

pestle. The homogenate was centrifuged at 27,000 g for 20 

min. The supernatant was used for assays of total soluble 

protein content according to Bradford method using bovine 

serum albumin (BSA) as a standard. 

  B. DNA Isolation 

 The piece (150 mg) of primer roots obtained from the 

seedlings after a 14 day of growth procedure was grounded 

with liquid nitrogen in eppendorf tubes and total genomic 

DNA isolation was performed with the “GeneMATRIX Plant 

and Fungi” kit. 

    C. RAPD (Random Amplified Polymorphic DNA)    

procedure 

 As a result of the measurements made with the NanoDrop 

device, the DNA samples with the suitable purity and 

concentration levels were selected to use in RAPD procedure.  

RAPD-PCR study was performed with total 25 µl standard 

reaction volume for each sample. Optimum amplification 

conditions were obtained with 50 ng genomic DNA, 1x 

reaction buffer, 2.5 mM MgCl2, 20 µM dNTPs, 0.4µM primer, 

1 U  Taq DNA polymerase (Solis BioDyne) and a PCR mix 

was prepared in accordance with these amounts. 23 decamer 

RAPD primers (5’→3’; 

OP A03 AGTCAGCCAC; OP B08 GTCCACACGG;  

OP C01 TTCGAGCCAG; OP C02 GTGAGGCGTC; 

 OP C03 GGGGGTCTTT; OP C04 CCGCATCTAC;  

OP C05 GATGACCGCC; OP C06 GAACGGACGA;  

OP C07 GTCCCGACGA; OP C08 TGGACCGTCC;  

OP C09 CTCACCGTCC; OP C10 TGTCTGGGTG;  

OP C11 AAAGCTGCGG; OP C12 TGTCATCCCC;  

OP C13 AAGCCTCGTC; OP C14 TGCGTGCTTG; 

OP C15 GACGGATCAG; OP C16 CACACTCCAG;  

OP C17 TTCCCCCCAG; OP C18 TGAGTGGGTG;  

OP C19 GTTGCCAGCC; OP C20 ACTTCGCCAC;  

OP O04 AAGTCCGCTC) were used for PCR reaction. The 

PCR program comprised an initial denaturation step of 5 min. 

at 95 °C, followed by 35 cycles of 94 °C for 45s 

(denaturation), 35 °C for 45s (annealing) and 72 °C for 60s 

(extension) followed by a final extension period of 5 min. at 

72 °C. A negative control of PCR mix, without any template 

DNA, was also run with every set of samples to test any other 

kinds of contamination.100 bpDNA ladder (Solis BioDyne) 

and PCR reaction products that were obtained to use in this 

study were exposed to an electrophoretic separation process 

for two hours, under 110 Volt current in 1.5% agarose gel 

containing 0.05 µl/ml ethidium bromide.  These gels were 

displayed with UV imaging system, photographs were taken 

and analyzed for RAPD profiles.  

    D. Calculating the Genomic Template Stability (GTS) 

 As a result of the RAPD analysis genomic template stability 

(%) was calculated as GTS=(1-a/n) x 100, where an indicated 

polymorphic band number of each sample, which was treated 

with the different Pb solutions, in RAPD profiles, and in total 

band number under control. Appearance of a various gain 

and/or loss of bands in the treated samples RAPD profiles in 

comparison to the control RAPD profiles was defined as 

polymorphism and changes in the RAPD profiles were 

expressed as a decrease in GTS values. 

     E. Statistical Analysis 

 The SPSS (statistical package software, Windows 15.0) was 

used to analyze the changes in root and stem length. Data were 

tested by performing paired sample T test. Also, changes in the 
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values of physiological parameters (length of root and stem) 

and molecular (GTS) parameter were calculated as a 

percentage of their control (set to 100%) to compare the 

sensitivity among the parameters. 

III. RESULTS 

     A. The Impact of Lead (Pb) Stress on Root Growth 

(Length), Dry Weight and Total Soluble Protein Level of 

Artichoke and Runner Bean Seedlings  

 The lengths of primary roots of artichoke seedlings irrigated 

with 20, 40, 80, 160, 320, 640, 1280 ppm concentrations of Pb 

solutions decreased compared to the control group seedlings 

(p<0.05). The minimum negative effect of different 

concentrations of Pb solutions among root length was 

observed at 40 ppm concentration for artichoke seedlings. 

However, only 640 and 1280 ppm concentrations of lead 

caused negative effect on the roots of runner bean seedlings 

(p<0.05). 

 

Fig. 1 The root length of the artichoke and runner bean seedlings 

obtained after 14 days lead (Pb) exposure.  

 

 Particularly, dry weight of artichoke roots was significantly 

decreased by the increased Pb concentration except 20 ppm 

concentration of Pb solution after 14 days of exposure, 

compared to the control seedlings. However, negative effect of 

the Pb on the dry weight of runner bean seedling observed, 

same as root length, after 320 ppm concentration of Pb 

solution after 14 days of exposure, compared to the control 

seedlings. 

 The total soluble protein content of the artichoke and 

runner bean seedlings were evaluated after 14 days lead (Pb) 

exposure. On the other hand, total soluble protein levels in the 

roots of artichoke and runner bean seedlings were compared in 

the light of al statistics analyses. A significantly increased 

effect on total soluble protein content of Pb was determined at 

above the concentration of 20 pmm  (p<0.01) same as the 

effect on the root length. On the other hand,  total soluble 

protein content of runner bean seedlings were decreased at 640 

and 1280 ppm concentrations of Pb (p<0.05). 

       B. The Effect Lead (Pb) Stress on RAPD Profiles of the   

Artichoke and Runner Bean Seedlings. 

For the RAPD analysis of the control and treated (various 

Pb concentrations) artichoke and runner bean seedlings, 

original polymorphic band patterns of 23 different RAPD 

primers were used. For artichoke seedlings, 17 of 23 RAPD 

primers used in the study presented band formation that is 

different from the control group. However, 6 (OP A03, OP 

B08, OP C01, OP C04, OPC17, OP O04) of 23 RAPD primers 

used in the study presented same monomorfic band formation 

according to the control group. On the other hand, for runner 

bean seedlings, 7 (OP A03, OP C04, OP C05, OP C06, OP 

C11, OP C15, OP C20) of 23 RAPD primers presented 

different band formation according to the control group. 

RAPD profiles showed distinct differences between the control 

and treated (various Pb concentrations) artichoke and runner 

bean seedlings groups. After the various Pb concentrations 

were applied on artichoke and runner bean seedlings, the 

RAPD profiles of the treated artichoke and runner bean 

seedlings were compared to the control group seedlings and 

evaluations were made based on polymorphic (newly formed 

or lost) bands. 304 bands were obtained from the control 

group seedlings in total and a total of 135 polymorphic bands 

were obtained from the treated artichoke seedlings. Also, 139 

bands were obtained from the control group seedlings in total 

and a total of 53 polymorphic bands were obtained from the 

treated runner bean seedlings. The results of genomic template 

stability ratios (GTS) were calculated. GTS implies qualitative 

measure reflecting changes in RAPD profiles. GTS implies 

qualitative measure reflecting changes in RAPD profiles. The 

GTS percentages of artichoke seedlings Pb 20, Pb 40, Pb 80, 

Pb 160, Pb 320, Pb 640, Pb 1280 groups are respectively as 

follows: P (%): 98.03%, 96.71%, 94.74%, 94.74%, 94.41%, 

93.42%, 92.76%, 91.79%. Also, the GTS percentages of 

runner bean seedlings Pb 20, Pb 40, Pb 80, Pb 160, Pb 320, Pb 

640, Pb 1280 groups are respectively as follows: P (%): 

95.68%, 95.68%, 95.68%, 94.96%, 95.68%, 95.68%, 94.96%, 

93.5%.  

IV. DISCUSSION 

 Heavy metal contamination in soil is one of the most 

important environmental concerns in industrialized countries 

[22]. This pollution negatively affects the organic life and 

causes undesired effects on agricultural areas [23],[24]. Apart 

from the negative effect of the presence of heavy metals above 

a certain level on root, stem and leaf development of plants, 

they also cause lipid peroxidation due to their oxidative nature, 

chlorosis, oxidative DNA damage and lack of other essential 

elements [25]-[29]. According to this investigation, 

considerable morphological changes and oxidative DNA 

damages were observed clearly in the point of artichoke and 

runner bean seedlings induced different Pb consentrations. 

 In the previous studies, the reduction of root and stem 

elongation in Phaseolus vulgaris L., Hordeum vulgare L., 

Oryza sativa L., Helianthus annuus L., Triticum aestivum L., 

Spinacia oleracea L. and Lactuca sativa L. was shown [30]-

[32].  In the current study, an inverse relationship was found 

between Pb concentration on the root length, as was expected. 

Pb caused a considerable reduction in root elongation of the 

seedlings (P<0.05), especially after 20 ppm concentrations for 

artichoke and after 320 ppm Pb for runner bean seedlings (Fig. 

1). 
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 Root dry weight of artichoke seedlings was significantly 

decreased (P < 0.05), especially at concentrations of 40 ppm 

Pb. However, root dry weight of runner bean seedlings was 

significantly decreased (P < 0.01), especially at concentrations 

of 640 ppm Pb. The decrease in biomass production could be 

explained by the inhibition of cell elongation and cell division 

by the heavy metal [14]. 

 Total soluble protein content in organisms, an important 

indicator of reversible and irreversible alterations in 

metabolism could also be used as a biomarker [33]. The 

impact of Pb contamination on total soluble protein content of 

runner bean seedlings was found to be less effective according 

to the artichoke seedlings, suggesting that runner bean 

seedlings have shown high tolerance to Pb contamination. 

Although the plant genome is very stable, but its DNA 

might get damaged due to the exposure to stress factors which 

might damage DNA and thereby exerts genotoxic stress [34]. 

The reaction of metal ions with nucleic acids, due to the 

increasing intracellular metal density which causes heavy 

metal stress on organism, can lead to a variety of dramatic 

effects on nucleic acid structure, such as the crosslinking of the 

polymer strands, degradation to oligomers and monomers and 

the mispairing of bases [35]. Also, heavy metal toxicity causes 

a redox imbalance and induces the increase of ROS (reactive 

oxygen species) concentration by activating the antioxidant 

defense mechanisms of plants [36]. Reactive oxygen species 

involved in many DNA degradation pathways such as, single 

nucleobase lesions, single- and double-strand breaks, 

transversion base mutation and DNA-protein cross-links [37]-

[40]. All of these alterations on DNA results in genetoxic and 

mutagenic effects on organisms. Fingerprint scanning methods 

such as RAPD, which is one of the molecular markers, are 

commonly used to investigate the genotoxic and mutagenic 

effect of heavy metal stress and environmental effects on many 

organisms [18], [19], [41]. Most of the former research 

regarding DNA damage under heavy metal stress and another 

kind of contaminant focused on chromosome aberration, comet 

assay and micronucleus assay, but they analyze only total 

nuclear DNA [42]. RAPD is more sensitive as they give 

evidence about DNA mutation [14]. On the other hand, RAPD 

assay allowed the detection of low doses of pollutants and 

more sensitive according to physiological (root length, stem 

length) and biochemical experiments (total soluble protein) 

[43]. 

According to above mentioned studies, stress factors caused 

modifications (appearance and disappearance of new bands) in 

RAPD profiles of samples in comparison to the control RAPD 

profiles. Similarly, in this investigation, DNA damages by 

increasing concentrations of Pb solutions resulted 

inmodifications in RAPD band profiles of samples. The 

number of missing or newly forming bands in RAPD profiles 

enhanced with the increasing Pb concentration.  

 In the conclusion of molecular part of this investigation, it is 

shown that RAPD assay could be applied in combination with 

other biomarkers such a, root elongation, soluble protein 

content and RAPD assay is a powerful method to measure 

genotoxic effect of heavy metals (Pb). In this regard, it is 

concluded that artichoke seedlings can be a bioindcator 

species against heavy metal polluted area, on the contrary, 

runner bean seedlings was shown great potential to grow up 

even at the high level of heavy metal contaminated area which 

is important in the point of ecological pollution.  
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