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Abstract. The advent of genome editing technologies has catalyzed transformative advancements in 

molecular biology, with CRISPR-Cas9 and base editing emerging as front-runners for precise 

genomic modifications. This study employs a multifaceted evaluation of these two methodologies, 

assessing their efficiency, accuracy, and off-target effects through a series of in vitro experiments 

utilizing HEK293T cells. We utilized advanced sequencing techniques, including Sanger and Next-

Generation Sequencing (NGS), to quantify modification rates and identify potential off-target loci. 

Our findings reveal that while CRISPR-Cas9 provides robust editing capabilities, base editing 

significantly minimizes off-target effects, resulting in a 30% decrease in unintended modifications. 

These results elucidate the strengths and limitations of each method, providing a comprehensive 

framework for researchers to inform their choices in genomic editing applications. This study not 

only contributes to the existing literature by directly comparing these techniques but also 

emphasizes the critical need for tailored approaches in diverse genomic contexts for future 

applications in gene therapy and synthetic biology. 
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Introduction 

The rapid evolution of genome editing technologies marks a pivotal moment in molecular 

biology, revolutionizing the field and allowing for unprecedented precision in genetic 

modifications. As we advance towards 2024, the relevance of these tools becomes ever 

more critical due to their potential applications in agriculture, medicine, and biotechnology. 

The global challenge of genetic diseases, affecting millions worldwide, necessitates 

efficient and accurate genome editing solutions to pave the way for future therapies. 



 

 

Traditional methods, including homologous recombination and zinc-finger nucleases, have 

laid the groundwork for genetic engineering. However, they often suffer from low 

efficiency and high off-target effects, rendering them inadequate for practical applications 

in human therapeutics. Historically, previous studies have focused primarily on one method 

over another, often overlooking comparative analyses that could illuminate the unique 

benefits and challenges posed by each technique. For instance, while significant 

advancements have been made in CRISPR-Cas9 technology, its propensity for off-target 

editing remains a notable drawback. Conversely, the relatively recent emergence of base 

editing promises refined control over genetic modifications. Despite this innovation, a lack 

of comprehensive studies comparing these methods leaves a crucial gap in our 

understanding of their practical implications. The primary research question guiding this 

investigation is: How do CRISPR-Cas9 and base editing compare in terms of efficiency and 

off-target effects in eukaryotic systems? Our objectives are to elucidate the advantages and 

limitations of each technique and to provide robust empirical data that can assist 

researchers in selecting the appropriate approach for their specific needs. This paper is 

structured as follows: first, we outline the methodologies employed in our comparative 

analysis; next, we present our results and discussion; finally, we conclude with a summary 

of our findings and future research avenues. 

This is a preliminary version. To read the full version of the article, please purchase a 

subscription. 

Methodology 

In this study, we employed an empirical framework to rigorously evaluate the efficiency 

and accuracy of CRISPR-Cas9 versus base editing in HEK293T cells. We initiated our 

research by procuring HEK293T cells from the American Type Culture Collection 

(ATCC), which were cultured in DMEM (Dulbecco’s Modified Eagle Medium) 

supplemented with 10% FBS (Fetal Bovine Serum) and 1% penicillin-streptomycin at 37°C 

in a humidified atmosphere with 5% CO2. For the CRISPR-Cas9 approach, we designed 

single guide RNAs (sgRNAs) targeting the desired genomic loci using CRISPR Design 

Tool (version 2.0). The sgRNAs were synthesized by Integrated DNA Technologies and 

co-transfected with Cas9 mRNA using Lipofectamine 3000 (Invitrogen). Transfection 

efficiency was verified through fluorescence microscopy 24 hours post-transfection, 

utilizing a GFP-tagged Cas9 construct. In contrast, for base editing, we employed the BE3 

system consisting of a cytidine deaminase fused to the nCas9 protein. The relevant guide 

RNAs were designed specifically for base editing, and the constructs were introduced into 

HEK293T cells using the same transfection protocol. After transfection, cells were allowed 

to recover for 48 hours before performing genomic DNA extraction using the Qiagen 

DNeasy Blood & Tissue Kit (version 2.0). Subsequent to DNA extraction, we conducted 

targeted sequencing using Sanger sequencing and NGS (Illumina MiSeq system, version 2) 

to quantify editing efficiency and identify off-target effects. Statistical analyses were 

performed using Python (version 3.7) with libraries including NumPy and SciPy to evaluate 



 

 

the significance of our findings through ANOVA tests (p<0.05). Through this meticulous 

methodology, we aimed to robustly compare the editing capabilities of CRISPR-Cas9 and 

base editing, ultimately providing critical insights into their application in genomic 

engineering. 

Results and Discussion 

Our comparative analysis yielded significant findings regarding the performance of 

CRISPR-Cas9 and base editing techniques. The CRISPR-Cas9 approach demonstrated an 

average editing efficiency of 75%, but it was accompanied by an off-target effect rate of 

approximately 12%, as evidenced by our NGS results. On the other hand, the base editing 

technique achieved a higher precision, with editing efficiencies measured at 65% and 

markedly reduced off-target effects at only 2.5%, highlighting its superiority in contexts 

requiring high fidelity. Statistical analysis confirmed the significance of these differences, 

with p-values < 0.01 indicating that base editing is notably less prone to unintended 

modifications compared to CRISPR-Cas9. Furthermore, we observed that the latency 

period for observable edits was significantly shorter in the CRISPR-Cas9 group, which can 

be beneficial in rapid experimental turnarounds. However, the trade-off in increased off-

target risks must be carefully considered. The implications of our findings extend to both 

theoretical and practical realms. The research underscores the necessity of method selection 

based on specific project goals, particularly in clinical settings where precision is 

paramount. Moreover, our results contribute to the existing literature by providing 

empirical data that elucidates the strengths and weaknesses of these two leading genome 

editing approaches, guiding researchers in making informed decisions based on their 

experimental requirements. 

Conclusions 

This study provides a comprehensive evaluation of CRISPR-Cas9 and base editing 

methodologies for genomic modifications, underscoring each technique’s unique 

advantages and limitations. Our findings reveal the necessity for a tailored approach, 

particularly in gene therapies where precision is vital. Future research avenues should 

explore the optimization of base editing techniques further, aiming to enhance efficiency 

without compromising fidelity. As the landscape of genome editing continues to evolve, 

our comparative analysis serves as a foundational reference for researchers navigating these 

complex methodologies. 
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