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solation of plant DNA has become a cornerstone process in plant biotechnology, molecular 

biology, genetics and genomics. The extraction of good quality DNA is imperative for 

further applications such as PCR, DNA fingerprinting, DNA sequencing, marker assisted 

breeding, transformation, phylogenetic analysis and so forth. In contrast to animals, plants 

consist of complex structures such as cell wall, polysaccharides, polyphenols and secondary 

metabolites that make the DNA extraction a complicated task. Several extraction procedures 

have been formulated in order to meet these obstacles. Amongst all, the CTAB extraction 

procedure is the most extensively practiced one. This review focuses on the concepts of plant 

DNA isolation, common methods of DNA extraction, effects of factors on DNA quality, 

applications, limitations and new trends in DNA isolation techniques. 

Introduction 
Deoxyribonucleic acid (DNA) serves as the fundamental genetic material of all living 

organisms and contains the information responsible for growth, development, reproduction 

and adaptation. In plants, DNA governs a wide range of biological processes, including 

resistance to diseases, tolerance to environmental stresses, nutrient utilization and 

productivity. Consequently, the extraction of high-quality DNA is considered one of the most 

important preliminary steps in modern molecular biology, plant biotechnology and genetic 

research.  

 The rapid advancement of genomics, molecular breeding and biotechnology has 

significantly increased the demand for reliable DNA isolation techniques. High-quality DNA 

is essential for numerous downstream applications such as Polymerase Chain Reaction 

(PCR), DNA fingerprinting, molecular marker analysis, genome sequencing, genetic 

mapping, marker-assisted selection, phylogenetic studies and genetic transformation. The 

accuracy and success of these molecular techniques largely depend on the purity, integrity 

and concentration of the extracted DNA. 

 Unlike animal tissues, plant materials present unique challenges during DNA 

extraction due to the presence of rigid cell walls, polysaccharides, polyphenols, pigments, 

tannins and various secondary metabolites. These compounds can co-precipitate with DNA 

and interfere with enzymatic reactions, thereby reducing the quality of molecular analyses. 

As a result, the development of efficient DNA isolation protocols has become a major area of 

research in plant molecular biology. 

 Over the years, several DNA extraction methods have been developed to overcome 

these challenges, ranging from conventional chemical extraction procedures to modern 

automated and kit-based technologies. Among these, the Cetyl Trimethyl Ammonium 

Bromide (CTAB) method remains one of the most widely used approaches due to its 

effectiveness in removing contaminants and producing high-quality DNA from diverse plant 

species. This article discusses the principles, methods, factors affecting DNA quality, 

I 

mailto:kamanaihastih@gmail.com


Hasti et al. (2026) Agri Articles, 06(03): 687-695 (MAY-JUNE, 2026)     

Agri Articles ISSN: 2582-9882 Page 688 

applications, challenges and recent advances in plant DNA isolation, highlighting its 

significance in modern agricultural and biotechnological research. 

Principle of Plant DNA Isolation 
Plant DNA isolation is based on the disruption of plant cells and nuclei with the subsequent 

liberation of DNA along with exclusion of proteins, lipids, polysaccharides and other 

unwanted substances. 

 
Figure 1: Plant cell and Location of DNA 

The Typical procedure includes the following steps: 

 Cell Disruption 

Mechanical grinding with the use of liquid nitrogen facilitates the breakdown of rigid cell 

walls and enlarges the surface for DNA extraction. 

 Cell Lysis 

Use of detergents like sodium dodecyl sulfate (SDS) or CTAB destroys plasma membrane 

and nuclear membranes and liberates the content. 

 Elimination of Impurities 

Impurities like proteins and secondary metabolites are removed by means of salts organic 

solvents (chloroform: isoamyl alcohol) and β-mercaptoethanol. 

 DNA Precipitation 

DNA is precipitated through application of cold ethanol or isopropanol with the use of salts. 

 Washing and Storing 

After precipitation, DNA is washed from impurities using ethanol and is further dissolved in 

TE buffer or nuclease-free water. 

Methods of Plant DNA Isolation 
CTAB method 

The CTAB method is the most widely used DNA isolation technique because of its efficiency 

in the removal of polysaccharides and polyphenols. 

CTAB Buffer Composition: 

 CTAB detergent 

 Tris-HCl buffer 

 EDTA 

 NaCl 
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 β-mercaptoethanol 

Merits: 

 Purifies good quality DNA 

 Works well in plants with many secondary metabolites 

 Can be used for PCR and sequencing 

Demerits:  

 Long process 

 Involves toxic substances like chloroform 

SDS method 

In this method, sodium dodecyl sulfate is used for cell membrane degradation and protein 

denaturation. It is simple and cheap but less effective than CTAB in eliminating 

polysaccharides. 

Commercial DNA Isolation Kits 

They use columns of silica or magnetic beads. 

Merits:  

 Fast and easy 

 High reproducibility 

 Minimal contamination 

Demerits:  

 Very expensive 

 Limited sample numbers 

Magnetic Beads Technique 

Nanoparticles attached to beads magnetically select DNA. 

Table 1: Comparative evaluation of CTAB, SDS, Commercial Kit and Magnetic Bead 

methods commonly used for plant DNA isolation. 

Parameter CTAB Method SDS Method 

Commercial 

DNA Isolation 

Kits 

Magnetic Bead 

Method 

Principle 

Uses CTAB 

detergent to lyse cells 

and remove 

polysaccharides and 

polyphenols 

Uses SDS 

detergent for cell 

lysis and protein 

denaturation 

Uses silica 

membrane 

columns to 

selectively bind 

DNA 

Uses magnetic 

nanoparticles 

coated with 

DNA-binding 

molecules 

DNA Yield High Moderate High High 

DNA Purity High Moderate Very High Very High 

Removal of 

Polysaccharides 

and Polyphenols 

Excellent Limited Good Excellent 

Time Required Long Moderate Short Very Short 

Cost Low Very Low High High 

Technical 

Complexity 
Moderate to High Simple Simple Moderate 

Use of Hazardous 

Chemicals 

Yes (chloroform, β-

mercaptoethanol) 
Sometimes Minimal Minimal 

Reproducibility Good Moderate Excellent Excellent 

Automation 

Compatibility 
Low Low Moderate High 

Suitability for 

High-Throughput 

Processing 

Limited Limited Good Excellent 

Performance with 

Recalcitrant Plant 

Species 

Excellent Fair Good Excellent 
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Suitability for 

PCR 
Excellent Good Excellent Excellent 

Suitability for 

Sequencing and 

NGS 

Excellent Moderate Excellent Excellent 

Major 

Advantages 

High-quality DNA 

from plants rich in 

secondary 

metabolites 

Simple, 

inexpensive and 

easy to perform 

Fast, 

reproducible 

and user-

friendly 

Rapid, highly 

pure DNA and 

automation 

compatible 

Major 

Limitations 

Time-consuming and 

requires toxic 

chemicals 

Lower purity due 

to contamination 

by 

polysaccharides 

Expensive 

consumables 

High equipment 

and reagent cost 

Methods of Plant DNA Isolation  

 
Figure 2: Methods of Plant DNA isolation 
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Steps of Plant DNA isolation  

 
Figure 3: steps of plant DNA isolation 

Factors Affecting DNA Quality 
The quality and purity of the DNA of plants depend on various factors such as type of plants 

used, type of tissues involved, proper storage of samples and conditions under which the 

DNA extraction process takes place. The number of polysaccharides, tannins and secondary 

metabolites in the plant differs from one species to another. Young and fresh tissues yield 

higher-quality DNA compared to old and woody tissues due to low contamination levels. 

Besides, storage of samples should be done properly to avoid DNA degradation. 

Table 2: Factors Affecting the Quality and Purity of Plant DNA 

Factor Effect on DNA Quality Consequences 

Plant Species 

Different plant species contain varying 

levels of polysaccharides, polyphenols 

and secondary metabolites. 

Increased contamination 

and reduced DNA purity. 

Type of Plant Tissue 

Young leaves generally contain fewer 

contaminants than mature, woody or 

senescent tissues. 

Young tissues usually yield 

higher-quality DNA. 

Sample Freshness 
Fresh samples preserve DNA integrity 

better than old or deteriorated tissues. 

Delayed processing may 

lead to DNA degradation. 

Sample Storage Conditions 
Improper storage can activate nucleases 

and accelerate DNA breakdown. 

Reduced DNA yield and 

fragmented DNA. 

Cell Wall Composition 
Thick and lignified cell walls are more 

difficult to disrupt during extraction. 

Lower DNA recovery and 

extraction efficiency. 

Polysaccharide Content 
Polysaccharides may co-precipitate with 

DNA during isolation. 

Interference with PCR, 

restriction digestion and 

sequencing. 

Polyphenols and Tannins 
These compounds can bind to DNA and 

cause oxidation. 

Poor DNA quality and 

inhibition of enzymatic 

reactions. 

Secondary Metabolites 
Alkaloids, pigments, essential oils and 

other metabolites may contaminate 

Reduced suitability for 

molecular analyses. 
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DNA preparations. 

Efficiency of Tissue 

Grinding 

Incomplete grinding limits cell 

disruption and DNA release. 

Lower DNA yield and 

inconsistent extraction 

results. 

Extraction Buffer 

Composition 

Incorrect buffer formulation may fail to 

remove contaminants effectively. 

Reduced DNA purity and 

stability. 

Temperature During 

Extraction 

Excessive heat can accelerate DNA 

degradation and nuclease activity. 

Fragmented DNA and poor-

quality samples. 

Use of Antioxidants (e.g., 

β-mercaptoethanol) 

Helps prevent oxidation of phenolic 

compounds. 

Improved DNA quality and 

purity. 

DNA Precipitation 

Conditions 

Incorrect alcohol concentration or 

precipitation temperature affects DNA 

recovery. 

Low DNA yield and 

incomplete precipitation. 

Contamination by RNAses 

and DNAses 

Enzymatic degradation of nucleic acids 

may occur during extraction. 

Loss of DNA integrity and 

reduced quality. 

Operator Skill and Protocol 

Accuracy 

Errors during extraction can introduce 

contamination or cause DNA loss. 

Variable results and poor 

reproducibility. 

DNA Quality Assessment  
The quality and purity of isolated DNA must be evaluated before it is used in downstream 

molecular applications. Poor-quality DNA may contain contaminants such as proteins, 

polysaccharides, phenolic compounds and RNA, which can interfere with enzymatic 

reactions and compromise experimental results. Therefore, assessment of DNA quality is an 

essential step in plant molecular biology and biotechnology research. 

 Agarose Gel Electrophoresis 
Agarose gel electrophoresis is one of the most commonly used methods for assessing DNA 

integrity. High-quality genomic DNA appears as a distinct, high-molecular-weight band with 

minimal smearing when visualized under ultraviolet light after staining with ethidium 

bromide or other fluorescent dyes. Extensive smearing indicates DNA degradation, while the 

presence of multiple bands may suggest contamination or fragmentation. 

 Spectrophotometric Analysis  
Spectrophotometers and microvolume spectrophotometers (e.g., Nanodrop) are widely used 

to determine DNA concentration and purity by measuring absorbance at specific 

wavelengths. 

A260/A280 Ratio: The ratio of absorbance at 260 nm and 280 nm is commonly used to 

evaluate protein contamination. A260/A280 Ratio Interpretation ~1.8 Pure DNA <1.8 Protein 

or phenolic contamination >2.0 Possible RNA contamination A260/A230 Ratio: This ratio 

indicates contamination from polysaccharides, salts, phenols and other organic compounds. 

A260/A230 Ratio Interpretation 2.0–2.2 Pure DNA <2.0 Presence of contaminants.  

 Fluorometric Quantification  
Fluorometric methods use DNA-specific fluorescent dyes to accurately quantify DNA 

concentration. Instruments such as Qubit fluorometers provide more precise measurements 

than spectrophotometers, particularly when DNA concentrations are low or samples contain 

contaminants. 

 PCR-Based Quality Verification  
The amplifiability of isolated DNA can be evaluated through Polymerase Chain Reaction 

(PCR). Successful amplification of target DNA fragments indicates that the extracted DNA is 

of sufficient quality and free from inhibitors that may interfere with enzymatic reactions. 

PCR-based verification is frequently used before molecular marker analysis, sequencing and 

genotyping studies.  

 Advanced Quality Assessment Techniques 
For applications requiring highly pure DNA, such as next-generation sequencing (NGS) and 

whole-genome sequencing, advanced instruments including Bioanalyzer and Tape Station 

systems are used. These platforms provide detailed information on DNA concentration, 
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fragment size distribution and sample integrity, ensuring suitability for high-throughput 

genomic analyses. The combined use of gel electrophoresis, spectrophotometry, fluorometry 

and PCR-based verification provides a comprehensive assessment of DNA quality and 

ensures reliable performance in downstream molecular applications. 

Applications of Plant DNA Isolation 
The isolation of high-quality plant DNA is a fundamental requirement for a wide range of 

applications in molecular biology, biotechnology, genetics and plant breeding. The success of 

many advanced molecular techniques depends on the purity and integrity of the extracted 

DNA. 

 Molecular Marker Analysis and Plant Breeding Plant: DNA isolation is an essential 

first step in molecular marker-based studies involving RAPD, AFLP, SSR, SNP and other 

DNA markers. These markers are extensively used for genetic diversity analysis, 

germplasm characterization, variety identification and marker-assisted selection (MAS). 

For example, DNA markers have been widely employed in rice, wheat and maize 

breeding programs to identify genes associated with disease resistance, drought tolerance 

and yield improvement.  

 Crop Improvement and Marker-Assisted Selection: DNA extraction plays a crucial 

role in modern crop improvement programs by enabling the identification and selection of 

desirable genetic traits at an early stage of plant development. Marker-assisted selection 

has been successfully used in crops such as rice for bacterial blight resistance, wheat for 

rust resistance and cotton for fiber quality improvement. The availability of high-quality 

DNA significantly enhances the accuracy of these breeding programs. 

 Genetic Engineering and Transgenic Crop Development: Plant DNA isolation is 

indispensable for genetic engineering studies and the development of transgenic crops. 

Extracted DNA is used to identify target genes, verify gene insertion events and monitor 

the stability of introduced traits. For instance, DNA analysis is routinely performed 

during the development and evaluation of insect-resistant Bt cotton and herbicide-tolerant 

crop varieties.  

 Disease Diagnosis and Plant Pathology: DNA-based diagnostic techniques enable the 

rapid and accurate detection of plant pathogens, including fungi, bacteria, viruses and 

phytoplasmas. Early detection helps farmers and researchers implement timely disease 

management strategies. DNA isolation is commonly used for the identification of 

pathogens such as Fusarium spp., Xanthomonas spp., Tomato leaf curl virus and Banana 

bunchy top virus.  

 Genomics and DNA Sequencing: The advancement of next-generation sequencing 

(NGS) technologies has increased the demand for high-quality genomic DNA. Extracted 

DNA serves as the starting material for whole-genome sequencing, genome assembly, 

comparative genomics and functional genomics studies. These approaches facilitate the 

discovery of genes responsible for important agronomic traits and accelerate crop 

improvement efforts.  

 Biodiversity Conservation and Phylogenetic Studies: DNA isolation is widely used to 

assess genetic diversity among plant populations and to study evolutionary relationships 

among species. Such information is valuable for germplasm conservation, plant taxonomy 

and the management of genetic resources. DNA-based analyses have contributed 

significantly to the conservation of wild relatives of economically important crops. 

 DNA Fingerprinting and Variety Identification: Plant DNA extraction forms the basis 

of DNA fingerprinting techniques used for cultivar identification, seed purity testing and 

protection of plant breeders' rights. Molecular fingerprinting enables the accurate 

differentiation of closely related cultivars and supports seed certification programs.  

 Genomic Selection and Precision Agriculture: Modern breeding programs increasingly 

rely on genomic selection, where thousands of molecular markers distributed across the 

genome are used to predict the performance of breeding lines. High-quality DNA is 
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essential for generating accurate genomic data that support precision breeding and the 

development of climate-resilient crop varieties.  

 Forensic Botany and Authentication of Plant Products: DNA isolation is also 

employed in forensic investigations and authentication of plant-derived products. 

Molecular techniques help identify plant species in processed foods, herbal medicines and 

agricultural commodities, thereby ensuring product quality and preventing adulteration. 

Overall, plant DNA isolation serves as the foundation for numerous molecular and 

genomic technologies that support crop improvement, disease management, biodiversity 

conservation and sustainable agricultural development. 

Challenges in Plant DNA Isolation 
DNA isolation from plant tissue poses challenges due to the presence of complex compounds 

in the plant cell. The presence of secondary metabolites and other chemicals can contaminate 

DNA preparations and compromise the downstream application of such DNA samples. 

Improper extraction techniques can further cause DNA shearing and reduce DNA yield 

especially in plants that contain essential oils and phenolics. 

Recent Advances in DNA Extraction Technologies 
Recent developments in DNA isolation technology have enhanced the efficiency and 

accuracy of isolating DNA from plants. The use of automated systems has minimized human 

errors, while the application of magnetic beads and nanoparticles for DNA purification has 

made the process faster. DNA isolation kits have also made the process easier and sustainable 

DNA isolation techniques that use fewer harmful chemicals are under development. 

Future Perspectives 
The future of plant DNA isolation is closely linked to the rapid advancements in genomics, 

molecular breeding and precision agriculture. As next-generation sequencing (NGS), whole-

genome sequencing and genome-editing technologies become increasingly accessible, the 

demand for high-quality DNA extraction methods will continue to grow. Future DNA 

isolation protocols are expected to be faster, more efficient and capable of producing highly 

pure DNA suitable for advanced genomic applications. 

 Automation is expected to play a major role in modern molecular laboratories. 

Robotic DNA extraction systems and high-throughput platforms are being developed to 

process large numbers of samples with minimal human intervention, thereby reducing labor 

requirements, contamination risks and experimental errors. These technologies will be 

particularly valuable for large-scale breeding programs, genetic diversity studies and genomic 

selection initiatives. 

 Recent advances in nanotechnology have introduced magnetic nanoparticles and 

nanomaterial-based purification systems that enable rapid and highly efficient DNA isolation. 

Such technologies have the potential to simplify extraction procedures while improving DNA 

yield and purity. In addition, environmentally friendly extraction methods that minimize the 

use of hazardous chemicals such as chloroform and β-mercaptoethanol are gaining increasing 

attention as part of sustainable biotechnology practices. 

 Portable and field-deployable DNA extraction systems are also emerging as 

promising tools for agricultural diagnostics and disease surveillance. These systems may 

enable researchers and plant breeders to perform DNA isolation and molecular analysis 

directly in the field, facilitating rapid decision-making and timely crop management. 

Integration of DNA extraction technologies with portable sequencing platforms and point-of-

care diagnostic devices is expected to further expand their applications. 

 Artificial intelligence, machine learning and advanced bioinformatics tools are likely 

to transform DNA extraction workflows by optimizing protocols, predicting sample quality 

and automating data analysis. As agriculture increasingly adopts genomics-assisted breeding 

and precision farming approaches, efficient DNA isolation technologies will remain 
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fundamental to crop improvement, genetic resource conservation and sustainable agricultural 

development. 

 Overall, continued innovations in automation, nanotechnology, portable diagnostics 

and genomics are expected to make plant DNA isolation faster, safer, more cost-effective and 

more accessible, thereby supporting the next generation of agricultural and biotechnological 

research. 

Conclusion 
DNA isolation from plants forms an important technique in the fields of molecular biology, 

biotechnology and plant breeding. Good-quality DNA is required for many purposes, 

including PCR, genome mapping, genetic engineering and disease detection. Plant tissues 

pose numerous challenges to the extraction process because of their complex nature, but 

current extraction procedures have managed to overcome some obstacles. Research in the 

area will go a long way in contributing to the success of future genomic studies. 
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