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Abstract

Camelinais an oilseed and re-emerging plant that requires a lot of research on its oil production process. This
study was conducted to investigate the effect of biosynthesized silver nanoparticles on the expression level
of FAE1 and FAD2 in Soheil cultivar of Camelina oilseed plant based on a completely randomized design with
four replications in 2018-2019. The aqueous extract of Camelina leaf and silver nitrate salt was used to
prepare nanoparticles. Experimental treatments included 0.5, 1, 2, and 3 mg /L silver nanoparticles. After
preparing foliar samples for all treatments, RNA extraction, cDNA synthesis, and temperature gradient
determination, the Real Time PCR reaction was used to study gene expression patterns. The data were then
analyzed using GenEX and SAS software. Results showed that the effects of silver nanoparticles on FAE1 and
FAD2 gene expression were significant (p<0.05), showing an increase with increasing silver nanoparticle
concentration. The highest enhancement was observed at 3 mg/L silver nanoparticles.
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Introduction

Brassicaceae plants. It is also highly resistant to
common pests in oilseeds such as pollen beetles.
The potential of high yield production in Camelina
has been demonstrated and its feasibility has been
reported as an appropriate alternative to the

Camelina (Camelina sativa) is a flowering plant
endemic to the Mediterranean regions in Europe
and Asia. The plant belongs to Brassicaceae family
and has been considered as a low input plant with

greater resistance to spring cold than other
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rotation with fine grain cereals (Ghamkhar et al.,
2010 and Ghamarnian, 2020). Also, Camelina is
recognized as a valuable and usable crop in
human and animal nutrition and industry sectors
(Nelson et al., 2011).
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Nanotechnology is one of the new technologies
that has entered the field of agriculture.
Nanoparticles are atomic or molecular complexes
with @ minimum dimension of 1-100 nm that have
different physicochemical properties (Monica and
Cremonini, 2009; Ansari and Kahrizi, 2018). The
uptake of carbon and metal nanoparticles by
plants is a new field of research. Adsorption,
transport, and accumulation of nanoparticles vary
depending on plant species, type, size, chemical
composition, structure, and strength of the
nanoparticles ( Rico et al., 2011).

Increasing agricultural production on an economic
scale without polluting the environment is a global
challenge. The agricultural and health sectors have
seen great strides in recent vyears. Many
developing countries face the threat of food
insecurity and healthcare (Husen and Siddiqi,
2014). With the advent of nanotechnology, many
applications of nanoparticles in plant cultivation
environments are undeniable and they have had a
major impact on the knowledge-based economy,
industry, and society. The use of nanoparticles as
one of the key aspects of nanotechnology has
made significant progress over the past few years
(Biswas and Wu, 2005). Silver is classified as a
high-risk material and its toxic effects have been
reported on many organisms (Fouda, 2020). This
toxicity is inhibited in the form of silver
nanoparticles (Boxall et al., 2007), which are one
of the most popular and widely used
nanotechnology products. It is estimated that
around 320 tons of nanoparticles are used
worldwide annually (Nowack et al., 2011). Among
the different types of nanoparticles, silver
nanoparticles have wide applications in the fields
of nanotechnology and medicine (Jegadeeswaran,
et al., 2012).

Silver nanoparticles fabricated based on chemical
methods have great threat due to their use of
hazardous and toxic chemicals and their
environmental damage. Therefore, the production
of silver nanoparticles using the principles of green
chemistry has recently gained prominence in
research (Ahmed et al., 2016 and , Sharma et al.,
20009).

One of the recently used non-living elicitors is
nanoparticles. These particles are the most

important nanotechnology tools that have many
applications in the biological sciences. When
comparing these particles with natural
biomaterials, the usual 10-um diameter of the cell
and its components are predominantly in the sub-
micron range (Salata, 2004). Because of their small
size, these nanoparticles rapidly penetrate the
cell, leading to increased protein levels and
stimulation of gene expression in plant cells (Yang
et al.,, 2008). For example, a 4-fold increase in
DBOX gene expression 48 h after stimulation with
silver nanoparticles, a decrease 72 h after
treatment, and no significant effect on expression
168 h after treatment was reported (Khodayari ,
2015).

Elicitors can regulate the level of secondary
metabolites by affecting the expression of genes
involved in the synthesis of primary metabolites
that are involved in vacuolar transport. In other
words, the transport and storage of primary
metabolites play an important role in the
production of valuable compounds (Vasconsuelo
and Boland, 2007). However, transcriptional
activation of genes involved in eliciting immune
responses has also been reported (Park et al.,
2003). It should be noted that these stimuli also
affect the plant in natural conditions and produce
a specific metabolite (Schearer, 1984).

Camelina is one of the valuable oilseed crops that
is known as low input and adaptable plant. Due to
the good oil properties of this plant, it has
attracted researchers’ attention (Ghamarnian,
2020; Obour et al., 2015; Waraich , 2013).

One of the problems with Camelina oil is that it has
erucic acid, which in some varieties is above the
permitted level (5% by Canadian standard and 3%
by European standard) (Campbell, 2018; Campbell
et al., 2013). On the other hand, it has been shown
that FAE1 and FAD2 genes are involved in erucic
acid biosynthesis (Peng, 2010; Soltani, 2019). This
study aimed to investigate the effect of silver
nanoparticles on the expression of FAE1 and FAD2
genes in Camelina.

Materials and Methods

To study the effects of silver nanoparticles (0.5, 1,
2,and 3 g/"'L) on the expression of FAE1 and FAD2
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genes in Camelina, an experiment was conducted
in a completely randomized design with four
replications at Razi University during 2018-2019.
The plant material included Camelina cultivar
Soheil, obtained from Bisetoon Shafa Co., Iran.

To prepare the aqueous extract of Camelina
leaves, the leaves were first washed twice with
distilled water in the laboratory at 23 °C. Thirty
(30) grams of fresh Camelina leaf were weighed
and cut into small pieces. The pieces were poured
into an Erlenmeyer flask and distilled in distilled
water to a volume of 100 ml and then boiled for 5
minutes, and the extract was filtered after cooling
by filter paper. Then, 20 mM silver nitrate was
added in a beaker containing 800 ml of the extract.
The reaction mixture was stirred at laboratory
temperature for one hour before the color of the
extract changed from pale yellow to dark brown
indicating the production of silver nanoparticles.
Then UV-visible spectrophotometer (Cray 50) was
used to measure the spectra.

We planted the seeds in 7 kg pots. Within each
pot, a combination of clay, sand, leaf soil, and fully
rotten manure was applied in equal proportions.
To disinfect the seeds and prevent possible fungal
contamination, the seeds were immersed in 1%
sodium hypochlorite solution for two minutes,
then rinsed with ordinary and distilled water,
respectively. When the Camelina seedlings
reached the 6-8 foliar stage, they were treated
with  different  concentrations of silver
nanoparticles for 20 days.

Study of gene expression

To study gene expression, first the treated leaf
samples were powdered with liquid nitrogen and
then were sent to the Zagros Bioidea Company
located at the Razi University to study the effect of
nanoparticles on gene expression.

First-strand cDNA synthesis

Synthesis of the first-strand cDNA was performed
using a 2-steps RT-PCR kit from Sinaclone
according to the following steps: First, the Strand
Master Mix stl including 1 pl oligo dT as primer, 1
pl dNTPs, 3 ul RNA, and 5ul Nuclease-free Water
(in the final volume of 10ul) were added (Table 1).

The tubes were incubated for 5 min at 65 °C in the
Ben Murray (hot water bath) apparatus and then
kept on ice for 2 min. The samples were then
shaken gently.

Table 1
Materials used for the first-strand cDNA synthesis

Material Amount (ul)
Oligo dT 1
dNTPs 1
RNA 3
Nuclease- free water 5
The final volume of the reaction 10
Table 2
The cDNA Synthesis Mix
Material Amount (ul)
10x Buffer M-Mul V 2 ul

M-Mul V Reverse Transcriptase 1 pl or 100 unit

Nuclease- free water 7 ul

The final volume of the reaction 10 pl

The cDNA Synthesis Mix was then added, including
10X Buffer M-Mul V (2 pl), M-Mul V Reverse
Transcriptase to 1 ul (unit 100), and 7 ul Nuclease-
free Water. Then 10 pl of the above materials
were added to the tubes and placed in a Ben
Murray at 42 °C for 60 minutes and finally placed
in a Ben Murray at 85 °C for 5 minutes before they
were kept on ice for 2 minutes (Table 2). The tubes
were then centrifuged at 10,000 rpm for 2 min at
room temperature and transferred to a freezer set
at -80 °C. The quality of the samples was
evaluated by electrophoresis on 1.2% agarose gel
(W/V).

Real-Time PCR Steps

Real-time PCR was performed to determine
guantitatively the transcript levels of the selected
genes.

Primer design

Designing primers is the most important step in
examining the quantitative expression of genes.
After selecting the desired genes, a pair of primers
for each gene was designed using primer 3
software and the website address for Real-Time
PCR reaction as below:
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http://biotools.nubic.northwestern.edu/OligoCal
c.html (Table 3).

Table 4
Chemicals and quantities used in Real Time PCR reaction

method, the reaction was performed from a 48
well plate for a Real-Time PCR (ABI StepOn, USA)
with a final reaction volume of 20 pl containing the

Chemicals The amount used Final concentration
cDNA 100 ng

gPCR GreenMaster with lowRox w0l 1X

Primer F 0.8 pl 0.5uM

Primer R 0.8 pl 0.5uM

RNase free H20

Up to 20 pl

Absence of any similar pattern in the genome
(single expression band), the formation of a single
band, temperature proportionality of two primers
(Forward and Reverse) with a maximum difference
of 2 °C, lack of dimer primers, lack of heteroduplex
formation, GC content between 40-60%, having a
good melting temperature (Tm above 50 °C), a
suitable length (20 to 27 bp), and a product length
between 200 and 100 bp were the most important
characteristics of the designed primers. After
designing the primers, their specifications were
sent for the manufacture of the primers.

In this research, the FAD2-3 gene with 2755 bp
length and accession number HQ008322 and the
FAE1 gene with 4125 bp length and accession
number KJ461881 were used. The 18S rRNA gene
was also used as an internal control (Table 3).

Qualitative evaluation of c¢DNA and its
preparation

To evaluate the quality of the synthesized cDNAs,
a 260 nm reading using NanoDrop (Thermo, USA)
was used. In this method, 1 ul of each sample was
used for reading. After reading, all samples were
diluted with DNase and RNase-free water to a
concentration of 500 ng/ul and were used for the
next step of the experiment.

Real-time PCR analysis

The Real-Time PCR reaction for quantitative
evaluation was performed using gPCR
GreenMaster with lowRox kit purchased from
Takapoo Zist Co. Gene expression analysis was
performed using the Real-Time PCR method based
on SYBR green fluorescence dye in two device
replications and three biological replicates. In this

materials listed in Table 3-5. The applied
temperature program included enzyme activation
at 95 °C for 10 minutes, 40-cycle at 95 °C for 15
seconds, annealing (at 53 and 60 °C) for 30
seconds, and extension (at 72 °C) for 1 minute.
Finally, the melting point test was performed in a
cycle consisting of 95 °C for 15 seconds, 60 °C for
1 minute and 0.3 °C rise to 95 °C to plot the PCR
product melting curve.

Statistical Analysis

The data were collected based on a completely
randomized design and the means were compared
using the LSD test at 1% level using SAS 9.1
software.

To analyze Real-Time PCR data, the relative
expression of each gene was calculated based on
the relative standard curve method using the 224
formula (Livak and Schmittgen, 2001) calculated as
follows:

Amount Of Ta rget Gene= 2—(CT Gene-CT Ref) Stress —(mean CT

gene —mean CT Ref) Normal

where Cris Cycle Threshold, Ref is reference gene
or internal control, and base 2 denotes the
amount of cDNA in each PCR cycle doubled.

Results
RNA extraction

The RNA on 1% agarose gel indicates the high
accuracy and quality of the extracted RNAs (Fig. ).

cDNA synthesis
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The pattern of I8S gene amplification using cDNA
has is shown in Fig. II.

28S rRNA

18S rRNA

Fig. |. Determination of RNA quality on agarose gel

this gene and the highest gene expression was
obtained in 3 mg / L silver nanoparticle treatment

Fig. Il. The pattern of 18S gene amplification using cDNA.
Lanes: 1, 2, and 3: cDNA samples. 4: DNA size marker (100
bp).

Table 5
Analysis of variance of the effect of biosynthesized silver nanoparticles on the expression of FAE1 and FAD2 genes in Camelina
sativa
Source of variations Degree of freedom FAE1 FAD2
Silver nanoparticles 3 7.82"" 0.53™"
Error 7 0.05 0.05
CV% 2.8 4.37
** (p<0.001)
Table 6
Mean comparison of the effect of biosynthesized silver nanoparticles on the expression of FAE1 and FAD2 genes in Camelina
sativa
Silver nanoparticles (mg.L?) FAE1 FAD2
0.5 6.45¢ 3.31¢
1.0 7.28b 4,76
2.0 7.5b 5.082b
3.0 10.722 5.382

Based on Duncan’s test, the means with similar letters in each column are not

significantly different (p<0.01).

Investigation of 185 rRNA gene expression at
different concentrations of silver nanoparticles

The measured expression levels of each gene were
recorded and analyzed in real-time by the device.
The Cr value for the functional genes was very
different at different times.

Evaluation of FAE1 gene expression at different
concentrations of silver nanoparticles

Analysis of variance (Table 5) showed that silver
nanoparticles had a significant effect on the FAE1
gene (p<0.01). It was also found that the use of
silver nanoparticles increased the expression of

(Table 6).

Evaluation of FAD2 gene expression at different
concentrations of silver nanoparticles

According to the results of the analysis of variance,
the effect of silver nanoparticles on the FAD2 gene
was significant (p<0.01) (Table 5). Results showed
that silver nanoparticles increased expression of
this gene and maximum gene expression was
obtained in 3 mg/L silver nanoparticles (Table 6).

Discussion
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The small size of the nano-elicitors particles
relative to the cell size makes their penetration
into the cell easier, forcing the cell to increase
gene expression in plant cells in the shortest time
(Tran and Le, 2013). A study on cumin showed that
FNS | gene expression at 25 and 50 uM
concentrations of silver elicitor was significantly
increased compared to the control plant (Yousefi
et al., 2015). Expression of genes in root
suspensions of Papaver somniferum L. treated
with silver nano-elicitor showed that this elicitor
significantly affected the expression of tydc7,
DBOX, DIOX2 and bbel genes (Khodayari et al.,
2015). It seems that nano-stimuli can be used to
increase the expression of genes that affect the
biosynthetic pathway ( Childs et al., 2016).

Application of nano-elicitors should be done with
more cautious in gene up-regulation because they
will decrease the expression of desired genes over
time and with their continued presence (Babaei,
2019). This is because nanoparticles become more
effective and the toxicity of silver nanoparticles
increases by reducing the size of the nanoparticles
(Gorth, 2011).

The presence of two 18S and 28S bands without
fragmentation agarose gel indicates the good
quality of the extracted RNA. PCR was performed
using the synthesized cDNA as the template for
the genes under investigation. Results showed
that the amplified products were highly consistent
with the expected band size. Also, the presence of
a specific amplified single band for each gene
indicates the appropriate quality of the
synthesized cDNA and specialty of primers, which
has a crucial role in the study of gene expression
by Real Time PCR. Fig. (ll) shows the single bands
of the 18S rRNA gene on the agarose gel.

CT value for the 18S housekeeping gene showed
that expression of this gene had the same CT value
at different time points, indicating that
housekeeping gene expression was not affected

References

Ahmed, S., M. Ahmad, B. L. Swami and S. Ikram.
2016. A review on plants extract mediated
synthesis of silver nanoparticles for

by environmental conditions. Also, the CT values
of the FAE1l gene were obtained for samples,
indicating differences in the expression of
functional genes at concentrations of silver
nanoparticles.

FAE1 or Fatty Acid Elongase 1 is a key gene in the
erucic acid biosynthesis in Camelina (Hutcheon et
al., 2010). Therefore, it is important to investigate
the effect of different substances and conditions
on the expression changes of this gene.

Different CT values of FAE1 gene were obtained
for different samples, indicating differences in the
expression of functional genes at different
concentrations of silver nanoparticles.

FAD2 or Fatty Acid Desaturase 2 gene is involved
in fatty acid biosynthesis. This gene converts oleic
acid to linoleic acid so that, the process of un-
saturating and removing hydrogen from the
carbon chain causes it to convert a double bond
into two double bonds ( Cahoon et al., 2001; Li et
al., 2008).

Conclusion

RNA extraction and cDNA synthesis were
performed in high quality. 18S rRNA gene is known
to be a suitable housekeeping gene because it had
the same expression. The effect of silver
nanoparticles on the expression of FAE1 and FAD2
genes was significant (p<0.05) and increased as
the concentration of silver nanoparticles
increased. The highest enhancement was
observed on 3 mg/L silver nanoparticles. This
suggests that nanoparticles can be used to
increase the expression of genes that affect the
biosynthetic pathway.

Acknowledgments

Thanks to Biston Shafa Co. for providing the
researchers with Soheil cultivar of Camelina sativa.

antimicrobial applications: a green expertise.
Journal of advanced research, 7, (1) 17-28.



Effect of silver nanoparticles on gene expression in Camelina

Ansari, F. and D. Kahrizi. 2018. Hydrothermal
synthesis of highly fluorescent and non-toxic
carbon dots using Stevia rebaudiana Bertoni.
Cellular and Molecular Biology, 64, (12) 32-36.

Babaei, Z., M. Solouki and B. Fazeli-Nasab. 2019.
Investigating The Effect of Biological and non-
Biological Elicitor on Expression of Hyp-1 Gene
in  Hypericum  perforatum. Modern
Genetics,13, (4) 543-549.

Biswas, P. and C.-Y. Wu. 2005. Nanoparticles and
the environment. Journal of the air & waste
management association, 55, (6) 708-746.

Boxall, A., Q. Chaudhry, C. Sinclair, A. Jones, R.
Aitken, B. lJefferson and C. Watts. 2007.
Current and future predicted environmental
exposure to engineered nanoparticles. Report
by the Central Science Laboratory (CSL) York for
the Department of the Environment and Rural
Affairs (DEFRA), UK. wwTv de-fra gov
uk/science/Project_Da-
ta/DocumentLibrary/CB01098/CB01098_627 ()
_FRP pdf,

Cahoon, E. B., K. G. Ripp, S. E. Hall and A. J.
Kinney. 2001. Formation of conjugated A8,
A10-double bonds by Al12-oleic-acid
desaturase-related enzymes: biosynthetic
origin of calendic acid. Journal of Biological
Chemistry, 276, (4) 2637-2643.

Campbell, M. 2018. Camelina—an alternative oil
crop. In Biokerosene:259-275: Springer.
Number of 259-275 pp.

Campbell, M., A. Rossi and W. Erskine. 2013.
Camelina (Camelina sativa (L.) Crantz):
agronomic potential in  Mediterranean
environments and diversity for biofuel and
food uses. Crop and Pasture Science, 64, (4)
388-398.

Childs, P. G., C. A. Boyle, G. D. Pemberton, H.
Nikukar, A. S. Curtis, F. L. Henriquez, M. J.
Dalby and S. Reid. 2016. Use of nanoscale
mechanical stimulation for control and
manipulation of cell behaviour. Acta
Biomaterialia, 34, 159-168.

Fouda, M. M., N. R. Abdelsalam, M. E. EI-Naggar,
A. F. Zaitoun, B. M. Salim, M. Bin-Jumah, A. A.
Allam, S. A. Abo-Marzoka and E. E. Kandil.
2020. Impact of high throughput green
synthesized silver nanoparticles on agronomic
traits of onion. International journal of
biological macromolecules, 149, 1304-1317.

Ghamarnia, H., D. Kahrizi and H. Rostami-
Ahmadvandi. 2020. Camelina; a low input and
compatible plant. Razi University press Press
(in Persian).

Ghamkhar, K., J. Croser, N. Aryamanesh, M.
Campbell, N. Kon’kova and C. Francis. 2010.
Camelina (Camelina sativa (L.) Crantz) as an
alternative oilseed: molecular and
ecogeographic analyses. Genome, 53, (7) 558-
567.

Gishini, M. F. S., A. Zebarjadi, M. Abdoli-Nasab,
M. J. Javaran, D. Kahrizi and D. Hildebrand.
2020. Endoplasmic reticulum retention
signaling and transmembrane channel proteins
predicted for oilseed w3 fatty acid desaturase
3 (FAD3) genes. Functional & integrative
genomics, 20, (3) 433-458.

Gorth, D. J., D. M. Rand and T. J. Webster. 2011.
Silver nanoparticle toxicity in Drosophila: size
does matter. International journal of
nanomedicine, 6, 343.

Husen, A. and K. S. Siddiqi. 2014. Phytosynthesis
of nanoparticles: concept, controversy and
application. Nanoscale research letters, 9, (1) 1-
24,

Hutcheon, C., R. F. Ditt, M. Beilstein, L. Comai, J.
Schroeder, E. Goldstein, C. K. Shewmaker, T.
Nguyen, J. De Rocher and J. Kiser. 2010.
Polyploid genome of Camelina sativa revealed
by isolation of fatty acid synthesis genes. BMC
plant biology, 10, (1) 1-15.

Jegadeeswaran, P., R. Shivaraj and R.
Venckatesh. 2012. Green synthesis of silver
nanoparticles from extract of Padina
tetrastromatica leaf. Digest Journal of
Nanomaterials and Biostructures, 7, (3) 991-
998.

Khodayari, M., M. Omidi, A. Shahnejat
Booshehri, D. Yazdani and M. Naghavi. 2015.
Gene expression involved in sanguinarine
biosynthesis is affected by nano elicitors in
Papaver somniferum L. Journal of Medicinal
Plants, 14, (54)

Khodayari M, M. Omidi, A. Shah-Najat-Bushehri
and M. Shit .2015. 'Biological Elistor and Nano-
Elistor Effect on Gene Expression of Some
Populonic Alkaloids'. Iranian Horticultural
Science, 45: 287-295.

Li, L., X. Wang, J. Gai and D. Yu. 2008. Isolation
and characterization of a seed-specific isoform

3917



3918 Iranian Journal of Plant Physiology, Vol (11), No (5)

of microsomal omega-6 fatty acid desaturase
gene (FAD2-1B) from soybean: Full Length
Research Article. DNA Sequence, 19, (1) 28-36.

Livak, K. J. and T. D. Schmittgen. 2001. Analysis of
relative gene expression data using real-time
guantitative PCR and the 2- AACT method.
methods, 25, (4) 402-408.

Monica, R. C. and R. Cremonini. 2009.
Nanoparticles and higher plants. Caryologia,
62, (2) 161-165.

Nelson, P., E. Hood and R. Powell. 2011. The
bioeconomy: a new era of products derived
from renewable plant-based feedstocks. Plant
Biomass Convers, 3-20.

Nowack, B., H. F. Krug and M. Height. 2011. 120
years of nanosilver history: implications for
policy makers. ACS Publications.

Obour, A., H. Sintim, E. Obeng and D. Jeliazkov.
2015. Oilseed camelina (Camelina sativa L
Crantz): Production systems, prospects and
challenges in the USA Great Plains. Adv Plants
Agric Res, 2, (2) 00043.

Park, S.-U., M. Yu and P. J. Facchini. 2003.
Modulation of berberine bridge enzyme levels
in transgenic root cultures of California poppy
alters the accumulation of
benzophenanthridine alkaloids. Plant
molecular biology, 51, (2) 153-164.

Peng, Q., Y. Huy, R. Weij, Y. Zhang, C. Guan, Y. Ruan
and C. Liu. 2010. Simultaneous silencing of
FAD2 and FAE1 genes affects both oleic acid
and erucic acid contents in Brassica napus
seeds. Plant cell reports, 29, (4) 317-325.

Rico, C. M., S. Majumdar, M. Duarte-Gardea, J. R.
Peralta-Videa and J. L. Gardea-Torresdey.
2011. Interaction of nanoparticles with edible
plants and their possible implications in the
food chain. Journal of agricultural and food
chemistry, 59, (8) 3485-3498.

Salata, O. V. 2004. Applications of nanoparticles in
biology and medicine.  Journal  of
nanobiotechnology, 2, (1) 1-6.

Schearer, W. 1984. Components of oil of tansy
(Tanacetum vulgare) that repel Colorado

potato beetles (Leptinotarsa decemlineata).
Journal of Natural Products, 47, (6) 964-969.

Sharma, V. K., R. A. Yngard and Y. Lin. 2009. Silver
nanoparticles: green synthesis and their
antimicrobial activities. Advances in colloid and
interface science, 145, (1-2) 83-96.

Shi, J., C. Lang, F. Wang, X. Wu, R. Liu, T. Zheng,
D. Zhang, J. Chen and G. Wu. 2017. Depressed
expression of FAE1 and FAD2 genes modifies
fatty acid profiles and storage compounds
accumulation in Brassica napus seeds. Plant
Science, 263, 177-182.

Tran, Q. H. and A.-T. Le. 2013. Silver
nanoparticles: synthesis, properties,
toxicology, applications and perspectives.
Advances in Natural Sciences: Nanoscience and
Nanotechnology, 4, (3) 033001.

Vasconsuelo, A. and R. Boland. 2007. Molecular
aspects of the early stages of elicitation of
secondary metabolites in plants. Plant science,
172, (5) 861-875.

Waraich, E. A.,, Z. Ahmed, R. Ahmad, M. Y.
Ashraf, M. S. Naeem and Z. Rengel. 2013.
'Camelina sativa', a climate proof crop, has high
nutritive value and multiple-uses: A review.
Australian Journal of Crop Science, 7, (10) 1551-
1559.

Yang, H. G, C. H. Sun, S. Z. Qiao, J. Zou, G. Liu, S.
C. Smith, H. M. Cheng and G. Q. Lu. 2008.
Anatase TiO 2 single crystals with a large
percentage of reactive facets. Nature, 453,
(7195) 638-641.

Yousefi, K., A. Riahi and A. Baghizadeh. 2015.
Investigation of the effects of Ag and Cu
elicitors on flavone synthase 1 gene expression
and some biochemical parameters on
Cuminum cyminum L. endemic from Iran.
Journal of Plant Research (Iranian Journal of
Biology), 28, (1) 210-223.



