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Abstract: Determining the mode of action of allelochemicals is one of the
challenging aspects in the allelopathic studies. In this research, the methanolic
extracts of wild poinsettia (Euphorbia heterophylla Linn.) at different concentra-
tions (0, as untreated control, 8%, 12% and 16%) were tested for genotoxic and
inhibitor activity on morphological, biochemical and molecular traits of sun-
flower (Helianthus annuus L.). Seedling emergence was reduced with wild poin-
settia leaf extracts in sunflower. Leaf extracts of wild poinsettia decreased
chlorophyll a and b levels and consequently the soluble sugar content was
proportional to the increase in the concentrations of the leaf leachates. Some
changes occurred in random amplification of polymorphic DNA (RAPD) profiles,
profiles of protein bands and total soluble protein of germinated treated seed.
These included variation in band intensity, loss of bands and appearance of new
bands compared with control. Increased concentration of extracts caused
increasing the total soluble protein content, decreasing genome template stabi-
lity (GTS) value and increasing polymorphism values, the results indicated that
they were dose dependent. For instance, the highest and lowest amounts of GTS
were observed in 8% and 16%, respectively. In a dendrogram constructed based
on genetic similarity coefficients, the treatments were grouped into two main
clusters: (a) 8%, 12% and 16% dose clustered together and (b) untreated control
grouped alone. Also, we concluded that the basis of interaction between plants,
like allelopathy, may be related with genotoxic effects.
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Introduction

Euphorbia heterophylla L., commonly known as fire plant, painted euphorbia,
Japanese poinsettia, desert poinsettia, wild poinsettia, fire on the mountain,
painted leaf, painted spurge, milkweed and kaliko plant, is an annual broadleaf
weed. Wild poinsettia is a recently introduced weed in sunflower (Helianthus
annuus) and corn (Zea mays) farms of Golestan Province, Iran (Savarnjad et al.,
2010). It can also pose problems in horticultural crops, vineyards, ornamental
plantings and waste areas (Carvalho et al., 2010).

Commonly cited effects of allelopathy include reduced seed germination
(Turker et al., 2008) and seedling growth. There is no common mode of action
or physiological target site for all allelochemicals (Kato-Noguchi et al., 2002)
even though some plant extracts are known to have allelopathic effects
on cell division, pollen germination (Turker et al., 2008), nutrient uptake,
photosynthesis, specific enzyme function (Han et al., 2008), genomic template
stability (GTS) and total soluble protein content of the seedlings (Sunar et al.,
2012).

The present research was carried out to study the allelopathic effects of leaf
extracts of E. heterophylla on morphological, biochemical and molecular traits of
sunflower.

Materials and methods

Plant material

The weed plants used in the present study were collected in August
2012 from different fields of Golestan Province, Iran, at the beginning of
flowering stage and dried in shadow; the leaves were separated from the
stem and all leaves were ground in a grinder to achieve a size of 2 mm in
diameter.
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Preparation of the methanol extracts (MeOH)

Methanol is a common solvent used for allelochemical analyses because this
combination exhibits a good ability to extract both polar and non-polar com-
pounds; therefore, most potential phytotoxins of the plant can be extracted
(Fujii et al., 2003). The dried and powdered leaves (500 g) were extracted with
1 L of methanol using a Soxhlet extractor for 72 h at a temperature not exceeding
the boiling point of the solvent. The extracts were filtered using filter paper
(Whatman No. 1) and then concentrated in vacuo at 40°C using a rotary eva-
porator. The residues obtained were stored in a freezer at –80°C until further
tests.

Treatments of extracts on sunflower seeds

Seeds of sunflower Cultivar DPX were obtained from the Agricultural Research
Center, Golestan, Iran. The seeds of sunflower were surface sterilized with 1%
sodium hypochlorite for 20 min, then rinsed with distilled water several times.
The seeds were soaked in sterile distilled water for 1 h and then 15 seeds were
germinated in 25-cm dia Petri dishes on four layers of sterile Whatman No. 1
filter paper. The plant extracts were diluted with deionized water to prepare the
concentrations of 8%, 12% and 16%. There were six Petri dishes for each
treatment and all Petri dishes were placed in a chamber maintained at 25/16°C
day/night temperature (�2°C) and 16/8 light/dark cycle with a photon flux
density of approximately 150 μmol photons/m2/s1 and relative humidity 78 �
2% in a complete randomized design. Samples were collected for morphological,
biochemical and molecular analysis 20 days after sowing.

Germination was determined by counting the number of germinated seeds at
24-h intervals over a 6-day period and expressed as total percent germination.
Germination was deemed to occur only after the radicle had protruded beyond
the seed coat by at least 1 mm. Radicle and hypocotyl lengths of sunflower
seedlings were measured 6 days after germination. After measuring the radicle
and hypocotyl lengths, the dry weights of seedlings were determined by drying
the plant material in an oven at 60°C for 24 h prior to weighing.

One-gram samples of sunflower seeds were soaked for 4, 8, 12 and 16 h in
wild poinsettia leaf methanol extracts of 8%, 12% and 16%. After an 8-h interval,
seeds were taken from the solution, blotted for 2 h between two folds of filter
paper, and weighed. The water uptake was calculated by subtracting the origi-
nal seed weight from the final seed weight. Distilled water was used as the
untreated control.
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Biochemical analysis

Damage criteria: 1. Hydrogen peroxide (H2O2) content. H2O2 content was deter-
mined using the method given by Velikova et al. (2000). 2. Effect on membrane
integrity. Loss of membrane integrity (an indicator of cellular damage) was
studied in terms of ion (electrolyte) leakage from the leaves of sunflower mea-
suring conductivity of the bathing medium, as per the method of Duke and
Kenyon (1993). 3. Determination of lipid peroxidation. Lipid peroxidation was
measured in terms of malondialdehyde content (MDA) as described by the
method of Heath and Packer (1968).

Non-enzymatic antioxidants: 1. Glutathione (GSH). Reduced GSH and oxi-
dized glutathione (GSSG) levels were determined according to the method of
Griffih (1980). 2. Ascorbic acid (AA). The AA concentration was measured using
the 2,6-dichlorophenol-indophenol (DCPIP) photometric method of Guri (1983).

Activities of antioxidant enzyme: 1. Superoxide dismutase (SOD) was
assayed following the method of Beauchamp and Fridovich (1971), by measuring
its ability to inhibit photochemical reduction of nitro blue tetrazolium chloride
(NBT). 2. Catalase (CAT) activity was measured as per the method of Cakmak and
Marschner (1992). 3. Glutathione reductase (GR) activity was determined spectro-
photometrically by monitoring GSSG-dependent oxidation of nicotinamide ade-
nine dinucleotide phosphate (NADPH) at 340 nm as described by Foyer and
Halliwell (1976). 4. Ascorbate peroxidase (APX) was assayed by Nakano and
Asada (1981). 5. Guaiacol peroxidase (GPX) activity was measured using the
method described by Egley et al. (1983).

Assay of lipase activity: Lipase (glycerol ester hydrolase, E.C.3.1.1.3) activity was
assayed using a modification of the titrimetric method of Khor et al. (1986).

Estimation of chlorophyll: The leaf photosynthetic pigments were determined as
described by Moran (1982).

Estimation of sugars: Soluble sugars were extracted following the method
adopted by Homme et al. (1992) and determined with the anthrone reagent
(Whistler et al., 1962).

ABA (abscisic acid): ABA was extracted, separated, identified and quantified by
high-performance liquid chromatography using the method described by
Shindy and Smith (1975).

Protein analysis: Soluble proteins were determined according to the method
describedbyBradford (1976). Each experimentwasperformedat least three times.

Increase rate (IR, %) was calculated by the following formula:

IR ¼ 1� X
Y

� �
� 100
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Where X and Y are the average values detected in the control and each sample
treated, respectively. The identification and characterization of different protein
fractions were obtained using one-dimensional SDS-PAGE (sodium dodecyl
sulfate polyacrylamide gel electrophoresis). Polyacrylamide slab gel (12.5%)
was prepared according to Laemmli (1970). To analyze the banding pattern,
molecular weights and band percentage, the destined gels were analyzed by Gel
Doc 2000 in the presence of protein molecular weight marker using Gel
Proanlyzer Version 3 Media Cyberene Tice Imaging Experts Software.

DNA extraction and RAPD fingerprinting

The roots and first leaves of five to eight seedlings 20 days old were used for
genomic DNA extractions and random amplification of polymorphic DNA
(RAPD) (Figure 1). Approximately 10–15 mg tissue samples from each plant
species were snap frozen in liquid nitrogen in 2 ml Eppendorf tubes. DNA was
extracted based on the CTAB (cetyltrimethylammonium bromide) method devel-
oped by Saghai-Maroof et al. (1984) as described in El-Shazly and El-Mutairi
(2006). RAPD-PCR (polymerase chain reaction) fingerprinting was kindly per-
formed at the Agricultural Genetic Engineering Research Institute in Karaj, Iran.
For generating DNA profiles, nine 10-mer oligonucleotide DNA primers of arbi-
trary sequences from the Operon Kit (Operon Technologies, Inc., USA) were

Figure 1: Random amplification of polymorphic DNA (RAPD) profiles of genomic DNA obtained
from primers OPB-8, OPB-7, and OPB-15 in sunflower seedling exposed to different wild
poinsettia extracts (C: control, 8%, 12%, and 16%). M: GeneRuler 100 bp plus DNA Ladder
(100–3,000 bp).
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independently used in PCR. Eight of 20 tested primers were able to reveal stable
and reproducible RAPD polymorphism in the generated DNA profiles of samples.
Sequences (5´ → 3´) from primer 1 to 8 utilized are (OPB-6) TGCCGAGCTG;
(OPB-5) AGGGGTCTTG; (OPB-7) GAAACGGGTG; (OPB-8) GTGACGTAGG; (OPB-
15) GGGTAACGCC; (OPB-11) CAGCACCCAC; (OPB-14) TCTGTGCTGG; (OPB-18)
AGGTGACCGT, respectively. RAPD fingerprinting was performed using each of
the used primers in 25-μl reaction volume containing the following reagents:
2.0 μl of dNTPs (deoxynucleotide triphosphates) (2.5 mM), 1.5 μl of MgCl2
(25 mM), 2.5 μl of 109 buffer, 2.0 μl of primer (2.5 mM), 2.0 μl of template DNA
(50 ng/μl), 0.3 μl of Taq polymerase (5 U/μl) and 14.7 μl of sterile ddH2O.
Amplification was carried out in a 2400 Perkin Elmer Gene Amp PCR thermo-
cycler using the following setup: one cycle at 94°C for 4 min followed by 40
cycles at 94°C for 1 min; 37°C for 1 min and 72°C for 2 min. The reaction was
finally incubated at 72°C for 10 min. The RAPD products were electrophoresed in
1.4% agarose gel in TAE buffer (0.04 M Tris-acetate, 1 mM EDTA, pH 8) at 100 V
for 60 min. The gels were stained in 0.2 μg/ml ethidium bromide and photo-
graphed using a gel documentation system (Gel Doc BioRad 2000).

All amplifications were repeated twice in order to confirm the reproducible
amplification of scored fragments. All amplifications were repeated twice in
order to confirm the reproducible amplification of scored fragments. Only repro-
ducible and clear amplification bands were scored for the construction of the
data matrix. The marked changes observed in RAPD profiles (disappearance
and/or appearance of bands in comparison with untreated control treatments)
were evaluated. The robust polymorphic bands were scored as present (1) or
absent (0) for each primer. Genetic similarity coefficients (phenetic numerical
analysis) among the untreated control and treated seedlings were estimated
from Nei’s unbiased measure (Nei, 1978) in POPGENE version 1.31. Cluster
analysis was performed and a dendrogram generated using the unweighted
pair group method with arithmetic means (UPGMA) algorithm of POPGENE.
The GTS (%) was calculated for each primer as follows (Sunar et al., 2012):

GTS ¼ 1� a
n

� �
� 100

where a is the average number of changes in DNA profiles and n is the number
of bands selected in control DNA profiles. Polymorphism in RAPD profiles
included disappearance of a normal band and appearance of a new PCR band
in comparison to control RAPD profiles (Liu et al., 2007) (Figure 1).

The data were subjected to one-way analysis of variance, and treatment
means separated from the control at p<0.05 or 0.01 applying post hoc
Dunnett’s test. Statistical analysis was done with SAS system (SAS Institute, 1999).
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Results and discussion

Effect on seed germination, seedling growth and rate of water
uptake of sunflower

The germination of the control was 98%. Increased concentration of wild poin-
settia extracts inhibited germination (Table 1). The degree of inhibition increased
with increasing extract concentration. At the highest extract concentration
(16%), leaf extracts significantly inhibited seed germination compared with the
control. Leaf extract inhibited germination by 13%, 53.4% and 97.8% at the 8%,
12% and 16%, respectively.

All methanol extracts at all concentrations inhibited hypocotyl length compared
with the control and the degree of inhibition increased with increasing extract
concentration. Hypocotyl development was decreased 90% in the highest concen-
tration (16%) of leaf extract, comparedwith the control. Adverse effect of leaf extract
on radical length and dry weight was similar to that of the hypocotyls (Table 1).

The radical length was more sensitive to all of extracts used in comparison
to the other plant parameters measured. Radicle length was relatively more
sensitive to allelochemicals than was shoot growth length. These results agree
with earlier studies reporting that water extracts of allelopathic plants had more
pronounced effects on radicle growth than on hypocotyl growth or shoot growth
(Cenkci et al., 2009). Such an outcome might be expected, because it is likely
that roots are the first to absorb the allelochemical compounds from the envir-
onment (Cenkci et al., 2009).

Although reduced growth of sunflower in the field under wild poinsettia has
been attributed to shading and competition for water (Adelusi and Akamo,
2006), our results indicate a possibility of production of phytotoxic natural
products by wild poinsettia is a mechanism by which this species may become
successful competitors. Similarly, crops yield reduction under wild poinsettia
(Jiangbo, 2010) may also be partly explained by the toxic effects of high con-
centration of phenolics from Euphorbia species (Tanveer et al., 2013).

Further, sunflower growth may also be reduced by any toxic effects
of phenolic compounds on the nitrogen-fixing symbiotic microorganisms
(Carvalho et al., 2010).

According to Ferreira and Borguetti (2004), the allelopathic effect on germi-
nation is due to the interference that blocks or delays the progress of metabolic
processes during the germination process.

The reduction in the growth of sunflower seedlings in the presence of the
different concentrations tested was more drastic than on the germination of seeds.
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According to Ferreira and Aquila (2000), the germination is less sensitive to allelo-
chemicals than the seedling growth, because the allelopathic substancesmay induce
the appearance of abnormal seedlings, for example, with symptoms of necrosis in
the root. Maraschin-Silva and Aquila (2005) also indicate that the seeds may suffer
loss due to the fact that the germination process uses their own seed reserves.

The results indicate that methanol extracts from wild poinsettia show a
phytotoxic influence on sunflower. The degree of inhibition was largely depen-
dent on the concentration of the extracts being tested. At the highest extract
concentration (16%), all methanol extracts significantly inhibited seed germina-
tion compared with the control (Table 1). This finding is congruent with the
results of Han et al. (2008) who found that the degree of inhibition increased
with increasing extract concentration.

Biochemical analysis

Several enzymes like proteases, lipases and a-amylases play an important role
during seed germination. Many enzymatic functions are inhibited by the pre-
sence of allelochemicals (Han et al., 2008). Kato-Noguchi and Macías (2005) had
reported that the germination of lettuce (Lactuca sativa L. cv. Grand Rapids)
seeds treated with 6-methoxy-2-benzoxazolinone (MBOA) was positively corre-
lated with the activity of a-amylase. In sunflower seeds, lipases function to
mobilize storage triglycerides through hydrolysis to fatty acids during early
stages of germination. The fatty acids released by the lipases are channeled
into energy-producing pathways, thereby providing energy for the growing
embryo and seedling (Staubmann et al., 1999). Lipase activity of sunflower
showed inhibitory or tendency with increasing concentration of wild poinsettia
methanol extracts (Table 1), which was consistent with that of water uptake. This
finding is supported by Moreno et al. (2003) who found that grape seed extract
inhibited lipase activity in a dose-dependent manner. There may be an indirect
association between lower lipase activity and allelopathic inhibition of water
uptake. To a large extent, lipase activity is primarily related to water uptake by
the seeds (Turk and Tawaha, 2003).

The ABA concentration of sunflower is shown in Table 1. There is a gradual
increase in the ABA concentration in proportional to the increase in the concen-
tration of the leaf extracts. Several reports indicated that allelopathy stress may
induce an increase in the ABA accumulation (Noguchi et al., 2002; Khan, 1998).

Treatment with wild poinsettia phytotoxins endures a significant excessive
ion leakage in the sunflower seedling as measured by increased conductivity of
the bathing medium (MES buffer) (Table 2).
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We monitored changes in lipid peroxidation by measuring the thiobarbituric
acid-reactive substance in the leaves of sunflower. Increased lipid peroxidation
was observed with increasing wild poinsettia concentration in the medium in
sunflower (Table 2).

A change in H2O2 content is a good indicator of the reactive oxygen species
(ROS) scavenging capacity of plants under oxidative stress. In Table 2, sunflower
showed significant enhancement in the H2O2 content, up to 150% in the pre-
sence of 16% methanol leaf extract.

The present study showed a significant excessive ion leakage in sunflower
as measured by increased conductivity of the bathing medium (MES buffer). This
may indicate that the methanol extract of the allelopathic plant caused stress
resulting in disruption of membrane integrity. In addition, a decrease in mem-
brane permeability could be due to peroxidation of polyunsaturated fatty acids
in the biomembranes, resulting in the formation of several byproducts including
MDA (Darier and Tammam, 2012).

MDA (as an indicator of lipid peroxidation) and electrolyte leakage resulting
in loss of membrane integrity are among the key factors that determine cell
injury. Generally, various types of environmental stresses (including abiotic,
xenobiotic and herbicidal) mediate their impact through oxidative stress caused
by generation of ROS (Blokhina et al., 2003). ROS such as singlet oxygen (O2),
superoxide radicals (O2

–), hydroxyl radical (OH), and H2O2 are highly reactive
and toxic molecules that can cause oxidative damage to membranes, DNA,
proteins, photosynthetic pigments and lipids (Apel and Hirt, 2004). Recently,
ROS generation and related oxidative stress has been proposed as one of the
modes of action of plant growth inhibition by allelochemicals (Weir et al., 2004).
In the current work, MDA increased significantly in leaves of the target plant
upon treatment with wild poinsettia extract. Increased lipid peroxidation indi-
cates that wild poinsettia extract results in oxidative stress due to generation of
ROS species, which causes a loss of cell integrity. Apart from causing peroxida-
tion of membrane lipids, high levels of H2O2 have been reported to cause a net
reduction in photosynthesis in plants by over 50% (Kaiser, 1979). By channeling
most of the photoreductants (electrons produced at photosystem II by the water
oxidation complex) for the detoxification of H2O2 produced under stress, CO2

fixation is compromised. This leads to poor growth in sunflower.
Reduced GSH and AA are common antioxidants used by plants to reduce

ROS levels in vivo. We investigated the modulations of the levels of these
antioxidants in response to varying degrees of phytotoxin-induced oxidative
stress (Table 2). In sunflower, AA steadily increased until reaches its maximum
at 12% extract concentration level then decreased to a minimum value of about
5.55 at 16% concentration level.
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The total GSH (including GSH and its oxidized form) content was signifi-
cantly higher in stressed conditions when compared to the control (Table 2).
GSH content increased significantly by nearly three-fold at 16% concentration of
wild poinsettia extract in sunflower.

Several reports indicated that oxidative stress may induce an increase in the
GSH accumulation (Darier and Tammam, 2012). GSH plays an important role in
the antioxidant defense system of leaves, since it not only participates in the
regeneration of ascorbate via dehydroascorbate reductase but also reacts with
singlet oxygen and OH–radicals and protects the protein thiol groups (Asada,
1994). It is used by glutathione S-transferase to detoxify xenobiotics. AA increased
in low and at moderate concentrations of wild poinsettia methanol extract in
sunflower leaves and then decreased at high concentration; this may be due to
participation in reducing H2O2 to H2O by APX. Ascorbate is a ubiquitous soluble
antioxidant in photosynthetic organisms and it is also an important soluble
antioxidant compound in plant cells (Nakano and Asada, 1981) and the most
important reducing substrate for H2O2 detoxification. The levels of ascorbate and
GSH play an important role in oxidative defense. Tammam (2008) reported that
there is a decrease in AA content in cotton cultivars under salt stress.

Increase in CAT activity was recorded in all treatments of wild poinsettia
extract concentration with maximum activity at 16% where it reached about 2.4-
fold in sunflower (Table 2).

Concerning peroxidase (GPX) activity, the activity increased with increasing
wild poinsettia phytotoxin extract (Table 2). Minimum SOD activity was recorded
in control of sunflower; SOD exhibited a significant increase in the leaves of
seedlings treated with different concentrations of wild poinsettia extract as
compared with control (Table 2). Maximum SOD activity was achieved at 16%
concentration of wild poinsettia leaf extract where its value was about two-fold
in sunflower relative to control.

With regard to APX, a similar trend characterized by a progressive increase
in the content with increasing extract concentration level was obtained for
sunflower (Table 2). At 16% concentration level the increase in sunflower was
about two-fold relative to control. A similar trend was observed with GR activity.
It increased in sunflower by six-fold at 16% extract concentration level (Table 2).

Oxidative stress could play a role in phytotoxic phenomenon (Weir et al., 2004).
This was evident by increased activities of antioxidant enzymes under allelochem-
ical stress. Furthermore, ROS are known to trigger activities and expression of most
of the antioxidant enzymes (Apel and Hirt, 2004). Plants possess an enzymatic
defense system (SOD, GR, CATs, various peroxidases) for the detoxification of
various types of ROS. There aremany reports indicated that oxidative stress induced
an increase in the responses of enzymatic system-linked ROS-scavenging process
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(Apel and Hirt, 2004). SOD is the major scavenger of superoxide ion to form H2O2

and O2 and plays an important role in defense activity against the cellular damage
caused by environmental stress (Nakano and Asada, 1981). Increased levels of SOD
activity under wild poinsettia indicate an induction of oxidative stress caused by
excessive generation of superoxide ion. Ye et al. (2006) reported that SOD activity
induced an induction of oxidative stress caused by excessive generation of super-
oxide ion presumably resulting from allelochemicals contained in root exudates of
cucumber. Our data are in agreement with other authors for increased activities of
SOD and CAT in different plants like cucumber (Macias et al., 2002), tomato
(Romero-Romero et al., 2005) and mustard (Oracz et al., 2007) under different
allelochemical stress. SOD scavenges the highly reactive free radicals by converting
them into H2O2. Although H2O2 is equally toxic, H2O2 is further reduced to H2O by
CAT in the perioxisomes, by APX in the chloroplast and cytosol, and by GPX in the
cell wall (Blokhina et al., 2003). These antioxidants cause better survival of plants
under stressful condition (Mishra et al., 2006). In this investigation the activities of
CAT increased steadily with increasing wild poinsettia extract concentration, the
values reached to about 2.7-fold sunflower at 16% extract concentration level. In
contrast, there was not to a large extent an increase in the activity of peroxidase
(GPX) at lower extract concentrations in sunflower. On the other hand, at 16%
extract level sunflower achieved an increase of about 4.2-fold. However, Singh et al.
(2009) reported that CAT and GPX activities tend to decrease in maize leaves under
the influence of high concentration of aqueous leachate of Nicotiana plumbaginifo-
lia. Ascorbate peroxidase increased by nearly 2.45-fold in sunflower leaves; GR and
APX – the main components of the ascorbate GSH cycle – provide the main defense
against oxidative damage in plants (Becana et al., 2000).

Aimed at verifying the genetic effect of the toxic allelochemicals of wild
poinsettia, the RAPD analysis was performed on DNA extracted from the seedlings
from each replicate treated with leaf extracts in 8%, 12% and 16% treatments. Of
the 20 primers tested, only 8 gave specific and stable results. All eight primers
produced same RAPD profiles for the untreated seed. On the other hand, RAPD
profiles showed substantial differences between untreated control and treated
seed with apparent changes (disappearance and/or appearance) in the number
and size of amplified DNA fragments for different primers. The changes in RAPD
profiles were summarized for sunflower-treated seed in comparison to their con-
trols (Table 3). RAPD profiles generated by OPB-8 were same for all the samples
(Table 3, Figure 1). On the other hand, primer OPB-7 produced more informative
RAPD profiles for the samples (Table 3, Figure 1). For primer OPB-11, only
disappeared bands were observed in RAPD profiles of treatments compared to
their controls (Table 3). On the other hand, new RAPD bands appeared mainly for
50- and 75-µl concentrations of leaf extracts especially for primers OPB-18, OPB-15,
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OPB-5 and OPB-14. Increased concentration of extracts caused decreasing GTS
value and increasing polymorphism values, we concluded that the polymorphism
values and GTS were dose dependent. For instance, the highest amount of GTS
was observed in the first (8%) dose and the lowest amount in the third (16%) dose
(Table 3). In all cases, polymorphisms were due to the loss and/or gain of the
amplified bands in the treated samples in comparison to the control profiles
(Table 3). Changes in the RAPD pattern were expressed as decrease in GTS.

Genetic similarity coefficients (phenetic numerical analysis) were constructed
to estimate the level of DNA polymorphism in the control and treated seedlings.
These coefficients were summarized for the seedlings compared to their controls
(Table 4). The estimated genetic similarity coefficients for different concentrations
were found to be lower (<1.00) when compared to the control (the genetic
similarity value is 1.00 for untreated control treatments). Based on these coeffi-
cients, the seedlings treated with 8% showed the nearest distance to controls, but
the seedlings treated with 16% indicated the furthest distance (Table 4). In
dendrogram constructed using UPGMA, the seedlings exposed to controls, 8%,
12% and 16% treatments showed two main branches for the seedlings (Figure 2).
First, the seedlings exposed 8%, 12% and 16% clustered together; second,
untreated control grouped alone.

Table 4: Genetic similarity coefficients in the different concentrations of extracts on sunflower.

Extract concentration (%)

Genetic similarity 0 8 12 16
1 0.84 0.80 0.75

Figure 2: Dendrogram using the UPGMA based on DNA polymorphism among the seedlings
exposed to untreated control, 8%, 12%, and 16% concentrations.

Evaluation of Genotoxic and Inhibitory Effects 45



Different concentration extracts of wild poinsettia increased significantly the
total protein when compared with the control (Table 5). Such an increase was
found to be statistically significant (p<0.05). IR% clearly demonstrates the
dose-dependent response of wild poinsettia on the levels of total proteins
(Table 5). IR values of seedlings treated in different concentrations of extracts
were 2.34, 6.35 and 13.82. In addition, on PAGE the separated proteins showed
bands ranging from 3 to 69 kDa (Figure 3). There was a little change in profiles

Table 5: Total soluble protein level in different concentrations of extracts on sunflower seedlings.a

Concentration (%) Total soluble protein level (mg/g) Increase rate (%) (IR)

Control 4.5 � 0.42 0
8 4.6 � 0.08 2.34
12 4.8 � 0.09 6.35
16 5.01 � 0.4 13.82

Note: aThe mean difference is significant at the 0.05 level.

Figure 3: Comparison of total soluble protein level in sunflower seedlings exposed to different
wild poinsettia extracts (M: Marker, C: control, 8% 12%, and 16%).
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but the accumulation of the proteins and the intensity of the bands have showed
variability. Changes in protein band profiles may cause point mutations, genetic
and chromosomal rearrangements, deletion, insertions and methylation in DNA.
Also, increase in total protein levels can be suggested as one of the mechanisms
for their genotoxic effects resulting in cell death.

In “genetic-ecotoxicology” or “eco-genotoxicology,” the effective evaluation
and proper environmental monitoring of potentially genotoxic allelochemicals will
be improved with development of sensitive and selective methods to detect
toxicant-induced alterations in the genomes of a wide range of flora (Cenkci
et al., 2009). RAPD technique has been successfully utilized to detect various
types of DNA damage and mutation in plants induced by allelochemicals (Bozari
et al., 2012; Sunar et al., 2012). In the present study, we have evaluated the
potential of the RAPD assay to measure toxic allelochemical-induced DNA effects
in the sunflower seedlings. This study is the first report on genotoxic effect of
allelochemical wild poinsettia extracts in sunflower. Some recent studies have
reported that phenolic compounds from several allelopathic plants and heavy
metal caused accumulation of ROS (H2O2 and O2) in some plants (Mutlu et al.,
2011; Darier and Tammam, 2012; Cenkci et al., 2009). Oxidative stress occurs when
the production of ROS exceeds the plant’s natural antioxidant defense mechan-
isms, causing damage to macromolecules such as DNA, proteins and lipids.
Changes in the RAPD pattern and decreases in GTS may be due to oxidative
damage caused by the allelochemical. According to the RAPD results, DNA
damage induced by treated seedlings was reflected by changes in RAPD profiles
like loss of bands, appearance of new bands and variation in band intensity. In
our study, the number of lost bands was found higher than that of extra bands.
The lost bands in sunflower seedlings exposed to toxic allelochemicals were
determined generally as PCR products with high molecular weight. It is suggested
that the DNA damage may be serious in the majority cells in the roots and leaves
of sunflower seedlings exposed to toxic chemicals. The disappearance of normal
bands (band loss) may be related to the events such as DNA damage (e.g. single-
and double-strand breaks, modified bases, abasic sites, oxidized bases, bulky
adducts, DNA–protein cross-links), point mutations and/or complex chromosomal
rearrangements induced by genotoxins (Bozari et al., 2012; Sunar et al., 2012).
When Taq DNA polymerase encounters a DNA adduct, there are a number of
possible outcomes, including blockage, bypass and the possible dissociation of
the enzyme/adduct complex which will cause the loss of bands (Cenkci et al.,
2009). Appearance of new PCR products (extra bands) was also detected in RAPD
profiles. New PCR amplification products may reveal a change in some oligonu-
cleotide priming sites due to mutations [new annealing event(s)], large deletions
(bringing to pre-existing annealing site closer) and/or homologous recombination
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(juxtaposing two sequences that match the sequences of primer) (Atienzar et al.,
1999). Atienzar et al. (2000) reported that mutations can only be responsible for
the appearance of new bands if they occur at same locus in a sufficient number of
cells (a minimum of 10% of mutations may be required to get new PCR product
visible in agarose gel) to be amplified by PCR. The new bands could be attributed
to mutations while the disappeared bands could be attributed to DNA damage
(Atienzar and Jha, 2006).

Conclusion

Wild poinsettia has harmful effects on crops, including reduced seed germina-
tion and emergence of sunflower. Additionally, the extract experienced an
increase in the generation and accumulation of ROS in leaves, leading to
increased lipid peroxidation and H2O2 contents. Increased levels of scavenging
system included a non-enzymatic system as GSH and the enzymatic system of
sunflower. Increased levels of scavenging enzymes indicate their induction as a
secondary defense mechanism in response to allelopathy stress present in
methanol extract. Genotoxicity judgments can be elicited qualitatively and
quantitatively via the comparison of the control and treated groups. The diag-
nostic analysis (considering band intensity differences or disappearance and/or
appearance of RAPD bands) and the phonetic numerical analysis (providing
information on the overall genetic diversity of populations; i.e. genetic similarity
analysis) are important parameters in RAPD method (Wolf et al., 2004). Based
on the phenetic numerical analysis, the dendrogram construction based on
UPGMA analysis of RAPD data is one of the most effective methods in numerical
computation and it can show the relationships of every sample (Zhiyi and
Haowen, 2004). In this sense, the phenetic approach differs from the genetic
approach in that RAPD profiles are not considered as genotypes. In the present
study, the estimated genetic similarity coefficients for 8%, 12% and 16% con-
centrations were found to be lower from control treatment (the genetic similarity
value is “1.00” for untreated control treatments). These lower values show that
DNA damage was increased with an increase in concentrations of allelochem-
icals. The possible mechanism of the allelopathy may be related to this geno-
toxic effect. Additional studies are being conducted to test this hypothesis.
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