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Genomic DNA Extraction Methods for Optimal Quality DNA Recovery from Tomato Yellow Leaf Curl Virus (TYLCV)
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ABSTRACT 

	
High quality DNA is essential for numerous downstream applications, especially PCR. Currently, various protocols for plant DNA extraction already exists, many of which are modifications of the CTAB method, aiming to enhance the extraction process and improve the quality and yield of DNA. This study primarily focus in comparing three DNA extraction protocols commonly used to detect Tomato Yellow Leaf Curl Virus on infected tomato plants. The protocols used in this study were modified like for instance the volume of the reagents used and the extension of incubation time. Ten tomato leaf samples that were treated with liquid nitrogen were used in the experiment. Based on the results, the CTAB method has the highest DNA concentration mean of 1718.01ng/µL and it’s the only protocol that passed the purity ratio of A260/280 with an average value of 1.96 and a value of 1.45 on purity ratio of A260/230. Interestingly, despite its superior DNA quality, the CTAB method had the lowest number of samples that successfully amplified the A2 gene. This occurrence needs further investigation in order to identify what causes the contrasting results. In this case, the commercial kit and the NaOH produced better results in amplifying the viral A2 gene of the Tomato Yellow Leaf Curl Virus. Further optimization on the DNA extraction protocol is highly encouraged in order to produce high quality DNA extract that will effectively amplify the viral gene and produce distinct intense PCR bands. 
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1. INTRODUCTION 

High-quality DNA is crucial for the success of downstream applications as it ensures the accuracy and reliability of molecular analyses such as Polymerase Chain Reaction (PCR) and sequencing. Virus detection, genetic analysis, and other critical processes in plant virology are highly dependent on the quality of DNA yield, as poor-quality yield can lead to rate results. Pure DNA is characterized by predominantly high molecular weight fragments with an A260/A280 absorbance ratio between 1.8 and 2.0, indicating the absence of contaminating substances such as polysaccharides and phenols (Abdel-Latif & Osman, 2017). Many difficulties were reported in isolating good-quality DNA from plants and this was attributed to the presence of polysaccharides, polyphenols, proteins and DNA polymerase (Rezadoost et al., 2016; Friar, 2005; Ramírez et al., 2018;Loomis, 1974; Weising et al, 1994). 

These contaminants can interfere with subsequent analysis and may cause DNA damage if not properly treated if not properly treated (Sahu et al., 2012). In addition, extracting good-quality DNA is vital in virus detection, specifically in Tomato Yellow Leaf Curl Virus (TYLCV), because TYLCV cannot be detected on poor-quality DNA extracts, resulting in false negative results. 

Tomato Yellow Leaf Curl Virus (TYLCV) is known for its significant economic importance because of its rapid spread and broad geographical distribution. TYLCV is one of the most devastating tomato pathogens (Yan et al., 2021; Prasad et al., 2020; Moriones&Navas-Castillo, 2000; Li et al., 2022) and the most studied plant virus. Extensive efforts have been made to detect TYLCV, including in-depth characterization of the virus at the molecular level (14-17). Moreover, reliable detection of TYLCV depends on the efficient extraction of high-quality DNA from infected plant tissues. The quality and quantity of DNA recovered are essential for sensitive molecular techniques used for viral detection. However, extracting high quality DNA from plants is often costly and time-consuming as it involves multiplex complex steps. Commercially available kits, on the other hand, are expensive yet only produce small amounts of DNA (18-20). 

Among the commonly used approaches for extracting plant DNA are the CTAB method, SDS method(Edwards et al., 1991), PCl extraction, silica-based column methods, and magnetic bead-based techniques (Saiyed & Ramchand, 2007; Fort et al., 2018; Cheng et al., 2015; ). The CTAB approach was first presented by Doyle and Doyle (1978) who emphasized its potential for plant species-based optimization. To increase DNA yield and purity, majority of plant DNA extraction techniques used today are variations of the CTAB approach. However, despite the efficacy of the CTAB method, DNA extracted from some organism still failed to produce a pure and high-quality DNA (Lodhi et al., 1994; Healy et al., 2014).  A fast, simple, and reliable DNA extraction method that yields high-quality, high molecular weight DNA free from various contaminants, does not require a long incubation period, and remains stable even during prolonged storage will be vital for plant viral research. The aim of this study is to develop an extraction method that produces high-quality DNA in a short period of time and compare it with existing DNA extraction methods. 

2. material and methods 
.
Plant material collection 

Tomato leaves showing signs of TYLCV infection were collected from various tomato farms across Luzon, as identified by DA-Regional Field Offices. The collected material was placed in a ziplock and was stored in a cooler during transportation.

DNA extraction using Qiagen Plant DNEasy Kit 

The plant genomic DNA was extracted using a commercially available Plant DNA extraction kit (DNEasy Plant Mini Kit) following the manufacturer’s protocol The DNEasy membrane is a spin column technology that uses a silica-gel based membrane. Ten milligrams (10mg) of each dried sample were extracted. Moreover, all samples were grounded in liquid nitrogen with mortar and pestle before they were used in the extraction kits. After extraction, DNA samples were stored at -20°C until use.


CTAB-based method

One hundred milligram (100mg) of plant sample was extracted using CTAB-based method according to Doyle and Doyle (1987) with modifications. The pulverized sample was placed in a 50ml falcon tube with 8 ml of CTAB buffer preheated at 60°C. It was then incubated at 60°C for 30-60 minutes with periodic gentle shaking. It was centrifuged at 12,000 rpm for 15 minutes. After centrifugation, the top phase was collected and was transferred to a 15ml tube. Two thirds (2/3) volume of 100% cold isopropanol was added and was mixed gently to precipitate nucleic acids. It was then incubated overnight at -20°C. After incubation, it was centrifuged at 1000 rpm for 3-5 minutes. The supernatant was removed, and 5 ml of 70% ethanol was added to the nucleic acid to wash the pellet. The nucleic acid was incubated in 70% ethanol for 15 minutes and was centrifuged at 1000 rpm for 5 minutes. The ethanol was then poured off and the pellet was allowed to dry on a paper towel. The pellet was then resuspended in 100ml TE buffer. The final mixture was vortexed resulting in a 200uL solution containing the extracted DNA. Ten milliliter (10ml) of chloroform: isoamyl alcohol (24ml : 1 ml ratio) was mixed gently to the initial solution slightly releasing the cap to relieve pressure. 

Modified Extraction Method

Tomato DNA was extracted based on the method of Wang et al. (1993) and Todd et al. (2013) with modifications. This method only uses Sodium Hydroxide (NaOH, 0.5M0 and Tris-HCl (pH 8.00, 100mM). For the sample collection, a puncher was used to cut a leaf disk from the leaf of interest. The leaf disk was then placed in a 1.5 microcentrifuge tube with 200µL of 0.5 M, NaOH. The sample was homogenized using a micro pestle until a uniform solution was obtained. After homogenization, 20 µL of the solution was transferred to a 180µL of Tris-HCl (pH 8.00, 100mM). 

The crude extract was purified following the protocol of Moore et al. (2022) which follows spin filter method. One thousand microliter (1000 µL) of the crude extract with 500µL of absolute ethanol was added to a minis pin column. The column was centrifuged at 8,000 rpm for 1 minute followed by two rinses with a wash buffer (AW2). After a five (5) minute drying period, 100µL of elution buffer (10mM Tris and 0.5mM EDTA, ph 8) was added to the column and incubated at room temperature for 2 minutes. It was centrifuged at 6,000 rpm for 1 minute to obtain the final DNA extract. 

DNA quantification through Spectrophotometry

DNA concentration and purity (A260/280) were measured with NanoDrop™ Spectrophotometer (Thermo Fisher Scientific, USA) using 1µL of each sample. A260/280 ratio close to ~1.8 suggests high-purity DNA, while higher value may indicate protein or phenol contamination. On the other hand, a 260/230 ratio in the range of 2.0- 2.2 signifies minimal contamination from salts or organic solvents. 

PCR amplification

The BegomovirusDNA replication-associated protein regiom was amplified in a thermal cycler with forward primers S1: 5’-CCTGGATTGCAGAGGAAGATAG- 3’ and reverse S2: 5’- GTCAAGACCTACGTGGAGAAAG- 3’. The DNA was amplified in 10 µL reaction volume per sample following the established PCR conditions and protocols. Final volume reaction contains: 1 µL of DNA template, 5µL of Taq Polymerase, 0.5 µL of each forward and reverse primers, and 2 µL of Nuclease Free Water (NFW). PCR thermal cycling conditions were the following: initial denaturation at 95°C for 2 minutes, followed by 35 cycles of denaturation at 94°C for 30 seconds, annealing at 55°C for 30 seconds, extension at 72°C for 10 minutes. 

Gel electrophoresis

To check the quality and size (bp) of the isolated DNA, 1.5% agarose gel was diluted in 1X TAE buffer containing 1000X GelGreen at 1:1 concentration. It was run at a constant voltage of 100V for 40 minutes with 1kb DNA ladder. The DNA bands were visualized using a Gel Doc system. 

3. results and discussion

Obtaining high-quality DNA is critical for reliable downstream analyses, particularly on disease diagnostics.Accurate detection of plant diseases allows timely and proper disease management minimizing yield loss and preventing disease spread. CTAB-based method is the gold standard of plant DNA extraction; however, several modifications have been made to reduce polyphenols and polysaccharides (Sahu et al., 2012; Khalik et al., 2012).These contaminants are known to affect DNA qualityby interfering with enzyme activity, inhibiting amplification reactions such as PCR, and causing DNA degradation.Moreover, CTAB requires long incubation period and involves the use of hazardous chemicals, making it less ideal for rapid diagnostics. Hence alternative DNA extraction methods that are faster and safer are being explored for immediate disease detection. 

DNA quality and quantity assessment 

The quality of each DNA extracted was verified using NanoDrop and the absorbance profile of A260/280 and A260/230 for the three extraction methods is shown in Table 1 and range were summarized on Table 2. Prior extraction, liquid nitrogen was used to break the cell wall and disrupt the cell membrane (Clark, 1997) while keeping the cellular enzymes intact- reducing DNA damage. The CTAB method obtained the highest DNA concentration of 1718.01 ng/µL. This concentration is significantly higher than the Commercial Kit (31.65ng/µL) and NaOH extraction method (6.26ng/µL). 

The purity of the extracted DNA is measured using the absorbance ratios at A260/280 and A260/230. The A260/280 ratio is commonly used to assess protein contamination, with a value between 1.8 and 2.0 indicating high purity and minimal presence of proteins or phenol. The purity of CTAB falls within the 1.80-2.00 range, specifically at 1.96. In contrast, both the commercial kit and the NaOH extraction method produced values below this range which are 1.70 and 1.67 respectively. However, no significant difference was observed among the three extraction methods. According to Pervaiz et al. (2011) and Osman et al. (2015), A260/280 ratio between 1.93 and 2.27 indicates insignificant levels of contamination specifically values greater than 1.9 indicates the presence of RNA (Abdel-Latif & Osman, 2017 ) while values lower than or equal to 1.6 may indicate presence of residual phenols and proteins. Moreover, absorbance readings cannot discriminate between DNA and RNA, and the presence of RNA can deliberately increase this ratio (Gallagher, 2001). It is also important to mention that enzymes or compounds that eliminate RNA were not used in any of the DNA extraction methods used. 

Meanwhile, polysaccharide contamination was also assessed by estimating the absorbance ratio at A260/230, a secondary measure of nucleic acid purity (Wilson and Walker 2005). Optimal values typically range between 2.00 and 2.30 (Gallagher, 2001; Aguilar et al., 2016). Values lower than the range mentioned indicate the presence of contaminants absorbed at 230 nm (Liu, 2009). Table 1 shows the A260/230 values of CTAB, NaOH extraction and Commercial Kit which are 1.45, 0.47 and 0.65, respectively. All values fall below the optimal range (2.00–2.30), indicating the presence of contaminants such as polyphenols and salts. 

This finding is consistent to the study of Abobo et al., (2025) and Tadevoysan et al., (2025) where CTAB demonstrates high levels of contamination based on the value of A260/230 ratio. These contaminants are typically introduced during the extraction (Sambrook & Russel, 2006) and require additional purification steps (Wnuk et al., 2020, Sidstetd et al., 2015). The absence of organic solvent based purification or washing step in the NaOH extraction method likely cause low purity values due to the retention of the contaminants. In contrast, the commercial kit used included two washing steps; however, it unexpectedly yielded a low A260/230 ratio of 0.65. This can be a result of excess guanidine salts which are primarily used in the lysis and binding process during DNA extraction (Smarason & Smith, 2003). 

These variations in purity highlight the importance of evaluating both DNA yield and quality across different extraction method. It is also important to note that several factors can affect the quality of the DNA extracted, and that quality assessment should not only base on spectrophotometry quantification. Additional verification such as gel electrophoresis is also essential to evaluate the integrity of the DNA. 
Several comparative studies have explored traditional and modified CTAB-based methods, commercial kits, and other extraction methods which often differ in their use of purification buffers and incubation steps and time. These studies aim to identify more efficient, safer, and less labor-intensive alternatives to the CTAB method.
For instance, a similar study isolated a total DNA for plant virus detection using two different extraction protocols: CTAB and commercial kit (DNeasy®). Based on the results, the CTAB provided much greater DNA yields, while the DNeasy kit provided greater purity (Li et al., 2008). However, in the present study, both the purity and yield were higher with CTAB. This difference may be attributed to the plant species and modifications made to the CTAB protocol such as larger reagent volumes and longer incubation times which improves yield. Kouakou et al. (2022) mentioned that overnight incubation followed by 3 hours of incubation in water bath has significantly increased DNA yield. 

While CTAB extraction remains the gold standard in plant DNA extraction due to its ability to produce highly concentrated DNA with good purity levels, it’s still costly, labor intensive, time consuming and involves hazardous chemicals. In contrast, both the commercial kit and NaOH method offer advantages in terms of shorter processing time and safety, making them practical alternatives, especially in field-based detection.

Notably, the DNA concentrations obtained from these two methods were within the acceptable range for PCR, despite exhibiting relatively lower A260/230 purity ratios. For virus detection high DNA concentrations are not always necessary and some studies suggest diluting DNA extracts to overcome effects of PCR inhibitors (Kontanis & Reed, 2006; Ma & Michailides, 2007).






 
Table 1. DNA yield and purity range obtained for all sample extracts using three different plant DNA extraction protocol: CTAB, NaOH extraction and Commercial Kit
	Protocol
	Maximum DNA yield (ng DNA/mg sample) 
	DNA Purity A260nm/A280nm ratio 
	DNA Purity A260nm/A230nm ratio 

	CTAB
	4332.4
	1.74-2.12
	0.85-1.97

	NaOH extraction
	14.9
	1.33-2.71
	0.18-0.94

	Commercial Kit
	77.9
	1.31-1.83
	0.09-1.37


Different superscripts within a column indicate significant differences in means based on Tukey’s HSD test at a 5% significance level.
Mean ± S.E.M = Mean values ± Standard deviation of ten samples 


Table 2. Summary of DNA extraction methods used in the study
	Protocol
	Concentration (ng/µL)
	A260/280
	A260/230

	CTAB
	1718.01±1001.73b
	1.96±0.12 a
	1.45± 0.36 b

	NaOH extraction 
	6.26± 4.48 a
	1.67± 0.40a
	0.47±0.22 a

	Commercial Kit
	31.65 ± 20.52 a
	1.70 ±0.19a
	0.65 ± 0.15 a




Amplification of TYLCV A2 gene and visualization through gel electrophoresis

Figure 1 shows the results of PCR amplification of A2 gene from TYLCV using different extraction methods. The presence of the A2 gene suggests a possible Tomato Yellow Leaf Curl Virus (TYLCV) infection in the plant samples, which will be further, confirmed using Loop-mediated isothermal amplification (LAMP). The target gene is approximately 292 base pairs and it appeared consistently across all methods with varying band intensity on different samples. Among the three extraction methods, the DNA template obtained using the commercial kit consistently amplified the A2 gene, producing the most distinct and intense bands across nearly all lanes. On the other hand, the DNA extracted using the NaOH method showed clearer and more consistent bands compared to CTAB, which exhibited very weak – almost undetectable amplification. 

Although the DNA concentration and purity values were highest in CTAB-extracted samples, it did not successfully amplify the target gene on most of the lanes. This suggests that while high DNA concentration and acceptable purity are generally desirable, they do not guarantee PCR amplification especially for plant virus, specifically Tomato Yellow Leaf Curl Virus (TYLCV). 
      
A similar observation was reported in the study of Coella et al. (2017), where despite obtaining a high yield of genomic DNA with purity ratios close to the optimal range, difficulties were encountered in amplifying endogenous genes through PCR. The authors attributed this to the presence of PCR inhibitors in the extracted DNA, particularly in samples extracted using the CTAB method, where organic solvents used during the purification phase were identified as a potential source of inhibition (Palma et al., 2016; Demeke & Jenkins, 2010). 	 

In the case of CTAB, some inhibitors may still remain undetected by absorbance ratios alone. These can inhibit polymerase function, leading to weak or failed amplification of the target gene. This highlights the fact that while CTAB is effective in yielding high-purity DNA, it may require additional purification steps to be fully compatible with sensitive downstream applications like PCR.	
	
Furthermore, only the DNA extracted with the commercial kit produced consistent amplification of the A2 gene. In contrast, the DNA derived from the NaOH and CTAB methods exhibited weak amplification with most bands either faint or non-existent.This suggests that residual contaminants causing inconsistencies in DNA purity particularly those related to the incomplete removal of PCR inhibitors may have compromised amplification efficiency in both NaOH and CTAB-extracted samples. Further optimization of the extraction protocols may be necessary to achieve reliable amplification across all methods. 
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Figure 1. Agarose gel electrophoresis showing the amplified A2 gene of TYLCV from 10 tomato leaf samples DNA extracted using (a) CTAB, (b) NaOH extraction, (c) Commercial Kit 


4. Conclusion

Good DNA quality is essential for various downstream applications, especially PCR. Both DNA purity and integrity are critical factors that determine the overall quality and the usability of the isolated DNA and success of subsequent analyses. As shown in the results, CTAB remains the gold standard for plant DNA extraction. It yielded a good quality of isolated DNA that passed the A260/280 ratio OF 1.80-2.0. In addition, two other genomic extraction protocol were also utilized to compare which among the three methods will yield a good quality DNA template that will amplify a viral genome for plant virus detection. Notably, all of the three DNA protocols amplified the TYLCV viral A2 gene, despite suboptimal DNA purity in the NaOH method and commercial kit. When it comes to viral DNA detection, the commercial kit showed the most notable results. Further optimization of the three DNA protocols is still recommended to produce a high quality DNA that will pass both the purity and integrity analysis. 
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