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General position statement by the ZKBS on the criteria for comparability of
frequently performed genetic engineering operations:
Transfer of specific nucleic acid fragments

without hazard potential on microorganisms of risk group 2

General Information

According to § 12(4) of the German Genetic Engineering Act (GenTG), a statement of the
ZKBS must be obtained for genetic engineering operations of class 2 if the operations are not
comparable with operations already assessed by the ZKBS. In accordance with Section 5 of
the GenTG, the ZKBS may also publish general position statements on frequently performed
genetic engineering operations with the underlying criteria for comparability.

If nucleic acid fragments without hazard potential are transferred to recipient organisms, an
increase in the hazard potential of the recipient organisms is not to be assumed. Nucleic acid
fragments that generally have no hazard potential include reporter genes, selection marker
genes and technical sequences as described below.

Reporter genes are used to detect the expression of a specific gene or to enable visual tracking
of an organism. Examples of reporters include genes coding for fluorescent proteins, luci-
ferases, peroxidases or gene products that give the organism a different colour after metabol-
ising a chromogenic substrate.

Selection markers are used to select organisms in which the desired transformation or recom-
bination events have occurred after the transfer of nucleic acid fragments. Antibiotic resistance
genes or auxotrophy markers such as the HIS3 or LEU2 genes of Saccharomyces cerevisiae
are often used as positive selection markers. Some selection markers can also be used for
negative or counter-selection (so-called suicide genes), in which marker genes lead to the
formation of substrates to toxic substances. In this way, organisms can be selected in which
genome segments or plasmids have been removed from the bacterial genome by recombina-
tion (levansucrase gene from Bacillus subtilis) or in which genetic modifications have not been
introduced at the desired location in the pathogen genome (thymidine kinase gene, e.g. from
vaccinia viruses).

When using antibiotic resistance genes as selection markers in multi-resistant recipient organ-
isms, the General position statement of the ZKBS on genetic engineering operations involving
Gram-negative bacteria with multiple resistance to antibiotics (3MRGN and 4MRGN strains) [1]
must be taken into account.

Technical sequences are defined as natural and/or synthetic oligonucleotides such as linkers,
adaptors, site-specific recombination sequences such as loxP sites or restriction sites. They
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also include sequences that code for short peptides such as affinity tags (e.g. HA or His tags) or
peptides that lead to the cleavage of proteins during translation (e.g. 2A peptides), signal pep-
tides that cause the sorting of labelled proteins to specific organelles (to the cell nucleus, plast-
ids) or out of the cell.

This statement does not cover genetic engineering operations with selection marker genes
with certain modifications that might increase the hazard potential of the recipient organisms.
This could be the case, for example, for the expression of the thymidine kinase gene in a differ-
ent genetic background, or for variants of the thymidine kinase gene with an increased hazard
potential. For instance, it has been shown that the transfer of the thymidine kinase gene of Sim-
plexvirus humanalphat significantly increased the pathogenicity of Saimirine gammaherpes-
virus 2 [2]. This opinion also does not cover genetic engineering operations which include the
transfer of auxotrophy marker genes to recipient organisms whose attenuation is based on
corresponding auxotrophies. Furthermore, genetically modified organisms with suicide genes
that are to be used in cancer therapy by specifically expressing plant or bacterial toxin genes in
cancer cells are not covered (summarised, for example, in [3]). It should also be noted that
changing the charge of proteins through fusion, e.g. with a His tag, can facilitate transport
across the cell membrane and thus, under certain conditions, increase the hazard potential.
Experiments have shown that the cell binding and internalisation domain of the C2 toxin from
Clostridium botulinum can mediate the translocation of the catalytic subunit of diphtheria toxin,
but only if it is fused with a His tag [4].

Recommendation

Genetic engineering operations in which the above-mentioned nucleic acid fragments without
hazard potential are transferred to microorganisms that are classified in risk group 2 in the list
of donor and recipient organisms for genetic engineering operations in accordance with Sec-
tion 6 of the German Genetic Engineering Ordinance (GenTSV) are comparable. They are
classified as class 2 genetic engineering operations.
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