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Introduction

Microalgae have emerged as a promising source of biofuels, pharmaceuticals, 
and valuable compounds due to their high growth rates, efficient nutrient 
utilization, and ability to photosynthetically convert carbon dioxide into biomass. 
To further harness the potential of microalgae for biotechnological applications, 
genetic engineering and mutagenesis techniques are crucial tools. Mutagenesis, 
the induction of genetic changes, enables the modification of microalgal genomes 
to enhance desired traits. This article provides an overview of various methods 
employed in microalgal mutagenesis, including chemical mutagenesis, radiation 
mutagenesis, and targeted mutagenesis techniques such as CRISPR-Cas9.

Chemical mutagenesis involves the use of chemical agents that induce 
genetic alterations in microalgae. Ethyl methanesulfonate and N-methyl-N'-
nitro-N-nitrosoguanidine are commonly used chemical mutagens. These agents 
chemically modify DNA, resulting in base substitutions, deletions, or insertions. 
Chemical mutagenesis can be applied to large populations of microalgae, 
allowing for the screening of mutants with desired traits. However, it is a random 
process, and the identification of desired mutants can be time-consuming. 
Radiation mutagenesis involves the use of ionizing radiation, such as X-rays 
or gamma rays, to induce genetic mutations in microalgae. Ionizing radiation 
generates free radicals that cause DNA damage, leading to mutations. The 
advantage of radiation mutagenesis is that it induces a wide range of genetic 
changes, including point mutations, deletions, and chromosomal rearrangements 
[1]. However, it is a relatively non-specific process, making it challenging to 
control the types of mutations generated. Furthermore, radiation mutagenesis 
requires specialized equipment and facilities, limiting its accessibility.

Description

With recent advancements in molecular biology, targeted mutagenesis 
techniques have revolutionized genetic manipulation in microalgae. One such 
technique is the CRISPR-Cas9 system, which enables precise genome editing. 
The CRISPR-Cas9 system consists of a guide RNA that guides the Cas9 nuclease 
to a specific DNA sequence, where it introduces double-strand breaks. These 
breaks can then be repaired by the cell's natural repair mechanisms, leading to 
targeted gene modifications.To apply CRISPR-Cas9 in microalgae, the first step 
is to design the gRNA to match the target gene. The gRNA is then synthesized 
and delivered into microalgal cells along with the Cas9 nuclease using various 
delivery methods, such as electroporation or biolistic transformation. After 
successful delivery, the CRISPR-Cas9 system induces DSBs at the target site, 
and the repair process can be directed towards desired outcomes, such as gene 
knockout or precise gene insertion [2].

Although CRISPR-Cas9 has revolutionized targeted mutagenesis, its 
application in microalgae still faces challenges. Efficient delivery of the CRISPR-
Cas9 components into microalgal cells is one major hurdle. Additionally, the repair 
mechanisms in microalgae may differ from those in other organisms, affecting the 
efficiency of the desired modifications [3].

Mutagenesis techniques have significantly advanced microalgal 
biotechnology by enabling the targeted modification of microalgal genomes. 
Chemical mutagenesis and radiation mutagenesis offer random mutagenesis 
approaches, allowing the screening of large populations for desired traits. 
However, these methods lack precision and control over the types of mutations 
induced. In contrast, targeted mutagenesis techniques, such as the CRISPR-
Cas9 system, provide precise genome editing capabilities. CRISPR-Cas9 has 
revolutionized genetic manipulation in microalgae, allowing for the knockout 
of specific genes or the insertion of desired genetic sequences. However, 
challenges remain, particularly in efficient delivery and understanding repair 
mechanisms in microalgae [4,5].

Conclusion

Future research in microalgal mutagenesis should focus on optimizing 
delivery methods, increasing the efficiency of desired modifications, and 
expanding the understanding of repair mechanisms in microalgae. By enhancing 
these techniques, microalgal biotechnology can unlock even greater potential in 
areas such as biofuel production, pharmaceutical synthesis, and environmental 
remediation.
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