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Abstract 

Survival of both wildtype and transgenic DNA from a genetically modified plant 

(GMP) during composting was investigated and compared with survival in bulk soil. 

During composting DNA was rapidly degraded (10-14 days) whereas DNA was 

detected for the duration of the experiment in bulk soil (77 days). Horizontal gene 

transfer (HGT) of transgenic DNA to Bacillus, dominating in the compost, was 

investigated but not detected. We therefore suggest composting as a way of GMP 

waste disposal that ensures minimum exposure of transgenic DNA to the 

environment. 
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Introduction 

The increasing use of genetically modified plants (GMP) in conventional agriculture 

has caused much concern both in the general population, among competent authorities 

and among organic farmers regarding the possibilities of spreading undesired genes 

from the GMP's in the environment and into natural populations of plants and other 

organisms. A major concern is the risk of dispersion of pollen or seeds from GMP's to 

adjacent fields (Eastham and Sweet 2002). Another concern is that transgenic DNA 

may proliferate via other organisms e.g. bacteria (Dale et al. 2002). This is based on 

the fact that some bacteria in the environment are able to take up naked DNA i.e. 

become natural competent (Lorenz and Wackernagel 1994). The bacteria may take up 

DNA as a nutrient source (Stewart and Carlson 1986), but under certain conditions 

foreign DNA can be incorporated into the bacterial genome (Lorenz and Wackernagel 

1994); this mechanism is here referred to as horizontal gene transfer (HGT). Up till 

now, horizontal gene transfer from transgenic plants to bacteria has been detected 

only in laboratory experiments (Gebhard and Smalla 1998), never in natural systems 

(Nielsen 2003). However, since HGT can occur at higher frequencies in certain hot-

spots (Droge et al. 1998) there may be yet undetected environments where significant 

HGT can take place. Compost has the potential of being such a hot-spot. In many 

cases, Bacillus becomes the dominating bacterial genus (Fang and Wong 2000; Pedro 

et al. 1999), excess of naked DNA is available, and Bacillus is known to be able to 

become natural competent (Young 1967). 

Compost is an important fertilizer in especially organic agriculture, but the still 

increasing use of urban waste and possible use of GMP waste in compost production 

has concerned the organic farmers, who fear it may jeopardize the genetic integrity of 



4

their crops. Despite the new EU directive on the deliberate release into the 

environment of genetically modified organisms (EU 2001) that requires a "description 

of post-release treatment methods for the genetically modified plant material 

including wastes" very little research has been done in this area.  

We studied whether composting of GMP waste rendered a “bio-safe” fertilizer by 

assessing the survival of transgenic DNA during the composting process and 

furthermore investigated whether HGT to indigenous bacteria occurred. 

Methods, Results and Discussion 

As a model organism we used Arabidopsis transformed with the Sorghum gene for 

CYP71E1 via the Ti plasmid in Agrobacterium tumefaciens (Plants were kindly 

provided by Dr. Søren Bak). The composting mixture consisted of dry barley 

(Hordeum vulgare) straw and Arabidopsis. The entire plant including root of 5 weeks 

old Arabidopsis plants were used. Both straw and plant were cut into 2 cm pieces and 

mixed in a C/N ratio of 35. Straw was rewetted prior to mixing. The final mix had a 

water content of 86%.  Double layered litterbags (1 mm mesh size) were filled with 

6,7 g of composting mixture and placed in a 9 l closed computer controlled compost 

reactor (Møller and Reeh 2003) filled with a composting mixture. Composting was 

performed at two separate occasions where the mixture consisted of barley straw and 

white clover (Trifolium repens) (Compost I) or barley straw and sugar beet (Beta 

vulgaris) leafs (Compost II) in the same ratio as the Arabidopsis mixture. Compost 

containers were aerated with 150 ml air per minute. Between the two experiments 

(approx. 4 month) Arabidopsis was stored at -20°C.  

Sampling was performed at different intervals in order to investigate the survival of 

both transgenic and wildtype DNA using a PCR method. At each sampling time one 



5

litterbag was sacrificed and total DNA was purified in triplicate samples (100 mg per 

sample) using the FastPrep for soil Kit as described by the manufacture (Bio101, 

Carlsbad, USA). In Compost I the compost was cut into 1-2 mm pieces prior to DNA 

purification, in Compost II the compost was grinded to powder in liquid nitrogen. 

Prior to PCR the purified DNA was diluted 10 times in PCR grade water to minimize 

effects of PCR inhibitors develop during composting. Addition of template DNA 

showed that this was sufficient dilution at all sampling dates. For comparative reasons 

all DNA purifications were diluted even though inhibitors had not yet developed. The 

PCR reactions (50 µl) contained 25 µl PCR Master (Roche), 2 µl of each primer (5 

pmol/µl) (Table 1), 20 µl PCR grade water (Roche) and 1 µl template DNA. PCR was 

carried out in a T3 Thermocycler (Biometra, Göttingen) using the following 

conditions: initial denaturation for 5 min at 94°C, followed by 40 cycles of one of the 

following: long wildtype fragment: 94°C 1 min, 55°C 1 min, 72°C 2 min; short 

wildtype fragment: 94°C 1 min, 60°C 1 min, 72°C 1 min; transgenic fragment: 94°C 1 

min, 55°C 1 min, 72°C 1 min; PCR reactions were terminated by a final extension 

period of 8 min at 72°C. Sequences of the primers and amplicon sizes are listed in 

Table 1. All PCR products were visualized by staining with ethidium bromide after 

electrophoresis on 2% agarose gels. 

In parallel to the Compost II experiment the degradation of transgenic DNA was 

followed in bulk soil. A sub-sample of 20 g of the transgenic compost mixture from 

Compost II was placed in a double layered litterbag (1 mm mesh size) which was 

placed in the center of a 10 l bucket filled with agricultural soil which was kept at a 

constant water content (20%). The bucket was placed at a constant temperature of 

17°C. Samplings were performed by retrieving 2 g sub-samples from the litterbag. 

Immediately after sampling the litterbag was returned to the soil. Total DNA was 
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purified as described above for Compost II. In the soil experiment only the persistence 

of transgenic DNA was investigated. 

The results from the two compost experiments differed in the sense that in the first 

experiment (Compost I) the temperature peaked at 58°C whereas the second 

experiment (Compost II) reached 68°C, after approx. 36h for both experiments. In 

both experiments there was a rapid degradation of DNA. There was no difference in 

the degradation rate of the small fragments of wildtype (328 bp) and transgenic DNA 

(332 bp) (Figure 1), which support other findings that GM crops are not essentially 

different from non-GM crops (Dale et al. 2002). In Compost I, the DNA was 

detectable until day 10 in all samples whereas decay was slightly faster in Compost II 

where DNA was detected until day 6 with the exception of one of triplicate samples 

where transgenic DNA was detected until day 10 (Figure 1). In both composts a larger 

fragment of the wildtype DNA (966 bp) was detectable only until 24 h after initiation 

(data not shown). These results illustrate that DNA is very rapidly degraded during 

the composting process and furthermore that functional genes may be present only for 

a short period, e.g. 24h. In the soil experiment transgenic DNA persisted and was 

detectable for the duration of the entire experimental period of 77 days (Figure 1), 

corresponding with other findings that DNA may persist for a long time in soil (de 

Vries and Wackernagel 2004). 

In both composting experiments it was investigated whether horizontal gene transfer 

(HGT) of transgenic DNA to Bacillus occurred. In order to select for spore-forming 

Bacillus the compost samples were boiled for 20 min. prior to plating of serial 

dilutions onto LB plates containing cyclohexamide to inhibit fungi. To ensure 

sufficient material all dilutions were plated in five replicas. Plates were incubated at 

room temperature for 3 days. Rapidly after composting initiation Bacillus spores 
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increased in numbers from 10
3
 to 10

8
 and 4x10

6
/g in Compost I and II, respectively. 

In both experiments the number peaked after 10 days. The relative large discrepancy 

between the two experiments may be caused by the difference in maximum 

temperature early in the experiments. 

The Bacillus community was screened for the presence of transgenic DNA by 

washing cells of the growth plates, from all dilutions showing visible colonies, by 

adding 5 ml sterile water and scraping cells of using a Drigalski spatula. The cell 

mixture was mixed thoroughly and the tube was placed in boiling water for 20 min. A 

sub sample was centrifuged at 12000 g for 5 min. and 1µl of the supernatant was used 

directly in PCR reactions to amplify transgenic DNA as described above.  

The screenings indicated the presence of transgenic DNA within the Bacillus

population to an extent where 1-2% of all colonies gave a PCR product. On the basis 

of these results 400 colonies were isolated and tested for PCR product using primers 

specific for transgenic plants (Table 1). Boiled lysates were used as described above 

with the exception that 1 colony was dissolved in 500 µl water 

Of the 400 isolates three gave PCR product, which all had the expected size. 

Sequencing of the fragments (performed by MWG Biotech, Germany) revealed by 

BLAST search (Altschul et al. 1997) that these were not of transgenic plant DNA 

origin but had high homology to Bacillus subtilis DNA (one sequence) and B.

haloduran DNA (two identical sequences). The results of the sequencing showed that 

the three isolates giving rise to PCR products were in fact not results of HGT. 

In summary our results show that composting may be a better alternative to plowing 

down of GM plant wastes since composting ensures a minimum of exposure of 

transgenic DNA to the indigenous soil communities. Both wildtype and transgenic 

DNA is rapidly degraded to an undetectable level and even though compost has a 
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potential of being a hot-spot for HGT, this was not detected. Our results show no 

biosafty problems in composting of GMP waste material.
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Figure 1 

Survival of both wildtype and transgenic DNA from Arabidopsis transformed with the 

Sorghum gene for CYP71E1 was followed during composting by a PCR procedure. 

The top four pictures show the results of two separate composting experiments. The 

numbers above the lanes indicates the day of sampling after experiment initiation. The 

bottom picture shows the survival of transgenic DNA in bulk soil. The pictures 

represent a single representative of triplicate samples.  

Table 1             Wildtype and transgenic primers 

Target                               5’--------3’ Size (bp) Source 
   

   

Wildtype     

CYP83B1 Fwd CAG CCT TCT TTT TCC TCC GTA GCA C  Dr. S. Bak 

 Rev (long) CAC CTA TCA CAC TCC TCA CTT CGT C 966 Dr. S. Bak 

 Rev (short) CGG TAG TAC GCG GTG TAC TGT CCG A 328 this study 
   

Transgene     

CYP71E1 Fwd ACG TCT TCT TCG AGA AGG TCA TC  Dr. S. Bak 

 Rev CAT CTT CAG GTA CGG GAT CTT 332 Dr. S. Bak 
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