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Abstract: Poplar plants are naturally resistant to heavy metals and other contaminants of environment. They grow fast and
produce large biomass. Moreover, they can be engineered to express foreign genes, and thereby modified to exhibit characteristics
desirable for remediation of environment. We expressed many heavy metal tolerance genes in a line of poplar that does not flower,
and are in the process of testing them in greenhouse and in the field.
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1. Introduction

Our environment is contaminated by diverse pollutants including industrial by-products such as heavy metals,
waste matters, fertilizers and pesticides. The problem of pollution is not likely to disappear soon since the world’s
population continues to grow and their need for improved living standard also continues to increase, which causes
further pollution. Therefore, it is necessary to invent improved method to remedy polluted environment. The
conventional physical or chemical cleanup of the widespread contaminated area is costly and can often further
damage the environment. Phytoremediation was proposed as a low-cost, environmentally-friendly way to remove
pollutants from contaminated soils [1]. The use of plants costs less than the use of any other forms of organisms,
since plants capture solar energy to synthesize the proteins and other structures necessary for the remediation.
Moreover, plants are ascetically pleasing, and have good influence on the physical, chemical and biological aspects
of the environment.

In the USA and Europe, plants that naturally hyper-accumulate toxic materials [2, 3] are used for the purpose of
remediation of the polluted environment. They include poplar, Indian mustard, and willow trees. However,
phytoremediation using these natural plants has limitations. The plants may suffer toxicity symptoms, and it takes
long time for the plants to grow to certain size to effectively extract the pollutants. Therefore, it would be beneficial
to enhance the plant’s capacity for phytoremediation. Genetic engineering provides an excellent means to achieve
this goal. It is possible to generate transgenic plants that can express exogenous genes or overexpress its own genes
and thereby acquire new or improved phenotypes. Many transgenic plants with new characteristics due to expression
of genes from microorganisms, yeasts, mouse, or even human have been reported in scientific journals [4-6]. Once
an individual plant with suitable phenotypes is produced, it is easy to multiply the numbers of plants by cloning
methods, such as cuttings and somatic embryogenesis. Moreover, many trees continue to grow for many years as
long as the conditions are suitable.

We already found many genes that enhance tolerance to cadmium, lead, or zinc, when overexpressed in
Arabidopsis [7-14]. We introduced many of the genes into poplar, a fast growing, large biomass plant, and are now
testing their potential as a remediation agent.

2. Results and Discussion

1) Plant Materials and Transformation

Poplar was used because the species grows fast into large biomass and is easy to propagate by cutting. To
minimize the concerns on spreading of transgenic trees to the environment, we used ‘Bonghwa’ poplar, a natural

non-flowering mutant of hybrid poplar (Populus alba X P. tremula var. glandulosa), which was identified by Korea
Forest Research Institute (KFRI) (Fig.1).
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Fig. 1 Bonghwa poplar (left) does not develop flower, while normal poplar at the same age flowered and produced seeds.

Poplar plant transformation was conducted using Agrobacterium-mediated transfer of genes. In brief, young
aseptically-grown poplar plants were excised to obtain internodes, which were then co-incubated with
Agrobacterium which harbors the metal-resistance gene and the antibiotics resistance gene for selection. For the first
two days of incubation, light was blocked to increase the efficiency of transformation. After calli develop at the cut
ends of the internode, they were transferred to shoot induction medium [2.46 g/L WPM (Woody Plant Medium), 1
mg/L Zeatin, 0.1 mg/L BAP, 0.01 mg/L NAA, 3% sucrose, pH 5.5] with appropriate antibiotics to regenerate shoot,
and then to root induction medium (2.2 g/L MS, 0.2 mg/L IBA, 3% sucrose, pH 5.8) with appropriate antibiotics to
induce root development [15]. Transformed poplar seedlings were genotyped for the presence of transgenes and the
expression of introduced genes was checked by using RT-PCR. Transgenic poplar plantlets which express genes of
interest were then multiplied by cuttings. We have successfully generated transgenic poplar trees which express
YCF1, a yeast ABC transporter which transports toxic metals into the vacuole, and many more genes.

2) Test of heavy metal resistance of young plantlets in test tube

The performance of transgenic poplar plants in phytoremediation was first tested in test tube trials. The young
plantlets of WT and transgenic poplar at similar sizes were chosen for comparison. YCF1 is an ABC transporter
found in baker’s yeast (Saccharomyces cerevisiae) and involved in transport of toxic materials like heavy metals into
the vacuole. We have demonstrated that YCF1-expression improves the resistance to Cd and Pb in Arabidopsis
thaliana by increasing vacuolar sequestration of those metals [9]. The expression of YCF1 also resulted in the
enhancement of Cd-tolerance in poplar, similarly as in Arabidopsis plants. When grown in agar media containing 0.1
and 0.3 mM of CdCl,, the poplar plants which express YCF1 grew much better than the wild type plants did (Fig. 2).
This suggests that heavy metal tolerance genes which were selected using Arabidopsis system will work well in tree
system, especially in poplar.

WT YCF1 WT YCF1

CdcCl, 0.1 mM CdcCl, 0.3 mM

Fig. 2 Test of heavy metal tolerance of transgenic poplar in test tubes. Wild-type (left) and YCF1 (right) poplar seedlings
were grown in CdCl; 0.1 and 0.3 mM containing media. Expression of YCF1 dramatically increased Cd-tolerance in poplar.

3) Test of heavy metal resistance of soil-grown plants in a greenhouse
Poplar seedlings which were grown in the sterilized condition of test tubes can be acclimated to soil in a green

house. With soil-grown poplar plants, we can test their capacity of heavy metal tolerance for a longer period with a
larger biomass. WT and transgenic poplar plants with similar growth were chosen and soaked in solutions containing
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heavy metals on a regular basis. Consistent with test results in test tubes, YCF1 poplar plants grew better than WT
and accumulated more Cd (data not shown).

4) Field Test of heavy metal resistance of transgenic poplar plants

We selected transgenic poplar lines with enhanced heavy metal tolerance and accumulation based on the
experiments in the controlled environment and planted them in our test site for multiple-year field trial. Our test site
is located in a remote closed mine area, which is contaminated by heavy metals such as arsenic, cadmium, zinc and
other toxic elements. To protect the transgenic poplars from wild life and also to prevent escape of the fallen leaves
or branches from the test site, we erected a barbed-wire fence with a dense net around the test site (Fig. 3).

Fig. 3 The fenced field test site in a closed mine area.

In the first year of planting, survival rates of wild-type and transgenic poplar were counted. High survival rate is
important for the application of transgenic trees to remediate heavily contaminated soils. After one year of adaptation,
growth of the poplar trees in test site was monitored regularly (Fig. 4). The height of individual transgenic and wild-
type poplar trees was measured. The capacity to accumulate heavy metals was also tested by measuring heavy metal
contents in leaves. At the same time, heavy metal contents of the soil were also measured to check whether poplar
trees can decrease the concentration of heavy metal in the surrounding soil.

Fig. 4 Transgenic and wild-type poplar trees were planted in the test site. The growth and heavy metal accumulation of
plants is monitored regularly. Black plastic sheets cover the soil surface to maintain high humidity for efficient growth of
poplar trees and to inhibit the growth of weeds.

3. Conclusions

After multiple-year field trials, we will understand whether our transgenic poplar plants are indeed improved in the
capacity to remediate the polluted environment, and thus suitable for actual phytoremediation. There is a possibility
that our plants with single gene insertion may not be sufficiently improved in the capacity to remediate the actual
field, although they were very effective in our greenhouse trials. The strongly-effective phytoremediation may be
possible only when multiple genes with different and synergistic mechanisms of phytoremediation are expressed at
the same time. To develop more and better plants for phytoremediation, we continue to search for new genes with



W1-05

different functions and stack them (introducing many genes into the same line of plants), which will hopefully further
improve the plants’ capacity to clean up the environment.

Acknowledgement

We thank Ms. Aekyung Han, Youngja Yun and Jong Soon Kim for the maintenance of plants. This work was
supported by grants from the Global Research Program of the Ministry of Science and Technology of Korea
(#K20607000006-08A0500-00610), and from the Environmental Bio-technology National Core Research Center of
Korea (# R15-2003-012-02003-0) awarded to Y.L., and from Korea Forest Research Institute (#FG 0702-2002-01)
to E.W.N.

References

[1] Raskin I, 1996. Plant genetic engineering may help with environmental cleanup, Proc Natl Acad Sci USA, 93:3164-3166

[2] Chaney RL, Malik M, Li YM, Brown S., Brewer EP, Angel JS, Baker AJ, 1997. Phytoremediation of soil material, Curr Opin
Biotechnol, 8:279-284

[3] Pence NS, Larsen PB, Ebbs SD, Letham DL, Lasat MM, Garvin DF, Eide D, Kochian LV, 2000. The molecular physiology of
heavy metal transport in the Zn/Cd hyperaccumulator Thlaspi caerulescens, Proc Natl Acad Sci USA, 97:4956-4960

[4] Meagher RB, 2000. Phytoremediation of toxic elemental and organic pollutants, Curr Opin Plant Biol, 3:153-162

[5] Bizily SP, Ruch CL, Meagher RB, 2000. Phytodetoxification of hazardous organo-mercurials by genetically engineered plants,
Nat Biotechnol, 18: 213-217

[6] Malin M, Biilow L, 2001. Metal-binding proteins and peptides in bioremediation and phytoremediation of heavy metals,
Trends Biotechnol, 19: 67-72

[7] Lee J, Bae H, Jeong J, Lee J.-Y., Yang Y.-Y., Hwang I, Martinoia E, and Lee Y, 2003. Functional expression of a bacterial
heavy metal transporter in Arabidopsis enhances resistance to and decreases uptake of heavy metals, Plant Physiol. 133: 589-
596

[8] Lee M, Lee K, Lee J, Noh EW, and Lee Y, 2005. AtPDR12 Contributes to lead resistance in Arabidopsis, Plant Physiol 138:
827-36

[9] Song W.-Y., Sohn EJ, Martinoia E, Lee YJ, Yang Y-Y, Jasinski M, Forestier C, Hwang | and Lee Y, 2003. Engineering
tolerance and accumulation of lead and cadmium in transgenic plants, Nat Biotechnol 21: 914-919

[10] Song W.-Y, Martinoia E, Lee J, Kim D.-Y., Vogt E, Choi, K.S, Hwang | and Lee Y, 2004. A novel family of cysteine-rich
membrane proteins mediates cadmium resistance in Arabidopsis, Plant Physiol, 135: 1027-1039

[11] Kim D.-Y., Bovet L, Kushnir S, Noh EW, Martinoia E and Lee Y, 2006. AtATM3 is involved in heavy metal resistance in
Arabidopsis, Plant Physiol: 140, 933-945

[12] Kim D.-Y., Bovet L, Maeshima M, Martinoia E and Lee Y, 2007. The ABC transporter AtPDR8 is a cadmium pump
conferring heavy metal resistance. Plant J, 50: 207-218

[13] Kim Y.-Y., Kim D.-Y., Shim D, Song W.-Y, Lee J, Schroeder JI, Kim S, Moran N and Lee Y, 2008. Expression of wheat
TM20 confers enhanced cadmium tolerance in baker’s yeast. J BiolChem 283: 15893-15902

[14] Kim Y.-Y., Choi H, Segami S, Cho H-T, Martinoia E, Maeshima M, and Lee Y, 2009. AtHMAL contributes to detoxification
of excess Zn(ll) in Arabidopsis, Plant J, 58: 737-753

[15] Choi Y.-I., Noh E.-W., Choi K.-S., 2007. Mercury-tolerant transgenic poplars expressing two bacterial mercury-metabolizing
genes. J. Plant Biol. 50: 658-662



