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ABSTRACT

Nicosulfuron (NS) is a chemical substance ex-
tensively used on maize (Zea mays L.) production as
weed-killer (herbicide). It is very effective and de-
structive on weeds, but genotoxic effects of this
herbicide on Z. mays has not been investigated. It is
aimed with this study to investigate the genotoxic ef-
fects of NS herbicide on roots of germinated Z. mays
grains. The NS was performed different doses (50,
125, 250, 500 and 750 ppm) during 24, 48 and 72
hours. DNA isolation from root samples was carried
out using the CTAB method. DNA fragments from
Z. mays genome were amplified by PCR technique
using RAPD (Random Amplified Polymorphic
DNA) and ISSR (Inter Simple Sequence Repeat) pri-
mers. In addition, root terminal cells of Z. mays were
stained using 2% orcein and morphologies of cell nu-
cleuses were investigated. Analyzed electrophoresis
profiles of RAPD and ISSR-PCR have clearly indi-
cated some changes such as the appearance of new
bands or disappearance of bands as compared to the
control. RAPD and ISSR-PCR analyses were clearly
revealed that NS causes serious DNA sequence
changes on Z. mays genome. Additively, some nu-
clear alterations were observed like micronuclei, ir-
regular nucleus, nuclear buds, etc. depending on the
increase of herbicide dose and exposure times.
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INTRODUCTION

Nicosulfuron (2-(4,6-dimethoxypyrimidin-2-
ylcarbamoyl sulfamoyl) - N, N-dimethylnicotina-
mide) is an herbicide often used in maize farming
[1]. It is a selective herbicide used against harmful
plants in maize fields as annual or perennial grassy
weeds and some broad-leaf weeds plants like Ama-
ranthus retroflexus L., Chenopodium album L., Dig-
itaria sanguinalis (L.) Scop., Echinochloa crus-galli
(L.) P. Beauv., E. colonum (L.) Link, Portulaca
oleracea L., Setaria viridis (L.) P. Beauv., Solanum
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nigrum L., Sorghum halepense (L.) Pers. and
Xanthium strumarium L. [2-4]. Nicosulfuron (NS)
rapidly penetrates to weeds via leafs after its appli-
cation. Then, development of weeds halts and leafs
transform to red-purple color. Weeds turn yellow and
dry among 15-20 days [3, 4]. The indiscriminate use
of various pesticides or herbicides in agriculture has
caused environmental contamination and changes in
genetic structure of organisms in the environment [5-
8]. Regular application of herbicides in agricultural
practices is a potential threat to genetic constitution
of crop plants and animals [7]. Therefore, investigat-
ing the potential genotoxic effects of herbicides both
on use for or against the plants have an importance.
In this manner, PCR performed RAPD and ISSR pri-
mers for detecting the genotoxicity of herbicide
treated plant systems are gave reliable, evaluable and
significant outcomes.

To date, there is not any study about genotoxic
effects of NS herbicide on Z. mays. In this study, it
is aimed to investigate the potential genotoxic effects
of the herbicide on Z. mays, using RAPD and ISSR-
PCR techniques supported by morphologically in-
vestigations on germinated maize grains root tip cell
nucleuses.

MATERIALS AND METHODS

Preparation of Plant and Herbicide Mate-
rial. It was used commercially obtained maize grains
(Tugba Ltd. Company, Aydin, Turkey) preferred in
maize industry as plant material in Turkey. Maize
grains were germinated in the sterile petri dishes us-
ing filter paper wetted with sterile water at room tem-
perature. The germinated maizes had about 1 cm root
length were used by herbicide treatments. Nicosulfu-
ron herbicide (Baturam, Pileryum Ltd. Company,
Turkey) was diluted with sterile distillated water at
different concentrations in 50 ppm, 125 ppm, 250
ppm, 500 ppm and 750 ppm. Each concentration was
performed for 24 h, 48 h and 72 h. The control test
was performed with only sterile water. Maize roots
were stored at -20°C for DNA isolation until use. For
cell staining, maize root tips were stored in fixative
solution (3:1 ethanol, glacial acetic acid) at +4°C.
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TABLE 1

RAPD primers tested for amplification of maize genomic DNA.
Tested Primers Primer Sequence (5'-3") Tm (°C) Appositeness

P-5 CTGCGACGGT 34 -
P-9 GGGAAGAGAG 32 -
P-11 GGCCGATGAT 32 -
P-13 ACCGCCTTGT 32 -
P-14 CAGCACTGAC 32 -
P-16 TGGTGGCCTT 32 +
P-17 GTAGCACTCC 32 -
P-21 ACGGTGCCTG 34 -
P-23 CGCCCAAGCC 36 +
P-24 CGCCCTGGTC 36 +

TABLE 2

ISSR primers tested for amplification of maize genomic DNA.

Tested Primers  Primer Sequence (5'-3') Tm (°C) Appositeness
ISSR-01 AGAGAGAGAGAGAGAGG 52.8 +
ISSR-02 GAGAGAGAGAGAGAGAT 50.4 -
ISSR-06 GAGAGAGAGAGAGAGAC 52.8 -
ISSR-10 GGGTGGGTTGGGGTG 58.8 -
ISSR-27 GTGCGTGCGTGCGTGC 59.4 -

ISSR-829 TCTCTCTCTCTCTCTCG 52.8 -
ISSR-847 CACACACACACACACARC 53.7 -
ISSR-861 ACCACCACCACCACCACC 60.5 +
ISSR-862 AGCAGCAGCAGCAGCAGC 60.5 -
ISSR-866 CTCCTCCTCCTCCTCCTC 60.5 -

DNA Isolation. Maize roots stored at -20°C
were ground to fine powder and transferred to eppen-
dorf tubes. Total genomic DNA was extracted from
root tips by a modified hexadecyltrimethyl ammo-
nium bromide (CTAB) method [9]. The quantity and
quality of DNA were determined by using a
Nanodrop Spectrophotometer (Shimadzu, Kyoto, Ja-
pan). DNA samples were diluted with sterile distilled
water to 2 ng/uL.

RAPD-PCR Analysis. RAPD analysis was
performed according to the method of Williams et al.
[10]. A set of 10 random 10-mer primers was pur-
chased from Thermo Inc. (Burlington, MA, USA).
For selection of suitable primers, an initial primer
screening was carried out with these primers after
screening. The three primers (Table 1) produced
clear, reproducible, unique polymorphic banding
patterns and generated RAPD profile variations that
displayed the band intensity, disappearance of bands
and appearance of new bands of amplified DNA in
the NS-treated genomic DNA samples.

PCR amplifications were performed in 25 pL of
reaction mixture containing 10 ng of template DNA,
1xTaq polymerase buffer and 1 U of Taq polymerase
(FIREPol, Solis BioDyne, Estonia), 1.5 mM MgCl,
1 mM dNTP, and 1 uM of primer. Amplifications
were carried out in Thermo Arktik Thermal Cycler
(Thermo Scientific, USA) that was programmed for
the initial denaturation step 85°C for 15 sec, 95°C for
5 sec and at 92°C for 1 min 55 sec, followed by 45
cycles of 95°C for 5 sec, 92°C for 55 sec, 32-36°C
for 1 min, 72°C for 2 min, and a final elongation at
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72°C for 7 min. PCR reactions were repeated twice
to ensure reproducibility of amplified products. The
PCR products were separated on a 1.3% agarose gel
containing ethidium bromide (0.5 pg/mL) and pho-
tographed with the Gel Logic 212Pro imaging sys-
tem (Carestream, USA). Molecular weights of PCR
products were estimated using a 100 bp DNA Ladder
(Fermentas).

ISSR-PCR Analysis. ISSR analysis was per-
formed according to the method of Wongsawad and
Peerapompisal [11]. ISSR-PCR analysis was per-
formed according to the sequences obtained from the
University of British Columbia (Canada). For selec-
tion of suitable primers, an initial primer screening
was carried out with 10 primers after screening. Two
primers amplified clear, reproducible and unique
polymorphic banding patterns and they were used for
further analysis (Table 2).

Amplification of ISSR fragments from Z. mays
genomic DNA was performed in a total reaction vol-
ume of 25 pl containing 8 ng of template DNA, 1x
Taq polymerase reaction buffer, 1.5 mM MgCl,, 0.1
mM each of dNTPs (dATP, dCTP, dGTP, and
dTTP), 0.2 mM primer and 1 U of Taqg DNA poly-
merase (FIREPol, Solis BioDyne). Amplifications
were performed in Thermo Arktik Thermal Cycler
(Thermo Scientific): 4 min denaturation at 94°C and
45 cycles of 45 sec each denaturation at 94°C, 50 sec
annealing at 47-60.5°C (primer depended) for ISSR
amplification, and a 1.5 min extension at 72°C, fol-
lowed by a final extension at 72°C for 7 min. PCR-
amplified fragments were separated on 1.2% agarose
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gel containing ethidium bromide (0.5 pg/mL). Gels
were visualized under UV light and digitally photo-
graphed with Gel Logic 212Pro imaging system
(Carestream). Molecular weights of ISSR-PCR
products were estimated using a 100 bp DNA Ladder
(Fermentas).

Cell Staining. The fixed maize root tips were
stained with 2% orcein dye for 10 min and slightly
squashed to accomplish a better spreading of the ma-
terial over the slide. The material was analyzed in
light microscope and digitally photographed (Olym-
pus BX51 binocular light microscope, with 1000
magnification). The mitotic index (MI) was calcu-
lated by number of cells which undergone mitotic di-
visions divided by total cells in a microscopic field
into 100 [12].

RESULTS AND DISCUSSION

Due to the usage of NS herbicide on maize
farming, commercial maize (Z. mays) was preferred
as model organism to detection of genotoxic effects
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of the herbicide. Three RAPD primers (p16, p23 and
p24) produced unique polymorphic banding patterns
among 10 primers. Analysis of electrophoresis pro-
files of these three primers in the NS-treated genomic
DNA samples indicated apparent changes such as the
appearance of new bands or disappearance of bands
as compared to the control (Figure 1). Also, the var-
iation observed in RAPD profiles, time and concen-
tration-dependent. Depend on RAPD analysis results
it was detected that NS caused DNA damages in ge-
nome of maize root cells. Higher plants are recog-
nized as excellent genetic models to detect effects of
all environmental mutagens or pesticides and are fre-
quently used in monitoring studies [6, 7, 13-15].
RAPD-PCR technique has been used successfully to
detect various types of DNA damage and mutations
in organisms induced by various types of contami-
nants [16-18]. Furthermore, many studies have re-
ported that the RAPD assay is more sensitive than
classic tests such as the comet and micronucleus as-
say, as RAPD analysis is capable of detecting tem-
porary DNA changes at lower concentrations of pol-
lutants [19-21]. RAPD also shows to be a powerful
means of detecting a broad range of DNA damage
due to environmental contaminants [22].

- oy o

FIGURE 1

The RAPD banding patterns amplified with p16, p23 and p24 primers from maize genomic DNA.
M: 100bp DNA ladder (Fermantas), PC: positive control, NC: negative control. The appearance of new bands or disappearance
of bands as compared to the positive control were showed with white arrows.
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There are plenty of RAPD-PCR-based studies
about detection of genotoxic effects of pollution
agents on plants or animals. Aslam et al. [23] shown
genotoxic effects of heavy metal cadmium on Cap-
sicum annuum L. plant (an important spice crop of
India) using RAPD-PCR method. Ghosh et al. [24]
preferred analyses of RAPD band profiles for detec-
tion of genotoxicity of multi-walled carbon nanotube
on Allium cepa root cells. Salem et al. [22] declared
that use of RAPD-PCR technique is an advantage
and first evidence in detection of fish genotoxicity
induced by heavy metals from landfill leachates.
Mentioned studies are supportive for the present
study and the preference of RAPD primers to detect-
ing an herbicide genotoxicity is an advisable ap-
proach.

ISSR-01 and ISSR-861 primers produced
unique polymorphic banding patterns among 10 pri-
mers. The amplified ISSR banding profiles of NS-
treated maize genomic DNA showed a consistent in-
crease in appearance and disappearance of bands
with increasing concentration of the herbicide (Fig-
ure 2). There are some changes in the ISSR banding
patterns between control and NS-treated groups as
changes in the number, the position and the intensity
of the bands. The banding profile alterations had an
increase according to the exposure time of herbicide.
Accompanied by these alterations support that NS
causes DNA damages in the genome of maize root
cells. The ISSR-PCR evaluations are supported by
RAPD-PCR results. Recent studies show that ISSR

technique is very popular in genotoxicity analyses.
PCR-based molecular markers are widely used as
tools to detect and characterize soma-clonal varia-
tions and induced mutations at the genome level
[25]. Especially in the mutation breeding, ISSR-PCR
technique provides a reliable and rapid detection
means for the screening of mutants [26]. ISSR-PCR
technique is a popular analysis method recently used
in detection of DNA damage and alterations in or-
ganism genome exposed to hazardous materials.
Therefore, we performed this technique for support-
ing and confirmation of our RAPD-PCR results.
ISSR-PCR technique is more sensitive and reproduc-
ible to study polymorphism induced by environmen-
tal stress [27, 28]. Bajpai et al. [28] used ISSR-PCR
technique for investigation of chromium (+VI) gen-
otoxicity in Pyxine cocoes. Genetoxic effects of
glyphosate herbicide on Bulinus truncates were in-
vestigated by Bakry et al. [29]. It was declared that
the changes in the number, position and intensity of
DNA bands induced by glyphosate herbicide may be
attributed to the fact that the herbicide can induce
genotoxicity through DNA damage. Similarly, the
changes in the ISSR banding pattern between control
and NS-treated groups were obvious, including the
changes in the number, the position and the intensity
of the bands. Therefore, we propose that NS causes
DNA damages in genome of maize root cells. This
result was supported with results of the other molec-
ular technique (RAPD-PCR analyses) in the present
study.

FIGURE 2
The ISSR banding patterns amplified with ISSR-01 and ISSR-861 primers from maize genomic DNA.
M: 100bp DNA ladder (Fermentas), PC: positive control, NC: negative control. The appearance of new bands or disappearance
of bands as compared to the positive control were showed with white arrows.
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FIGURE 3
Nuclear alterations induced by nicosulfuron herbicide.
A: control group, B: 125 ppm test group B1: irregular nucleus (24h), B2-B4: nuclear bud formed by excess material (48h), B5-
B6: irregular nucleus, B8: nuclear bud (72h), C: 250 ppm test group, C1: irregular bud (24h), C2-C3: micronucleus with nuclear
bud (48h), C4: abnormal mitosis, micronucleus and mini cell formations (72h), D: 500 ppm test group, D1: irregular nucleus
like kidney and nuclear bud (24h), D2-D3: nuclear buds (48h), D4: micronucleus formation (72h), E: 750 ppm test group, E1-
E2: irregular nucleus and nuclear bud (24h), E3-E4: micronucleus formation and nuclear bud (48h), ES: irregular nucleus, E6:
nuclear bud like kidney, E7: micronucleus formation, E8: micronucleus (72h).

The nuclear morphological alterations charac-
terized by the presence of irregular nuclei, nuclear
buds and micronuclei were observed (Figure 3). Ir-
regular nuclei and nuclear buds were observed in
herbicide concentrations between 125-750 ppm, and
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all exposure times of these concentrations. The irreg-
ular nuclei were different formations as horn (Figure
3: B4, B6, D2, D3, ES), kidney (Figure 3: D1, E6)
and horseshoe (lobated nucleus) (Figure 3: E3, E4,
E7). It is determined a significant augmentation in
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the frequency of nuclear alterations, according to in-
crease in concentration and time. Micronucleus for-
mation had observed since 250 ppm concentration.
Also, it was observed that frequency and number of
micronucleus in root cells increased according to as
the gradual increase in concentration and exposure
time to NS herbicide (Figure 3). The evaluation of
nuclear abnormalities, along with the chromosome
aberrations, has shown to be a sensitive analysis, for
making the investigation of test agent actions even
more accurate in relation to their effects on the DNA
of exposed organisms. The presence of lobulated nu-
clei and polynuclear cells can indicate a cell death
process [13]. Also the alterations such as micronu-
clei can be and their induction is commonly used to
detect genetic damages derived from exposure to a
mutagenic agent [5]. Micronuclei tests are consid-
ered one of the most promising tests for the evalua-
tion of environmental mutagenicity, since it is effi-
cient, simple and fast [5, 30, 31]. It is known that the
micronuclei analysis is a sensitive method to detect
environmental mutagens [30, 31, 32].

It observed that the nuclear morphological al-
terations characterized by the presence of irregular
nuclei, nuclear buds, and micronuclei as shown in
Figure 3. Irregular nuclei and nuclear buds were ob-
served in herbicide concentrations between 125-750
ppm, and all exposure times of these concentrations.
The irregular nuclei were different formations as
horn, kidney and horseshoe (lobated nucleus). Simi-
lar formations were showed by Fernandes et al. [5,
6]. It is determined with present study a significant
augmentation in frequency of nuclear alterations, ac-
cording to increase in concentration and time. Micro-
nuclet formation had observed since 250 ppm con-
centration. Also it was observed that frequency and
number of micronucleus in root cells increased ac-
cording as the gradual increase in concentration and
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exposure time to NS herbicide (Figure 3). Fernandes
et al. [6] observed a concentration-dependent in-
crease in frequency of micronucleus and nucleus al-
terations. Micronuclei analysis has been considered
by many authors as the most effective and simplest
endpoint to analyze the mutagenic effect promoted
by chemicals [30-32]. According to Leme et al. [13],
this is due to the fact that micronuclei result from
damages, not or wrongly repaired, in the parental
cells, being easily observed in daughter cells as a
similar structure to the main nucleus, but in a reduced
size. Thus, micronuclei arise from the development
of some chromosome aberrations, for instance, chro-
mosome breaks and losses.

After the MI results were analyzed, a concen-
tration-dependent MI inhibition was observed. This
is indicated the cytotoxic potential of NS herbicide
in maize. MI was the lowest (8.25) at the 750 ppm
concentration and 72 h. With increasing concentra-
tion and exposure time of the NS herbicide, concen-
tration and time dependent decrease in the mitotic in-
dex was noticed. The effect of NS herbicide concen-
tration and exposure time on mitotic index was sig-
nificantly different for 50, 125, 250, 500 and 750
ppm as compared to the control (Figure 4). The de-
crease in mitotic activity probably indicates mito-de-
pressive effect of NS herbicide.

Pesticides tend to be very reactive compounds
that can form covalent bonds with various nucleo-
philic centers of cellular biomolecules, including
DNA [32]. The interactions between herbicides and
DNA molecule may cause various nuclear anomalies
in plant cells. It is clearly showed that NS herbicide
causes some nuclear anomalies in maize root tip
cells.

| Controd [ 50 ppm | 135 ppm 250 ppm S00ppm | V50ppm
m48h 19.44 17.55 15.58 14.36 10,53 235
m72h 19.44 1704 1513 13.85 Q.76 B.25%
magh 72h
FIGURE 4

Mitotic index decreasing of Allium cepa root tips control and nicosulfuron herbicide treated groups
(for 48 and 72 hours with 50, 125, 250, 500 and 750 ppm).
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CONCLUSIONS

Herbicides are used extensively to improve
crop yields in conventional farming. Effective chem-
icals against different plant pathogens are exten-
sively preferred. Use of high dose herbicide causes
contamination and accumulation in the environment
and may lead acute or chronic toxic effects in organ-
isms. It is known that widespread use of herbicides
has caused serious health problems and fatalities in
the world. The induction of DNA damage with herb-
icides can potentially cause to adverse reproductive
outcomes in humans such as cancer and many other
acute or chronic diseases. Genetically damaged
crops may potentially have a negative effect on both
natural ecosystems and human health. It is not
known genotoxic effects of most synthetic herbi-
cides on agricultural crops. The NS is a synthetic
herbicide and uses against weeds in maize farming.
It is detected that NS herbicide causes many altera-
tions and aberrations on maize genomic DNA. This
determination was clearly supported by experimental
results using molecular and microscopy techniques.
Dramatically, genotoxic effect of NS was observed
in recommended using doses. Incorrect use of this
herbicide by farmers may increase the risk even
more. The seriously increase in genotoxic effect
level of highest dose (750 ppm) used in this study
verify the risk. Exposure time to herbicide is also an
important criteria caused increasing the DNA dam-
age. Harmful effects of DNA damage occurred on
exposed organisms may continue even after stopping
the exposure. Dangerous effects of this herbicide on
genetic material may also threaten the other animals
feed with maize. It is suggested that NS use in low
concentration (<100 ppm) and control possible dose
accumulation through herbicide treatment. Accord-
ing to MI analysis results, the NS herbicide exhibited
cytotoxicity by decreasing the mitotic index in a dose
and time dependent manner. This proves that the NS
herbicide may have mito-depressive effect on maize.

ACKNOWLEDGEMENTS

This study was supported by Anadolu Univer-
sity Scientific Investigation Projects Commission
(Project No: 1404S117).

REFERENCES

[11 FAO (2014) Specifications and Evaluations for
Agricultural Pesticides, Nicosulfuron 1-(4,6-di-
methoxypyrimidin-2-yl)-3-(3-dimethyl carba-
moyl-2-pyridylsulfonyl) urea. 2014. http://
www.fao.org/fileadmin/templates/agphome/do-
cuments/Pests_Pesticides/Specs/Nicosulfuron
2014_02.pdf. 13.12.2015.

7592

[2] ISK User Manual, Ishihara Sangyo Kaisha Ltd.,
1-3-15 Edobori, Nishi-ku, Osaka 550-0002.
https://www.iskweb.co.jp/eng/products/pdf/nic-
osulfuron.pdf. 13.12.2015.

Edison User Manual, Goker Tarimsal, Sul-

eyman Bey Mah. Mimar Sinan Cd. No: 27/12

Yalova/Turkey. http://gokertarimsal.com/urun/

Tarimsal-ilaclar-Herbisitler-EDiSON-Nicosul-

furon-40-gl-328.html. 13.12.2015.

Kalson User Manual, Agrobest Group Tarim

Ilaclari Toh. Iml. Ith. Ihr. San. ve Tic. A.S., At-

atiirk Mah. Kazim Karabekir Cad. No: 61 Ulu-

cak Mevkii 35735 Kemalpasa-Izmir/Turkey.
http://www.agrobest-
grup.con/ilac.php?dilkod=&ilacid=86&kat=ka

Ison. 13.12.2015.

Fernandes, T.C.C., Mazzeo, D.E.C. and Marin-

Morales, M.A. (2007) Mechanism of micronu-

clei formation in polyploidizated cells of Allium

cepa exposed to trifuralin herbicide. Pesticide

Biochemistry and Physiology. 88, 252-259.

Fernandes, T.C.C., Mazzeo, D.E.C. and Marin-

Morales, M.A. (2009) Origin of nuclear and

chromosomal alterations derived from the ac-

tion of an aneugenic agent—Trifluralin herbi-
cide. Ecotoxicology and Environmental Safety.

72, 1680-1686.

Sharma, S. and Vig, A.P. (2012) Genotoxicity

of Atrazine, Avenoxan, Diuronand Quilazofop-

P-ethyl herbicides using the Allium cepa Root

Chromosomal Aberration Assay. Terrestrial and

Aquatic Environmental Toxicology. 6, 2, 90-95.

Goujon, E., Sta, C., Trivella, A., Goupil, P.,

Richard, C. and Ledoigt, G. (2014) Genotoxicity

of sulcotrione pesticide and photoproducts on

Allium cepa root meristem. Pesticide Biochem-

istry and Physiology. 113, 47-54.

Doyle, J.J. and Doyle, J.L. (1990) Isolation of

plant DNA from fresh tissue. Focus. 12, 13-15.

[10] Williams, J.G.K., Kubelik, A.R. and Livak, K.J.
(1990) DNA polymorphisms amplified by arbi-
trary primers are useful as genetic markers. Nu-
cleic Acids Research. 18, 6531-6535.

[11] Wongsawad, P, Peerapornpisal, Y. (2014) Mo-
lecular identification and phyto-genetic relation-
ship of green algae, Spirogyra ellipsospora
(Chlorophyta) using ISSR and rbcL marker.
Saudi J Biol Sci. 21,505-10.

[12] Fiskesjo, G. (1997) Allium test for screening
chemicals; evaluation of cytologic parameters.
In: Wang, W., Gorsuch, J.W., Hughes, J.S.
(eds.) Plants for environmental studies. Boca
Raton, New York: CRC Lewis Publishers, 308.

[13]Leme, D.M. and Marin-Morales, M.A. (2009)
Allium cepa test in environmental monitoring: A
review on its application. Mutation Research.
682, 71-81.

(3]

(4]

(5]

(6]

(7]

(8]

(9]

FEB



Volume 27 — No. 11/2018 pages 7586-7594

Fresenius Environmental Bulletin

[14] Laughinghouse IV, H.D., Pr4, D., Silva-Stenico,
M.E., Rieger, A., Frescura, V.D.S., Fiore M.F.
and Tedesco. S.B. (2012) Biomonitoring geno-
toxicity and cytotoxicity of Microcystis aeru-
ginosa (Chroococcales, Cyanobacteria) using
the Allium cepa test. Science of the Total Envi-
ronment. 432, 180-188.

[15]Wang, Q.L., Zhang, L.T., Zou, J.H., Liu, D.H.
and Yue, J.Y. (2014) Effects of cadmium on root
growth, cell division and micronuclei formation
in root tip cells of Allium cepa var. agrogarum
L. Phyton-International Journal of Experimental
Botany. 83, 291-298.

[16]Liu, W, Li, P.J., Qi, X.M., Zhou, Q.X., Zheng,
L., Sun, T.H. and Yang, Y.S. (2005) DNA
changes in barley (Hordeum vulgare) seedlings
induced by cadmium pollution using RAPD
analysis. Chemosphere. 61, 158-167.

[17]Enan, M.R. (2006) Application of random am-
plified polymorphic DNA (RAPD) to detect the
genotoxic effect of heavy metals. Biotechnology
and Applied Biochemistry. 43, 147-154.

[18] Cenkci, S., Yildiz, M., Cigerci, I.H., Konuk, M.
and Bozdag A. (2009) Toxic chemicals-induced
genotoxicity detected by random amplified pol-
ymorphic DNA (RAPD) in bean (Phaseolus vul-
garis L.) seedlings. Chemosphere. 76, 900-906.

[19] Atienzar, F.A. and Jha, A.N. (2006) The random
amplified polymorphic DNA (RAPD) assay and
related techniques applied to genotoxicity and
carcinogenesis studies: A critical review. Muta-
tion Research. 613, 76-102.

[20]Zhou, L., Li, J., Lin, X. and Al-Rasheid, K.A.S.
(2011) Use of RAPD to detect DNA damage in-
duced by nitrofurazone in marine ciliate, Eu-
plotes vannus (Protozoa, Ciliophora). Aquatic
Toxicology. 103, 225-232.

[21]Nan, P., Xia, X., Du, Q., Chen, J., Wu, X.,
Chang, Z. (2013) Genotoxic effects of 8-hy-
droxylquinoline in loach (Misgurnus anguilli-
caudatus) assessed by the micronucleus test,
comet assay and RAPD analysis. Environmental
Toxicology and Pharmacology. 35, 434-443.

[22]Salem, Z.B., Capelli, N., Grisey, E., Baurand,
P.E., Ayadi, H. and Aleya, L. (2014) First evi-
dence of fish genotoxicity induced by heavy
metals from land fill leachates: The advantage
of using the RAPD-PCR technique. Ecotoxicol-
ogy and Environmental Safety, 101, 90-96.

[23] Aslam, R., Ansari, M.Y.K., Choudhary, S.,
Bhat, T.M. and Jahan, N. (2014) Genotoxic ef-
fects of heavy metal cadmium on growth, bio-
chemical, cyto-physiological parameters and
detection of DNA polymorphism by RAPD in
Capsicum annuum L. — An important spice crop
of India. Saudi Journal of Biological Sciences.
21, 465-472.

7593

[24] Ghosh, M., Bhadra, S., Adegoke, A., Bandyo-
padhyay, M. and Mukherjee, A. (2015)
MWCNT uptake in Allium cepa root cells in-
duces cytotoxic and genotoxic responses and re-
sults in DNA hyper-methylation. Mutation Re-
search/Fundamental and Molecular Mecha-
nisms of Mutagenesis. 774, 49-58.

[25] Perera, D., Barnes, D.J., Baldwin, B.S. and
Reichert, N.A. (2015) Mutagenesis of in vitro
cultures of Miscanthus x giganteus cultivar
Freedom and detecting polymorphisms of re-
generated plants using ISSR markers. Industrial
Crops and Products. 65, 110-116.

[26]Lijun, W.U., Li, M., Yang, X., Yang, T. and
Wang, J. (2011) ISSR Analysis of Chlorophy-
tum Treated by Three Kinds of Chemical Muta-
gen. Journal of Northeast Agricultural Univer-
sity. 18, 21-25.

[27]1Hamideldin, N. and Eliwa, N.E. (2015) Gamma
Irradiation Effect on Growth, Physiological and
Molecular Aspects of Mustard Plant. American
Journal of Agricultural Science. 2(4), 164-170.

[28]Bajpai, R., Shukla, V., Singh, N., Rana, T.S. and
Upreti, D.K. (2015) Physiological and genetic
effects of chromium (+VI) on toxitolerant lichen
species, Pyxine cocoe. Environmental Science
and Pollution Research. 22, 3727-3738.

[29] Bakry, F.A., Ismail, S.M. and El-Atti, M.S.A.
(2015) Glyphosate herbicide induces genotoxic
effect and physiological disturbances in Bulinus
truncatus snails. Pesticide Biochemistry and
Physiology. 123, 24-30.

[30] Andrioli, N.B., Soloneski, S., Larramendy, M.L.
and Mudry, M.D. (2014) Induction of microtu-
bule damage in Allium cepa meristematic cells
by pharmaceutical formulations of thia-
bendazole and griseofulvin. Mutation Research/
Genetic Toxicology and Environmental Muta-
genesis. 772, 1-5.

[31] Araldi, R.P., de Melo, T.C., Mendes, T.B., de Sa
Junior, P.L., Nozima, B.H.N., Ito, E.T., de Car-
valho, R.F., de Souza, E.B. and Stocco, R.C.
(2015) Using the comet and micronucleus as-
says for genotoxicity studies: A review. Bio-
medicine and Pharmacotherapy. 72, 74-82.

[32]Dimitrov, B.D., Gadeva, P.G., Benova, D.K.
and Bineva, M.V. (2006) Comparative genotox-
icity of the herbicides Roundup, Stomp and
Reglone in plant and mammalian test systems.
Mutagenesis. 21, 375-382.

FEB



Volume 27 — No. 11/2018 pages 7586-7594

Received: 23.04.2018
Accepted: 31.08.2018
CORRESPONDING AUTHOR

Ilham Eroz-Poyraz

Anadolu University,

Faculty of Pharmacy,

Department of Pharmaceutical Botany,
26470, Eskisehir - Turkey

e-mail: ieroz@anadolu.edu.tr

7594

Fresenius Environmental Bulletin

FEB



