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Position Statement of the ZKBS 

 on the suitability of haploid laboratory  

strains of Saccharomyces cerevisiae  

as part of biological safety measures  

according to § 8 para. 1 GenTSV 

 

1. General Information 

With the entry into force of the amendment to the Genetic Engineering Safety Regulation 

(GenTSV) in March 2021, it is necessary that, in accordance with § 7 para. 5 GenTSV, the 

continued existence of already recognised biological safety measures (here: vector and 

recipient systems) is confirmed by the Central Committee on Biological Safety. Section 8, 

paragraph 1 of the amended GenTSV specifies the conditions under which the use of a 

recipient organism can be recognised as part of a biological safety measure. These are fulfilled 

if 1. a scientific description and a taxonomic classification of the recipient organism are 

available, 2. the propagation of the recipient organism is only possible under conditions that 

are rarely or not encountered outside genetic engineering facilities, 3. the recipient organism 

is not pathogenic for humans, animals or plants and does not have any environmentally 

hazardous properties and 4. the recipient organism only engages in minor horizontal gene 

exchange with other species.  

This Position Statement examines and evaluates whether haploid laboratory strains of 

Saccharomyces cerevisiae fulfil the abovementioned conditions. 

Haploid laboratory strains of S. cerevisiae were already recognised as suitable recipient 

organisms for biological safety measures in the "Guidelines for protection against hazards from 

in vitro recombinant nucleic acids" in force since 1978 (most recently in the 5th revised version 

of 1986). This was also continued in the Genetic Engineering Act of 1990. In the decades of 

widespread use of haploid S. cerevisiae laboratory strains as biological safety measures, they 

have proven to be safe without exception. 

 

1.1. Scientific description 

The species S. cerevisiae belongs to the Saccharomycetaceae family. The family includes 

yeasts that reproduce by budding and belongs to the Ascomycetes. S. cerevisiae is distributed 

worldwide and occurs in a wide range of habitats. S. cerevisiae cells are facultatively aerobic 

and have an ellipsoidal or spheroid shape depending on the number of chromosome sets. 

S. cerevisiae can reproduce both by sexual and asexual reproduction [1]. The majority of all 
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wild and domesticated S. cerevisiae strains reproduce vegetatively and have a diploid 

chromosome set [2, 3].  

Under nutrient-rich conditions, S. cerevisiae reproduces asexually by budding. In this process, 

the mother cell initially produces a small outgrowth that continuously enlarges. The outgrowth 

is cut off as a bud after a nucleus has migrated into the outgrowth. In the absence of nitrogen 

and fermentable carbon sources, diploid S. cerevisiae cells that contain both MATa and MATα 

mating types sporulate. This results in meiotic division, producing four haploid ascospores. 

These spores are more resistant to chemical and physical environmental influences than 

vegetative cells [4, 5]. When the spores encounter sufficient nutrients, they germinate, 

whereupon two haploid cells of the opposite mating type can fuse to form a diploid cell. The 

mother cell itself can switch mating type after division and mate with the daughter cell. This 

reproductive mechanism is called homothally. The switching of the mating type is initiated by 

the homothallic switching endonuclease, which inserts a new a or α gene into the MAT gene 

locus via recombination [6]. If the cell is unable to switch mating types, haploid cells will 

continue to divide mitotically until they encounter a germinated spore of the opposite mating 

type. This reproductive mechanism is called heterothally. Most S. cerevisiae wild isolates are 

homothallic [7].  

Since the 1930s, S. cerevisiae strains have been the subject of genetic studies. For this 

purpose, the strains were cultivated on agar plates and stab cultures and, since the 1950s, 

also cryopreserved [8]. Early advances in yeast genetics were made with haploid laboratory 

strains. Haploid strains are particularly suitable for this purpose, as genetic analyses are 

possible regardless of the dominance of an allele. A large proportion of the haploid laboratory 

strains of S. cerevisiae are derived from the heterothallic strain S288c [9, 10]. The strain was 

bred in the 1960s by Robert Mortimer for genetic and molecular biology studies [10, 11]. The 

spontaneous and introduced mutations of haploid S. cerevisiae laboratory strains are diverse 

and well characterised, making the strains versatile in basic research and biotechnology. 

Auxotrophs, for example, contribute to reducing the survivability of yeasts in the environment. 

The genomes of various haploid laboratory strains of S. cerevisiae have been completely 

sequenced [12–14]. 

Haploid laboratory strains of S. cerevisiae are scientifically very well characterised model 

organisms with a taxonomically clear classification. 

 

1.2. Pathogenic potential of haploid laboratory strains of S. cerevisiae 

Only a few S. cerevisiae strains have been described as human pathogens.  They are 

responsible for 1 - 4 % of all severe fungal infections in humans [15]. These strains are 

associated with inflammation of the skin and mucous membranes in immunocompetent 

patients and systemic infections of the bloodstream in immunocompromised patients. Most 

clinical strains are characterised by four virulence factors. They grow at temperatures above 

37 °C, are capable of forming pseudohyphae, can attach to epithelial cells and proliferate in 

vivo [16]. 

In haploid laboratory strains of S. cerevisiae, these characteristics are not manifested. Most 

laboratory strains have little or no ability to grow at temperatures above 37 °C [17, 18]. Due to 

mutations in the FL08 gene, strain S288c and its derived strains are unable to form 

pseudohyphae [19]. In contrast to clinical isolates, haploid laboratory strains are unable to 
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attach to epithelial cells [20]. In the mouse model, S288c-derived diploid laboratory strains are 

unable to colonise tissues and organs upon intravenous injection of 2 x 107 colony-forming 

units [21]. Whereas clinical isolates are able to colonise the brain, pancreas, liver, kidney and 

lungs of animals. The haploid laboratory strain S288c as well as commercial S. cerevisiae 

strains are used as probiotics in piglets without any harmful effects on the animals [22, 23].  

Some S. cerevisiae strains are associated with phytopathogenicity. Thus, a damaging effect 

of pseudohyphae-forming isolates on grapevines has been described [24]. Haploid laboratory 

strains are apathogenic for plants, as they are mostly unable to form pseudohyphae  [25].   

Haploid laboratory strains of S. cerevisiae are apathogenic and thus pose no risk to humans, 

animals or plants. 

 

1.3. Multiplication ability of haploid laboratory strains of S. cerevisiae outside genetic 

engineering facilities 

Multiple studies with soil and water samples show that haploid laboratory strains of 

S. cerevisiae cannot survive in the environment. For example, haploid laboratory strains and 

commercial baker's yeast strains do not survive longer than 20 days in non-sterile suspended 

soil samples [26, 27]. When culture broth is added to suspended soil samples, haploid 

laboratory strains are overgrown by the competing microflora and are no longer detectable 

after less than 20 days [26, 28]. In the case of release in wastewater, haploid laboratory strains 

are no longer detectable after 20 days [26].  

These data show that haploid laboratory strains of S. cerevisiae are only able to survive in soil 

and water for a short time. Permanent establishment in the environment does not occur. 

 

1.4. Horizontal gene transfer from haploid laboratory strains of S. cerevisiae to other organisms 

Horizontal gene transfer in fungi can occur through processes such as transformation and 

sexual inheritance of genetic material, the molecular processes of which have been extensively 

studied [29–31].  

In contrast to various bacterial species, most fungi are not able to actively take up DNA from 

the environment and thus do not exhibit any natural competence for transformation with free 

DNA. For S. cerevisiae, however, evidence is available that points to a natural competence. 

For instance, yeasts become competent to take up DNA during the stationary growth phase in 

the presence of sugars and the absence of other nutrients [32]. Furthermore, S. cerevisiae can 

take up DNA after switching from an isotonic to a hypotonic culture media [33].  

In genetic engineering operations, DNA enters S. cerevisiae cells under conditions that make 

the cell wall and cell membrane permeable to it, e.g. by using physical (electroporation) or 

chemical (polyethylene glycol/Ca2+ shock) methods.  

In addition to the uptake of DNA by means of transformation, yeasts are able to pass on genetic 

material via sexual reproduction. Thus, heterothallic haploid S. cerevisiae strains can produce 

viable hybrids with related species of the Saccharomyces genus. Hybrid cells are less likely to 

be produced during mating the less closely related the species are to each other. The offspring 

of closely related parental species usually carry the genetic material of both parents, whereas 
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in distantly related parental species the offspring carry the genetic material of only one parental 

species and fragments of the genetic material of the other parent [34].  

In summary, horizontal gene transfer by haploid laboratory strains of S. cerevisiae is only 

possible to a small extent and is limited to closely related species. 

 

2. Recommendation 

According to Section 8 para. 1 GenTSV, haploid laboratory strains of S. cerevisiae are 

recognised as part of a biological safety measure. 

 

3. Reasoning 

Haploid laboratory strains of S. cerevisiae fulfil the requirements of § 8 para. 1 GenTSV for 

recognition as recipient organisms for biological safety measures. They are scientifically very 

well described and apathogenic for humans, animals and plants. The survival of haploid 

laboratory strains outside genetic engineering facilities has been well studied and it has been 

shown that the yeasts are only able to survive for short periods in soil and water. These yeasts 

therefore do not pose a risk to the legal interests as defined in § 1 Para. 1 GenTG. Horizontal 

gene transfer from S. cerevisiae to other microorganisms is generally very low and limited to 

close relatives of the same genus.  

Haploid strains that are not derived from established laboratory strains are usually not 

sufficiently characterised scientifically and with regard to their pathogenic potential for humans, 

animals and plants to be suitable as recipient organisms for biological safety measures. 

Information on whether individual haploid laboratory strains of S. cerevisiae are suitable as 

recipient strains for biological safety measures according to the criteria laid down in this 

Position Statement is collected and made available in the database of recipient strains for 

biological safety measures maintained by the ZKBS administrative office. 
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