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DESCRIPTION

Selectable marker recycling is a technique that allows the 
removal of selectable markers from Genetically Modified 
Organisms (GMOs) after they have been used for selection [1]. 
Selectable markers are genes that confer resistance to antibiotics, 
herbicides, or other agents that can be used to select for the 
presence of a desired trait in a population of cells or organisms. 
Selectable markers are essential for efficient genome 
engineering, as they enable the identification and isolation of 
cells or organisms that have been successfully modified [2]. 
However, selectable markers also have some drawbacks, such as 
potential biosafety risks, public concerns, and regulatory hurdles. 
Therefore, selectable marker recycling is desirable to eliminate 
the unwanted selectable markers from GMOs and to reduce the 
potential negative impacts of their presence. Selectable marker 
recycling can be achieved by various methods, depending on the 
type of GMO and the nature of the selectable marker.

Some of the common methods for selectable marker 
recycling

Cre-loxP system: This system uses a site-specific recombinase 
enzyme called Cre that recognizes specific DNA sequences called 
loxP and catalyzes their recombination [3]. By placing the 
selectable marker gene between two loxP sites in the same 
orientation, the Cre enzyme can excise the selectable marker 
gene from the genome, leaving behind a single loxP site. The 
Cre enzyme can be expressed transiently or inducibly in the 
GMOs to trigger the removal of the selectable marker gene.

Flp-FRT system: This system is similar to the Cre-loxP system, 
but uses a different site-specific recombinase enzyme called Flp 
that recognizes specific DNA sequences called FRT and catalyzes 
their recombination [4]. By placing the selectable marker gene 
between two FRT sites in the same orientation, the Flp enzyme 
can excise the selectable marker gene from the genome, leaving 
behind a single FRT site. The Flp enzyme can be expressed

transiently or inducibly in the GMOs to trigger the removal of 
the selectable marker gene.

PiggyBac system: This system uses a transposable element called 
piggyBac that can insert or excise itself from the genome in a 
precise manner [5]. By placing the selectable marker gene within 
the piggyBac element, the piggyBac transposase enzyme can 
excise the entire element from the genome, leaving behind no 
trace of the selectable marker gene. The piggyBac transposase 
enzyme can be expressed transiently or inducibly in the GMOs 
to trigger the removal of the selectable marker gene.

Advantages of selectable marker recycling

Reducing biosafety risks: Selectable markers may pose biosafety 
risks if they are transferred horizontally to other organisms or if 
they confer resistance to clinically relevant antibiotics or 
herbicides [6]. Selectable marker recycling can eliminate these 
risks by removing the selectable markers from GMOs after they 
have served their purpose.

Increasing public acceptance: Selectable markers may raise 
public concerns about the safety and ethics of GMOs, especially 
if they are derived from bacterial or viral sources. Selectable 
marker recycling can increase public acceptance by removing 
these foreign genes from GMOs and making them more natural 
and acceptable.

Facilitating regulatory approval: Selectable markers may face 
regulatory hurdles in some countries or regions that have strict 
regulations on GMOs [7]. Selectable marker recycling can 
facilitate regulatory approval by removing these potentially 
problematic genes from GMOs and complying with regulatory 
standards.

Enabling multiple modifications: Selectable markers may limit 
the number of modifications that can be introduced into a 
single GMO, as each modification requires a different selectable 
marker. Selectable marker recycling can enable multiple 
modifications by freeing up space and resources in the genome 
and allowing reuse of selectable markers.
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effects, and compatibility issues. Further research and 
development are necessary to address these challenges and 
optimize the technique. Overall, selectable marker recycling 
holds promise as a valuable tool in genome engineering, but 
continued advancements are needed to enhance its effectiveness 
and applicability.
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Difficulties and limitations selectable marker
recycling

Low efficiency: Selectable marker recycling may not be 100%
efficient, as some cells or organisms may not undergo complete 
removal of the selectable marker gene due to incomplete 
expression or activity of the recombinase or transposase enzymes 
or due to inaccurate DNA repair mechanisms [8]. This may 
result in residual presence of selectable markers in some GMOs 
or mosaic patterns of removal in others.

Off-target effects: Selectable marker recycling may cause 
unintended effects on other parts of the genome due to non-
specific recognition or binding of the recombinase or 
transposase enzymes or due to erroneous DNA repair 
mechanisms [9]. This may result in unwanted mutations, 
deletions, insertions, inversions, or rearrangements in other 
genes or regions that may affect the function or stability of 
GMOs.

Compatibility issues: Selectable marker recycling may not be 
compatible with all types of GMOs or selectable markers due to 
differences in their genomic structure, organization, integration, 
expression, regulation, or function [10]. This may limit the 
applicability and versatility of selectable marker recycling for 
various genome engineering purposes. Selectable marker 
recycling is a valuable technique that can improve efficient 
genome engineering by removing unwanted selectable markers 
from GMOs after they have been used for selection. However, 
selectable marker recycling also poses some challenges and 
limitations that need to be addressed and overcome by further 
research and development.

CONCLUSION
Selectable marker recycling is a technique that offers several 
advantages for efficient genome engineering while addressing 
some of the drawbacks associated with selectable markers in 
GMOs. It allows for the removal of selectable markers, which 
can reduce biosafety risks, increase public acceptance, facilitate 
regulatory approval, and enable multiple modifications in a 
single GMO. However, selectable marker recycling also comes 
with difficulties and limitations, such as low efficiency, off-target
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