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Abstract— Heavy metal pollution is a major
environmental problem all over the world. It is knothat
high concentration of heavy metals in soils andenst
cause genotoxicity and damage to most of the fomeiti
biomolecules. This event is a potentially dangertars
every living organism from plants to humans. Tha af
this study was to determine the methylcytosineldeme
sunflower (Helianthus annuus L.) genome and changes
methylation patterns under heavy metal of zincsstre
Sunflower seeds were treated with different
concentrations of zinc (0, 20, 40, 80, 160, 3200,64
1280ppm) for 3 weeks. The overview of the seedlings
showed that the growth and development of seedlings
were inhibited by 80ppm and following the increade
concentrations. The genomic DNA was extracted Xksvee
after zinc treatments. DNA band variations wereesded

by random amplified polymorphic DNA (RAPD) analysis
And then, levels of methylcytosine in the genome we
detected with the technique of coupled restricéomyme
digestion-random amplification (CRED-RA). CRED-RA i
a significant technique which uses methylation-isises
enzymes, Hpall and Mspl for determining the metigia
patterns. According to the RAPD and CRED-RA anglysi
GTS rates adapted with RAPD profiles, when compared
the highest rate was 92.85% at 20ppm zinc concioira
The lowest rate was 83.33% at 640ppm zinc. Additign
total methylation and full-methylation rates desed
until 160ppm zinc stress and then started to ineeeat
320ppm and more concentrations of zinc stressin
comparison to the control groups. Similarly, thexmaum
percentage of non-methylation was detected 5.7% at
160ppm zinc stress. According to results of RAPD an
CRED-RA analysis, very important polymorphism and
methylation changes were observed in sunflowertplan
subjected to zinc stress.

Keywords— Methylation, CRED-RA, heavy metal, zinc
stress, sunflower.
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l. INTRODUCTION
Crop plants such as sunflower are frequently expésa
variety of abiotic stresses including drought, regfi and
heavy metal pollutions. Heavy metal pollution iseoof
the important constraint to plants growth and
development. Several industrial activities, urbaasts,
spraying and fertilization held in agriculture auses of
heavy metal-containing pesticides are some of dlueces
of heavy metal pollution. These pollutants causes
decrease in the quality of agricultural products 21
Heavy metals also cause damage to most of theidmadt
biomolecules including membrane lipids and thisultss
in increase of some reactive oxygen types whichseau
oxidative stress [3]. This situation occurs as suits of
treating organisms with some chemical, biologicadl a
physical agents that leads to damages in their tigene
materials [4-7].
Zinc is a microelement which should be taken inyJess
amounts by plants, animals and humans. But thec toxi
effect of Zinc cause damages to the cell divisiod &
especially gives damages to the cell nucleus intpld8,
9]. Additionally, heavy metal stress cause changes
DNA methylation patterns [10].
DNA methylation is one of the important enzymatic
modification which occurs the addition of a metgybup
into the carbon-5 cytosine and plays a vital rake i
epigenetic control of gene expression in plants.ADN
methylation is hereditary modification which tragséd
from generation to generation and also reversibbegss
that the methyl group can be removed to come hathet
original structure. Because of this features, matfon is
an epigenetic mechanism and significance example of
epigenetic code. DNA methylation is also consideied
contribute to biodefense in plants [11-13].
Levels of methylcytosine in the genome can be detec
with many techniques [14, 15]. Coupled restriction
enzyme digestion and random amplification (CRED-RA)
is significant technique for studying the methyati
status in plants. The CRED-RA technique has been
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examined successfully in many studies with différen
plant species to determine their methylation past¢i6-
18].

In this study, it was aimed to determine the effgfctinc
heavy metal on sunflower Hglianthus annuusL.)
seedlings by the use of RAPD analysis for possible
genotoxicity, which is one of the PCR-based molacul
indicators. Additionally, possible methylation @ifénces
between the treatment groups with various zinctsoiu

in comparison to control plants were evaluated.

. MATERIALSAND METHODS
Plant materials, growth conditions and stress
treatment
Sunflower Helianthus annuud..) seeds’ surfaces were
sterilized with 70% alcohol and 30% sodium hypodtdo
solution and washed three-four times with distileater.
For germinating and growing of sunflower seedsdkeg
trays were filled with sterile perlite and seedsreve
planted in each cell of seedling tray. The seedthay
was divided into eight groups in total, includingntrol
and seven different concentrations of  zinc
solution.Control group of the trayswas treated vattly
15mL of modified 1/10 Hoagland solution. Hoagland
solution includes macronutrients 80, KHyPO,,
MgSQO,.7H,O, Ca(NQ)..4H,O, KCI), micronutrients
(HsBO;, MnSQ,, CuSQ.5H,0, NHMo, ZnSQ.7H,0)
and ions in the following concentrations: 2mM C&°l
Mn, 4mM NO;, 2.10°’ M Cu, 1mM Mg, 1 M NH,,
2mM K, 10° M Zn, 0.2mM P, 18 M Fe, and 18 M B.
The other groups of the trays were treated with 15m
of20, 40, 80, 160, 320, 640, 1280ppm concentratmns
Zinc (ZrfY) solutions for each, respectively. These
treatments were replicated twice. All groups werang
in a controlled environmental growth chamber witiht
of 250mmol m?%™* photosynthetic photon flux at 25°C,
70% relative humidity. All these procedures were
performed for 21 days. After 21days of treatmehg t
harvested plants were frozen in liquid nitrogen atuted
at -20°C until DNA extraction.
Genomic DNA isolation
The pieces (200mg) of roots obtained from the segsl|
exposed zinc stress was grounded with liquid némg
and total genomic DNA was extracted from sunflower
samples. DNA isolation was performed with the DNA
isolation protocol of Lefort [19]. The quantity andality

of DNA samples were determined byNanodrop
Spectrophotometer (NanoDrop ND-1000
Spectrophotometer, Thermo Scientific) and also

confirmed by gel electrophoresis which contains%d.5
agarose and 0.Q8ml ethidium bromide.The amount and
purity of DNA samples were given in Table 1.
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Table.1: The quantity and quality of DNA samples
obtained from sunflower plants subjected to zinesst

Samples  ng/upl 260280  260/230
Control  781,2 2,00 1,62
20 ppm  602,2 2,02 1,59
40 ppm  608,9 2,05 1,51
80 ppm 28434 2,03 1,61
160 ppm 34657 2,01 1,56
320 ppm 9278 2,03 1,61
640 ppm  1249,7 1,99 1,68
1280 ppm 11514 2,01 1,59

RAPD (Random Amplified Polymorphic DNA)
procedure

For the RAPD reaction, suitable purity and concaign
levels of DNA samples were selected. RAPD-PCR study
was performed with total 26 standard reaction volume
for each sample. Optimum amplification conditionsrev
obtained with 200ng genomic DNA, 1x reaction buffer
2.5mM MgCh, 2uM dNTPs, 0.2mM primer, and 0,5U
Taq DNA polymerase (Promega), and a PCR mix was
prepared with these amounts. 14 of 20 RAPD primers
used in this study revealed polymorphic bands #rat
different from the control group of sunflower. Neoctide
sequences of 14 primerswere used for RAPD-PCR
reactions were given Table 2. The thermal cycling
conditions included an initial denaturation step9&fC

for 5min, followed by 35 cycles of 94°C for 90s
(denaturation), 36°C for 60s (annealing), and 726C
120s (extension) followed by a final extension pérof
72°C for 5min. Negative control PCR, not includiagy
DNA template was run for each of samples for tgssiny
other kinds of contamination. All PCR reactions ever
carried out in duplicate. PCR reaction products BhA
ladder (DNA ladder plus, Promega 100bp) were exgbose
to an electrophoretic separation process for 2;2i6Her
5V/cm current in 1.5% agarose gel containing QL&
ethidium bromide. The gels were displayed with UV
imaging system (Gene Genius, Syngene); and
photographed with using (GyneSnap Software, Syospti
Co). After then, gel photographs were analyzed for
identifying the RAPD profiles.

After analysis of the RAPD profiles, genomic tentpla
stability (%) was calculated with the following foula:
GTS=(1-a/n)x100, where letter of a;refers to polypiic
band number of each sample, which was treated thvith
different zinc solutions and letter of n; refersthe total
band number in the control. The appearance or
disappearance of bands in the treated sample’ RAPD
profiles in comparison to the control RAPD profilesre
identified as polymorphism.
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Table.2: Nucleotide sequences of primers were faed
RAPD-PCR reactions

Primers Nucleotide sequence(5> 3")
OPC-01* TTCGAGCCAG
OPC-02* GTGAGGCGTC
OPC-04* CCGCATCTAC
OPC-05* TGGACCGGTG
OPC-06* GAACGGACTC
OPC-07 GTCCCGACGA
OPC-08* TGGACCGGTG
OPC-09 CTCACCGTCC
OPC-10 TGTCTGGGTG
OPC-11* AAAGCTGCGG
OPA-03* AGTCAGCCAC
OPA-08 GTGACGTAGG
OPB-07 GGTGACGCAG
OPF-05 CCGAATTCCC

* refer to primers which used for CRED-RA anadysi

CRED-RA (Coupled restriction enzyme digestion and
random amplification) assay

Digestion of genomic DNA with the restriction
enzymes

To observe the differences in methylation patterhthe
genomic DNA between the control and treated groups,
Mspl and Hpall enzymes were used. CRED-RA study
was performed with total 20 standard reaction volume
for each sample. In 20 reaction volume, approximately
1ug of genomic DNA, Rl 10X of enzyme reaction buffer
and 10U of restriction enzyme were used. The
microcentrifuge tubes containing the componentemgiv
above were held in water-bath with the temperatfre
37°C for 4 hours. At the end of this incubationge th
samples were held in the heat-block with the teatpee

of 95°C for 15 minutes for the inactivation of méstion
enzymes.

PCR components and conditions

In 25ul reaction volume, approximately 200ng of
digestion product, 28 10X of reaction buffer, 20mM
dNTPs, 2.51 MgCl,, 0.2mM for each primer, 0.5 U Taq
DNA polymerase were used. 8 of 14 RAPD primers
(OPC01, OPCO02, OPC04, OPCO05, OPCO06, OPCO0S8,
OPCO011 and OPAO03) that showed monomorphic band
profiles in RAPD-PCR were used in the CRED-RA
analysis. Agarose gel images of 8 primers that sldow
monomorphic band profilesin RAPD-PCR analysis were

given in Figure 1. Optimized PCR reactionswere
performed an initial denaturation step of 96°C &fis,
followed by 45 cycles of 95°C for 30s (denatura}jon
36°C for 60s (annealing), and 72°C for 120s (extans
followed by a final extension period of 72°C formid.
Amplified samples were loaded into 1.6% of agamgse
they were run electrophoretically at 5V/cm for 3uto
Negative control was used for testing any othed&iof
contamination.

0 s0o 160 20 640 1280 NC

M: Marker, NC: Negative Control, C: Control
Fig.1: Agarose gel images of 8 primers that showed
monomorphic band profiles in RAPD-PCR

Analysis of data CRED-RA

The digestion wasperformed witldpall and Mspl
enzymes separately. Table 3 was used as a refetence
evaluate the data gathered by the CRED-RA
analysis.Restriction enzymes ¢fpall and Mspl have
different digestion abilities based on the statute
cytosine in the methylation pattern. All the amiplf
bands obtained from the CRED-RA analysis were édid
into four methylation types based on the presence o
absence of groups as indicated by Li et al. (200&ng

et al. (2011), Pan et al. (2011) and Karan et28l12) [20-
23]. According to these, methylation band profilaswv
scored as the presence (1) or absence (0).

Table.3: Methylation types of Hpall and Mspl restiion enzymes according to their digestion abditie

M ethylation Scor e of Band
Profile
Type Patterns Hpall Mspl
X y Z
Typel CCGG digestion digestion | -/l +/C +/0 Non-methylatio
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GGCC

CGG

CCGG
GGCC

Fsel digestion

GGCC

undigestion

Semi-methylation

CCGG
GGCC

Typelll undigestion

digestion

Full-methylation

CCGG
Eeee

TYpely undigestion

undigestion

Full-methylation

x: PCR product is not digested by by either enzyme
y: PCR product is digested by thpall enzyme
undigestion

z: PCR product is digested by the Mspl enzyme
absence

[1. RESULTSAND DISCUSSION
RAPD data analysis
According to previous studies, the reason of obegrv
different bands in the RAPD profile is the mutatdhat
happen on the places where the primers are bonded o
DNA structure [20, 24-28]. In this study, accordiogthe
results of RAPD analysis, very important polymogphi
was observed in sunflower samples with zinc strb$of
20 RAPD primers were used in this study revealed
polymorphic bands that were different from the coint
group of sunflower plants. In all the primers, ORCO
(57.20%), OPCO08 (55.50%), OPCO7 (50.00%) and
OPC11 (50.00%) primers showed considerable
polymorphic band patterns (Table 4). This resutivedd
that these primers were powerful indicator for nyetaic
effect of heavy metal of zinc for sunflower
plants.According to the GTS rates adapted with RAPD
profiles, the highest rate was 92.85% at 20ppm zinc
concentration. The lowest rate was 83.33% at 640ppm
zinc stress (Table 5). This clearly underlines the
importance of the different concentration of zitress.

Table.4: Polymorphism rates for all primers

Primers Polymorphism rate(%)
OPAO03 10,0
OPAO08 37,5
OPBO7 26,3
OPCO01 15,4
OPCO02 12,5
OPCO04 33,3
OPCO05 22,2
OPCO06 36,4
OPCO7 50,0
OPCO08 55,5
OPCO09 57,2
OPC10 33,3
OPC11 50,0
OPF05 25,3
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“+” refer to digestion and “-” refer to

“1" refer bmnd presence and “0” refer to band

Table 5. % change of GTS rates

Samples GTS rate (%)
20 ppm 92,85

40 ppm 91,66

80 ppm 90,47

160 ppm 88,09
320 ppm 85,71

640 ppm 83,33
1280 ppm 83,92

CRED-RA analysis

Methylation of DNA is a chemical alteration in DN\’
structure and plays an important role to regulat@eg
expression and genome defense in plants [29, 30].
Rassoulzadegan et al. (2006) determined the stress
conditions such as heavy metal, salt and cold stnase
caused changes in DNA methylation patterns [10piCh
and Sano (2007) studied the effect of heavy metal o
aluminum stress on tobacco plants and reported the
aluminum stress led to changes on DNA methylation
levels [31].In this study, the effects of zinc sefor
different concentrations on sunflower plants were
evaluated in terms of genetic and epigenetic paenndt

was observed that in sunflower plants used in CR&ZD-
analysis, the methylation types took different ealun
different concentrations. It was seen that thereevgeme
effects of heavy metals on DNA’s methylation levils
epigenetic mechanisms and sunflower plants showed
resistance to zinc heavy metal in different typds o
methylation.In order to observe the methylation eledn
genome of sunflower samples exposed to zinc st&ss,
primerswere analyzed one by one and the evaluations
were made by taking the primers into consideration.

The analysis of the RAPD band profiles showed fitwah

the 14 primers used for RAPD analysis, 8 primergcivh
were capable of giving clear bands and produced
monomorphic band patterns were chosen for CRED-RA
analysis. The sequences of 8 primers were givarabie
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2. To evaluate the data taken after CRED-RA amglysi
Table 3 was used as a reference. For the evalyation
methylation band profiles were evaluated according
Table 3 and were scored as presence (1) or abgénce

The methylation types analyzed after CRED-RA report
The scores of methylation types were given in Table
and shown in Figure 2 comparatively.

Table.6: The average (%) rates of methylation typesed on data obtained from CRED-RA analysis

Control 20 40 80 160 320 640 1280
Type-l (%) 2,10 240 240 250 570 360 350 280
Type-ll (%) 2,50 250 280 525 210 190 0,80 0,00
Type-lll (%) 8,95 9,20 450 7,20 3,10 540 6,70 8,90
TypelV (%) 86,45 8590 90,30 85,05 89,10 89,10 89,00 88,30
Total methylated bandsratio (%)? 97,90 97,60 97,60 97,50 9430 96,40 96,50 97,20
Full-methylated bandsratio (%)" 95,40 95,10 94,80 92,20 92,20 94,50 95,70 97,20
Semi-methylated bandsratio (%)° 2,50 2,50 2,80 5,25 2,10 1,90 0,80 0,00
®Total methylated bands ratio (%) = [(II+1I+I\V)/(I111+1V)]x100
PFull-methylated bands ratio (%) = [(Il+IV)/(1+1++1V)]x100
°Semi-methylated bands ratio (%) = [(11)/(I+11+111¥)]x100
o = Type-l & Type-ll E Type-lll E Type-IV
90
80
70
60
50
40
30
20
10
o wa 255 m%m Bom S ]
control 20 ppm 40 ppm 80 ppm™ 160 pprm 320 ppm 640 ppm 1280 ppm

Fig.2: The average (%) rates of methylation typemmed from CRED-RA analysis in sunflower samples.

According to the Karan et al. (2012) and Li et(2009)

the percent ratio of total methylation, full-metatypn and
semi-methylation were calculated by using of thé al
methylation types. The formulas used in the catara
were given in Table 6, respectively.

When the average rates of methylation types were
observed, Type | methylation’s highest rate wa$ Ja¥
160ppm. Type | methylation represent non-methytatio
patterns. It means that methylatedcytosine is not o
double strands of DNA or inner methylated cytosinea
single strand. It wasaccepted as non-methylatedingo
according to the previous studies [22, 23]. Accogdio
this, non-methylation seemed to be present in all
concentrations of zinc stress.

The highest rate of Type Il methylation was 5.25% a
80ppm and non-existent at 1280ppm. Type |l metigat
represent semi-methylation pattern which is outer

www.ijeab.com

methylated of cytosine on a single DNA strand. Sanfy,
according to the previous studies, full-methylation
signified that inner methylated cytosine (Type Idhd
outer methylated cytosine (Type IV) on DNA double
strands.The highest rate of Type Ill methylationswa
9.20% at 20ppm and the lowest level was seen 3.40%
160ppm. Type IV methylation was determined in hgihe
grades for all zinc concentrations in all methgattypes.
The highest level was 90.30% at 40ppm and the lbwes
level was 85.05% at 80ppm. In addition, full-med#iidn

i.e. type lll and type IV methylation completelypgared

at all concentration of zinc stress.Also, the digant
correlation was observed between the total metioylat
pattern and non-methylation pattern in sunflower
seedlings subjected to zinc stress. The vRlue was
0.9381 (Figure 3).
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y = 0,1566x2 - 31,056x + 1541,7
R?=0,9381

©
=
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The rates of total metyhlation (%)
Fig.3: Influence of total methylation pattern tomo
methylation pattern

The rate of non-metyhlation (%)

Total methylation and full-methylation rates deceh
until 160ppm zinc stress and then started to irserest
320ppm and following the increase of concentratiohs
zinc stress. This concentration (160 ppm)was oleskrv
the critical point for methylation activity. Ressiltof
CRED-RA analysis showed that there were differemees
the genomic DNA methylation between the controlugro
and treatments of zinc stress. The results of, téud,
semi and non-methylation pattern levels were giien
Figure 4, comparatively.

100
20
80
70
60
50
40
30
20
10

L
i
(IO R AR AR AR A
LSS LS o S o S o
L
R TR

UL 0

L1111y -
80 ppm

[ i 2 . [T

0 = mm

control 20 ppm 40 ppm

160 PP™M 320 PP™M  ga0 PP™M 1280 ppM

= total metyhlation 1l non-metyhlation = full-metyhlation = semi-metyhlation

e R TR
LR R A R TR T
SIS LS IS LS SIS SIS IS H 00
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LA LTS LS
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Fig.4: The (%) ratio of methylation pattern typdstained from CRED-RA analysis in sunflower samples.

In conclusion, DNA methylation polymorphisms in
response to abiotic stress conditions, heavy nuodtainc
were analyzed different concentrations intervals tiwy
technique of CRED-RA in sunflower plants. Highly
important polymorphisms and methylation changesewer
observed. Changes in the level of methylation padte
were seen to be effective on bio-defense mechairism
sunflower plants. Also, the results of this studyeg
information about zinc is a genotoxic agent forfewer
plants and it can be useful for restoring heavyalset
contaminated areas.
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