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Environmental biosafety assessment on transgenic
Eucalyptus globulus harboring the choline oxidase (codA)
gene in semi-confined condition
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Abstract Transgenic woody plants have been rapidly developed in recent years, and the commercial use of these transgenic
plants has been recognized as an important approach to solving environmental and food problems. Concomitantly, the
potential impact of transgenic woody plants on peripheral ecosystems should be considered before they are released
for practical commercial use. In this study, we have used environmental biosafety assessments to evaluate three lines
of transgenic Eucalyptus globulus that harbor the choline oxidase (codA) gene and have previously been proven to have
different levels of salt tolerance. The assessments included two allelopathy bioassays and a survey on rhizosphere microbes,
which have shown practicability in other transgenic plants. The two allelopathy bioassays were used for evaluating the
potential impact of the transformants on the surrounding vegetation. The survey on rhizosphere microbes was performed
to investigate the potential impact of transformants on the rhizosphere microbe community. The results indicated there was
no significant difference between the transformants and non-transformants with respect to the impact on the surrounding
vegetation and the rhizosphere microbe community. A combination of our biological evaluation of E. globulus was then used
to successfully obtain approval for the plantation of transgenic E. globulus in a Type I field trial in Tsukuba.
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Transgenic crops and microorganisms have been
widely developed and used commercially (Clive 2011;
Watanabe et al. 2005). Of these, transgenic plants have
been recognized as an important tool in resolving
environment- and food-related problems (Donegan and
Ramon 1999; Kikuchi et al. 2006). Transgenic plants
are produced artificially by using genetic engineering
techniques that are different from traditional breeding
processes. In addition, transgenes do not always confer
only the objective trait. Transgenic plants may have
an impact on peripheral ecosystems. Therefore, the
potential impact on peripheral ecosystems should be
considered before transgenic plants are released into
commercial fields or environments. Some investigations
and environmental biosafety assessments have been
performed on transgenic plants such as rice (Aoki et al.
2004), tomato (Shiomi et al. 1992), and potato (Mimura
et al. 2008); however, most of them have been focused
on herbal plant species and crops. Currently, perennial
plants such as woody plants have not been well studied.

Over 200 field trials on transgenic trees have been
reported (Kikuchi et al. 2008); however, only a few
studies have been performed on environmental biosafety
assessments on transgenic plants.

Eucalyptus grows in temperate and tropical climates
(Eldridge 1993). The trees belonging to this genus are
used to produce pulp and fuel (Turnbull and Pryor
1984). Transgenic Eucalyptus has been developed in
recent years to increase its stress tolerance (Hibino
2009; Kikuchi et al. 2006; Matsunaga et al. 2012; Yu et al.
2009) and pulp production (Shimazaki et al. 2009). The
abiotic stress-tolerant transgenic Eucalyptus is expected
to have increased woody material and ameliorate the
deteriorating natural environment. We are collaborating
to develop transgenic Eucalyptus with abiotic stress
tolerance (Kikuchi et al. 2006, 2009; Matsunaga et al.
2012; Yu et al. 2009, 2013a, 2013b). E. globulus is one
of the most variable species for industrial surfaces. We
developed salt-tolerant E. globulus harboring a choline
oxidase gene (codA) driven by the Eucalyptus ubiquitin
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promoter (Yu et al. 2013a). The codA gene was isolated
from the soil bacterium A. globiformis (Ikuta et al. 1997).
The salt stress tolerance evaluation, which was performed
in a special netted-house, yielded three transgenic E.
globulus lines, that is, 107-1, 1-9-1, and 2-1-1, showing
high, medium, and low salt tolerance, respectively, at the
young plantlet stage (Yu et al. 2009). The salt tolerance of
these three transgenic lines was also evaluated at some
other growth stages. Only 107-1 showed salt-tolerance
properties in all the stages investigated, suggesting
that it might be a potential tolerant line for practical
application.

The guideline of study on transgenic plants, which was
promulgated in the Cartagena Protocol (CBD), suggests
that a step-by-step evaluation of transgenic plants should
be done (e.g. a growth room, a special netted-house,
and an isolated field) (Kikuchi et al. 2006; Schomberg
1998; Yu et al. 2009). A series of environmental biosafety
assessments on the transgenic Eucalyptus should also
be performed before they are planted in a commercial
field so that the possible impact of these transgenic
plants on the native ecosystem can be determined. The
Japanese government also requires that an environmental
biosafety assessment be performed to identify the risks
to the rhizosphere microbe community as well as to the
surrounding vegetation.

We focused on determining the impact of above
three transgenic E. globulus harboring a choline oxidase
(codA) gene (107-1, 1-9-1, and 2-1-1) on the peripheral
ecosystem in a special netted-house. Envronmental
biosafety assessment has been done for these three
transgenic lines compared with non-transgenic lines
(No. 8-8, No. 8-20 or No. 1). Although a transformation
system has been established in E. globulus (Matsunaga
et al. 2012), some difficulties are still experienced in
rooting from shoot buds and in acclimatization of small
plantlets. We tried to evaluate all the samples at the same
time. However, it was difficult to prepare stably enough
number of plantlets for that reason. Lines 107-1 and No.
8-8 were evaluated in Experiment 1. Lines 1-9-1, 2-1-1,
and No. 1 were evaluated in Experiment 2. Because the
germination rates were too low in the soil-mix method
of the first series, additional evaluation was performed
using lines 107-1 and No. 8-20 in Experiment 3. They
were grown in a special netted-house for 14-month-old
trees in Experiment 1 and 3, and 11-month-old trees in
Experiment 2. Using the sandwich method (Fujii et al.
2003; Yu et al. 2013b), we found that the germination rate
and sprout growth of lettuce seedlings were almost the
same in both transgenic line 107-1 and non-transgenic
line No. 8-8 (Figure 1A). Further analysis using the
ANOVA showed that there was no significant difference
between transgenic line 107-1 and non-transgenic
line No. 8-8 with respect to root elongation, hypocotyl
growth, and seed germination (p>0.10). Similarly,
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transgenic lines 1-9-1 and 2-1-1 did not significantly
differ from non-transgenic line No. 1 with respect to both
hypocotyl growth and root elongation (p>0.10) (Figure
1B).

In the soil-mix method (Shiomi et al. 1992; Yu et al.
2013b), the germination rate and sprout growth of
lettuce seedlings seemed to be almost the same for the
transgenic line 107-1 and non-transgenic line No. 8-20
(Figure 2A), except for the hypocotyl length. ANOVA
showed that transgenic line 107-1 and non-transgenic
line No. 8-20 did not significantly differ with respect to
root elongation (p>0.10), hypocotyl growth, (p>0.10)
and seed germination (p>0.10). The transgenic lines
1-9-1 and 2-1-1 did not significantly differ from non-
transgenic line No. 1 with respect to hypocotyl growth
and root elongation (p>0.10; Figure 2B).

The impact on the rhizosphere microbe community
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Figure 1. Allelopathy evaluation using the sandwich method for
transgenic E. globulus expressing the codA gene. The white and black
bars in the left graph (A) represent non-transgenic line No. 8-8 and
transgenic line 107-1, respectively in Experiment 1. The white bars in
the graph on the right (B) represent non-transgenic line No. 1. The
light and dark gray bars represent transgenic lines 1-9-1 and 2-1-1,
respectively in Experiment 2. The error bars indicate standard error.
Four individuals from lines No. 8-8 and 1-9-1 and five individuals
from lines No. 1, 107-1, and 2-1-1 were used as plant materials. Nine
replications were tested per individual. ANOVA did not show any
significant difference between non-transformants and transformants
(p>0.10).
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Figure 2. Allelopathy evaluation using the soil-mix method for
transgenic E. globulus expressing the codA gene. The white and black
bars in the left graph (A) represent non-transgenic line No. 8-20 and
transgenic line 107-1, respectively in Experiment 3. The white bars in
the graph on the right (B) represent non-transgenic line No. 1. The
light and dark gray bars represent transgenic lines 1-9-1 and 2-1-1,
respectively in Experiment 2. The error bars indicate standard error.
Three individuals from line No. 8-20, four individuals from line 1-9-
1, and five individuals from lines No. 1, 107-1, and 2-1-1 were used
as plant materials. Six replications were tested per individual. ANOVA
did not show any significant difference between non-transformants and
transformants (p>>0.10).



was evaluated in both transgenic and non-transgenic
E. globulus by using a plate culture method (Shiomi et
al. 1992; Yu et al. 2013b). The populations of fungi,
actinomycetes, and bacteria were larger in the non-
transformant line No. 8-8 than in the transgenic line 107-
1 (Figure 3A). ANOVA showed no significant difference
between the three rhizosphere microbe populations
(p>0.10). The fungal population seemed to be smaller
and the actinomycete and bacterial populations seemed
to be larger in non-transformant line No. 1 than in
transgenic lines 1-9-1 and 2-1-1 (Figure 3B). ANOVA
showed that transgenic lines 1-9-1 and 2-1-1 also did not
significantly differ from non-transgenic line No. 1 with
respect to all the three rhizosphere microbe populations
(p>0.10). There were no significant differences in the
fungal, bacterial, and actinomycete colony numbers
between transgenic and non-transgenic plants.

The growth of lettuce sprouts differed in allelopathy
evaluation performed using both methods in each
Experiment (Figures 1, 2). Furthermore, all three
rhizosphere microbe populations were decuple higher
in Experiment 2 than in Experiment 1 (Figure 3). These
fluids might be derived from a difference in incubation
temperature and seed lot in the allelopathy evaluation
and from seasonal alterations or differences in the soil
batch in the rhizosphere evaluation. Comparisons using
a non-transformant line at the same age are necessary to
evaluate the impact of each transformant.

The basic concept in environmental biosafety
assessments of transformants is substantial equivalence
with the host plant species. It is difficult to define the
risk of transgenic plants because all plants have some
impact on ecosystems. Therefore, the impact of the
host plant is defined as “no risk® Only the difference in
impact between non-transgenic and transgenic plants
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Figure 3. Survey of microorganisms with cultivable colonies. The
white and black bars in the left graph (A) represent non-transgenic line
No. 8-8 and transgenic line 107-1, respectively in Experiment 1. The
white bars in the graph on the right graph (B) indicate non-transgenic
line No. 1. The light and dark gray bars represent transgenic lines 1-9-
1 and 2-1-1, respectively in Experiment 2. The error bars indicate
standard error. Four individuals in from lines No. 8-8 and 1-9-1, and
five individuals from lines No. 1, 107-1, and 2-1-1 were used as plant
materials. ANOVA did not show any significant difference between
non-transformants and transformants (p>0.10).
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is evaluated. In this study, there was no significant
difference between the non-transformant and the three
transformant lines. From that point of view, compared
with non-transformant E. globulus, the transformant
lines 107-1, 1-9-1, and 2-1-1 had no impact on the
surrounding vegetation and rhizosphere microbe
community.

Compared with the non-transformants, the three
transformant lines of E. globulus did not have any impact
on the surrounding vegetation and rhizosphere microbe
community. Additionally, the three transformant
lines of E. camaldulensis expressing codA did not
show any impact on the surrounding vegetation and
rhizosphere microbe community compared with the
non-transformants (Kikuchi et al. 2006, 2008, 2009). It
indicated that this transgene might be a useful gene
that enhances the salt tolerance of various tree species
without affecting the ecosystem. The evaluation
performed in the special netted-house (semi-contained
conditions) showed that the transformant line 107-1 had
strong salt tolerance in small plantlets (Yu et al. 2009)
and in mature trees (Yu et al. 2013a).

The main item required for application for Type I use
(field trial and practical use) in Japan is environmental
biosafety. The possible impact of leakage of the
transformants on the native ecosystem should also be
evaluated. The biological property of E. globulus was
evaluated in an isolated field in Tsukuba in parallel with
an evaluation of the three transformant lines in a special
netted-house. From this evaluation, the competitiveness
against the natural vegetation and the overwintering

Figure 4. Evaluation of the competitiveness against natural
vegetation, overwintering ability, and weediness of non-transformant
E. globulus. Half of the planted trees grew around one meter in height
and did not overwinter. (A) Some wilted trees sprouted a bud flush,
but the growth was dominant and surrounded by weeds. (B) The arrow
indicates non-transformant E. globulus. Inside image of black rectangle
is close-up image corresponds to the white rectangle. They did not show
high competitiveness or overwintering ability in Tsukuba.
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ability of E. globulus were found to be weak in Tsukuba
(Figure 4). Based on these evaluation data, application
documents for an isolated field trial (Type I use in Japan)
using these transformants were submitted to the Minister
of Education, Culture, Sports, Science and Technology
of Japan and the Japanese Environment Minister on July
30th, 2007. These field trials were approved on February
8th, 2008 (J-BCH 2008).

Hence, the practicability of use of transgenic E.
globulus could be expected even in open field conditions.
Moreover, the results of this study provide valuable
information that may ultimately lead to the practical use
of transgenic plants in addressing food, natural resource,
and environmental issues.

Acknowledgments

We would like to thank Dr. Norio Murata for providing the codA
gene. This research was supported in part by the Japanese Society
for the Promotion of Science (JSPS) (Grant-in-Aid for Scientific
Research (A) No. 21248001) and a research grant from the New
Energy and Industrial Technology Development Organization
(NEDO) of Japan. The authors are very grateful for their support.

References

Aoki H, Hirohe T, Nakajima T, Yamamoto T, Mori K, Sonoda R,
Hirayae K, Shigemune A, Yatou A (2004) Evaluation of biosafety
on transgenic rice plants with Rye and Oat ribosome-inactivating
protein gene. The Hokuriku Crop Sci 39: 1014 (in Japanese)

Clive J (2011) Global Status of Commercialized Biotech/GM Crops:
2011. ISAAA Brief No. 43. ISAAA: Ithaca, NY

Donegan K, Seidler RJ (1999) Effects of transgenic plants on soil
and plant microorganisms. In: Recent Research Development in
Microbiology (ed. Pandalai SG), Research Signpost Press, India

Eldridge K, Davidson J, Harwood C, Wyk GV (1993) Eucalypt
Domestication and Breeding. Oxford University Press, London

Fujii Y, Parez SS, Parvez MM, Ohmae Y, Iida O (2003) Screening
of 239 medicinal plant species for allelopathic activity using the
sandwich method. Weed Biol Manage 3: 233-24

Hibino T (2009) “Post-genomics” research in Eucalyptus in the near
future. Plant Biotechnol 26: 109-113

Ikuta S, Imamura S, Misaki H, Horiuti Y (1977) Purification
and characterization of choline oxidase from Arthrobacter
globiformis. ] Biochem 82: 1741-1749

Japan Biosafety Clearing-House (J-BCH) (2008) Eucalyptus tree
containing salt tolerance inducing gene codA derived from
Arthrobacter globformis (codA, Eucalyptus globulus Labill.) (107-
1, 1-9-1 and 2-1-1) 08-26P-0001, -0002, and -0003. 2007-2-8

Kikuchi A, Kawaoka A, Shimazaki T, Yu X, Ebinuma H, Watanabe
KN (2006) Trait stability and environmental biosafety
assessments on three transgenic Eucalyptus lines (Eucalyptus
camldulensis Dehnh. codA 12-5B, codA 12-5C, codA 20-C)

conferring salt tolerance. Breed Res 8: 17-26 (in Japanese)

Kikuchi A, Watanabe KN, Tanaka Y, Kamada H (2008) Recent
progress on environmental biosafety assessment of genetically
modified trees and floricultural plants in Japan. Plant Biotechnol
25:9-16

Kikuchi A, Yu X, Shimazaki T, Kawaoka A, Ebinuma H, Watanabe
KN (2009) Allelopathy assessments for the environmental
biosafety of the salt-tolerant transgenic Eucalyptus camaldulensis,
genotypes codA 12-5B, codA 12-5C, and codA 20C. ] Wood Sci
55:149-153

Matsunaga E, Nanto K, Oishi M, Ebinuma H, Morishita Y, Sakurai
N, Suzuki H, Shibata D, Shimada T (2012) Agrobacterium-
mediated transformation of Eucalyptus globulus using explants
with shoot apex with introduction of bacterial choline oxidase
gene to enhance salt tolerance. Plant Cell Rep 31: 225-235

Mimura M, Lelmen KE, Shimazaki T, Kikuchi A, Watanabe KN
(2008) Impact of environmental stress-tolerant transgenic potato
on genotypic diversity of microbal communities and soil enzyme
activities under stress condition. Microbes Environ 23: 221-228

Schomberg R (1998) An appraisal of the working in practice of
directive 90/220/EEC on the deliberate release of genetically
modified organisms. Scientific and Technological Options
Assessment of the European Parliament. http://www.psrast.org/
eudircom.htm.

Shimazaki T, Kikuchi A, Matsunaga E, Nanto K, Shimada T,
Watanabe KN (2009) Establishment of a homogenized method
for environmental biosafety assessments of transgenic plants.
Plant Biotechnol 26: 143-148

Shiomi M, Asakawa Y, Fukumoto F, Hamaya E, Hasebe A,
Ichikawa H, Matsuda I, Muramatsu T, Okada M, Sato M, Ukai
Y, Yokoyama K, Motoyoshi F, Ohashi Y, Ugaki M, Noguchi K
(1992) Evaluation of the impact of the release of transgenic
tomato plants with TMV resistance on the environment. Bull
Natl Inst Agro-Environ Sci Jpn (ISSN 0911-9450) 8: 1-51 (in
Japanese with English summary)

Turnbull JW, Pryor LD (1984) Choice of specific and seed sources.
In: Eucalyptus for wood production. Academic press, London

Watanabe KN, Sassa Y, Suda E, Chen CH, Inaba M, Kikuchi A
(2005) Global political, economic, social and technological issues
on transgenic crops. Plant Biotechnol 22: 515-522

Yu X, Kikuchi A, Matsunaga E, Morishita Y, Nanto K, Sakurai
N, Suzuki H, Shibata D, Shimada T, Watanabe KN (2009)
Establishment of the evaluation system of salt tolerance on
transgenic woody plants in the special netted-house. Plant
Biotechnol 26: 135-141

Yu X, Kikuchi A, Matsunaga E, Morishita Y, Nanto K, Sakurai N,
Suzuki H, Shibata D, Shimada T, Watanabe KN (2013a) The
choline oxidase gene codA confers salt tolerance to transgenic
Eucalyptus globulus in a semi-confined condition. Mol Biotechnol
(in press)

Yu X, Kikuchi A, Shimazaki T, Yamada A, Ozeki Y, Matsunaga
E, Ebinuma H, Watanabe KN (2013b) Assessment of the
salt tolerance and environmental biosafety of Eucalyptus
camaldulensis harboring a mangrin transgene. ] Plant Res 126:
141-150

Copyright © 2013 The Japanese Society for Plant Cell and Molecular Biology


http://dx.doi.org/10.1046/j.1444-6162.2003.00111.x
http://dx.doi.org/10.1046/j.1444-6162.2003.00111.x
http://dx.doi.org/10.1046/j.1444-6162.2003.00111.x
http://dx.doi.org/10.5511/plantbiotechnology.26.109
http://dx.doi.org/10.5511/plantbiotechnology.26.109
http://dx.doi.org/10.5511/plantbiotechnology.25.9
http://dx.doi.org/10.5511/plantbiotechnology.25.9
http://dx.doi.org/10.5511/plantbiotechnology.25.9
http://dx.doi.org/10.5511/plantbiotechnology.25.9
http://dx.doi.org/10.1007/s10086-008-1007-z
http://dx.doi.org/10.1007/s10086-008-1007-z
http://dx.doi.org/10.1007/s10086-008-1007-z
http://dx.doi.org/10.1007/s10086-008-1007-z
http://dx.doi.org/10.1007/s10086-008-1007-z
http://dx.doi.org/10.1007/s00299-011-1159-y
http://dx.doi.org/10.1007/s00299-011-1159-y
http://dx.doi.org/10.1007/s00299-011-1159-y
http://dx.doi.org/10.1007/s00299-011-1159-y
http://dx.doi.org/10.1007/s00299-011-1159-y
http://dx.doi.org/10.1264/jsme2.23.221
http://dx.doi.org/10.1264/jsme2.23.221
http://dx.doi.org/10.1264/jsme2.23.221
http://dx.doi.org/10.1264/jsme2.23.221
http://dx.doi.org/10.5511/plantbiotechnology.26.143
http://dx.doi.org/10.5511/plantbiotechnology.26.143
http://dx.doi.org/10.5511/plantbiotechnology.26.143
http://dx.doi.org/10.5511/plantbiotechnology.26.143
http://dx.doi.org/10.5511/plantbiotechnology.22.515
http://dx.doi.org/10.5511/plantbiotechnology.22.515
http://dx.doi.org/10.5511/plantbiotechnology.22.515
http://dx.doi.org/10.5511/plantbiotechnology.26.135
http://dx.doi.org/10.5511/plantbiotechnology.26.135
http://dx.doi.org/10.5511/plantbiotechnology.26.135
http://dx.doi.org/10.5511/plantbiotechnology.26.135
http://dx.doi.org/10.5511/plantbiotechnology.26.135
http://dx.doi.org/10.1007/s12033-012-9575-y
http://dx.doi.org/10.1007/s12033-012-9575-y
http://dx.doi.org/10.1007/s12033-012-9575-y
http://dx.doi.org/10.1007/s12033-012-9575-y
http://dx.doi.org/10.1007/s12033-012-9575-y

