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Abstract. Plasmid DNA, as the core material of the new generation of nucleic acid vaccines, has 
broad market potential, especially playing a critical role in gene therapy and mRNA vaccine 
development. With the rapid development of biotechnology, the production process and quality 
control techniques of plasmid DNA are continuously innovated and optimized. This paper reviews 
key technological advances in plasmid DNA production, including strategies for increasing plasmid 
yield, post-fermentation processing, impurity removal methods, and the purification process for high-
purity supercoiled plasmid DNA. In addition, the quality control system of plasmid DNA production is 
discussed in detail. The plasmid DNA production process encompasses multiple steps, including 
fermentation, extraction, purification, and concentration, where optimization and innovation at each 
stage significantly contribute to enhancing production efficiency and product quality. Regarding 
quality control, key indicators such as purity, endotoxin absence, sequence integrity, and 
concentration are strictly monitored to ensure the safety and effectiveness of plasmid DNA. 
Simultaneously, the application of automated production and antibiotic-free selection marker 
systems has brought new technological breakthroughs to plasmid production. In the future, as global 
quality control standards are gradually unified, the application prospects of plasmid DNA in vaccine 
development, gene therapy, and personalized medicine will become more promising. By 
continuously optimizing production processes, reducing costs, and improving quality control 
standards, plasmid DNA will continue to play an essential role in the biopharmaceutical field, driving 
further advancement of related technologies. 
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1. Introduction 

Plasmid DNA (pDNA) is a unique circular double-stranded DNA capable of independent 

replication in host cells, thus playing a crucial role in genetic engineering, gene therapy, vaccine 

development, and other biotechnology and pharmaceutical fields [1]. Plasmid DNA is not only easy 

to manipulate and amplify but can also serve as a vector for foreign genes, widely applied in gene 

editing, gene expression regulation, and drug delivery [2]. In gene therapy, plasmid DNA is used as 

a vector to deliver therapeutic genes into target cells to correct genetic disorders. In vaccine 

development, plasmid DNA serves as the basis for DNA vaccines, with applications extending from 

traditional vaccine platforms to new infectious disease control, such as the development of COVID-

19 vaccines [3]. Therefore, the large-scale production process and quality control of plasmid DNA 

are critical to its successful application. 

In recent years, the rapid development of the biopharmaceutical field has significantly increased 

the demand for plasmid DNA, driving continuous progress in plasmid DNA production processes 

and quality control technologies. Plasmid DNA production involves multiple steps, such as 

fermentation, extraction, purification, and concentration, where technical optimization and process 

innovation at each step have a major impact on production efficiency, product purity, and cost-

effectiveness [4]. Moreover, the quality of plasmid DNA is directly related to its safety and efficacy 

in applications, requiring strict quality control measures to ensure its purity, endotoxin-free status, 

sequence integrity, and high expression efficiency [5]. 

The main objective of this review is to comprehensively examine the production process and 

quality control methods of plasmid DNA, analyze important technological advancements in this field 

in recent years, and explore possible future development directions. 
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2. Plasmid DNA Production Process 

2.1. Overview of Plasmid DNA Production Steps 

The preparation of plasmid DNA consists of several relatively independent process units. In GMP 

production practice, these process units are optimized and combined to form a production workflow 

with good performance. The production steps of plasmid DNA typically include establishing plasmid 

sequences and seed banks, fermenting engineered bacteria, lysing bacterial cells, preliminary and fine 

purification of plasmid, concentration, sterile filtration, and storage. 

2.2. Fermentation 

Plasmid DNA is produced through bacterial fermentation to reduce costs and achieve scalability. 

Currently, new technologies for enzymatic synthesis of plasmid DNA can avoid the uncontrollable 

risks associated with biological fermentation, but these methods remain to be perfected. In the 

fermentation process of genetically engineered bacteria, plasmid replication occurs during bacterial 

proliferation and is passed on to subsequent generations. However, plasmids are not essential for 

bacterial survival and can easily be lost in the absence of selection pressure [6]. The fermentation 

process must be optimized according to the strain and plasmid type by controlling parameters such 

as culture temperature, pH, rotation speed, and aeration. DOE (Design of Experiments) optimization 

experiments can be used to optimize process parameters, and fed-batch fermentation can promote 

high-density fermentation, improving plasmid yield. During fermentation, it is also necessary to 

monitor the growth status of the bacterial strain and microbial contamination, as well as key plasmid 

indicators such as yield, supercoiled ratio, and sequence consistency. 

2.3. Extraction and Purification 

After fermentation, cells are typically collected using centrifugation or membrane filtration. In 

large-scale production, a 0.22 μm tangential flow hollow fiber microfilter membrane can be used to 

save costs and significantly shorten processing time. 

Because ultrasonic disruption and high-pressure homogenization can damage plasmid 

conformation and break genomic DNA, increasing the difficulty of purification, and enzymatic lysis 

introduces foreign proteins during production, so alkaline lysis is generally used to lyse bacterial cells. 

In large-scale plasmid DNA alkaline lysis processes, factors such as reaction system, lysis time, lysis 

pH, and stirring conditions are key factors affecting plasmid yield and purity. 

After plasmid DNA is released from the cells, centrifugation is used to separate the solid and liquid 

phases, recovering the plasmid from the solution. Appropriate centrifugation conditions should 

minimize damage to the supercoiled conformation of the plasmid while effectively achieving solid-

liquid separation. In addition to centrifugation, low-shear filtration can be used to separate flocculated 

cell debris and genomic DNA from the plasmid DNA solution [7]. 

Before chromatographic separation of plasmid DNA, calcium chloride precipitation is typically 

used, followed by tangential flow filtration (TFF) to remove high-molecular-weight RNA and low-

molecular-weight RNA [8, 9]. 

The separation of plasmid DNA uses three chromatographic steps based on different principles: 

size exclusion chromatography, ion exchange chromatography, and affinity chromatography [10-14], 

which achieve high-purity plasmid free of host DNA, RNA, proteins, and endotoxins. Size exclusion 

chromatography effectively removes RNA impurities based on molecular size, collecting the target 

plasmid DNA sample. Affinity chromatography purifies the plasmid by using ligands that specifically 

bind to supercoiled plasmid DNA, effectively removing linear and open-circular plasmid forms. 

Anion exchange chromatography efficiently removes proteins and endotoxins based on charge 

differences [14, 15]. 
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2.4. Storage 

The storage conditions of plasmid DNA significantly impact its stability and the reliability of 

experimental results. By controlling storage temperature, using appropriate buffer solutions, avoiding 

freeze-thaw cycles and light exposure, and maintaining neutral pH, the long-term stability of plasmid 

DNA can be effectively enhanced. Plasmid DNA can be stored in a refrigerator at 4°C for short-term 

use, suitable for a few weeks [16]. For long-term storage, it is recommended to store plasmid DNA 

at -20°C or -80°C to reduce the risk of degradation [17]. -80°C is the optimal choice, significantly 

extending the shelf life of plasmid DNA. 

2.5. Emerging Production Technologies 

2.5.1. High-Efficiency Fermentation Systems 

As gene therapy technology advances, the demand for plasmid DNA, a core raw material, 

continues to increase. From the perspectives of both capacity expansion and cost control, optimizing 

fermentation processes and achieving high volumetric yields have become focal points. The current 

mainstream process is high-density fermentation using fed-batch strategies. This technology can 

control the substrate concentration in the reactor at a low level, reducing the production of harmful 

metabolites like acetic acid. Selecting an appropriate feeding strategy to regulate the flow rate of 

nutrient components controls bacterial growth rates, ensuring stable cell growth while enhancing the 

expression level of the target product [18-20]. 

2.5.2. Continuous Purification Technology 

With the continuous development of biotechnology, there is an increasing demand for efficient 

and economical plasmid production methods. Continuous purification technology, due to its high 

efficiency and cost-effectiveness, is gradually becoming an important means of plasmid production. 

Continuous purification technology is a method for uninterrupted separation and purification of target 

molecules throughout the production process. This technology typically combines multiple separation 

techniques, such as membrane separation, chromatographic separation, and precipitation, to achieve 

efficient separation and purification through automation and continuous flow. Continuous 

purification technology has demonstrated promising applications in plasmid production, increasing 

yield, reducing costs, and improving purity to effectively meet the needs of modern biotechnology. 

3. Quality Control of Plasmid DNA 

3.1. Quality Requirements for Plasmid DNA 

Key quality control indicators for plasmid DNA include purity, endotoxin content, sequence 

integrity, and concentration. The purity of plasmid DNA primarily reflects the levels of contaminating 

proteins and organic solvents (such as phenol, alcohol) and salts. When plasmid DNA is used for cell 

transfection or gene therapy, the presence of endotoxins may lead to cell reactions and inaccurate 

experimental results. The sequence integrity of plasmid DNA reflects whether the DNA sequence 

remains unchanged, which can be verified by amplifying specific regions of the plasmid using PCR 

and sequencing. The concentration of plasmid DNA directly affects transfection efficiency and 

cloning success rates. Monitoring these indicators effectively evaluates the quality of plasmid DNA, 

providing a reliable basis for subsequent work. 

The quality requirements for plasmid DNA also vary depending on the application scenario. For 

gene expression, plasmids must have efficient gene expression capability and remain stable within 

host cells, preventing loss or mutation while ensuring high purity and appropriate concentration. For 

vaccine development, plasmids must be non-pathogenic and capable of inducing an effective immune 

response, while maintaining stability for large-scale production. In gene therapy, plasmid safety is of 

utmost importance, with plasmids needing to avoid mutagenic or insertion mutation risks while 
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ensuring efficient delivery into target cells. Simultaneously, plasmids must maintain stable long-term 

expression within cells to ensure genetic stability is unaffected. 

3.2. Common Quality Control Methods 

3.2.1. Purity 

Agarose gel electrophoresis can be used to separate DNA fragments and visually observe their 

integrity and purity. High-performance liquid chromatography (HPLC) is suitable for higher 

separation efficiency and quantitative analysis, helping evaluate the purity and concentration of 

plasmid DNA. 

3.2.2. Sequence Integrity 

Sanger sequencing is the gold standard for detecting plasmid DNA sequences, confirming whether 

mutations or deletions are present by sequencing and comparing with reference sequences. PCR 

amplification can also detect specific regions of plasmid DNA, with gel electrophoresis analyzing the 

size and specificity of the amplification product to verify the sequence integrity of the plasmid. 

3.2.3. Endotoxin 

The Limulus Amebocyte Lysate (LAL) test is the standard method for detecting endotoxins. When 

endotoxins are present, LAL activates enzymatic reactions that lead to gelation, color change, or 

luminescence, which can be quantitatively analyzed using appropriate instruments. 

3.2.4. Host Impurity Residue 

Enzyme-linked immunosorbent assay (ELISA), DNA probe hybridization, fluorescence staining, 

and quantitative PCR are the main methods for detecting host cell protein (HCP) residues. The United 

States Pharmacopeia (USP) only recommends quantitative PCR for detecting residual host DNA in 

biological products. 

3.3. Quality Control Standards and Regulations 

Multiple international standards and guidelines have been established for the production and 

quality control of plasmid DNA, particularly by the United States Food and Drug Administration 

(FDA) and the European Medicines Agency (EMA). The FDA requires that plasmid DNA production 

must follow Good Manufacturing Practices (GMP), covering facility design, equipment maintenance, 

and process control. All raw materials must undergo strict quality control to ensure they are sourced 

reliably and meet standards. Additionally, molecular biology techniques (such as PCR and 

sequencing) must be used to identify plasmids, assess plasmid purity, including the removal of host 

DNA, RNA, and proteins, and ensure that plasmids exhibit the expected biological activity, such as 

transfection capability. 

The EMA places particular emphasis on risk assessment and management throughout the 

production process to ensure product safety, efficacy, and quality control. Process validation is crucial 

to ensure stability and reproducibility. The EMA also requires microbiological contamination testing, 

including bacterial and fungal limit tests, and functional testing of plasmids in cell lines or animal 

models to verify their biological efficacy. The World Health Organization (WHO) has also issued 

guidelines on gene therapy products, emphasizing that the production and quality control of plasmid 

DNA should comply with international standards to safeguard global public health. 

4. Process Optimization and Innovation 

4.1. Process Optimization in Plasmid Production 

Selecting the appropriate strain is a key factor in improving plasmid yield in plasmid DNA 

preparation. High-copy plasmid strains should be prioritized, and recombinase-deficient (recA) and 

endonuclease-deficient (endA) strains such as DH5α, TOP10, and JM109 should be used whenever 
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possible. In these strains, recombinase mutations reduce the probability of homologous 

recombination in the plasmid, ensuring the stability of inserted DNA, while endonuclease mutations 

inhibit the synthesis of functional active nuclease I, further improving plasmid DNA integrity. 

The improvement of plasmid DNA yield is closely related to the feeding strategy. It is crucial to 

select an appropriate nutrient feed strategy based on plasmid expression characteristics. Carbon 

sources and nitrogen sources are common limiting substrates, with glucose and glycerol often chosen 

as the preferred carbon sources due to their fast absorption and low cost, while yeast extract and 

peptone are commonly used as organic nitrogen sources in Escherichia coli high-density fermentation. 

Properly controlling the feed rate of these limiting substrates is critical to the success of fermentation 

[20, 21]. 

Traditional plasmid purification methods, such as alkaline lysis and phenol/chloroform extraction, 

have been widely used over the past decades, but their efficiency and safety are often limited. In 

recent years, emerging technologies such as ultrafiltration, affinity chromatography, and magnetic 

bead methods have provided new options for improving plasmid DNA purification efficiency and 

quality. Therefore, when developing plasmid purification processes, it is important to optimize lysis 

parameters, chromatography parameters, and ultrafiltration processes to identify the most suitable 

process for maximizing plasmid production. 

4.2. Application of Emerging Technologies in Plasmid Production 

Traditional plasmid production often relies on antibiotic selection marker systems (e.g., ampicillin) 

to select transformed cells. However, this method carries the risk of spreading antibiotic resistance 

and may negatively impact downstream applications, such as gene therapy. Therefore, the 

development of antibiotic-free selection marker systems provides a new direction for plasmid 

production. These systems include suicide gene systems, metabolic selection markers, CRISPR/Cas9 

systems, and auxotrophic complementation systems [22-25]. Antibiotic-free systems can reduce the 

safety risks associated with antibiotics, particularly in high-safety-requirement fields such as gene 

therapy and vaccine production. 

Moreover, DNA synthesis technology, as an important support for life sciences and synthetic 

biology, is driving the rapid development of industrial biotechnology. As the advantages of industrial 

DNA synthesis technology in terms of throughput, cost, and speed become increasingly apparent, it 

shows great potential in meeting the growing demand for large-scale DNA. This technology will help 

improve research and development efficiency, reduce R&D costs, and promote the industrialization 

of plasmid DNA production. 

4.3. Challenges in Large-Scale Production of Plasmid DNA 

The transition of plasmid DNA from laboratory-scale to industrial-scale production faces multiple 

challenges, mainly in terms of production efficiency, cost control, quality assurance, and scalability. 

In laboratory-scale production, shaking flask cultures are typically used, while industrial-scale 

production requires large-scale fermentation. This transition necessitates optimizing culture medium, 

gas exchange, temperature, and pH control. Inappropriate culture conditions may result in reduced 

plasmid yield and DNA degradation. Therefore, industrial fermentation processes need to be closely 

monitored to ensure stable cell growth and plasmid expression. However, current monitoring 

technologies are not yet fully mature, making it difficult to evaluate key parameters in real-time 

during production. 

Laboratory media are often unsuitable for large-scale production, especially those containing 

expensive animal-derived components, which are difficult to justify in industrial production due to 

high costs. Developing more economical media suitable for large-scale production is a key challenge. 

Additionally, the purification process of plasmid DNA often constitutes the most expensive step in 

industrial production. Traditional purification methods (e.g., phenol/chloroform extraction and 

centrifugation) are inefficient and costly on a large scale. Therefore, new purification methods (e.g., 
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affinity chromatography and ultrafiltration technology) need further optimization to reduce industrial 

production costs. 

Ensuring the high purity and integrity of plasmid DNA is critical in large-scale production. 

Contaminants such as proteins, RNA, and endotoxins can affect the efficacy of plasmids in 

downstream applications. However, unified quality standards and testing methods are still lacking. 

Furthermore, quality consistency issues between different production batches remain a challenge, 

potentially leading to poor product reproducibility. Therefore, establishing standardized quality 

control systems and enhancing process stability will be key challenges in large-scale plasmid 

production. 

4.4. Application and Prospects of Automated Production Lines in Industrial Plasmid DNA 

Production 

The application of automated production lines in industrial plasmid DNA production is gaining 

increasing attention. By introducing automated systems, plasmid production efficiency has been 

significantly improved, and product quality consistency has been better ensured. For example, some 

companies have developed small-scale automated platforms suitable for medium to small-scale 

plasmid DNA production, enabling efficient production under laboratory conditions. Large 

biopharmaceutical companies have established fully automated plasmid production lines, where the 

entire process from cell culture to purification is controlled by automated systems, greatly enhancing 

production efficiency and product quality. 

Automated production lines have broad application prospects in industrial plasmid DNA 

production. Automation technology not only improves production efficiency and reduces costs but 

also ensures the stability and consistency of product quality. Therefore, automation will be an 

important direction for the future development of plasmid DNA production. Throughout this process, 

technological innovation and interdisciplinary collaboration will continue to drive the advancement 

of plasmid production technology, further expanding its application potential in industrial-scale 

production. 

5. Prospects and Challenges 

5.1. Future Trends in Plasmid DNA Production Technology 

Since the discovery of the DNA double helix structure in the 1950s, the chemical structure of DNA 

and the genetic information it carries have gradually been deciphered. The plasmid DNA extraction 

and preparation process has undergone several iterations, with production equipment becoming 

increasingly automated and intelligent. Some companies have already introduced semi-automated 

production equipment. 

Currently, plasmid biosynthesis technology still requires improvement, and economic costs need 

to be further reduced. Once its advantages become evident, the future production of plasmid DNA 

will gradually shift from traditional fermentation and purification routes to biosynthetic routes, 

eventually achieving automation. In a toxin-free and RNA-free environment, plasmid DNA can be 

produced, further enhancing its safety. 

5.2. Global Standardization of Quality Control 

The widespread application of plasmid DNA in biopharmaceuticals, gene therapy, and synthetic 

biology demands standardized global quality control standards. However, differing quality control 

standards across countries may affect plasmid production processes, product quality, and market 

access strategies. Understanding these differences is crucial for companies' production strategies and 

international market expansion. 

Strict standards in the United States and Europe often require more verification steps and 

compliance efforts, increasing the complexity of production processes. More time and resources are 

needed to optimize and adjust workflows. These differing quality standards may affect raw material 
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selection and, in turn, production costs and efficiency. Furthermore, differences in regulatory 

approval processes between countries may result in significant variations in product registration times 

across different markets, affecting market promotion strategies and business decisions. Additionally, 

differing regulations across countries may make it challenging to ensure product quality consistency, 

thereby impacting the safety and efficacy of clinical applications. 

Unified global quality control standards will help reduce trade barriers between countries and 

regions, increase international market interoperability, and enhance companies' global 

competitiveness. Standardization can also improve internal management efficiency and product 

quality within companies, increasing consumer trust in products. Furthermore, unified global quality 

standards can promote technology sharing and innovation, particularly in the biotechnology and 

pharmaceutical industries, where standardized regulations can drive technological progress across the 

entire industry. 

However, achieving global standardization of quality control also faces many challenges. Cultural 

and institutional differences between countries complicate standardization in quality control practices 

and legal regulations. Economic disparities may place developing countries under significant 

economic pressure to implement high-standard quality control, affecting the universal acceptance of 

these standards. Additionally, rapid technological advancements may outpace the development and 

updating of quality control standards. Varying expectations and needs among companies, 

governments, and consumers further complicate the establishment of unified standards. 

5.3. Future Demand in Plasmid DNA Applications 

As fields like gene therapy and vaccine development continue to progress, plasmid DNA, as a key 

tool, is gaining widespread market attention. Plasmid DNA boasts advantages such as simple 

preparation processes and fast replication, making it widely used in basic experiments like gene 

cloning, sequencing, and site-directed mutagenesis, as well as in high-end applications such as gene 

therapy and immunotherapy. In recent years, plasmid DNA manufacturing services have experienced 

unprecedented growth, with more and more companies offering specialized, customized plasmid 

preparation services to meet the demand for high-quality plasmid DNA from research institutions and 

the biopharmaceutical industry. 

According to market research institutions' forecasts, the plasmid DNA manufacturing services 

market will continue to grow rapidly. As the biopharmaceutical industry develops and market 

competition intensifies, the demand for high-quality plasmid DNA will continue to rise. Plasmid 

DNA manufacturers must continuously improve their technological capabilities and service levels to 

meet the market's demand for high efficiency, low cost, and high-quality plasmid DNA. 

Traditional drugs primarily target common diseases and have broad applicability. However, many 

rare disease patients are few in number, and existing drugs often cannot meet their treatment needs. 

Personalized medicine offers new hope for these patients, enabling treatment plans tailored to their 

genetic information and significantly improving treatment precision. However, the successful 

implementation of personalized medicine depends on the seamless integration of innovative 

technologies and faces significant sustainability challenges [26]. The high cost and long development 

cycle of traditional drugs make it difficult to meet the needs of personalized medical interventions. 

In contrast, plasmid DNA offers a rapid and cost-effective solution for developing personalized 

medicines due to its short preparation cycle and low cost. The combination of plasmid DNA and 

mRNA drugs has demonstrated significant potential in advancing personalized medicine for cancer 

and tumor treatment [27]. 

Nevertheless, drug approval still requires substantial safety and efficacy data, which often 

increases the development time and costs for personalized medical products. Therefore, accelerating 

drug development, improving drug safety and efficacy, and meeting the needs of personalized 

medicine will be key research areas for future plasmid DNA applications. 
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6. Conclusion 

Plasmid DNA plays a crucial role in gene therapy, vaccine development, and recombinant protein 

production in the biopharmaceutical field. With the rapid advancement of biotechnology, the 

production process and quality control technologies of plasmid DNA are continuously being 

improved and researched in greater depth. To meet the growing market demand, optimizing the 

construction, amplification, and purification processes of plasmids has become key to enhancing 

production efficiency and product quality. 

The construction process of plasmids typically involves the cloning and amplification of DNA 

fragments, using methods such as restriction enzyme digestion, ligation, and PCR amplification. 

Choosing the right vector and promoter is essential for the stable expression of plasmids and 

subsequent purification. During plasmid production, transfection or transformation is used to 

introduce plasmids into host cells (such as Escherichia coli, yeast, etc.), followed by batch, continuous, 

or fermentation culture for cell amplification. To further increase plasmid yield, it is necessary to 

optimize the culture medium composition and culture conditions. Common plasmid extraction 

methods, such as alkaline lysis, affinity chromatography, and precipitation methods, aim to minimize 

cell impurities and DNA degradation during extraction to ensure the purity and quality of the product 

meet expected standards. 

Plasmid DNA purity is an important aspect of quality control, typically evaluated through methods 

like gel electrophoresis, spectrophotometry, and high-performance liquid chromatography (HPLC). 

High-purity plasmids can significantly improve the success rate and effectiveness of downstream 

experiments. The concentration of plasmid DNA is another key indicator, with common measurement 

methods including UV spectrophotometry and fluorescence assays. These methods must consider the 

optical properties of the sample and the interference from impurities. Additionally, the integrity and 

correctness of plasmid construction are typically evaluated using restriction enzyme analysis and real-

time PCR, ensuring their effectiveness in gene expression. For plasmid DNA used in drugs or 

vaccines, it is also essential to assess its biological activity and safety, with transfection efficiency 

experiments used to test the expression capacity and functional performance of plasmid DNA in cells. 

As a key raw material, plasmid DNA demonstrates significant advantages in the development of 

innovative vaccines, such as DNA vaccines and mRNA vaccines. These advantages include short 

development cycles, low dosage, high safety, simple production, and good cost-effectiveness. In the 

future, plasmid DNA can be used to introduce foreign genes encoding antigenic proteins into host 

cells to induce a robust immune response or to introduce therapeutic genes into patients to repair, 

replace, or regulate defective genes, achieving the goal of disease treatment. 

In the field of cell therapy, plasmid DNA also plays an important role. By modifying gene 

expression within cells, plasmid DNA can enhance cell function or impart new properties to cells, 

allowing it to be used in the treatment of various diseases. For example, in CAR-T cell therapy, 

plasmid DNA is used to construct CAR gene expression vectors, enabling T cells to recognize and 

kill tumor cells. This innovative technology offers new hope for cancer treatment. 

In conclusion, the production process and quality control of plasmid DNA will continue to play an 

important role in the future development of biopharmaceuticals. As technology continues to innovate, 

its application prospects are broad, particularly in the fields of vaccine development, gene therapy, 

and cell therapy. By continuously optimizing production processes and improving quality standards, 

plasmid DNA production and applications will provide a stronger foundation for the development of 

the biotechnology field. 
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