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Figure 1 Schematic diagram of two kinds of gene drive mechanism. A: Under the mechanism of positive selection, the gametes produced by
heterozygous parents follow the law of segregation (the probability of both driver gametes and wild type gametes is 50%). Offspring that do not inherit
driven-type chromosomes are easily eliminated by natural selection, thereby driving specific genetic elements. B: Under the homology-directed repair
mechanism, if the endonuclease is expressed in the germline cells, the gametes produced by the heterozygous parents are all driver gametes, and the

offspring are all driven heterozygous or homozygous individuals
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Figure 2 Schematic diagram of CRISPR/Cas9-mediated and HDR-type gene drive technology system. Firstly, a gene-driven expression cassette needs
to be constructed, and typical gene-driven expression cassette include homology arm sequence, Cas9 sequence, gRNA sequence, reporter gene system and
other elements; secondly, embryo microinjection is used to integrate the gene-driven expression cassette into the mosquito genome; thirdly, the expressed
gRNA-Cas9 RNP complex cleaves the targeting sequence in germline cells, and under the HDR mechanism, the offspring will be all driven mosquito
individuals carrying the gene-driven expression cassette; finally, whether based on Wright—Fisher or the non-Wright—Fisher population genetic model,
with the increase in the number of generations, the frequency of the gene-driven expression cassette will gradually increase until it is fixed
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Figure 3 The simulation study of gene drive, take the split drive system as an example. A: Using the experimental data of the few generations in the
cage as parameters to simulate the driving effect of the split drive system in multi-generation and large populations. B: The manifestation of the split
drive system over multiple generations: the drive system only works while the initial drive frequency reaches a certain threshold. And the driving effect
will be weakened due to a decrease in the frequency of Cas9. C: Range of influence of the split drive system in populations: the frequency of gene-

driven expression cassette will decrease as the release center is farther away
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Research progress of CRISPR/Cas9-mediated and HDR-type gene
drive technology in mosquito genetic control

1,2,3

HONG JunFeng'*’, YANG XiaoLin"**, XIANG Kai'**, QIU PinPin"**, LIU Yan'*”,
HE ZhengBo'*’, YAN ZhenTian"**, CHEN Bin'*’ & QIAO Liang"*’

1 Chongqing Key Laboratory of Vector Insects, Chongqing 401331, China;
2 Institute of Entomology and Molecular Biology, Chongqing Normal University, Chongqing 401331, China;
3 College of Life Sciences, Chongqing Normal University, Chongqing 401331, China

Gene drive refers to the phenomenon that specific genes or genetic elements are passed from parent to offspring in the form of super-
Mendelian inheritance. In recent years, based on the genetic characteristics of gene drive and the theoretical basis of their molecular
mechanisms, and supported by CRISPR/Cas9 gene-editing system, gene-driven genetic control technology has become an advanced
research hotspot in the field of basic mosquito biology and genetic control. And there have emerged some practical and effective
achievements that take into account ecological stability. This paper reviews the basic principles of gene drive, CRISPR/Cas9-
mediated and HDR-type drive technology strategies, improved strategies to reduce gene-driven resistance and potential risks, and
simulation analysis of gene drive. It is hoped to provide a reference for the development of a gene-driven mosquito genetic control
technology system that takes both high efficiency and safety into consideration.

mosquitoes, CRISPR/Cas9 gene editing, gene drive, genetic control, strategy improvement, homology-directed
repair (HDR)

doi: 10.1360/SSV-2022-0053

1532


https://doi.org/10.1360/SSV-2022-0053

	介导的 SPR/Cas9介导的HDR型基因驱动技术在蚊虫遗传防控中的研究进展
	1��� 基因驱动原理
	2��� 实现HDR型基因驱动的技术策略
	3��� 影响HDR型基因驱动技术效率的驱动抵抗及其规避策略
	3.1��� 驱动抵抗的产生及其影响
	3.2��� 减少驱动抵抗的改进策略

	4��� HDR型基因驱动技术的安全问题及其改进策略
	4.1��� 基因驱动的潜在风险
	4.2��� 驱动安全性的改进策略

	5��� 基因驱动的模拟研究
	6��� 小结与展望


