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Background: Plants are rich in complex compounds, which hinder obtaining 

intact and pure DNA, especially by traditional manual methods. Extraction 

of high-quality and quantity genomic DNA is the most important step for all 

DNA-based biological applications, such as polymerase chain reaction 

(PCR), cloning, and sequencing. In this study, four DNA extraction modified 

protocols (CTAB, TNES) and (CTAB, TENS with a solid-phase column) 

were evaluated to produce highly purifiedand high-quantity DNA from the 

leaves and seeds of 11 species. They were compared with a kit (QIAGEN) 

which was used as a positive control. The techniques were evaluated for their 

capacity to produce DNA devoid of sugars, polyphenols, RNA, and other 

significant contaminants, as well as their apparent, viscosity, OD260 reading, 

and appropriateness for PCR-based assays. Results: The most obvious result 

was that using traditional methods such as CTAB and TENS with a solid-

phase column increased the efficiency of the method and gave better results 

in spectrophotometer readings and polymerase chain reaction. Conclusion: 

To get results comparable to those from Kit procedures, it is possible to 

enhance the conventional DNA extraction techniques. To achieve high-

quality DNA at the lowest possible cost, this is accomplished by combining 

several extraction buffers and utilizing a solid phase column. 

 

INTRODUCTION 

      Nucleic acids are the source of life for all organisms and living systems, and all 

the information secrets lie in them. Therefore, it must be extracted to reveal these secrets. 

Because DNA extraction is the key step for many successive analytical techniques, this step 

must be given more attention (Sirakov, 2016). The first trial for DNA extraction was in 1869 

when Swiss physician Friedrich Miescher searched for proteins in leukocytes in puss cells, he 

accidentally isolated a new substance from the nucleus and named it “nuclein” (Dairawan and 

Shetty, 2020).  
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Since then, DNA extraction and 

analysis have become important in many 

scientific fields. Subsequently, many studies 

have been conducted on DNA extraction 

protocols, which should include three main 

steps: disruption of cytoplasmic and nuclear 

membranes, separation, and purification of 

DNA from other cellular components, and 

subsequent concentrations and purifications 

of DNA for use in research applications and 

diagnosis (Sheershika and Ram, 2024). Doyle 

and Doyle (1987) and Dellaporta et al. (1983) 

detected the most used and developed 

methods of extracting DNA from plants. The 

different the plant species, the more changes 

these methods require as all plant species are 

not the same in terms of their complex 

components. Not only inter-species but also 

intra-species content of secondary 

metabolites should be considered. 

Interestingly, the type of tissue and the age at 

which the tissue is collected affect the 

extraction procedure thus, mature plant tissue 

is not recommended for DNA extraction due 

to its higher content of secondary metabolites 

such as sugars and polyphenols (Granier, 

1988; Wu et al., 2014). Researchers often 

modify the extraction buffer pH and 

composition or include nuclei isolation as a 

beginning in the most used methods to extract 

DNA from different plant speciesthese 

adjustments are required for standard 

protocols (Porebski et al., 1997; Abdel-Latif 

and Osman, 2017; Aboul-Maaty and Oraby, 

2019; Xia et al., 2019). The integrity and 

purity of DNA are the biggest challenges for 

many protocols, especially those applied to 

plants, because of the complex compounds it 

contains, such as phenols, dyes, and 

polysaccharides, which hinder the proper 

extraction of nucleic acids. In other words, the 

absence of good-quality DNA is a major 

limiting factor to the success of all DNA-

based techniques (Echevarría-Zomeño et al., 

2012; Zhang et al., 2013; Aboul-Maaty and 

Oraby 2019; Aggarwal et al., 2022). High-

quality DNA is characterized by high 

molecular-weight fragments with an 

A260/280 ratio between 1.8 and 2.0 and the 

lack of contaminating substances, such as 

polysaccharides and phenols (Abdel-Latif 

and Osman, 2017).  DNA extraction is 

essential for many applications in molecular 

biology, including polymerase chain reaction 

(PCR), molecular marker investigation 

techniques, Southern blotting, and DNA 

sequencing (Manen et al., 2005). Finally, a 

good genomic DNA extraction procedure 

should be fast, inexpensive, and simple (not 

laborious and hazardous). To produce a good 

quantity of intact DNA of reasonable purity 

using insignificant amounts of tissue.  

Therefore, to achieve the best results 

in terms of DNA quantity and quality, the 

current study attempted to adapt conventional 

procedures by utilizing columns and adding a 

modified extraction buffer. 

MATERIALS AND METHODS 

Plant Materials: 

             Eleven plant species representing six 

plant families listed in Table 1, were obtained 

from the Dabaa farm, Marsa Matrouh, Egypt. 

All collected plant leaves were frozen until 

working, except for the corn, which was 

obtained as ground seeds. These plant 

specimens are rich in polyphenols, proteins, 

and polysaccharides, which explains their 

choice for the current study. 
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             Table 1: List of all collected plants for the current investigation. 

 
 

Modified DNA Extraction Protocols:     

-Protocol no.1 Doyle and Doyle (CTAB) 

modified method. 

-Protocol no.2 Dellaporta (home-made 

extraction method or “TENS”) modified 

method. 

-Protocol no.3 (CTAB modified + Solid phase 

technology) or (CTAB+ Co.). 

-Protocol no.4 (TENS modified + Solid phase 

technology) or (TENS+ Co.) 

-Protocol no.5 (QIAGEN kit)  

            Every stage in the procedures used is 

taken into consideration, and Table 2,  lists the 

most significant changes we made to the 

conventional laboratory procedures in 

contrast to the Kit technique. 

 

Table 2: A table illustrating the primary differences between the methodologies utilized and 

the changes made to them. 

 
 

Quantification and Qualification of 

Extracted DNA: 

            For DNA qualification, the genomic 

DNA was electrophoresed on 0.8% agarose 

gel . Electrophoresis was performed using 

1×TBE buffer (0.089M Tris-HCl pH 7.5, 

0.089M boric acid, and 0.002M EDTA) at a 

constant voltage of 100 V for 15 minutes. 

However, DNA quantification was 

investigated by a spectrophotometer 

(SmartSpec. Plus, UV/Vis Spectrophotometer 

200–800 NM DNA RNA QUANTITATION 

(BIO-RAD)). The DNA yield was measured 

by OD 260 reading. DNA quantity per tissue 
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was calculated by multiplying the result of the 

following equation: (A260* 50* DF/1000) 

(DF= dilution factor), by the buffer volume in 

which DNA was extracted from each tissue. 

Appropriateness of extracted DNA for 

PCR: 

                Molecular markers such as 

ribulose-1,5-bisphosphate carboxylase (rbcL) 

and inter simple sequence repeats (ISSRs) 

were performed. The sequence of used 

primers, their references  and PCR conditions 

are listed in Table 3. All PCR reactions were 

performed in a total volume of 25 μl in 96-

well plates using a Veriti™ 96-Well Fast 

thermal cycler. The PCR mixture contained 

12.5 µl of COSMO PCR RED Master Mix 

DNA Polymerase (WF10203001 Co., Ltd.), 

2.0 µl of genomic DNA (20 ng/µL), 2.0 µl of 

each primer (10 nm), and 6.5 µl of sterilized 

water. PCR products were visualized on 1.5% 

agarose gel with a 1Kbp DNA ladder 

(TIANGEN, Cot. No.MD113). 

 

         Table 3: Sequence of the used primers for rbcL and ISSRs markers. 

 
 

RESULTS  

Grinding of Plant Tissues: 

            This step was the most time-

consuming of each method for extracting 

DNA from plants, therefore more effort and 

additional work were needed. Table 4 & 

Figure 1 shows the time spent by each of the 

applied methods. All plants took time and 

relative effort to grind, except for the corn that 

was collected as ground from the beginning. 

 

       Table 4:Characterization and qualification of used methods for DNA extraction 

 
∗ =Time required to prepare DNA from 11 pulverized samples.  

∗∗ =DNA score is calculated by averaging the DNA concentrations (µg/µl) generated from the 

A260 reads (not shown data).  
∗∗∗ = one point is given for each clear positive PCR result for each amplified sample (total is 

11).  
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Fig.1: An illustration of the effectiveness of applied protocols for DNA extraction. 

 

The Quantity and Quality of Extracted 

DNA:  

            Both electrophoretic and 

spectrophotometric techniques were used 

twice to evaluate the overall quality and 

quantity of extracted DNA, respectively.  

Intact and abundant DNA bands were 

obtained for most samples for all the applied 

methods (Fig. 2). In the CTAB and TENS 

approaches, genomic DNA bands were absent 

in certain plants shwon in (Fig. 2; a & b),, 

while both the (CTAB +Co.) and (TENS 

+Co.) methods showed satisfactory results 

with all samples, except for the corn sample, 

which did not appear clearly on the gel (Fig. 

2; c & d), respectively). Samples extracted by 

the Kit method showed well-defined bands 

except for the cucumber plant sample (Fig. 2; 

e).  All DNA quality and quantity 

characteristics resulting from the used 

methods were summarized in Table 5. It is 

noted that the results of time (average of two 

replicates) were identical for many samples.  

DNA quality was evaluated by measuring the 

OD 260 readings results were extremely 

varied, as shown in Table 5.  

  

 
Fig.2: Evaluation of extracted DNA quality by gel electrophoresis (represented by gels figures) 

for used methods; (a) CTAB; (b) TENS; (c) CTAB+ Co.; (d) TENS+ Co. and (e) Kit.  For 

samples; 1) Broccoli, 2) Eggplant, 3) Tomato, 4) Paprika, 5) Colored Pepper, 6) Hot Pepper, 

7) Bean, 8) Beans, 9) Strawberry, 10) Cucumber and 11) Maize. 
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Table 5: Evaluation of extracted DNA quantity by spectrophotometry (represented by values 

of OD 260) for used methods (M); (a) CTAB; (b) TENS; (c) CTAB+ Co.; (d) TENS+ 

Co. and (e) Kit. For samples (S); 1) Broccoli, 2) Eggplant, 3) Tomato, 4) Paprika, 5) 

Colored Pepper, 6) Hot Pepper, 7) Bean, 8) Beans, 9) Strawberry, 10) Cucumber and 

11) Maize. 

 
 

PCR Outputs:  

              It should be noted that the 

experiment was conducted twice with 

identical outcomes. PCR results were 

obtained at two levels: rbcL and ISSR. As for 

the rbcL reaction, the size of the amplicon 

obtained with this primer ranged from 540 to 

580 bp (average 560) and PCR products were 

clarified in )Fig. 3(. The number of absent 

bands in modified CTAB (Fig. 3a) and TENS 

(Fig. 3b) methods was bigger than CTAB 

(Fig. 3c) and TENS (Fig. 3d) with the column 

and kit (Fig. 3e). When CTAB compared to 

TENS, whether with column or without, 

TENS outperformed but incorporation of 

columns gave the best results in general. 

              As for the ISSRs reaction, PCR 

products were clarified in )Fig. 4(. Generally, 

not all samples succeeded with this marker, 

and the average number of successful sample 

bands was 3 to 6, with an average amplicon 

size of 300-2200 bp. Comparing the results of 

our modified techniques, the technique 

containing column showed better results and 

was close to the results of DNA extracted with 

Kit, which is the standard for this ISSR 

marker.  

 

 
Fig.3: Agarose gel electrophoresis of rbcL PCR products for the DNA extracted by; (a) CTAB; 

(b) TENS; (c) CTAB+ Co. and (d) TENS+ Co.; and (e) Kit. 
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Fig. 4: Agarose gel electrophoresis of ISSR PCR products for the DNA extracted by; (a) 

CTAB; (b) TENS; (c) CTAB+ Co. and (d) TENS+ Co.; and (e) Kit. 

 

DISCUSSION 

             Traditional techniques for extracting 

DNA from plants involve labour-intensive 

and time-consuming procedures, including 

solutions preparation, the time-consuming 

grinding process depending on the tissue type 

(leaf, seed, or root), purification, and 

sedimentation according to Júnior et al. 

(2016). In addition to secondary metabolite 

residues, subsequently cause an obstacle in 

molecular analyses. This confirms that the 

idea of the current study is urgent to overcome 

the previous problems. 

            The mortar and pestle were used in the 

plant sample grinding step, and it was easy to 

manipulate all types of plant tissues to 

produce DNA with more reliable quality. To 

further facilitate the grinding process, liquid 

nitrogen can be used. However, with corn 

samples, a hand blender was used to obtain 

the best results, according to Abdel Latif and 

Othman (2017) and Aboul-Maaty and Oraby 

)2019(. Regarding time consumption, the 

TENS method was the best, whether with or 

without a column. Although it is known that 

the tissue and the preservation method types 

play a fundamental role, therefore, 

appropriate tissue type and sample collection 

methods are recommended.  

            Regarding the time, The grinding 

process - took an average of 30 to 45 seconds 

per sample, with an average of 7 to 8.5 

minutes for all samples in the CTAB and 

CTAB column methods, respectively, while 

the average grinding process per sample was 

25 to 35 seconds at a rate of 5.5 to 6 minutes 

for all samples using the TENS and TNES 

method with the column, respectively. The 

Kit method took an average of 25 to 30 

seconds per sample, and an average of 2.5 and 

3 minutes for all samples. As for completing 

the rest of the steps, the real differences 

appeared; a full day to complete the extraction 

stages with the CTAB method, (because the 

best result is when the samples are incubated 

at -20 for as long as possible) while CTAB 

with the column, TENS and TNES with the 

column both took 2.5 hours as average time 

of extraction. While the Kit method was the 

least time-consuming to obtain the result, 

with an average of 1.4 hours. 

            Regarding DNA quality, the current 

study resulted in an effect of the duration of 

sample preservation on the extracted DNA, in 

addition to other known factors such as age, 

tissue type, and extraction method. It turned 

out that a long preservation period negatively 

affects the DNA extraction process. 
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Therefore, the extraction process must be 

rapid immediately after sample collection. 

               As for contamination of secondary 

metabolite residues, our modifications proved 

effective  results.  To improve the efficiency 

of traditional procedures such as Doyle and 

Doyle and Dellaporta, we have made certain 

adjustments by adding a solution containing 

specific compounds (glucose, EDTA, and 

PVP) that help to raise the purity of DNA. 

Glucose prevents contamination and 

browning by polyphenols, which improves 

DNA quality (Uddin et al., 2014). High-

concentrated PVP binds to phenolic 

compounds, through hydrogen bonds, 

allowing them to be separated from DNA and 

reducing the levels of polyphenols in the 

product (Porebski et al., 1997). During the 

DNA extraction process, the DNA should be 

protected from endogenous nucleases, and 

this is achieved using 

ethylenediaminetetraacetic acid (EDTA) 

which is included in DNA extraction buffer to 

chelate magnesium ions, a necessary co-

factor for most nucleases (Vinod, 2004).                

               Polysaccharides inhibit PCR 

amplifications and can lead to erroneous 

interpretations (Kotchoni et al., 2003). The 

co-precipitation of polysaccharides was 

avoided by adding higher concentrations of 

selective precipitants of nucleic acid, CTAB 

(0.04 g/mL), and NaCl (3 M) (Dellaporta et 

al., 1983); the latter was used at 1.4 M in our 

modified method. Long-tail surfactants such 

as CTAB produce a conformational change in 

the DNA from a “random coil” to a “compact 

globule” making DNA precipitation more 

effective (Azmat et al., 2012). Phenolic 

compounds are powerful oxidizing agents and 

bind covalently to the extracted DNA, making 

them useless for most molecular 

manipulations (Porebski et al., 1997; 

Padmalatha and Prasad 2006). A high 

concentration (0.02 g/ml) of PVP mixed in the 

extraction buffer (Fang et al., 1992; Moller et 

al., 1992; Lodhi et al., 1995) binds to phenolic 

compounds and helps to remove them. 

               As for DNA quantity, the 

spectrophotometer readings were very 

variable, which related to the variation of the 

samples in terms of integrity and purity 

(Shokere et al., 2009). These results confirm 

that choosing the appropriate protocol is an 

important factor in determining the level of 

results desired to be achieved. However, the 

fluctuation of readings may also be due to the 

lack of spectrophotometer efficiency, as it 

lacks accuracy in the case of low-

concentrated or contaminated samples 

(Masago et al., 2021). Therefore, DNA 

quantification is prescribed to be measured by 

other accurate methods such as Nanodrop 

DNA quantification (Simbolo et al., 2013) in 

case accessible. 

               As for the appropriateness of PCR, 

each method's effectiveness is assessed by 

assigning a score. The results were as 

expected, as the modifications were useful in 

obtaining DNA suitable for PCR applications, 

but to varying degrees. The column inclusion 

was remarkably effective to the point of 

approaching the Kit results. The results of 

rbcL agreed with Urumarudappa et al. (2022), 

and the results of ISSR agreed with Pradeep 

Reddy et al. (2002), Wang et al. (2012), and 

Abdulhamed et al. (2021). However, one of 

the strong observations is that some samples, 

even those extracted with the kit, dropped, 

which explains the possibility of problems 

controlling the conditions of the PCR itself 

and not the sample. 

CONCLUSION 

                Finally, we can conclude from the 

current study that if we want to obtain intact, 

high-quality DNA at the cheapest cost and 

time, and suitable for many plant species, we 

must identify the appropriate tissue and 

extract DNA from it as quickly as possible 

without resorting to a preservation period. 

The current study confirmed the high quality 

of the conventional techniques by simply 

inserting the precipitation columns. 

Therefore, we must buy precipitation columns 

only instead of buying the kit totally and 

including these columns among the extraction 

steps. If the purification columns are also 

introduced we expect better results. We also 

recommend having a standard sample as a 

positive control when applying PCR because 

the poor results are not necessarily due to the 
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sample conditions alone. 

Abbreviation:   

CTAB, Cetyl Trimethyl Ammonium Bromide 

or Hexadecyl Trimethyl Ammonium 

bromide; EtOH, Ethanol; TBE (Tris-Borate-

EDTA); TENS (Tris, EDTA, NaCl & SDS), 

rbcL (ribulose bisphosphate carboxylase) 

DNA barcode marker. 
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ARABIC SUMMARY 

 

ستخلاص الحمض النووي الجينومي بجودة وكمية عالية من تقييم وتعديل بعض الطرق التقليدية لإ

 النباتية المختلفة  العائلات 

 
، 1فوزيياسر ، روان 1، روان صبري زيد1حسنيناحمد ، رحاب 1عبد العزيزعبد اللطيف ، شيماء 1مغازيمحمد منى 

 1، هالة محمد زغلي4سماحةمنصور ، غادة 3سليمانعلي ، أحمد 2محمدطاهر خالد 

 ، مصر.القليوبية، 11241، حدائق شبرا 68قسم الوراثة، كلية الزراعة، جامعة عين شمس، ص.ب. ص.ب   1
 قسم النبات، شعبة الوراثة، كلية الزراعة، جامعة الأزهر، مصر. 2
 مصر. ، المركز القومي للبحوث، الدقي، ةوالبيولوجي ةالزراعيالبحوث البستانية، معهد  الحاصلاتقسم تكنولوجيا  3
 ، المركز القومي للبحوث، الدقي، مصر. ةوالبيولوجي ةالزراعي البحوث المحاصيل الحقلية، معهد قسم بحوث  4

 
النباتات غنية بالمركبات المعقدة، التي تعيق الحصوووع علا الحمض النووي السووليم والنقي، و اصووة بالطرق               

سووووتخراح الحمض النووي الجينومي عوالي الجودة والكميوة وهم  طوة لجميب التطبيقوات البيولوجيوة إاليودويوة التقليوديوة. يعود  

(، والاسوتنسوا ، والتسولسول. ذي هلد الدراسوة، تم PCRالمعتمدة علا الحمض النووي، مثل تفاعل البوليميراز المتسولسول  

مب عمود المرحلوة    CTAB  ،TENS( و CTAB  ،TNESسووووتخراح الحمض النووي  تقييم وربعوة بروتوكولات معودلوة لإ

(  QIAGEN. وتمت مقارنتهم مب مجموعة   نباتينوعا    11 وبلور من ووراق والكميةعالي النقاء   DNAالصوووولبة( لإنتاح  

من   سووووتخودامهوا كعنصوووور تحكم إيجوابي. تم تقييم التقنيوات لقودرتهوا علا إنتواح الحمض النووي المعزوع  واليوا  إوالتي تم  

( وغيرها من الملوثات المهمة، بالإضواذة إلا اللزوجة الواضوحة  RNAالسوكريات والبوليفينوع والحمض النووي الريبي  

ومدى ملاءمتها لفحوصات تعتمد علا تفاعل البوليميراز المتسلسل. ودى استخدام الطرق التقليدية   OD260قراءات  ونسبة 

إلا زيوادة كفواءة الطريقوة وإعطواء نتوائل وذ وووول ذي قراءات مقيوا    ةالصوووولبو  المرحلوة    مب عمود    TENSو  CTABمثول  

الطيف ال وووئي وتفاعل البوليميراز المتسوولسوول. للحصوووع علا نتائل مماثلة لتلت التي يتم الحصوووع عليها من إجراءات  

دة بأقل تكلفة سوتخراح الحمض النووي التقليدية. لتحقيق الحمض النووي عالي الجوإالمجموعة، من الممكن تحسوين تقنيات  

 .المرحلة الصلبةعمود ستخدام إومن محاليل الإستخلاص المنظمة ممكنة، يتم تحقيق ذلت من  لاع الجمب بين العديد 
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