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ABSTRACT 

Combating pests that cause more than 50% of annual food production to disappear has become 

increasingly important. Pesticides used against agricultural pests play an essential role in 

increasing the yield. However, pesticides lead to various problems such as deterioration of 

ecological balance, contamination of nutrients, and increase of environmental pollution 

depending on the frequency of use. These substances, which have a genotoxic effect, can 

irreversibly change the structure or gene expression of DNA. Different plant extracts have been 

used in different organisms to determine the protective effects of natural antioxidants to reduce 

or prevent the effect of toxins. In our study, the protective effect of zingerone against the 

genotoxic effect caused by the 2,4-D isooctylester herbicide was investigated in Sönmez-2001, 

Köprü and Altay-2000 wheat types. For this, 14-3-3 defense protein gene expression analysis 

were performed. Our study results have revealed that 2,4-D isooctylester herbicide causes the 

least stress in Sönmez-2001 and the most in Altay-2000 type. From the data obtained from our 

study, it has been determined that zingerone has a protective effect against herbicide stress. 

Keywords: 2,4-D Isooctylester, Gene expression, Genotoxic effect, Herbicides, Triticum 

aestivum, Zingerone. 

1. INTRODUCTION 

Anthropogenic activities may play an important role in the disruption of the world ecological 

balance. For instance, the size of agricultural land sown in our country for the last 10 years has 

decreased from 39.122 thousand hectares to 37.817 thousand hectares. On the other hand, in the 

same period, the populations of Turkey increased from 71 million to 82 million (TSI,2019). With 

the effect of these factors, it is necessary to obtain more products from more areas (Rastogi etal., 

2017; Moreno-González etal.,2017; Malarkodi et al., 2017; Cheng et al., 2017). The change in 

agriculture areas in recent years in our country is given in Figure 1. 
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Figure 1. Total and per capita agricultural area 

 

Diseases, insects, and undesired plants have an important share in the yield loss of plants. The 

most significant share in the fight against loss of efficiency is the fight against chemical drugs. 

The total amount of pesticide usage in Turkey rose to 54.098 tons in 2017, with an increase of 

8.08% compared to 2016. Fungicides consisted 44% of the total pesticide use in 2017. This is 

followed by insecticides with 22.8%, herbicides with 23.5%, acaricides with 4.9%, rodenticides 

with 0.5% and others with 12.4% (EUM, 2019). In recent years, the use of pesticides has been 

gradually increasing and Erzincan ranks 58th with 46.389 kg/lt in 81 provinces in pesticide use 

and 44th with 1.046 kg/lt in herbicide use. Types and amounts of pesticides used in Erzincan are 

given in detail in Table 1 (AFM, 2020). 

Table 1.The amounts of pesticides used in Erzincan 

 

 

Insecticides 

(kg-lt) 

Fungicides 

(kg-lt) 

Herbicides 

(kg-lt) 

Acaricide 

(kg-lt) 

Rodendisit+ 

Mollusit 

(kg-lt) 

Other 

(kg-

lt) 

Total 

(kg-lt) 

Erzincan 2.798 9.297 33.178 1.066 50 0 46.389 

Other kg / lt: Plant Activator + Plant Growth Regulator+Insect 

Attractant+Fumigant+Nematicide   

 

Depending on the frequency of use of pesticides, residue problems in soil, water and foodstuffs, 

acute and chronic poisoning, deterioration of ecological balance, adverse effects on non-target 

organisms, and contamination of nutrients are observed (Avcı, 2009).  

Considering the amount of production and planting area in the world, the most preferred 

agricultural product group is cereals. Today, approximately half of the cultivated soils are used 
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for cereal production (Köksel et al., 2000). Wheat and wheat products form the basis of 

carbohydrates taken in daily nutrition and supply most of the daily energy. Complex 

carbohydrates such as wheat, starch and fiber are among the best and most economical sources. 

20% of the protein need of 4.5 billion people in 94 developing countries in the world is met by 

wheat products (Brenchley et al., 2012). Turkey is one of the countries that consume most wheat 

and wheat products in the world. According to the United Nations Food and Agriculture 

Organization (FAO) statistics, the annual consumption per capita in Turkey is 173.5 kg. In 

comparison, the annual per capita consumption of wheat products in European Union countries is 

102.9 kg. According to 2016 data, cereal production is carried out on an area of 11.6 million 

hectares in our country. While, in 65.3% of this area, wheat is produced, barley is produced in 

24.1% and corn in 6.3%. These products are followed by rye (1.2%), paddy (0.9%), oats (0.8%) 

and triticale (0.3%) production (TSI, 2016).   

In this study, the potential protective role of the ginger extract zingerone against the genotoxic 

effect of 2,4-D isooctylester herbicide on wheat cultivation of Triticum aestivum (Liu et al., 

2005), which is one of the model organisms such as Hordeum vulgare, Allium cepa, Zea mays, 

Vicia faba and Arabidopsis thaliana used for the detection of genotoxic effect in recent years, has 

been investigated via defense gene expression level. 

2. MATERIALS AND METHODS 

Material: Pure race one-year Köprü, Sönmez-2001, Altay-2000 wheat seeds obtained from NBC 

Agriculture and Seed Growing (Eskişehir) were sterilized with NaOCl and dried. Seeds of equal 

size were placed in petri dishes and germinated with water at 25 oC. The experimental group was 

formed by adding 2,4-D isooctylester in 0.1 ppm, 0.2 ppm, 0.3 ppm, 0.4 ppm and 0.5 ppm doses 

to the germinated seeds, and 0 ppm, 0.1 ppm, 0.2 ppm and 0.3 ppm zingerone for each dose. 2,4-

D isooctyl ester and zingerone were given periodically to the growing seedlings. Seedlings, 

which were germinated only with water and did not contain 2,4-D isooctyl ester and zingerone, 

formed the control group. All the samples were allowed to grow at 25 °C (70% relative 

humidity). 

Germinated Köprü, Sönmez-2001 and Altay-2000 samples were collected at the end of 14 days 

according to ISTA seed applications and were kept at -80 °C after being cleaned from external 

pollution. 

mRNA isolation. After putting the roots and leaves of wheat samples by liquid nitrogen in dust, 

RNA isolation was performed by Ribospin Plant 307-150 kit in accordance with the instructions 

of the manufacturer. 

 

cDNA synthesis. cDNA synthesis The master mix 2 µl for the first step of cDNA synthesis from 

the RNA obtained was prepared by being completed with ultrapure water so as to be 1 µl primer, 

1 µl dNTP up to a total volume of 14 µl and left for 5 min at 65 oC. Then, the second master mix 

for the samples taken onto the ice was prepared in quantities as 2 µl 109 RTase reaction buffer, 2 

µl 0.1 M DTT, 1 µl Hyper ScriptTM Reverse Transcriptase (200 µl) and 1 µl ZymAllTM RNase 

Inhibitor, and 6 µl hereof was added as per sample. The Samples were respectively incubated for 

60 min at 55 oC and 5 min at 85 oC.  

https://www.nature.com/articles/nature11650#auth-1
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RT-PCR analysis. Primers Ta14S1, Ta14S2 and β-actin for wheat were designed for gene 

expression of the 14-3-3 protein family. β-actin has been used as the housekeeping gene. The 

details pertaining to the primers employed are provided in Table 2. The synthesized cDNAs, 

primers Ta14S1, Ta14S2 have been checked by using PCR analysis primer β-actin (GenBank ID: 

AB181991.1) has been used as reference. All real-time PCR samples have been executed in 3 

repetitions. In RT-PCR analysis, cDNAs diluted at the rate of 1:200 have been used as templates. 

The RTPCR reaction components and the schedule belonging to reaction temperature cycle are 

given below. All reactions have been performed on the Bioneer Exicycler 96_ (Bioneer, South 

Korea). PCR components and Amplification parameters are presented below. 

10 µl of 2X SYBR master mix was prepared at the rates of 0.8 µl F (forward) (10 pm) primer, 

0.8 µl R (reverse) (10 pm) primer, 2 µl ROX, 4 µl cDNA, and 2.4 µl ultrapure water and added 

to the loading wells. By loading 4 µl cDNA samples onto them, RT-PCR was carried out at 95 
oC for 10 min and at 95 oC for 45 cycles in 15 s and at 60 oC for 45 cycles in 1 min. 

 

Table 2. Primers used in RT-PCR for gene expression 

 

Primer name Sequence 5’3’ T.M. (oC) 

Ta14S-F1 ACGACTCAAGCGAGGGGCA 55 

Ta14S-R1 CGCCTGCTACGCTACAAGGAC 58 

Ta14S-F2 GTCAATGACCGTTGCAATGTG 52 

Ta14S-R2 GCCACCACCACCACTGTATG 56 

β-actin-F TTTGAAGAGTCGGTGAAGGG 52 

β-actin-R TTTCATACAGCAGGCAAGCA 50 

 

Calculation of relative quantitation 

Data analysis The threshold cycle values were used for assessing the gene expression levels 

obtained from RT-PCR results. Obtained from relative or comparative qualitative quantitation 

results of threshold cycle value, the 2-ΔΔct value was used for calculating the gene expression 

levels (Rao et al., 2013). For each of the samples, the mean of 2 -ΔΔct values of 5 samples taken 

from the same point was calculated. Representing the gene expression level, 2 -ΔΔct was 

computed using the formula below: 2-((a-b)-(c-d)); where a is Ct value obtained from the gene used 

for each of the samples; b, Ct value obtained from the gene used for control group; c, Ct value 

obtained from β-actin gene of each of the samples; d, Ct value obtained from β-actin gene of 

control group.  

 

3. RESULTS 

14-3-3 gene family is the protein family regulated as a defense mechanism in case of stress. 2-ΔΔct 

values, which are significant expressions in the quantitative analysis of gene expression amount, 



International Journal of Agriculture, Environment and Bioresearch 

Vol. 5, No. 05; 2020 

ISSN: 2456-8643 

www.ijaeb.org Page 228 

 

were calculated for all dose values of 2,4-D isooctylester and zingerone in Sönmez-2001, Köprü 

and Altay-2000 wheat seedlings. In wheat samples germinated by exposure to 2,4-D 

isooctylester herbicide, the level of 14-3-3 gene expression increased in direct proportion to the 

dose. The lowest gene expression level was obtained at a dose of 0.1 ppm, while the highest gene 

expression level was detected at a dose of 0.5 ppm. The highest Ta14S1 gene expression level 

was detected in Altay-2000 and the lowest in Sönmez-2001.  

In all three wheat types, increased 14-3-3 gene expression resulting from 2,4-D isooctylester 

herbicide stress was found to decrease depending on the zingerone doses applied. A decline in 

14-3-3 gene expression level was detected at all doses. The largest decrease was obtained from 

0.3 ppm zingerone application. Ta14S1 gene expression levels of Sönmez-2001, Köprü and 

Altay-2000 types to which 2,4-D isooctyl ester and different doses of zingerone were applied are 

given in Figure 2, 3 and 4. 

Figure 2. Ta14S1 gene expression level obtained from Sönmez-2001 wheat samples 
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Figure 3. Ta14S1 gene expression level obtained from Köprü wheat samples 

 

 

 

Figure 4. Ta14S1 gene expression level obtained from Altay-2000 wheat samples 
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2-ΔΔct values, which are significant expressions in the quantitative analysis of gene expression 

amount, were calculated for all dose values of 2,4-D isooctylester and zingerone in Sönmez-

2001, Köprü and Altay-2000 wheat seedlings. In wheat samples germinated by exposure to 2,4-

D isooctylester herbicide, the level of 14-3-3 gene expression increased in direct proportion to 

the dose. The lowest gene expression level was obtained at a dose of 0.1 ppm, while the highest 

gene expression level was detected at a dose of 0.5 ppm. The highest Ta14S1 gene expression 

level was detected in Altay-2000 and the lowest in Sönmez-2001.  

 The decrease in Ta14S2 gene expression level was detected at all doses. However, in 0.1 ppm, 

0.2 ppm and 0.3 ppm 2,4-D isooctylester applications, the reduction in expression level is 

obvious. The largest decrease in Ta 14S2 expression level was obtained from 0.3 ppm zingerone 

application. Figure 5, 6 and 7 state the Ta14S2 gene expression levels of the samples belonging 

to Sönmez-2001, Köprü and Altay-2000 types to which 2,4-D Isooctylester and different doses 

of zingerone were applied. 

Figure 5. Ta14S2 gene expression level obtained from Sönmez-2001 wheat samples 
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Figure 6. Ta14S2 gene expression level obtained from Köprü wheat samples 
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Figure 7. Ta14S1 gene expression level obtained from Altay-2000 wheat samples 
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4. DISCUSSION 

The main purpose of agriculture is to obtain the largest possible quantity of high-quality products 

from the unit area without damaging the ecological balance. Undoubtedly, one of the most 

important factors limiting this aim is disease, pests and weeds (Topal, 2011). It is reported that 

the loss of crop caused by weeds is about 32%, and this loss reaches nearly half of the damage 

caused by all plant protection problems (Aydın and Tursun, 2010). The use of herbicides has 

become an acceptable approach to keep the weeds in agriculture below specific limit values to 

reduce product losses in order to meet the food needs of the ever-increasing population of the 

world. However, continuous and high doses of herbicides usage cause environmental pollution 

and, thus, stress in plants (Bhadoria, 2011). 

Pesticides that are frequently used in agriculture are one of the important anthropogenic practices 

threatening ecological life. 2,4-D is a type of phenoxy acid herbicide (Gehring et al., 1990). They 

are moderately stable chemicals and cause a slowdown in the development of the products to 

which they are applied (Donald et al., 1999). Besides, 2,4-D's mutagenic and genotoxic effect 

depending on its concentration has been stated in various studies (Pavlica et al., 1991; Enan, 

2009).  

It is well known that plants respond to environmental cues in a complex and highly coordinated 

manner at physiological, biochemical and molecular levels (Woodrow et al., 2011; Woodrow et 

al., 2017).  Stress-induced disruption in normal cell functioning requires rapid and broad 

reprogramming at the molecular level to respond to such adverse conditions (Woodrow et al., 

2011; Woodrow et al., 2017; Megha et al., 2018). This reprogramming is based on strict 

regulation of the expression of stress-sensitive genes, especially at the transcriptional and post-

transcriptional levels (Jeknić et al., 2014; Shriram et al., 2016; Khare et al., 2018). The effective 

resistance of plants depends on the induction of stress-related genes and the synthesis of proteins 

by their defensive roles (Vinocur and Altman, 2005). Plants have developed complex 

mechanisms to detect and respond to various abiotic and biotic stresses such as drought, salinity, 

adverse temperature, heavy metal toxicity and nutrient deficiency (Campo et al., 2012; 

Zwackand Rashotte, 2015). It has been reported that the 14-3-3 protein group, in addition to 

controlling plant development and metabolism (Obidiegwu et al., 2015), are also involved in 

molecular networks which protect plant cells from biotic and abiotic stresses and play an 

important role in the plant defense response (Chelysheva et al., 1999; Roberts et al., 2002; Chen 

et al., 2006; Denison Fiona et al., 2011).  

There are various studies that examine the effect of different stress types on gene expression. For 

example, Xie et al. (Xie et al.,2017) stated in their study on Coprinus atramentarius that the level 

of 14-3-3 gene expression depends on Cd intensity, and there is a correlation between Cd 

exposure and 14-3-3 transcriptional regulation. Owen et al. (2012) found a rapid 14-3-3 

induction in seaweeds exposed to different doses of Cu, and it was also reported that 14-3-3s 

played an important role in Cu tolerance (Halland Williams, 2003; Chen et al., 2015). In the 

study conducted to determine the role of Cu in 14-3-3 transcriptional regulation, it was 

emphasized that there is a change in gene expression levels depending on different densities in 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Vinocur%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15831376
https://www.ncbi.nlm.nih.gov/pubmed/?term=Altman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15831376
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potato (Solanum tuberosum) (Aksamit et al., 2005). A high increase in 14-3-3 protein expression 

was detected on Coprinus atramentarius exposed to Pb heavy metal stress (Wei et al., 2016).   

The gene expression levels in wheat seedlings under the 2,4-D herbicide stress of this protein 

group, which has an important role for plant development and defense, were determined, and the 

size of the stress caused by the 2,4-D herbicide was analyzed. For this purpose, 2-∆∆Ct values 

which are an effective parameter in calculating the level of gene expression were calculated 

using the threshold cycle value obtained from the samples. The evaluation results were obtained 

by the comparison of the β – actin housekeeping gene expression level, where the level of 14-3-3 

gene expression increased depending on the dose of the 2,4-D herbicide. However, it has been 

determined that zingerone application causes a decrease in gene expression.  The decrease in 

gene expression may be due to zingerone's reduction of stress caused by the 2,4-D herbicide. 

In addition, it has been determined that zingerone reduces the stress level caused by the herbicide 

in wheat samples. The conclusion of our study supports the statement that abiotic stress is a 

complex progression (Khaksefidi et al., 2015). 

It has been determined that the level of stress caused by the herbicide in wheat types is different. 

Ginger extract zingerone has been found to play a protective role against the genotoxic effect 

caused by the herbicide. In addition, it has been determined that Sönmez-2001 type has a higher 

tolerance to herbicide stress than Altay-2000 and Köprü wheat types. 

SUGGESTIONS 

As determined in our study results, there is a need for herbicides with high selectivity on weeds. 

Moreover, determining what is the effect of stress occurring in plants on the synthesis of proteins 

represents an important question mark. Nevertheless, it will be useful to reveal the effect of 

herbicide applications on plant nominal yield.  
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