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ABSTRACT

Control of the two spotted spider mite, Tetranychus cucurbitacearum (Sayed)
using conventional acaricides resulted in many problems. Thus, this study aimed to
evaluate the effect of silica nano-particles (SiNPs) as a new approach to control
spider mite on soybean plants. Three concentrations of SiNPs (250, 350 and 450
ppm) were sprayed on two soybean varieties, Giza 35 and Giza 111 during 2014
season. The reduction percentage in the population of the mite was recorded under
field conditions. The obtained results indicated that the mean reduction percentage in
mite population appeared a concentration response. The concentration of 450 ppm of
SiNPs induced the highest reduction of mite on both soybean varieties Giza 111 and
Giza 35, with values of 78.91% and 62.34%, respectively, followed by concentrations
of 250 (71.24% and 38%) and 350 ppm (62.16% and 41.92%),respectively throughout
the experimental period. The motile stages of mite T. cucurbitacearum on soybean
variety Giza 111 was more susceptible to SiNPs than variety Giza 35. On the other
hand, the highest values of seed yield/fed were recorded for the two varieties grown at
450 ppm in contrast with the control and250 ppm which produced lower seed
yield/fed. High differences in SDS-Polyacrylamide gel electrophoresis protein profiles
were found between two soybean genotypes treated with different concentrations of
SiNPs. Increasing SiNPs concentration, increased changes in protein profile in both
soybean genotypes. Six RAPD primers revealed low to moderate polymorphism and
genetic variations among the different concentrations of SiINPs and between both
soybean genotypes. The changes in DNA profiles included variation in band intensity,
presence or absence of certain DNA bands and even appearance of new bands.
Genomic template stability test was performed for the qualitative measurement of
changes in randomly amplified polymorphic DNA profiles. This study concluded that
DNA stability was affected by SiNPs concentrations of 350 and 450 ppm for both
soybean varieties as identified by RAPD markers.

Keywords: SiNPs, Spider mite, Tetranychus cucurbitacearum, Soybean,Total soluble
protein,RAPD analysis and Genomic template stability.
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INTRODUCTION

Soybean, Glycine max (L.) is one of the most important legume crops
all over the world, as it shares with about 30% of the total world production of
edible oil and more than 60% of the world production of high protein meal
(chromosome number 2n = 40). A great number of phytophagous and
predatory mite species were found inhabiting soybean plants during the crop
growing (Abraham and Kuroli, 2003). The phytophagous mites are the main
pests infesting soybean plants causing a great damage and loss in yield
(Taha et al, 1995). The two spotted spider mite, Tetranychus
cucurbitacearum (Sayed) is one of the major pests attacking different field
crops, vegetables, fruits and ornamental plants (Edge and James, 1986). The
continuous use of the conventional acaricides to control this pest has caused
pest resurgence outbreaks of secondary pests through decimation of natural
enemies and environmental pollution (John et al., 1986), as well as
resistance developed in mite to many of these compounds (Huffaker et al.,
1970). Therefore, it has become necessary to search safe compounds for
pest control to minimize the use of the conventional synthetic pesticides. The
genotoxic effect of SINPs has been evaluated in a variety of biological
systems (Park and Park, 2009; Galal and El-Samahy, 2012 and Barnes et al.,
2008). The use of amorphous nanosilica as biopesticide has been reported
(Barik et al., 2008).

Electrophoretic techniques of protein have been used as a successful
tool to estimate the possible mutagenic potentialities produced due to
continuous and accumulative pollution by chemicals and pesticides which
correlated with the produced variation due to chromosomal aberrations
resulted by environmental pollutants (George and Ghareeb, 2001 and Haiba
etal., 2011).

Advances in molecular biology have led to the development of a
number of selective and sensitive fingerprinting techniques for DNA analysis
in the field of genotoxicology (Theodorakis and Bickham, 2004). Random
amplified polymorphic DNA (RAPD), one of DNA fingerprinting methods, is
generally used to effectively indicate genetic relationships by phylogenetic
tree reconstruction (Jain et al., 2007; Ram et al., 2008; Subramanyam et al.,
2009; Ince et al., 2010 and Marouelli et al., 2010).

Random amplified polymorphic DNA is a PCR-based technique and
extremely efficient for DNA analysis in complex genomes as it is relatively
inexpensive and yields information on a large number of loci without having to
obtain sequence data for primer design (DeWolf et al., 2004 and Atienzar et
al., 1999). RAPD profiles are achieved by PCR with single short primers of
arbitrary nucleotide sequence under low annealing conditions. Fragments
generated by RAPD are visualized after agarose gel electrophoresis and
ethidium bromide staining. The resulting DNA profiles may differ due to band
shifts, missing bands or the appearance of new bands. These bands can be
scored to evaluate genetic similarities or dissimilarities. Furthermore, RAPD
bands can be scored for geno mic template stability (GTS) evaluation to
detect various types of DNA damage and mutations (rearrangement, point
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mutations, small insertions or deletions of DNA and polyploidy changes)
which suggests that RAPD bands may potentially form the basis of novel
biomarkers assays for detection of DNA damage and mutations in the cells of
bacteria, plants and animals (Savva, 1998 and Atienzar et al., 1999).

This study aimed to investigate the effect of silica nano particles
sprayed on soybean (Glycin max) plants on the population of spider mite
Tetranychus cucurbitacearum (Sayed). Also, the effect of SINPs on soybean
plants was studied. On the other hand, total soluble protein was evaluated to
determine the effect of SiINPs on protein profile to describe genotoxic effects
of SiNPs induced-DNA damage by RAPD analyses and also to compare GTS
values calculated from the changes in RAPD profiles.

MATERIALS AND METHODS

This study was conducted at the Experimental Farm of Sakha
Agricultural Station during 2014 soybean season. The laboratory experiment
was applied at Genetic Department, Faculty of Agriculture, Kafrelsheikh
University, Egypt.

Experimental design

Complete randomized block design was adopted using two soybean
cultivars; Giza 111 and Giza 35. Three silica nano-particle concentrations;
250, 350 and 450 ppm were used in addition to control (without treatments).
The plot area measured 42 m? in three replicates (ten ridges, each of six
meter long, and 70 cm between ridges).

Sampling

From each plot, samples of 10 soybean leaflets were picked up at
random just before treatments, and 3, 6 and 9 days post-treatments. The
leaflets were examined under binocular microscope to count and record the
number of motile mites. For studying the agronomic traits, 10 guarded
soybean plants were randomly chosen to record the following traits: number
of branches, number of buds/plant, number of seeds/plant and seed yield.
Percentages of reduction in mite populations were counted using Henderson
and Tilton equation (1955).where the equation used was as follows:

Reduction % = 100 X [ 1- (n_in Co before spraying X n_in T after spraying )]
n in Co after spraying n in T before spraying

Where, n=insect population , T=treated and Co = control

Tested compound

The chemical compound: silicon dioxide nano-particles (SiO,NPy)
purity 99.9% and its size is about < 15 n m. was supplied by Nanotech Egypt
for Photo Electronics.

SDS-Polyacrylamide gel electrophoresis protein analysis

Fresh leaves were taken from soybean M, plants whose parents were
previously treated with different concentrations of SiINPs and then milled to
fine powder. Soluble water proteins were extracted using sucrose 20%
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according to Laemmli (1970). Centrifugation was performed at 10,000 rpm for
10 min and 40 pl supernatant of soluble proteins were loaded on SDS-slab
gel of 12% acrylamide containing 10% SDS. Gel was run at a current of 15
mA for 1 h followed by 25 mA for 4-5 h. Following electrophoresis, the gel of
total protein was stained for 2 h. with Coomassie Brilliant Blue G-250.
Molecular weights of the different bands were calibrated using the wide range
protein marker (PiNK prestained protein ladder) ranged from 15-175 kDa.
Genomic DNA extraction and DNA fingerprinting by RAPD markers

Total genomic DNA was extracted from M, fresh leaves using the i-
genomic plant DNA Extraction Mini Kit (iNtRON Biotechnology, Inc. Cat.No.
17371, 50 columns). Extracted DNA was examined by subjecting it to 0.8%
agarose gel electrophoresis stained with ethidium bromide. The quality and
quantity of DNA were determined by a gel documenting instrument. Then,
DNA samples were diluted to a final concentration of 40 ng/ul, and these
dilutions were used as DNA template in the PCR reaction.

Polymerase chain reaction (PCR) amplification was carried out with six
10-base pair random primers (Bioneer-company) and genomic DNA as the
template (Table 1). Amplification was performed in a reaction mixture of 25 pl
containing 2xTaq PCR MasterMix (TIANGEN), approximately 40 ng of the
genomic DNA dissolving in sterile Tris-EDTA (TE) and 2 pl of 10 yM primer.

Table 1. Primers used for random amplified polymorphic DNA analysis.

Code Sequence (5'to 3')
OPA-01 CAGGCCCTTC
OPA-02 TGCCGAGCTG
OPA-03 AGTCAGCCAC
OPA-04 AATCGGGCTG
OPB-12 CCTTGACGCA
OPB-14 TCCGCTCTGG

Amplifications were performed in a DNA thermocycler (BioRad., U.S.A)
programmed for 3 min at 94°C (initial denaturing step), 35 consecutive cycles
each consisting of 30 sec at 94°C (denaturing), 30 sec at 30°C (annealing), 1
min at 72°C (extension), and followed by 1 cycle for 5 min at 72°C (final
extension step). Amplification products were detected by 1.5% agarose gel
electrophoresis in Tris-Borate- EDTA (TBE) buffer and 1 Kb plus DNA bands
were stained with ethidium bromide, visualized and photographed under UV
light using gel documentation system (Syngene). The size and intensity of
each amplification product were automatically estimated using the UV-
Transilluminator image analyzer system. Genomic template stability (%) was
calculated as following: GTS (%) = (1 - a/n) x100

Where a is the average number of polymorphic bands detected in each
treated sample and n the number of total bands in the control. Polymorphism
in RAPD profiles included disappearance of a hormal band and appearance
of a new band in comparison to control (Atienzar et al., 1999). The average
was calculated for each experimental group exposed to different
concentrations of SiNPs.

532




J. Agric.Chem.and Biotechn., Mansoura Univ.Vol. 6 (11), November, 2015

Statistical analysis procedures
Data were subjected to analysis of variance, and significantly different
means were compared using L.S.D or Duncan'’s multiple range test (1955).

RESULTS AND DISCUSSION

Effect of silica nano-particals on population density of motile stages of
Tetranychus cucurbitacearum on two soybean variteis

Data presented in Table (2) show the effect of spraying plants of Giza
111 soybean cultivar with nanosilica particles on the population density of
motile mite, Tetranychus cucurbitacearum. The results revealed that the most
effective concentration of SiNPs against the mite was 450 ppm, as it induced
average reductin of 78.91% throughout the experimental period, followed by
250 ppm (71.24% reduction) and 350 ppm (62.16% mite population
reduction). However, three days post-treatments, the highest mite reduction
(81.20%) resulted from 250 ppm SiNPs, followed by 350 ppm (76.11%), while
the least reduction was obtained from 450 ppm nano-silica particles. In
general, the highest mite reduction was observed after six days post-
treatment (76.33 — 88.23%) for all concentrations, while the least reductions
were observed after nine days post-treatment (34.05 — 77.44%).

Table 2. Effect of silica nano-particles on population density of motile
stages of Tetranychus cucurbitacearum on soybean Gizalll
under field conditions.

No. of No. of motile stages per 10 leaflets after spraying and

motile reduction percentage at
Treatments| stage 3 days 6 days 9 days

before I:j/lear)

spraying No. Red. No. Red. No. | Red. [Reduction

250 ppm 200.00 76.67 | 81.29 a [20.00/84.10 ab|33.33|48.34b| 71.24
350 ppm 156.67 76.67 |76.11 ab|23.33| 76.33 b |33.33| 34.05c | 62.16
450 ppm 180.00 |106.67| 71.07 b [13.33| 88.23 a |13.33|77.04a| 78.91
Control 206.67 1423.33 - 130 - 66.67 - -

Data presented in Table (3) show the effect of spraying nano-silica on
soybean cultivar Giza 35 on population density of T. cucurbitacearum. Overall
mean reduction of mite population resulted from 450 ppm nano-silica
(62.34%). Lower reductions in mite population were obtained from 250 ppm
(38 %) and 350 ppm (41.92%). The results revealed that lower reduction was
obtained at six days post-treatments, while the reductions were highest at
nine days post treatment (70.14-93.20%). Overall mean reduction showed a
concentration-response.
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Table (3):Effect of silica nano-particles on population density of motile
stages of Tetranychus cucurbitacearum on soybean Giza35
under field conditions.

No. of No. of motile stages per 10 leaflets after spraying and
motile reduction percentage at
Treatments ;:figree 3 days 6 days 9 days Mear)
spraying No. Red. No. Red. | No. | Red. |Reduction
250 ppm 606.67 [313.33]|37.12b|270.00| 6.75c [10.00/70.14 b 38
350 ppm 660.00 [453.33|16.38 ¢|256.67|18.52b| 3.33 |90.86 a| 41.92
450 ppm 886.67 [280.00|61.56 a|286.67|32.26 a| 3.33 |93.20a| 62.34
Control 1026.67 |843.33 - 490.00 - 56.67 - -

The results indicated that the motile stages of T. cucurbitacearum on
soybean variety Giza 111 was more susceptible to the tested compound
(SiNPs) than soybean Giza 35. Also, the concentration 450 ppm was more
effective to the motile stages T. cucurbitacearum on two soybean varieties
than other concentrations. These results are in agreement with those of
Thabet (2015), who found that SiNPs reduced almost Aphid craccivora
individuals with the highest concentration, 450 ppm, after just one day of
treatment and reached 100% at 250, 300 and 375 ppm after 5 days of
treatment.

Effect of SiINPs on morphological traits of soybean plants

As shown from the results presented in Table (4) number of
branches/plant recorded the highest values at 350 ppm (4.50 and 3.70)
among both varieties, Giza 111 and Giza 35, respectively. These results are
in harmony with those obtained by Mohamed (1994), El-Desoky and El-Far
(1996) and Radi (1999), they found that Giza 111 and Giza 35 plants gave
significant values for plant height and number of branches/plant.

Number of pods/plant recorded the highest values at 450 ppm among
both varieties, while, the lowest ones were recorded for the control followed
by 250 ppm among both varieties. Generally, the higher mean number of
pods /plant was recorded in Giza 111 followed by Giza 35, respectively.

Number of seeds per plant was highest at 450 ppm among both
varieties (214 and 200, respectively), while control and 250 ppm produced
the lowest number of seeds per plant. On the other hand, Giza 111 gave
higher number of seeds per plant than Giza 35. These results are in general
agreed with those obtained by Radi (1999), Hassan et al. (2002) and
Mohamed and Morsi (2005). Hassan et al. (2002) evaluated some soybean
cultivars, results showed that Giza 111 surpassed all tested cultivars in pod
numbers followed by Giza 35 cultivars.

In general, 350 ppm induced significant increase in 100 seeds weight
(16.5 and 15.5 g) over the two varieties. Giza 111 had heavier 100-seed
weight (16.3 g) than Giza 35 (15.3 g). Significant differences in 100-seed
weight among soybean genotypes under different environmental conditions
were reported by Radi (1999) and Hassan et al. (2002).

The highest seed yield per plant was recorded at 450 ppm (35 and 31
g), compared to 350 ppm treatment (33 and 30 g), over the two varieties,
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respectively. Seed vyield per plant was varied among the different soybean
varieties at all treatments. The results indicated that Giza 111 produced the
greatest seed yield per plant (30.75 g) followed by Giza 35 (28 g).

On the other hand, the highest values of seed yield/ fed. were recorded
at 450 ppm, while, the control and 250 ppm produced lower seed yield/fed
among both varieties. These results are in the same trend with those
obtained by El-Borai et al. (1993), Hassan et al. (2002), Hossain et al. (2003)
and Ray et al. (2008), they found that, Giza 111 cultivar showed the highest
seed vyield/plant and feddan, followed by Giza 35 cultivar. The superiority of
Giza 111 cultivar might be due to its vigorous and taller plants that produced
more seeds/plant and feddan, with highest seed weight, which improved its
seed yield per plant and per feddan.

Table 4. Mean performance of different traits, as affected by SiNPs.

o No. of No.of| No.of 100-seed S_eed S_eed
Varieties|Treatments branches pods/{seeds weight(g) yield yield
plant | /plant /plant(g)|/fed(kg)
250 ppm 4.20 74 | 172 16.2 28 1740
Gizalll | 350 ppm 4.50 81 [ 200 16.5 33 2350
450 ppm 4.40 92 | 214 16.3 35 2460
Control 3.90 70 | 167 16.1 27 1620
Mean 4.25 |79.25|188.30[ 16.30 30.75 |2042.5
250 ppm 3.40 65 [ 172 15.1 26 1660
Giza35 350 ppm 3.70 70 [ 196 15.5 30 2240
450 ppm 3.60 77 | 200 15.3 31 2300
control 3.50 58 | 164 15.2 25 1540
Mean 3.55 |67.50| 183 15.30 28.00 | 1935
L.S.Doos 0.14 3.40 | 9.40 0.09 2.71 13.40

Effect of SINPs on the SDS-PAGE protein pattern

SDS-PAGE analysis was carried out on M, soybean leaf proteins
whose parents were previously treated with different concentrations of SiNPs.
Soybean plants were subjected to three different concentrations of SiNPs
with an objective to find variation in protein banding pattern. There were high
differences in protein banding pattern between the two tested genotypes and
among the different concentrations of SiNPs. Most main proteins were
similarly expressed at the three different concentrations in Giza 35.

Protein banding patterns illustrated in Fig. (1) exhibited the mutagenic
effect of different SINPs concentrations on soybean plants. SDS-PAGE
protein pattern revealed that number of bands in Giza 35 ranged from 8 to 12,
while in Giza 111 it was ranged from 4 to 10. Giza 35 and Giza 111 had two
strong bands with a molecular weight in the range of 10 and 50 kDa as found
in control and three SiNPs concentrations in both genotypes, but the two
bands were differed in their intensity.
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Ladder
Control
250 PPM
350 PPM
450 PPM
Control
250 PPM
350 PPM
450 PPM
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90 KDa

50 KDa
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30 KDa

20 KDa

Giza 35 Giza 111

Figure 1. SDS-PAGE banding patterns of total soluble proteins for M,
soybean plants at three concentrations of SiNPs in addition
to control.

For Giza 35, 350 ppm SiNPs concentration caused appearance of two
bands with molecular weights of 90 and 130 KDa, but 450 ppm SiNPs
concentration caused disappearance of two bands with molecular weights of
25 and 75 KDa. Meanwhile, concentration of 350 ppm of SiNPs caused
appearance of a new band in Giza 111 with molecular weight of 37.5 KDa.
The disappearance of some bands may be resulted from inherited effects of
SiNPs which explained the basis of mutational event on the regulatory genes
that prevent or attenuate transcription (Muller and Gottschelk, 1973).

RAPD Based DNA Fingerprinting

Random Amplified Polymorphic DNA (RAPD) technique was used to
detect variations among DNAs extracted from soybean plants treated with
SiNPs and the control. RAPD profiles of control and treated plants and the
data obtained from the amplification of six primers are shown in Fig. (2) and
Table (5), respectively. Six oligonucleotide primers having 60-70 % GC
content were used for screening fodder soybean genome for alterations,
which generated specific and stable results with the total number of 16 and
18 bands for Giza 35 and Giza 111, respectively. Molecular size of RAPD
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products ranged between 300 and 2000 bp. The RAPD profiles of treated and
untreated groups showed low to moderate differences in banding patterns. If
compared control and treatments, the differences observed in all RAPD
profiles are clearly exhibited by the changes (appearance and/or
disappearance of some bands) in the number, size and intensity of amplified
DNA fragments for different primers.

The total number of bands scored for the six primers was 16 and 18
bands for Giza 35 and Giza 111, respectively. Out of them, five and eight
bands were polymorphic and the percentages of polymorphism were 31.25
and 44.44% for Giza35 and Gizalll, respectively. For Giza 35, only three
primers showed polymorphism in a range of 33.33 to 66.67% between control
and plants treated with SiNPs. Meanwhile, for Giza 111, five of six primers
showed polymorphism which ranged between 33.33 and 75.0%.

Changes observed in the DNA profiles such as modifications in band
intensity and loss of some bands may be due to the changes in
oligonucleotide priming sites leading to genomic rearrangements, and less
likely to point mutations or DNA damage in the primer binding sites which can
block or reduce the efficiency of DNA polymerization in the PCR reaction
(Atienzar et al., 2002; Liu et al., 2005; Gupta and Sarin, 2009 and Gao et al.,
2010). Appearance of new PCR products occurred because some
oligonucleotide priming sites could become accessible to oligonucleotide
primers after structural change or because some changes in DNA sequence
have occurred due to mutations (resulting in new annealing events), and/or
large deletions (bringing two pre-existing annealing sites closer), and/or
homologous recombination (juxtaposing two sequences that match the
sequence of the primer) (Atienzar et al., 1999 and Liu et al., 2005).
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M12 3456 7 8 M12345678
@
1600 bp
700 bp

2000 bp
1000 bp

500 bp

200 bp OPA-03

s

6 7 8

M1 2 34 5 ¢

Figure 2. Random amplified polymorphic DNA pattern obtained by
amplification of DNA from soybean plants.
Notes:
M =ladder DNA
Lane 1,2,3 and 4 (Giza 35) = control, 250 ppm, 350 ppm and
450 ppm, respectively.
Lane 5,6,7 and 8 (Giza 111) = control, 250 ppm, 350 ppm and
450 ppm, respectively.
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Genomic template stability (GTS %)

DNA variation, induced in soybean cells treated with different
concentrations of SiNPs, is shown in Table (6). The six tested primers gave
specific and stable results, with apparent changes in the number and the
intensity of amplified DNA bands. The different concentrations of SiINPs gave
variable bands; compared to control, as reflected by changes in band
intensity (increase/decrease), disappearance of bands, and appearance of
new bands.

All SiNPs concentrations showed low GTS if compared to control. The
GTS% decreased as SiNPs concentration increased. The maximum change
in RAPD profiles (disappearance b and/or appearance a) was obtained in
concentrations 350 and 450 ppm for Giza 35 and Giza 111, respectively if
compared with control plants. Also, maximum change in band intensity
(decrease d or increase c) was obtained in concentration of 450 ppm for
Gizalll as compared to control plants. In this experiment, change in band
intensity (decrease or increase) greatly increased at high SiNPs
concentrations. Data showed a direct relationship between SiNPs
concentration and band changes, thus suggesting nonrandom interaction
between DNA and SiNPs.

In this study, DNA damage was shown by RAPD profiles via
disappearance or appearance and alteration in intensity (decrease or
increase) of bands. Bands intensity in some primers under different
concentrations of SiNPs showed some changes (increase or decrease).
Changes observed among RAPD profiles obtained from control and SiNPs
treatments may be induced by direct and/or indirect interact with genomic
DNA. This damage includes loss of one or more nucleotids which can lead to
alterations of DNA sequence. The results indicated that SiINPs may interact
with DNA causing genotoxic effect. This agreed with Lankoff et al. (2013),
who determined the effect of different doses of unmodified and surface
modified SiNPs (10, 25, 50 and 100 ug/ml) on DNA damage in human
peripheral blood lymphocytes after 2 and 24 h. Their results revealed that
unmodified SiNPs exhibited genotoxic properties at high doses. Also, Thabet
(2015) studied the effect of different concentrations of SiNPs (75, 150, 225,
300, 375 and 425 ppm) on genotoxicity in faba bean plants which revealed
that all concentrations showed decrease in GTS % if compared with control.

The genomic template stability, a qualitative measure reflecting
changes in RAPD patterns, was used to compare the modifications in RAPD
profiles with reductions in spider mite Tetranychus cucurbilacearum and
soluble protein content of leaves in soybean plants. Following exposure to
increasing SiNPs, spider mite Tetranychus cucurbitacearum and soluble
protein content in soybean plants decreased gradually. Also, the genomic
template stability decreased after exposure to SiNPs.
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In conclusion, RAPD-PCR is a sensitive technique for detecting genetic
alteration and it can be used as an investigational tool to detect the genotoxic
effects of SINPs on soybean. The higher doses of SiNPs caused toxic effects
on DNA. The mean reduction percentage in the population of mite showed a
concentration response. The higher concentration (450 ppm) of SiNPs
induced highest reduction of mite on both varieties as well as, the former
concentration recorded the greatest seed yield/plant among the two varieties
studied herein.

REFERENCES

Abraham, R. and G. Kuroli (2003). Role of mites and thrips in the
agrobiocoenosis of the soybean. Communications in agricultural and
applied biological sciences, 68(4a): 223-230.

Atienzar, F.A.; M. Conradi; A.J. Evenden; A.N. Jha and M.H.Depledge
(1999). Qualitative assessment of genotoxicity using random amplified
polymorphic DNA: comparison of genomic template stability with key
fithess parameters in Daphnia magna exposed to benzo[a]pyrene.
Environ. Toxicol. Chem. 18:2275-2282.

Atienzar, F.A.; V. Paola; N.J. Awadhesh and H.D. Michael (2002). Evaluation
of the random amplified polymorphic DNA (RAPD) assay for the
detection of DNA damage and mutations. Mutat. Res. 521:151-163.

Barik, T.K.; B. Sahn and V. Swain (2008). Nanosilica — from medicine to pest
control. Parasitol Research, 103(2): 253-258.

Barnes, C.A.; A. Elsaesser; J. Arkusz; A. Smok; J. Palus; A. Lesniak; A.
Salvati; J.P. Hanrahan; W.H. De Jong; E. Dziubaltowska; M. Stepnik;
K. Rydzynski; G. Mckerr; I. Lynch; K.A. Dawsonand and C.V. Howard
(2008). Reproducible comet assay of amotphous silica nanoparticles
detects no genotoxicity Nano Letters, 8(9): 3069-3074.

De Wolf, H.; R. Blust and T. Backeljiau (2004). The use of RAPD in
ecotoxicology: A review. Mutation Research, 566: 249— 262.

Duncan, B.D. (1955). Multiple range and multiple F. test. Biometrics. 11: 1-
301.

Edge, V.E. and D.G. James (1986). Organo-tin resistance in Tetranychus
urticae (Acari: Tetranychidae) in Australia. J. Econ. Entomol.,
79(6):1477-1483.

El-Borai, M.A.; M.M. Radi; M.B. Habeeb; F.H. Shalaby and Nadia A. El-Aidy
(1993). Effect of some water stress regimes and plant population on
yield and seed quality of soybean. J. Agric. Sci. Mansoura Univ., 18 (8),
2198 -2205.

El-Desoky, M.A. and I.A. El-Far (1996). Effect of plant density and NPK
fertilization on two soybean cultivars grown on a clay soil. Assiut J. of
Agric Sci.,27(2):179-195.

Galal, O.A. and M.F.M. El-Samahy (2012). Genetical effects of using silica
nano particles as biopesticide on Drosophila melanogaster. Egyptian
Journal of Genetics and Cytology, 41(1): 87-106.

541



Malkah,F.I.Elsadany et al.

Gao, Y.; P. Zhou; M. Liang; Z. Yue-E; S. Wan-J (2010). Assessment of
effects of heavy metals combined pollution on soil enzyme activities
and microbial community structure: modified ecological dose—response
model and PCR-RAPD. Environ. Sci. 60:603-612.

George, N.M. and A. Ghareeb (2001). Genotoxicity of insecticide cyolan on
mitosis, meiosis and seed storage proteins of Vicia faba .Cytologia, 66:
77-84.

Gupta, M. and B.N. Sarin (2009). Heavy metal induced DNA changes in
aquatic macrophytes: Random amplified polymorphic DNA analysis
and identification of sequence characterized amplified region marker. J.
Environ. Sci. 21:686-690.

Haiba, A.A.; N.R. Abd EL-Hamid; E.A. Abd EL-Hady and A.M. AL-Ansary
(2011). Cytogenetic effect of insecticide tellition and fungicide dithane
M 45 on meiotic cells and seed storage proteins of Vicia faba. Journal
of American Science, 7(1): 19-25.

Hassan, M.Z.; Kh.A. Al-Assily; M.S.A. Mohamed and A.E. Sharaf (2002).
Performance of some soybean cultivars under different sowing dates at
the newly reclaimed lands of east Owinat and Kharga. J. Agric. Sci.,
Ain Shams Univ., Cairo, 10(1): 173- 179.

Henderson, C.F. and E.W. Tilton (1955). Test with acaricides against the
brown wheat mite. J. Econ. Entomol.,48: 157-161.

Hossain, M.A.; L. Rahman and A.K.M. Shamsuddin (2003). Genotype x
Environment interaction and stability analysis in soybean. J. Biol. Sci.,
3(11): 1026-1031..

Huffaker, C.B.; M. van De Vrie and J.A. McMurtry (1970). Tetranychidae
populations and their possible control by predators: an evaluation
Hilgardia 50: 390-395.

Jain, P.K.; M.L. Saini; H. Pathak and V.K. Gupta (2007). Analysis of genetic
variation in different banana (Musa species) variety using random
amplified polymorphic DNAs (RAPDSs). Afr. J. Biotechnol. 6:1987-1989.

Ince, A.G.; M. Karaca and A.N. Onus (2010). Genetic relationships within and
between Capsicum species. Biochem. Genet. 48:83-95.

John, W.; Jr. Neal; S. Marla and M. Katherine (1986). Toxicity of clorfentezine
against the two spotted and carmine spider mite (Acari:
Tetramychidae). J. Econ. Entomol., 79(2): 479-83.

Laemmli, U.K. (1970). Cleavage of structure proteins during the assembly of
the head of bacteriophage T4. Nature, 227: 680-685.

Lankoff, A.; M. Arabski; A. Wegierek-Ciuk; M. Kruszewski; H. Lisowska; A.
Banasik-Nowak; K. Rozga-Wijas; M. Wojewodzka and S. Slomkowski
(2013). Effect of surface modification of silica nanoparticles on toxicity
and cellular uptake by human peripheral blood lymphocytes in vitro.
Nanotoxicology, 7(3):235-250.

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

542



J. Agric.Chem.and Biotechn., Mansoura Univ.Vol. 6 (11), November, 2015

Marouelli, L.P.; P.W. Inglis; M.A. Ferreira and G.S.C. Buso (2010). Genetic
relationships among Heliconia (Heliconiaceae) species based on
RAPD markers. Genet. Mol. Res. 9:1377-1387.

Mohamed, M.S.A. and F.M. Morsi (2005). Evaluation of some soybean
genotypes in the new reclaimed lands of east Owinat. J. Agric. Sci.,
Mansoura Univ., 30(1):79-89.

Mohamed, S.A.M. (1994). Evaluation of soybean genotypes at different
population densities and under optimum and late sowing dates.
Ph.D.Thesis, Fac. of Agric., Zagazig Univ., Egypt.

Muller, H.P. and Gottschelk (1973). Quantitative and qualitative situation of
Pisum sativum. In Nuclear Techniques for Seed Protein Improvement,
IAEA, Vienna, 235-253.

Park, E.J. and K. Park (2009). Oxidattive stress and pro-inflammatory
responses induced by silica nanoparticles in vivo and in vitro.
Toxicology Letters, 184(1): 18-25.

Radi, M.M. (1999). Performance of some determinate and indeterminate
soybean genotypes under different plant population densities. Minufia
J. of Agric. Res., 24, 2(1): 455-467.

Ram, S.G.; K.T. Parthiban; R.S. Kumar; V. Thiruvengadam and M.
Paramathma (2008). Genetic diversity among Jatropha species as
revealed by RAPD markers. Genet. Resour. Crop Evol. 55:803-809.

Ray, C.L.; E.R. Shipe and W.C. Bridges (2008). Planting date influence on
soybean agronomic traits and seed composition in modified fatty acid
breeding lines. Crop Sci.,48:181-188.

Subramanyam, K.; D. Muralidhararao and N. Devanna (2009). Genetic
diversity assessment of wild and cultivated varieties of Jatropha curcas
(L.) in India by RAPD analysis. Afr. J. Biotechnol. 8: 1900-1910.

Savva, D. (1998). Use of DNA fingerprinting to detect genotoxic effects.
Ecotoxicol. Environ. Saf. 41:103-106.

Taha, H.A.; R.A. Sedrak; A.K. Iskander and A.E. Sharaf (1995). Studies on
some pests infesting some soybean cultivars and its relation of leaves
constituents with refer to their natural enemies. Egypt. J. Appl. Sci.,
10(6): 1-11.

Thabet, A.F.A. (2015). Efficiency and safety of silica nano particles in
controlling the main insect pests on faba bean and soybean. M.Sc.
Thesis, Faculty of Agriculture, Kafrelsheikh University, Egypt, pp. 100.

Theodorakis, C.W. and J.W. Bickham (2004). Molecular characterization of
contaminant indicative RAPD markers. Ecotoxicology. 13, 303—309.

543



Malkah,F.I.Elsadany et al.

Tetranychus cucurbitacearumall cgSiall dadlsa 4 bl il
Jalad aldiuly A1)l Lghiewd el paiilly Ligall Jgb clildl 4 gaaall clially

.RAPD ) 5 ASh ¢ysig )
9% gl dad) coaa g ierd L o 3 ana s 8 18 ¢ ) ad) ) ) -8 4l
* jara el 4]yl Caad

L 4150 Eigaall ddaaa - clilall) A8 5 & gay dgaa - Jualaall g hadl) uﬂJJLsi?ﬁﬂg *
w-ﬁ}g@ﬂ-lﬁb}\&ﬂ\}y-&uﬂbﬂ_
aa — feudd) )5S daaly — Ao 31 A0S — A5 ) and kH

aan - 53l — L) 3 Esad) 3Ssm - Jpalaall Gipay dgaa — ol ghul) i say audtrr

Tetranychus ) e Kall A g Ta g )SY) Gl wall aladt s

ES e Ll A Caagy Canll 138 ¢l ya a3 @l ¢ JSLEA (e S Gsas I cucurbitacearum

A aladta) a8 A yall o3a (& Lsaall Jsd il e jeaY) ¢ gl Al 3 38y HhS 1€l il

Lsaall 38 i (ro Cptitam e Wi (sl L35 3a 450 ¢ 350 ¢ 250 (4 Kilus silil (e il 3€ 5

a3 g iall s 8 (ealaliDU 4 sial) Al il 2014 passe JMS 1171 85 535 55 Laa

)3 Sl dlaed 8 (L4 A giall Apasil) Jas gia o Al jall o3 il sl Aglial) Ca gLl

b o > 450 5SSl oy Siall dlaad 8 aleaidl A ef Sy ¢ Sk sl 3ale 38 55800 5

il e 762.34 ¢ 778.91 Ay 35 5 3un ¢ 111 53 Gpediiasall cpiiall (e S e ¢ sl

¢ 762.16 ¢ 111 83w ial 732 ¢ 767.32 Gy (saldd) b6 5a 350 ¢ 250 o 1S 4y

e 3aal) @ el 48 jaia) )l o Loayl gl s sl s ) e 35 5 canall 741,92

G gl (5 AT dali e .35 5 un Ciea (e il il S el dpalin SIS € 111 850 i

g Gl 4l o ganl) L) (8 Jare e da O salal) G s 52 450 Sl G Ayl il

paall Z ) Jane (& 8 G slall (e 3a 250 S il s sl IS e o oS3l cpiiall e JS

da g a G idall Cpieall Gn sl dis A Adle CESER) asa Al Cina gl oladll Al

Ge g Lsall dod a8 Oy 1l s (B il oo Whiws gl Bale S 538005 e il

38y G Al 5 st Gudae | LS Ao gl ) Acaddia Ay jedae YIS A0 gdie ilialy A pladial

o & ad e DNA ) Ju s 5 b ol yuad) il g paall 4805 sl Sl s ol 1) 30l

@l o ) Lol il sl saan o ga el Lol s Tliall o jall e 5 ) seda g o jall 28US

5117 330 ¢ 355 un Guiinall Luilly ¢ salall e a 450 ¢ 350 s S s 5 DNA ) o s

. RAPD I J alay | ale sy 21l 3

544



J. Agric.Chem.and Biotechn., Mansoura Univ.Vol. 6 (11): 529 - 544, 2015

Table 5. Total number of bands, polymorphic bands and percentage of polymorphism in DNA-RAPD profiles of

soybean plants treated with different concentrations of SiNPs.

Genotype

Primers Giza 35 Giza 111
code Concentration (ppm) Total |Polymorphic |Polymorphism| Concentration (ppm) Total |Polymorphic |Polymorphism

control | 250 | 350 | 450 | bands bands (%) control | 250 | 350 | 450 | bands bands (%)
OPA-01 3 3 3 3 3 0 0.00 3 2 3 3 3 1 33.33
OPA-02 2 2 2 2 2 0 0.00 3 2 2 2 3 1 33.33
OPA-03 3 3 3 2 3 2 66.67 4 4 3 3 4 3 75.00
OPA-04 2 2 3 2 3 1 33.33 3 2 2 2 3 1 33.33
OPB-12 1 1 3 3 3 2 66.67 3 3 3 1 3 2 66.67
OPB-14 2 2 2 2 2 0 0.00 2 2 2 2 2 0 0.00
Total 13 13 | 16 | 14 16 5 31.25 18 15 | 15 | 13 18 8 44.44
Table 6. Changes in DNA-RAPD profile of soybean plants treated with different concentrations of SiNPs.

Genotypes
Primer Giza 35 . Giza 111 .
code No. of Concentration (ppm) No. of Concentration (ppm)
bands in 250 350 450 bands in 250 350 450
control Alb|c|d|a|b|c|D|a|b|c]|d control Alb|c|d|a|b|c|d|a|b|c]|d

OPA-01 3 ojofojojojojofofojojoy|o 3 ofi1|0|j0|0Of1|0]0O0]|JO|J]O|O] O
OPA-02 2 ojofoj12|0fo0oj1f{1f{o0oj0j1|1 3 of1|2j0|0f1|2]0]0|2|2]O0
OPA-03 3 i{1|1fo0of1|1|1|0|21|2]|1]|0 4 ojojof1fo0f|1|2]|]0|0|1|2]|1
OPA-04 2 ojofojoj1y0;0f0fo0j0O0OjO0O]|O 3 ofi1|1j0|0f1|2j0]0|2)12]O0
OPB-12 1 ojof1j0|2f(12j12{0(2)0f12/|0 3 o(ojojo|ofo|jo0ojo0jo0|2|0]12
OPB-14 2 o|o0jO0ojOjO]jO|1]O]|OjO]1]oO 2 ojojo|JojOo|lO|O]|O]JO|JO|1]O
Total 13 1111214124113 ]2]|4]1 18 0[3]3]1]|]0[4|5]0]0]5]6]2
atb 2 6 5 atb 3 4 5
a+b+c+d 5 11 10 a+b+c+d 7 9 13
GTS (%) 84.62 53.85 61.54 GTS (%) 83.33 77.78 72.22

a: appearance of new band, b: disappearance of normal band, c: increase in band intensity, d:decrease in band intensity, a+b: polymorphic
bands, GTS: genomic template stability.




