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ABSTRACT The release of genetically modified organisms (GMOs) into the environment has the
potential risks regarding the possibility of gene transfer from GMOs to natural organisms and this
needs to be evaluated. This study was conducted to monitor the possible horizontal gene transfer
from herbicide-resistant zoysiagrass (Zoysia japonica Steud.) to indigenous microorganisms. We have
first examined the effect of field-released GM zoysiagrass on the microbial flora in the gut of locust
(Locusta migratoria). The microbial flora was analyzed through determining the 16S rDNA sequences
of microorganisms. The comparison of the microbial flora in the gut of locusts that were captured at
the field of GM zoysiagrass and of wild-type revealed that there is no noticeable difference between
these two groups. This result indicates that the GM zoysiagrass does not have negative impact on
microbial flora in the gut of locust. We then investigated whether the horizontal gene transfer occurred
from GM zoysiagrass to microbes in soil, rhizosphere and faecal pellets from locusts by utilizing
molecular tools such as Southern hybridization and polymerase chain reaction (PCR). When the total
DNAs isolated from microbes in GM zoysiagrass and in wild-type zoysiagrass fields were hybridized with
probes for bar or hpt gene, no hybridization signal was detected from both field isolates, while the
probes were hybridized with DNA from the positive control. Absence of these genes in the DNAs of
soil microorganisms as well as microbes in the gut of locust was further confirmed by PCR. Taken
together, our data showed that horizontal gene transfer did not occur in this system. These results

further indicate that frequencies of transfer of engineered plant DNA to bacteria are likely to be
negligible.
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Table 1. Nucleotide sequences of the primers used in this study
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Name Sequences (5—3") Characteristics
16S-F AACTGGAGGAAGGTGGGGAT forward primer for 16S rDNA fragment
16S-R AGGAGGTGATCCAACCGC reverse primer for 16S rDNA fragment
Bar-F CATCGAGACAAGCACGGTCAACTTC forward primer for bar gene fragment
Bar-R TCCGAGCGCCTCGTGCATGCG reverse primer for bar gene fragment
Hpt-F GATGTAGGAGGGCGTGGATATGTC forward primer for hpt gene fragment
Hpt-R CTTCTACACAGCCATCGGTCCAGA reverse primer for spt gene fragment
27-F AGAGTTTGATCCTGGCTCAG forward primer for 16S rDNA fragment
685-R TCTACGCATTTCACCGCTAC reverse primer for 16S rDNA fragment
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Table 2. Bacterial species found in the gut of locust captured
in the field of GM and wild-type zoysiagrass*

GM zoysiagrass Wild-type zoysiagrass

Acetanaerobacterium elongatum
Actinomyces sp.

Acinetobacter sp.
Bacillus sp.

Bacillus sp. Burkholderia sp.
Burkholderia sp. Erwinia sp.
Erwinia sp. Escherichia albertii

Escherichia albertii
Escherichia coli
Enterobacter sp.
Enterobacter sakazakii
Enterococcus sp.
Lactobacillus sp.
Lactococcus garvieae
Lactococcus lactis
Photorhabdus luminescens
Pseudomonas fluorescens
Rhizobium sp.

Salmonella enterica
Serratia marcescens
Shigella boydii
Stenotrophomonas maltophilia
Thiomicrospira crunogena
Wolbachia pipientis
Xanthomoas sp.
Xenorhabdus sp.

Enterobacter sp.
Enterobacter sakazakii
Enterococcus sp.
Lactococcus garvieae
Lactococcus lactis
Methylomonas methanica
Novosphingobium sp.
Photorhabdus luminescens
Pseudomonas fluorescens
Rhizobium sp.

Salmonella bovis
Salmonella enterica
Serratia marcescens
Shigella boydii
Thiomicrospira crunogena
Wolbachia pipientis
Xenorhabdus sp.

* Species in bold represent the species found only in each group.
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Figure 1. Southern hybridization analyses of microbial geno-
mic DNAs digested with HindIIl and probed with DIG-labeled
bar and hpt gene fragments.

(A) Ethidium bromide-stained agarose gel. (B) Southern blot
hybridized with bar probe. (C) Southern blot hybridized with
hpt probe. WT, samples from wild-type field; GM, samples
from GM field; lane M, size marker (A DNA digested with
HindlII+EcoR 1); lane C, positive control (pGPTV-HB DNA);
lane 1, DNA from soil microbes; lane 2, DNA from rhizo-
sphere microbes; lane 3, DNA from microbes in faecal pellets
from locusts.
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Figure 2. PCR analyses for detecting 16S rDNA fragment (A),
bar gene (B) and Apt gene (C) in microbes isolated from
wild-type (WT) and GM field (GM). Lane M, size marker
(100 bp ladder); lane C, positive control (pGPTV-HB DNA);
lane 1, DNA from soil microbes; lane 2, DNA from
rhizosphere microbes; lane 3, DNA from microbes in faecal
pellets from locusts.
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