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Genetic Lineage Tracing and Tissue Regeneration
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Abstract Genetic lineage tracing technology has become an important tool for uncovering cell origins
and determining cell fate. In recent years, significant advancements have been made in this field, with researchers
successfully constructing and optimizing a range of new genetic lineage tracing technologies, such as those medi-
ated by dual recombinases. These emerging technologies provide invaluable tools for in-depth studies of cell pro-
liferation, differentiation, and transdifferentiation phenomena during tissue regeneration. Using these technologies,
researchers have successfully revealed key cell subpopulations and core signal transduction pathways during tissue

regeneration. This article is dedicated to summarizing the development of these new genetic lineage tracing tech-
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nologies and their applications in tissue regeneration research, such as in the liver regeneration, providing insights

and references for studies on cell fate determination, tissue regeneration, and applications in regenerative medicine.

Expanding the use of these novel genetic lineage tracing techniques can propel the research level in this field, and

thereby optimize and innovate methods for studying cell fate determination, threreby advancing the development of

regenerative medicine.
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A: schematic diagram of Cre-loxP mediated gene sequence recombination. B: schematic diagram of cell marking using Cre-loxP based genetic lineage

tracing technology. C: schematic diagram of the principle of Tamoxifen-induced genetic lineage tracing. D: genetic lineage tracing of cell proliferation

and transdifferentiation. E: inaccuracy of tracing results due to non-specific marking of Sox9" bile duct epithelial cells. F: the expression pattern dia-

gram of gene transient activation.
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Fig.1 Genetic lineage tracing method based on Cre-loxP system and its limitations
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A: structure and readouts of dual recombinases-based reporter. B: tracing strategy for labeling cardiomyocytes and non-cardiomyocytes. C: tracing strat-

egy for distinguishing Sox9 positive hepatocytes and BECs. D: the difference in tracing results between the conventional strategy and DeaLT strategy.
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Fig.2 Establishment and application of dual recombinases mediated lineage tracing (modified from the reference [30])
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