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ABSTRACT
Raphanus sativus was chosen for studying the toxic effect for two elements (cadmium & copper) on
some biochemical & molecular characteristic, so cadmium concentration (0, 5, 10, 15) ppm were
determined from Cd (NO3)2 in addition to control (D.W.) as triplicate for each concentration and
Rafanus seed irrigate after implementation in fertilized soil for 60 days.
On the other hand, Copper concentration was (0, 10, 15, 25) ppm which previously prepared from
(Cu(NO3)2) in addition to control group represented by D.W.
Regarding soil, pH, E.C., Nitrate, soil texture values were determined to detect the soil
characteristics before and after agriculture.
The results have confirmed at the end of the experiment and from plant species analysis that copper
concentration and cadmium concentration in irrigation water were lead to change in ROS, SOD,
CAT, MDA, GSH-px, total protein, total sugar, proline, chlorophyll & moisture content in
Raphanus.
Two elements concentration (Cu, Cd) were measured in shoot & Root system studied prepared
concentrations with control group so the copper concentration in control group after Cu exposure
was higher than other group and also the concentration in root system was the highest in
comparison to shoot system.
Molecular Results showed these concentrations, which have no effect on DNA status i.e. that no
damage to DNA in plant with concentration increasing and this compatible with no significance
effect on als gene amplification and more amplified was in 15 mg/l for Cu & 10 mg/l for Cd.
Keywords: Raphanus satives; heavy metals; biochemical and molecular characteristic.
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INTRODUCTION

MATERIALS AND METHODS

Soil contamination with heavy metals has become
a world-wide problem, leading to the loss in
agricultural productivity. Plants have a remarkable
ability to take up and accumulate heavy metals
from their external environment and it is well
known that high levels of heavy metals affect
different physiological and metabolic processes
[1]. On the other hand, heavy metals stored in
plants may have toxic effect on animal and human
organisms when taken through the food chain.

The Study Samples
Soil preparation for agriculture
Soil samples were collected at an area of
agricultural soil whose fertility is known and then
distributed in plastic pots, placing 1 kg of soil in
each. Seeds of Raphanus sativus were used as
study plant. The total of pots were divided into
two sets as follow:

Heavy metals are considered to be an important
stress factor for plants.

A- Watered with solution of Cu (NO3)2 in 0,
10, 15, 25 ppm concentrations. With three
replicates per concentration plus 3
replicates for control.
B- Watered with solution Cd (NO3)2 in 0, 5,
10, 15 ppm concentrations. With three
replicates per concentration plus 3
replicates for control.

If a natural amount of heavy metals is present in
soils, plants are able to avoid their negative impact
[2]. Plants have high potential to accumulate
heavy metals, which is useful in bioremediation
[3,4,5].
However, high concentrations of heavy metals
cause harmful effect on cellular and physiological
processes in plants [6,7].

These A and B assays were conducted during 60
days.

Plants have a remarkable ability to take up and
accumulate heavy metals from their external
environment and it is well known that some of
these metals such as Cu, Zn, Mn, and Fe at trace
levels are required for normal plant growth and
development [8], since they are structural and
catalytic components for proteins and enzymes
production.

Environmental Parameters

The impact of heavy metals is strongly related to
their doses, the plant species and the plant
developmental phase as well as environmental
factors characteristic for a given climate zone [9].

Electrical conductivity (E.C., μs/cm)

pH
Hydrogen Ions were measured by a pH meter
Type Hanna (Portugal) after calibration using
standard solutions provided with the instrument In
the soil extract 1:1 [13].

A conductivity meter in Spilled saturated soil
paste was used to measure the Electrical
Conductivity in spilled saturated soil paste.

In various plant species subjected to heavy metal
stress there is a variety of studies that reported the
antioxidant activity effects on plants [10,11].

Soil texture (Gm / L)
It was estimated using Hydrometer capacitor
(ASTM) (15H) following the method described in
[14].

Among pollutants of agricultural soils, Cu has
become increasingly hazardous due to its
involvement in fungicides, fertilizers and
pesticides. Cd is not an essential nutrient and it is
one of the heavy metals that are known to generate
toxicity even at a very low concentration, because
accumulation in plants, during growth, take place
in edible parts, thereby, endangering yield and
quality crop [12].

Soil nitrate (NO3) concentration (ppm)
This anion was determined by chromatic acid after
nitrate extraction with copper sulphate (0.02)
following the procedure reported by [13].
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Table 1. Primer pairs, sequences and amplicon size
Plant species
Raphanus sativus

Primers
als

F
R

5'-sequence-3'
'5-GCA GAT GCT TAT GCA CG -3'
'5-CTC GTC GAG GAC CTG AAT CG -3'

Amplicon
size (bp)
382 bp

Reference
(M.K.Tan and
R.W.Medd 2002)

technology according to manufacturing company
(PARS BIOCHEM, CHINA).

Biochemical Parameters for Plant
The amount of chlorophyll was estimated in plant
leaves using a chlorophyll measuring device, a
chlorometer and values reported in SPAD units.

Heavy Metals Determination
Digestion of plant samples (root and shoot) was
done using a method reported by [20] It was
weighted 0.2 g of dry plant samples, placed in a
digestion flask, adding 3 ml of sulfuric acid; after
1 day it was added 1 ml of acid mixture (sulfuric
acid + perchloric acid), the flasks are placed on
digestion and the fumes are then detected, and the
color of the samples gradually changes until a
colorless solution is obtained; then cool the
samples and add distilled water (DDW?) up to
obtain a 50 ml sample.

The concentration of proline was determined by
the method reported in [15].
Total sugar concentrations were estimated by the
extraction method finination [16].
The protein content was estimated by the [17]
method using dry leaves.
Preparation of Plant Extracts for Antioxidant
Enzymes Determination

Molecular Parameters Determination

A method described by [18] was used to prepare
the plant extract. It was taken 0.1 g of fresh leaves,
crushed in a pre-cooled ceramic veneer placed on
ice packs to prevent enzyme breakdown, with
addition of 1 ml of the phosphate buffer solution
and added 0.03 g of Polyvinyl pyrolliodone
(PVP). Centrifugation at 10,000 cycles 10 minutes
under 4°C.

This assay has been done using the OxiSelect™
Comet Assay Kit (3-Well Slides) Cat. No. STA350) with the purpose of identify DNA damage.
Gene Emplification
DNA extraction Kit (Favorgen) used to identify
DNA fragment and after extraction, DNA samples
visualized by Electrophoresis.

Reactive Oxygen Species (ROS) are determined
using the method reported by [19] and expressed
in terms of micro molar hydrogen peroxide
equivalent per liter (μmol H2O2 Equiv./L).

Polymerase chain reaction (PCR) of Gene als.
RESULTS

Plant enzymes measure: Four types of enzymes
were determined: Superoxide Dismutase (SOD),
Catalase (CAT), Glutathione peroxidase (GHS-px)
and Malondialdehycde (MDA); by using enzyme
linked immunosorbent assay (sandwash elisa)

Soil Texture
According to the percentages for soil content A%
sand, B% clay, C% lime and using a triangle
texture, the soil classifies as Medium loam.

Table 2. Environmental parameters of soil in Raphanus satives
Parameters
pH
E.C (μs/cm)
Nitrate (ppm)

Concentration of Cu (ppm)
10
15
7.68
7.63
4.44
5.77
144.6
138.11

C
25
7.52
7.96
140.94

7.95
4.44
121.6

Concentration of Cd (ppm)
5
10
15
7.75
7.78
7.66
5.60
5.11
5.07
142.25
142.159
127.28

If the C represents the control reference therefore you should refer how the soil was affected by adding the nitrate solutions. Also, do
you register the pH and conductivity
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Measurement of Heavy Metals Concentrations in Shoot and Root:

Fig. 1. Concentration of heavy metals for shoot and root of R. sativus after exposure of copper and
cadmium
Chart 1. Biochemical parameters
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Comet assay:
Table 3. Comet parameter of DNA damage in Raphanus sativus indicating of extent of DNA
fragmentation induced by cadmium and copper

Fig. 2. Representative images of damaged nuclei (40X) in Raphanus sativus induced by cadmium
and copper
PCR Product to Amplification of als gene:

Fig. 3. 1.5% agarose gel electrophoresis at 72 volt for 60 minutes of PCR to als amplicon (382 pb);
lane M represent DNA marker size (100 pb)
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the metabolic transformation of monoclonal
sugars into all parts of the plant where they are
stored or used [27].

DISCUSSION
The results for the studied plant Raphanus satives
were pH neutral and ranged between (7.4 -7.9) in,
the values of electrical conductivity ranged
betwee( 4.4–7.9) (μs/cm) and Nitrate values were
convergent in Raphanus satives where nitrate
values in control unit 121.6 were increased by
nitrate values by varying concentrations of copper
and cadmium. The agricultural soil used in the
experiment is characterized by a slight salinity and
basal pH, which is characteristic of agricultural
areas in central Iraq [21].

The results showed a clear increase in protein
when R. sativus were exposed to the cadmium
component and recorded the highest value with
high concentration of cadmium the reason for the
plant's tolerance to high concentration of heavy
elements may be due to the preservation of
proteins within the plant [28].
Of all the main enzymes involved in oxidative
stress defense, like SOD, APX, CAT and
peroxidases, published reports describe both an
increase in its activity and a decrease (or no
change), depending on plant species, plant organ,
type of metal, duration of the treatment, plant age,
and growing media [29]. The results were varied
for R. sativus plant for antioxidant enzymes after
exposure to heavy elements, to determine the
effect of heavy metals on certain gene als for
Raphanus Acetolaceate synthase (ALS) is the first
common enzyme in biosynthesis of the branched
chain amino acids –valine, leucine and isoleucine
[30]. Results showed no damage to the gene in
these concentrations, To demonstrate the effect of
heavy metals, it caused damage to DNA by used
Comet assay, The results showed that there was a
merger in some cells but the percentage did not
reach the effect of DNA in Raphanus.

The soil was fertile because of its nitrate content,
as the soil content of nitrates was more than
(121.6). These values affected the plant content
after exposure to the elements (cadmium and
copper). The protein and proline, which is the
nitrogen a key component of their formation and
was derived from the soil [22].
The results for concentration of heavy metals for
shoot and root of plants after exposure of copper
and cadmium showed higher absorption of
cadmium in Raphanus satives although there is the
varying values for all concentration in this plant
compare with copper, Attributable the higher root
absorption more than shoot in both plants and, as
we can see, in Fig 1 is one of the defense methods
of the plant against the stress of heavy elements
[23].

CONCLUSIONS

The reason for the decrease in shoot
concentrations in the treated plant tissue compared
to the control group due to the phenomenon of
antagonisms between the heavy element and
alkaline medium [24].

FL actuations in biochemical and molecular
response after heavy metals exposure, Heavy
metals don’t reveal any considerable effect on
plant species according to their concentrations,
Non response in some biochemical parameters
returns to accumulation of heavy metal and
chelating mechanism by plant species. Molecular
markers confirmed that these concentrations of
heavy metals don’t have considerable effect.

Proline is the first indicator to increase when the
plant is not stressed [25]. In many of the previous
studies, the height of the plant exposure to any
concentration of heavy elements and this is
confirmed by the results of the current study and
that the presence of differences in the
concentration of proline after the exposure to two
elements in Raphanus Evidence that the plant can
withstand this stress with the help of amino acid
proline [26].
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The path of biocides in plant metabolism is the
stabilization of carbon dioxide (Calvin cycle) and
131

Al-Jaryan et al.

litigation but for the advancement of knowledge.
Also, the research was not funded by the
producing company rather it was funded by
personal efforts of the authors.

9.

COMPETING INTERESTS
Authors have declared that no competing interests
exist.
10.

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

Miriam NV, Guerero YR, Gonzalez LM,
De la Noval WT. Brassino steroids and
plant responses to heavy metal stress. An
overview; 2013.
Juknys R, Vitkauskaite´ G, Racˇaite´ M,
Vencloviene´ J. The impacts of heavy
metals on oxidative stress and growth of
spring barley. Cent Eur J Biol.
2012;7(2):299–306.
Wang T, Sun H. Biosorption of heavy
metals from aqueous solution by UVmutant Bacillus subtilis. Environ Sci Pollut
R. 2013;20(10):7450–7463.
Topolska J, Latowski D, Kaschabek S,
Manecki M, Merkel BJ, Rakovan J. Pb
remobilization by bacterially mediated
dissolution of pyromorphite Pb5(PO4)3Cl
in presence of phosphate-solubilizing
Pseudomonas putida. Environ Sci Pollut R.
2014;21(2):1079–1089.
Hechmi N, Ben Aissa N, Abdenaceur H,
Jedidi N. Uptake and bioaccumulation of
pentachlorophenol by emergent wetland
plant Phragmites australis (common reed)
in cadmium co-contaminated soil. Int. J.
Phytoremediation. 2015;17:109–116.
Ma JF. Plant root responses to three
abundant soil minerals: Silicon, aluminum
and iron. Crit. Rev Plant Sci.
2005;24(4):267–281.
Dimkpa CHO, Merten D, Svatos A, Büchel
G, Kothe E. Metal-induced oxidative
stress impacting plant growth in
contaminated soil is alleviated by microbial
siderophores.
Soil
Biol
Biochem.
2009;41(1):154–162.
Bhakuni G, Dube BK, Sinha P, Chatterjee
C. Copper stress affects metabolism and

11.

12.

13.

14.

15.

16.

17.

132

reproductive yield of chickpea. Journal of
Plant Nutrition. 2009;32(4):703-711.
Wo´zniak A, Drzewiecka K, K˛esy J,
Marczak Ł, Naro˙ zna D, Grobela M,
Motała R, Bocianowski J, Morkunas I. The
influence of lead on generation of signaling
molecules and accumulation of flavonoids
inpea seedlings in response to pea
aphid infestation. Molecules. 2017;22:
1404.
Gjorgieva D, Kadifkova Panovska T,
Ruskovska T, Bačeva K, Stafilov T.
Influence of heavy metal stress on
antioxidant status and DNA damage in
Urtica
dioica.
BioMed
Research
International (Subject Toxicology); 2013a.
ArticleID: 276417.
Perez Alvarez S, Sida-Arrerola JP, Chavez
ES, Ardisana EFH. Expression analysis and
biochemical characterization of beans
plants biofortificated with zinc. Saudi J
Biol Sci. 2017;24:1322-26.
Hayat S, Hayat Q, Alyemeni MN, Ahmad
A. Proline enhances antioxidative enzyme
activity, photosynthesis and yield of Cicer
arietinum L. exposed to cadmium stress.
Acta Bot Croat. 2013;2:323-335.
ICARDA. Organic matter determination.
International Center for Agricultural
Research in Drier Areas, 2 Ed; 2001.
Ryan J. Data presentation, interpretation
and communication: Soil and plant analysis
in the Mediterranean region: Limitations
and potential. Communications in Soil
Science and Plant Analysis. 2000;31(1114):2147-2154.
Bates LS, Waldren RP, Teare ID. Rapid
determination of free proline for waterstress
studies.
Plant
and
Soil.
1973;39(1):205-207.
Dubois M, Gilles KA, Hamilton JK, Rebers
PA, Smith F. Colorimetric method for
determination of sugar and related
substances. Anal. Chem. 1956;28(3):350356.
Bradford MM. A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principle
of
protein-dye
binding.
Analytical
Biochemistry. 1976;72(1-2):248-254.

Al-Jaryan et al.

18.

Whitaker JR, Voragen AGJ, Wong DWS.
24. Bhaduri AM, Fulekar MH. Antioxidant
Handbook of food enzymology. Marcel
enzyme responses of plants to heavy metal
Dekker, Inc.; 2003.
stress. Reviews in Environmental Science
19. Erel O. A new automated colorimetric
and Bio/Technology. 2012;11(1):55-69.
method for measuring total oxidant status.
25. Singh A, Prasad SM. Remediation of heavy
Clinical Biochemistry. 2005;38(12):1103metal contaminated ecosystem: An
1111.
overview on technology advancement. Int.
20. Haynes RJ. A comparison of two modified
J. Environ. Sci. Technol. 2015;12:353–366.
Kjeldahl digestion techniques for multi26. Szabados L, Savouré A. Proline: A
element plant analysis with conventional
multifunctional amino acid. Trends Plant
wet
and
dry
ashing
methods.
Sci. 2010;15:89-97.
Communications in Soil Science and Plant
27. Slewinski TL, Braun DM. Current
Analysis. 1980;11(5):459-467.
perspectives on the regulation of whole21. Al-Adily BMH. Study of some halophytic
plant carbohydrate partitioning. Plant Sci.
vegetation environments in Babylon
2010;178(4):341–349.
Governorate/Iraq. Ph.D. Thesis, Babylon
28. Hasan M, Cheng Y, Kanwar MK, Chu XY,
Univ.; 2014. (In Arabic)
Ahammed GJ, Qi ZY. Responses of plant
22. Nazarian H, Amouzgar D, Sedghianzadeh
proteins to heavy metal stress—A review.
H. Effects of different concentrations of
Frontiers in Plant Science. 2017;8:1492.
cadmium on growth and morphological
29. Lix, Yang Y, Jia L, Chen H, Wei X. Zincchanges in basil (Ocimum basilicum L.).
induced oxidative damage, antioxidant
Pak. J. Bot. 2016;48(3):945-952.
enzyme response and proline metabolism in
23. Emamverdian A, Ding Y. Effects of heavy
roots and leaves of wheat plants. Ecotoxicol
metals' toxicity on plants and enhancement
Environ Saf. Elsevier. 2013;89:150-157.
of plant defense mechanisms of Si30. Sethy SK, Ghosh S. Effect of heavy metals
mediation “Review". International Journal
on germination of seeds. Journal of Natural
of Environmental and Agriculture Research
Science, Biology and Medicine. 2013;4(2):
(IJOEAR). 2017;3(4):41-51.
272-275.
_____________________________________________________________________________________
© Copyright International Knowledge Press. All rights reserved.

133

View publication stats

