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ABSTRACT ARTICLE HISTORY
Plants can be used as biological indicators in assessing the damage done by bioaccumulation of Received 2 July 2015
heavy metals and their negative impact on the environment. In the present research, Roman nettle Accepted 29 October 2015
(Urtica pilulifera L.) was employed as a bioindicator for cadmium (Cd) pollution. The comparisons KEYWORDS

between unexposed and exposed plant samples revealed inhibition of the root growth (~25.96% RAPD-PCR; genotoxicity;
and ~45.92% after treatment with 100 and 200 wmol/L Cd concentrations, respectively), reduction cadmium (Cd); Roman nettle:
in the total soluble protein quantities (~53.92% and ~66.29% after treatment with 100 and 200 heavy metals

pmol/L Cd concentrations, respectively) and a gradual genomic instability when the Cd

concentrations were increased. The results indicated that alterations in randomly amplified

polymorphic DNA (RAPD) profiles, following the Cd treatments, included normal band losses and

emergence of new bands, when compared to the controls. Also, the obtained data from F1 plants,

utilized for analysis of genotoxicity, revealed that DNA alterations, occurring in parent plants due to

Cd pollution, were transmitted to the next generation.

Introduction chromosomes,[9] nucleolar structures [12] and mitotic
index.[12] The generation of reactive oxygen species can
occur during oxidative stress in cells due to heavy metal
toxicity at a biochemical level and may cause lipid perox-
idation, enzyme inactivation [13] and DNA damage.[14]
The accumulation of oxidized proteins and lipid perox-
ides, induced by Cd exposure, was observed in pea.[15]

Toxic effects of Cd have been documented in many
plants, such as Pisum sativum,[16] Allium cepa,[17] Hor-
deum vulgare,[18] Arabidopsis thaliana,[19] Glycine makx,
[20] Vicia faba,[21] Zea mays,[22] Nicotiana tabacum,[23]
Allium sativum,[21] Thlaspi caerulescens,[24] Silene vulga-
ris,[25] Salix sp. [26] and Tradescantia sp.[27]

Randomly amplified polymorphic DNA-polymerase
chain reaction (RAPD-PCR) is used for DNA analysis in
the field of genotoxicity, as a sensitive method, capable
of detecting variations in genome profiles, like normal
band losses or appearances of new bands, following
toxic exposures.[28,29] The purpose of the present work
was to make assessments of the DNA damage, done by
Cd, by using the RAPD-PCR method, and to compare the
RAPD profiles of control and 100 and 200 pmol/L Cd
exposed Parents and F1 plantlets of Urtica pilulifera. This

Cadmium (Cd) is one of the most toxic elements which
increases its accumulation in natural and/or agricultural
soils via anthropogenic activities.[1,2] Moreover, the sol-
uble capacity of Cd increases its effects on the contami-
nated soils.[3] The bioaccumulation of Cd into all
organisms and into the food chain could pose a direct
threat to the ecosystems.[4]

Cd is uptaken by the plants’ root systems and causes
many defects at different levels of the entire plant.[5]
The presence of Cd in plants influences the water bal-
ance and brings out many stress symptoms, such as
reduction in photosynthesis and disturbances in the
mineral nutrient uptake by affecting the plasma mem-
branes’ permeability,[6] inhibits the gas exchange, respi-
ration,[6] cell proliferation,[7] carbohydrate metabolism
[8] and causes further serious problems, which may
result even in death.[9] The toxic levels of Cd may cause
damages in different components of the cells, including
membranes, proteins and DNA.[9—11] More particularly,
the changes involve modifications of genetic constitu-
tions of the plants, including abnormalities in
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Table 1. Seed types and experimental groups.
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Parent groups

F1 groups

(PC) 0 pmol/L Cd-treated parents (control)
(P-1) 100 pmol/L-Cd treated parents
(P-2) 200 pmol/L-Cd treated parents

(

(PC) — control plants from 0 wmol/L Cd treated seeds
(P1) — 100 pmol/L Cd-treated plants from 0 wmol/L Cd-treated seeds
(P2) — 200 pwmol/L Cd-treated plants from 0 wmol/L Cd-treated seeds
(1-0) — control plants from 100 wmol/L-Cd treated seeds
1-1) — 100 pmol/L Cd-treated plants from 100 wmol/L Cd-treated seeds
(1-2) — 100 pwmol/L Cd-treated plants from 200 pwmol/L Cd-treated seeds
(2-0) — Control plants from 200 wmol/L Cd-treated seeds

(2-1) — 200 pmol/L Cd-treated plants from 100 wmol/L Cd-treated seeds
(2-2) — 200 pmol/L Cd-treated plants from 200 pwmol/L Cd-treated seeds

is one of the important traditional and widely used
plants in Europe and Turkey, because of its pharmaceuti-
cal properties. It is also a weed for cultivated land and
waste areas. It is common for the coastal parts of Turkey,
such as Canakkale, Istanbul, Samsun and Izmir.[30] Fur-
thermore, this study could be used to ascertain whether
genotoxic effects of Cd are inherited or not by the next
generation.

Materials and methods
In vitro development of U. pilulifera plantlets

U. pilulifera seeds (Parents) were surface sterilized for
1 min with 50% (v/v) ethyl alcohol and for 5 min with
deionized water (Millipore). After the sterilization, they
were germinated on sterilized compost in small vessels
for a two-week period and then young plantlets, in
which shoot lengths reached about 3—4 cm, were trans-
ferred into standard plastic pots. During a two-month
growing period, the plantlets were kept in a growth
chamber under fluorescent tubes, giving an irradiance of
5000 Ix (16 h/8 h day/night photoperiod), a temperature
of 23 £+ 2 °C and a relative humidity of 45%—50%. The
stress applications to the experimental groups of repli-
cates (control (without application of Cd stress) parental
and F1 (from seeds of parent plants) groups, each includ-
ing eight samples and parental and F1 groups treated
with 100 and 200 pmol/L Cd concentrations grown
from the seeds of parent plants treated with 100 and
200 pmol/L Cd concentrations, each including eight
samples) were conducted by using 40 mL spiked Hoag-
land’s nutrient solutions [31] containing 0 wmol/L (con-
trol), 100 pmol/L and 200 pwmol/L Cd (in the form of
CdCl,-H,0) at two-day intervals.

Determination of growth inhibition rates of U.
pilulifera

After two months of incubation, the root and stem
length (cm) of U. pilulifera were measured and the
parents’ root growth inhibition rates (RGIR) and stem

growth inhibition rates (SGIR) (%) were determined. The
reproduction of U. pilulifera was carried out by self-polli-
nation. During the experimental phase, the self-pollina-
tion practices were performed in order to have seeds for
the production of F1 plantlets for each group to under-
stand whether the DNA alterations occurring in the par-
ent plants, due to Cd pollution, are going to be
transmitted to the next generation (Table 1).

The seeds of the parent plants were harvested after
two months of stress treatment. After the surface-sterili-
zation of the plants with 1% (v/v) sodium hypochlorite
for 10 min and deionized water, they were grown in
soil with test solutions (40 mL spiked Hoagland’s
nutrient solutions containing 100 and 200 umol/L Cd
in the form of CdCl,-H,0) and one control (distilled
water). Nine different experimental groups of F1
plants (from parent plants’ seeds) were prepared.
Their parents were treated with 100 or 200 pwmol/L
Cd concentrations (Table 1). Stock Cd (CdCl,-2H,0)
solutions (1000 pmol/L) were diluted into 100 or
200 pmol/L concentrations with distilled water
(Table 1). In total, 25 seeds were used for each test
solution of plant groups (control groups from paren-
tal and F1 plants (from parent plants’ seeds) and
100 and 200 pmol/L Cd-treated groups from parental
and F1 plants (from parent plants’ seeds treated with
100 and 200 wmol/L Cd concentrations)). After adding
the test solution, the plants were incubated in a
climatic conditioner at 23 °C in the dark for 7 d.

Determination of total protein in roots of U.
pilulifera

The content of total soluble protein (TSP) in the root
tips of U. pilulifera (ng/g FW) was measured by spec-
troscopic techniques (PG instruments T60), according
to Bradford.[32]

Detection of genotoxic alterations in U. pilulifera

DNA was isolated by using the DNeasy Plant DNA Extrac-
tion Mini Kit (Qiagen), according to the manufacturer’s
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instructions. Estimations of RAPD band profiles were
based on comparisons done by using a standard sample
(Gene Ruler™ 100 bp DNA Ladder, ready-to-use,
Thermo-Fermentas) in a 2% agarose gel, stained with
ethidium bromide and visualized under UV-light. The
results were documented using Owl EasyCast B2 mini
gel electrophoresis system (Thermo Scientific). During
the generation of amplification products, each PCR mix-
ture was set up as follows: 1 x PCR buffer (NH4),SO, (pH
8.8), 0.2 mmol/L from each deoxyribonucleoside triphos-
phate (ANTP) (2 mmol/L dNTP mix), 25 pmol of primer
OPA08 5'-GTGACGTAGG-3' from QIAGEN Operon RAPD®
10mer Kits, 20 ng—200 ng genomic DNA and 0.5 U of
Tag DNA Polymerase. The mixture was filled up with ster-
ile deionized water to a final volume of 25 L. The PCR
chemicals were obtained from Thermo-Fermentas. For
the RAPD analysis, 20 random 10-mer primers were used
to amplify the genomic DNA extracted from the Cd-
treated and untreated U. pilulifera cells (Table 2). The
primer, designated as OPA08, was used for further steps,
because it is capable of producing reproducible and
strong bands with the most distinguishable banding
profiles between Cd-treated and untreated samples.

A reaction tube containing all reaction components,
except the template DNA, was set up for each reaction
as a negative control. The PCR amplifications were
programmed for an initial denaturation temperature of
95 °C prior to PCR cycling, to fully denature the template
DNA for 3 min, for providing an efficient utilization of
template DNA in the first amplification cycle and for pre-
venting poor yields of PCR products. The following con-
figuration was suitable for 45 PCR cycles: a denaturation
temperature of 94 °C for 1 min, a primer annealing tem-
perature of 37 °C for 1 min, an elongation temperature
of 72 °C for 2 min and a final extension step temperature
of 72 °C for 5 min. The amplifications were performed by
using a Techne Endurance TC-512 Gradient Thermal
Cycler.

Table 2. Sequences and resulting bands of some representing
primers used for RAPD amplification of genomic DNA from Cd-
treated and control U. pilulifera root cells.

Sequence Total Sequence

Primer (5—3) bands  Primer (5—3) Total bands
A1 CAGGCCCTTC 4 B1 GTTTCGCTCC Smear
A2 TGCCGAGCTG 3 B2 TGATCCCTGG Smear
A3 AGTCAGCCAC  Smear B3 CATCCCCCTG 3
A4 AATCGGGCTG 2 B4 GGACTGGAGT 6
A5 AGGGGTCTTG 2 B5 TGCGCCCTTC 3
A6 GGTCCCTGAC 7 B6 TGCTCTGCCC 7
A7 GAAACGGGTG 2 B7 GGTGACGCAG 4
A8 GTGACGTAGG 8 B8 GTCCACACGG 5
A9 GGGTAACGCC 2 B9 TGGGGGACTC 5
A10 GTGATCGCAG 2 B10  CTGCTGGGAC 2

DNA variations were identified according to the
scored RAPD profiling data, showing normal band losses
and occurrences of new bands. The molecular sizes of
the amplification products were estimated by using the
Gel-Doc 2000 analyzer system (BioRAD) and the Quantity
One Program version 4.4.1.

Statistical analyses

Experimental results were statistically analysed by using
a variance analysis and Tukey’s test. The standard devia-
tion was significant at P < 0.05 and P < 0.001.

Results and discussion

U. pilulifera is an astringent and a galactagogue plant
that has antiasthmatic, anti-dandruff, depurative,
diuretic, haemostatic and hypoglycemic effects.[30,33] It
is a stimulating tonic for medicinal purposes. It is espe-
cially used as a remedy for diabetes mellitus, eczema,
rheumatism, haemorrhoids, hyperthyroidism, bronchitis
and cancer.[30,33]

The root and stem growth inhibition rates were ana-
lysed in the parent type of U. pilulifera seedlings in
response to treatment with different Cd concentrations.
The results obtained from the experiments are shown in
Figure 1 and Table 3. Following the exposure to Cd, the
root and stem lengths of U. pilulifera seedlings gradually
decreased from 13.83 ¢cm (control) and 7.3 cm (control)
to 10.24 cm and 4.8 cm, respectively after treatment
with 100 wmol/L Cd and to 7.48 cm and 3.7 cm after
treatment with 200 wmol/L Cd, respectively (Figure 1).
After two months of Cd exposure, RGIR and SGIR of
plantlets treated with 100 and 200 pmol/L Cd
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Figure 1. Root and stem lengths of U. pilulifera seedlings at dif-
ferent Cd concentrations.

Note: Error bars represent standard errors of the means; standard
deviation was considered significant at °P < 0.05; °P < 0.001.



Table 3. Effects of Cd on the root/stem growth inhibition rates
and on the amount of total soluble protein in U. pilulifera.

Cd concentration

(wmol/L) RGIR (%) SGIR (%) TSP level (g/g FW)
0 0 0 3346 + 13.4°

100 ~25.96 ~34.25 154.2 4+ 7.5

200 ~45.92 ~49.32 112.8 £ 6.9°

Note: 2P < 0.05; °P < 0.001; all data are presented as mean =+ standard
deviation.

Root growth inhibition rates (RGIR); stem growth inhibition rates (SGIR); total
soluble protein (TSP); fresh weight (FW).

concentration were found to gradually decrease from
~2596% and ~34.25% to ~45.92% and ~49.32%,
respectively (Table 3). The data for the TSP levels are also
shown in Table 3. The TSP levels in root tips of plantlets
were recorded as 334.6 4+ 13.4 wg/g FW (P < 0.05), 154.2
+ 7.5 ng/g FW (P < 0.001) and 112.8 £ 6.9 ng/g FW (P
< 0.001) at 0, 100 and 200 pwmol/L Cd concentrations,
respectively. The TSP rates were decreased from
~53.92% to ~66.29%. There was a positive correlation
between Cd concentration and TSP content in U. piluli-
fera seedlings, with a correlation coefficient of r = 0.94.

Inhibitory effects of heavy metals on growth and
uptake and accumulations of metal elements in Urtica-
ceae members were also shown in previous studies.
Such examples are: the altered growth of U. pilulifera
upon application of Al stress [34]; reductions on stomatal
parameters of U. pilulifera due to excessive aluminium
(Al) and Cd exposures [35]; heavy metal (Cd, Cu and Zn)
uptake capabilities of Urtica dioica [36]; bioaccumulation
of heavy metals by U. dioica.[37—40]

For the RAPD-PCR analysis, 17 out of the 20 random
10-mer primers (85%) produced strong banding patterns,
whereas the others (15%) failed to amplify DNA. Totally,
62 amplification products were detected by using 17 pri-
mers. Furthermore, the most distinguishable banding
profiles (eight strong bands) were produced by the Cd-
treated and untreated samples with the primer desig-
nated as OPAO8. Representative RAPD profiles are shown
in Figures 2 and 3 as well as in Tables 4 and 5. Differenti-
ated Cd-induced RAPD fingerprints were identified by
comparisons done between exposed and unexposed
(control) samples. These differentiations were indicated
as normal band losses and occurrences of new bands.

Cd-treated and untreated U. pilulifera parent plants
are compared in Figure 2 and Table 4. F1 plants records
are shown in Figure 3 and Table 5. The molecular size of
the bands obtained with OPAO8 ranged from 203 to
1291 bp. Molecular sizes of extra bands, approximately
508, 623, 755, 1082, and 1140 bp, appeared after treat-
ment with 100 and 200 pmol/L Cd concentrations
(Tables 4 and 5). After treatment with 100 and
200 pmol/L Cd concentrations, 203, 481, 623, 631, 770,
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P-1 P-L.

P1 P2 P2 P2

Figure 2. RAPD profiles of genomic DNA from root tips of paren-
tal type U. pilulifera seedlings.

Note: Appearance of new bands (a); disappearance of normal
bands (b); control plants without Cd treatment (PC); 100 wmol/L
Cd-treated plants (P-1); 200 wmol/L Cd-treated plants (P-2);
Gene Ruler 100 bp DNA Ladder (M).

1127, 1291 bp normal RAPD bands disappeared (Tables
4 and 5). When parental control plants (PC), parental
plants treated with 100 wmol/L Cd concentration (P1)
and parental plants treated with 200 wmol/L Cd concen-
tration (P2) from F1 generation were compared, band
alterations were observed (Table 5 and Figure 3), as seen
in the Cd-treated parent plants (Table 4 and Figure 2).
The alterations were loss of some bands (203 and 623

PC P1 P2 10- 11 .12 20 21 22 M

Figure 3. RAPD profiles of genomic DNA from root tips of
F1 type U. pilulifera seedlings exposed to different Cd
concentrations.

Note: Appearance of new bands (a), disappearance of normal
bands (b); control plants from 0 wmol/L Cd-treated seeds (PC),
100 pwmol/L Cd-treated plants from 0 wmol/L Cd-treated seeds
(P1), 200 pwmol/L Cd-treated plants from 0 pwmol/L Cd-treated
seeds (P2); control plants from 100 pwmol/L Cd-treated seeds
(1-0); 100 wmol/L Cd-treated plants from 100 wmol/L Cd-treated
seeds (1-1); 100 wmol/L Cd-treated plants from 200 pmol/L
Cd-treated seeds (1-2); control plants from 200 pmol/L
Cd-treated seeds (2-0); 200 pmol/L Cd-treated plants from
100 pwmol/L Cd-treated seeds (2-1); 200 pmol/L Cd-treated
plants from 200 pmol/L Cd-treated seeds(2-2); Gene Ruler
100 bp DNA Ladder (M).
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Table 4. Changes of total bands, polymorphic bands and bands
in parental type of U. pilulifera seedlings in comparison with
parents, 100 wmol/L Cd-treated U. pilulifera, 200 pmol/L Cd-
treated U. pilulifera and control.

Primer: OPA08

U. pilulifera
Total bands ab A (bp) B (bp)
Control parent plants 7
100 pwmol/L Cd-treated 8 31 1140; 755; 508 631
parent plants
200 pmol/L Cd-treated 8 4— 1140; 1082; 755; 508 —

parent plants

Note: Appearance of new bands (a); disappearance of normal bands (b); sizes
of new (A) and missing (B) bands.

Table 5. Changes of total bands and polymorphic bands in Cd-
treated F1 type of U. pilulifera seedlings in comparison with the
control.

Primer: OPA0O8

U. pilulifera
Cd concentrations  Totalbands a b A (bp) B (bp)
PC 6
P1 5 - 1 - 203
P2 4 - 2 - 623
1-0 6
1-1 6 1 1 623 770
1-2 6 - - - -
2-0 8
2-1 4 — 4 — 1291;1127;770; 481
22 4 — 4 — 1291; 1127; 770; 481

Note: Appearance of new bands (a), disappearance of normal bands (b); sizes
of new (A) and missing (B) bands.

Control plants from 0 wmol/L Cd-treated seeds (PC), 100 pmol/L Cd-treated
plants from 0 wmol/L Cd-treated seeds (P1), 200 wmol/L Cd-treated plants
from 0 pwmol/L Cd-treated seeds (P2), control plants from 100 pmol/L Cd-
treated seeds (1-0), 100 pmol/L Cd-treated plants from 100 wmol/L Cd-
treated seeds (1-1), 100 wmol/L Cd-treated plants from 200 pmol/L Cd-
treated seeds (1-2), control plants from 200 pmol/L Cd-treated seeds (2-0),
200 pmol/L Cd-treated plants from 100 pmol/L Cd-treated seeds (2-1),
200 pmol/L Cd-treated plants from 200 wmol/L Cd-treated seeds (2-2).

bp) (Tables 4 and 5, Figures 2 and 3). P1 and P2 were cre-
ated by using untreated parental group from the first
generation (Table 5). P1 and P2 were then exposed to
Cd concentrations of 100 and 200 wmol/ L only for seven
days. When P1 and P2 from the second generation and
P-1 and P-2 (exposed to Cd concentrations of 100 and
200 umol/L for two months) from the first generation
were compared, DNA damages done by Cd were more
severe in P-1 and P-2 seedlings. When PC, 1-0 and 2-0
were compared, disappearance of normal bands (770
and 1291 bp) and appearance of new band (623 bp)
were observed (Table 5 and Figure 3). The groups desig-
nated as 1-0 and 2-0 were created by using parental P-1
and P-2 groups (exposed to Cd concentrations of 100
and 200 pmol/L for two months) from first generation.
After that, 1-0 and 2-0 were not exposed to Cd stress at

any level. When a comparison was done between PC
from the second generation and 1-0 and 2-0, the DNA
alterations were noticed. This indicates that DNA altera-
tions show a hereditary behaviour. When 1-0, 1-1 and
1-2, and 2-0, 2-1 and 2-2 were compared with each
other, once again, alterations on genetic material were
seen, such as appearance of new bands (623 bp) or dis-
appearing of normal bands (203, 481, 623, 770, 1127,
1291 bp) (Table 5 and Figure 3). When a comparison
between parental groups and F1 groups was done, DNA
alterations in genetic material, seen in F1 groups, were
more severe and it was revealed that DNA alterations
occurring in parent plants due to Cd pollution, were
transmitted to the next generation.

The evaluation of alterations, using the genomic tem-
plate stability in the genome of U. pilulifera, was done
based on the comparisons in RAPD profiles from Cd-
treated and untreated samples along with reductions in
root and stem growth and soluble protein content of
root tips, as well. Following the morphological and physi-
ological parameters, the genomic template stability
decreases, as recorded by RAPD-PCR, which also gives
some valuable information of Cd-induced hazards to U.
pilulifera.

In previous studies, DNA alterations induced by geno-
toxins were detected in many organisms including a
range of plants, aquatic invertebrates and bacterial spe-
cies using reproducible RAPD profiles.[41] Numerous
investigations in the detection of genotoxic effects of
heavy metals, can be given as examples. Some of these
investigations included organisms such as U. dioica,[42]
Evernia prunastri L. Arch.,[43] Rutilus rutilus,[44] Solanum
melongena,[45] Zea mays,[46,47] Danio rerio,[48] Arabi-
dopsis thaliana,[49] Egyptian clover and Sudan grass.[50]
The present study confirmed that, Cd induces genomic
DNA modifications, observed in RAPD profiles as altera-
tions, including normal band losses and occurrences of
new bands, when compared with controls. Moreover,
there was an inverse relationship between the frequency
of band losses and Cd doses applied. It seemed that the
number of band losses increased when higher Cd doses
were applied (Figures 2 and 3, Tables 4 and 5). Modifica-
tions of RAPD patterns were likely due to one or a combi-
nation of the following events: (1) alterations that
occurred in the oligonucleotide priming sites led to the
creation of new sites, accessible to the primers. These
sites are used for the amplification and their creation
was mainly due to genomic rearrangements, because
probabilities of occurrences of mutations in 10-base
long primer binding sites are unlikely. On the other
hand, genomic rearrangements occur in much longer
fragments; (2) interactions between the damaged DNA
and DNA Polymerase in U. pilulifera plantlets.[18,51] DNA



polymerization in the PCR reaction can be stopped or
slowed down due to the emergence of one or a combi-
nation of these events.[41]

Cd is shown to induce a variety of DNA damages,
including single- and double-strand breaks, modified
bases, abasic sites, DNA-protein cross-links, oxidized
bases, 8-hydroxyguanine and even bulky adducts in
organisms.[52] The kinetics of the PCR events can be
affected by the presence of one of the diverse types of
DNA damages mentioned above.[53] Mutations, large
deletions, and/or homologous recombination are the
causes of structural change or changes in DNA sequen-
ces, leading to the accessibility of some oligonucleotide
priming sites to oligonucleotide primers, resulting in the
appearance of new PCR products.[54]

In this study, Cd had inhibitory effect on the growth of
root and stem parts, as well as on the TSP content.
According to the RAPD profile results, the appearances
of new bands occurred after treatment with 100 and
200 pmol/L Cd concentrations. The generation of new
bands related to the level of DNA damage, the efficiency
of DNA repairs and replications, is the result of genomic
template instability.[53] Furthermore, DNA variations in
parent and F1 groups showed a hereditary behaviour,
where Cd induces growth inhibition and DNA damage in
the control, 100 and 200 pmol/L-Cd treated groups.
Thus, this study showed that organisms’ characteristics
can be affected by environmental factors. These changes
are sometimes transmissible to the offspring. Recent
researches indicated that environmental changes can
cause transmission of similar heritable changes rapidly.
[55,56]

The pollutant-induced RAPD profile changes have
been used to compare the alterations in genomic DNA
template stability and the genotoxic effect with other
parameters.[18,41] Cd-induced reduction in root and
stem growth inhibition rates and in the TSP level corre-
lated well with the changes in RAPD profiles. This finding
showed that the extent of the DNA damage, done by Cd,
seemed serious in the majority of cells in the root and
stem of U. pilulifera plantlets. At the highest Cd concen-
tration, it seemed that a high level of DNA damage
occurred because of the reduced DNA replication.

Conclusions

Gradual reduction in root growth and in the amount of
TSPs, and gradual genomic instabilities after treatment
with 100 and 200 pmol/L Cd concentrations, were
detected by the comparisons done between unexposed
and exposed U. pilulifera parent groups. The alterations
in RAPD profiles following Cd treatments included nor-
mal band losses and emergence of new bands, when
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compared to the controls. Also, F1 generation plants, uti-
lized for analysis of genotoxicity, produced similar to
their parents’ data, revealing that DNA alterations occur-
ring in parent plants due to Cd pollution were transmit-
ted to the next generation. Finally, the present results
suggested that using the data from RAPD-PCR analysis,
along with the data from physiological parameters, can
be a valuable source in assessing Cd toxicity. To demon-
strate the validity of the results from the RAPD-PCR anal-
ysis, systematic sequencing of genomic targets of Cd
toxicity can further be done. Furthermore, DNA damage
induced by Cd seems to be transmissible to the
offspring.
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